®" Institute for Land
MR, AwtallnGovernment =~ =<=z0n0 0 ]][ Water and Societ’y

i Commonwealth Environmental Water Office Charles Sturt University

research for a sustainable future

>
Y |
| &

Commonwealth Environmental Water Office
Long-Term Intervention Monitoring Project:
Edward-Wakool River System

Selected Area Technical Report

2017-18

f
.
\

)
- -




Commonwealth Environmental Water Office Lofigerm htervention Monitoring
Project: EdwardWakoolRiver Systengelected Ared echnicaReport 2017-18

Project no: OPA101022

Document title:  Commonwealth Environmental Water Office Lefgym Intervention
Monitoring Projet: EdwardWakoolRiver Systenselected Aredechnical

Report 201718
Date: 27/09/2018
Client name: Commonwealth Department ¢he Environmentand Energy
Project manager: Robyn Watts
Authors: RobynJWatts, NicoleGMcCasker, Julia Howitt, JasorD Thiem, MikeRGrace

John ATrethewie Sascha Healy, NiBl8ond

Institute for Land, Water and Society
Charles Sturt University

PO Box 789

Albury, NSW 2640

ABN83 878 708651

Cover photos:

Left- Larvalfreshwatercatfish(Tandanusdandanug caughtin the Wakool Rivein December 2017
(Photo: J Trethewie)

Middle ¢ Wakool RiveBarham Bridg€zone 4 site 1pn 8 June2017 during the winter
environmental watering actiofPhoto: S Healy)

Rightg Silverperch eggs collected from drift nets deployed in Yallakool Creek, 6 December 2017
(Photo N McCasker)



Watts, R.J. et al. (20)8Commonwealth Environmental Water Office Long Term Intervention Monitoring

Project: EdwareMVakool Selected AredaechnicaReport, 20%7-18

Copyright © CopyrightCommonwealth of Australia, 2018

MO,

W/ 2YY2y St OdK 9YOBANRBYYSYyGl €
EdwardWakoolRiver Systenseleted AreaTechnicaReport,2017-18 is licensed by the
Commonwealth of Australia for use under a Creative Commons By Attribution 3.0 Australi
licence with the exception of the Coat of Arms of the Commonwealth of Australia, the logo of
the agency responsible for publishing the report, content supplied by third parties, and any

images depicting people. For licence conditions see:
http://creativecommons.org/licenses/by/3.0/au/

Citation: This report should be attributed as

Watts R.J., McCaskbrG., HowittJA., ThiemlD., GraceM.R, Trethewie .A., Healy S., Bond
N.R.(2018. W/ 2 ahYealth Environmental Water Office Long Term Intervention Monitoring
Project: EdwardWakool River SystemSeleted Area Technical Report, 201BQ Report
prepared forCommonwealth Environmental Wat&ffice Commonwealth of Australia.

The Commonwealth dustralia has made all reasonable efforts to identify content supplied by
0KS F2tt26Ay3 F2NXVI G

GKANR LJ NIGASa

Disclaimer

The views and opinions expressed in this publication are those of the authors and do not
necessarily reflect thosef the Australian Government or the Minister for the Environment.
While reasonable efforts have been made to ensure that the contents of this publication are
factually correct, the Commonwealth does not accept responsibility for the accuracy or
completenes of the contents, and shall not be liable for any loss or damage that may be
occasioned directly or indirectly through the use of, or reliance on, the contents of this

dza A y 3

2 GSNI hTTAOS

publication.
. Institute for Land, Water and Society
] {R/%at&l:t:nfgrslbac?gt’y Charles Sturt University
Charles Sturt University POBOX789, Albury, NSW 2640
N NSW Department of Primary Industries
Wik P /

Department of
Primary Industries

GOVERNMENT

Narrandera Fisheries Centre,
PO Box 182, Narrandera NSW 2700

7 MONASH University

Water Studies Centre
Monash University
Clayton, Victoria, 3800

,“"0“’; g of NSW Office of Environment and Heritage
SevaAr | Environment PO Box 363, Buron@#SW 2739
covernment | & Heritage
_ School of Life Sciers
?W{ LA TROBE La Trobe University
2= UNIVERSITY

PO Box 821,Wodonga 3689

[ 2y 3

Yo

/

(

21


http://creativecommons.org/licenses/by/3.0/au/

Watts, R.J. et al. (20)8Commonwealth Environmental Water Office Long Term Intervention Monitoring
Project: EdwareMVakool Selected AredaechnicaReport, 20%7-18

Contents

EXECULIVE SUMIMAIY.....ciiiiiiiiiiiiiiiiee ettt e e e e e e e e e e e e e e e e e e e e e s e e e e e e e eeees 5
1 INEFOAUCTION. ... ettt em e 12
2 Environmental water use objectives and watering actions in 2a1....................... 14
3 MOoNItOring and EVAlUBTION...........uueiiiiieiiiiieee e e e e e e e e e 21
4 L 170 [ (0] (o0 /PO P PRSP PPPPPPPPP 30
5 Water quality and CarbONL............uuuiiiiiiiiiiiiiimreeeeee e 4B
6 Stream MetabOoliSIML.......oooi e 69
7 Aquatic and riverbank vegetation...............ooooiiiiiiiiiieiiiie e 90
8 S o RPN 102
RECOMMENUALIONS. ....ceiiiiiiiiiiiiee ettt e e e e e e e e e e e e e e e e e e e e e e e e e e ameeeeeneees 145
ACKNOWIEAGEMENIS. ... ..o e e e e e e e e e e eeabameeeeeees 152
RETEIENCES. ...ttt e e e e s 153
F Y o] 01T Lo [od =T TSP 159



Watts, R.J. et al. (20)8Commonwealth Environmental Water Office Long Term Intervention Monitoring
Project: EdwareMVakool Selected AredaechnicaReport, 20%7-18

EXECUTIVE SUMMARY

This report documents the monitoring and evaluation of ecosystem responses to
Commonwealth environmental watering in the EdwakthkoolRiver Systemefected Area in
2017-18. It is thefourth annual report of the Long Term Intervention Monitoring (LTIM) Project
(20142019)funded by the Commonwealth Environmental Watering Offideeproject was
undertaken as a collaboration among Chafsrt Universitf CSU)NSW DPI (Fisheries),
Monash University, NSW Office of Environment and Heri(@eH) and La Trobe University.
Fieldmonitoringfor the project was undertaken by stdrom CSUNSW Fisheriesnd OEH

This reporffocusses oifCommonvealth environmental watering actionis the EdwareWakool
Selected Arefrom 1 May 2017 (start of watering actidr) until 30 June @18. In 201718 six
environmentalwatering actionsvere planned forthe EdwardWakool systengTable i) Watering
actions 12, 4, 5 and 6 were delivered. Waiteg action 3 was not deliveratlie to unregulated
flows occurring above channel capaatythe time of this planned action

Table iPlannedCommonwealthenvironmental vatering actions in the Edwafd/akoolsystem in 201718

Planned Type of Dates Rivers Objectives

watering action

action

1 Winter watering base flow 1 May- 23 YallakooCreek  To contribute to reinstatement of

action Aug 2017 mid and lower the natural hydrograph,
WakoolRiver connectivity, condition of in
Colligen Creek  stream aquatic vegetation and fis
Niemur River recruitment

2 Earlyspringfresh small fresh 7 Sept- 22 Yallakool Creek, To contribute to connectivity,
at beginning of  and flow Oct 2017 upper,midand  water quality, stimulating growth

e-flow with flow  recession lower Wakool of in-stream aquatic vegetation,
recession River, Colligen  pre-spawning condition of native
CreekNiemur fish, spawning in early spawning
River native fish
3 Maintain eflow  smallfresh  Not N/A To maintain nesting habitat for
delivered Murray cod and inundation for
aquatic vegetation growth
4 Summerfreshat small fresh  3-29 Jan Yallakool Creek, To encourage fish movement and
end of eflow and flow 2018 mid and lower assist dispersal of larvae and
with flow recession Wakool Rver juveniles of fish species.
recession
5 Autumnfresh small fresh 28 Mar-1 Yallakool Creek, To encourage fish movement and
with flow with flow May 2018 upper, midand  dispersal of juveniles of a number
recession recession lower Wakool of fish species.

River, Colligen
CreekNiemur
River
6 Summer fresh small fresh  11Jang 11 Niemur River To mprove water quality(in
Feb 2018 response to a heatwave driven lo
DO event)

*Watering action 3 was not implemented due to an unregulated fresh occurring at the time of this planned action
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This reportdocumentsthe monitoringand evaluatiorof environmental watering actions and
watering regimeshe EdwardWakool &lectedAreain 201718 for the following indicators

1 Rver hydrology

Water quality and carbon

Sream metabolism

Rverbank and aquatic vegetation

Fish movement

Fsh reproduction

Fsh recruitment (Murray cod, goldgrerch and silver perch)

Fsh communitymonitored inonly zone three for the baskscale evaluation. No
selected area evaluation for the fish community was undertaken ir7-2@las this is
scheduled to be monitored in onjears 1 and 5 of the project)

=A =4 =4 =4 -4 A 4

Responses to Commonwealth environmental water were evaluated in two ways:

i) Indicators that respond quickly to flogg.g. hydrology, water quality and carbon, stream
metabolism, fish movement, fish spawninggre evaluated for their response to specific
watering actionsThis was undertaken by examining responses dutiageriod of the
specific watering actions. The hydrological indicators veateulatedon the discharge
datawith and without the environmental water.

i) Indicators that respond over longer tarframes(e.g. riverbank and aquatic vegetation,
fish recruitment)were evaluated for their response to thengerterm environmental
watering regimesThis was undertaken by comparing responses over multiple years in
reaches that have received environmahtwater (zones 1, 3 @) to zone 2hat has
receivednone or minimal environmental water.

Key results

Key results from environmental watering in the Edwslvdkool system in 20118 are
presented in Table ii.

A summary of key outcomes for each of the watering actions and in response to the-longer
term watering regime is presented in table iii.
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Table ii Key resultdor each indicatoin response teenvironmental vatering in the EdwardVakoolsystem in
201718

Theme Indicator Key result

Maximum and Watering action 1 (winter 2017) and action 5 (autumn fresh) increased
minimum maximum discharge in Yallakool Creek (zone 1), the mid and lower W4
discharge River (zones 3 and 4). Action 1, 5 and 6 increased the maximum disch
in Colligen Creek. Actions 1, 2, &ril 6 increased the minimum, mean
and median dischargie reacheseceiving environmental watesompared
to operational flows

Flow variability Watering action 1 (winter 2017) and action 2 (spring fresh) reduced the
coefficient of variation of dischard€V) in Yallakool Creek and the mid
and lower Wakool River (zones 3 and 4). Actions 5 and 6 had no effect
the CV in Yallakool Creek, the mid and lower Wakool River and Collige
Creek. The unregulated flows during November and December 2017
increased he range of discharge in zones 1, 3 and 4 when compared w|
spring watering actions in previous years.

Longitudinal Watering action 1 in winter 2017 maintained longitudinal connectivity in
connectivity Yallakool Creek, the mid and lower Wakool River @alligen Creek. In
contrast, the upper Wakool River zone 2 (navatering) experienced 72
days cease to flow in winter 2017.

Lateral Watering action 2rovided a small ikthannel fresh that increased the
connectivity duration of lateral connectivity in zones 1, 3 and 4 compared to operati
flows. Watering action Jrovided a small ikthannel fresh that increased
the extent andduration of lateral connectivity inanes 1, 3 and 4nd
Colligen Creekompared to operational flowaVatering action 6 in Collige
Creek increased thextent oflateral connectivity compared to operationa
flows.

Flow recession Watering action 2 increased the duration of the recession to 32 days in
Yallakool Creek and other downstremeachescompared with what would
have been a rapid reduction in discharge from 460 ML/d to 200 ML/d o
3 days under operational flows. Actionriefeased the duration of lateral
connectivity in zones 1, 3 and 4 and Colligen Creek compared to
operational flows.

Hydraulic diversity | Watering actions 2, 5 and 6 increased the hydraulic diversitganhes
receiving environmental water compared to modelled operational flows
Dissolved oxygen | Watering action 6 supported dissolved oxygen concentrations in the
concentration ColligenNiemur system during January and February 201B&reasing
flow to minimisethe period where DO concentrations fell below 4 mg/L
and prevented D@oncentrations falling below 2 mg/Over the 4 years of
LTIMDOconcentratiors were consistently higher during late summer and
early autumn seasons in zongs3 and 4 receiving environmental water
than in zone 2 thahas received none or minor environmental watering
actions

Nutrient There was no detectable effect of environmental watering actions on th
concentrations indicator in 201718. Nutrient concentrations remained within the
expected range throughout the system during this sampling season. Th
absence of overbank flows meant that substantial nutrient inputs were
expected in the system

Temperature None of the watering actiongrgeted temperature Water temperatures in
regimes the system were primarily controlled by theguailing weather conditions.
Type and amount | There was no detectable effect of environmental watering actions on th
of dissolved indicator in2017-18. The watering actions in 2048 did not specifically
organic matter target the transport of dissolved organic matter.

Hydrology

Water quality and carbon
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Table ii (continuedKey results for each indicator in response to environmentkwng in the Edward

Wakoolsystem in 201718

Theme Indicator

Stream metabolism

Riverbank and aquatic vegetation

Fish movement

Gross Primary
Production (GPP)
and Ecosystem
Respiration (ER)

Key result

Watering actions almost uniformly decreased the rates of gross primary
production (mg @L/day) simply through a dilution effect. However, whe
GPPwas¢aOdzt i SR & GKS | Y2dzyid 2F 2
per day (kg C/day) then watering actions had a beneficial effect (more
WF22RQ A& o0SOGGSNDSY gAGK AAIYATFACL
beneficial impact was largely related toet proportion of total flow that
came from the watering actiog carbon production was enhanced by
between 1% and 218% per day, with a median across all sites and wat
actions of 41% more carbon produced during Commonwealth
environmental watering actios compared to no Commonwealth
environmental water.

Production:
respiration (P/R)

As with GPP, watering actions almost uniformly decreased the rates of
ecosystem respiration (mg2/day) simply through a dilution effect.
However, when ER was calculatesithe amount of organic carbon
consumed per day (kg C/day), then watering actions had a beneficial e
with significant differences between sites. A higher amount of organic
carbon consumed means more nutrient recycling and hence greater
nutrient supgy to fuel GPP. At no stage did the environmental watering
actions create so much respiration that dissolved oxygen dropped belo
Wal FSQ @ ftdzSa F2NJ Fljdz2r GAO o0A201 d

Total species

Rverbank and aquatic vegetation showed some recovery since the flog

richness 2016, however the totaspecies richnesis 201718 was lower than in
201516 prior to the 2016 flood. Over the 4 years of LTIM there was hig
species richness in zones 1, 3 and & tieceived environmental water tha
in zone 2 that has received none or minor environmental watering actig
Richness of

functional groups

There has been some recovery of the richness of submerged and
amphibious taxa in 20178 but therichnessof submerged and amphibiou
taxa in 201718 was lower than in 20156 prior to the 2016 flood. There
were more amphibious vegetation taxa in zones 1, 3 and 4 that have
received base flows and freshes each year since 2014 and have greate
lateral connectiity, than in zone 2 that has received minimalrar
environmental water

Percent cover of
functional groups

The percentage cover of submerged and amphibious ita2®1718 was
low compared to 20145 and 201516 prior to the floodIn 201718 there
wasno difference in cover among the zones.

Movement of
golden perch and
silver perch

Watering action Xwinter base flowfacilitated movement of silver perch
throughout the LTIM zones, which is different to previous years when tf
winter operaional shutdownrestrictedtheir movementsWatering actions
2 and 4 facilitated connectivity among LTIM focal zones and enabled
movement of golden and silver perch. Tagged adult silver perch were
present in Yallakool Creek (zone 1) concurrent with theckn of
spawning in this system in December 2017.
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Table ii (continuedKey results for each indicator in response to environmentkwng in the Edward
Wakoolsystem in 201718

Theme Indicator Key result

Larval abundance | Numbers of Murray cod larvae in 2018 were similar to numbers

of equilibrium collected in 201415, and 2018L6. Murray cod larval counts were
species significantly lower in 20187 due to the hypoxic event and associated fig
kills during the spawning seasdor this species. The increase in larval
Murray cod counts in 20218 suggests that adults have successfully mo
back into the EdwardVakool system to spawn. CEW winter base flows i
2017 may have assisted in facilitating movement of Murray cod bagk in
the system prior to spawning.

Freshwater catfish larvae were detected in the Wakool River downstreg
of Thule Creek (zone 4) for the first time in 2a18. Winter base flows
providing permanency of water throughout river reaches will be importg
in providing persistence of habitat year round for this species.
Larval abundance | Silver perch were detected to have spawned in Yallakool Creek, the firg
of periodic species| time spawning has been detected in the study zones since monitoring
commenced irR015. The timing of the presence of silver perch eggs
coincided with water temperature >21 °C, peak of a fresh where the
change in water height was approximately 23 cm over 4 days, full moo
and a large area of channel in Yallakool Creek having fast weltaities (>
0.3 msh).

Larval abundance | Watering action 2, an early spring fresh, aimed to enhance the spawnir]
of opportunistic early spawning fish species. The abundance of Australian smelt larvae
species significantly higher in zones thegceived this watering action (zones 1, 3
and 4) than in zone 2 (almost no environmental water).

Murray cod, silver | Murray cod recruits were detected in 2018 throughout the Edward Wak
perch and golden | system, in contist to the absence of Murray cod recruits in 2017 followi
perch recruitment | the 2016 hypoxic blackwater event. This suggests there has been som
recovery of this species in 2018.

There were no silver perch YOY or 1+ recruits detected in-281Whereas
there was one rearit in 201415 and 25 in 20146. Golden perch recruits
have not been detected by monitoring during any of the four sampling
years in the EdwarilVakool Selected Area.

Adult fish The relative abundance of largmdied nativefish, including bony herring
populations golden perch and Murray cod, increased in comparison to A0L.6Recruits
of Murray cod and bony herring were captured at similar proportions te |
hypoxia (2016 flooding), indicating successful (albeit reduced) spawnin
recruitment in 201718.

Fish spawning

Fish recruitment

Fish
populations
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Table iiiSummary okey outcomes from environmentalatering in the EdwardVakoolsystemfor each
of the watering actionin 201718 and in response to the longéerm environmentalwatering regimen
Yallakool Creekhe Wakool River and Colligen Creek.

Wateringaction Key outcomes

1 | Winter T Increased maximumminimum, mean and mediadischargen zones1, 3, 4 and
watering action Colligen Creek compared to operational flows
in Yallakool | Reduced the coefficient of variation of discharge (CV) in zones 1, 3@ndphred to
creek and operational flows
Colligen Creek|{ Maintained longitudinal connectivity irones 1, 3, 4 and Colligen Creek
(base flow) | q Large increase in chon production in zones 3 andocmpared to operational flows
1 Facilitated movement of silver perch throughout the zones, which is different to
previous years when the winter operational shutdown restricted their movement
9 Increased larval Murray cod counin 201718 suggests that winter flows may have
assisted movement of cod back into the system prior to spawning
o |Early season | Increased the minimum, mean and median dischangeones 1, 3, 4 anGolligen
freshat Creekcompared to operational flows
beginning of e | ReducedCVin zones 1, 3 and dompared to operational flows
flow with flow | q Increased the duration of lateral connectivity in zones 1, 3 and 4 compared to
recession operational flows
91 Increased the duration of the recession to 32 day¥atiakool Creek and other
downstream reaches compared with what would have meerapid reductiorirom
460 ML/d to 200 ML/d over 3 days under operational flows
1 Increased the hydraulic diversity in reaches receiving environmental water comg
to modelledoperational flows
1 Smallicrease in carbon production aill zones compared to operational flows
i Facilitated movement of golden and silver perch
1 The abundance of Australian smelt larvae was significaitlyerin zones that
received this watering actiongmes 1, 3 and 4) than in zone 2
3 [Maintain eflow | { This action was not delivered due to unregulated floWee availability of CEW
assured the outcomes in the absence of the unregulated flows
4 |Summerfresh | Increased the minimum, mean and median dischangeones 1, 3 and 4 and Collige
with flow Creekcompared to operational flows
recession I Small increase in carbon production in zones 1, 3 and 4 compared to operationg
flows. Zone 2 did not receive enviroemtal water during this action.
9 Facilitated movement of golden and silver perch
5 [Autumnfresh | Increased the maximum, minimum, mean and medissthargen zones 1, 3 and 4
in Yallakool and Colligen Creatompared to operational flows
Creek and 1 The recessiomireased the extent and duration of lateral connectivity in zones 1,
Colligen Creek and 4 and Colligen Creek compared to operational flows
with flow  Increased the hydraulic diversity in reaches receiving environmental water comg
recession to modelled operational flows
9 Increase in carbon production in zones 1, 3 and 4 compared to operational flows
6 | Summer fresh | Increased the max, mimean and median dischargempared to operational flows
in Colligen 1 Increased the extent dfiteral connectivity compared to operational flows
Niemur system| § Increased the hydraulic diversity compared to modelled operational flows
1 Supported dissolved oxygen concentrations during January and February 2018
increasing flow to minimise the period where DO cortcations fell below 4 mg/L
and prevented DO concentrations falling below 2 mg/L
Multi-year 1 Over 4 year®Oconcentratiors were consistently higheduring late summerarly
environmental autumnin zones 1, 3 and 4 4{eater) than in zone Zno or minore-water)
wateringin 1 Over the 4 years of LTIMére was higher total species richness, higher amphibiol
zones 1,3 and 1 species richnessind higher percent cover of submerged and amphibious vegetat
taxa in zones 1, 3 and 4 that received freshes anthger base flow in 201than in
zone 2 that has received none or minor environmental watering actions

10
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Recommendations

We continue to endorse theecommendationgrom previousfrom the previous Edward
Wakool LTIM annual repor(8Vatts et al. 2015, 2016, 20174&) additionwe outlinefive
recommendations to improve the planning and delivery of Commonwealth environmental
waterin the EdwareWakool systemWhere applicable commenthas been included to

indicate to what extent te recommendation has already been applied (as of October 2018) in

the planning or use of Commonwealth environmental water in the Edwéattool system.

Recommendation 1implement environmental watering actions for freshes in spring and early

summer (October to December) that include flow variability up to a magnitudel@5to 150
ML/d. Undertake trials to improve understanding of the magnitude of variability that desvi
beneficial ecosystem outcomes.

Adaptive managementWatering actions are currently planned for spring 2018 that include

multiple pulses in Yallakool Creek with discharge ranging from 430 to 550 ML/d, over a range

of approximately 20 cm change in watevel.

Recommendation 2lmplement a second trial of continuous base wintéevironmentalflow
(no winter cease to flow) in the tributaries of the Edwatthkool system to promote the
temporal availability and continuity of instream habitat to benefit f@sid other aquatic
animals and assist the recovery of submerged aquatic plants in the system.

Adaptive managementFollowing the successful implementation of the winter flow trial in

winter 2017, a winter flow could not be delivered in 2018 due to mainteesof Stevens Weir.

CEWave undertaken theliscussions with various stakeholder groups regarding the
implementation ofa winter base flow in 2019, but a final decision regarding the

implementation of that has not yet been made and will need to take atcount maintenance

works planned by WaterNSW on Stevens Weir.

Recommendation 3Trial the delivery of an environmental watering action in the Edward
River downstream of Stevens Weir to target golden perch and silver perch spawning,
supported withappropriate monitoring.

Recommendation 4 In collaboration with stakeholders explore options to implement
environmental watering actions that include a short duration flow peak that is higher than

current constraint of 600 ML/d at the Wake¥hllakootonfluence. This would facilitate a test

of the hypothesis that a higher dischargecimannel environmental watering action will resul
in increased river productivity.

Adaptive managementA flow trial wih discharge of 800 ML/d at th&akoolYallakool
confluencewasimplemented inspring2018(to be reported in 20189 EdwardwWakool LTIM
report). The outcomes of the 2018 flow trial will be included on the agenda for future
meetings of the EdwariVakool Environmental Water Reference Group and will uniderp
RA4AOdzaaA2ya 2F FdzidzaNBE Ft2¢ | OGAz2zyao {20
and understanding of the flow trial and environmental watering is being undertaken to as
discussions about future watering actions.

the

[

Sist

Recommendation 5 Trial a carefully managed environmental watering action through
KoondrookPerricoota Forest via Barbers Creek to improve the productivity of the mid and
lower Wakool River system.

11
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1 INTRODUCTION

1.3 Purpose of this report

TheCommonwealth Enkonmental Water Office (CEWO) has fundeldongTerm Intervention
Monitoring (LTIM) Project in seven Selected Areas to evaluate the ecological outcome of
Commonwealth environmental water use throughout the vayDarling BasiiMDB) The
LTIM Projecis beingmplemented over five years from 2044 to 201819 to deliver five
outcomes:

1 Evaluate the contribution of Commonwealth environmental watering to the
objectives of the Murrayparling Basin Authorities (MDBA) Environmental
Watering Plan

9 Evaluate the ecological outcomes of Commonwealth environmental watering in
each of the seven Selected Areas;

1 Infer ecological outcomes of Commonwealth environmental watering in areas of
the MDB that arenot monitored;

1 Support the adaptive management abi@monwealth environmental water; and

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

Thistechnicalreport documents the monitoring and evaluation of ecosystem responses to
Commonwealth environmental watering ihe EdwardWakool systenduring the 201718
watering yearffrom 1 May 2017 when thérst winter watering action commenced until 30
June 1018 athe end of the watering yeait is thefourth annual report othe Long Term
Intervention Monitoring (LTIM) Projetinded bythe Commonwealth Environmental Watering
Office This project was undertaken as a collaboration among Charles Sturt Unive&ity, N
DPI (Fisheries), Monash University, NSW Office of Environment and Heaitddeg Trobe
Universiy. Field sampling for this project was undertaken by staff from Charles Sturt
University NSW DPI (Fisheriee)d NSW Office of Environment and Heritage

This report has ninsections thaiprovide detailed results for the indicatarhis introduction
(section 1)isfollowed by a description of the Commonwealth environmental water use
objectives and watering actions for this system20d7-18 (section 2) ad an overview of the
monitoring and evaluation undertaken in this system for the LTIM prdgection 3.
Summaries of thevaluation ofresponses of each indicator to Commonwéaavironmental
wateringand floodingin 201718 are presented in sections four &ght hydrology (section 4),
water quality and carbon (section Stream metabolisn{section §, riverbank andaquatic
vegetation (section )/ andfish movement, fish spawnindishrecruitment and fish community
(sectbn 8. Recommendationgo help informadaptive managemeraf environmental water in
this systemin the futureis presented in section. & summary report (Watts et al. 2068
provides an overview of theonitoring and key findings of thecosystem responseto
environmental wateringctions in the EdwarilVakool system in 20178.

12
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1.2 EdwardWakool Selected Area

The EdwardVakool system is a large anabranch system of the MuRiagrin the southern
MDB Australia. The system begiimsthe Millewa Forestand travelshorth and thennorthwest
before discharging back into the Murr&ver(Figure 1.1). It is a complex network of
interconnected streams, ephemeral creeks, flaoeners and wetlands including the Edward
River, Wakool River, Yallakool CreekliggtNiemur Creek and Merran Credinder
regulated conditions flows in the Edward River and tributaries remain within the channel,
whereas durindnigh flowsthere is connectivity between the river channels, floodplains and
several large forests includirige BarmahkMillewa Forest, KoondroeRerricoota Forest and
Werai Forest (Figure 1.1).

%,
| Koondrook-Perricoota Foresti %

L

0 125 25 50 Kilometres

Figurel.1 Map showing the main rivers in the Edwandakool system. (Source: Watts et al. 2013)

YARRAWONGA

p=

The EdwardVakool system plays a key roletire operations and ecosystem function of the
Murray River and the southern MDB. Some of the water released from Hume Dam is diverted
from the Murray River through the Edwakifakool system to avoid breaching operational
constraints in the mieMurray RiverThe EdwardVakool system also plays an important
ecological role in connecting upstream and downstream ecosystems. The multiple streams and
creeks in this system provide important refuge and nursery si@afish and other aquatic
organisms, and adult fisregularly move between this system and other parts of the Murray
River. As some of the rivers in the Edwavdkool system have low discharge (compared to

the Murray River) there is a risk of poor water quatigvelopingin this systemparticularly

during warm periods or from floodplain return flowslaintaining good water quality in the
EdwardWakool system is crucial for both the river ecosystem, the communities and
landholders that rely on the water from this system, and downstream communities aheng t
Murray River that are influenced by the water quality of this system.
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2 BENVIRONMENTAL WATERBEJOBJECTIVAISD
WATERING ACTIONSZ2017-18

2.1 Expected outcomes from Basivide Environmental Watering Strategy
relevant to the Mid-Murray Region

Expectecbutcomesfrom the Basinwide EnvironmentaWateringStrategy(MDBA2014)that
are relevantto the Mid Murray Regiorarelistedbelowand in Table 2.1 and 2.2

River flows and connectivity

1 Basdlowsareatleast60 percentof the naturallevel

1 Contributingto a 30 per centoverallincreasdan flowsin the RiverMurray

1 A30¢60percentincreasan the frequencyof freshes pankfullandlowlandfloodplainflows

Vegetation

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

1 Improveconditionof blackbox,river red gumandlignumshrublands

1 Improverecruitmentof treeswithin blackboxandriver red gumcommunities

1 Increasegeriodsof growthfor non-woodyvegetationcommunitieghat closelyfringeor
occurwithin the river and creek channelsand those that form extensive stands within
wetlands and low-lying floodplainsincludingMoira grasslandé BarmalgMillewa Forest

Fish
1 Nolossof nativespecies
1 Improvedpopulationstructureof keyspecieghroughregularrecruitment,including:
o Shortlivedspecieswith distributionandabundanceat pre-2007levelsandbreeding
succeseverylg2years
0 Moderateto longlivedwith aspreadof ageclassesndannualrecruitmentin at least
80%of years
1 Increasednovementsof keyspecies
1 Expandedilistributionof keyspeciesandpopulations

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

5 |a
E (8 5 3 .
S, |5 |& 5 S B
. [} il S [} 9 o
Environmentalasset Es |@ |o = S S
Q o |2 ) £ P
X T |0 X [ =
KoondrookPerricoota * * * * * Yes
Gunbower * * * * * Yes
BarmafgMillewa * * * * * * Yes
Edward;Wakookystem * * * * * Yes
WeraiForest * * Yes
Billabong,Yanc@ColumbdCreeks * * * * * Yes
LakeMulwala * * * * * Yes
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Table 2.2ZKeyspeciedor the Mid Murray (Source: MDBA 2014)

Flatheadyalaxias
(Galaxiasrostratug

Freshwatercatfish
(Tandanugandanug

Goldenperch
(Macquariaambigug

Murraycod

(Maccullochellgeelii peeli)

Murrayhardyhead

(Craterocephaluuviatilis)

Oliveperchlet
(Ambassisagassizji

Riverblackfish
(Gadopsigmarmoratug

Silvemperch
(Bidyanusbidyanu$

Southermurple-spotted
gudgeon
(Mogurndaadspersa
Southernpygmyperch
(Nannopercaustralig

Troutcod
(Maccullochella
macquariensis

Two-spinedblackfish
(Gadopsibispinosu¥

Expandthe core rangein the wetlandsof
the RiverMurray

Expandthe core rangein Columbe
BillabongCreekandWakoolsystem

A 10¢15% increaseof mature fish (of
legaltakesize)in keypopulations

A 10¢15% increaseof mature fish (of
legaltakesize)in keypopulations

Expandhe rangeof at leasttwo current
populations Establist8¢4 additional
populationswith at leastonein the Mid
Murray conservatiorunit.
Oliveperchletare considerecextinctin the
southernBasinReintroductiorusing
northern populationsisthe mainoption
for recovery. Candidatesitesmayresult
from improvedflow that reinstatessuitable
habitatin the River Murray.

Expandthe rangeof current populations
from the Mulwalacanal

Expandhe corerangewithin the River
Murray (YarrawonggEuston)

Expandhe rangeof currentpopulations
at BarmahMillewaandother Mid
Murray wetlands

Expandhe rangeof trout codup the
Murray upstreamof LakeMulwalaand
into the KiewaRiver Forthe connected
populationof the MurrumbidgeesMurrayg
Edward:continue downstreamexpansion.

Establistadditionalpopulations(no specific
locationsdentified)

2.2 Water Quality targets

In-scopefor/ Q (i
water in the

Mid Murray?
Yes

Yes

Yes

Yes

Yes

Restoratiorof
flow to MurrayR
could support
future
reintroductionof
the species

Yes

Yes

Yes

Yes

Yes

Yes

The water quality targets of the Basin P{@@12)areoutlined in Chapter 9, Part 4uls-section
9.14(5)of the Plan The targets for recreational water quality in Section 9.18 contains
Guidelines for Managing Risks in Recreational Watestargetfor dissolved oxygen in the
Plan igo maintain dissolved oxygen at a value of at least 50% saturatidsuggests this be
determined at25°Cand1 atmosphere of pressure (sea level). This equates to a dissolved
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oxygenconcentrationof approximatelyd mg/L. The CEW has used a trigger of 4.0 mddr

the potential provision of refuge flows into catchmentslthe EdwareWakool River system.
TheGuidelines for Managing Risks in Recreational Watgrguide the green, amber and red
alert levels issued by relevant state mgeaent agencies (e.g. in NSvihe Regional Algal
Coordinating Committegsvho are responsible for the catchment scale management of algal
blooms. The CEWO has access to the altvice issued by these state agencies and can adjust
the use of Commonwealth environmental water accordingly.

2.3 Environmental Watering Priorities for 20178
OEH watering priorities statement for the MurrayLower Darling

The Murrayg LowerDarling Environmental Watering Priorities Statement 207 (OEH 2017
statesthat moderate to dryresource availabilitgcenario were proposed for the Murray and
Lower Darling in 20:Z8. Under a dry resource availability scenario, the aims were to mainta
river functioning and to maintain key functions of high priority wetlands (OEH 2017). Under a
moderate resource availability scenario the aims were to improve ecological health and
resilience, and to improve opportunities for plants and animals to bresale and thrive

(OEH 2017Key planned actions for 20418 relevant to the EdwariVakool systemss
outlinedby OEH (201 Ayere:

1 dTo expand the watering program @L) into areas of the central Murray that are
currently stressed and affectday salinity. Flows (&L) are planned to enhance the
condition of vegetation along the Jimaringle, Cockran and Gwynnes and Murrian
Yarrien creeks, improving water quality and reconnecting with reagisireams like
the Niemur andNVakool rivers

1 CFish flove (60GL) in the EdwardWakool River will be used to provide benefits for
native fisheries, vegetation growing in the river-¢ineam vegetation) and
productivity. As well as delivering freshwater (1&0 via the Murray Irrigation system
to provide refug habitat for native fish (especially Murray cod) if a blackwater event
(low levels of dissolved oxygen) was to o&cur

CEWO Portfolio management Plan for the Midurray in 201418

The CEWO aims toontributeto the expectedoutcomesin the Basinwide environmental
wateringstrategy The CEWO Portfolio Management Plan for theltitray in 201¢18 (CEWO
2017) states that CEW@II not inundate private land without prior approvalfrom landholders
while contributingto the Basinannualenvironmentalwateringpriorities.

The 201718 Basinannualenvironmentalwateringprioritiesrelevantto the Mid Murray
Regionas outlinedby the CEW(J2017) were to:
1 éSupportBasinscalepopulationrecoveryof nativefishby reinstatingflowsthat
promote keyecologicaprocessesicrosdocal,regionalandsystemscaledor
the southernconnectedBasin
1 Supportviablepopulationsof threatenednativefishandopportunitiesfor range
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expansionandthe establishmenbf new populations

1 Improvethe abundanceanddiversityofthe. | & wafefbidpopulation

1 Improvethe conditionandextentof Moiragrassn BarmahMillewa Forest

1 Enableecruitmentof treesandsupportgrowth of understoreyspecieswithin
river red gum,black boxandcoolibahcommunitieson floodplainsthat received
overbankfloodingduring2016by inundatingtheroodeainsagainé

CEWO Portfolio management Plan for the Edwakthkool in 201218

In 2017#18the CEWQ@onsideredsupplyirg environmentalvater to the followingwatering
actionsin the EdwardwWakool system

OPermanentVaterways Thepurposeof wateringeventswould be to maintainin-stream
habitat, particularlyaquaticvegetationandareassupportingthe variouslife stagesof native
fish.Environmentaivater useis mostlikelyto contributeto in-channelbaseflowsand
fresheslt mayalsobe usedto provideamore graduatecessiorfollowingperiodsof high
flow (e.g.rainrejectionflows)andimprovewater qualityto providerefugesfor aquatic
plantsandanimalsif requiredandwherefeasibleto do so.

Ephemeralvaterwaysandwetlands:Thepurposeof wateringeventswould be to maintain
ephemerain-streamandwetlandhabitat, particularlywater quality,aguaticvegetation
andareassupportingthe various life stagesof nativefrogs,birdsandaquatic
invertebrates.

EdwardWakoolforests:Thepurposeof wateringeventswould be to protector
maintainvegetationhealth andto contributeto hydrologicaktonnectivityand
nutrient/carboncyclingprocesses

2.4 Practicalities ofenvironmental watering in the EdwardVakool system

The main source of Commonwealth environmental water for the EdWdattool system is

from the Murray River through the Edward River and Gulpa Creek. During high flow events in
the Murray River, water cansd flow from the Murray River through Koondro®erricoota

Forest and into the Wakool River via Thule and Barber Cr&aksmain flow regulating

structure within the EdwardWakool system is Stevens Weir, located on the Edward River
downstream of Collige€reek (Figure 1.1). This structure creates a weir pool that allows
Commonwealth environmental water to be delivered to ColliggaekNiemur River system,
Yallakool Creek, the Wakool River, the Edward River and Werai Forest.

Water diverted into the Mulwal Canafrom Lake Mulwalazan also be delivered into ¢h
Edward? | 1 22t aeadSy adrsuNRstiaansgeds theirigaiBoiviged
companyMurray Irrigation Limited (MILPuringa hypoxicblackwater event in 2010,
environmentalwater was releaseffom Mulwala Canal escapes to lessen the impact of
hypoxia and create localised refugia with higher DO and lower(@@@s et al. 2017a). There
are numerous smaller escapes throughout the MIL network that can be used to deliver small
flows to the river sgtem. Escapes were also used to deliver environmental veeteefuge
flows in response to th&@016hypoxicblackwater even{Watts et al. 2013).
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The ability to deliver environmental water to the Edwakthkool system depersbn water
availability and circumstances the river at any given time niironmental water delivery in
this system involves various considerations as outlined by Gawne et al. (2013), including:
91 the capacity of the off takes / regulators and irrigaticstapes
1 channel constraints (e.g. to avoid third party impacts)
1 the availability of third party infrastructure to assist in delivering water into the system
1 existing flows and other demands on the system.

Delivery of instream flows to the Edward River, Wakool River, Yallakool Creek, Colligen Creek,
Niemur River and Merran River systane managed within regular operating ranges as

advised by river operators to avoid third party impacts. For example, ikMdleoolYalbkool

system the operational constraint is 600 MLat the confluence of the Wakool River and
Yallakool CreekThus, the types of flow components that can be achieved under current
operating ranges are iohannel baseflows and freshes (Gawmnale2013). Environmental
watering may also be constrained due to the limitations on how much water can be delivered
under regulated conditions. At times of high irrigation demand channel capacity will be shared
with other water users. If the system iscedving higher unregulated flows, there may not be
enough capacity to deliver environmental water (Gawne et al. 2@r8)ironmentalvater

may be delivered to contribute to the slower recession of freshes, delivered during low flow
periodsto provide refu@ habitat, or delivered to manage water quality issues, such as hypoxic
events (Gawne et al. 2018vatts et al. 2017a

2.5 Commonwealth environmental watering actiond0092018

Commonwealth environmental watering actions have occurred irBth@ardWakool system
since 2009Table 23). Between July 2009 and June 2018 Commonwealth environmental
watering actions delivered base flows and freshes, contributed to the recession of flow events,
delivered water from irrigation canal escapes to crelatal refuges during hypoxic blackwater
events, and contributed to flows in ephemeral watercourses (Tal3e Rlany of the watering
actions in ephemeral creeks were undertaken jointly with NSW OB#iCOmmonwealth
watering action in 2009.0 for Werai Site Forest (DEE 2017) was undertaken to deliver
environmental water to EdwarilVakool forests (Table 3. To datetihas not been possible to
deliver largewithin channel fresheer overbank flowslueto operational constrainten the
system (current consaint 600 ML/d at confluence of the Wakl River and Yallakool Creek).
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 regulators to some of the smaller streams are
usually shutdown in winter (Table 3.

In addition to watering actions specifically targeted for the Edwatakool system, water from
upstream Commonwealth environmental watering acti@msl actions that aréargeted for
downstream watering actions trangibrough the EdwardVakool system in some yeafor
example, in 2018.6 environmental watereturning from BarmakMillewa Forest influenced
the hydrograph in the Edwasd/akool system (Watts et al. 2016).
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Table 23 Summary of Commonwealth environmental watering actiand unregulatedoverbank flows
in the EdwareWakool system fronduly2010 toJune2018. More detailed information about
environmental watering in the mitflurray catchment is available from tH@EWO wiesite (Department

of the Environment and Energy 2017)

In-channel environmental

Environmental watering actions

Unregulatec

. . using irrigation infrastructure overbank
watering actions
flows

Water Base flow: Contribute Maintain Larger Flows from Flows in Watering Hooding
Year and small to flow winter  within canal escape: ephemeral forests forests

freshes recession base channel  during hypoxic streamg and/or

flows freshed events floodplains

200910 \
201011 Vv \" \/
201112 \/ \"
201213 \ \% V
201314 \/ \"/ \"
201415 \/ \"/ \"
201516 \ \"/ V
201617 \/ \"/ Vv \" \/
201718 \/ \"/ \/ \"

1 Delivery of larger within channel freshes to the Wakool River and Yallakool Creek is not possible under current
operational constraints (e.g. constrained to 600 ML/d at the confluence of the Wakool River and Yallakool Creek).
Some of the watering actioris ephemeral creeks done jointly with NSW Office of Environment and Heritage
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2.5 Commonwealth watering actions in Edwatd/akool River sgtem 201718

There were six water delivery actions planned in 2084 Table 21). Watering actions 1, 2, 4,
5 and 6 (Tabl@.4) were delivered. Watering action 3 was not delivered, as this was
unnecessarylue to unregulated flows occurring above channel capacity betwi€®rOctober
and 24" December.

Table 24 Planned environmental atering actions in the Edwasd/akoolsystem in 201718. Details of
the watering strategies as described in CEpWhning documents and the Water Use Minute are
presented in Appendix 1.

Planned waering Type of  Dates Rivers Objectives
action action
1 Winter watering base flow 1 May-23 Yallakool Creek,  To contribute to
action Aug 2017  mid and lower reinstatement of the natural
Wakool River, hydrograph, connectivity,
Colligen Creek condition of instream aquatic
Niemur River vegetation and fish

recruitment
2 Earlyspringfreshat small fresh 7 Sept-22  Yallakool Creek,  To contribute to connectivity,

beginning of low and flow Oct 2017 upper, mid and water quality,stimulating
with flow recession recession lower Wakool growth of instream aquatic
River, Colligen vegetation, prespawning
CreekNiemur condition of native fish,
River spawning in early spawning
native fish
3 Maintain eflow small fresh Not NA To maintain nesting habitat
delivered* for Murray cod and

inundation for aquatic
vegetation growth

4 Summerfreshatend small fresh 3-29Jan  YallakooCreek To encourage fish movement
of e-flow with flow and flow 2018 mid- and lower and assist dispersal of larvae)
recession recession WakoolRiver and juveniles of fish species.

5 Autumnfreshwith small fresh 28 Mar-1  Yallakool Creek,  To encourage fish movement
flow recession May 2018  upper, mid and and dispersal of juveniles of &

lower Wakool number of fish species.

River, Colligen
CreekNiemur
River

6 Summer fresh small fresh 11Janc¢ll  Niemur River To improve water qualityin
Feb 2018 response to deatwave
driven low DO event)

*Watering action 3 was ndmplemented due to an unregulated fresh occurring at the time of this planned action
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3 MONITORING AND EVALTIAN

3.1 Monitoring zones and sites

The monitoring of ecosystem responsesdommonwealthenvironmental watering ithe
EdwardWakool system i2017-18 was undertakeriollowingthe Edwardwakool Longlerm
Intervention Monitoring and Evaddion Plan (Watts et al. 20&%and Monitoring and
Evaluation Plan Addendur@EWO 2018)

The majority of the monitoringn the Edwardwakool LTIM Selected Areafocussed on four
hydrological zongswvhich together are referred to as the focal zoivallakool Creek (zone 1),

the upper Wakool River (zone 2) and mid reaches of the Wakool Rovezs 3 and 4Figure

3.1, Table3d.1). Reaches in zones 1 and 2 ayenerally more constrained, have steeper
riverbanks and fewer ishannel geomorphic features (e.g. benches) than many of the reaches
in zones 3 and &igure 3.2)

Additional siteghroughout the EdwarédWakool systenare monitoredfor fish movement
(Figure3.3). Ashpopulationsare also surveyedt sitesthroughout the systenin years 1
(201415)and 5(201819)of the LTIM program, so will not lecludedin this2017-18 annual
report.
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Wakool Yallakool Creek
Wakool Upper Wakool River
i 3 Wakool Mid Wakool River (upstream Thule Creek)
‘ 4 Wakool Mid Wakool River (downstream Thule Creek) rT
5 Wakool Mid Wakool River (downstream Barbers Creek) ;
6 Wakool Lower Wakool River i ‘w[é EARK
-Cangen-Niemur Jimaringle, Cockran and Gwynnes Creeks "
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Created by Spatial Data Analysis Network,
Charles Sturt University, May, 2015

Data Source: NSW "Place Point" & "Hydroline” spatial data: Digital Cadastral Database [CD-ROM]. LPMA, 2008, New South Wales;
Australian Reserves GEODATA TOPO 250K Series 3, 2006, OEH NSW National Parks 2012

Figure 3.1Location ofmonitoring sites for the EdwariVakool Selected Area for the Lofigrm Intervention Monitoring (LTIM) Proje@onesl-4 are referred to as the
focal zone for the Edwar@Vakool project. Hydrological gauges are located in Yallakool Creek just upstreaen0df €i1 (gauge 409020, Yallakool Creek at offtake),
Wakool River zone 2 just upstream of site 02_01 (gauge 409019, Wakool River offtake), and in the Wakool River zo& 404t gisruge 409045, Wakool River at
WakootBarham Road). The Wakool escapleésted close to site 21_01. Site names are listed in Table 3.1
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Table 3.1List of site codes and site names for sites monitored for the Long term Intervention
Monitoring Project in the EdwariVakool Selected Area.

Zone Name Zone Site Code Site Name

Yallakool Creek 01 EDWKO1 01 Yallakool/Back Ck Junction
Yallakool Creek 01 EDWKO01 02 Hopwood

Yallakool Creek 01 EDWKO01 03 Cumnock

Yallakool Creek 01 EDWKO01 04 Cumnock Park
Yallakool Creek 01 EDWKO01 05 Mascott

Yallakool Creek 01 EDWKO01 06 Widgee,Yallakool Ck
Yallakool Creek 01 EDWKO01 07 Windra Vale

Upper Wakool River 02 EDWKO02_01 Fallonville

Upper Wakool River 02 EDWKO02_02 Yaloke

Upper Wakool River 02 EDWKO02_03 Carmathon Reserve
Upper Wakool River 02 EDWK02_04 Emu Park

Upper Wakool River 02 EDWKO02_05 Homeleigh

Upper Wakool River 02 EDWKO02_06 Widgee, Wakool Riverl
Upper Wakool River 02 EDWKO02_07 Widgee, Wakool River2
Mid Wakool River (upstream Thule Creek) 03 EDWKO03_01 Talkook

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_02 Traleel

Mid Wakool River (upstream Thule Creek) 03 EDWKO03 03 Tralee2

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_04 Rail Bridge DS

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_05 Cummins

Mid Wakool River (upstream Thule Creek) 03 EDWK03 06 Ramleyl

Mid Wakool River (upstream Thule Creek) 03 EDWKO03 07 Ramley2

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_08 Yancoola

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_09 Llanos Parkl

Mid Wakool River (upstream Thule Creek) 03 EDWKO03 10 LlanosPark2

Mid Wakool River (downstream Thule Creek) 04 EDWKO04_01 Barham Bridge

Mid Wakool River (downstream Thule Creek) 04 EDWKO04_02 Possum Reserve

Mid Wakool River (downstream Thule Creek) 04 EDWKO04_03 Whymoul National Park
Mid Wakool River (downstreaifhule Creek) 04 EDWKO04_04 Yarranvale

Mid Wakool River (downstream Thule Creek) 04 EDWKO04_05 Noorongl

Mid Wakool River (downstream Thule Creek) 04 EDWKO04 06 Noorong2

Mid Wakool River (downstream Barbers Creek) 05 EDWKO05 01 LaRosa

Mid Wakool Rivef(downstream Barbers Creek) 05 EDWKO5 02 Gee Gee Bridge

Mid Wakool River (downstream Barbers Creek) 05 EDWKO5 03 Glenbar

Lower Wakool River 06 EDWKO06_01 Stoney Creek Crossing
Colligen Creek 08 EDWKO08 01 Calimo

Colligen Creek 08 EDWKO08 02 Werrai Station

Upper Neimur River 09 EDWK09 01 Burswood Park

Upper Neimur River 09 EDWKO09 02 Ventura

Lower Niemur River 10 EDWK10 01 Niemur Valley

Edward River (downstream Stephens Weir) 11 EDWK11 01 Elimdale

Mid Edward River 13 EDWK13 01 Balpool

Mid Edward River 13 EDWK13 02 Moulamien US BillabongkC
Lower Edward River 14 EDWK14 01 Moulamien DS BillabongkC
Lower Edward River 14 EDWK14 02 Kyalite State Forest
Little Merran Creek 15 EDWK15 01 Merran Downs

Merran Creek 16 EDWK16 01 Erinundra

Merran Creek 16 EDWK16_02 Merran Creek Bridge
Edward River, Stevens weir 20 EDWK20 01 Weirl

Edward River, Stevens weir 20 EDWK20_02 Weir2

Mulwala canal 21 EDWK21 01 Canall

Mulwala canal 21 EDWK21 02 Canal2
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: >
Wakool R

Wakool Rzone 3)186ML.d*7/6/17 6/10/17, 388M

R

L.d* (e-flow) 2305/18 cease to flow

pe

Wakool Rzone 4230ML.d* 8/6/17 6/10/17, 467 ML.d* (&flow) 26/05/18 cease to flow

Figure 3.2Photos of study sites in the four hydrological zodasing theenvironmental watering action 1
winter flow (June2017) watering action 2 (Segbct 2017)and inthe winter operational shutdown period in
May 2018 (ceasto flow) Yallakool Creek (zone 1), Wakool River (zone 2) Wakool River upstream of Thule
Creek (zone 3) and Wakool River downstream of Thule Creek (zdidiosSascha Healy
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Figure 3.3 ocation ¢ acousic telemetry receiversnoored in the EdwardVakool system to determine movements of acoustically tagged golden perch and
silver perchGreen dotdndicate the finescale acoustic receiver array of ~6 km receiver spacitigeifocal study zonesAn additional 20 receivers (red
dots)funded by Murray Local Land Servigesre placed akey entry/exit points and major junctions within the wider Edwakhkool system to monitor

any potential emigration out of the system.
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3.2 Indicators

The rationale regarding the selection of indicators is outlined in the Edwsletkool Long Term
Intervention Monitoring and Evaluation Plan (Watts et al. 2§ 1thdicatorsare monitored to
contribute to the EdwardWakool Selected Area Evaluation and/or the WholBaginscale
evaluation that is undertaken by the Murrddarling Freshwater Research Centre (Hale et al.
2014). Some indicators are expected to respond to environmental watering in short time
frames (< 1 year), but others (e.g. fish commuaggemblagpare expected to respond over
longer time frames (@. 2 to 5 yeas). A summary of monitoring undertaken i027-18 is
presented in Table 3.2

There are three categories of monitoring indicators in the LTIM Project:
9 Category kMandatory indicators angtandard operating protocolshat are required
to inform Basirscale evaluation and may be used to answer Selected Area questions.
Category 1 indicators monitored in the Edwahthkool system (Table 3.2) are: river
hydrology, streammetabolism, nutrients and caon, fish reproduction (larvae) and
fish (river).

1 Category ZOptional indicators with mandatorstandard protocolshat may be used
to inform Basinscale evaluation and may be used to answer Selected Area questions.
Fish movemen(years 2 to 4)s theonly category 2 indicator monitored in the Edward
Wakool system.

9 Category 3; Selected Area specific monitoring protocols to answer Selected Area
guestions.Category 3 indicators monitored in the Edwakthkool system (Table 3.2)
are: riverbank inundationyp2Dhydraulic modelling (undertaken in year 1), additional
water quality and carbon characterisation, riverbank and aquatic vegetation, fish
reproduction (larvae), fish recruitment, and fish community survey (years 1 and 5).
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Table 3.2Summary ofndicaors to be monitoredn the EdwareWakool system for the Long Term
Intervention Maitoring Project from 2012019

Indicator Method Zone Edward Contribute | Description
Wakool to whole
Selected | of basin
Area scale
Evaluation | evaluation
River hydrology |Cat 1 1,234 \Y, V (zone 3) | Discharge data will be obtained from
NOW websiteWater depth monitored
using depth loggers and staff gauges
Hydraulic Cat 3 1,2,3,4 Y The extent of within channel
modelling inundation of geomorphic features wi
be modelledfor a range of different
discharges
Stream Catl 1,234 \% V (zone 3) | Dissolved oxygen and light will be
metabolism and logged continuously in each zone
instream between August andprileach year
primary
productivity
Nutrients and |Cat 1 1,2,3,4 \Y V (zone 3) | Nutrients and carbon samples will be
carbon collected monthly and spot water
guality monitored fortnightly.
Characterisation| Cat 3 1,234 Vv The type and source dlissolved
of carbon organiccarbon will be monitored
monthly between August andpril.
Water quality |Cat3 1,2,3,4 \% There is an option for additionalater
and carbon plus quality and carborsampling during
during poor additional blackwateror other poor water quality
water quality ZOnes as events
required
events
Riverbank and |Cat3 1,2,3,4 \% The composition and percent cover o
aquatic riverbank and aquatic vegetation will
vegetation be monitored monthly.
Fish Cat1basin| 1,234 \% V (zone 3) | The abundance and diversity of larva
reproduction | evaluation fish will be monitored fortnightly
(larvae) Cat 3 area between September and March using
evaluation light traps and drift nets.
Fish Cat3 1,2,3.4 Vv Youngof-year fish will becollectedby
recruitment backpack electrofishing and set lines
in February and March to develop
growth and recruitmentindices for
youngof-year and ageslass IMurray
cod, silver perch and golden perch
Fish community | Cat 1 for 3 (plus 15 Vv V (zone 3) | Cat 1 fish community surveys will be
assemblage basin additional undertaken once annually in zone 3
evaluation | sites in yeal between March and May. An
Cat3for | 1and3) additional 15 sites throughout the
selected . :
area syst_em will be surveyed in years 1 an
evaluation 5 using Cat 3 methods tq report on
years 1& 5 longterm change in the fish
community.
Fish movement | Cat 2 1,2,3,4(plus \% Movement of golden perch and silver
Siggfiﬂ%z‘d perch will be monitored commencing
by Murray in spring 2015
LLS)
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3.3 Overview of monitoring undertaken in 20418

The monitoring undertaken in 2@118 is summarized in Table 3.3. The ongoing monitoring of
for river hydrology, stream metabolism, water quality, riverbank and aquatic vegetation, fish
reproduction was undertaken using the same methods as in A01¥Vatts et al. 2015, 2016
20179.

The fisi community survey for the Edwaitfakool Selected Area was not undertaken in201
18 as this indicator is monitored only in year 1 (2a115) and year 5 (20189) of the LTIM
project. Fish community surveys are undertaken in zone 3 eachfged#iie basinscale
evaluationand these will be summarised here but fully reported in a basale evaluation
undertaken each year by tHdurray-Darling Freshwater Research Centre.

Table3.3 Schedule of monitoring activitigsor EdwareWakool Longlerm Intervention Maitoring
projectfor 2017-18 (grey shading)The three categories of indicators are described in section 3.2

Indicator Cat | Zones 201718 chedule of activities
J][A|S|O[N D |J[F|M[A[M]J
River hydrology 1 1,234 Continuous data from automated gaugistations
Hydraulic modelling 3 1,234 Modelling undertaken in 20345
Stream metabolism and 1 1,234 Continuous data from loggers
instream primary
productivity
Nutrients and carbon | 1 1,2,3,4 Monthly sampling
Carbon characterisatior] 3 1,2,3,4 Monthly sampling
Riverbank and aquatic | 3 1,2,34 Monthly surveys
vegetation
Fish reproduction 1 3 Fortnightly
(larvae) sampling
Fish reproduction 3 1,234 Fortnightly sampling
(larvae)
Fish recruitment 3 1,2,3,4
Fish(river) 1 3 ’
Fish community survey| 3 20 sites Undertakenin 201415 and 20189 only
Fish movement 2 11,2,3,4(plus Continuous data from acoustic receivers
additional sites
funded by
Murray LLS)
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3.4 Evaluationof outcomes

Evaluations of the outcomes of Commonwealth environtaéwatering undertaken in 20/t18
were undertaken for the following indicators:

T

=A =4 =4 4 4 -4 =4

Hydrology $ection 4

Water quality and carbon (Sectior) 5
Stream metabolism (Sectior) 6

Aquatic and rivdsank vegetation (Section) 7
Fish movement (Sectior) 8

Fish reproduction (Sectidd)

Fish recruitmen(Section §

Fish ommunity data for basitscale evaluation (séion 8). No selected area evaluation
for the fish community was undertaken in 2018 as this is scheduled to be
monitored in onlyyears 1 and 5 of the project

Responses to Commonwealth environmental water were evaluated in two ways:

i) Indicators that respond quitkto flow (e.g. hydrology, water quality and carbon, stream
metabolism, fish movement, fish spawning) were evaluated for their response to specific
watering actions. This was undertaken by examining responses during the period of the
specific watering addns. The hydrological indicators were calculated on the discharge
data with and without the environmental water.

i) Indicators that respond over longer time frames (e.g. riverbank and aquatic vegetation,
fish recruitment) were evaluated for their responseti® longerterm environmental
watering regimes. This was undertaken by comparing responses over multiple years in
reaches that have received environmental water (zones 1, 3 and 4) to zone 2 that has
received none or minimal environmental water.
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4 HYDROOGY

Keyfindings

Maximum and
minimum
discharge

Watering action 1 (winter 2017) and action 5 (autumn fresh) increase
the maximum discharge in Yallakool Creek (zone 1), the mid and low
Wakool River (zones 3 and 4). Action 1, 5 and 6 increased the maxin
discharge in Colligen Creek. Actions 1, 2,ah®6 increased the
minimum, mean and median dischargereaches receiving
environmental water compared to operational flows.

o e I Watering action 1 (winter 2017) and action 2 (spring fresh) reduced tl

coefficient of variation of dischard€V) in Yallakool Creek and the mid
and lower Wakool River (zones 3 and 4). Actions 5 and 6 had no effe
the CV in Yallakool Creek, the mid and lower Wakool River and Colli
Creek. The unregulated flows during November and December 2017
increased tle range of discharge in zones 1, 3 and 4 when compared
spring watering actions in previous years.

Longltuglnal Watering action 1 in winter 2017 maintained longitudinal connectivity
ENE Yallakool Creek, the mid and lower Wakool River@alligen Creek. In
contrast, the upper Wakool River zone 2 (nwatering) experienced 72
days cease to flow in winter 2017.
Lateral . . . : .
. Watering action 2rovided a small kthannel fresh that increased the
connectivity

duration of lateral conectivity in zmes 1, 3 and 4 compared to
operational flows. Watering action 5 provided a smaitirannel fresh
that increased the extent and duration of lateral connectivity in zones
3 and 4 and Colligen Creek compared to operational flows. Watering
action 6 in Calen Creek increased the extent of lateral connectivity
compared to operational flows.

T SN Watering action 2 increased the duration of the recession to 32 days

Yallakool Creek and other downstream zones compared with what w
have been aapid reduction in discharge from 460 ML/d to 200 ML/d
over 3 days under operational flows. Action 5 increased the duration
lateral connectivity in zones 1, 3 and 4 and Colligen Creek compared
operational flows.

Hydraulic

E h— Watering action®, 5 and 6 increased the hydraulic diversity in reache

receiving environmental water compared to modelled operational flov
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4.1 Background

Like many rivers of thBIDB, the flow regimes of rivers in the Edwavdakool system have

been significantly altered by river regulation (Green 2001; Hale and SKM 2011). Ratusal

in this system are strongly seasonal, with high flows typically occurring from July to November.
Andysis oflong-term modelled flow datashowthat flow regulation hasesulted in anarked
reduction in winter high flows, includirextreme high flow events anaverage dailjlows

during the winter periodWatts et al2015). There is alsan elevated frequency of low to

median flows and reduced frequency of moderate high flolvese flow changes reflect the
typical effects of flowegime reversal observed in systems used to deliveisdason

irrigation flows(Maheshwari et al. 1995)

The EdwardVakool system has experienced a wide range of flow conditions over the past 15
years, and these antecedent conditiondl influence he way in which the ecosystem
responds to Commonwealth environmental watering.

From 1998 to 2010 soutleastern Australia experienced a prolonged drougeferred toas

the Millenniumdrought)and flows in theMDBwere at record low levels (van Dijk 20Thiew
et al. 2014)During this periodhe regulators controlling flows from the Edward River into
tributary rivers such as Yallakool Creek and the Wakool River were ébwgestiods of time.
Consequently, dtween February 2006 and September 2010 theezerperiods of minimal or
no flowin the Wakool RiveiDuring this period localised fish deaths were recorded on a
number of occasions including in 2006 and 208he break of the drought after many years
without overbank flows, aequence of unregulateflow eventshetween Septembe2010 and
April 2011triggereda widespreadhypoxic(low oxygenplackwater eventn the midMurray
(MDBA 2011; Whworth et al. 2012)

In late 2016 there was a widespread flood in the southeDB associated with record

breaking rainfall in the catchmenSome areas of the floodplain were inundated that had not
been flooded for more than 20 years. In the Murray catchment, Murray River flows at
Yarrawonga in October were the highest sii®®3 MDBARiver Murray Weekly Reporf"
Dec2017). The unregulated flows from the Murray River inundated the floodplain including
Barmah Forest and KoondragiRerricoota Forests and agricultural land, and resulted in a very
large flood event in the Edwat@akool system (BOM 2017). In asation with the floods

there was a hypoxic blackwater event that extended throughout the Murray River system,
including the EdwardVakool system.

The 201718 water yeadid not include any majdnydrological or climatic events, such as the
droughts, floodsand algal blooms gfreviousyears. This chapter reports on the hydrology of
the EdwardWakool system from 1 May 2017 to 30 June 2018.
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4.2 Environmental watering actionstargeting hydrologyoutcomes

Sixcommonwealth environmental watering actions were delivered in the EdwWéattool system
in 201718 (Tables 2.4, 4.1). Twoof these had primary objectivespecifically related to hydrology

Table4.1 Commonwealth environmental watering actions in 2e&in the Edward Wakool River
systemthat had objectives targeting hydrology.

Watering Type of  Dates Rivers Objectives
action action

1 Winter watering base flow 1 May-23 Yallakool Creek, To contribute to reinstatement
action Aug 2017 mid and lower  of the natural hydrograph,

Wakool River, connectivity, condition of in
Colligen Creek stream aquatic vegetation and
NiemurRiver fish recruitment

2 Earlyspringfresh small fresh 7 Sept 22 Yallakool Creek, To contribute to connectivity,
at beginning of  and flow Oct 2017 upper, mid and water quality, stimulating

e-flow with flow  recession lower Wakool growth of instream aquatic
recession River, Colligen  vegetation, prespawning
CreekNiemur condition of native fish,
River spawning in early spawning
native fish

4.3 Selected Areawaluation questions

1 Whatwasthe effect of Commonwealth environmental water on the hydrology of the four
zones in the Edward/akool system that were monitored for the LTIM project?

T What did Commonwealth environmentahter contribute to longitudinal hydrological
connectivity?

1 What did Commonwealth environmental water contribute to lateral connectvity

1 What did Commonwealth environmental water contribute to tiyelraulic diversity

4.4 Methods

Daily discharge datbor automated hydrometric gaugdd able 42) were obtained fronthe
New SouthWales Office of Water websit@t{ps://realtimedata.waternsw.com.au/water.stm
Daily discharge datfor non-automated sites, such dse Wakool escap&éom Mulwala Canal,
and daily usage of Commonwealth environmentalter were obtained from WaterNSW.

Table 42 Details of Water NSW hydrometric gauges used to obtain discharge date
codes are as describéd Figure 3.1 and Table 3.1.
River LTIMzone  Gaugenumber Name of gauge

1 409020 Yallakool Creek @ Offtake
2 409019 Wakool River Offtake regulator
Wakool River 4 409045 Wakool @ WakoeBarham Road
Wakool River 5 409062 Wakool River Gee Gee Bridge 2
6
8

Yallakool Creek
Wakool River

Wakool River 409013 Wakool @ Stoney Crossing

409024 Colligen Creek B/L regulator
32
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Thedaily discharge dator sites in theWakool River zone ®as estimated by adding the
dischargegrom gauge409019Wakool River fitake regulatorto the discharge data from the
Wakool escapfrom Mulwala canal.

The daily discharge data for Wakool River zone 3 was estimataddaygdaily discharge data
from Yallakool Creetfftake (gauge 409020Xhe Wakool offtakeegulator(gauge 409019)
and the Wakool &capefrom Mulwala Canalvith an adjustmenturing regulated flows$o
account for travel time (4 days) and estimated 20% loggeK&elly, WaterNSW pers. comm.)
between theofftakesand the confluence of Yallakoale@k and the Wakool River.

Details otthe daily wlume of water (ML/Jaccounted for as Commonwealémvironmental

water was provided by WaterNSW and the Commonwealth Environmental Water Office. These
data were used to produce hydrographs shigthe ovemll daily discharge and the

proportion of that flow that is Commonwealnvironmentalwater for the four hydrdogical

zones Theminimum, maximummean, mediarand coefficient of variation (SD/mean) of the

daily discharge was calculated with and with@mmonwealthenvironmentalwater.

To evaluate to what exteffommonwealth environmental water contributed kangitudinal
hydrological connectivitythe hydrographs for the Wakool River at Gee Gaddgrsite 05_02
(gauge 409062and Stoney Crossing, si?éé_01 (gauge 409013) were plotted and visually
compared to the shape of the hydrographs upstream that received Commonwealth
environmental water.

2D hydraulicmodelsfor nineteen reacheand six discharge scenarios were reported in Watts
(2015). These redslwere used talescribe theextent of lateral connectivity, as measured by
benthic wetted areain these reacheduring watering actionsvith and withoutof
Commonwealth environmentatater in 201718.

4.5 Results
Overviewof environmental watering over 4 years of LTIM July 2014 to June 2018

Thefour year hydrograph (1 July 2014 to 30 June 2018) for zbdds the EdwareWakool
system is dominated by the largmregulated flowin late 2016Figure4.1). The volumef
Comnonwealth environmental water delivered to the Edwandakool systenover the four
year periodis small in comparison tthe large unegulatedflow in 2016 However at times
whenthere are no unregulated flow pulses the environmental water ravidedsmal
freshes, slowd the recession of operational flows, maintashconnectivity by provision of
winter base flows, and at times has been deliveiredn irrigation canalinfrastructureduring
hypoxic eventso create refuge habitat (Table3. Thecontinuouswinter flow in zones 1, 3
and 4 in 2017s evidentin the 4 year hydrograpfFigure 4.1) and is in contrast periods of
cease to flowsluring winterin these zones ipreviousyears
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Figure4.1 Hydrographs of zones 1 Yallakool Creek, and zonearj 3 in the Wakool Rivéom 1 July
2014 to 30 June 2018 he portion of the hydrographs coloured black is attributed to the delivery of
Commonwealth Environmental WateNote that the y axishas been truncated &,000 ML.d-.
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Overview of hydrology in @17-18

The hydrograph for zones 1 to 4 in 2613 was similar to that in 201245 and 201516 (Figure
4.1). In 201718 there were no flow events that exceedéd0 ML.d, which is the operational
constraint at the confluence of the Wakool River and Yallakoetk (Figure 4.2). The
maximum discharg@may) in 201718 was less than 600 MLin all zones (Table3).which is
considerably less than bankful these systems (Figure 4.2).

Zones 1, 3 and 4 received Commonwealth environmental waiter.hydrologicabutcomes of
each watering action in these zones are described below.

The Wakool Riveione 2 had considerably lower&than all other zones (Table3}. A small
amount of environmental water was delivered to the upper Wakool River (zone 2) (Figure 4.2),
andthis had minimal effect on th®max Qmin but increased the maadischarge from 32 to 41

ML/d in spring and the median discharge from 32 to 49 Mldbas the water year (Table3}.

Watering action 1¢ 2017 winterwatering

From 1 May to 28 August 2017 environmental water was delivered from the regulators on
Yallakool Creek and Colligen Creek, whereas the regulator on the Wakool River was closed for
the operational shutdown over winter (Figugé.2, 4.3).

This winter environmental watering actiomthe Yallakool CreekVakool River system

achieved the objective of maintaining continuous winter base flows in zones 1Tabk 43,
Figure 42), connectingthe river systenthrough to its junction with the Murray River. The

effect of the actiorwas evident in the hydrograph of the Wakool River at Gee Gee Bridge and
at the most downstream gauge at Stoney Crossing (FigureThig)winter watering etion in
Colligen CreeNiemur River systeralsoachieved the objective of maintaining continuous
winter base flows in that cregfFigure 4.3)Combined these watering actions creatdabat

530 km of instream overwintering habitat throughout these systems.

Watering action 1 (winter 2017) reduced the coefficient of variation of discharge and increased
the minimum, maximum, mean and median discharge in Yallakool Creek (zone 1), the mid and
lower Wakool River (zones 3 and 4) and Colligen Creek (T8ple 4.

Duiing this winter flowactionthe environmental water contributed on average 76.5% in zone
1, 74.5% of water in zone 2 and 49.3% of discharge in zdfe 4.period of time from late

May to 28" July the environmental water made up 100% of the dischargeres 1 and 3
(Figure 4.2, 4. 3Environmental watering action 1 reduced the coefficient of variation of
discharge in reaches receiving the environmental water.

In contrast, there was no winter watering in Wakool River zone 2 in 2017 and the minimum
dischage (Qnin) in winter 2017 was zero in this zone (Tab® 4This river reach experienced a
period of 72 days cease to flow from"2®lay until the 29 August 2017 (Figure 4.2).
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The/ 92 h Q& LI F yYyAyYy 3 T 2sNib ekl pposédingdidgraphesénttd OG A 2 v
EdwardWakool Environmental WatdReference Group members on 8 J2046, included
proposedwinter flows via the Wakool offtake regulator (zone Bpwever, nembers of the
Reference Group were concerned about theeed to ensure that some period of bank drying

was provided, particularly for wetland areas around Stevens Weir pool. Following discussions
at the August 206 Reference Group meeting irebiliquin,the proposed hydrographsere

revised so thaBtevens Weiwould be kept at a lower heighib ensure soméank drying in

the wetlands around the weir over wintefhe lowermweir heightmeantthat the weirpool

would become disconnected from the Wakool regulator and only enidiglgprovision of

winter base flows ito the YallakooCreekand ColligerCreekofftake regulatorsin summary,
environmental outcomes in the upper Wakool (winter base flows) were traded off against
other priority environmental outcomes (allowing some level of bank drying) as identified by
the local community.

In July 2017 the CEWO prepared and distributed to the Reference Group the 26h@rt
Winter flow¢ EdwardWakool wetland drying site visitnformal ReportThat report provided
photos of a number of wetland sites impacted by Stevers$r\as well as Yallakool Creek
during the period of winter flows.
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Figure 42 Hydrographs of zones 1 Yallakool Creek, and zones 2, 3 and 4 in the WakdobRiveMay
2017 to 30 June 2018 he portion of the hydrographs coloured black is attributethi delivery of
Commonvealth Environmental WateNumbered blue shaded sections relate to the environmental
watering actions listed in Table 2.4.
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Table 43 Summary hydrological statistics for four hydrological zones in the Edwaiddol systenfor the
whole water year {/5/17 to 30/6/2018 and individual watering action$tatistics arshown for each zone
with and without Commowealth Environmental WateiThe results for winter 2018 only include 1 month
from 1 June to 30 June 2018.

Flow variable Yallakool Creek Wakool R zone2 Wakool R zone 3 Wakool R zone 4
Without  With  Without  With Without  With Without  With
CEW CEW CEW CEW CEW CEW CEW CEW
Entire 1718 water yea1l May 201% 30 June 2018
Qmin(ML/d) 0 0 0 0 0 0 4 4
Qmax(ML/d) 543 543 158 163 530 530 574 588
mean (Qnean) (ML/d) 215 290 32 41 206 283 244 315
median(Qso) (MU/d) 241 287 32 49 234 277 254 302
Coefficient of variation 0.77 051 091 0.84 0.73 0.48 0.61 0.43
Watering action  Winter 2017(1 May 201% 23 Aug 2017)
Qmin (ML/d) 0 135 0 0 0 135 20 182
Qmax(ML/d) 220 304 61 61 270 329 294 352
mean (Qnean) (ML/d) 52 204 9 9 60 209 111 258
median(Qso) (ML/d) 0 205 0 0 0 204 55 242
Coefficient of variation 1.25 0.12 1.71 171 1.28 0.17 0.79 0.16
Watering action2 (7 Septg 22 Oct 2017)
Qmin(ML/d) 152 303 23 56 196 346 280 379
Qmax(ML/d) 448 486 141 163 530 530 563 563
mean (Qnean) (ML/d) 265 427 52 80 292 443 357 477
median (Q50jML/d) 252 435 41 69 250 458 312 490
Coefficient of variation 021 011 056 0.32 031 0.13 0.28 0.12
Watering action 43 Jan ¢ 29 Jan2018)
Qmin(ML/d) 195 271 15 15 177 250 239 295
Qmax(ML/d) 392 397 77 88 382 400 349 362
mean (Qnean) (ML/d) 278 340 39 44 274 324 284 321
median (Q50)ML/d) 284 342 39 20 265 321 277 320
Coefficient of variation 016 0.10 0.38 045 0.20 0.13 0.12 0.06
Watering action 528 March ¢ 30 April 2018)
Qmin(ML/d) 137 241 25 39 164 262 255 292
Qmax(ML/d) 333 494 48 72 295 453 342 466
mean (Qnean) (ML/d) 232 384 37 53 229 354 298 386
median (Q50)ML/d) 235 371 34 52 226 340 300 388
Coefficient of variation 022 021 019 013 015 0.17 007 0.16
Winter 2018 (1 Juneg 30 June 2018)
Qmin(ML/d) 0 0 0 0 0 0 4 4
Qmax(ML/d) 0 0 0 0 0 0 29 29
mean (Qnean) (ML/d) 0 0 0 0 0 0 12 12
median(Q50) (ML/d) 0 0 0 0 0 0 11 11
Coefficient of variation - - - - - - 0.55 0.55
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Figure 43 Hydrographfor Colligen Creek at the regulator from 1 May 2017 to 30 June.20d8bered
blue shaded sections relate to the environmentaltering actions listed in Table 2.4.
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Figure 44 Hydrographdor i) the Wakool River at Gee Gee bridge (gauge 409062), and ii) the Wakool

River at Stoney Crossing (gauge 409@3)h 1 May 2017 to 30 June 2018ote the different y axis
units for Storey Crossinfjgure.
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Watering action 2¢ spring small inrchannel fresh withflow recession

There was a small fresh from"®August until 8 September due tdributary inflows and
environmental water accounting was ceased during this period. The fresh was used to trigger
the beginning of environmental watering action 2, and the flow was maintain for a few days
and then followedby arecession as planned

Environmental wvatering action 2 reduced the coefficient of variation of discharge in reaches
receiving the environmental watefhis watering action did not (or minimally) increased the
maximum discharge of the event because the tributary inflows had created the pdiad of
flow pulseprior to the watering actionHowever, the action significantly increased the
minimum, mean and median discharieYallakool Creek (zone 1), the mid and lower Wakool
River (zones 3 and &igure 4.2and Colligen Creekigure 4.3

Watering action 2achieved the objective of increasing connectivity in the system. The action
extendedthe duration oflateral connectivity in zones 1, 3 an@d#dd Colligen Creetdompared

to operational flowsThe duration of the recession was 32 days in Yallbkweek and other
downstream zones compared with what would have been a rapid reduction in discharge from
460 ML/d to 200 ML/d over 3 days under operational flows.

Due to this tributary fresh, there was higher flow variability in Wakool River zone 2 during
September than in previous years (Figure 4.2).

Watering action3 ¢ maintain e-flow at 450 ML/d during cod spawning season

Watering actior83 (Table 2 Y\wasnot delivered as planned due to unregulated flows occurring
above channel capacity betweéi®" October and 24 December However, the key objective

of wateringaction3 waslargely met by the unregulated flowAlthough unregulated flows
provided the desired outcomes, this environmental water action played a role in assuring this
flow outcome in the hsence of these unregulated flows.

The original environmental watering plan was to maintain casgh at approximately 450
ML/d and ncrease flows by 50 ML/d for 14 days if no variability greater thaBG#IL/d

occurs in the peceding month. The unreguked flows during November and December 2017
resulted in higher variation in discharge in Yallakool Creele 1, Wakool River zone 3 and
Colligen Creeét this time of year than i2014-15 and 2015L6 (Watts et al 2015, 2016n
Yallakool Creekhere werethree freshes during this period vang between approximately
380 MlLd to 530 ML/d(Figure 4.2)For example, between 11 and 23 November 2017 the
discharge increased from 385 to 534 ML/dfmginslates to a range approximately28 cm in
water level (2.340 2.62 m)over 12 daysThese freshes were particularly evident in ttane 1
and zone 3 hydrographsibwere attenuded by the time the flow reachedone 4.

In Colligen Creek there was high variability of discharge and fast rises and recession of three
flow events in November and December 2017 (Figure &£&)example, a freshes between 12
and 19 November ranged between approximately 280 ML/d andVIll/8l. This translates to a
rise 50 cm in water level (1.02 to 1.6 over 7 days
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Watering action 4¢ smallsummerfreshin zones 1, 3 and With flow recession

This watering action was not delivered as planned as there had already been three small
freshes in the system due to unregulated flows during November and December 2017.
However, a small volume of environmental water was delivered from the Yallakool Creek
regulator during this period to slow the recession of these events in zones 1, 3 and 4.

Watering action 4esulted in a slighy reduced coefficient of variation of discharge
increase irthe minimumdischarge mean and median discharge in Yallakoeke&r(zone 1),
the mid and lower Wakool River (zones 3 and 4) (TaBle~gure 4.2 There was only a slight
increase in thenaximumdischarge during this watering action.

Watering action 5¢ autumn freshwith flow recession

The aitumn freshwas evidenin the hydrographr zones 1, 3 and 4 (Figure 4.2) and Colligen
Creek (Figure 4.3Jhis small fresh did not exceedéd0 MLd (operational constraint at the
confluence of the Wakool River and Yallakool Creek

Watering actiorb increased the minimum, maxium, mean and median discharge in Yallakool
Creek (zone 1), the mid and lower Wakool River (zones 3 and 4) (Tal#egdre 4.2and
Colligen Creek (Figure 4.8Yatering action 5 had no effect on tleefficient of variation of
dischargen the reacheseceiving environmental water (Table3}. This is in contrast watering
actions 2 and 4 that reduced the coefficient of variation.

Watering action 5 increased thextentand durationof lateral connectivity ireones 1, 3 and 4
(Figure 4.2) and Colligen @ke(Figure 4.3Estimates of wetted benthic area from 2D

hydraulic models has estimated that there was an increase in wetted benthic area of
approximately 10 to 70% undea 500ML/denvironmentalwatering action when compared to
operational flows in these systems (Watts et al 2015). The slow recession on this watering
action duration would have also increased the duration of lateral connectivity in these reaches.

Watering action 6¢ summer fresh in ColligeANiemur system

A small freshargeting the Niemur River (gauge 40904&)s delivered from the Colligen Creek
regulator during the summer months of January and February 2018 (Figure 4.3) to improve
water qualityas the CEWO hadentified that disolved oxygen levels were dropping in
response to heatwave conditionshis small fresh was within normal operational constraints.

Watering actiort increased the minimum, maximum, mean and median dischex@olligen
Creek during this action (Figure 4.Bhe watering actiomad no effect on theoefficient of
variation of dischargéTable 43). This is in contrast watering actions 2 and 4 that reduced the
coefficient of variationThisaction increased thextentof lateral connectivityn this system.

Winter flows 2018

A winter watering action could not be delivered in winter 2018 due to maintenan&tevens
weir. There was an extended cease to flow in Yallakool Creek, WakoobRd/€olligen 1€ek
in winter 2018 (Table 8, Figures 4.2, 4.3Yhiswinter period will bereported in full in 2018
19 L™ report.
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4.6 Discussion

What wasthe effect of Commonwealth environmental water on the hydrology of the four
zones in the EdwarVakool system that were monitored for the LTIM project?

201718 was the first time thaa winter watering action has been undertaken in the

EdwardWakool system. From late May to®28uly the environmental water made up 100%

of the discharge in zones 1 and 3 and in Colligen Creek. The winter flows addnes®f

the expected outcomesf the Basiawide Environmental Watering Strategy (MDBA 2014)

that are relevant to the Mid Murray Regi@nd S S & S O (i A &gflows atenatdeast6d K i Wo
percentofthe naturalt S@St Q@

Watering action 1 (winter 2017) arattion 5 (autumn fresh) increased the maximum

discharge in Yallakool Creek (zone 1), the mid and lower Wakool River (zones 3 and 4). Action
1, 5 and 6 increased the maximum discharge in Colligen Creek. Actions 1, 2, 4,5 and 6
increased the minimum, meamd median discharge reaches receiving environmental water
compared to operational flows.

Watering action 1 (winter 2017) and action 2 (spring fresh) reduced the coefficient of
variation of discharge (CV) in Yallakool Creek and theanatllower Wakool Rer (zones 3

and 4). Actions 5 and 6 had no effect on the CV in Yallakool Creek, the mid and lower
Wakool River and Colligen Creek. The unregulated flows during November and December
2017 increased the range of discharge in zones 1, 3 and 4 when compé#nexprirg

watering actions in previous years.

What did Commonwealth environmental water contribute to longitudinal hydrological
connectivity?

Watering action 1 in winter 2017 maintained longitudinal connectivity in Yallakool Creek, the
mid and lower WakodRiver and Colligen Creek. In contrast, the upper Wakool River zone 2
(no ewatering) experienced 72 days cease to flow in winter 2017.

The increase ifongitudinalconnectivity in Yallakool Creek, the mid and lower Wakool River
and Colligen Creatreatedby the winter watering actiomvould provide opportunities for 8h
movement,dispersal okeeds and vegetation, and maintain critical overwinter habitat for
turtles andtaxa that have small home ranges. Tdreggoingpresence of water during winter
will alsopreventpotential frost damage to aquatic vegetation rhizomes.
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What did Commonwealth environmental water contribute to lateral connectivity?

Environmental vatering action2, 5 and @hat increase the maximum discharge and/or the
duration of flow recesionall contribute toincreased lateral connectivity in the system.

Watering action 2rovided a small kthannel fresh that increased the duration of lateral
comectivity in zones 1, 3 and 4 compared to operational flows. Watering action 5 provided a
small inrchannel fresh that increased the extent and duration of lateral connectivity in zones 1,
3 and 4 and Colligen Creek compared to operational flows. Watering action 6 in Colligen Creek
increased the extent of lateral connectivity compared to openadil flows.

Watering action 2 increased the duration of the recession to 32 days in Yallakool Creek and
other downstream zones compared with what would have been a rapid reduction in discharge
from 460 ML/d to 200 ML/d over 3 days under operational flodtion 5 increased the

duration of lateral connectivity in zones 1, 3 and 4 and Colligen Creek compared to operational
flows.

Increasing the extent and duration @itéral connectivitycan play an important role in river
productivity, increasing the opparhity for dissolved carbon inputs to the stream from the
sediment or organic materials, such as leaves, biofilms, grasses and other inundated
vegetation. The slower recession also provides opportunities for growth and increased cover of
submerged and amphious macrophytes which can increase habitat for invertebrates, frogs

and fish. Slower recessions can also minimise the stranding of invertebrates, tadpoles and
small fish in backwaters.

What did Commonwealth environmental water contribute to tHeydraulic diversity?

Based on hydraulic modelling undertaken for each study reach (Watts et al. 2015),
environmental vatering actions 2, 5 and 6 increased the hydraulic diversity in reaches
receiving environmental water compared to modelled operatiorai.

Environmental watering actions that increase the hydraulic diversity create a higher diversity
of velocity habitat and enable the system to support a greater diversity of aquatic taxa that
have different flow requirements. For example, some fipeciegequire slackwater and slow
water habitats, whereas other fish require faster flowing water to trigger spawning and
dispersepelagic eggésee section 8).
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4.7 Evaluation

Table 44 Summaryof Commonwealth environmental watég on hydrology and connectivitil/A = Not applicable to this watering action

CEWO Water Planning and delivery

Monitoring and Evaluation questions and outcomes

Flow component type and
target/planned magnitude,
duration, timing and/or
inundation extent

Expected outcomes of
watering action

LTIM Question

Observed outcomes

What information
was the evaluation
based on?

Were appropriate
flows provided to
achieve the
expected outcome?

Watering action 1: Winter
watering action in Yallakool
Creek and Collige@reek

To contribute to reinstatemen
of the natural hydrograph and
connectivity

Whatis the effect of Commonwealth

environmental vater on the hydrology

of the four zones in the Edward
Wakool system that were monitored
for the LTIMproject?

Reducectoefficient of variation
and ncreased maximum,

minimum, mean, median dischar
in zones 1, 3, 4 and Colligen Cre
compared to operational flows.

Calculation of percent
contribution of CEW to
total discharge in each
zone. Calculations of
minimum, maximum

What didCommonwealth
environmental vater contribute to
hydrological connectivity?

Maintained longitudinal

connectivity inzones 1, 3, 4 and
Colligen Creek and through to the
end of the Wakool river system

What didCommonwealth
environmental vater contribute to the
in-channel wetted benthiarea?

Increased wetted benthic area
from what would have been
largelydry during winter to wet

What did Commonwealth
environmental water contribute to th
area of slackwater, slow flowing wat
and fast water?

N/A

What did Commonwealth
environmental water contribute to
lateral connectivity

Increased lateral connectivity

mean, median and
coefficient of variation of
discharge over the
period of the action with
and without
environmental water

Yes, the flows provided
maintained continuous
discharge in the target
reaches.

Watering action 2: Early
season fresh at beginning g
e-flow with flow recession

To contribute to connectivity

What is the effect of Commonwealth
environmental wateon the
hydrology of the four zones in the
EdwardWakool system that were
monitored for the LTIM project?

Reduced coefficient of variation
andincreased the minimum,
mean and median discharge
reaches receiving environmental
water compared to operational

flows.

Calculations of
minimum, maximum,
mean, median and
coefficient of variation
of discharge over the
period of the action,

Yes
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What didCommonwealth
environmental vater contribute to
hydrological connectivity?

Increased the duration of lateral
connectivity in zones 1, 3 and 4
compared to operational flows.

What didCommonwealth
environmental vater contribute to

the inrchannel wetted benthic area?

Watering action 2 increased the
duration of the recession t82
days in Yallakool Creek and othe
downstream zones compared
with what would have been a
rapid reduction in discharge fron
460 ML/d to 200 ML/d over 3
days under operational flows.
This would have increased the
duration of wetted bank.

What didCommonwealth
environmental water contribute to

the area of slackwater, slow flowing

water and fast water?

Increased the hydraulic diversity
in reaches receiving
environmental water compared

to modelled operational flows

with and without
environmental water
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5 WATER QMLITY AND CARBON

Key findings

DlEseliEe oxygen Commonwealth environmental watering action 6 supported dissolve
concentrations oxygen concentrations in the Colligdllemur system during January
and February 2018 to by increasing flow to minimisepgh&aod where
DO concentrations fell below 4 mg/L and prevahDO concentrations
falling below 2 mg/L

Over the four years of LTIMsdolved oxygen concentration was
consistently higher during late summer and early autumn seasons i
zones 1, 3 and 4 recég environmental water than in zone 2 that ha
received none or minor environmental watering actions

Nutrient

. There was no detectable effect of environmental watering actions o
concentrations

this indicator in 201718. Nutrient concentrations remained ithin the
expected range throughout the system during this sampling season
absence of overbank flows meant that substantial nutrient inputs we
not expected in the system, although a general downstream increas
TN and TP were observed in the zondsch received the majority of
flow (zones 1, 3 and 4).

Temperature

. None of the watering actions targeted temperature. Water
Regimes

temperatures in the system were primarily controlled by the prevaili
weather conditions

Type and amount of
dissolvedOrganic
Matter

There was no detectable effect of environmental watering actions o
this indicator in 201718. Thewatering actionsn 2017-18 did not
specifically targethe transport of dissolved organic matter

5.1 Background

Not all dark coloured water results in hypoxia or fish kills and it is important to maintain
connection between rivers and their floodplains for the transfer of organic matter and
nutrients to support ecosysten{®atlwin and Mitchell 2000; Baldwiet al. 2016; Nielseret al.
2016; Robertsomt al.2016; Wolfenderet al. 2017) Water colour itself, should not be taken

as a marker of harm, but it is important to consider water temperature and dissolved oxygen
when high DOC concentrations are present. Oxygen depletion below 4 angfesult in fish

and other aquatic organisms experiencing $ethal effects and mortalitganbe observed

below 2 mg/L(Gehrke 1988; Gehrlet al.1993; Kinget al.2012; Smalkt al 2014)

Dissolved organic matter composition in rivers includes a complex mixture gfazords with
very different properties and variable availability to the microbial population. Nonhumic
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substances include relatively simple compounds belonging to recognised groups such as
carbohydrates, proteins, peptides, fats and other low molecular tedgganic compounds.
However, the much larger molecules that make up the category of humic substances (including
humic and fulvic acids) can dominate in many waters and in contrast are poorly characterised
(Choudhry 1984). Humic substances are predomigatdrived from the processing of plant
residues and can involve complex chains and aromatic rings which contribute to their strong
yellow-brown colour. Microbial communities do not respond to all types of organic matter in

the same wayBaldwin 1999; O'Connadt al.2000; Howitt, Baldwiret al. 2008)although it has

been shown that bacteriamlommunities can respond to changes in organic carbon source quite
rapidly (Wehret al. 1999) The very large, complex type of orgamatter referred to as humic
substances has been shown to be less available to bacterial communities than simpler non
humic carbor(Moran and Hodson 199@Jthough this can be altered over time with exposure

to ultraviolet light(Moran and Zepp 1997; Howit al.2008) These differences in microbial
response to different types of organic matter mean that it is important to consider not just the
total amount of dissolved organic matter in theaig but to monitor changes in the type of
organic matter present. Both absorbance and fluorescence spectra are used to examine the
organic matter in this study. As a general guide, absorbance at longer wavelengths indicates
larger, more complex organic mat (Bertilsson and Bergh 199%bsorbance at a particular
wavelength may be increased by increasing concentration of organic matter or a change in the
type of organic matter

While the primary driver of water quality in the 2016 sampling season was extensive
unregulated overbank flooding as a result of a particularly wet spring s€s¢atts et al.
2017) the 201718 season was characterised by theirannel flows more gomonly
observed in this system.

There were two clear examples during 2618 where the CEWO acted in response/regard to
Basin Plan water quality targets and requirements (section 2.2). The first example was in
January and February 2018 in response tofolic event in the Niemur River when a small
summer fresh was provided to improve water quality. Low dissolved oxygen observed in in the
Niemur River over this period was not the result of high organic matter inputs but was driven
by low water during heatave conditions and triggered a flow to support DO in that part of the
system. The second example was during March 2018 when the CEWO suspended the use of
Commonwealth environmental water during a period of red alerts in the EdWéalool

system. This residd in the postponing of a planned 800 ML/day flow trial in the Yallakool
Wakool system until spring 2018.

This chapter reports oohangesn water quality in response tihowsfrom 1 May 2017 to 30
June 201&ndwill consider changes in both the quantity and type of organic matter present in
the system.
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5.2 Environmentalwatering actionstargetingwater quality outcomes

Sixcommonwealth environmental watering actions were delivered in the EdWdatkool system in
2017-18(Tables2.4, 5.7). Twoof these had primary objectivespecifically related to water quality.

Table5.1 Commonwealth environmental watering actions in 2a& in theEdward Wakool River
systemthat had objectives targeting water quality.
Wateringaction  Type of Dates Rivers Objectives
action
2 Earlyspringfreshat small fresh 7 Sept 22 Yallakool Creek, Tocontribute to connectivity,
beginning of flow  and flow Oct 2017  upper, mid and water quality, stimulating
with flow recession recession lower Wakool  growth of instream aquatic
River, Colligen vegetation, prespawning
CreekNiemur condition of native fish,

River spawning in early spawning
native fish
6 Summer fresh small fresh 11 Jangll Niemur River To improve wateruality (in
Feb 2018 response to a heatwave driven

low DO event)

5.3 Selected Area evaluationugstions

As described above, the relationship between flow and water quality is complex and can be
influenced by how changes in flow influence wetted benthic anester depth, rate of flow

and onnectivity to the floodplainWater quality parameters may be affected in different ways
due to the direct effects of changes in flow, or due to interactions between the parameters. In
order to obtain an understanding of thmpact of environmental wateactions inthe Edward
Wakool system on the water quality in the Wakool River and Yallakool Creek we monitor a
number of parameters in each site through a combination of continuous logging, spot readings
on site and sample dektion for laboratory analysis. Water quality will generally respond very
rapidly to changes in flow but trends may also develop over a longer period, so the questions
below are considered on a3 year basis.

In 2017-18 the key questiomrelating to theCEW actions &re:

1 What did Commonwealth environmental water contribute to
o dissolved oxygen concentraticghs
0 nutrient concentrations?
0 temperature regimes?

o maodification of the type and amount of dissolved organic matter through
reconnection with previousbry or disconnected iohannel habitat?

The remaining question was not addressedrase were no hypoxic blackwater events the
systemin 201718:

1 What did Commonwealth environmental water contribute to reducing the impact of
hypoxicblackwater in the gstent?
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5.4 Methods

Water temperature and dissolved oxygen were logged every ten minutes with two loggers
located in each of zones 1, 3 and 4 and one logger in zone 2. Data were downloaded and
loggers calibrated approximately once per month depending on access to surveygiteand

depth loggers were also deployed and data were downloaded on a monthly basis. The data
collected by the loggers was used to calculate daily average temperature and dissolved oxygen
concentrations for each of the rivefiiom 1 May 2017 to 31 Mag018 Dissolved oxygen and
temperature data is also presented for the Edward Rivaratnalook Wakool River at Gee

Gee Bridgand Niemur River at the Barham Moulamein Raad has been sourced from the
WatemNSW loggers via the websitps://realtimedata.waternsw.com.au/

From August tdAprilwater samples were collected once per month (samples slightly further
apart late in the season) from two sites within each zone, and from Stevens Weir on the
Edward River and the Mulwala Canal. On all sample dates water quality parameters
(temperature O), electrical conductivity (mS/cm), dissolved oxygen (%), pH, and turbidity
(NTU)) were measured as spot recordings.

Water samples were processed according to the methods detailed in Watts et al. (2014) to
measure:

9 Dissolved Organic Carbon (DOC)

9 Nutrients (Ammonia (NF), filtered reactive phosphorus (FRP), dissolved nitrate +
nitrite (NOXx), Total Nitrogen (TN) and Total Phosphorus (TP))

9 Absorbance and fluorescence spectroscopy for organic matter characterisation.

Water samples were filtered through a Q1gh pore-sized membrane at the time of sampling

and then stored on ice until returned to the laboratory. DOC and nutrient samples were frozen
and sent to Monash University for analysis. Carbon characterisation samples were sent to CSU
Wagga Wagga and anagd within a dg of returning from the field.

Absorbance scans were collected using a Varian Cary 4000 instrument across a wavelength
range of 550 nm to 200 nm (green through to ultraviolet) with a 1 nm step size. Absorbance is
a measure of light absorbduay the sample and is a logarithmic scale. An absorbance of 1
indicates that only 10% of the light of that wavelength is transmitted through the sample.
Fluorescence scans were collected using a Varian Eclipse spectrofluorometer scanning both
emission aneXxcitation wavelengths to give an excitatiemission matrix. Excitation

wavelengths were scanned from 200 to 400 nm with a 10 nm step size and for each excitation
wavelength, emission of light at 9 the source was recorded from 200 nm to 550 nm with a

1 nm step size. Fluorescence results were corrected for sample absorption and plotted as
contour plots(Howitt et al. 2008) To correct for drift in the instrument zero position, each
contour plot was scaled by subtracting the average emissit@msity across the range 200

210 nm for an excitation of 250 nm from all fluorescence intensities (effectively setting this
region of the contour plot to zero on all plots).
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An example of a fluorescence contour plot is shown in FigureThe contour joits have the
excitation wavelength (light shone into the sample) on thexis. On the saxis is the emission
wavelength (light given off by the sample). The intensity of the fluorescence (how much light is
given off, corrected for absorbance by the sampderepresented by the colours of the

contour plot, with more intense fluorescence represented by the blue end of the scale. The
two blue diagonal lines are artefacts of the technique and will be present in all sarkeles

datais found between these twbnes.

Intensity of fluorescence indicated by colour Reflection lines

400

350 Peaks indicating

7 complex humic
/" and fulvic type
organic matter

300

Excitation (nm)

|
J Emission (nm)

Peak indicating simpler \

aromatic protein type \

organic matter Wavelength of light emitted by sample

Wavelength of light
shone into sample

Figure 51 Sample excitation emission contour plot indicating key features of the data. (Watts et a). 2013

The monitoring results werassessed against the lowland river trigger levels for aquatic

ecosystems in soutkast Australia from the ANZECC (2000) water quality guidelines. If the

concentration of a particular water quality parameter exceeds the trigger level or falls outside

of the acceptable range, the guidelines are written with the intention that further investigation

2F (KS SO2a2aidSYy Aa WINRIIASNBRQ G2 SadloftAakK o
harm. Systems may vary in their sensitivity to various parametetsrarefore exceeding a

trigger level is not an absolute indicator of ecological harm. It is quite common for water

quality parameters to briefly fall outside of guideline values during large overbank flows. The

ANZECC water quality guidelines do not pmfevrigger levels for total organic carbon and

dissolved organic carbon, and this reflects the expectation that there will be large vasigtion

0KS Wy2NXIfQ O2yOSYiNIGA2ya 2F 2NAFYAO OFNbB2Y ¢
and biological reagtity of the mixture of organic compounds making up the DOC and TOC at a

particular site. Given the variable make of organic carbon, and the possible range of

ecological responses to this mixture, a trigger level for this parameter would not be

appropriate. However, trigger levels are provided for a number of nutrients and these are

discussed below.
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5.5 Results
Dissolved oxygen and temperature

The Edward River at Toonalook and Wakool River at Gee Gee Bridge are representative of
water quality beforeand after the water passes through the study zones. The temperature
range observed in the EdwaRliver (Figure.2) is similar to that recorded in the previous
sampling year (data not shown). Dissolved oxygenerstiurce water remaineih the
acceptable range throughotie study period no hypoxia wasbserved in this part of the
system(Figure 52). Lower, but still acceptable concentrations were recorded at Gee Gee
Bridge and the DO concentratialid not appear to be strongly influeed by theflow profile

at this site but waslominated by seasonal cycles.

Temperature and dissolved oxygen logged within the study sites are shown in Figures 5.3 and
5.4. Daily average temperatur@gere very consistent between sites with water temperatare
exceeding 30C briefly during the summer and staying below’Cdor several weeks during
the winter. Average daily dissolved oxygen concentratiefiectedthe expected seasonal
variations with higher concentrations in the winter and lower concendraticorrelating to the
periods of higher water temperature ll5sites with the exception ofane 2hadDO
concentrations exceeding 5 mg/L throughout the study period. While thgdoin bne 2
regularly returnedconcentrations below 4 mg/L during the daminimum between November
and February, examination of the data in detail showed that no values below 2 mg/L were
recorded. It is sammon for DO to be lower irone2 Site 4 than the other study sites during
summer and flow is much lower at this site.
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a) Edward River at Toonalook
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c) Wakool River at Gee Gee Bridge
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Figure 5.2 Water temperature (a), discharge and dissolved oxygen for the Edward River at Toonalook (b)
and Wakool River at Gee Gee Bridge (c). Data: NSW DPI, Waterinfo.gov.au
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Figure 53 Water temperature data from loggetscated in each of the study zones
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Figure 54 Dissolved oxygen (DO) concentration and % saturation at LTIM study sites
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Spot water quality parameters

Spot water quality parameters (electrical conductivity, turbidity and\wete stable and

within the normal range for this system throughdbe study period and were very similar to

the 201415 sampling year (Figure5p. The increase in EC values sometimes observed in zone
2 during autumn was not observed this season and the relatively stable water levels during this
period may have reducetthe impact or amount of groundwater seeping into the system which

is thought to be the source of this increase in some years. The EC values at all sites were well
below the ANZECC (2000) trigger levels on all sampling dates. Turbidity measurements were
generally above the ANZECC (2000) trigger level but within the range commonly observed (in
the absence of the algal bloom in the second half of the 2D3d Wvatering year and the

blackwater at the start of the 20167 watering year). The pH values remainethimithe

acceptable range throughout the sampling season and values were very similar between sites.
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Figureb.5 Electrical conductivity, turbidity and pH for LTIM sites and source water over thelZ) 2015
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Nutrients

Total nitrogen, NQand ammonia concentrationgere very consistent throughout the study
period with minimal variation between sites or over time and there does not appear to be a
measureable effect of the use of Commonwealth Environmentaénat these parameters
(Figure 55, 5.7). Total Nitrogen concentrations fluctuated around the ANZECC (2000) trigger
levels and were very similar to the concentrations recorded in previous years, outside the
periods of the bloom of nitrogefixing cyanobacted in early 2016 and the flooding in late
2016(Figure %5). Bioavailable forms of nitrogen remained below the trigger levels and were
also similar to those observed previously under normal conditiBiggire 57 provides detail of
the nitrogen concentratios in the 201718 watering year and indicates a general increasing
trend in total nitrogen asvater moves downstream througtore 1 to zone 3 and thenane 4.
Zone 2, with much lower flow, does not fit clearly within this pattern.
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Figure 5.6Nitrogen concentrations at LTIM sites for the 2a13} 201516, 201617 and 201718 study
periods.
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Figure5.7 Detail of nitrogen concentrations at study sites during the 2Q84vatering year.
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Bioavailable phosphorusasat the very low concentratiannormally seen in this system
except during extenge overbank flooding (Figus&.8, 5.9). Total P routinely exceeds the
ANZECC (2000) trigger level but remained within the normal range observed in this system
outside of extreme algal or blackwater watguality events. Total P concentrations generally
increasel downstream zone 1 <zone 3 <zone 4 and whileez2 frequently has higher
concentrations the relative contribution toane 3 is minor in terms of flo@Figure 59). This is
consistent with the paern in TN and trends in Chlorbpll ¢ca concentrations (Figure H)
broadly follow the pattern in Total P and N. Note that green and amber alerts for
cyanobacteria were issued through late spring and early summer but the system was not
dominated by a sirlg species at all sites and the cyanobacteria did not have the same
influence on nutrient concentrations as was observed during the 2016 event. #erdor

the Edward River at Deniliquin in Febru2f18correlates with an increase in chlorophyll a at
all sites but there is no clear influence on other water quality parameters.
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Figure5.8 Phosphorus concentrations for the LTIM sites in the 2034201516, 201617 and 201718
study seasons.
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Figure 59 Detail of phosphorus concentrations at studsesiin the 201718 watering year.
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Dissolved organic carbon amatganic matter characterisation

Dissolved organic carbon remained in the range of concentrations normally observed in this
system in the absence of overbank flows or excessive algal growth (Figure 5.11). DOC did not
enter the range previously associated with hypoxic blackwater. A seelll ip DOC was

observed in the Edward River samples collected from Stephens Weir around late
October/NovembeR017,and while there is some evidence of this peak transitioning though
the system the shape of the peak is much flatter at downstream sitesemsdeadily detected
amongst the sample noise. This peak is likely due to water contact with the floodplain
upstream (BarmatMillewa). Increased algal growth over the summer (see chlorophyll data,
Figure 5.10) was insufficient to produce a substantiakiase in the dissolved fraction of the
organic matter in these river systems. DOC concentrations in the canal are shown for
comparison with previous years but water was not released into the study sites from the canal

in the 201718 watering season.

2014-15 2015-16 2016-17 2017-18
20 204 20 20
—~15 15 15 15
-4
=)
§—10 104 10 10
8
.o
0 0 0 01

SRS TN v, RGN SRS R LGN vo%e"oé\;o“oe“@(}(e“@’& T (2R & & (P

canal_site1 canal_site2 -~ weir_site1 + ®+ weir_site2
20 204 20 201
G 15
=
o
g/ 10 10
[&]
(o]
(=]

o

0 0 0 0

> Y S & g S &
SLRF T IR B RPN S (%%

O (<)

RTINS R o S ®

&

NARLC

Sample date

-~ zone1_site1 ~® zone2_site1 ~®~ zone3_site3 -®~ zone4_site1

- ®- zone1_siteS - @ zone2_sited - ®- 2one3_siteS - @ zoned_siteS

Figure 511 DOC concentrations for the LTIM sites in the 2054201516, 201617 and 201718 study
seasons.

59



Watts, R.J. et al. (20)8Commonwealth Environmental Water Office Long Term Intervention Monitoring
Project: EdwareMVakool Selected AredaechnicaReport, 20%7-18

Organic mater characterisation Absorbance

The absorbance spectra for water samples collected atuallyssites are shown in Figurel2.

It is noted that during Augugx017the spectrum for the sample at Weirsite hasa different

shape to the other water samples. This may indicate either a localised water quality difference
(algae, run off from the bank ejocor sample contamination. €absorbance ahe

downstream site in zone 2 watightly steeper (more small organic molecules) than at other
sites, otherwise study zones are quite similar in organic matter composition. In September
2017there is a trend towards increasing organic neathbsorbance at downstream sites while

in October this trend is broadly reversed. This covers the period of the early season pulse and
may indicate a transfer of different organic carbon quality downstream. By NoveP@igr

the absorbance spectra for watsamples at abiteswere very similar and through the

summer the sites remain similar, with slightly higher absorbance at the most downstream
sampling site. In MarcB018there is some increase in absorbance but the pattern between
sites is maintainedlThe sample from the canal shows signs of interference by particulate
matter and this is also the case for the upstream, sample for zone 1 in pamdiblya sample
filtering issue).

Organic mattercharacterisation- Fluorescence

Fluorescence excitatie®mission matrices for water samples at all sites through the sagpl
period are shown in Figure B. As observed in the absorbance scans, the watepsam
collected from the weir in Agust2017is different from all other sites and the region showing
strong fluorescence indicates either organic material of different origin to the rest of the sites
is present in the water (ruoff or algal material) or sample contamination may be an issue.
Therewere no observations of visible algae noted in the field rsokter this sampling date so
sample contamination is the most likely explanation for this result. High background
fluorescence for zones 1 and 2 is likely instrument variation and DOC fluorescence relative to
background is quite low at all sites, althoudiglstly higher at the downstream site in zone 2
relative to the upstream site. In September slightly higherribisoence wasbserved at all

sites with a very gradual increase downstream, consistent with the absorbance results. The
downstream site in zone 4 does separate as being different to the other sites, also consistent
with the absorbance results and the decreasing treogvnstream in October is also evident
here. Broadly similar fluorescencepresent across sites inre 2in November and in

December 201¢learly has a stronger humic and fulvic signature. Low water levels at this site
may concentrate localised leachin§organic matter at this site. Fluorescence is generally low
through summer and autumn although in March the upstream site in zone 3 and the
downstream site in zone 4 have different fluorescence signatures which may reflect algal
carbon present at theseampling sites.
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Coligen Creek environmental watering action

While the ColligesNiemur system is not included within the sampling zones for this project,
environmental water s used in this system during the study periayure 4.3and some

data is available from a logger in this system loggethédVaterinfo website The sole
objectivefor the use of Commonwealth environmental water in this watering action was to
avoida potentially catastrophic event (e.g. a fish Kill) in the Niemur River system. The action
sought toincrea® dissolved oxygen levels (preferably to greater than 4.0 mg/L) by increasing
the flow rate during the period of high daytime temperatures. This saslar to an action
undertaken in the Niemur River system in 248

Figure 514 shows discharge and hourly dissolved oxygen in the Niemur River. The first flow
peak in Septembe2017(a combination of CEW and unreguldteater) hadminimal impact

on the dissolved oxygen coentration and at this time DO wasedominantly impacted by
changing seasonal conditions, however eacthefpeaks later in the season weassociated
with an increase in the DO concentration (briefly overcoming the seasonal dec@
concentration). The use of CEW to create a small pulse in late January and F2bgary
corresponds to an initial increase in water temperature and drop irf{(tBi® flow corresponds
with the start of a period of very hot weather) btlten is cleast associated with the DO
concentration pushing back over 4 mgléspite ongoing high air temperatures. As the
dissolved oxygen had fallen to almost 2 mg/L at the beginning of this heatwave, it is likely that
the use of Commonwealth environmental water peened the dissolved oxygen falling to
lower concentrations during this time. Tleessation of this flow is followed by a short period
of declining water quality into Marck018 This period of decline does not correspond with
high water temperatures (Figar5.15, 5.16) and demonstrates that the previous flush of CEW
had been supporting DO concentrations in this system.

3000

- 10
2500 4

2000 4

1500 4

Discharge (ML/day)
DO (mg/L)

1000 4

500 r2
O T T T T O

~ ~ ~ © © ©

= £ = = o o

o o o o o o

I q S I S S

o = N Q X ©

s = = = = =

s s
Date

Figure 514 Discharge and hourly dissolved oxygen concentration recorded at Niemur River at Barham
Moulamein Rd (409048pata: NSW DPWaterinfo.gov.au
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Figure 515 Water temperature and hourly dissolved oxygen concentration recorded at Niemur River at
BarhamMoulamein Rd (409048pata: NSW DPI, Waterinfo.gov.au
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Figure5.16 Temperature and hourly dissolved oxygen saturation recoraleiemur River at Barham
Moulamein Rd (409048pata: NSW DPI, Waterinfo.gov.au
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5.6 Discussion

Overall the water quality in the Edwaktfakool selected area during the 2018 study season
was characterised by a return to normal conditions following two seasons of extreme events
(the 201516 cyanobacteria bloom and the 2018 hypoxic blackwater evén

What did Commonwealth environmental water contribute to dissolved oxygen concentrations?

Commonwealth environmental watering action 6 supported dissolved oxygen concentrations
in the ColligemMNiemur system during January and February 2018 by incigeélein to

minimise the period where DO concentrations fell below 4 mg/L and prevent DO
concentrations falling below 2 mg/L. Hypoxia in the Niemur was developing as a result-of slow
moving shallow water during heatwave conditions. This system is not ahe sfandard LTIM
sampling sites, so no DOC data is available but there is no indication that the low DO was the
result of hypoxic blackwater or that recent inputs of high DOC would have occurred.
Temperature induced hypoxia is likely to result from améase in the rate of metabolism of

the microbial community with normal loadings of DOC and nutrients, combined with lower
dissolved oxygen solubility. Increased flow can improvaamtion to counteract this effect

and may also provide some dilution.

Ove the four years of LTIM the dissolved oxygen concentration was consistently higher during
late summer and early autumn seasons in zones 1, 3 and 4 receiving environmental water than
in zone 2 that has received none or minor environmental watering actitmes lowflow

conditions in zone 2 result in lower DO concentrations through the same mechanisms as those
described for the Niemur, above. The generally lower flow in this zone means the risk of
temperature induced hypoxia during heatwaves is greater is plart of the system.

What did Commonwealth environmental water contribute to nutrient concentrations?

There was no detectable effect of environmental watering actions on this indicator in2Z817
Nutrient concentrations remained within the expected ganthroughout the system during

this sampling season. The absence of overbank flows meant that substantial nutrient inputs
were not expected in the system, although a general downstream increase in TN and TP were
observed in the zones which received thejanay of flow (zones 1, 3 and 4). Nutrient
concentrations returned to the range observed during the 2@54eason with bioavailable

forms of both N and P being very low. While cyanobacteria blooms were sufficient to delay a
watering action, the blooms we not sufficient to cause a dramatic shift in the nutrient profile

as occurred during the much larger bloom event in 2016.
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What did Commonwealth environmental water contribute to temperature regimes?

Water temperatures in the system were primarily controlled by the prevailing weather
conditions. No specific flow targeted temperature in the system. In general the water
temperatures in the Edward Wakool river system was similar across all sites atrdridifias

been observed in previous years. This suggests that unless a large flow occurs in a previously
very shallow part of the system during either extremely hot or cold weather, significant
changes in water temperature would not be expected.

What did Commonwealth environmental water contribute to modification of the type and
amount of dissolved organic matter through reconnection with previously dry or
disconnected irchannel habita®

There was no detectable effect of environmental watering actionth@nindicator in 201718.
The flows in this season were not specifically targeted to the transport of dissolved organic
matter and while small changes were linked to changes in hydrology, they were not clearly
linked to the use of Commonwealth environmahtvater. The type and amount of DOC in the
system was similar to previous seasons where blackwater and major algal blooms were not
present and no dilution flows or refugia flows were required. Commonwealth environmental
water was not delivered with the tantion of boosting productivity by connecting with the
floodplain during this sampling season.
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5.7 Evaluation

Table 52 Summary of water quality responses to Commonwealth environmental watering
Water Quality

CEWO Water planning ardklivery ~ Monitoring and Evaluation questions and outcomes

Flow component type Expected outcomes LTIM Question Observed outcomes What information Were appropriate flows

and target/planned

of watering action

was theevaluation

provided to achieve the expecte

magnitude, duration, based on? outcome?
timing and/or

inundation extent

Early seasofreshat  To contribute to Did Commonwealth environmental wate Dissolved oxygen concentrations Logged DO NA
beginning of €low connectivity, water  contribute to dissolved oxygen were dominated by seasonal concentrations

(watering action 2)

quality, stimulating
growth of instream
aguatic vegetation,
pre-spawning
condition of native
fish, spawning in
early spawning

concentrations?

influences and were in an
appropriate range during this period.

Did Commonwealth environmental wate
contribute to nutrient concentrations?

No effect detected

Monthly water
samples

Larger flows are required to
impact nutrient concentrations
but thiswas not a key outcome
for this flow.

Did Commonwealth environmental wate

No effect detected

Logged temperature

Not an objective of this flow

native fish ; .
contribute to temperature regimes? data
Did Commonwealth environmental wate No effect detected Monthly water Larger flows are required to
contribute to modification othe type or samples analyzed for impact this parameter.
amount of dissolved organic matter? DOC, fluorescence
and absorbance
Summer fresh in Improvewater Did Commonwealth environmental wate DO increased in response to CEW Logged DO data from Yes
ColligenNiemur quality contribute to dissolved oxygen the NiemurRiver
system concentrations?
(watering action 6) Did Commonwealth environmental wate Not assessed NA NA
contribute to nutrient concentrations?
Did Commonwealth environmental wate Insufficient data available NA NA
contribute to temperature regimes
Did Commonwealth environmental wate Not assessed NA NA

contribute to modification of the type or
amount of dissolved organic matter?

68




Watts, R.J. et al. (20)8Commonwealth Environmental Water Office Long Term Intervention Monitoring

Project: EdwareMVakool Selected AredaechnicaReport, 20%7-18

6 SIREAM METABOLISM

Key findings

Gross Primary
Production

Watering actiog almost uniformly decreased the rates of gross
primary production (mg &L/day) simply through a dilution effect.
However, when GPP was calculated as the amount of organic car
OWFAAK F22RQU LINPRdAzZOSR LISNJ RI |
OSYSTAOALE SFFSOU O0Y2NB WT¥22R
betweensites. The size of the beneficial impact was largely relatec
the proportion of total flow that came from the watering actign
carbon production was enhanced by between 484 218% per day,
with a median across all sites and watering actions of 41% mor
carbon produced during Commonwealth environmental watering
actions compared to no Commonwealth environmental water.

Ecosystem
Respiration

As with GPP, atering actiors almost uniformly decreased the rates {
ecosystem respiration (mgzQ/day) simplythrough a dilution effect.

However, when ER was calculated as the amount of organic carbg
consumed per day (kg C/day), then watering actions had a benefic
effect, with significant differences between sites. A higher amount
organic carbon consumed raes more nutrient recycling and hence
greater nutrient supply to fuel GPP. At no stage did the environme
watering actions create so much respiration that dissolved oxygen|
RNRLIISR o0St2¢ Wwalr¥FSQ @I fdsSa T

6.1 Background

Whole stream metabolism measures the production and consumption of dissolved oxygen gas

o0W¥Y5hQo

0e

GKS 1Se& SO02ft23A0Ft LINROSaaSa

aquatic ecosystems need both processes to generate hew biomass (whiaghdsetmod for
organisms higher up the food chain) and to break down plant and animal detritus to recycle

nutrients to enable growth to occur. Hence metabolism assesses the energy base underpinning

aguatic foodwebs. The relationships between these proceaseshown in Figuré.1.

Figure 61 Relationships between photosynthesis, respiration, organic matter, dissolved gases and

nutrients
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Metabolism is expressed as the increaedqugh photosynthesis) or decreasthfough
respiration) of DO concentration over a given time frame; most commonly expressed as
(change in) milligrams of dissolved oxygen per litre per day (#igay). Typical rates of
primary production and ecosystem respiration range over two orders of magnifuoim
around 0.2 to 20 mg £L/Day with most measurements falling betwe2¢g20 mg GQ/L/Day
(Bernot et al. 2010; Marcarelli et al. 2011)

If process rates are too low, this will limit the amount of food resources (bacteria, algae and
water plants) for consumers. This limitation will then constrain populations of larger organisms
including fish and amphibians. Rasre expected to vary on aeasonal basis as warmer
temperatures and more direct, and longer hours of, sunlight contribute to enhancing primary
production during summer and into early autumn. Warmer temperatures and a supply of
organic carbon usually result in higher rates of ectasygespiration (Roberts et al. 2007).

In general, there is concern when process rates are too high. Greatly elevated primary
production rates usually equate to algal bloom conditions (or excessive growth of plants),

which may block sunlight penetrationilikng other submerged plants, produce algal toxins and
large diel DO swingsovernight elevated respiration rates can decrease DO to the point of

anoxia (no dissolved oxygen in the water). When an algal bloom collapses, the large biomass of
labile organt material is respired, often resulting in extended anoxia. Very low (or no) DO in

the water can result in fish kills and unpleasant odors.

Sustainable rates of primary production will primarily depend on the characteristics of the
aguatic ecosystem. Staens with naturally higher concentrations of nutrients (e.g. arising from
the geology), especially those with very open canopies (hence a lot of sunlight access to the
water) will have much higher natural rates of primary production than forested streams,
where rates might be extremely low due to heavy shading and low concentrations. Habitat
availability, climate and many other factors also influence food web structure and function.
Uehlinger (2000) demonstrated that freshes with sufficient stream poweatse scouring
Oy WNBAaSIQ LINAYIFNE LINRPRdAZOGAZ2Y (2 @GSNEB 26 NI (¢
primary producers is restablished These scouring freshes are normally found in high
gradient streams and are considered unlikely to occur in losvitreams such as those in the
EdwardWakool system.

This chapter reports oohangesn stream metabolism in response tiowsfrom 1 May 2017
to 30 June 201&ndwill consider changes igross primary production and ecosystem
respirationin the system.
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6.2 Environmental watering actionsin 201718

Six commonwealth environmental watering actions were delivered in the EdWakbol
system in 201718 (section 2) The response of stream metabolism to four of these watering
actions (Table 6.1) was evaluated.

Table 6.1Environmental watering actions in the Edwafd/akoolsystem in 201718 indirectly related to
stream metabolism
Planned Type of  Dates Rivers Objectives
watering action action
1 Winter watering base flow 1 May-23 YallakooCreek, To contribute to reinstatement of
action Aug 2017 mid and lower the natural hydrograph, connectivity
Wakool River,  condition of instream aquatic
Colligen Creek vegetation and fish recruitment
Niemur River

2 Early sprindresh  small fresh 7 Sept 22 Yallakool Creek, To contribute to connectivity, water
at beginning of e and flow Oct 2017  upper, mid and quality, stimulating growth of in

flow with flow recession lower Wakool stream aquatic vegetation, pre
recession River, Colligen spawningcondition of native fish,
CreekNiemur spawning in early spawning native
River fish
4 Summerfreshat small fresh 3-29 Jan Yallakool Creek, To encourage fish movement and
end of eflow with  and flow 2018 mid and lower  assist dispersal of larvae and
flow recession recession Wakool Rver juveniles of fish species.

5 Autumnfreshwith small fresh 28 Mar-1  Yallakool Creek, To encourage fish movement and
flow recession May 2018 upper, mid and dispersal of juveniles of a number o
lower Wakool fish species.
River, Colligen
CreekNiemur
River

*Watering action 3 was not implemented due to an unregulated fresh occurring at the time of this planned action

6.3 Selectedarea questions

Evaluation of the response sfream metabolism to Commonwealth environmental watering is
undertaken in the EdwarilVakool River system at the i) Selected Area scale (Watts et al. 2014),
and ii) Basin scale (Hale et al. 20I@he Basin Scale evaluation involves the integration of
multiple datasets from aumber ofdifferent catchments and is evaluated in a separate report.
The EdwardVakool Selected Area reports are evaluating stenn and longer term responses

of stream metabolism to Commonwealth environmentadter delivery, as pethe evaluation
questionbelow. This question arises from the importance of new organic (plant) matter, created
through photosynthesis, supplying essential energy to the foodweb and the critical role of
respiration in breaking down organic detritus and thiare resupplying nutrients to enable such
growth to occur.
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Q: How does the timing and magnitude of Commonwealth environmental water delivery affect
rates of gross primary productivity and ecosystem respiration in the Edwéa#ool River
system both atthe short term and longer term scafkes

The following hypotheses were developed, partially based on earlier previous work in the
Yallakool Creeg Wakool Rivesystem (Watts et al. 2014), to directtwestigate this evaluation
question

AN oA A M &

T ! YRSN)I SELESERER WOS ceverdd ek arimdrény espehdes of
GPP and ER will greatly depend on the available nutrient supplies and the time of year.
High nutrients and warm conditions may lead to very high rates associated with
excessive phytoplanktogrowth(not evaluated in 201-1.8)

f 'YRSNIY2NXYIE WolasSQ Ft26> NI(GSa-mpderat®tt | yR 9
range, typically 43 mg Q/L/Day.

1 With in-stream freshes, rates of GPP and ER will increase slightly ind3Q/L/Day.
Larger increses will occur if significant backwater areas are reconnected to the main
channel due to enhanced nutrient delivadyll KS Wt | NASNJ Tf 2489 RAR y2i
this aspect is not evaluated in this report)

9 Inundation and reconnection of backwater asg® the main channel during high flows
will resultin elevated rates of GPP and @@t evaluated in 201-48).

1 Primary production in the Edwai/akool system will be limited by low phosphorus
concentrations.

In addition to evaluating these hypothesdhis year for the first time we have attempted to
examine rates of primary production at a whole of system level, by using the rates estimated
from the field measurements of dissolved oxygen dynamics to quantify the total amount of
carbon being produced eh day. We have also been able to extend these calculations to derive
estimates of production likely to have occurred in the absence of Commonwealth Environmental
Watering actions. While these calculations rest on a number of important assumptions that wil
be refined as the project continues, such as deriving improved models for estimates of daily
rates of GPP and ER based on antecedent flow, light and temperature.

6.3 Methods

Data collection

The stream metabolism measurements were performed in accordatbethe LTIM Standard
Operating Procedure (Hale et al. 2014). After discussions at the annual LTIM forum in Sydney
in July 2016, it was decided that an updated version of the BASE model (BASEv2) would be
used for analysing the 2098 metabolism data andll data sets from that time onwards. This
change was a result of the paper published by Song et al. (2016) which showed that our BASE
model could be improved by changing from stepwise progression and fitting using each data
point to integrated (whole dat set) fitting and progression using modelled data.
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Water temperature and dissolved oxygen were logged every ten minwitbsat least one
logger placed irach of the foustudy zones; in zones 1, 3 and 4, loggers were placed at the
upstream and downstraa end of these zonef®ata were downloaded and loggers calibrated
approximately once per monttand more frequently (often fortnightly) during summer time to
avoid problems found in previous years with probe biofouling. Downloading also depended
upon depermling on accessas described beloviLight and depth loggers were also deployed
and datawere downloaded on a approximatelymonthly basis The data collected by the
loggers was also used to calculate daily average temperature and dissolved oxygen
concentrdions (see Section 5yr each of the zones frodune 2017 (to complete a full winter
data set encompassing July and August 2@d. &arly April 2018.

In accord with the LTIM Standard Protocoster quality parameters (temperaturéQ),
electricalconductivity (mS/cm), dissolved oxygen (%), pH, and turbidity (NTU)) were also
measured as spot recordings fortnightly at two sites within ezmte (and one irzone 2)

Data analysis

Acceptance criteria for inclusion of daily resdftsm the BASE modéGrace et al.2015) in the

data analysis presented here were established at the July 2015 LTIM Woekshdpen

refined at the equivalent meeting in July 20T6&ese criteria were that the fitted model for a

day must have both arf value of at least 0®anda codficient of variation fothe GPRER

and Kparametes of < 50%Data days with reaeration coefficients outside the range 0.1 to 15

Day* were also excluded as such rates are highly unlikely. With BASEv2 an additional criterion

was also used wbh stipulated the model fit parameter PPfit must be in the range 0.1 to 0.9.

+fdzSa 2F ttFALG 2dziaARS (KA&a Nry3dS AYyRAOFGSR G
implausible model.

alyed RIFEGlI Ay (KA&E NBLR2NIZ2ENBOZNBEAPFNESR L2 dGa 2 Bl
a convenient and simple visual means of comparing the spread of data. The boundary of the
box closest to zero indicates the 25th percentile, a line within the box marks the median, and
the boundary of the box farthest from zeroRm O 1 Sa GKS TpiUiK LISNOSYyi(GAf So
YR 06St2¢ (GKS 062E AYRAOFGS GKS dniK YR mniK LX
2dzi aARS QI fdzSa¢ 2N a2dzif ASNEE FNB LX20G6SR Fa &aj

The mass of oxygen produced per day was calculated byptyuig the GPP or ER in mg

OJ/L/Day by the number of Litres discharged that day. Conversion to organic carbon involves a
factor of 12/32 (ratio of atomic mass of C and molecular mass)ofl@is factor does not

include any physiological efficiency factor converting oxygen to organic carbon which

typically is in the range 0-8. Given the exploratory use of this metric, concern over

conversion efficiency at this stage is unwarranted.

The estimation of the additional daily carbon production (kg) attame to Commonwealth
environmental watering actions entailed the following steps. This approach addresses issues
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associated with the fact that higher flows are often associated with lower rates of production
per litre.

1. We assigned each day to a season (s&m autumn, winter, spring) and flow quantile
(5 groups).

2. For each season and flow quantile we calculated the average rate of production per
litre per day (g Cliday).

3. Thetotal production for each day waben estimated by multiplying the mean rate of
productionderived for that day based aseason and flow quantile (in g C/L/day) by
the obseved discharge on that day (L).

4. To calculate the discharge predicted to have occurred in the absence of
Commonwealth Environmental Water (CEW),subtracted thevolume ofCEWrom
the total discharge (observed discharg€EW).

5. We then used the mean rate of production associated with the quantile in which the
non-CEW discharge fell, as well as the associated season, to determine the predicted
rate of production (¢C/L/day) for that day in the absence of CEW.

6. This alternative rate of production was then multiplied by the #&@BW discharge
volume to determine the total production predicted to have occurred on that day in
the absence of CEW.

7. Thisabove steps producetivo time-series ofestimated totaldaily productionwith
and without CEW.

8. The daily estimates of CEW/n@EW derived production were averaged to determine
the average daily additional production during watering actions and total additional
production overthe entire watering action.

6.4 Results
Stream metabolism 20118

Discharge during 201218 was charactered by inrchannel flowswhich are typical in this

system.In contrast, in 2014.7 the major featuwe affecting stream metabolism wase
unregulatedoverbank flooding in spring016 Estimates of Gross Primary Production (GPP)

and Ecosystem Respiration (ER) for tletr@am metabolism monitoringites in 201718 were
produced using the BASEv2 model (updated from Grace et al., 2015 according to &lgng et
2016). Data loggers were in place from April 2017 until early April 2018. Regular maintenance
and occasional problems with some loggers mehat data from some days needed to be
discarded Details of the logger deployments are given in

Two loggerszone 1 Downstream anzbne 3 Upstream, had data sets starting in late August
2017 as they were removed for maintenance duringheter system shutdowi

Table6.1).
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' aAy3 GKS

I OOSLIi I yOS ONXRUGSNXAI

T2NJ SI Ok RI @ Qa

low of 584 of all daysvith data availablé171from 294 possible daydor zone 1 Upstream up
to a high of 79%42300f 290 possible daysatzone 3 Upstream All acceptance data are shown
in Table 62. A comparison is made with acceptance crggdrom 201516 and 2016L7. With
one very minor exceptioregne 1 upstream where acceptance was 1% lower than in -2@)5
% acceptance was the highest for each site in ZDA.7This is predominantly attributed to the
absence of large flows and lack @&frds of anoxia (low or no DO), both of which frequently
preclude data that meets the acceptance criteria.

Table 61 Summary of Logger Deployments, September 20d&y 2017.

HydrologicaZone Site First Last day Periods of Missing Dat
Deployed Deployed (> 1 week)
Upstream 1/6/2017 8/4/2018 12-22/8
1 Yallakool Ck Downstream| 23/8/2017 | 13/3/2018 i
2 Wakool River Downstream| 1/6/2017 8/4/2018 12-25/8
3 Wakool River Upstream 26/8/2017 8/4/2018 -
upstream ThuleC | Downstream| 1/6/2017 8/4/2018 13-25/8, 24/11-19/12
4 Wakool River Upstream 1/6/2017 8/4/2018 13/8-26/9
downstream Thule | Downstream| 1/6/2017 8/4/2018 13-25/8
Creek

Table 62 Summary of data availability for the seven didgger sites, September 20161ay 2017.

HydrologicaZone Site Total | Days with | % Acceptabl % Acceptabl¢ % Acceptablg
Days| Acceptable Days Year{ Days Year 3 Days Year 2
Data (201718) | (201617) | (201516)

Upstream | 294 171 58 42 59
1 Yallakool Ck Downstream| 198 | 129 65 48 62
2 Wakool River Downstream| 291 224 77 30 67
3 Wakool River Upstream | 218 163 75 30 14
upstream Thule Creg Downstream| 264 198 75 37 24
4 Wakool River Upstream | 257 169 66 17 54
downstream Thule € | Downstream| 290 230 79 35 37

The median GPP valugs all seven sites fall within a narrow rangelof to 2.6mg Q/L/Day,

this rangeisvery similar to tlat found in 201516 (1.4 to 4.1 mg £L./Day)and 201617 (1.6 to

3.9 mg @QL/Day)(Table 6.4)This closeness in median GBfs is unsurprising given the
similarity in the biogeochemical environments as noted in previous years (Watts et al. 2014,
Watts et al. 2015)It is worth noting here that the major events in the previous two years
(large flows and anoxia) precluded ealion of data meeting acceptance criteria at those
times. Hence these comparisons are made using metabolic rates obtaiimedrily duringin-

channelflow conditions.
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Table 63 Summary of primary production (GPP) and ecosystspiration (ER) rates and P/R ratios for
the seven sites in four hydrological zones, June 204Fil 2018 Each metabolic parameter is

expressed as a median and mean with minimum and maximum values also incllged® A &
of days for which swessful estimates of metabolic parameters were obtained.

0KS ydzyoSI

Zonel Upstream (n = 171) Zonel Downstream (n = 129)
Median| Mean Min Max | Median| Mean Min Max
GPP (mg &L/Day) | 1.29 1.87 0.29 7.80 1.13 1.30 0.50 3.2
ER (mg &L/Day) 3.25 3.61 0.27 12.6 3.46 3.76 0.92 11.7
P/R 0.51 0.61 0.14 4.60 0.39 0.41 0.11 1.09
Zone 2 Downstream (n = 224)
Median| Mean Min Max
GPP (mg £L/Day) | 2.63 2.88 0.97 10.7
ER (mg &L/Day) 8.68 8.77 1.05 23.3
P/R 0.36 0.42 0.11 5.45

Zone 3 Upstream (n = 163) Zone 3 Downstream (n = 198)

Median| Mean Min Max | Median| Mean Min Max

GPP (mg £L/Day)| 1.24 1.35 0.49 3.73 1.83 2.10 0.68 5.15
ER (mg elL/Day) 3.47 3.82 0.85 15.9 3.38 3.32 0.79 8.47
P/R 0.38 0.41 0.12 1.00 0.69 0.66 0.19 1.05
Zone 4 Upstream (n = 169) Zone 4 Downstream (n = 230)

Median| Mean Min Max | Median| Mean Min Max

GPP (mg §L/Day) | 2.25 290 | 0.55 14.8 1.54 1.77 0.48 10.6
ER (mg @L/Day) 4.78 6.49 1.31 27.7 3.41 3.91 1.17 19.7
P/R 0.45 0.47 0.15 1.91 0.45 0.46 0.14 0.76

There was a seasonal increase in GPP from spring into summer in all four zones and then a

reduction in GPP iearly autumn2018 This is expected due to the warmer dagisgd more

hours and higher intensity of sunshine durgigmmer. Rates increase during summer beyond
the solstice due to increasing plant biomasespite the costrained range of median values

there were many days at each site with higher rates of GPP and ER (sometimes exceeding 10
mg Q/L/day),indicating that elevated rates were possible when conditions were conducive.
This was patrticularly notable in mg&immer inzone 4 for both GPP and ER and from
November 2017 onwardsind for ER imone 2 fFigure 6.2
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Table 63). This indicates that for most of the time the system was strongly heterotrophic. This
means that much more carbon was being aomed by respiration in the river than being
produced by photosynthesis. This organic carbon must have come from either further
upstream or from the surrounding catchment including the riparian zones. One of the key roles
of rainfal and larger flows is tavashorganic carbon into the river channel, often in the form of
small particulate matter.

Figure 6.2Plots of discharge, organic carbon production (GPP), consumption (ERjpdettion (NPP)
and production consumption ratio (GPP:ER) over all sites in four hydrological zones 112017
Zone 1¢ red, zone 2 orange, zone green, zone 4blue.
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