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Executive summary

Introduction

TheCommonwealth Enkonmental Water OfficeQEWQ Monitoring, Evaluation and Research
(FlowMER Program (2019 to 2022) is an extension of tlemgTerm Intervention Monitoring
(LTIM)and Murray-Darling Basin Environmental Water Knowledge and Research RIBW#&R)
projects, wih monitoring, evaluation and research activities undertaken within a single integrated
program.

Thisreport describes the monitoring, evaluation and research activities Wexe undertakenin
the Edward/KoletyWakool(EKWyystemas part of the CEW®low-MER Program in 20222.
This projectvasundertaken as a collaboration between Charles Sturt University, NSW DPI
(Fisheries)Murray-Working Wetlands Group ardh Trobe University

This report hagine sections. Thintroduction (section 1) is followedylba description of the
Commonwealth environmental water use objectives and watering actions for this system for
2021-22 (section 2). An overview of the monitoringyaluationand researclundertaken in this
system for theFlon-MERprojectand its relationkip to LTIM monitoring is describedsection 3.
Summaries of the evaluation of responses of each indicator to Commonwealth environmental
wateringand unregulated flow eventare presented in sections four to eight; hydrology (section
4), water quality ad carbon (section 5), stream metabolism (section 6), riverbank and aquatic
vegetation (section 7), and fish spawning, fish recruitment and fish community (section 8).
Recommendations to inform adaptive management of environmental watdraieKWsystem in
the future is presented in sectiamine. A summary report (Watts etl. 202) provides an

overview of the monitoring and key findings of the ecosystem responses to environmental
watering actions in th&KWsystem in 2@1-22 including findingscross theeightyears of the
combinedLTIMFlow-MERprogram

Monitoring and evaluation
The monitoring described in this report was undertaken using methods and approaches described
in the EKWFIowMER Plan (Watts et al 20193he Flow-MER project includes monitoring in the
followingsites and river reaches
1 Monitoring sitesin the upper andnid reaches of the Wakodallakool system (zones 1, 2, 3
and 4)and Colligen Creek (zone 8) that westablished during the LTIM projdctr water
guality, stream metabolism, vegetation and fish weetainedfor the FlowMER project
1 Twenty sites that were established foroad-scalefish community surveys in 2010 and
were monitored in year one (2015) and year five (2019) of the LTIM projret
maintainedfor the FlowMER projectaind surveyed in year three tfe project(2022).
1 Aadditional water quality monitoringsiteswere added to the existing network of water
guality monitoring sitesThere arenow 18 sitesthroughout the whole system

An evaluation of the outcomesf Commonwealth environnreéal watering undertaken in 20222
was wndertakenfor the following indicators: Hydrologyyater quality and carbon, stream
metabolism, guatic and rivelbank vegetation, andghreproduction, recruitment, and adult
community.


http://www.environment.gov.au/water/cewo/monitoring/ewkr
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Responses to Commonwealth environmental wd@EWWwere evaluated inwo ways:

i) Indicators that respond relatively quickly to flow (elydrology, water quality and carbon,
stream metabolism, fish spawning) were evaluated for their response to specific watering
actions.Where possibleindicators were calculated with angithout environmental water.

i) Indicators that respond over longer time frames (griyerbank and aquatic vegetation, fish
recruitment, fish community) were evaluated for their response to lorigem watering
regimes. This was undertaken by comparing oeses over multiple years, and/or comparing
responses in reaches that hdiferent sequence oénvironmental watering actions.

Environmental watering in the Edward/KoletyVakool system 202-22

In 202122 there were 15 watering actions in tlEKWsystem (WUM1011-2 to 1011715), as
described in th&eKW2021-22 Water Acquittal report (CEWO 2022). Some of the watering actions
delivered entirely Commonwealth environmental water, and other actioriveed NSW water

or a combination of Commonwealth and NSW water. In this report we focus our evaluation on
sevenwatering actiongTable iYelivered in the 20222 water year specifically for the
Edward/Kolety systenThese relate to atering actions WUMO01171, WUM 1011711, WUM
1011712, WUM 1011713, and WUM 1011-D4 that delivered water to the rivers and creeks

where FlowMER longerm monitoring sites have been established.

To mitigate the risks from hypoxic blackwatespring and summer Commonaih

environmental water was deliveretd the WakoolYallakool system from the Wakd&cape
(watering actionl), the Eward/Kolety system via the EdwaEdcape Watering actior2), and to

the ColligerNiemur system via the Niemiiscape {atering ation 3) (Tabld). These were pre
emptive watering actions that commenced following unregulated flows, to manage an increased
risk of a hypoxic blackwater event developifigree environmental watering actions were
undertaken in Autumn 2022. There was/Aantumnelevated variable base flodelivered to the

upper Wakool system via the Wakool offtake from March until early May 2022 (watering action
4). An Autumn fresh was delivered to Yallakool Creek via the Yallakool offtake from late March to
early May (watering etion 5) and an Autumn fresh was delivered to Colligen Creek via the
Colligen offtake in March (watering action 6). An elevated flow delivered to Tuppal Creek
(watering action 7) was evaluated to water quality outcomes.

Environmental watering actions to ephemeral and intermittent creeks Jimaribgtkran
Gwynnes (WUM 1011@5), MurrairYarrien Creek (WUM 101D6), Thule Creek (WUM 10117
07), Whymoul Creek (WUM 101-DB), Yarrien Creek (WUM 10109) andBuccanei#Cunniryeuk
Creek YWUM 1011715) were only qualitatively evaluated in terms of their contribution to
longitudinal connectivity. Environmental watering actions that delivered water to The Pollack
(WUM 1011702), Little Forest (WUM 101403), private wetlands (WUNI011710) and via
Billabong/Finley escape (WUM 101174) were not monitored as part of the FIGOMER program.

In 202122 the southern spring flow delivered to the Murray River from Hume Dam also
contributed environmental water to thEKWsystem via flows &m Millewa ForestThese watering
actions are described in Water Use MinMi#&JM1011501 for River Murray Hume to South
Australia and floodplain and/UM1011508 for BarmakMillewa Forest open regulators,-thannel
flow (CEWO 2022T.hese actions were evaltedin conjunctionwith other watering actions.
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Tablei List ofenvironmental watering actionsvaluatedin 202%22 in the Edward/KoletyWakool systemwith
cross reference to the Water Use minute watering action reference number.

Action System Watering Action Type Dates
Reference Number (Delivery point)

1 Wakoot WUM1011711 Springsummerhypoxic blackwater ~ 14/09/21 - 05/01/22
Yallakool refuge(Wakool escape)

2 Edward/ WUM1011712 Springsummerhypoxic blackwater  06/10/21-07/11/21
Kolety refuge(Edward escape) 02/12/21- 30/12/21

3 Colligen WUM1011713 Springsummerhypoxic blackwater  07/10/21 -29/10/21
Niemur refuge(Niemurescape) 02/12/21-08/12/21

4 Wakoot WUM101171 Autumnelevated variable base flow 08/03/22-09/05/22
Yallakool (Wakool offtake)

5 Wakoot WUM101171 Autumnfresh (Yallakool oféke) 24/03/22 - 09/05/22
Yallakool

6 Colligen WuUM101171 Autumnfresh (Colligen offtake) 03/04/22 -26/04/22
Niemur

7 Tuppal Creek WUM101174 Elevated flows 01/11/21-29/05/22

Outcomes of monitoring and evaluation of environmental watering

Key results from environmental watering actions ir22@2 are presented in Table ii.

Table ii Resultdor each indicator in response to environmental watering actions in the Edward/K@élaiool

system in 202-22.
Theme Indicator

minimum
discharge

Maximum and 9 The 2023122 water year was very different to all seven previous years

Key result

the LTIM/FIoOwWMER program.

9 The spring environmental watering actions, combined with unregulate
flows and the southern in spring flows in the Murray River, increased t
total annual discharge (ML/year) in all reach#4% increase in zone 1,
30% in zone ,20% in zone 3, 17% in zone 4 and 12% in zone 8)

1 Environmental watering actions 5 and 6 autumn freshes increased the
maximum discharge of freshes compared to operational flows.

9 The watering actions did not change the minimum dischamgé/akool,
Yallakool and Colkg Creekoecause all zones experienceevinter
shutdownoperational cease to flow in 20222.

Flow variability

>
>
°
o
S
°
>
I

1 There was a slight reduction in the coefficient ofiaion across the
whole water year in zone 1 (8%), zone 2 (9%), zone 3 (5%), and zone
(6%). This was due to the return flow from Millewa Forest increasing K
flows during spring, thus reducing the variation from trough to peak flg
during spring/eagf summer. In Yallakool Creek the reduced variability
more pronounced in spring/early summer.

Longitudinal
connectivity

9 The unregulated flows in springcreased longitudinal connectivityy
initiating flows in severahtermittent and ephemeral creekhat connect
the main tributaries in the system. The deliveryGEWrom the Wakool
escapeand the return flows of CEW delivered to Millewa Fomregiended
the recession of the eveafrom November through to January, thu
increasing the duration of thedengitudinalconnections

Lateral
connectivity

1 The unregulated flows and environmental watering actions during spri
and autumnincreased the lateral connectivity and hydraulic diversity in
study reachesThe delivery of environmental water from the Wakool
escapdo the upper Wakool Rivand return flows of CE\WWom Millewa
Forestextended therecession of theinregulatedevent fom November
through to January, thus increasing the duratioriatéral connectivity

7
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Stream metabolism

Dissolved oxygen
concentration

1 In 202122 there was a sustained period of unregulated flows and coo
temperatures over latespring/early summer. Widespread hypoxia was
not present in the system during the unregulated flows and mostly DC
was above the range of concern to fish populations (below 4 mg/L).

9 From early November to late December 2021 water temperature start
to increase. The environmental watering actions in 2@2water year
helped to maintain dissolved oxygen concentrations and prevented th
development of widespread hypoxic blackwater events. However, in t
upper reach of Edward/Kolety River with no environmenmtatering,
dissolved oxygen concentratismwere briefly below 4 mg/L.

1 Concentrations of dissolved oxygen in the upper Wakool River briefly
dropped below 4 mg/L in February 2022 when watering actions 1, 2 a
ceased, although these were within the rangarmally measured at that
time of year in the upper Wakool River.

9 Autumn variable base/fresh flow (watering actions 4, 5 and 6) maintai
DO levels in the Wakodallakool system and Colligdliemur River.

9 Watering action 7 in Tuppal Creek helped maingdimlissolved oxygen
levels in November 2021 and between mithrch and May 2022, but it
did not prevent the decline in dissolved oxygen levels (below 2 mg/L)
the system during hot months.

Nutrient
concentrations

1 Nutrient concentrations remained ithe acceptable range in 20222.

9 Only small pulses of nutrients were detected in spring/early summer
during the period of unregulated flows.

1 Commonwealth environmental watering actions 1, 2 and 3 delivered
during the unregulated flows mitigated increasasutrients

9 The increase in nutrient concentrations in January and February 2022
were related to increased water temperature and reduced discharge.

9 Autumn variable base/fresh flow (watering actions 4, 5 and 6) maintai
stable nutrients levels in the Waol-Yallakool system and Colligen
Niemur River system.

Dissolved organic
matter

1 In 202122 pulses of dissolved organic carbon were detected irEike/
River system and the organic carbon mix was similar across sites dur
the period of unregulated floa: Higher fluorescence was observed at g
sites with a gradual increase downstream, indicating a combination of
aged organic matter and very fresh leachates or algal organic matter
introduced by unregulated flows.

9 Environmental water for the Murray RivEom Hume Dam increased
DOC in the system, whereas watering action 1 delivery of water from
Wakool escape mitigated the extent of increases in DOC and nutrient
the WakoolYallakool system.

1 Pulses of dissolved organic carbon detected in Januaryabcuary 2022
were related to increased water temperature and reduced discharge.

9 The variable autumn watering actions 4, 5 and 6 diluted dark coloureo
water in the Wakocl allakool system and the Colligsiemur system.

Gross Primary
Production (GPP)

9 When GPP was calculated as the amount of organic carbon produced
day (kg C/day) then all environmental watering actions had a beneficii
effect on increasing organic carbon production. The largest gross
contribution of W occurred during the second high flows period frorm
19/10/21 ¢ 05/01/22). The size of the beneficial impact was largely
related to the proportion of total flow that came from the watering
action, with greater proportional effects of environmental watetdmer-
flow periods. Carbon production was enhanced by52% by
environmental water, with a median across all sites and time periods ¢
27% more carbon produced during deliveryGEWcompared to naCEW
Environmental watering actions did not substantiaffect areal rates of
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gross primary productivity (mg O2/m2/day), which largely followed
seasonal trends.

Ecosystem
Respiration (ER)

9 When ER was calculated as the amount of organic carbon consumed
day (kg C/day), then watering actions had a benalfieffect on increasing
carbon consumption. A higher amount of organic carbon consumed
means more nutrient recycling and hence greater nutrient supply to fu
GPP. Carbon consumption was enhanced by between 2% and 145%
environmental water, with a mediaacross all sites and time periods of
27% more carbon consumed during delivenCé&\Wcompared to no
CEW As with GPP, areal rates of ecosystem respiration (mg O2/m2/d
were largely driven by seasonal trends.

Totalspecies
richness

1 The total number of taxa in zones 2, 3, 4 and 8 increased in-2R2There
was a significant increase amumber ofplant taxa in zone 2 in 20222,
being the equal largest number of taxa recorded since the program
commenced in 20145. In zone 4, the number of plant taxa were record
in 202122 (n=29) was the largest since the program commenced.

1 The mean total richr&s in each of the five monitored zones has increas
since the flood in 2016, especially in zones 1 and 4. However the mea
species richness has not yet recovered to the same as prior to the floo

9 The relationship between total annual discharge &otél amphibious taxa
showed a polynomial relationship in zones 2 an®4dta from eight years ¢
the LTIM/FlowMERProgram suggest that species diverditythese two
zones is raximized wherecological disturbancis neither low (e.qg.
constant regulated flows) nor too frequent (e.targe unregulated flood
such as in 2016). The higghthan regulated flows that were experienced i
2021-22 increased species richness in these two zones relative to high
regulated lower dicharge years, and also compared to higher dischargge
unregulated flood year.

Richness and
percent cover of
functional groups

9 Following the 2016 flood there was a reduction in the richness and per
cover of riverbank and aquatic plant functional groups. The patterns va
within functional groups.

1 After the 2016 flood all submerged taxa were absent from itwad river
zones. Since the flogdubmerged taxa have recovered in all zones, but
total richness has not yet reached levels observed prior to 2016. In-2D7
Chara was present in all zones, with strong increase in percent cover i
2. The relabnship between total annual discharge and number of taxa
submerged taxa was not consistent among hydrological zones. Howev,
all of the zones during the flood year the number of submerged taxa
reduced to zero.

9 Since the flood the number of amphihis taxa has increased in all zoneg
but total richness has not recovered to that observed prior to the flood.
Amphibious floating pondweed was previously the dominant amphibioy
taxa in zone 3 prior to the flood but significantly reduced in cover or wa
killed by the flood in 2016. In 20222 there was a significant increase in
percent cover of floating pondweed in zones 3 and 4 but has not yet
reached the same cover as prior to the 2016 flood.

Other plant
responses

1 The inundation of riverbanks from to the watering actions combined wi
unregulated flows and return flows from Millewa Forest supported
riverbank and aquatic plant germination.
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Larval abundance | Despite the high spring/summer-thannel freshes that characterized the

of periodic specie§ 202122 water year, there was no evidence of local golden or silver per|
spawning in the Wakool River or Yallakool Creek. This was further
supported the absence gungof-year(YOYgolden and silver perch
caught in the targeted recruitment surveys

1 While low numbers of carp larvae were detected in 221 results of adu
population surveys indicate that carp recruitment was widespread
throughout the Selected Area, and a likelgpense to the high
spring/summer irchannel freshes.

Larval abundance | Evidence of spawning was observed in 2@21for four of the six small

of opportunistic bodied native fish species known to the Edward/KoMtskool River

species system.

1 Abundance of flathead gudgeon larvae were highest on record in-2021
and has been steadily increasing every year since-2918

Murray cod, silver |{ Murray cod YO¥bundance and growth rates were highest in 2@21than

perch and golden | in previous two years.

perch recruitment | Highest catch rates of 1+ silver perch were recorded in ZRgince
monitoring commenced in 2015, with juveniles widespread throughout
Yallakool Creek and Wakool Riverdstisites.

9 Two juvenile (1+) golden perch were caught in the Yallakool and Wakg
River study sites for the first time since monitoring commenced in 2015

9 The increase in juvenile golden and silver perch (species not known to
regularly in the Edwardilety Wakool System) may have been due to
immigration into the system in response to the high unregulated flows
the Southern Connected Spring Flow.

Adult fish 9 Broadscale surveys across the Edward/KoMtskool System (Cat 3)

populations 1 Catch rates of adult fish across the broader Edward/Kolety River syste
wide surveys were twice as high in 2022 than in previous surveys cong
in 2015 and 2019. The 2022 surveys also indicated high recruitment
responses for smabodied fish species, including Australian smelt, carp
gudgeon, unspecked hardyhead and Murray Darling Rainbowfish as w
bony herring. Carp and goldfish also displayed strong recruitment in-2(
22 compared to 2015 and 2019.

9 Annual surveys of Mid WakbRiver upstream Thule Creek (Cat 1)

1 Native bony herring abundance and biomasmid-Wakool Riveupstream
of Thule Creek in 2022 was higher than all previous years. Few of thes
were recruits, and may have been due to immigration into the system i
response to the unregulated flows and Southern Connected Spring Flo

Fish spawning
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Fish populations

Recommendationsrom previous reports 20142021)

A summary of recommendations froafl previousEKWLTIM annual reports (Watts et al. 2015, 2016,
2017b, 2018, 2019) areKWFlow-MER annual repost(Watts et al. 2020, 2021) is provided in
Appendix 1These recommendations relate to the use and/or contributiol®ofmnmonwealth
environmental water to diffeznt types of watering actions including:

1 Base flows
Small freshes
Medium and larger inchannel freshes
Recession flows
Winter flows
Mitigate issuesrising durindhypoxic blackwateevents
Mitigate issues associated with managed flows operations, inaduddmstant regulated
flows, (low variability) rapid recession of flows, and winter cease to flow.

10
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Some of the flow recommendations in appendix 1 refer to specific targeted ecological objectives,
such as fish movement, spawning of Murray cod, or river petidity.

In previous LTIM/FIoOWIER reports there are also some recommendations that have addressed
more general aspects of environmental water management, such as the need to implement flow
trials, the setting of flow objectives, and the need to improve sourcdwydfological data to

facilitate the evaluation of environmental watering actions.

Recommendations fothe management of environmental water

The followingninerecommendations are based on findings from this report, sitme reference
made to recommendations and findingsprevious reports

Recommendation 1

The hydrographs 2021-22 for the rivers and tributaries of thEKWsystem were more complex

than in previous LTIM/FIowMER years. The flows included unregulated freshes during spring and
summer as well as delivery of Commonwealth environmental water from a wide range of sources;
Edward escape, Wakool escape, Niemur escape, Yallakool offtake, Colligea, Ofitdool

offtake, and return flows from Millewa Forest due to the delivery of environmental water from
Hume Weir. At times there was more than one source of water contributing to the hydrograph.

The return flows from Hume Weir in combination with the uguéated freshes from midugust

to the end of December 2021, provided benefits for BEi€Wsystem by contributing carbon rich
water to boost productivityCompared to years when flows were highly regulated magnitude

of variation between low flows angeak flows was larger in 202P than in previous years.
However, the environmental water returning from Millewa Forest to BEi®Asystem in 20222
reduced the magnitude of variation between low flows and peak flows in Yallakool Creek, and
Colligen Creekompared to what would have occurred in 2022 in the absence of CEW
returning from Mlllewa Forest. Thus, there is a traafeof between the benefits of th&KW
system receiving carbon rich water returning from Millewa Forest, versus possible detrimental
effects of reduced variability of daily discharge.

Recommendation 1: Explore ways to gain benefits from Commonwealth environmental water
returning from Millewa Forest, whilst at the same time maintaining variability of flows in the
Edward/KoletyWakooltributaries.

Recommendatior?

Environmental water deliverio Wakool River and Yallakool Creek combined with unregulated
flowsin spring/early summeR021-22 wasthe closest ye{since the LTIM/FIoWIER project
commenced in 2014p achievingenvironmentalflows that includedthe timing, magnitude,
duration of freshes that could potentially suppapawningof goldenperchandsilver perch.The
continued absence of any evidenckrmajor spawning activity in these two species in Yallakool
Creek and the Wakool River monitoring sites supports the hypothesishibse two river systems
arenot a key location for spawning gbldenperchandsilver perch

Recommendation 2: Do not intle spawning of golden perch as one of the key objectives for
future environmental watering actions in Yallakool Creek and the Wakool River.

11
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Recommendation 3

The outcomes of environmental watering actions in 2624, combined with outcomes from
previous yars, providestrong evidence thabne of the key roles dhe EKW systerm the

context of the broader Murray River system is to provide suitable spawning habitat for some fish
species (e.g Murray cod, River blackfish, small bodied nativedigtport recruitmentand

growth of juvenile fish, and provide habitat anefuge foradultfish. These benefits for fish and
other components of the ecosystem can be supported by maintaining and enhamingctivity
within the system, and connectivity between thKW system and Murray system throughout the
year.

Recommendation 3: Undertake watering actions each watering year that promote connectivjty
within the EKW system, and connectivity between the EKW system and the Murray River. This
includes; i) delivein-channel fresksin late winter spring thatexceed the current normal
operating rulego increase connectivity within tributaries and connectivity via runners between
tributaries, ii)deliver continuous base environmental flows during autumn and winter to promote
the temporal availability and contirity of instream habitabind prevent negativeeonsequencesf
winter ceaseto-flow; iii) Undertake watering actions to improve the connectivity and other
outcomes in intermittent and ephemeral streams and flood runners inBKg\system.

Recommendation 4

The management of the offtake regulator for Colligen Creek is automated, and thus can be more
easily operated than some of the other manually operated regulators in the EKW system. In
addition, Colligen Creek is closer to the Stevens Weir structure arafftage for Wakool Main

Canal, so it is more convenient for water managers to use the Colligen Creek offtake to facilitate the
balance of operational water in Stevens Weir when there is excess water in the system, such as
water orders being withdrawn du rain.

Consequently, Colligen Creek continues to experience givert flow peaks and rapid recession of
flows that can be detrimental for maintaining a balance of erosion and sedimentation on
riverbanks. Rapid recession of flows means that the sedim@noved by natural processes during
a rise is not the replaced by deposition of sediment on recession. In addition to this negative
physical outcome, rapid recession of flows can also have negative ecological outcomes such as
reducing the replenishmentfeseedbank.

Recommendation 4: Mitigate the negative consequences of rapid rises and falls in Colligen Creek
hydrograph by working with water managers and river operators to achieve better outcomes
through planning options such as i) increasing the ratecéssion following rapid rises in flows
due to river operations, ii) delivery of the excess water to other parts of the system instead of
delivering a short flow peak to Colligen Creek.
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Recommendatiorb

The delivery of environmental water through imiigpn escapes to improve water quality has
proven to be an effectivenanagement tool that has provided benefits but has not resulted in
recorded negative outcomes in the river system.

Recommendation 5: Continue to include a water use option in waltarning that enables
environmental water to be used to mitigate adverse water quality evant$ potential fish kills
Work witharange of organisations and the community tké action to facilitate the earlier
release of environmental water on the ngj limb of the flood event to create local refuges prior
to DO concentrations falling below 2 migL

Recommendatiort

In 202021 and 202122 environmental watering actions from the Wakool escape delivered
variable base flows to the upper Wakool River tamtain water quality during warmer months

In addition to achieving this water quality outcome, these watering actiwasgided other
significant outcomes, including increasioggitudinal connectivityincreasinglow variability,

and helping tamprove riverbank plant outcomes. These findings suggest that there are benefi
to be gained from using the Wakool Escape to deliver environmental water to the Wakool Riv
even at times when there are no refuge flows required.

ts
er,

Recommendatioi®: Undertale further watering actions from the Wakool escape to improve the
connectivity and ecosystem outcomes in the Upper Wakool River and reaches further downst
in the mid and lower Wakool River. Deliver larger freshes with increased variability to maintai
water quality, enable riverbank vegetation to establish and be maintained, and support good {

ream

ish

outcomes.

Recommendation 7

There are many ecosystem and cultural benefits to be gained from watering Werai Forest. The

multiple unregulated pulses in 202P resulted in high flows downstream of Stevens Weir and

several events inundated Werai Forest and returned flows from Werai Forest to Colligen Creek.

This did not result in adverse outcomes for water quality or any recorded deaths of fish in the
ColligenNiermur system in 202:22. Research undertaken in 2022 showed that response of
aguatic plants and algae in Werai Forest can assist the productivity and help maintain good
water quality of outflows from the forest. Research on patterns of inundation in \Wrenast
(Watts et al. 2022) showed thagturn flows from the forest into the Edward/Kolety River
commenced when the discharge downstream of Stevens Weir was between-3,237 ML/d
and return flows from Tumudgery Creek into Colligen Creek commenced theedischarge DS
Stevens Weir was between 5,471 ML/d &hd840 ML/d.

Recommendatior?: Explore option$o use environmental water to suppohigh flow event
downstream of Stevens Weir (>2700 ML/day) that inundates low lying pWerai forest If
possble, use environmental water to suppdrigher flow evens downstream of Stevens Weir (>
5471 ML/d to inundate low lying part of Werai foreas well as supporeturn flows to Colligen
Creekandthe Edward/Kolety River.
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Recommendation 8

Evidence from the fish recruitment monitoring and adult fish strongly suggests that there was
immigration of silvers and golden juveniles/sub adults into B¥aAsystem during the high
unregulated flows in 20222 whichmay have beeenhanced by environmeal water delivered
from irrigation escapes. We continue to support recommendation 4 from 2@ & portthat
encourages the use of environmental water to support movement of native fish

Recommendation 8onsider adaptive use of water to coincigigh high Murray River flows to
maximise attraction/immigration of upstream migrating juvenile golden perch and silver pergh in
late summer

Recommendation 9

The combination of unregulated spring/early summer flows in the Murray, environmental
watering ofephemeral and intermittent creeks, and environmental watering from MIL escapes,
created increased connectivity in tlgKWsystem in 20222 more than has been seen in any
other year, except during large flood years. The river ecosystem greatly bdnaits

connectivity, that includes themaintenance of flow during winter that promotes temporal
availability and continuity of instream habitat, fish movement, and survival of aquatic plants.

Winter shutdown of regulators is an operational norm to facilitataintenance of infrastructure.
Unfortunately, this means that some of the benefits from the increased connectivity created by
environmental watering in spring, summer and autumn wilbioainisheddue towinter

operational shutdown periods that occur iriliutariesin the EKW systenit would maximise the
benefit to the river ecosysterifian operational solution was implemented to enable the delivery
of winter flows to the tributariesevery year

Recommendation Facilitatethe benefits of connectivity flows by working with river manager
and river operators to maximise the opportunities to deliver environmental water to tributaries
during winterand eliminatethe impact ofoperational shutdowns in winter.

UJ
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1 Introduction

1.1 Purpose of this report

TheCommonwealth Enkonmental Water OfficeQEWQ Monitoring, Evaluation and Research
(Flow-MER Program (2019 to 2022) is an extension of tlimgTerm Intervention Monitoring
(LTIM)and Murray-DarlingBasin Environmental Water Knowledge and Research P(&¥¢KR)
projects, with monitoring, evaluation and research activities undertaken within a single integrated
program.

The LTIM Projeatasimplemented over five years from 20446 to 201819 to deliverfive
outcomes:

9 Evaluate the contribution of Commonwealth environmental watering to the objectives of
the Murray-Darling Basin Authorities (MDBA) Environmental Watering. Plan

1 Evaluate the ecological outcomes of Commonwealth environmental watering in éach o
the seven Selected Areas.

1 Infer ecological outcomes of Commonwealth environmental watering in areas of the
Murray-Darling Basin (MDB) that an®t monitored.

1 Support the adaptive management of Commonwealth environmental water; and

1 Monitor the ecologicatesponse to Commonwealth environmental watering at each of
the seven Selected Areas.

TheFlow-MER Program consists of evaluation, research and engagement at esBalsimnd on
ground monitoring, evaluation, research and engagement across seven Seleetegone of

which is the Edward/KoletWakool(EKWRiver system. Thelon-MER Programims to provide

the critical evidencéhat is neededo understand how water for the environment is helping
maintain, protect, and restore the ecosystems and nativecss across the Murrgfparling

Basin. The programvill demonstrateoutcomesof environmental watering actions, inform
management of Commonwealth wetfor the environment and will helmeeti KS / 92 h Qa
legislative reporting requirements through to June 302

Thisreport describes the monitoring, evaluation and research activities Wee undertakenin

the EKWsystemas part of the CEWBlowMER Program from July 20to June 2022This
projectwasundertaken as a collaboration between Charles Sturt University, NSW DPI (Fisheries),
Murray Working Wetlands GroypndLa Trobe Universit The monitoring described in this

report was undertaken using methods and approaches described iBKh#-low-MERPIan

(Watts et al 2019a).

This report haglevensections. This introduction (section 1) is followed by a description of the
Commonwealth environmental water use objectives and watering actions for this system for
2021-22 (section 2). An overview of the mitoring andevaluation undertaken in this system for
the Flow-MERprojectand its relationship to LTIM monitoring is describedegtion 3 An
evaluation of responses of eacbreindicator to Commonwealth environmental wateriagd
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unregulated flow evets are presented in sections four to eight; hydrologgdtion 4), water

quality and carbon (section 5), stream metabolism (section 6), Aquatic and riverbank vegetation
(section 7), and fish spawning, fish recruitment and fish community (sectiGteBpmnendations

to help inform adaptive management of environmental watethia EKWsystem in the future is
presented in sectiomine. A summary report (Watts etl. 2022) provides an overview of the
monitoring and key findings of the ecosystem responses tar@mnmental watering actions in the
EKWsystem in 201-22.

1.2 Edward/KoletyWakool Selected Area

TheEKWriver system is a large anabranch system of the Murray River in the southeg)
Australia. The system begins in tBarmahMillewa Forest and travels north and then northwest
before discharging back into the Murray River (Figure 1.1). It is a complex network of
interconnected streams, ephemeral creeks, fleotiners and wetlands ieding the
EdwardKolety River, Wakool River, Yallakool Creek, Colilgemur Creek and Merran Creek.
There are Bo manyephemeralor intermittent creeks in theeKWsystem, including Cockrans
Jimaringle Creek, Tuppal CreBklatale CreekThule CreekiMurrain-Yarrien Creek, Yarrien
Creek, Whymoul Creek, and Bucca@iinninyeuk Creek. These Creeks have important
ecosystem functions, enabling connectivity between the larger rivers and tributaries within the
system.

KYALITE
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Figurel.1 Map showing the main riversnd creeksn the Edward/KoletyWakoolriver system

The area has a rich and diverse Indigenous history and supports a productive agricultural
community and supports recreational uses such as fishingyvmitdhing and bushwalking. First
Nations including the Wamba Wamba (Wemba Wemba), Perrepa PerreppdBzaeapa), Yorta
Yorta, and Wadi Wadi maintain strong connections to the country.

Under regulated conditions flows in the Edward/Kolety River and tributaries remain within the
channel, whereas duringigh flowsthere is connectivity between the river chagls, floodplains
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andseveral large forests including the Barrrdillewa Forest, KoondroeRerricoota Forest and
Werai Forest (Figurg.1). These three forests make up the NSW Central Murray Forests Ramsar
site (NSW Office of Environment and Heritage 20t8ng one of the matters of national
environmental significance to which the EPBC Act applies.

TheEKWriver system is considered to be important for its high native species richness and

diversity including threatened and endangered fish, frogs, mamnraald riparian plants. It is

fAAGSR a 'y SyRIFY3ISNBR SO2aeaidSYz a LINLG 2F
RN} AylFr3aS aeadasSy 2F (GKS t26SN) adz2NNI & wA @SN OF (OF
Management Act 1994 his systeninasabundart areas of fish habitat, and historically had

diverse fish communities which supported both commercial and recreational fisheries.

Threatened species include the Trout Cod, Freshwater catfish, Murray Cod, Australian Bittern,

Australian Painted Snipe, Supdparrot, and Swamp Wallaby Grass (Department of Environment

and Energy 2019).

TheEKWriver systemplays a key rolén the operations and ecosystem function of the Murray River
and the southern MDB;onnecting upstream and downstream ecosystems in theMudray River.

The multiple streams and creeks in this system provide important refuge and nursery areas for fish
and other aquatic organisms, and adult fish regularly move between this system and the Murray
River. As some of the rivers in tB&Wsystem fave low discharge (compared to the Murray River)
there is a risk of poor water quality developing in this system, particularly during warm periods or
from floodplain return flows. Miataining good water qualitis crucial for both the river ecosystem,

the communities that rely on water from this system, and downstream commurali@sgthe

Murray River that are influenced by the water quality in this system

The EKWSelected Area can be ladly divided into threeaquatic ecosystem type4) the permanent
and semipermanent flowing rivers2) the floodplain forests and woodlandand 3)intermittent and
ephemeral creeksA brief description of each is provided below.

Permanent and sempermanent rivers and creeks

Thepermanentandseasonal rivers ancreeks support high regional biodiversity and have
significant value as drought refudiar native fish and other biotalhe dominant vegetation is

river red gum Eucalyptus camaldulen¥iwith areas providing habitat fa number of threatened
speciesThe permanent river in this system is the Edward/Kolety River (Figure 1.2). The seasonal
or semipermanent rivers and creeks include the Wakool River, Yallakool @eligenNiemur
River(Figure 1.2)

T W v 3

Figure2.2 Left: Edward/Kolety River. Right: Wakool Riirethe Edward/KoletyWakoolRver system
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Floodplainforests and woodlands

Within the EKWksystem there are floodplain forests and woodlands. Large forests include Werai
Forestand Niemur Forest. There are redgumariian forests along thevers andributaries

within the systemand on higher land there are blackbox forests.

Werai Forest is located downstream from Deniliquin along the Edward/Kolety Ridéiaa great
cultural significance to the Wamba Waméad Perrepa Perrepa Traditional Owners. Land use
and occupancy mapping has identified over 12,000 sites of cultural significance to First Nations
people in the Werai Forest (Weir et al 2013).

In 2003, Werai Forest was listed as a wetland of internatimnpbrtance under the Ramsar
convention, as one of three sites in the NSW Central Murray Forests Ramsar site. The two other
sites in the NSW Central Murray Forests group are the Millewa Forest @nolujne Koondrook
Perricoota Forest Group, all of whicegend on flows in the Murray River. The Werai group of
forests are also recognised as wetlands of national importance on the Australian Directory of
Important Wetlands.

Werai Forest is currently managed by the NSW National Parks and Wildlife Service08&ce
Traditional Owners have been working towards having Werai Forest established an Indigenous
Protected Area (IPA) to be cared for by Traditional Owners through an Indigenous Land Use
Agreement. The Yarkuwa Indigenous Knowledge Centre is developingagenaent plan for the
Werai Forest Indigenous Protected Area as part of the process to transfer management and
ownership to the Werai Land and Water Aboriginal Corporation.

Werai Forest is recognised regionally, nationally, and internationally as an empéotest and
wetland. The higher floodplain areas Weraiare dominated by river red guffrigure 1.3jvith
lower lying areas typically dominated by giant ruShe lowlying areas, floodrunner@-igure 1.3)
and backwaters in Werai may be important halpitor larval and juvenile fisand is a potential
source of carbon to feed the lower Edwéfdlety River and Niemur River systeriieae Werai
Forest supports significant breeding colonies of several species of cormondnilist the Niemur
Forest supportegrets and nankeeknight heron breeding colonieBothforestssupport several
listed species and migratobjrd species.

; "\:ﬁ.é& » :'l!-.s'

Figure3.3 Left: iver red gu within Werkbrest. Right: A flood runner in Werai Forest.
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Ephemeral and intermittent creeks

There are a large number of intermittent and ephemeral creeks and floodrunners EKN
systemincluding Cockrandimaringle Creek, Tuppal Creek, Bullatale Creek, Tnakk, Murrain
Yarrien Creek, Yarrien Creek, Whymoul Creek, and Buc€aumaiinyeuk CreeRuppal Creek
(Figure 1.4)s an intermittent flood runner connecting the Murray Rivelthe Edward/Kolety

River anchas a largely continuous riparian corridor which provides habitat connectivity for over
120 terrestrial native species and supports a number of state listed threatened and vulnerable
species (Brownbill and Warne 2010; CEWO 2012c¢). Jimatiregé (Figuré.4), Cockran and
Gwynnes Creeks aexamples oephemeral creeks this system thaare considered a

biodiversity hotspot of significant regional value.

P PN TV | 2 Vi r
¥ 4§ it S W 28y ;:

Figure4.4 Left: Tuppal Creek. ight: Jimaringle Crek (Photo Les i§ordo
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2 Environmental water use objectives and
watering actions in 20222

The Australian Government owns entitlements to water in the MuiPayling Basiand this
water is used to keep rivers healthy, so they continue to support communitidstioe
generationfCEWO, 2020). The CEW@anages this water for the environmerihe amount of
available water changes from year to year and plaesadjustedaccordingly. The CEWO follow

by FyydzZt O080tS 2F WLX I yI RéterfoftbeNdviromn$ents dzZNB |y R

(Figure2.1).
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Each year the CEWO prepare a Water Management Plan considers how much water is expected
to be available, the season@ainfall outlook, and current ecosystem health. The annual Water
Management Plan scopes options for a range of weather scenarios (from dry to wet) so the
watering actions can adapt to the seasonal conditions. The CEWO also consider the needs of
communitiesand irrigators, physical limitations of the river, lessons learned from monitoring the
response of plants and animals to previous environmkffbavs, and the Basin Plan annual and
longterm objectives (CEWO 2020

In the EKWsystem the CEWO work closely with local communities, First Nations peoples, water
managers, scientists, river operators and landholders through the Edward/Kilakyol
Environnental Water Reference Group to plan water use. Delivery of @omvealth

environmental water is coordinated alongside water for the environment managed by the NSW
government.

2.1 Expected outcomes from Basmvide Environmental Watering
Strategy relevant to the MieMurray Region

Expectedutcomesfrom the Basirwide EnvironmentaWatering Strategy(MDBA2014)that are
relevantto the Mid-Murray Regiorarelistedbelowand in Table 2.1 and Table 2.2
River flows and connectivity

1 Basdlowsareatleast60 percentofthe naturallevel
1 Contributingto a 30 per centoverallincreasdan flowsin the RiverMurray.
1 A30to 60percentincreasdn the frequencyof freshes pankfullandlowlandfloodplainflows.
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Vegetation

1 Maintain the current extent of water-dependentvegetationnear river channelsand on
low-lying areasof the floodplain

1 Improveconditionof blackbox,river red gumandlignumshrublands

Improverecruitmentof treeswithin blackboxandriver red gumcommunities

1 Increasegeriodsof growthfor non-woodyvegetationcommunitieghat closelyfringeor occur
within the river and creekchannelsand those that form extensive standswithin wetlands
and low-lying floodplainsincludingMoira grasslandi BarmalgMillewa Forest

E ]

Fish
1 Nolossof nativespecies
1 Improvedpopulationstructureof keyspecieghroughregularrecruitment,including:
0 Shortlivedspecieswith distributionandabundancet pre-2007levelsandbreeding
succeseverylc2years
0 Moderateto longlivedwith aspreadof ageclassesndannualrecruitmentin at least
80%of years
1 Increasednovementsf keyspecies
1 Expandedlistribution ofkeyspeciesand populations

Table 2.1mportantBasirenvironmentalassetgor nativefishin the Mid Murray (from MDBA 2014)

g 8 £ 5

: 5 &5 5 5 g
Environmentalasset = 2 7 g S B

) @ = ° 2 =

S R - I 58

) e} 2 22 @ @ 2 28

g [ ] =0 © .2 o L o E

@ ) 2 ‘%‘ 9 _GE) 2 s3 b g

X T %) Y5 F® 0% =0

KoondrookPerricoota * * * * * Yes
Gunbower * * * * * Yes
BarmafgMillewa * * * * * * Yes
EdwardKolety¢Wakoolsystem * * * * * Yes
WeraiForest * * Yes
Billabong,Yanc@ColumbdCreeks * * * * * Yes
LakeMulwala * * * * * Yes

Water Quality targets

Water quality targetdor the Murray-Darling Basiare outlined in Chapter 9, Part gyb-section
9.14(5)of the BasinPlan(MDBA 2012) Thetargetfor DO in the Plan i® maintainDOat a value
of at least 50% saturatioand suggests this be determined28°Cand1 atmosphere of pressure
(sea level). This equates tddconcentrationof approximatelyd mg/L. The CEW has used a
trigger of 4.0 mg/lfor the potential provision of refuge flows into catchments like Ei€Wriver
system.TheGuidelines for Managing Risks in Recreational Waltgrguide the green, amber and
red alert levels issued by relevant state management agenciesi(elSV\, the Regionallgal
Coordinating Committegsvho are responsible for the catchment scale management of algal
blooms. The CEWO has access to the alert advice issued by these state agencies and can adjust
the use of Commonwealth environmental water accordingly.
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Table 2.2Keyspeciedor the Mid Murray (Source: MDBA 2014)

In-scopefor
. o Commonwealth
Species Specifioutcomes .
water in the
Mid Murray?
Flatheadyalaxias Expandthe core rangein the wetlandsof | Yes
(Galaxiasrostratug the RiverMurray
Freshwatecatfish Expandthe core rangein Columbo Yes
(Tandanusandanug BillabongCreekandWakoolsystem
Goldenperch A 10¢15% increaseof mature fish (of Yes
(Macquariaambigug legaltakesize)in keypopulations
Murraycod A 10¢15% increaseof mature fish (of Yes
(Maccullochellpeelii peeli) | legaltakesize)in keypopulations
Murrayhardyhead Expandhe rangeof at leasttwo current Yes
(Craterocephaluiuviatilis) | populations Establist8c4 additional
populationswith at leastonein the Mid
Murray conservatiorunit.
Oliveperchlet Oliveperchletareconsideredextinctinthe | Restoratiorof
(Ambassisagassizji southernBasinReintroductiorusing flow to Murray
northern populationsisthe mainoption Rvercould
for recovery. Candidatesitesmayresult supportfuture
from improvedflow that reinstatessuitable | reintroductionof
habitatin the River Murray. the species
Riverlackfish Expandthe rangeof current populations Yes
(Gadopsismarmoratug from the Mulwalacanal
Silverperch Expandhe corerangewithin the River Yes
(Bidyanusbidyanu$ Murray (YarrawonggEuston)
Southermurple-spotted Yes
gudgeon
(Mogurndaadspersa
Southernpygmyperch Expandhe rangeof currentpopulations Yes
(Nannopercaustralig at BarmahMillewaandother Mid
Murray wetlands
Troutcod Expandhe rangeof trout codup the Yes
(Maccullochella Murray upstreamof LakeMulwalaand
macquariensip into the KiewaRiver.Forthe connected
populationof the MurrumbidgeeMurrayg
Edward:continue downstreamexpansion.
Two-spinedblackfish Establistadditionalpopulations(no specific | Yes

(Gadopsibispinosu¥ locationsdentified)
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2.2 Practicalities of environmental watering in the Edward/Koletwy/akool
system

The main source of Commonwealth environmental water forEk@\system is from the Murray
River through the Edwarffolety River and Gulpa Creekhe main flow regulating structuse
within the EKWsystemare the Gulpa Creek Offtakedward/Kolety River Offtake (both located
on the Murray River), an8tevens Weir, located on the EdwAfdlety River downstream of
Colligen Creek (Figure 1.85tevens Weirpoallows Commonwealth environmental water to be
delivered to Collige€reekNiemu River systemyallakool Creek, the Wakool River, the
EdwardKolety River and Werai Forest.

Water diverted into the Mulwala Canal from Lake Mulwala can also be delivered intok{kié

d2a0SY GKNRdAzZAK ANNRIAFGA2Z2Y WS aOwnedanpang Murréydzd F1 £ £ &
Irrigation Limited (MIL). During a hypoxic blackwater event in 2010, environmental water was

released from the Mulwala Canal escapes to lessen the impact of hypoxia and create localised

refugia with higher DO and lower DOC (WattsleR@17a). Escapes were also used to deliver
environmental water as refuge flows in response to the 2016 hypoxic blackwater event (Watts et

al. 2017b). There are numerous smaller escapes throughout the MIL network that can also be

used to deliver small fles to the river system.

Environmental watering actions delivered for the Murray River channel from Hume to South
Australia delivers water to Millewa Forest via BaraMilewa Forest regulators and some of this

water exits via creeks and flood runners iill&va Forest and influences the hydrograph at

Toonalook gauge. However, some of the environmental water exits Millewa Forest via Tuppal Creek
and Bullatale Creek, contributing to flows in the Edward/Kolety River downstream of the Toonalook
hydrographic gage. The current network of hydrographic gauges does not provide an adequate
means to measure the contribution of Murray River watering actions in the Edward/Kolety River.

The ability to deliver environmental water to tleK\Wsystem depenglon water avail&ility and
circumstancedn the river at any given time nZironmental water delivery in this system involves
various considerations as outlined by Gawne et al. (2013), including:
1 the capacity of the of takes / regulators and irrigation escapesironmental watering
may be constrained due to limitations on how much water can be delivered under
regulated conditions. At times of high irrigation demand channel capacity will be shared
amongwater users.
9 channel constraints (e.go avoid third pary impacts) Delivery of instream flows to the
EdwardKolety River, Wakool River, Yallakool Creek, CollNiemursystemand Merran
River systenare managed within regular operating ranges as advised by river operators
to avoid third party impacts. For exgle, in the Wakoael albkool system the perational
constraint is 600 ML/at the confluence of the Wakool River and Yallakool Crébis,
the types of flow components that can be achieved under current operating ranges-are in
channel baseflowand fresles
1 the availability of third party infrastructure to assist in delivering water into the system
1 existing flows and other demands on the systdfrthe system is receiving unregulated
flows, there may not be enough capacity to deliegEvironmental water (Gawne et al.
2013).
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2.3 Commonwealth environmental watering actions the Edward/Kolety
Wakool systen20092021

Commonwealth environmental watering actions hdeen undertakenn the EKWiver system

since 2009Table 2.3. Between July 2009 and June 2021 Commonwealth environmental watering
actions delivered base flows and freshes, contributed to the recession of flow events, delivered
water from irrigation canal escapes to create lo&dliges during hypoxic blackwater events, and
contributed to flows in ephemeral watercourses (Table 2.3). Many of the watering actions in
ephemeral creeks were undertaken jointly with NSW DPIE.

The majority of the watering actions delivered between 2008 2621 were base flows and small
freshes in tributaries, water delivered to ephemeral streams via irrigation infrastructure, and
actions that contributed to recession flows. These actions have been the focus beediveeydf
larger within channel freshsis restricted by physical constraints and agreements to minimise
third party impacts. For examplander current operational constraints (e.gonstrained to 600
ML/d at the confluence of the Wakool River and Yallakool Creek).

One Commonwealth waterirgction in 200910 was undertaken to deliver environmental water
for Werai State Forest (DEE 20{Fable 2.3).

The winter of 2017 was the first time in which a watering action was undertaken to maintain
winter base flows during the period when the reguletd@o some of the smaller streams are
usually shutdown in wintetA second winter flow trial was implemented in 2620.

It has not been possible to deliver large within channel freshes or overbank flows due to
operational constraints in this systefdowe\er, in 201819 a flow trial was undertaken to deliver
800 ML/day at the confluence of the Wakool River and Yallakool Creek. 1122@28:cond
springflow trial wasundertaken inthe WakootYallakool system

In addition to watemg actions specifically targeted for tlKWsystem, water from upstream
Commonwealth environmental watering actioasd actiongargeted forthe Murray River
influence the hydrograph dhe EKWsystem in some yea(3 able 2.3)For example, in 20156
environmental waterreturning from BarmakMlillewa Forest influenced the hydrograph in the
EKWsystem (Watts et al. 2016). Similarly, in 21®the SouthernConnected Iew in the Murray
Riverinfluenced flows in th&aKWsystem from 28 August to 9 September 2019, and 23
September to 1 October 2019. In 2620 a southern spring flow wadelivered to the Murray
Riverthat influenced hydrology aihe EKWsystem(Watts et al. 2020)
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Table 2.3Summary of Commonwealth environmial watering actions and unregulated overbank flows in the Edward/KaMaioolRver
system from July 2009 to June 202

In-channel environmental Environmental watering actions Unregulate: Watering actions
watering actions using irrigation infrastructure overbank from Hume for
flows Murray River
Water Base flow: Contribute Maintain Larger Flows from Flows in Watering Flooding Contribute returr
Year and small to flow winter  within canal escape ephemeral forests forests flows to
freshes recession base channel during streamg and/or Edward/Kolety
flows fresheg hypoxic floodplain Wakool system
events from Millewa
Forest
200910 \%
201011 \% \% \%
201112 \ \%
201213 \ \% \%
201314 \ V \%
201415 \Y, \Y \
201516 V V \Y V
201617 V V \Y \Y \%
201718 V V V \/
201819 V V \
201920 V V \Y \ \%
202021 V V \ \ \%

1 Delivery of larger within channel freshes to the Wakool River and Yallakool Creek is not possible under current openasivaiits (e.g.constrained to 600
ML/d at the confluence of the Wakool River and Yallakool Creek).
2 Some of the watering actions in ephemeral creeks done jointly with NSW Office of Environment and Heritage
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2.4 Environmental WateringPlanningfor 202122

Environmental demand and priority for watering, 2@22, and outlook for coming year for the
EKWRiver systenas described by CEWO (2021) in the 22 River Murray Valley water plan is
presented in Table 2.

Objectives foplanned watering actions ivallakootWakool, ColligemNiemur and Edward/Kolety
River for 202422 are describedn Water Use Minute WUM101YCEWO 2@ to achieve the
following expected outcomes:

Primary expected outcomes

A.

support the recovery of kstream aquatic vegetation and larpedied native fish following
the 2016 hypoxic blackwater event.

. maintain the diversity and condition of native fish and other native species through

maintaining suitable habitat and providing/supporting opportunities to move, breed and
recruit

C. maintain halth of riparian and irchannel aquatic native vegetation communities

F.

maintain/improve water quality within the system, particularly dissolved oxygen, salinity
and pH.

maintain ecosystem and population resilience through supporting ecological recovery and
maintaining aquatic habitat.

support inundation of lowying wetlands/floodplains habitats within the system.

Secondary expected outcomes

G.
H.

maintain habitat quality in ephemeral watercourses

support mobilisation, transport and dispersal of biotic and abiotaterial (e.g., sediment,
nutrients and organic matter) through longitudinal and lateral hydrological connectivity.

Commonwealth environmental watering actions planned by the CEWO Central Delivery Team for
the YallakoeWakool system in 20222 (Figure 22) were:

T

=

Sequence of freshgsvithin operational constraintsh spring/early summer with a short
recession between each fresh to improve flow variability. It was noted that it may be
necessary to use the Wakool escdpdry and reachthe planned flowpeaksin November
or December. This would tsibject toobtaining landholder agreement for any proposed
high flows and consideration bbw WaterNSW is managing the system, especially during
the Murray spring pulse period where we will be prioritising #odownstream o8evens
Weir for WeraiForest

Autumn fresh in Yallakool Creek

Variable base flows in the upper Wakool River in late sumanérmn

Environmental watering actions in ephemeral streams (not monitored as part of Flow
MER)

Environmental watering actions in private wetlands (nhot monitored as part of-M&R)
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Commonwealth environmental watering actions planned by the CEWO Central Delivery Team for
the ColligerNiemur system in 20222 (Figure ) were:
1 Sequence of freshan Spring/early summer with a short recession between each fresh to
improve flow variability.
9 Late summer fresh
I Autumn fresh

Objectives foEKWsystem refuge flows that anesually triggered once dissolved oxygen levels
reach 4.0 mg/L in line with BasitaR water quality requirement were habitat flows, water quality
and provision of refuges for native fish.

Commonwealth environmental watering actions planned for the Murray River channel by the
Sauthern DeliveryTeam of CEW@Outlined a number of triggersral delivery options for Murray
channel flows that are influenced by water availability (ranging from extreme dry to wet year)
(Figure 24). In 202122 a Southern Spring Flow was planned for the Murray River commencing in
late winter continuing through sprg 2021. Environmental water delivered to the Murray River
flows into Millewa Forest and exits the forest through a number of regulators, creeks and flood
runners and contributes to flows into the Edward/Kolety River.
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Table 24 Environmental demand and priority for watering, 2@22, and outlook for coming yedr the Edward/KoletyWakool River system (Source CEWO 202ble RMB

Environmental assets

Indicative demand [for all sources of water in the system])

Watering history

2021-22

Implications for future
demands

Required frequency
[maximum dry
interval)

Flow,/Valume

(from all sonrces of water)

Environmental
demands for water

Potential G lth env il water

Likely environmental
d d in 2022-23 if

contribution

watering accurred as
planned in 2021-22

Yallakool - Wakeool
Mainterance of native fish
hahitat and instream agquatic
wegetation

Longitudinal commedtivity
Fish spawming, recruitment,
and movement

Nutrient oyding

Water quakity

~200 ML,/ day base flow for ~295 days during late
winter to late Autumn (~5% GL). Note: winterbase
flows are 3 separate flow component and is
incladed below,

Amnual

Has been met 5 out of the past 5 years

Likely to e met by aperational flows exceptina
very dry year when CEW may be use to prevent
system from being cut off subject to NEW Extreme
Events Palicy

Low

~E5B0 ML/day pesk for 10 days fresh aver ~25
dzys in early spring with gradusl recession
{~11 GL, inclades ~200 ML /day bass flow. To
@ssist in providing the spring pulse an additional
~3-4 GL through the Wakool escape may need to
fe needed).

Amnnual

Has been met 5 out of the past 5 years. Annual requirement
thersfore the environmental demand has been assessed as

High

Prierity for Commonwealth environmental water to
continue ecesystem recovery

Hizh

~430 ML day for £1 days to maintain minimom
flaw for fish nesting hahitat, and immdation for
aquatic vegetation growth (~17.6 GL in ratz],
imclades ~200 ML day bass flow)

Amnaal

Has been met 5 out of the past 5 years. Anmual requirement
therefore the environmental demand has been assessed as

High

Priority for Commonwealth environmental water to
continue e0aSyStEm reDIvery

~&00 ML/day pesk for 5 days undertaken as 1 1o
3 freshes in late spring/early summer to stimulate
sitver perch breeding with a gradual recession
dowm ta 220 ML /day atend of fish nesting periad
(From min. 20 days to max, B4 days) (~10.5 GL
min ta 38 GL max, includes ~200 ML,/ day base
flaw).

~510 ML/day peak for 4 days over 51 days fresh
In awmamn with 2 gradual recession {~18 GL,
mclodes ~200 ML /day baze flow),

Amnual

2in 3 years (2 vears)

Has been met 3 dmes for 1 fresh cur of the past 5 vears and
has not been met for 3 freshes,

Has been met 3 gut of the past 5 years

Mederate

Moderate

Optien to be considered under a moderate to high
water resource availability.

Opticn to be considered under a moderate to high
water resource availability.

Moderate

Moderate

~170 ML/day winter base flow from early-May
(irrigation shut down) undl first week of July
(system restarts) {~10 GL), Needs minimum of
4,000 ML/ day at Varrawonga to mest all

Edward /Kolety system winter base flow
requirements,

Upper Wakool over summer and sutumn to
maintain water quality. 14 day increase stepwise
of 30 ML /day up to a peak of ~110 ML /day for 14
days folloved by stepwise decrease of 30 ML/day
dowm ta 50 ML /day for 14 days, then repeat to
watering season end in early May.

Amnnual

Amnnual

Has been met 2 out of the past 5 years, Subject to Stevens
weir pocl being kept in over winter to enable connecdon to
Colligen and Tallakool regulators,

Has been met 1 out of the past 5 years. Annual requirement
thersfore the environmental demand has been assessed as

High

FPricrity for Commonwealth environmental water to
continue E00SYSIEm FEDIVELY.

Prierity for Commonwealth environmental water to
confinue ecosystem recovery.

Colligen - Niemur
As per Tallakool-Walkoal
abave

The potentdal flow compenents for the Colligen- Asabove,
Niemur during 2021-22, and related assessment

af demands & urgency of demands are lke the

flow components cutlined for the Yallakool-

Wakeol above, The primary difference is that the

flowrs planned for the Colligen- Miemur have been

scaled to fit within its constraint for

environmentsl flows of up to 450 ML/ day.

As abave,

As abave,

As abave,

ELELL Y

EdwardKolety River
downstream of Stevens Weir

Above 2700 ML /day (constraint downsoeam of Annual
Stevens Weir) early spring pulse argetng Weral

Forest (~15 GL) and late spring/summer pulse

({~15 GL). Will need o align with delivery of RMC

Single frech has been met 3 outof the past 5 years by
unregulated flows, Annual requirement therefore the
envirenmental demand has been assessed as High

Flows up to constraint of 2700 ML/day are likely to
e met by EMC operational flows during early
spring and late spring/early summer.

Hizh
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Table 24 (continued)Environmental demand and priority for watering, 2@22, and outlook for coming yedir the Edward/KoletyWakool River system (Source CEWO Zstle RM3B
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