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EXECUTIVE SUMMARY

This report documents the monitoring and evaluation of ecosystem responses to
Commonwealth environmental watering in the Edwiddlety-Wakool River &ected Area in
2018-19. It also provides a summary of the key findings across the five gé#tie Long &rm
Intervention Monitoring (LTIM) Proje¢20142019)funded by the Commonwealth
Environmental Watering Officd heproject was undertaken as a collaboration among Charles
Sturt Universitf CSU)NSW DPI (Fisheries), Monash University, B8@éartment of Ranning,
Industry and Environment (DRJE&Nd La Trobe University. Fi@hnitoringfor the project was
undertaken by sti from CSUNSW FisherieandDPIE

This reportdocumentsthe monitoringand evaluation of environmental watering actions and
wateringregimes the Edwar&olety-Wakool &lectedAreafor the following indicators
1 River hydrology
Water quality and carbon
Stream metabolism
Riverbank and aquatic vegetation
Fish movement
Fish reproduction
Fsh recruitment (Murray cod, golden perch asitier perch)
1 Hsh community

= =4 =4 4 -8 4

Responses to Commonwealth environmental water were evaluated in two ways:

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

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

Environmental watering in the Edwav#&olety-Wakool system 20149

This report focusses on Commonwealth environmental watedictgpns in the Edwar&olety-
Wakool Selected Area fromJuly2018 until 30 June @19. In 20B-18 five environmental
watering actionsvere planned(Table i)Watering action numbet (spring fresh, 800 ML/day
flow trial) is the focus of this repor¥Watering action2, 3 and 4vere not implementedbecause
environmental water was suspended between 2 October 2018 aneMuaigl 2019 due to
increased demand in the Murray system and lack of operational capacity to accommodate
environmental water in the river due channel constraints. The winter watering action
(number 5) commenced on 16 May 2019. Tdatonwill continueinto the 201920 water year
and will be evaluated in the 20130 Monitoring Evaluation and Resear@ER)projectreport.
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The Edward/KoletyWakool MER project (2012022) is an extension of the existing LTIM
monitoring and evaluation that began in 2014 and concluded in 2019 with this report.

Table i PlannedCommonwealthenvironmental vatering actions in the Edwatidolety-Wakoolsystem in
201819 in theEdwardKolety Wakool River systenThis report focusses on watering action 1
(highlighted). Planned actions 2, 3 and 4 were not implemented. The winter flow action number 5
commenced on 16May 2019 and continued into the 20120 water year. This action will be evaluated
in the MER project reporin 2020

Watering Action Dates Rivers Objective
action

1 Early small 22 August to 2! Yallakool Creek, To provide early season rise in river level to
spring fresh September mid- andlower  contribute to connectivity, water quality,
fresh 2018 Wakool River stimulate early growth of istream aquatic

ColligenNiemur vegetation, prespawning condition of native
fish and/or spawning in early spawningtive
fish

2 Late Higher  Planned for Yallakool Creek, To maintain nesting habitat for Murray cod ar
spring base flow late Octand mid- and lower  inundation for aquatiovegetation growth. The
action and small early Nov2018 Wakool River variability flow was to prevent a flat river

fresh Not ColligenNiemur
implemented
3 Summer small Planned for Yallakool Creek, To influence and encourage figfiovement.
pulse fresh late Nov2018 mid- and lower  May be coordinated with wider Murray River
to early Jan Wakool River actions to maximise benefit. May also assist
2019 ColligenNiemur  with dispersal of larvae and juveniles of a
Not number of fish species. Slow recession for
implemented instream plants.
4 Autumn  Small Planned for Yallakool Creek, To influence/encourage fish movement. May
pulse fresh mid Féd to mid- and lower  coordinated with wider Murray River actions {
early May 2019 Wakool River maximise benefit. May also assist with the
Not ColligenNiemur dispersal of juveniles of umber of fish
implemented species.
5 2019 base flow Commenced 11 Yallakool Creek, To contribute to reinstatement of the natural
winter May 2019 mid- and lower  hydrograph, improve connectivity, condition ¢
flow (Ongoing) Wakool River, in-streamaquatic vegetation and fish

ColligenNiemur recruitment into 201920.

Outcomes of environmental watering in 20189

Key results from environmental wateriagtion 1(referred to as the 800 Mtay flow trial)in

the EdwardKolety-Wakool system in 2@E19 are presented in Table Watering action as

an early spring freshndertaken from22 August to25 September 2018Table i) in Yallaol
Creek and the Wakool Rivdhe flow trialinvolved changesotoperating rules and practices, the
aim being to exceethe maximumdaily dischargef 600 ML/day at the confluence of Yallakool
Creek and the Wakool Rivenderregulated operating ruleswith thetarget maximum

discharge bein§00 ML/dayPlanning for he action was underteen over a period of more than
oneyear, with the Wakool River Association, the Edwi&adety-Wakool Environmental Water
Reference Group and landholders engaged and invalvéee planning and water delivery
There were some operati@h limitations to deliver the environmental watera the Yallakool
Creek regulatop K Sy { G S @ddlyivasdow gs&snddf the evironmental water was
delivered via the Wadol escape from Mulwala canal.

6
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Table ii Key resultdor each indicatoin respnse toenvironmental vateringaction 1(the 800 Mlday flow
trial) in the Edward/KoletyWakoolsystem in 208-19.

Theme Indicator

Hydrology

Water quality and carbon

Stream metabolism

Maximum and
minimum
discharge

Key result

Wateringaction lincreased the maximum discharge in all zones carag
to operational flowsFrom a water accounting perspective the total
discharge of water delivery reached a maximum of 870 ML/day on 13
SeptemberHowever, he discharge did not exceed 800 ML/day at any s
because water was delivered from differengrdators. The maximum daily
discharge was 488 ML/day in Yallakool Creek (15 September), 398 ML
at Wakool River zone 2 site(#3 Septembe}, 696 ML/day in Wakool River
zone 3 (17 September), 652 ML/d in Wakool River zofi® £eptembex
The maximum dily operating discharge of 600 ML/day was exceeded in
zones 3 and 4The discharge in zone 2 downstream of the Wakool esca
was higher than normal operational flows in this zone-800ML/d).

Flow variability

Watering action Increased the coefficiendf variation of discharge in
zones 2 and 3 compared to operational flows.

Longitudinal Watering action 1 maintained longitudinal connectivity in Yallakool Cre¢
connectivity and the Wakool River. The higher flows in the upper Wakool River (zon
AYAGALFGSR Ft2¢ Ay . €101 523 / NBY
01 2yS W &aAdS no sAGK | FEtlF{122t |/
Lateral Watering action 1 increased lateral connectivityyallakool Creek and the
connectivity WakoolRiver The wetted area increasday an average of 10.2%, ranging

from an increase of 3.7% in zone 2 site3 to 30.3% in zone 2 site 4.

Hydraulic diversity

Watering action 1 increased the hydraulic diversity in reaches receiving
environmental water comparetb modelled operational flows.

Dissolved oxygen

Watering action 1 did not result in any adverse water quality outcomes.

concentration This action was deliberately timed for when water temperatures would
low and hence the riskf creating low DO conditions was reduc&D
concentrations remained normal for the time of year.

Nutrient There was no detectable effect of environmental watering on this indicg

concentrations and there were nadverse water quality outcomes. To®hosphorus and
Total Nitrogen were slightly elevated, likely due to greater turbidity
(particles suspended in the water column) but bioavailable nutrient
remained low.

Temperature None of the watering actionsrgeted temperature Watertemperatures in

regimes the system were primarily controlled by theguailing weather conditions.

Type and amount | There was no detectable effect of environmental watering on this indica

of dissolved in 2018-19 and there were nadverse water quality outcomeBissolved

organic matter

organic carbon was not elevated outside the normal range.

Gross Primary
Production (GPP)

Watering actionl had a beneficial effeatn the total amount of primary
production Commonwealth environmental water increased organic carf
production in zones 1 to 4 by 36%, 134%, 71% andrd8pectively
compared to operational flowdy calculating rates of primary production
that would have occurred at lower flows we estim&@&Wadded an
additional 7.27 tonnes of organic carbon to the 13.9 tonnes generated
GPP without the CEW; an overall increase of Sii%&. translates to a
significant increase in energy available to support aquatic foodwebs.

Ecosystem
Respiration (ER)

As wth GPP, watering actiordecreased the rates &R(mg Q/L/day)
through a dilution effect. However, when ER was calculated as the amc
of organic carbon consumed per day (kg C/day), then watexitigns had
a beneficial effectA higher amount of organ carbon consumed means
more nutrient recycling and hence greater nutrient supply to fuel GPP.
no stage did the environmental watering actions create so much
respiration thatbOdropped below saferalues for aquatic biota.

7
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Table ii (continuedKeyresults for each indicator in response to environmentataving

Theme Indicator

Total species
richness

action 1 (the 800 Miday flow trial)in the Edward/KoletyWakool system in 2018.9.

Key result

Rverbank and aquatigegetation continued to recover followgnthe flood of
2016.65 riverbank and aquatiglant taxa were recorded across sixteen sit
This was the highest number of taxa recorded over theyaears of theL TIM
project. Between 2014 and 2018 there was higher species richness in z
1, 3 and 4 that received environmental water than in zone 2 that receive
minimal or no environmental water. However, in 2018 the combined
effects ofenvironmental watemandhigher operational flows iaone 2
increased the total and mean richnesspidint taxa, sothis zone had a simils
average species richnessths other zones.

The total species richness of submerged, amphibious and terrestrial tax
increased since the 2016 flood. In 2018 there were overall more
amphibious taxa than in the yeapsecedingthe 2016 flood.

Percent cover of
functional groups

Riverbank and aquatic vegetation

The maximunmmean percentage cover of submerged taxa and some

amphibious taxa increased in 2018 and was similar to that in 2046 and
201516 prior to the flood. However there has been minimal recovery of
some amphibious taxa, such as floating pondweed and nsifotke the 2016
flood. Small plants of these speciegere observed outside the survey
transects, suggesting there is the possibility of the recovery of these spe
can be supported bfuture environmental wateringctions

Movement ofgolden
perch and silver
perch

movement

Watering action 1 in spring 2018 facilitated silver perch and golden perc
movements of 57 and 12.2 km (median) respectively. Watering action 1
followed by reduced zone coverage by tagged silver perch (occurring in
3and 4 only), but increased LTIM zone coverage by golden perch.

Larval abundance o
equilibrium species

Murray cod larvae were detected in greatest numbers in 209&ompared
to the four previous years of LTIM, with the majority of Murray ¢arvae

collected from upper Wakool River (Zone ®)e greater number of larvae
detected in drift nets compared to light traps, suggests that dispersal of
larvae downstream may have exceeded local retention, and may contrib
to further re-establishmem of Murray cod within the wider Selected Area.

Larval abundance o
periodic species

Fish spawning

Silverperch eggs were collected in Yallakool Creek (zone 1) and Wakoo
(zone 4) in November aridecember 2018. This is the second year that si
perch spawningnas been detected in the study zones since monitoring
commenced in 2015.

Larval abundance o
opportunistic specie

Wateringaction 2, an early spring frestimed to enhance the spawning of
early spawning fish species. The abundance of Australian smelt larvae \
significantly greater in 20289 compared to previous years.

Murray cod, silver
perch and golden
perch recruitment

recruitment

Murray cod 1+#ecruits were detected in highest numbers since the hypo
blackwater event in 201:36. Silver perch 1+ recruits were detected for the
first time since the hypoxic blackwater event in 2alls Golden perch
recruits appear to remain absent from system, imgvbeennot recorded
since the start of the LTIM program in 2015.

Adult fish
populations

populations

In 201819 nine nativefish species, including silver perch and trout cod, w
captured at sites across thiedward/KoletyWakoolsystem. New recris
were detected for 6 of the 9 native species, with the exception of golden
perch, silver perch and trout cod.

Other observations

Other

During watering action fhere was increased frog calling, waterbird activit
and invertebrate activity observed inundated areas around Bookit Island




Watts, R.J. et al. (2009Commonwealth Environmental Water Office Long Term Intervention Monitoring
Project: Edward/KoletyWakool Selected Ared echnicaReport, 20B-19

Outcomes of avironmental water deliveryin the Edward/Kolety-Wakool
systemover five years of LTIM project frora014 to 209

The volumeof Commonwealth environmental water delivered to tRdward/KoletyWakool
systemover the four year period wasmall in comparison tthe large unregulated flow in

2016. However, environmental water providachumber ofsmall freshes, slowed the

recession of operational flowandmaintained connectivity by provision of wintbase flows.

A summary of key outcomes from environmental watering actions across the five years of the
Long Term Intervention Monitoring Program 2014 to 2019 is present&dule iii.

Table iii Keyoutcomesof five years of Commonwealth environmental watering actionthe Edward/Kolety
Wakoolsystem in 201419.

Theme Indicator Key result
Maximum and All Commonwealth ateringactionsdelivered between 2014 and 2019
minimum increased thanaximum discharge compared to operational flows
discharge The majority of watering actions over the five years were delivevitdin
normaloperating ranges as advised by river operators to avoid third pa
impacts However following consultation with landholders, a flow trial
the WakoolYallakool system iR01819 exceededhe maximum daily
operating dischargef 600 ML/dayin the Wakool Rier; discharge peaked
at 696 ML/d in zone 3 and 652 ML/d in zon&¥o flow trialsundertaken
in the winter of 2017 and 201®aintainedwinter base flows
Longitudinal Some of the watering actiortsetween 2014 and 201#&creased the
connectivity longitudinal connectivity in the river system. For examphe winter
watering in 2017naintainedlongitudinal connectivityn over500 km of
> river channels in Yallakool Creek, the Wakool River and the CeNigemur
% River Thisprovided opportunitiesfor fish movementseeddispersaland
-§ maintained critical overwinter habitat for turtlesiad taxa that have small
T home rangesUnder normal operations these systems usually experiend
extended periods of cease to flow during wint&he higher flows in the
upper Wakool River (zone ) 201819 nitiated flow in Black Dog Creek,
instigatingconnectivity betweenthe Wakool Riveand Yallakool Creek
Lateral Hydraulic modelling showetthat watering actions increased lateral
connectivity connectivity and increasedetted area byas much a80%at some sites
Flow recession Somewatering actionsncreasel the duration of theflow recession For
example,in 201718 watering action 1 increased the recessawer 32 days
in Yallakool Creetompared towhat would have been a rapigcession
from 460 ML/d to 200 ML/d over 3 days under operational ow
Hydraulic diversity | Based on hydraulic modelling study reacles Commonwealth watering
actionsincreased the hydraulic diversity in reaches receiving environme
water compared to modelled operational flows
- Dissolvedbxygen | None of the watering actions between 2014 and 2048ulted in adverse
S concentration DOoutcomes.Several watering actions were specifically targeted to
= improve DOduring poor water quality event€)O concentrations were
; consistently higher in zoneeceiving environmental water than in zones
= receiving noner minimal environmental water.
> Nutrient Nutrient concentrationgluring watering actionsemained within the
= concentrations expected range throughout the system
= Temperature None ofthe watering actionsargeted temperature Water temperatures in
= regimes the system were primarily controlled by theguailing weather conditions.
© Type and amount | None of the watering actions undertaken between 2014 and 2018 had
= of dissolved adwerseorganic matter outcomesSomefreshes resulted in small increase
organic matter in organic carborthat had positive outcomes on river productivity.

9
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Table ii (continued)Keyoutcomesof five years of Commonwealth environmental watering actionthe
Edward/KoletyWakoolsystem in 2014L9.

Theme Indicator Key result

Gross Primary Commonwealth environmentalateringincreased the amount of GPP
Production (GPP) | occurring in the river over the five year period. This increase in GPP
translates to greater amounts of energy being created by plants and alg
which in turn are available to support aquatic food webs.

Across all watering actions from 2014 to 2019, the size of the beneficia
impact was largely related to the proportion wital flow that came from
the watering action rather than the source of water. Carbon production
was enhanced by between 0% and 330% over the ten watering actions
assessed between 2014 and 2019, with a sum over all zones and wate
actions of 52% more daon produced compared to no Commonwealth
environmental wateibeing delivered. This is an important outcome givel
that competition for food resources can be a significant factor limiting th
growth and survival of fish and other aquatic animals.

Ecosystem As with GPP, watering actions almost uniformly decreased the rateR of
Respiration (ER) | (mg Q/L/day) through a dilution effect. However, when ER was calculaf
as the amount of organic carbon consumed per day (kg C/day), then
watering actiondhad a beneficial effect, with significant differences
between sites. A higher amount of organic carbon consumed means m
nutrient recycling and hence greater nutrient supply to fuel GPP. At no
stage did the environmental watering actions create so m@dpiration
that DOdropped below saferalues for aquatic biota.

Total species Between 2014 and 201éverbank and aquatiplantrichness and cover
richnessand cover | was increasing and recovering in response tortlikenniumdrought.
However a large unregulated flood in late 2016 considerably reduced tf
richness and cover and some previously abundant taxa were absent in
2017. Between 2017 and 2019 there was a slow recovery, and int@819
highest number of taxavere recorded over the five years since the LTIM
project commenced.

Environmental watering plad an important role in the richness and
health of riverbank and aquatic vegetation. Between 2014 and 2b&g&:t
wasconsistentlyhigher species richness in zones 1, 3 and 4 that receive
environmental water than in zone 2 that received or minimal
environmental water. However, in 2048 the combined effects of
environmental wateand the period of higher operational flows in the
upper Wakool River zone 2 increased the total and mean richngdaraf
taxa, such that this zone now has similar average species richness as
other zonesThedelivery ofenvironmental water in winter maintains
aguatic taxa and caprevent potential fost damage to aquatic vegetation

Stream metabolism

rhizomes
Richnessnd cover | The total species richness of submerged, amphibious and terrestrial ta
of functional decreased in 2016 following the unregulated flood. Between 201
groups 2019there wasa slowrecovery, and ir201819 there were overall more

Riverbank and aquatic vegetation

amphibious taxa than prior to the flood.

The cover of submerged and amphibious taxa was particularly negative
impacted by the unregulated flow. In 2018 the maximum mean
percentage cover of submerged &and some amphibious taxa increase
and was similar to that i2015-16 prior to the flood. However there has
been minimal recovery of some amphibious taxa, sucfaating
pondweed and milfoil. ®all plants of these species have been observed
outsidesurvey transectssuggesting there is the possibilityat these
speciescan recover with suppoifrom environmental watering.

10
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Table iii (continuedKeyoutco

Theme Indicator

Movement of golder
perch and silver
perch

movement

mes offive years of Commonwealth environmental watering actionthe

Edward/KoletyWakoolsysem in 201419.

Key result

Watering actios undertaken during the LTIM projestipported fish
movement. The winter watering in 2017 greaithgreasediver connectivity
and fish moved longer distances than in previous periods of operational
shutdown during winter. Spring watering actions facilitated movements ¢
silver perchgolden perchand Murray cod.

Larval abundance o
equilibrium, periodic
and opportunistic
species

Fish spawning

Over the 5 years of LTIM of 16 fish species (including 4 introduced spec
were detected as larvae or eggs in the monitored zones of the
Edward/KoletyWakoolsystem.Murray cod larvae were detected in greate
numbersin 201819 compared to the four previous years of LTIM, with th
majority of Murray cod larvae collected from upper WakBalerthat for the
first time in 2018 received substantial environmental water followed by
higher operational flowsThe abundancefdAustralian smelt larvae was
significantly greater in 20289 compared to previous years, possibly due
increased water velocities during thégher spring frestBetween 20162019
eggs or larvae of silver perch, catfish and obscure galaxias were el@fect
the first time in this system. It is difficult to confirm to what extent
environmental watering contributed to this. However, tapawning of
catfish may have been due to increased connectivity, and the spawning
silver perch may have been dueitcreased vicities or increased
variability in some reachaduring environmental watering actions.

Murray cod, silver
perch and golden
perch recruitment

recruitment

In 201819 Murray cod YOand 1+ fistwere detected irhighest numbers
since LTIM monitoriggcommenced in 2015 .I@ng with the presence of 1+
silver perch in the systenthis suggestthat the Edward Wakool fish
assemblage is showing positive signs of recovery post the-20fypoxic
blackwater event that reulted in large scale fish kills in the southern Must
Darling Basin.

Adult fish
populations

Fish populations

Thisprojectdemonstrates the value of thEdward/KoletyWakoolriver
system in supporting populations of native freshwater fish, nested within
broader Murray catchment. Throughout this five year study, and utilising
range of sampling techniques, we captured 15 species of native fish
representingvarious lifestages Systemspecific trends, indicated through
GKS dza8S 2F {w! FAakK WKSIt bk AYyR
Edward/KoletyWakoolfish community decreased from 2015 to 2019,
although we argue that the fish assemblage is in a state of recoviboying
adverse water quality and associate fish deaths in 2818umber of flow
related mechanisms may contribute to the recovery of these populationg
local scale. These include 1) the persistence of refuge habitat at low floy
during adverse watr quality events, 2) the presence of diversehannel
and offchannel habitats, and 3) opportunities for movement that enable
re-distribution of individuals and promote emigration and immigration.

Other observations

Other

The watering actiosin the Edward River, Wakool River and Niemur Rive
201617 during the unregulated flood aimed to create small refuges with
higher levels oDQ The local community also installed aerators to crda@
refuges. Fish were obsemde&ongregating in these refugesjggesting these
actions supported the survival of some fish and other aquatic animals.
During watering action Ih 201819there was increased frog calling,
waterbird activity and invertebrate activity observed in inundated areas
around Bookit IslandSmilar observations were made throughout the LTIN

program during other watering actions that inundated backwaters.

11



Watts, R.J. et al. (2009Commonwealth Environmental Water Office Long Term Intervention Monitoring

Project: Edward/KoletyWakool Selected Ared echnicaReport, 20B-19

Recommendations for future management of environmental water

A summary oféecommendationgrom the 201415, 201516, 201617 and 201718
Edward/KoletyWakoolLTIM annual reports (Watts et al. 2015, 2016, 2))22018) and the
extent to which they haveeen implemented to improve the planning and delivery of

Commonwealth environmental water are summarised in Table

Table iv Summary of reemmendations fronEdward/KoletyWakoolLTIM annual repost201415,2015
16, 201617 and 201718, showing year implemented. R = recommendation number

201617 (R4)
201718 (R3)

Recommendation Year(s) Year(s)
recommended| implemented
Small inchannel freshes (within normal river operating rules)
1. Consider a trial to increase the delivery of environmental water to the upper | 201415 (R3) [201819
Wakool River 201516 (R6)
201617 (R5)
2. Consider the implementation of an environmentetering action in the Edward| 201415 (R8) |Not yet
River to target goldengrch and silver perch spawning. 201516 (R4) |implemented

In-channel freshes (higher than current normal operating rules to connect additioichbinnel fabitats)

3. In collaboration with stakeholders explore options to implemargthort duration
environmental flow trial in late winter/spring 2016 at a higher discharge than {
current constraint of 600 ML/d at the Wakew®kllakool confluencéhis would

facilitate a test of the hypothesis that largeréhannel environmental watering

action will result in increased river productivity

201415 (R7)
201516 (R3)
201718 (R4)

201819

Flows that contribute to flow recession

4. Increase the duration of theecession of environmental watering actions relatiy
to the Yallakool Creek environmental wateriagtions in 201214

201415 (R1)
201516 (R8)

201516201617,
201718

Winter flows

5. Consider the delivery of continuous base environmental flows dwairigmn and
winter to promote the temporal availability and continuity of instream habitat

201415 (R4)
201516 (R2)
201617 (R3)

Winter 2017

Implement a second trial of continuous base winter environmental flow (no
winter cease to flow) in the tributargeof theEdward/KoletyWakoolsystem to
promote the temporal availability and continuity of instream habitat to benefit
fish and other aquatic animals and assist the recovery of submerged aquatic
plants.

201718 (R2)

Winter 2019

Flow variability

7. Avoidlong periods of constant flows by introducing flow variability into
environmental watering actions.

201415 (R2)
201516 (R5)

201516, 2016
17,201819

8. Implement environmental watering actions for freshes in spring and early sur|
(October to Decembethat include flow variability up to a magnitude of + 125
150 ML/d. Undertake trials to improve understanding of the magnitude of

variability that provides beneficial ecosystem outcomes.

201718 (R1)

Flows to mitigate poor water quality events

9. Continte to include a water use option in water planning that enables
environmental water to be used to mitigate adverse water quality events

201415 (R5)
201516 (R7)

201415, 201516
201617, 2017-18
201819

10.If there is an imminent hypoxic blackwater event during an unregulated flow &
the quality of source water is suitabMater managersn partnership with local
landholde and community representativeshould take action to facilitate the
earlier releasef environmental water on the rising limb of the flood event to
create local refuges prior tbOconcentrations falling below 2 mgL

201617 (R1)

Not yet
implemented

Flows through forests and/or floodplan

11. Trial a carefully managed environmenigtering action through Koondroek
Perricoota Forest via Barbers Creek to improve the productivity of the mid an
lower Wakool River system.

201718 (R5)

Not yet
implemented via
Barbers Creek
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Other flow related recommendations

12.Set watering action objectives that identify the temporal and spatial scale at | 201415 (R6) |ongoing
the response is expected and are realistic given the magnitudetsring actions
proposed

13.Undertake a comprehensive flows assessment for the taibes of the 201415 (R9) |Partly
Edward/KoletyWakoolsystem to better inform future decisions on environmern 201516 (R1) |undertaken
watering in this system.

14.Collaborate with other management agencies and the community to maximis| 201415 (R10) | ongoing
benefits ofCommonwealth environmental watering actions

15. The installation o DOlogger on gauge downstream of Yarrawonga and 201617 (R2) |Not yet

Consideration should also be given to installd@loggers, both upstream and
downstream of other forested areas that influence water dtyah the
Edward/KoletyWakoolsystem

upstream of BarmaiMillewa Foresshould be considered a priority. implemented

16.Undertake inchannel habitat mapping for key reaches of tb@ward/Kolety 201617 (R6) |Not yet

to facilitate learning about this system

Wakoolsystem, which could then be combined wekistinghydraulic modelling implemented

17. The CEWO and other relevant agencies undertake a review of the 2016 flooq 201617 (R7) |2017
subsequent hypoxic blackwatewent in the Murray system and support further
researchinto understanding these events

Recommendations from 2@t19 watering actions

We continue to endorse the five recommendations that have not yet been implemented (R2,

R10, R11, R15, R16), one recommendation that has been partially implemented (R13), a
other recommendations that are ongoing from the previdtdwvard/KoletyWakoolLTIM
annual reports (Tabl®). In addition,we presentfive new recommendations to improve the
planning and delivery of Commonwealth environmental warethe Edward/KoletyWakool
system. These recommendatioase underpinned bymonitoring and evaluatin results.

nd

Recommendation 1Each year plan to deliver at least one flow event with higher than normal

operating discharge to the upper Wakool River. This may include delivery of water throug
Wakool offtake regulator or via the Wakool escape from MalwCanal.

Recommendation 2Includevariation in the timing of environmental watering actions amon

h the

g

water years to promote the temporal availability and continuity of instream habitat to benefit

fish and other aquatic animals and assist the recoveryibimerged aquatic plants in the
system.

Recommendation 3Implement a second flow trial {ohannel fresh in late winter or early
spring that briefly exceeds the current normal operating rutesncrease the lateral
connection of iRchannel habitats andcrease river productivity. The earlier timing of flows
would help to prime the system and thus increase the outcomes of subsequent watering
actions delivered later in spring or early summer.

Recommendation 4Explore options témplement irchannelpulses at any time of the year t
connect additional irchannel habitats and increase river productivity.

O

Recommendation 5Explore and develop a range of options for the delivery of environmental

water during times of drought to ensure connectivity obitat and avoid damage to key
environmental assets. Inform the community of the factors limiting water delivery in extre
drought.

me
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1 INTRODUCTION
1.1 Purpose of this report

The Commonwealth Emenmental Water Office (CEWO) has fun@edongTerm Intervention
Monitoring (LTIM) Project in seven Selected Areas to evaluate the ecological ostocbme
Commonwealth environmental water use throughout the vayrDarling BasiiMDB) The LTIM
Projectwasimplemented over five years from 20446 to 201819 to deliver five outcomes:
1 Evaluate the contribution of Commonwealth environmental watering to the objectives
of the MurrayDarling Basin Authorities (MDBA) Environmental Watering Plan;
9 Evaluate the ecological outcomes of Commonwealth environaiewatering 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 of Commonwealth environmental water; and
1 Monitor the ecologicatesponse to Commonwealth environmental watering at each of
the seven Selected Areas.

Thisreport documents the monitoring and evaluation of ecosystem responses to
Commonwealth environmental watering ihe Edward/KoletyWakoolsystemduring the
2018-19 watering yearfrom 1 July2018 until 30 June 2018t the end of the watering yeaAs

it is thefifth and finalannual report ofthe Long Term Intervention Monitoring (LTIM) Project
funded bythe Commonwealth Environmental Watering Offige also present longerm
trends across the five years of the projethis project was undertaken as a collaboration
among Charles Sturt University, NSW DPI (Fisheries), Monash UnilsSipepartment of
Planning, Industry and Environment (DP#ap La TrobdJniversiy. Field sampling for this
project was undertaken by staff from Charles Sturt Univerbi§\W DPI (Fisheriesm)d DPIE

This report haslevensections.This introduction(section 1)isfollowed by a description of the
Commonwealth envanmental water use objectives and watering actions for this system for
2018-19 (section 2) and moverview of the monitoring and evaluation undertaken in this
system for the LTIM proje¢section 3. Summaries of thevaluation ofresponses of each
indicator to Commonweatt environmental wateringind floodingin 2018-19 are presented in
sections four taeight; hydrology (section 4)water quality and carbon (section Stream
metabolism(section §, riverbank andaquatic vegetatia (section J, andfishmovement, fish
spawning fishrecruitment and fish community (section.&ection 9 reports on additional
monitoring undertaken to evaluatihe 800 ML/dflow trial undertaken in the YallakoedVakool
system from 22 August to 2Z8eptember 2018Key outcomes of environmental water delivery
from 20142019 ae summarised in section 1Becommendationgo help informadaptive
managemenbf environmental water in this system the futureis presented in sectiohl. A
summary report(Watts et al. 201Pprovides an overview of thmonitoring and key findings of
the ecosystem responses to environmental watering actions irEdh&ard/KoletywWakool
system in 208-19 and across théve years of the LTIM program
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1.2 Edward/KoletyWakoolSelected Area

TheEdward/KoletyWakoolsystem is a large anabranch system of the MuRaxerin the
southernMDB Australia. The system begimsthe Millewa Forestand travelsorth and then
northwest before discharging back into the Murfer(Figure 1.1). It is a complex network
of interconnected streams, ephemeral creeks, floadners and wetlands including the
Edward River, Wakool River, Yallakool Creek, ColNgEmur Creek and Merran Credbnder
regulated conditions flows in the EdwaRiver and tributaries remain within the channel,
whereas durindnigh flowsthere is connectivity between the river channels, floodplains and
several large forests including the Barmidillewa Forest, KoondroeRerricoota Forest and
Werai Forest (Figure 1.1

'9%_
3,

| Koondrook-Perricoota Foresti

L

0 125 25 50 Kilometres

Figurel.1 Map showing the main rivers in tHedward/KoletyWakoolsystem. (Source: Watts et al.
2013)

YARRAWONGA

p=

TheEdward/KoletyWakoolsystem plays a key role in the 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 tHedward/KoletyWakoolsystem to avoid breaching
operational castraints in the mieMurray River. Th&dward/KoletyWakoolsystem also plays
an important ecological role in connecting upstream and downstream ecosystems. The
multiple streams and creeks in this system provide important refuge and nurseryfardish
and other aquatic organisms, and adult fish regularly move between this system and other
parts of the Murray River. As some of the rivers inHusvard/KoletyWakoolsystem have low
discharge (compared to the Murray River) there is a risk of poor watditgjdavelopingn
this system particularly during warm periods or from floodplain return flow&aintaining
good water quality in th&dward/KoletyWakoolsystem is crucial for both the river
ecosystem, the communities and landholders that rely on theewfiom this system, and
downstream communities along the Murray River that are influenced by the water quality of
this system.
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2 BENVIRONMENTAL WATEBEJOBJECTIVESD
WATERING ACTIONS2QA18-19

2.1 Expected outcomes from Basimide EnvironmentaWatering
Strategy relevant to the MieMurray Region

Expectedbutcomesfrom the Basinwide EnvironmentaWateringStrategy(MDBA2014)that
are relevantto the Mid Murray Regiorarelistedbelowand in Table 2.1 an@able2.2.

River flows and connectivity

1 Basdlowsareatleast60 percentof the naturallevel

1 Contributingto a 30 per centoverallincreasdn flowsin the RiverMurray

1 AS30to 60percentincreasenthe frequencyof freshespankfullandlowlandfloodplainflows

Vegetation

1 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 extensie stands within
wetlands and low-lying floodplainsincludingMoira grasslande BarmalgMillewa Forest

Fish
1 Nolossof nativespecies
1 Improvedpopulationstructureof keyspecieghroughregularrecruitment,including:
o Shortlivedspecieswith distributionandabundanceat pre-2007levelsandbreeding
succeseverylq2years
0 Moderateto longlivedwith aspreadof ageclassesndannualrecruitmentin at least
80%of years
1 Increasednovementsof keyspecies
1 Expandedlistribution ofkeyspeciesand populations

Table 2.1ImportantBasinenvironmentalassetdor nativefishin the Mid Murray (fromMDBA 2014)

. 2
Environmentalasset 5 2 © =
(S < IS @
S on| © = =
© = (©] > o
S| m S £ o
5E| & = X
5| O ©
|3 |T = 3
KoondrookPerricoota * * * * * Yes
Gunbower * * * * * Yes
BarmafgMillewa * * * * * * Yes
Edward;Wakoolsystem * * * * * Yes
WeraiForest * * Yes
Billabong Yanc@ColumbdCreeks * * * * * Yes
LakeMulwala * * * * * Yes
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Table 2.Keyspeciedor the Mid Murray (Source: MDBA 2014)

In-scopefor
: - Gommonweath
Species Specifioutcomes .
water in the
Mid Murray?
Flatheadyalaxias Expandthe corerangein the wetlandsof | Yes
(Galaxiasrostratug the RiverMurray
Freshwatecatfish Expandthe core rangein Columbe Yes
(Tandanugandanug BillabongCreekandWakoolsystem
Goldenperch A 10¢15% increaseof mature fish (of Yes
(Macquariaambigug legaltakesize)in keypopulations
Murraycod A 10¢15% increaseof mature fish (of Yes

(Maccullochellgeelii peeli) | legaltake size)in keypopulations

Murrayhardyhead Expandhe rangeof at leasttwo current Yes
(Craterocephaluiuviatilis) | populations Establist8c4 additional
populationswith at leastonein the Mid
Murray conservatiorunit.

Oliveperchlet Oliveperchletareconsideredextinctinthe | Restoratiorof
(Ambassisagassizji southernBasinReintroductiorusing flow to Murray
northern populationsisthe mainoption Rvercould
for recovery. Candidatesitesmayresult supportfuture
from improvedflow that reinstatessuitable | reintroductionof
habitatin the River Murray. the species
Riverlackfish Expandthe rangeof current populations Yes
(Gadopsismarmoratug from the Mulwalacanal
Silvemperch Expandhe corerangewithin the River Yes
(Bidyanusbidyanu$ Murray (YarrawonggEuston)
Southermurple-spotted Yes
gudgeon
(Mogurndaadspersa
Southernpygmyperch Expandhe rangeof currentpopulations Yes
(Nannopercaustralig at BarmahMillewaandother Mid
Murray wetlands
Troutcod Expandhe rangeof trout codup the Yes
(Maccullochella Murray upstreamof LakeMulwalaand
macquariensis into the KiewaRiver Forthe connected

populationof the MurrumbidgeegMurrayg
Edward:continue downstreamexpansion.

Two-spinedblackfish Establistadditionalpopulations(no specific | Yes
(Gadopsibispinosu¥ locationddentified)
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2.2 Water Quality targets

The water quality targets of the Basin P{2012) are outlined in Chapter 9, Part 4, sidztion
9.14(5)of the Plan. The targets for recreatiomediter quality in Section 9.18 contains
Guidelines for Managing Risks in Recreational Watestargetfor DOin the Plan iso
maintainDOat a value of at least 50% saturatiand suggests this be determined28°Cand

1 atmosphere of pressure (sea level). This equatesi®@eaoncentrationof approximatelyt
mg/L The CEW has used a trigger of 4.0 mddr the potential pravision of refuge flows into
catchments like thé&edward/KoletyWakoolRiver systemTheGuidelines for Managing Risks in
Recreational Watealsoguide the green, ambemal red alert levels issued by relevant state
management agencies (e.g. in Ng§We Regional Algal Coordinating Committgado are
responsible for the catchment scale managemehalgal blooms. The CEWO has access to the
alert advice issued by these state agencies and can adjust the use of Commonwealth
environmental water accordingly.

2.5 Commonwealth environmental watering actions 2018

Commonwealth environmentatatering actions have occurred in tigiward/KoletyWakool
system since 200@able 2.3. Between July 2009 and June 2018 Commonwealth
environmental watering actions delivered base flows and freshes, contributed to the recession
of flow events, delivered ater from irrigation canal escapes to create local refuges during
hypoxic blackwater events, and contributed to flows in ephemeral watercourses (Table 2.3).
Many of the watering actions in ephemeral creeks were undertaken jointly with NSW OEH.
One Commonwalth watering action in 20090 for Werai State Forest (DEE 2017) was
undertaken to deliver environmental water t&dward/KoletyWakoolforests (Table 2.3).

The winter of 2017 was the first time in which a watering action was undertaken to maintain
winter base flows during the period when the regulators to some of the smaller streams are
usually shutdown in winter (Tabkl).

It has not been possible to deliver large within channel freshes or overbank flows due to
operational constraints in this system.§. operational constraint of 600 ML/d at confluence of
the Wakool River and Yallakool Creek).

In addition to watering actions specifically targeted for tdward/KoletyWakoolsystem,
water from upstream Commonwealth environmental watering actiand actions that are
targeted for dowrstream watering actions trangihrough theEdward/KoletyWakoolsystem
in some yeard-or example, in 20156 environmental watereturning from BarmakMillewa
Forest influenced the hydrograph in tlglward/KoletyWakoolsystem (Watts et al. 2016).
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Table 23 Summary of Commonwealth environmental watering actiand unregulated overbank flows
in the Edward/KoletyWakoolsystem fromJuly2010 toJune2018. More detailed information about
environmental watering in the mitflurray catchment is available from tH@EWO websitéDepartment
of the Environment and Energy 2017)

In-channel environmental Environmental watering actions Unregulatec
watering actions usingirrigation infrastructure overbank
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 \/ \% \"
201314 \/ \"/ V
201415 Vv \' Vv
201516 \Y \" \Y
201617 \/ \" Vv \" \/
201718 Vv \" \/ \Y

1Delivery 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).
2Some of the wateringctions in ephemeral creeks done jointly with NSW Office of Environment and Heritage

2.3 Environmental Watering Priorities for 2@8t19

OEH watering priorities statement for the Murray Lower Darlingcatchments

The Murrayg Lower Darling Environment#Vatering Priorities Statement 28619 (OEH 208)
statesthata | @1 Af I oAfAdle 2F LXIFYYySR FyR £t A0SyOSR
catchment early in the 20189 water year due to a lack of inflows into the major storages
during Autumn and wf (i SUsierba dryto moderateresource availability scenarim 201819

GYlFylF3ISR ¢l GSN) gAftf 0S dzaSR (G2 GFNBSG F NI y3S

habitat for colonial nesting waterbirds, improving conditions for srhallied native fish,
providing dispersal flows for larg@died native fish, supporting wetland plants and enhancing
O2yySOUGAQGAGE AY sl GSNBlIea FT2N ylIGAGBS FTAaAKE
Panned actions for 20819 in the Edward/KoletyWakoolsystemas outlinedoy OEH (208) were:
1 GCAakK ¥Ff2ga o EdwardKkolaiyWakodlriNgs systemMwil pravideS
benefits for native fisheries, instream vegetation and fawebs. Water (110 gigalitres)
will be delivered via the Murray irrigation system to provide refuge habitat fomveati

FAAK 0SaLSOAlLtt& adzNNI & O2R0O AF Fy 2Ee&3S8Sy R
T a{K2dZ R I ylFGdaNF*f NIAYyFItt S@Syd 200dz2NE Ff 2

the health of vegetation along the Jimaringle, Cockran and Gwynnes creeks, aiming to
improve water quality in highly saline sections, provide wildlife corridors across a
modified landscape, and maintain habitats for iconic species, such as the threatened
southern bell frog.

T act2¢a o6c IAILEAGNBAO gAff LaMREERBDO2Y Yy SOGA

WAGSNI F2NI yI GAPS FTAaK YR OFNbB2y SEOKIy3aSé o
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CEWO Portfolio management Plan for the Midurray in 2018¢19

CEWO (20 aidldSa GKFd a¢KS 20SNFff WLIHHzZNIIZAaSQ F2NJ
portfolio in the MidMurray Region for 20k89is to maintain and/or improve the ecological
KSIfGK FYR NBaAAftASYOS 2F SYy@ANRBYYSyidlf |aasSiaaopt

The 2018¢19 BasimannualenvironmentaWwateringprioritiesfor the Mid MurrayRegionas
outlined by the CEW(2018a) werelisted as i) rollingnultiyear priorities andi) 201819
annual priorities.

Rolling, multiyear priorities (CEWO 2048

1
1

E ]

Support lateral and longitudinal connectivity;

Maintain and improve the condition and promote recruitment of forests and
woodlands;

Improve the conditiorand extent of lignum shrublands;

Improve the condition and extent of Moira grass in BarAvilewa Forest;
LYLNR@ZS (GKS | o6dzyRIyOS YR YFIAYyGFrAyYy (GKS
population;

Support Basirscale population recovery of native fish by reaimg flows that
promote key ecological processes across local, regional and system scales in the
southern connected Basin;

Support viable populations of threatened native fish, maximise opportunities for
range expansion and establish new populations.

2018¢19 Annual Priorities (CEWO 2@).8

1

E]

Support opportunities for lateral connectivity between the river and adjacent low
lying floodplains and wetlands to reinstate natural nutrient and carbon cycling
processes

Enable growth and maintain the condition of lign shrublands;

Provide flows to improve habitat and support waterbird breeding;

Support Basirscale population recovery of native fish by reinstating flows that
promote key ecological processes across local, regional and system scales in the
southern conected Basin;

Support viable populations of threatened native fish, maximise opportunities for
range expansion and establish new populations.

CEWO Paortfolio management plan for ttisdward/KoletyWakoolin 2018;19

The 2018¢19 demands for environmental watexutlined by theCEW{J2018) in the mid

Murray regionPortfolio Plarthat were specificdr the Edward/KoletyWakoolsystemwere:
GThere is a moderate to high demand for environmental water inBevard/Kolety
Wakoolsystem. Flows would seek to support the recovery of large bodied native fish
and instream aquatic plants after the 2016 flood and hypoxic blackwater event.
Where possible, this includes providing winter base flows and preventing-tease
flow conditions m the YallakoeWakool and ColligeNiemur systems, and also the
maintenance of breeding habitat and unobstructed movement pathways between
interconnected streams and channéls.
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Delivery options for th&dward/KoletyWakoolsystem were listed by CEWO (2@1L8s

follows:
Permanent Waterway<€Environmental water will contribute to yeaound variable
base flows and freshes to support the recovery edtieam habitat, particularly
aquatic vegetation and areas supporting the various life stages of nativé\fatlering
actions will be scalable depending on catchment conditions and water availability
during the year. Environmental water use may also provide a more gradual recession
following periods of high flow (e.g. rain rejection flows) and improve wateriyual
provide refuges for aquatic plants and animals if required and where feasible to do so.

Ephemeral waterways and wetland&he purpose of these annual watering events
would be to maintain ephemeral instream and wetland habitat, particularly water
quadlity, aquatic vegetation and areas supporting the various life stages of native frogs,
birds and aquatic invertebrates.

Edward/KoletyWakoolforests:The purpose of watering events may include the
protection or maintenance of floodplain vegetation healtihe provision of localised
habitat for aquatic native plants and animals, contributing to hydrological connectivity
and nutrient/carbon cycling processes. Environmental flows, including pumping, could
be considered subject to stakeholder support, operasibtielivery infrastructure, third
party impacts and accounting being addressed.

CEWlanned watering actiondor the Edward/KoletyWakoolin 201819

Fve watering actions were planned by the Commonwealth Enmiental Water Office for the
2018-19 water yar in the WakoolYallakool systeniT@ble 24) and the ColligefNiemur
system (Figure 2.1 and 2.2):

1. Anearly spring freslin Yallakool Creek was planned from August to September 2018.
This action will be referred to elsewhere in this report as&068 ML/dflow trial. The
flow trial in early spring 20189 is the first time that an environmental watering action
was planned to exceed the 600 ML/d operational constratrthe confluence of the
Wakool River and Yallakool Creek

2. A late spring action incorporaii higher base flows and a small fresh planned for late
October to early November

3. A small summer fresh with managed recession planned for late November to early
January

4. Two small freshes in autumn 20Xanned for midFebruary to early May

5. A winterbaseflow in 2019 for Yallakool Creekd the ColligesNiemur systemThe
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 usupkhutdown in winter This second planned winter watering
action will continuento the 201920 water year and will be evaluated in the 2e4®
MER projecteport.
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As per Watetdse Minute WUM 1088, the 20B-19 Commonwealth environmental water use
in the Edward/KoletyWakool systemwas expected tacontribute to achieving the following

outcomes:

1 support the recovery of instream aquatic vegetation and large bodied native fish for
three years following te 2016 hypoxic blackwater event

1 maintain the diversity andondition of native fish and other native species through
maintaining suitable habitat and providing/supporting opportunities to move, breed and

recruit

71 maintain habitat quality in ephemeral watercourses
1 support mobilisation, transport and dispersal obtic and abiotic material (e.g.
sediment, nutrients and organic matter) through longitudinal and lateral hydrological

connectivity

= =4 -4 -

and maintaining aquatic habitat.

support inundation of lowlying wetlands/floodplains habitats within the system
maintain health of riparian and iohannel agatic native vegetation communities
maintain/improve water quality within the system, particulaiB¥D, salinity and pH
maintain ecosystem and population resilience through supporting ecological recovery

Table2.4 PlannedCommonwealth environmental watering actions in 2ati8in theEdward/Kolety
Wakool River systenPlanned actions 2, 3 and 4 were not implemented. The winter flow action (action
number 5) commenced on f8May2019 and continued into the 2048 water yearThis action will be

evaluated in theMER project report.

Watering Action Dates
action

1 Early small
spring fresh September
fresh 2018

2 Late sprinc Higher  Planned for

base flow late Octand
andsmall early Nov2018
fresh Not
implemented
Planned for
late Nov2018
to early Jan
2019
Not
implemented
Planned for
mid Fe to early
May 2019
Not
implemented
base flow CommencedL6
May 2019
(Ongoing)

action

small
fresh

3 Summer
pulse

Small
fresh

4 Autumn
pulse

5 2019
winter flow

Rivers

22 August to 2! Yallakool Creek,

mid- and lower
Wakool River
ColligenNiemur

Yallakool Creek,
mid- and lower
Wakool River
ColligenNiemur

Yallakool Creek,
mid- and lower
Wakool River
ColligenNiemur

Yallakool Creek,
mid- and lower
Wakool River
ColligenNiemur

Yallakool Creek,
upper, mid and
lower WakoolR
ColligenNiemur

Objective

To provide earlgeason rise in river level to
contribute to connectivity, water quality,
stimulate early growth of irstream aquatic
vegetation, prespawning condition of native
fish and/or spawning in early spawning nati
fish

To maintain nesting habitat for Murray cod
and inundation for aquatic vegetation growt
The variability flow was to preventflat river

To influence and encourage fish movement
May be coordinated with wider Murray Rive
actionsto maximise benefit. May also assist
with dispersal of larvae and juveniles of a
number of fish species. Slow recession for
instream plants.

To influence/encourage fish movement. Ma
be coordinated with wider Murray River
actions to maximise benefit. May also assis
with the dispersal of juveniles of a number ¢
fish species.
To contribute to reinstatement of the natura
hydrograph, improve connectivity, condition
of in-stream aquatic vegetation and fish
recruitment into 201920.
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Figure 2.1 Planned Commonwealth environmental watering actions for Yallakool Creek and Wako&bRiver201819 water year
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2.4 Practicalities of environmental watering in th&dward/KoletyWakool
system

The main source of Commonwealth environmental water forEdevard/KoletyWakool

system is from the Murray River through théviard River and Gulpa Creek. During high flow
events in the Murray River, water can afgmw from the Murray River through Koondrook
Perricoota Forest and into the Wakool River via Thule and Barber Ciéwkmain flow

regulating structure within th&dward/KoletyWakoolsystem is Stevens Weir, located on the
Edward River downstream of Colligen Creek (Figure 1.1). This structure creates a weir pool that
allows Commonwealth environmental water to be delivered to ColligmekNiemur River
system,Yallakob Creek, the Wakool River, the Edward River and Werai Forest.

Water diverted into the Mulwala Caneibm Lake Mulwal&an also be delivered into ¢h
Edward/KoletyWakoola & & G S Y { K NRodzmtfallssedag€dllby fedrateowned
companyMurray lrigation Limited (MIL)Duringa hypoxicblackwater event in 2010,
environmentalwater was released frorthe 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 thatatswbe used to deliver
small flows to the river system. Escapes were also used to deliver environmentalsater
refuge flows in response to tH2016hypoxicblackwater eventWatts et al. 2010).

The ability to deliver environmental water to ttedward/KoletyWakoolsystem dependon
water availability and circumstancéasthe river at any given time niZironmental water
delivery in this system involves varioumsiderations as outlined by Gawne et al. (2013),
including:

91 the capacity of the off takes / regulators and irrigation escapes

1 channel constraints (e.g. to avoid third party impacts)

1 the availability of third party infrastructure to assist in delivenmager into the system

9 existing flows and other demands on the system.

Delivery of instream flows to the Edward River, Wakool River, Yallakool Creek, exidigemn
systemand Merran River systeare managed within regular operating ranges as advised by
river operators to avoid third party impacts. For example, in the Wakatkool system the
operational constraint is 600 ML/ak the confluence of the Wakool River and Yallakool Creek
Thus, the types of flow components that can be achieved under cuoperating ranges are
in-channel baseflowand freshesEnvironmental watering may also be constrained due to
limitations on how much water can be delivered under regulated conditions. At times of high
irrigation demand channel capacity will be shaesdongwater users. If the system is receiving
higher unregulated flows, there may not be enough capacity to deliver environmental water
(Gawne et al. 2013Environmentalvater may be delivered to contribute to the slower
recession of freshes, delivered dugitow flow periodto provide refuge habitat, or delivered

to manage water quality issues, such as hypoxic events (Gawne et gl V¥ait8 et al. 2017a
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2.5 Commonwealth watering actions ikdward/KoletyWakoolRiver sygtem
2018-19

Infrastructure maintenance at Stevens Weir over the winter of 2018 resulted in no
environmental watering actions being delivered over the winter of 201201819 there
were five planned watering actions in tilward/KoletyWakoolsystem(Table 24).

The first Commonwealth environmental wateriragtiondeliveredin 201819 was an early
spring freshundertaken from22 August to25 September 201&Table 2.5) in Yallakool Creek
and the Wakool RiveiThis will be referred to in this report as the 800 ML/day flow trial in
YallakooMWakool systemPlanning for the action was undekten over a period of more than
oneyear, with the Wakool River Association, tadward/KoletyWWakoolEnvironmental Water
Rekrence Group and landholders engaged and invoimede planning and water delivery
The flow trialinvolved changesotoperating rules and practices, the aim being to exdbed
maximumdaily dischargef 600 ML/day at the confluence of Yallakool Creed the Wakool
Riverunderregulated operating ruleby up to 200 ML/day, with the maximum discharge being
800 ML/day Theplan was forenvironmental wateto belargely delivered to the Yallakeol
Wakool system via the Yallakool Offtake regulaidgre outcones of this flow trial will be
evaluatedthroughout this report, withsection nine focussingpecifically on the flow trial.

Planned actions 2, 3 and 4 in the Wak¥alllakool system (Figure 2.1) and the Collijeamur
system (Figure 2.2) during springnemer and autumn were not implementdzkcause
environmental water was suspended between 2 October 2018 aneMuaigl 2019 due to
increasedperationaldemand in the Murray system and lack of capacity to accommodate
environmental water in the river due tchannel constraints. Due to this suspension onlyg t
of the plannedCommonwealth environmental watering actiofections 1 and Syere
delivered in theEdward/KoletyWakoolsystemin 201819 (Table 25).

Commonwealtrenvironmental watering action numberib the 201819 water year was a
winter watering action commencingn 16 May 2019. This wintexctionwill continueinto the
201920 water year and will be evaluated in the 202@MER projecteport.

Table2.5 Commonwealth environmental watering actiogkeliveredin 201819 in theEdward Wakool
River systemPlanned actions 2, 3 and 4 were not implement€le winter flow actiofaction number
5) commenced on 8May2019 anctontinued into the 201920 water year. This actionill be
evaluated in theMERproject report.

Watering Action Dates Rivers Objective
action

1 Early small 22 August to 2! Yallakool Creek,  To provide early season rise in river level
spring fresh September mid- and lower contribute toconnectivity, water quality,
fresh 2018 Wakool River stimulate early growth of irstream aquatic|

ColligenNiemur vegetation, prespawning condition of
native fish and/or spawning in early
spawning native fish

5 2019 base Commencedl6 Yallakool Creek,  To contribute to reinstatement of the
winter flow May 2019 upper, mid- and natural hydrograph, improve connectivity
flow (Ongoing) lower Wakool River condition of instream aquatic vegetation

Colligen Niemur and fish recruitment into 201-20.
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3 MONITORING AND EVALT@N
3.1 Monitoring zonesand sites

The monitoring of ecosystem responsesdommonwealtlenvironmental watering ithe
Edward/KoletyWakoolsystem in 208-19 was undertakerfollowingthe Edward/Kolety

WakoolLongTerm Intervention Monitoring and Evadtion Plan{Vatts et al. 2014) and

Monitoring and Evaluation Plan Addendu@BEWO 2018.

The majority of the TIMmonitoringin the Edward/KoletyWakoolSelected Area waecussed

on four hydrological zones: Yallakool Creek (zone 1), upper Wakool River (zone 2) and mid
reaches of the Wakool Rivérones 3 and 4Figure3.1, Table3.1). Most reaches in zones 1 and
2 are more constrained, have steeper riverbanks and femehannel geomorphic features (e.g.
benches) than reaches in zones 3 an@igure 3.2)Additional sites throughout the systeare
monitored for fish movementRigure 3.3).iBh populationsare also surveyed at sites
throughout the system iyears 1(201415)and 5(201819) of the LTIM program.

In 201819 additional sites were selectéd facilitate the evaluation of responses tiwe 800
ML/day flow trial in the WakoeYallakool systenT he focus of the monitoring was in the area
around Bookit Island andlerrabit Creek, where therevere potential issues associated with
inundation of low level bridge@ able3.2, Figure3.4).

§ 0 25 50
'/ Kyalite N
S ol4:02 Kilometres A
B "T,,‘ L.,.‘é(/L“’”"/A‘
QBT e
i o Bitlabong Ck.
New 5 7 . Moulamein L anong Ck
& o, Ran R -
South &7, 14_01913.02
Wales @ e 91001 P .
Ra & . 03 @191 8 Edivarg p
ﬂk,‘ . % R ein g -
WERAI _
STATE FOREST _08_02
Victoria
Deniliquin
-2 Mubwaly Capgy
[ zone [system Name o
wakool Yallakool Creek
Wakool Upper Wakool River
3 |wakool Mid Wakool River (upstream Thule Creek) ¢
4 |wakool Mid Wakool River (downstream Thule Creek) 3 3
PERRICOOTA ,
5 |Wakool Mid Wakool River (downstream Barbers Creek) S sTaTE 4
6 |wakool Lower Wakool River FOREST MURRAY VALLEY(NATIONAL PARK
7 |colligen-Niemur |Jimaringle, Cockran and Gwynnes Creeks 3
8 |Colligen-Niemur |Colligen Creek CUNBOVE 03_01
9 |Colligen-Niemur |Upper Niemur River NATIONAL PARK 20302
10 |Colligen-Niemur |Lower Niemur River 03 05 d3 33
11 |edward Edward River (downstream Stevens Weir) 2 03 0703_0@—« 03 04 — & BARMAH
12 |edward Edward River (in Werai Forest) - 8 NATIONAL PARK
13 |edward Mid Edward River 03-08 S
14 |Edward Lower Edward River 03 09 ::
15  |Merran Little Merran Creek 03 10
16 |Merran Merran Creek -
20 & 21[Source water Stephens Weirpool & Mulwala Canal Q;\lr? M_/
an,

Created by Spatial Data Analysis Network, Data Source: NSW "Place Point” & "Hydroline” spatial data: Digital Gadastral Database [CD-ROM]. LPMA, 2008, New South Wales;
Charles Sturt University, May, 2015 Ausiralian Reserves GEODATA TOPO 250K Series 3, 2006, OEH NSW National Parks 2012

Figure 3.1Location of monitoring sites for thedward/KoletyWakoolSelected Area for the LoAkerm
Intervention Monitoring (LTIM) ProjecZones #4 are referred to as the focal zone for tBelward/Kolety
Wakoolproject. Hydrological gauges are located in Yallakool Creek just upstream of site 01_01 (gauge
409020, Yallakd Creek at offtake), Wakool River zone 2 just upstream of site 02_01 (gauge 409019,
Wakool River offtake), and in the Wakool River zone 4 at site 04_01 (gauge 409045, Wakool River at
WakoolBarham Road). The Wakool escape is located close to site 2iteDdai®es 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&edward/KoletyWakoolSelected Area.

Zone Name Zone Site Code Site Name

Yallakool Creek 01 EDWKO01 01 Yallakool/Back1@ek 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, Yallakoolr€ek
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 EDWKO02 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 WakoolRiver (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 WakoolRiver (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 Llanos Park2

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 (downstream Thule 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 River (downstreaBarbers 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
UpperNeimur 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 Billabong&zk
Lower Edward River 14 EDWK14 01 Moulamien DS Billabongégk
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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Figure 3.2Photos of study sites in the folwydrological zoneg left: August 2018 beforenvironmental
watering action 1ii) middle: September 2018 during watering actiqraddiii) right: February2019after
watering action landduring the operations flowgPhotosNathan McGrath
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Figure 3.3_ocation ¢ acoustic telemetry receiversoored in theEdward/KoletyWakoolsystem to determine movements of acoustically tagged golden
perch and silver perclGreen dotdndicate the finescale acostic receiver array of ~6 km receiver spacinthanfocal study zonesAn additional 20
receivers (red dotsunded by Murray Local Land Serviee=re placed akey entry/exit points and major junctions within the widedward/KoletyWakool
system to moitor any potential emigration out of the system
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Table3.2. Monitored sites during the 800 ML/day flow trial. The presence of gauge boards, monitoring
cameras, and water pressure loggers are indicated for each site.

Monitoring Gauge [ Camera | Water
sites River LTIM site [ SiteName Board# logger#
Sites with vy ajlakool CreeH zonelsitel |Hopwood 29 yes 20
gauge boards Yallakool Creel zonelsite3 | Cumnock 28 yes
Yallakool Creel zonelsite5 |Windra Vale 30 yes 21
Wakool River |zone2sitel |Brassi Bridge yes
Wakool River |zone2site4 |Widgee 26 yes 22
Wakool River [zone3sitel | Wakool RDeni Wakool Rd 62/34 07
Wakool River |zone3site3 [Cummins 23 yes
Wakool River |zone3site5 [Llanos Park 25 yes 23
Griminal Creek Griminal Creek 65/ 08 |yes 19
Merrabit Creek McLays Lane 64/ 10 |yes
Merrabit Creek Merrabit Geek ¢ Lolicato Bridge| 37 yes 12
Bookit Creek Bookit Creek 31 yes 01
Bookit island Wakool R Bookit Island Bridge | 38 yes 15
Wakool River |Zone4sitel [Wakool R Barham Rd 63
Infrastructure| y ajjakool Creek Mascot bridge yes
\(At,):fs? Z?\,d Yallakool Creek Windra Vale bridge yes
crossings) |Wakool River Bookit Island bridge #1 yes
Wakool River Bookit Island bridge #2 yes
Bookit Creek Bookit creek Ford yes
BookitCreek Bookit Creek Weir yes
Merrabit Creek Merrabit Creek Weir yes
Wakool River Tilga bridge yes

GB032 ¢
& GBo1

Stevens Weir

GBO10  GBUGS
GBos4 GBO0S

escape

Staff gauge
/\ Water logger
Reserve area

Kilometres

| L I B B R . R |
0 5 10 20

Figure3.4 Monitored sites (within red circle) during the 800 ML/day flow timal allakooMWakool
system
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3.2 Indicators

The rationale regarding the selection of indicators is outlined irBtieard/KoletyWakool

Long Term Intervention Monitoring and Evaluation Plan (Watts et al.&@bh4 Monitoring

and Evaluation Plan Addendum (CEWO PQll@dicatorsare monitored to corribute to the
Edward/KoletyWakoolSelected Area Evaluation and/or the Whole of Basiale evaluation

that is undertaken by the Murralparling Freshwater Research Centre (Hale et al. 2014). Some
indicators are expected to respond to environmental watgrin short time frames (< 1 year),

but others (e.g. fish communigssemblaggare expected to respond ovemger time frames

(e.g. 2 to 5 yeas). A summary of monitoring undertaken iQR1-19 is presented in Table 3.

There are three categories of moaitng 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 ti&ward/KoletyWakoolsystem (Table 3) are:
river hydrology, streammetabolism, nutrients and carbon, fish reproduction (larvae)
and fish (river).

1 Category ZOptional indicators with mandatorstandard protocolshat may be used
to inform Basirscale ewluation and may be used to answer Selected Area questions.
Fish movemen(years 2 to 4js the only category 2 indicator monitored in the
Edward/KoletyWakoolsystem.

1 Category 3, Selected Area specific monitoring protocols to answer Selected Area
guestins. Category 3 indicators monitored in tiiEward/KoletyWakoolsystem
(Table 33) are: riverbank inundation by 2Bydraulic modelling (undertaken in year 1),
additional water quality and carbon characterisation, riverbank and aquatic
vegetation, fish reprduction (larvae), fish recruitment, and fish community survey
(years 1 and 5).
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Table 33 Summary ofndicators to be monitoredn the Edward/KoletyWakoolsystem for the Long
Term Intervention Maitoring Project from 20142019,

Indicator Method | Zone Edward/K | Contribute | Description
olety- to whole
Wakool of basin
Selected | scale
Area evaluation
Evaluation
River hydrology |Cat1l 1,234 \Y, V (zone 3) | Discharge data will be obtained from
NOW websiteWater depth monitored
using depth loggers and stafhuges
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 \Y, V (zone 3) | DOand light will be logged
metabolism and continuously in each zone between
instream primary August andApril each year
productivity
Nutrients and Cat1l 1,2,3,4 \Y V (zone 3) | Nutrients and carbon samples will be
carbon collected monthly and spot water
guality monitored fortnightly.
Characterisation |Cat3 1,234 Vv The type and source dlissolved
of carbon organiccarbon will be monitored
monthly between August andpril.
Water quality and|Cat 3 1,2,3,4 \% There is an option for additionalater
carbon during plus quality and carborsampling during
poor water additional blackwater or other poor water quality
quality events ZOnes as events
required
Riverbank and Cat3 1,2,3,4 \% The composition and percent cover o
aquatic riverbank and aquatic vegetation will
vegetation be monitored monthly.
Fish reproduction|Cat 1 1234 \% V (zone 3) | The abundance and diversity of larva
(larvae) basin fish will be monitored fortnightly
evaluation between September and March using
Cat 3 areg light traps and drift nets.
evaluation
Fish recruitment |Cat3 1,2,3.4 Vv Youngof-year fish will becollectedby
backpack electrofishing and set lines
in February and March to develop
growth and recruitmentindices for
youngof-year and agelass IMurray
cod, silver perch and golden perch
Fish community |Cat1for | 3 (plus 15 \Y V (zone 3) | Cat 1 fish community surveys will be
assemblage basin additional undertaken once annually in zone 3
evaluation|  sites in between March and May. An
Cat3for | year 1 and additional 15 sites throughout the
Selected 5) . :
Area syst_em will be surveyed in years 1 an
evaluation 5 using Cat 3 methods tq report on
years 1& longterm change in the fish
5 community.
Fish movement |Cat2 1,2,3,4(plus Vv Movement of golden perch and silver
additional perch will be monitored commencing
sitesfunded in spring 2015
by Murray
LLS)
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3.3 Overview of monitoring undertaken in 20819

The monitoring undertaken in 28119 is summarized in Table43.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 A81¥Vatts et al. 2015, 2016
2017, 2018.

Table 3.4 Schedule of monitoring activitidsor Edward/KoletyWakoolLongTerm Intervention
Monitoring projectfor 2018-19 (grey shading)The three categories of indicators are described in
section 3.2

Indicator Cat | Zones 2018-19 schedule of activities
J|/A[S|O|[N|D JJ[F[M/A[M]J
River hydrology 1 1,2,34 Continuous data from automated gauging stations
Hydraulic modelling 3 1,234 Modelling undertaken in 20245and 201819
Stream metabolism and 1 1,234 Continuougdata 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 201819
Fish movement 2 11,2,3,4(plus Continuous data from acoustic receivers
additional sites
funded by
Murray LLS)

3.4 Evaluationof outcomes

Evaluations of the outcomes of Commonwealth environtaéwatering undertaken in 2@t19
were undertaken for the following indicators:

1 Hydrology(Section 4

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

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

Fish reproduction (Sectid)

Fish recruitmen(Section 8

=A =/ =4 =4 4 -4

Fish ommunity (sedion 8)
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Responses to Commonwealth environmental water were evaluated in two ways:

i) Indicators that respond quickly to 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 actions. The hydrological indicators were calculated on the discharge
data with and without the environmental water.

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

Mg)fimum and | watering action 1 increased the maximum discharge in all zones compg
S?Isr::tr:]al:ge to operational flows. From water accounting perspective the total
discharge of water delivery reached a maximum of 870 ML/day on 13
September. However, the discharge did not exceed 800 ML/day at any §
because water was delivered from different regulators. The maximum d{
dischage was 488 ML/day in Yallakool Creek (15 September), 398 ML/g
Wakool River zone 2 site 4 (13 September), 696 ML/day in Wakool Rive
zone 3 (17 September), 652 ML/d in Wakool River zone 4 (19 Septembg
The maximum daily operating discharge of 600ddl; was exceeded in
zones 3 and 4. The discharge in zone 2 downstream of the Wakool escg
was higher than normal operational flows in this zone-800ML/d).
A winter environmental watering action commenced in Yallakool Creek
16 May 2019 and also inftnced flows in zones 3 and 4. Tagsionwill
continueinto the 201920 water year and will be evaluated in the 2629
Monitoring, Evaluation and Resear@ER)Yeport.

Flow variability | watering actionl increased the coefficient of variation of discharge in zo
2 and 3compared to operational flow®etween October 2018 and
February 201%here wasan extendedoeriod of low variabilityoperational
flowsin the systemSome of the operationalater wasdelivered from the
Wakool escape from Mulwala canal, resulting in higher discharge in Wal
River zone 2 (approx. 160 ML/day) than previous years in this zone (apj

40-80 ML/d).

Longitudinal Watering action 1 (800 ML/day flotsial) maintained longitudinal

connectivity connectivity in Yallakool Creek and the Wakool Rillez.higher flows in the
Wakool River (zon®) during the watering actiomitiated flow in Black Dog
Creekconnectingd KS  dzLJLISNJ 2 | {22t WA @S Naitly
JhEtlF122t / NBST G2 W2AYRNI =*IfSQ

Lateral o Watering action 1§00 ML/day flow triglincreasedateral connectivityin

OB EELY Yallakool Creek and the Wakool Rividrere was considerable variation in
wetted areaamongreaches with some of thevariability due to the local
geomorghology of the reaches. This watering actinoreased the wetted
area by an average of 10.2%, ranging from an increase of 3.7% in zone
site3to 30.3% in zone 2 site 4.

Hydraulic Based orhydraulic modelling undertaken for each study reach (Watts et

diversity

2015), the 800 ML/day watering action increased the hydraulic diversity
reaches receiving environmental water compared to modelled operation
flows.
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4.1 Background

Like many rivers dhe MDB, the flow regimes of rivers in tHedward/KoletyWWakoolsystem

have been significantly altered by river regulation (Green 2001; Hale and SKM 2011). Natural
flows in this system are strongly seasonal, with high flows typically occurring frono July t
November Analysis ofongterm modelled flow datashowthat flow regulation hasesulted in
amarked reduction in winter high flows, includiegtreme high flow events amaverage daily
flows during the winter perio@Watts et al2015. There is alsan elevated frequency of low

to median flows and reduced frequency of moderate high flol®se flow changes reflect

the typical effects of flowegime reversal observed in systems used to deliveisdgson

irrigation flows(Maheshwari et al. 1995)

TheEdward/KoletyWakoolsystem has experienced a wide range of flow conditions over the
past 15 years, and these antecedent conditianlsinfluence the 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 DBR13; Chiew
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, étween February 2006 and September 2@€re were periods 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 uregulated flow eventbetween Septembe2010 and
April 2011triggereda widespreadhypoxic(low oxygenplackwater eventn the midMurray
(MDBA 2011; Whiorth et al. 2012 Watts et al. 2017a

In late 2016 there was a widespread flood in the southElibBassociated 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 sin®®3 MDBARiver Murray Weekly Report!7
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 thé&dward/KoletyWakool system (BOM 2017). In association with the
floods there was a hypoxic blackwater event that extended throughout the Murray River
system, including th&dward/KoletyWakoolsystem.

The 208B-19 water yeardid not include any majdnydrological or climat events, such as the
droughts, floods and algal bloomsmkviousyears. This chapter reports on the hydrology of
the Edward/KoletyWakoolsystem from 1July2018 to 30 June 209. Specifically, this work will
be addressing the questioms section 4.3Thisreport alsosummariseshe 5 years of
hydrologicadatafrom the Long Term Intervention Monitoring (LTIM) Project keeping in mind
that this period has included both drought, unregulatddodingand operationaflows that
haveinfluenced hydrologyin addition to the availability of Commonwealth environmental
water.
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4.2 Environmental watering actionstargeting hydrologyoutcomes

Two Commonwealth environmental watering actions were delivered irEth@ard/Kolety
Wakoolsystem in 20189 (Table 4.1 A spring freshwater delivered in the Yallakool Creek and
the Wakool Rivefrom August to September 2018his will be referred to in this report as the
800 ML/day flow trial.

A winter watering action commenced on 16 May 2019. @himnwill continueinto the 2019

20 water year and will be evaluated in the 26A®@ annual reportAll other planned flow

actions in the Wakool system during spring, summer and autumn were suspended between 2
October 2018 and miflay 2019 due to lack of operational capacityaimcommodate
environmental water in the river in addition to operational water that was required to be
delivered through the system.

Table4.1 Commonwealth environmental watering actions in 2a18in theEdward Wakool River
system The winter flow action continued into the 20:2® water year and will be evaluated in the 2019
20MERreport.

Watering action Action Dates Rivers
1 Spring fresh small 22 August to 25 Yallakool Creek, miéind lower
fresh September 2018 Wakool River
5 2019 winter flow base Commenced 16 May Yallakool Creek, upper, midnd lower
flow 2019(Ongoing) Wakool RiverColligeANiemur River

4.3 Selected Areawaluation questions

1 Whatwasthe effect of Commonwealth environmental water on the hydrology of the four
zones in thé&edward/KoletyWakoolsystem that were monitored for the LTIM project?

1 What did Commonwealth environmental water contribute to longitudinal hydrological
connectivity?

1 What did Commonwealth environmental water contribute to lateral connec®vity

1 What did Commonwealth environmental water contribute to tiyelraulic diversity

4.4 Methods

Daily discharge datbor automated hydrometric gaugd3 able 42) were obtainedfrom the
New SouthWVales Office of Water websitétfps://realtimedata.waternsw.com.au/water.stin
Daily discharge datbor non-automated sites, such daee Wakool escapfom Mulwala Canal,
and daily usage of Commonwealth environmentaitar were obtained from WaterNSWI he
daily discharge dattor sites in theWakool River zone ®as estimated by adding the
discharggrom gauge409019Wakool River fitake regulatorto the discharge data frorthe
Wakool escapérom Mulwala canalThe daily discharge data for Wakool River zone 3 was
estimated byaddingdaily discharge data from Yallakool Credkake (gauge 40902Q}he
Wakool offtakeregulator(gauge 4090193nd the Wakool &capefrom MulwalaCanalwith an
adjustmentduring regulated flow$o account for travel time (4 days) and estimated 20%
losseqV. Kelly, WaterNSW pers. comipefween theofftakesand the confluence of Yallakool
Creek and the Wakool River.
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Table 42 Details of Water NSWyldrometric gauges used to obtain discharge d&ane
codes are as described in Figure 3.1 and Table 3.1.

River LTIM zone Gauge number Name of gauge

Yallakool Creek 1 409020 Yallakool Creek @ Offtake
Wakool River 2 409019 Wakool River Offtake regulator
Wakool River 4 409045 Wakool @ WakoeBarham Road
Wakool River 5 409062 Wakool River Gee Gee Bridge 2
Wakool River 6 409013 Wakool @ Stoney Crossing
Colligen Creek 8 409024 Colligen Creek B/L regulator
Niemur River 10 409086 Niemur at Mallan School
Edward River 409008 Edward River Offtake

Edward River 11 409023 Edward River DS Stevens weir
Edward River 14 409035 Edward River at Liewah

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

water was provided byVWaterNSW and the Commonwealth Environmental Water Office. These
data were used to produce hydrographs sliogithe overall daily discharge and the

proportion of that flow that is Commonwealnvironmentalwater for the four hydrdogical

zones Theminimum, maximum mean, mediarand coefficient of variation (SD/mean) of the
daily discharge was calculated with and with@gmmonwealthenvironmentalwater.

To evaluate to what extef@ommonwealth environmental water contributed kangitudinal
hydrologicalconnectivity the hydrographs for the Wakool River at Gee Gaddersite 05_02
(gauge 409062and Stoney Crossing, site 06_01 (gauge 409013) were plotted and visually
compared to the shape of the hydrographs upstream that received Commonwealth
environmentl water.

Additional hydrological informatioand results oD hydraulic modelsf the 800 ML/d flow
trial is presented in section 9.

The extent of riverbank inundation under operational flows #@melCommonwealth
environmental wateing actionsvas estim#ed using 2dimensional hydraulic modelling as
described in Watts (2015). 2D hydraulic model wasreatedfor nineteenriver reacheseach 4

km in length five reachesri Yallakool Creek, five in the Wakool River (zone 2), four in Wakool
River upstream of Thule Creek (zone 3) and five in the Wakool River downstream of Thule
Creek (zone 4Between ten and twelve discharge scenarios were modelled for each reach,
with the majority of the discharge scenarios being in the range of 30 ML/day to 1200 ML/day
and one discharge scenario in each reach being just lesshtrakiull Themodek were used

to estimate the extent of wetted benthic surface ard@dne relationship betweenischarge and
wetted benthic area for each study reach was determined using cubic smoothing spline
regression modelling. The modelled curve for each reach (examples provided in Figure 4.1) was
used to estimate the daily wetted area due to operational disghand discharge including
Commonwealth environmental water.

39



Watts, R.J. et al. (2009Commonwealth Environmental Water Office Long Term Intervention Monitoring
Project: Edward/KoletyWakool Selected Ared echnicaReport, 20B-19

21
& 2
Z1S5 i1 2254
@
g g
is) -
s & 3 &
% g
z . z g
% a
E
p 8
o -
27 7
[ 1000 2000 3000 4000 o 200 400 600 800
Discharge (MLUiday) Discharge (MUiday)
.
g 2355 4S5
2
g 8] -
[ E |
: :é
E: E:
g :
g R 2
24
a
g
2
% 4
. - ~ - - T T =T T T T
0 500 1000 1500 2000 2500 3000 o 2000 4000 6000 8000

Discharge (MLiday) Discharge (MLiday)

Figure4.1 Examples of relationship between discharge (ML/d) and total wetted benthic ar§daqm

three of the nineteen 4 km reaches in the Yallakdtdkool system. Estimates of wetted aneare

calculated from 2D hydraulic models. Curves were modelled esibig smootling spline regression
approach, and were used to estimate the daily wetted area in each reach for each daily discharge during
the flow trial.

45 Results

Overviewof hydrologyover5 years of LTIMrom July 2014 to June 201

Thefive year hydrograph (1 July 2014 to 30 June90d the Edward/KoletyWakoolsystem is
dominated by the largenregulated flowin late 2016Figure4.2). The volumenf
Commonwealth environmedal water delivered to th&edward/KoletywWakoolsystemover the
five year periodis small in comparison tthe large unegulatedflow in 2016 Howeverat the
timeswhenthere are no unregulated flow pulses the environmental water fravidedsmall
freshes, slowd the recession of operational flows, maintashconnectivity by provision of
winter base flows, and at times has been deliveirean irrigation canalinfrastructureduring
hypoxic eventso create refuge habitat (Table3. Thecontinuouswinter flow in zones 1, 3
and 4 in 2017s evidentin the 5 year hydrograpt{Figure 42) and is in contrast tperiods of
cease to flowsluring winterin these zones ipreviousyears
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Figure4.2 Hydrographs of zones 1 Yallakool Creek, and zor@ar2d 4 in the Wakool Rivéiom 1 July
2014 to 30 June 2@1 The 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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Under regulated flowconditions the discharge in the upper Wakool River is consistently lower
than in Yallakool Creek and the mid Wakool River (zones 3 and 4) (FRyurable 4.3)When
compared to the annual median discharge without CBW delivery of Commonwealth
environmental water increased thannualmedian discharge in zones 1, 3 and 4 zones in all
years, withanincrease of betweenl1.4% (zone 4 20186) and 63% increase (zone 3, 2016
17). In most years the delivery of CEW did not increase the maximum annual deselsahe
delivery of environmental water is constrained by operational regulations (see section 2.4).
However in 20189 the maximum discharge across the year was increased by 5.2% in
Yallakool Creek, 42% in the Wakool River zone 2, 35% in zone 3 amdzZtét 4 (Table 4.3).

Table 4.3Summary hydrological statistics fibre entire water year (1 July to 30 June the following year)
over the five years of the LTIM program four hydrological zoes in theEdward/KoletyWakoolsystem
Statistics arshownfor each zone with and without Commwaealth Environmental Water

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 201819 water year(1 July 201& 30 June 2019)
Qmin (ML/d) 0 0 0 0 0 0 0 0
Qmax(ML/d) 464 488 280 398 517 696 561 652
mean (Qnean) (ML/d) 265 307 81 90 281 324 313 351
median(Qso) (ML/d) 271 383 49 61 262 387 302 397
Coefficient of variation 2.28 1.93 6.42 5.90 3.10 2.68 8.63 7.68
Entire 201718 water yeat(1 July 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) 244 305 36 47 231 297 262 322
median(Qso) (ML/d) 264 328 36 54 250 304 270 314
Coefficient of variation 0.66 0.50 0.79 0.71 0.63 0.48 056 0.44
Entire 201617 water yeat(1 July 2016 30 June 2017)
Qmin (ML/d) 0 0 0 0 0 0 4 4
Qmax(ML/d) 5043 5043 4825 4825 7441 7441 23984 23984
mean (Qmean) (ML/d) 668 744 446 520 883 1006 2276 2374
median(Qso) (ML/d) 258 382 41 72 237 385 304 426
Coefficient of variation 1.62 141 2.13 1.83 1.79 154 214 2.04
Entire 201516 water yeat(1 July 201% 30 June 2016)
Qmin (ML/d) 0 0 0 0 0 0 0 0
Qmax(ML/d) 520 520 247 247 572 572 477 506
mean (Qnean) (ML/d) 249 287 43 52 239 276 252 281
median(Qso) (ML/d) 256 309 48 52 251 295 263 293
Coefficient of variation 0.59 0.56 0.80 0.76 0.58 0.56 0.52 0.52
Entire 201415 water year(1 July 2014 30 June 2015)
Qmin (ML/d) 0 0 0 0 0 0 5 4
Qmax(ML/d) 509 547 370 370 573 584 486 514
mean (Qnean) (ML/d) 219 324 91 91 261 345 256 324
median(Qso) (ML/d) 236 325 78 78 265 391 247 334
Coefficient of variation 0.49 0.51 091 0.91 0.48 0.45 0.44 043
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Hydrology in 201819

In 201819 there was increased demand in the Murray systerd the requirement for the
MDBA to deliver operational water through the systdbensequentlythere was a lack of
operational capacity to accommodate environmental water in the river due to channel
constraints andcCommonwealth environmental wateriragtions were suspended betweén
October 2018 and mi¥lay 2019.

The hydrology of the rivers in tHalward/KoletyWakoolsystem in 20189 was dominated by
extended periods of relatively stable regulated operational fldwsg periods of low
variability in dischargdue to regulated operational flowwwas most evident at upstream
reachesof each of the mpr river systemsin the EdwardKolety River at the offtakgFigure
4.3), Wakool Riveat offtake (Figure 44) andin the ColligeANiemur systenbelow the
regulator(Figure 45).

In the EdwardKolety River downstream of th&dwardofftake the discharge wsaheld steady

at approximately 1550 ML/day for nine months between August 2018 and the end of April
2019 (Figure 8). In the EdwarfKolety River downstream of Stevens Weir the discharge was
more variable, however there was a period of 3 months betweereber2018and
February2019where the discharge was held steady at around 2600 ML/day. However, further
downstream at Liewah the dischargasmore variable (Figure 3).
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Figure 43 Hydrographdor the EdwardRiver atthe Edward Riveofftake (gauget09008), downstream
of Stevens Weir (gauge 4023) and at Liewah (gauge 4085) from 1 July 2018 to 30 June 2019.
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A similar pattern was evident in the Wakool River. The discharge was less varitiae

offtake andin the mid reaches and more variabtethe lower reaches of the Wakool at Stoney
Crossing (Figure4).after inputs of flows from the Murray syster8imilarly, in the Colligen
Niemur system the most upstream hydrological gauge below the regulator shows there was
almost 5 months where flows we held at approximately 400 ML/day from October 2018 to
February 2019Figure 45). Whereas further downstream in the Niemur River at Mallan School
gauge the influence of other inflows has resulted in a more variable hydrograph (FiGure 4.

Discharge (ML/d)
®
3

0 B ittt dian e VY . Wakool River @ offtake

=1
3

Discharge (ML/d}
®
8

400
200

Wakool River @ Geegee Bridge

Discharge (ML/d)
o
3

o Wakool River @ Stoney Crossing

F o

&
i
IO NG
R

S 3 G 3 9 2 ] ] )
AR SRR AR
ROMIR I RN SR K

Figure 44 Hydrographdor the Wakool River atfftake (gauge409019, Gee Gee idge (gauge 409062),
and at Stoney Crossing (gauge 40901@&nfd. July 2018 to 30 June 2019.
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Figure 45 Hydrographgor the ColligeANiemur system at Colligen Creek below reguldtmge
409@4), andin the Niemur River at Mallan Schqghuge 40986) from 1 July 2018 to 30 June 2019
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Overview of hydrologyn zones 1 to 4n 201819

One of the main features of the hydrograph in zones one to four in-2@18as due to the
springenvironmental watering actiofWatering action #1, Table 4.1), referreditcthis report
as the800 ML/day flow trial This actioroccurred from22 August to25 September 201&nd
the peak of this event is clearly evident in the hydrograph prior to thopeof operational
flows (Figure 4.6)

Anotherfeature of the2019-19 hydrographs for zones one to four is the extended period of
operational flows between October 2018 and February 2019. Some of the operational flows
were delivered from the Wakool escafrom Mulwala canal, resulting in higher operational
discharge in Wakool River zone 2 (approx. 160 ML/day) than in this zone in previous years
(approx. 4680 ML/d). This water transfer end abruptly in late February 2019, with a sharp
recession in dischaeg(Figure 4.6).

Another feature of the hydrograpis a distinct sharp rise and fall in discharge in zones 2 and 3
in early May2019due toMIL operationeemptying Mulala Canaht the end of the irrigation
season (Figure 4.6). This spike in discharge altieet emptying of the canal was also evident in
2015, 2016 and 2018.

A winter environmental watering actiofwatering action #5, Table 4.¢pmmenced in
Yallakool Creek on 16 May 2019 and also influenced flows in zones 3 andagtidhiwill
continueinto the 201920 water year and will be evaluated in the 262@MERreport.

200 - Flow trial —Yallakool Creek Winter flow
Wakool zone 2
—\\akool zone 3
600 - = \Nakool zone 4

Discharge {(ML/d)

Date

Figure 46 Hydrographs of zones 1 Yallakool Creek, and zones 2, 3 and 4 in the WakombRieduly
2018 to 30 June 2019he blue shaded sections relate to the environmemtatering actions listed in
Table 4.1. Action 1: 800 ML/day flow trial, Action 2: 2019 winter watering action.
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Environmental watering action 1¢ 800 ML/d flow trialin YallakootWakool system

The initial plan for 20189 was for environmental water fohé 800 ML/d flow trial to be
delivered via the Yallakool Creek offtake and Wakool River offtake regulator. However, it was
not possible for WaterNSW to maintain the height of Stevens Weir to deliver the required
discharge through those regulators, so thektol escape from Mulwala canal was used from
4" to 17" September 20180 contribute to the watering action (Figure?7).

From a water accounting perspectiibe waterdeliveryreached amaximum of 870 ML/day on
13" Septembemwhen water delivered fronyallakool Creek offtake, the Wakool offtake
regulator and the Wakool Escape from Mulwala Canal waremedon each date

As the water was delivered from different regulators and had different travel timesfldies in
from the three offtakes translated tiess than 800ML/day in individual tributaries, and
discharge did noéxceed800 ML/dayat any location in the river systeffihe peak discharge in
different zones was as follows, as is describe in more detséldtion 9 of thigeport:

1 Thedischargepeaked a488 ML/day on 18 September in Yallakool Creek zone 1
(Figure 4.7), which is a lower peak than previous environmental water actions in spring
in this system (Watts et al 2015, 2016, 2Q18)

1 The combined discharge from the Wakool offtakgulata and the Wakool Escape
resulted in a peak of approximately 398L/dayat zone 2 site 4n 13" September
(Figure 4.7)This resulted in a considerably higher discharge in zone 2 compared to
previous operational flows in this zone (80 ML/d).The higheflows in zone 2 initiated
Ft26 Ay .t 01 523 /NBS1z GKIFIG SEAGa GKS
YR Ft2ga ONRraa (2 ,Ffftl{22ftTheNeBias i 2
observed to be flowing inundated on %t $eptember anan 17" September 2018 the
flow was continuing, but the water level was slightly lower.

1 In zone 3 at the confluence of Yallakool Creek and the Wakool River the peak was 696
ML/day on 17" Septembei(Figure 4.7). This peak flow was higher than had been
previously achieved at this site during an environmental watering action.

1 Inzone 4at the Wakool Barham Rdjaugethe peak was 652 ML/d ot®" September
(Figure 4.7)This peak flow wakigher than hadbeen previously achieved at this site
duringan environmental watering action.

The coefficient of variation of discharge during the environmental watering action was
considerably higher in zones 2 and 3 than under operational flows without the CEW (Table 4.4).

The Commonwealth environmental water delivered to the Yallak@akool system via the
Yallakool Offtake regulator, Wakool Offtake regulator and Wakool escape from MDaakl
increasedateral connectivity within the river systenT.here was considerabiariation in

wetted areaamong the study reaches (Figure 4.8), with some of this variability due to the local
geomorphology of the reaches. The Commonwealth environmental water increased the
wetted area by an average of 10.2%, ranging from an increas@%f i® zone 2 site3 and as

high as 30.3% in zone 2 site 4.
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Figure 47 Hydrographs of zones 1 Yallakool Creek, and zones 2, 3 and 4 in the WakadiobRiv&rJuly

2018 to 3d¢' June 2019The portion of the hydrographs coloured black is attributeth delivery of

Commonvealth Environmental WateiThe blue shaded sections relate to the environmental watering

actions listed in Table 4.1. 1: 800 ML/day flow trial and 2: 2019 winter watering action.
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Table 4.4Summary hydrological statistics fibre 800ML/d flow trial (watering action 1) in August and
September 2018 ifour hydrological zones in thedward/KoletyWakoolsystem.Statistics areshown for
each zone with and without Commaealth Environmental Water

Flow variable Yallakool Creek  Wakool R zae2 Wakool R zone 3 Wakool R zone 4
Without With  Without  With Without With  Without With
CEW CEW CEW CEW CEW CEW CEW CEW

22 Augto 25 Sep 4 Septo 16 Sep 26 Aug to 2%ep 31 Aug to 4 Oct

Qmin (ML/d) 192 348 33 119 190 359 187 364
Qmax(ML/d) 298 488 61 398 270 696 344 652
mean (GQean) (ML/d) 238 448 45 264 230 476 284 504
median (Qo) (ML/d) 238 460 42 262 233 430 293 487
Coefficientof variation 0.10 0.08 0.21 0.32 0.08 0.20 0.13 0.17
8,000,000 1
Ooperational WMCEW
7,000,000 A I I
6,000,000 H I .
T |
= 5,000,000 +
I l l l ]
2 n
@ 4,000,000 - |
E LI .
o 3,000,000 + ™
=
2,000,000 A
1,000,000 -
O T T T T T T T T T T T T T T T T T T 1
- I T R S B v R T - S+ T T - = I~ L~ B - S
S A dddddAdddgaaaFTETREILI

Figure4.8 Total wetted benthic area () modelled forl9 reaches in theedward/KoletyWakoolsystem
underoperational flove andCommonwealth environmental waterirggtion from 22 August to 25
September 2018. Total wetted area was calculated by adding the total area for each day of the watering
action. one 1 =Yallakool Creekzone 2 = upper Wakool Riveone 3 = Wakool Rév upstream of Thule
Creek andane 4 = Wakool River downstream of Thule Cr&&charge levels for operational and
environmental flows are in Figure 9.4.

4.6 Discussion

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

Watering action 1800 ML/day flow trigl increased the maximum discharigeall zones
compared tooperational flows From a water accounting perspective thater deliveryreached
amaximum of 870 ML/day on ¥3Septembemwhen water delivered fronYallakool Creek offtake,
the Wakool offtake regulator and the Wakool Escape from Mulwala Canalsuermedon each
date. As the water was delivered from different regulators and had different travel times, the
discharge did nogéxceed 800 ML/day at any location in the river systévatering action 1
reached anaximumdaily dischargef 488 ML/dayin YallakooCreek zone {15 September)
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which did not exceed the maximum operation discharge in that zéhe.combined discharge

from the escape and the Wakool offtake resulted in a peak of approximately 398 ML/day at zone
2 site 4(13 September)This was considerbhigher discharge in zone 2 compared to previous
operational flows in this zone (480 ML/d).Theflow peak was 696 ML/day in zongB7

Septemberhpt the confluence of Yallakool Creek and the Wakool Ritichexceeedthe
operatingmaximum daily discrgeof 600 ML/day in this zon&heflow peak wa$52 ML/d in

zone 4 at the WakoolBarham Rd gaugen 19 September

What did Commonwealth environmental water contribute to longitudinal hydrological
connectivity?

Watering action 1 (800 ML/day flotial) maintainedlongitudinalconnectivity in Yallakool
Creek andhe mid and lower Wakool River

Due to the delivery of environmental water from the Wakool escape from Mulwala canal, the

flows in the Wakool River (zor& were higher than originally phaed, initiating flow in Black

523 / NBS1Z GKFG SEAGAE GKS 21122t wABSNI ySI N w2
CFEEr1 22t /I NBS1 (2 W2 Fhigdatdple of indre§sed loAdithdiNal T 2y S ™ &
connectivily resulting from the flow trialvould provideincreasedopportunities for fsh

movement,dispersal oseeds and vegetation

What did Commonwealth environmental water contribute to lateral connectivity?

The800 ML/day flow trialncreasedateral connectivity within the river systenThere was
considerable variation in wetted areanong the study reaches, with some of this variability
due to the local geomorphology of the reaches. The Commonwealth environmental water
increased the wetted area by an average of 10.2%, ranging from @easecof 3.7% in zone 2
site3 and as high as 30.3% in zone 2 site 4.

Increasing the extent and duration @ftéral connectivitycan play an important role in river
productivity, increasing the opportunity 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 amphibious macrophytes which can increase habitat for ibvatis, 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 undertakem &ach study reach (Watts et al. 20186 800
ML/day watering action would haviacreased the hydraulic diversity in reaches receiving
environmental water compared to modelled operational flows.

Environmental watering actions that increase the hydraulic diversity create a higher diversity
in the velocities amongabitat patchesand enable the system to support a greater diversity of
aguatic taxa that have different flow requirements. For examgtene fishspeciegequire
slackwater and slowvater habitats, whereas other fish require faster flowing water to trigger
spawning andlispersepelagic eggésee section 8).
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4.7 Evaluation

Table 44 Summaryof Commonwealth environmental watering on hydrology and connectiiNfyA = 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?

Early spring watering action
(smallfresh) in Yallakool
Creekand mid and lower
Wakool Riverfrom 22
August2018to 25"
September 2018

To provide early season ris
in river level to contribute
to connectivity, water
quality, stimulate early
growth of instream aquatic
vegetation,pre-spawning
condition of native fish
and/or spawning in early
spawning native fish

Whatis the effect of Commonwealth
environmental vater on the hydrology
of the four zones in thEdward/Kolety
Wakoolsystem that were monitored
for the LTIMproject?

Increased the maximum discharg
in all zones compared to
operational flows.

Increased the coefficient of
variation of discharge in zones 2
and 3 compared to operational
flows.

The maximum daily operating
discharge in zones 3 and 4 was
exceeded; dischargespked at 696
ML/d in zone 3 and 652 ML/d in
zone 4.

What didCommonwealth
environmental vater contribute to
longitudinalhydrological connectivity’

Maintained longitudinal
connectivity in zones 2, 3,and 4
and Colligen Creek

Initiated flow in Black Dog Creek,
connecting the upper Wakool
River and Yallakool Creek.

What didCommonwealth
environmental vater contribute to
lateral connectivity

Increased the wetted area by an
average of 10.2%, ranging frcan
increase of 3.7% in zone 2 site3 {
30.3% in zone 2 site 4.

What did Commonwealth
environmental water contribute to
hydraulic diversity

Increased the hydraulic diversity
reaches receiving environmental
water compared to modelled

operationalflows.

Calculation of percent
contribution of CEW tg
total discharge in each
zone. Calculations of
minimum, maximum,
mean, median and
coefficient of variation
of discharge over the
period of the action
with andwithout
environmental water

Yes, howevethe
discharge did not exceeg
800 ML/day at angite
because the water was
delivered from different
regulators From a water
accounting perspective
the total discharge of
water delivery reached a
maximum of 87ML/day
on 13 SeptembeiThe
maximum daily dischargg
was 488 ML/dayn
Yallakool Creeil5
September)398 ML/day
at Wakool Riverone 2
site 4on 13 September,
696 ML/day inWakool
Riverzone 3(17
September) 652 ML/d in
Wakool Rivezone 4on
19 Septembe The
maximum dailyoperating
dischargeof 600 ML/day
was exceeddin zones 3
and 4
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5 WATER QUALITY AND G&R|

Key findings

Dissolved oxygen The 800 ML/day flow trial in 20189 did not result in any adverse
concentrations water quality outcomesThis action was deliberately timed for when
water temperatures would be low and hence the risk of creating low
DO conditions was reduceBOconcentrations remained normal for
the time of year.

Between 2014 and 201BOconcentration was consistently higher
during late summer and early autumn in zones 1, 3 ardbfes 1, 3
and 4received moreenvironmental water than zone. Zone Zeceived
minorto no amountenvironmental waterHigherthan usual flows in
zone 2 over the summesf 201819 demonstrated the potential to
reduce the period ovewhich this part of the Wakool ®erusually
experiences low DO concentrations during hot weather.

Nutrient The flow trial did not result in any adverse water quality outcomes.
concentrations Total Phophorus and Total Nitrogen were slightly elevated, likely du
to greater turbidity (particles suspended in the water column) but
bioavailable nutrient remained lovithe absence of overbank flows
meant that substantial nutrient inputs were not expected i thystem

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 | The 800 ML/day flow trial in 20189 did not result in any adverse
dissolved organic water quality outcomesThis action was deliberately timed for when
matter water temperatures would be low and hence the risk of creating low
DO conditions was reducebBissolved organic carbon waot elevated
outside the normal range.

5.1 Background

Water quality is a key indicator of aquatic ecosystem heailtldl flow plays an important role

in the maintenance of water quality in lowland rivers. Changes in flow in a river system can
influence water quality both positively and negatively with the outcome dependent on the
source of the watennagnitudeand duraton of the flow, time of the year and other

catchment conditions. High flow events can result in exchange of nutrients and carbon
between the river and the adjacent floodplain, and/or previously disconnectetiamnel

areas (Baldwin 1999; Baldwin and Nhiétl 2000;Robertsoret al. 2016) and environmental
flows play a key role in restoring carbon exchange that has been lost due to extensive river
regulation and modification of chaehand bank features (Baldwat al. 2016)

A range of parameters can be asured as indicators of water quality in river systems and
many of these parameters are directly or indirectly influenced by alterations in flow. For
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example dissolved oxygerDO) can be influenced by flohrough changes in water volume
andturbulence and through indirect processesuch as alterations in rates of bacterial
metabolism and photosynthesis. This, in turn, will directly influence the suitability of the water
quality for aquatic organisms, such as fish. Nutrients and organic matter conceng atiay

be influenced by flow, either by dilution or through inputs associated with water contacting
parts of the channel or floodplain which were previously dry and which have stores of
nutrients and carbon in both plant materials and the soil (Baldw®918aldwin and Mitchell
2000).

Australian riverine ecosystems can be heavily reliant on both algal and terrestrial dissolved
organic matter for microbial productivity and can be limited by dissolved organimn
concentrations (Hadweat al. 2010). Aqu#c environments naturally have quite variable
dissolved organic matter concentrations and there are no optimal concentrations or trigger
values provided for organic matter (ANZECC 2000).

This chapter reports on changes in water quality in response tasffosm 1 July 2018 to 30
June 2019 and will consider changes in both the quantity and type of organic matter present in
the systemSpecifically, this work will be addressing the questionsection 5.3

The Commonwealth Environmental Water Office (CEWWSD)y Term Intervention Monitoring
(LTIM) Project concluded in June 2019 after 5 yédrsreforethis report also brings the 5
years of water quality data together keeping in mind that this period has included both
drought and flooding eventhat haveinfluenced water quality in addition to the availability of
Commonwealth environmental water.

5.2 Environmental watering actionstargetingwater quality outcomes

Two Commonwealth environmental watering actions were delivered irEth@ard/Kolety
Wakoolsystem in 2018019 (Table 5.1) to contribute to water quality. This report will
consider water quality data up to April 2019. Water quality associated with the 2019 winter
flow (commencing in May 2019) will be reported in the 2020 MER report.

Table5.1 Commonwealth environmental watering actions in 3aI0 in the Edward Wakool River
systemthat had objectives targeting water quality.

Watering action  Type of Dates Rivers
action
Spring fresh small fresh 22 Aug to 25 YallakooCreek midand lowerWakoolRiver
Sep 2018
2019 winter flow base flow Commenced YallakooCreek upper,mid and lowerWakool
16 May 2019 River, Colligen Creekliemur River
(Ongoing)
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5.3 Selected Area evaluationugestions

As described above, the relationship between flamd water quality is complex and can be
influenced by how changes in flow influence wetted benthic area, water depth, rate of flow
and connectivity to the floodplain. Water quality parameters may be affected in different
ways due to the direct effects ahanges in flow, or due to intections between the
parameterslin order to obtain an understanding of the impact of environmental water
deliveries to theEdward/KoletyWakoolRiversystem on the water quality in the Wakool River
and Yallakool Creetwe monitor a number of parameterat each site through a combination
of continuous logging, spot readings on site and sample collection for laboratory analysis.
Water quality will generally respond very rapidly to changes in flow but trends may also
develop oer a longer period, so the questions below are considered o gdar basis.

In 2018-19 the key questions relating to the CEW actions were:
T What did Commonwealth environmental water contributédt®concentrations?
1 What did Commonwealth environmental tea contribute to nutrient concentrations?

1 What did Commonwealth environmental water contribute to modification of the type
and amount of dissolved organic matter through reconnection with previously dry or
disconnected ithannel habitat?

1 What didCommonwealth environmental water contribute to temperature regimes?

The remaining question was not addressed as these conditions were not present in the system:

1 What did Commonwealth environmental water contribute to reducing the impact of
blackwater in tle systerf?

5.4 Methods

Water temperature anddDOwere 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 survey. siight and depth loggers
were also dployed and data were downloaded on a monthly basis. The data collected by the
loggers was used to calculate daily average temperatureDd@doncentrations for each of the
riversfrom 1 July2018 to 30April 2019.

FromJuly 20180 April 2019 water qualiy parameters (temperature (°C), electrical
conductivity (mS/cm)DO(%), pH, and turbidity (NTU)) were measured as spot recordings
fortnightly at two sites within each river reachnd from Stevens Weir on the Edward River
and the Mulwala CanaWater sampes were collected once per monttom two sites within
each zoneand fromStevens Weir on the Edward Rivand te Mulwala Canal

Water samples were processed according to the methods detailed in Watts et alaj2014
measure:
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9 Dissolved Organic Canb¢DOC)

1 Nutrients (Ammoniun{NH"), filtered reactive phosphorus (FRP), dissolved nitrate +
nitrite (NOXx), Total Nitrogen (TN) and Total Phosphorus (TP))

1 Absorbance and fluorescence spectroscopy for organic matter characterisation.

Water samples were filtered through a Gréh poresized 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 sample sent to CSU
Wagga Wagga and analysed within § d&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 dmwarBance is

a measure of light absorbed by 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 Eclipsesjusctsmeter scanning both
emission and excitation wavelengths to give an excitaéiorission 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 vas 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 thénstrument zero position, each
contour plot was scaled by subtracting the average emission intensity across the range 200
210 nm for an excitation of 250 nm from all fluorescence intensigiffsctively setting this

region of the contour plot to zero aall plots.

An example of a fluorescencertour plot is shown in Figure 5.The contour plots have the
excitation wavelength (light shone into the sample) on tkexis. On the saxis is the emission
wavelength (light given off by the sample). The intgnsf the fluorescence (how much light is
given off, corrected for absorbance by the sample) is represented 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 artefescof the technique and will be present in all samplazy

data is found between these two lines.
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Figure 51 Sample excitation emission contour plot indicating key features of the data. (Watts et a). 2013

The monitoring results were assessed 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 triggezllor falls

outside of the acceptable range, the guidelines are written with the intention that further
Ay@SaidtAaardizy 2F (KS SOz2aeadSY A& WINARIISNBRQ i
causing ecological harm. Systems may vary in their sehsttiwarious parameters and

therefore 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 igpiglidelines do not provide trigger levels for total

organic carbon and dissolved organic carbon, and this reflects the expectation that there

gAft 06S fINBS QGFINARFGAZ2Y Ay GKS Wy2NXIfQ 02y 0SSyl
and also in the chmical and biological reactivity of the mixture of organic compounds

making up the DOC and TOC at a particular site. Given the variableumakerganic

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.

5.5 Results
Temperature and dissolved oxygen

The data collected by the loggers was used to calculate daily average tempeesults and
DOconcentrations (Figurg.2) for each site of the rivers from June 2018 to April 2019. Water
temperature was very consistent across all sites with water temperatures exceeding 25 °C
briefly during the summer and staying below 10 °C for sewezaks during winte2018 The
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results indicate that water temperature is influenced predominantly by seasonal rather than
site-specific factors. There wam discernible effect of Commonwealth environmental
watering action on water temperature, with altes displaying the same seasonal variation
and influence of weather patternhis was consistent with the trend observed in previous
years.

The plot of &erage dailyDOconcentrations in eachydrologicalzone(Figure5.2) showsthe
expected seasonal viations with higher concentrations in the winter and lower
concentrations correlating to the perisf higher water temperature.

Yallakool Creek (zone 1) and the Wakool River in zones 3 and 4 (all receiving base flows and
small freshes of ithannel Commnwealth environmental watenvere similar to each other
throughout most of the study period, with slightly more variability observed dulangary

and FebruaryThe Wakool River in zone 2 (shown in orage) slightly lower DO than the

other sitesthroughout the study period, which is common for this realthall casea decline

in DOwasobserved during the hotter months, as expected with the increased water
temperature (which decreases oxygen solubiithd increases the rate of many microbial
processeks

The difference irDbOconcentration between zones doest reflect water temperature
differences and likely reflects differences in input of oxygenated water from upstream and
different rates of reaeration and oxygen consumption associated \flitkv. Concentrations of
DO in the Wakool Riveone 2 briefly dropped into the range of concern to fish populations
(below 4 mg/L) during mid to late Janu&®19 While thisreachregularlyhasdaily minimum
concentrationghat drop briefly below 4 mg/L btween November and Februanyo values
below 2 mg/L were recorded. It is common for DO to be loweoire 2 Site 4 than the other
study sites during summevhen dischargés much lower at thiseach The difference
betweenzone 2and the other study zorewadessin 201819 than was commonly observed
in other years (Figure 5.3) and the period where DO was close to 4 mg/L was shorter, likely due
to the higherdischargdn this zone tharin previous yearsTypically flow is extremely low in
this zone ovethe summer, and while Commonwealth environmental water was not the
source of the additional flow in the 2018 summer, the higher than usual flow conditions
demonstrate that there is potential to use Commonwealth environmental water to improve
water qualty in this part of the system in the future.
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Figure 52 Daily average temperature results and daily aver®§&concentrations in fouhydrological
zonesof the Edward/KoletyWakoolRiver systenin the 201819 watering year.
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Spot water quality parameters

Spot waterquality parameters (electrical conductivifigC) turbidity and pH) remained stable
and within the normal range for thiystem throughout the study period and were very similar
to results fromthe 201415 and 20172018 sampling years (Figused).

The EC values at all sites were well below the ANZECC (2000) trigger levels on all sampling
dates.The increase in EC values sometimes observdteinpper Wakool Riverone 2 during
autumn was not observenh the 201819 water yeaand the relatively stable water levels

during this period may have reduced the impact or amount of groundwsgeping ito the
system which wahypothesisedo be the source of this increase in some yearslightly

higher EC value was recorded in sp203.8 when flow in zon@ was recommencing and

water levels were low.

Turbidity measurements were generally above théZ&CC (2000) trigger level but within the
range commonly observed the 2014-15 and 20172018 sampling years

Most pH valuesvere within the acceptable range throughout thearand values were very
similar between sitesThe greater range of pH resuttbserved towards the end of theater
yearmay reflect declining instrument penfmance and are not of concern.

Nutrients

Total Nitrogen(TN)concentrationsduring 201819 were similar to the concentrations

recorded in previous yeargjith the exception othe periods of thecyanobacteria bloonmn

201516 and theunregulated overbank floodinig 201617 (Figure 5.5)n 201516 an increase

in TN was observed following the onset of bloom conditions because the dominant species of
cyanobacterigChrysosporunovalisporum can fix nitrogen from the atmosphere. The 201’6

flood also resulted in a considerable increase in TN above the baseline concentrations, but not
as high as during the cyanobacteria blodboring 201819 Yallakool Creek zone 1 had its
highestTN in July 2018 and the TN pulse in the Wakool River zones 2, 3 and 4 occurred in
August 2018 and then reduced. After the watering action, TN concentrations fluctuated above
and below the ANZECC trigger value of 0.5 mg/L. There was generally lower catiaentn
Yallakool Creek zone 1 than in Wakool River zones 2, 3 and 4, suggesting a slight increase in TN
as the water progresses through the system.

TheNQ forms of boavailablenitrogenremained below the trigger levels andhgsimilar to
previousobservationaunder normal conditionsThe high ammonia values in the Wakool River
system on two occasions were only in zone 4 and could possibly be due to ammonia
introduced from a disturbance upstream or disturbance of the sediments while sampling.

Therewere some small water pulses at the end of the water year, and both TN and TP were
increased in zone 4 during that period which might have been associated with higher turbidity
(suspended particles keeping adsorbed nutrients in the water column).

Bioavaildle phosphorusemained at the very low concentrations normally seen in this system
in the absence ofxtensive overbank flooding (Figure 5.6). Total phosphdiiB)yroutinely
exceeds the ANZECC (2000) trigger level but remained within the normal ramyeesbis
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this systemwith the exceptiorbeing the period®f algalbloom andhypoxicblackwater water.
The dominant species af/anobacterigChrysosporum ovalisporyns known to be an

efficient scavenger of phosphorus, and TP was observed to incregisitysin the water

column during the algal bloom in 201%. The largest input of phosphorus, especially the
bioavailable form FRP, into the system occurred during the flood in-201Bhe pattern
observed for TP was similar to TN. Yallakool Creek zbad its highest TP in July 2018 and
the higher input of TP in the Wakool River zones 2, 3 and 4 occurred in August and then
reduced. The TP pulse in the Wakool River zones 2, 3 and 4 was possibly caustcehynin
processes during the watering action lésg particles suspended. TP concentrations generally
increased downstream zone 1 <zone 3 <zone 4. Zone 2 had higher concentrations over the
watering action period and after the watering action the TP concentrations dropped (Figure
5.6). This is consistentith the pattern in TN.

Dissolved organic carbon and organic matter characterisation

In 201819 dissolved organic carbon (DOC) concentrations remained in the range of
concentrations normally observed in this system in the absence of overbank flows ssieece
algal growth (Figure 5)7The overbank flood in 20167 introduced considerable quantities of
DOC into the river system, resulting in concentrations well above those measured during the
algal bloom in 20146.

During 201819 DOC did not enter the rege previously associated with hypoxic blackwater
although a pulse of dark coloured water was observed in the system in late January (See
images ofone 2, Figure 5.8 his corresponds with a slight increase in DOC concentrations

but these remainedvithin the normal rangeThe timing of this pulse corresponds with the

lowest DO concentrations observed over the water year, although these were within the range
normally measured at that time of year (Figure 5IR)s noted that the upstream site in¢h
Yallakool Creefzone 3 has lower DOC than the downstream site in this zone, however the
results remain within the scatter of concentrations observed for the o8@npling sitesThis

likely indicates that the pulse was of very brief duration and Heshdy begun to clear from

the top of the system at the time of samplirfgmall inpus of DOC to the river can help with
supporting microbial productivitwhich become available food for aquatic organisms such as
fish. Increased algal growth over the sumnveas insufficient to produce a substantial increase

in the dissolved fraction of the organic matter in these river systéinse that DOC increases

in zones do not all occur at the same time. This suggests there may be local sources of DOC at
times duringthis study period, possibly due to water that was in backwaters or on low lying
benches during the higher summer flows draining back into the river system.
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-

Figure 5.8Dark water passing througthe upper Wakool Riverone 2 Site 2 andone 2 Site 5 on
31/1/2019

Organic mater characterisation- Absorbance

Absorbance scans (Figure 5.9) indicate that throughout most d2@1&19 water yeathe

mixture of organic compounds making up the DOC was fairly consistent across sites with no
clear upstream/downstream trends in variation between the scam&eptembe 2018during

the flow trial all sites were extremely similar to the source water. In Noven20d8the upper
WakoolRiver pne 2 most closely resembled the organic matter profile of the candlthe

other zoneswere more similar to the Edward River, atigh the differences were minimal.
Over the summer slightly more variation between sites was observed particularly for zones 2,
3 and 4. In January the absorbance scans show the elevated organic matter in both zones 2
and 4, with the downstream site in me 3 also more similar in profile to these sites than zone
1 and the upstream site in zone 3. In February the downstream sites in zone 2 and 3 group
with the zone 4 sites while the other sites all group with the source water but by March
absorbance has deegased and all sites are similar.

Organic matter characterisation Fluorescence

Fluorescence excitatieemission matrices for water samples at all sites through the sampling
period (Figure 5.10) indicate that the organic matter mix was similar acrosszross the
201819 water year. In September 2018 the higher discharge during the flow trial did not
result in a change in water quality.

Variation among zones was evident in January 2019, espeftintpnes 2, 3 and 4. This is
consistent with the obarvations for other water quality parameters. Comparison between the
zone 2 site 4 (downstream) site and the zone 3 site 5 and zone 4 sites suggest that there are
differences in the organic matter mixture at these sites. In zone 2, where the dark water was
observedthe fluorescence is present as a number of broad peaks distributed across the region
between the two blue scatter lines. This is suggestive of a mixture of humic and fulvic
substances and smaller fluorescent molecules, possibly a combinatamedforganic matter

and very fresh leachates or algal organic matter. Zone 3 has a similar distribution of peaks, but
is stronger at the downstream site. Zone 4 has fluorescence more heavily dominated by aged
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organic matter, possibly suggesting floodplanganic matter inputs (e.geconnection of a
billabong or low lying floodplain). Fluorescence gradually decreases from late summer through

to autumn2019 (Figure 5.10)
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Figure5.10 Fluorescence scans of water samples from LTIM sites in2®%8idy season.
Broader system observations

Additionalwater quality data is available for the broadedward/KoletyWakoolsystem

through the WaterNSW hydrographic stations. T logger in the Niemur River on the

Barham Moulamein Rshows thatDOdeclined to below 5 mg/L during a period of very high

temperature in late January 2019, and this trend reversed as water temperatures cooled with

a change in the weather conditionsdiie 5.11). A logger at the Niemur Mallan School gauge
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shows a similar DO/temperature relationst{figure 5.12)although the DO concentrations

were not quite as low at this downstream saés at the gauge in thRiemur Riveat Barham
Moulamein RdCorresponding DOC data is not available to match with these DO observations,
however an additional fluorescence sample collected in the Niemur in late January indicates
that DOC was within the range found at the other sampling sites (data not shown).
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Figure 511 Dissolved oxygen concentratigmg/L) and temperature(°C)in the Niemur Rigr at the
Barham Moulamein Rd éDa: Water NSW).

35 12
30 A
- 10

25 -
Q
o i
o 20 %l)
3
g -
(7} @)
o 15 1
£ o
Q
-

10 4

-6

5 -

0 T T T a5 e T T L T T T T v T T T T T T T 4

1/7/18 1/9/18 11118 1/1/19 1/3/119 1/5119

Date

Figure 512 Dissolved oxygen concentratigmg/L)and temperature(°C)in the Niemur River at Ellan
School (data: WatekSW).
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During the summer Thule Creek was not flowing apériod of high temperature reswédin a
decline in DO in the pooled watéfigure 5.13)but from a relatively high starting point
suggesting the presence of an algal bloom in the still waterd&Dned to below 4 mg/L in
this part of the system in autum2019
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Figure5.13 Dissolved oxygen concentratigmg/L)and temperature(°C)in Thule CreekData: NSW DPI,
Waterinfo.gov.ai

5.6 Discussion

Shortterm evaluation questions

Overall the water quality in thedward/KoletyWakoolSelected Area during the 201®
water year was characterised by normal conditions (similar to 2(8l4nd 201718) following
two extreme events (the 20156 cyanobacteria bloom and the 2016 hypoxidlackwater
event).Returning to the questions associated with the impact of the 800 ML/day flow trial
environmental watering action on thedward/KoletywWakoolsystem, it is clear that the
impact on water quality parameters of this action was variableiarmdost cases very small.

In 2018-19 the key questions relating to the CEW actions were:
T What did Commonwealth environmental water contributéd®concentrations?

The 800 ML/day flow trial watering actimommenced fromAugust toSeptember 2018
Yallak@l Creekand themid- and lower Wakool Rivebissolved oxygeim all zones was
well within the normal range throughout this flow, as was anticipated with a flow of this
size during cooler month§heDOconcentratons in the Wakool River zoneare slightly
lower than the concentrations at all other study sites throughout fibev trial watering
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action, however this is commonly observed in this zofkis difference persisted beyond
the end of the watering actianthe DOconcentration was consistenthigher during late
summer and early autumn in zones 1, 3 arttiah in zone 2. Télowflow (less discharge)
conditions in zone 2 result in lower DO concentratidmawever this was less prolonged
than in previous yeard.he generallyower flow inzone2 means the risk of temperature
induced hypoxia during heatwaves is greater in this pathefsystem.This finding
corresponds to the notably higher rates of ER in this zeae §ection § which results in
DO drawdownespecially overnighs discussiin section 6, e higher rates oERIn
Zone 2 are not driven by highBXOC concentrationdut are influenced instead by the
shallower water depthandrespirationon and withinthe organic carbon rich surface
sediments

1 What did CommonwealtBnvironmental water contribute to nutrient concentrations?

Nutrient concentrations remained within the expected range throughout the
Edward/KoletyWakoolRiver system during the 201D water year. The absence of
overbank flows meant that substantial nwdrit inputs were not expected in the system,
although a general downstream increase in TN and TP were observed in the zones which
received theBO0O ML/day flow trial watering action. The Yallakool Creek zone 1 had its
highest TN and TP in July 2018 and tiglér concentration of TN and TP in the Wakool
River zones 2, 3 and 4 occurred in August 2018 and then reduced. The TN and TP pulses in
zones 2, 3 and 4 were possibly caused by higher turbidity asldam processes during

the watering actionTN and TRvere generally higher in the Wakool River zone 2 during

the 800 ML/day flow trial, suggesting either dilution of these nutrients by Commonwealth
environmental water at the other study zones, or that conditions in zone 2 favoured the
retention of nutrientsassociated with organic matter or particulates (e.g. algal cells)

within the water column. Bioavailable nutrients were similar across study sites and do not
appear to have been influenced by Commonwealth environmental water.

1 What did Commonwealth envirorantal water contribute to modification of the type and
amount of dissolved organic matter through reconnection with previously dry or
disconnected wthannel habitat?

There was no detectable effect of environmental watering actions on this indicator in
2018-19. The type and amount of DOC in the system was similar to preyganswhere
blackwater and major algal blooms were not presénis noted thatthe downstream site
in the Wakool River zone 2 hddgherDOGhetween July and August 2018.

1 What did Cormonwealth environmental water contribute to temperature regimes?

Commonwealth environmental water was not observed to affect temperature regimes
within the system, with all study zones having very similar water temperatures. Water
temperatures in the systa were primarily controlled by the prevailing weather
conditions.No specific flow targeted was designed to change water temperature,
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although the timing of some watering actions was heavily influenced by the need to
target paticular water temperatures,dr exampleto avoid periods of high temperature
which can reduce oxygen concentrations, particularly if organic carbon is mobilised by a
higher flow pulseWinter watering actions were designed to examine responses during
the cooler part of the yeailn 2018-19 the water temperatures in th&dward/Kolety
WakoolRiver systemwvere similar across sites and this trend has 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 walld not be expected.

The remaining question was not addressed as these conditions were nonpirghe system
becausehe conditions required to generate blackwater were not present in the
Edward/KoletyWakoolRiver system during thisater year

1 What dd Commonwealth environmental water contribute to reducing the impact of
blackwater in the system?

Longterm evaluation

The types of water quality parameters monitored in this study tend to respond very quickly to
changes in flow and theéelivery ofCommonwealth avironmentalwater. As a result, there are
no specificlongterm evaluation questions for water quality. However, we can consider the
general trends in water quality and the use of Commonweatttironmental water over the
study period.

Consilering the range of flows observed over the five years of this project, it is evident that
input of nutrient and organic matter relies on the larger overbank flows (in this period these
were unregulated flows) and that the smallerahannel pulses do ndtave a lot of impact on
water quality. An exception to this is that increasing flows within channel in the summer may
be used to address short term DO declines during heatwave conditions. The increased
operational flows in zone 2 during the summer of 2BBdemonstrates that the use of
environmental water in this zone has the potential to decrease the period oDiow

commonly observed in this part of the system during summer.

Commonwealtrenvironmental water has been used to create small areas of refugeg
large-scale adverse water quality events, but the scale of the events and the amount of
environmental water available means that it is not possible to prevent or fully mediate poor
water quality events throughout the system. Delivery of environmewater through either

the river network or via irrigation infrastructure provides a critical ability to add water of
differing water quality to the system, depending on the water quality conditions within each
source and the needs of the broader systenthat time. Coordinated delivery of
environmental water through other parts of the system (e.g. Millewa Forest or
Koondrook/Perricoota Forest) has the potential to introduce DOC and nutrients into the
Edward Wakool system and boost in productivity, provittezte is appropriate dilution
capacity within the river system and the timing of such flows is carefully managed.
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Links to other indicators

Water quality and river flows are fundamentally link&¥dater quality can be positively and
negatively influencedby river flows and this can directly or indirectly influeqeeductivity,
aguatic vegetatiorand aquatic organisms including fish

Inputs of DOC intaver systems fromraall flow pulsesan be beneficial for the river
ecosystem. For example, a springghedelivered between August and September 2018
contributed snall inputs of DOC that would help suppanicrobial productivityand in turn
provide food for higher aquatic organisms such as filggh flow events can result in exchange
of large amounts ofutrients and carbon between the By and the adjacent floodplain
(Baldwin 1999; Baldwin and Mitchell 20@bertsoret al. 2016 andcanhave positive or
negative outcomes. Under certain temperature and flow conditions the input of DOC from
large scalevents can have the positive outcome of increagimgductivity in the river
ecosystem. Large scale events also have the potential to result in negative outcomes. For
examplean extensivainregulatedoverbank flooding event in 2016 inundated the
Edward/Kdety-Wakool floodplair(including forested areas, cropping and grazing land and
urban areas) and introduced considerable quantities of DOC into the river system, causing a
widespread hypoxiblackwater event that resulteth the death ofnative fish.

Theturbidity of the water undedifferent types of flowsanalso influencehe river
ecosystemLight penetration into the water columisinhibited byhigh concentration ofine
suspended particulate matter, whichill decrease the PAR available for photasysis by

benthic algaeaquatic plantsand toa lesser extenphytoplankton thus influencinghe
productivityand biodiversityof the river system. In the Edward/Koleywakoolsystem

turbidity levelsrange between 46800 NTU with highest levels dlrbidity observed during

the cyanobacteria bloom in 20185 and during higher unregulated flowss noted in section

6, there can be increased productivity under a range of different flow actions, and this will be
influenced by the turbidity of the water.
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5.7 Evaluation

Table 52 Summary of water quality responses to Commonwealth environmental watering

Water Quality

CEWO Water planning and delivery Monitoring and Evaluation questions and outcomes
Flow component type Expected outcomes LTIM Question Observed outcomes What information Were appropriate flows
andtarget/planned of watering action was the evaluation provided to achieve the expecteq
magnitude, duration, based on? outcome?
timing and/or
inundation extent
Earlyspring To contribute to  Did Commonwealth environmental DOconcentrations werdiigher in  Logged DO yes
watering action connectivity, water contribute toDO zone 2 than in previous year concentrations
(small fresh) in water quality, concentrations?
Yallakool Creek anc stimulating
mid- and lower growth of in Did Commonwealth environmental No effect detected Monthly water Larger flows are required to
Wakool River 2% stream aquatic water contribute to nutrient samples impact nutrient
August to 28 vegetation, pre concentrations? concentrations but this was
September 2018 spawning not a key outcome for this
condition of flow.
nativefish, Did Commonwealth environmental No effect detected Logged Not an objective of this flow
spawning in early water contribute to temperature temperature data
spawning native  regimes?
fish Did Commonwealth environmental No effect detected Monthly water Larger flows are required to
water contribute to modification of samples analyzed impact this parameter.
the type or amount of dissolved for DOC,
organic matter? fluorescence and
absorbance
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6 STREAM METABOLISM

Key findings

S:gdsjczgr:(%rép) The 800 ML/day watering action hag a bgqeficial effect on the totg

amount ofLINRA YI NE LINB RdzOUA2Y 0O0Y2NEB
environmental water increased organic carbon production in zones
to 4 by 36%, 134%, 71% and 38% compared to operational flows.
calculating rates of primary production that would have occurred a
lower flows we estimate CEW added an additional 7.27 tonnes of
organic carbon to the 13.9 tonnes generated by GPP without the (
an overall increase of 52%. This translates to a significant increas
energy available to support aquatic foodwebs.

Acros all watering actions from 2014 to 2018etsize of the
beneficial impact was largely related to the proportion of total flow
that came from the watering actiorather than the source of water
Carbon production was enhanced by between 0% and 330% beer
ten watering actions assessed between 2014 and 2@1t& a sum
over all zones and watering actions of 52% more carbon producec
compared to no Commonwealth enviroremtal waterbeing
delivered. This is an important outcome given that competition for
food resources can be a significant factor limiting the growth and
survival of fish and other aquatic animals.

Ecosystem

e e As with GPRhe 800 ML/day watering actioalmost uniformly

decrease the rates ofERwhen expressed as mg//Day, simply
through dilution.Howeverwhen ERvascalculated as the amount of
organic carbon consumed per désg C/day)then watering actions
have a beneficial effect, with significant differences between sites.
Increased flows from Commonwealth eronmental water, resulted
in increases in the amount (load) of organic carbon consyimecce
enhanced nutrient recyclingh higher amount of organic carbon
consumed means more nutrient recycling and hence greater nutrie
supply to fuel GPP. Abrstage i the watering actiorcreate so much
respiration thatDOdropped below safe values for aquatic biota.

6.1 Background

Whole stream metabolism measures the production and consumptidQgdas, which occurs
as a result of thé&ey ecological processes of photosynthesis and respiration (Odum 1956).
Healthy aquatic ecosystems need both processes to generate new bipntass becomes

food for organisms higher up the food chaamd to break down plant and animal detritaad

to recycle nutrients to enable growth to occur. Hence metabolism assesses the energy base
underpinning aquatifood welbs. The relationships between these processessamvn in
Figure6.1
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Figure 61 Relationships between photosynthesis, respiration, organic matter, dissolved gases and
nutrients

Metabolism is expressed as the incrediseugh photosynthesis or decreashrough

respiration of DO concentration over a given time frame; most commonlyeegpd ashe
change in milligrams @Oper litre per day (mg gL/Day). Typical rates of primary production
and ERrange over two orders of magnitude, from around 0.2 to 20 reg/Day with most
measurements falling betwee2;20 mg Q/L/Day (Bernot et al2010; 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 amphibianRatesare expected to vary on a seasonal 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 usuallkesult in higher rates dER(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 peetration, killing other submerged plants, produce algal toxins and large
diel DO swingsovernight elevated respiration rates can decrease DO to the point of anoxia
(no DQin the water). When an algal bloom collapses, the large biomass of labile organic
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

aquatic ecosystem. Streamsth higher concentrations of nutrients especially those with very

open canopieshence a lot of sunlight access to the wateill have much higher natural rates

of primary production than forested streams, where rates might be extremely low due to

heavyshading and low concentrations. Habitat availability, climate and many other factors

also influence food web structure and function. Uehlinger (2000) demonstrated that freshes

GAGK adzZFFAOASYG aiGNBFY LIR2gSN G2 OvenzloBratasO?2 dzNR y 3
which are then maintained until biomass of primary producers-sstablished These

scouring freshes are normally found in high gradient streams and are considered unlikely to

occur in lowland streams such as those in Huward/KoletyWakool system.

This chapter reports on stream metabolism in responsiowsin the 201819 water yeamand
will consider changes iBPPand ERin the system.
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6.2 Environmental watering actionsin 2018-19

Two commonwealth environmental watering actions were delivered inBtievard/Kolety
Wakoolsystem in 20189 (section 2)The response of stream metabolism to the first of these
watering actionsn the WakoolYallakool syster(irable 6.1) was evaluated. Teecond action
(planned watering action #8pmmenced after logger removal in April 2019 and hence was
not monitoredduring 201819.

Table 6.1Commonwealth environmental watering actions in 2a18in the Edward Wakool River
system. The winter flow actiocontinued into the 20120 water year and will be evaluated in the 2019
20 annual report.

Watering action Action Dates Rivers
1 Spring fresh small fresh 22 August to 25  Yallakool Creek, miédnd lower Wakool
September 2018  River, ColligeANiemur River
5 2019 winter flow base flow Commenced 16 Yallakool Creek, upper, midnd lower
May 2019 Wakool River, ColligeiNiemur River
(Ongoing)

6.3 Selected Aea questions

Evaluation of the response of stream metabolism to Commonwealth environmental watering
is being undertaken in thEdward/KoletyWakoolRiver system at the i) Selected Area scale
(Watts et al. 2014), and ii) Basin scale (Hale et al. 20T4)e Basin Scaaluation involves

the integration of multiple datasets fromraumber ofdifferent catchments and is evaluated in

a separate report. ThEdward/KoletyWakoolSelected Area reports are evaluating shieitm

and longer term responses of stream metabolisnCmmmonwealth environmentavater

delivery, as per the evaluation questibelow. This question arises from the importance of

new organic (plant) matter, created through photosynthesis, supplying essential energy to the
food weband the critical role of repiration in breaking down organic detritus and therefore
resupplying nutrients to enable such growth to occur.

Q:How does the timing and magnitude of Commonwealth environmental water delivery affect
rates ofGPRPand ERin the EdwardWakool River systerhoth at the short term and longer
term scale8

The following hypotheses were developed, partially based on previous work in the Yallakool
Creekg Wakool Rivesystem (Watts et al. 20D}, to directlyinvestigate this evaluation
question
1 Under extended cease to flow conditionssefveral weeks or morehe responses 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
excess/e phytoplankton growth
1 Under normal base flow, rates of GPP and ER will be constrained to thedderate
range, typically 8 mg Q/L/Day.
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1 With in-stream freshes, ratesf GPP and ER will increase slightly-®r8g Q/L/Day.
Larger increases wilccur if significant backwater areas are reconnected to the main
channel due to enhanced nutrient delivefhe larger flows did not occur in 2041® so
this aspect is not evaluated in this report.

1 Inundation and reconnection of backwater areas to the n@iannel during high flows
will result in elevated rates of GPP and ER (not evaluated in 2918

9  Primary production in th&dward/KoletyWakoolsystem will be limited by low
phosphorus concentrations.

As well as measuring the rates of photosynthesis rasgiration (expressed in terms of the
amount of carbon fixed or respired per litre of water) it is also important to consider how the
total amount of carbon fixation and respiration vary, which is influenced by both the rates of
fixation and respirationdgether with the total volume of flow. In general, as flows increase (as
occurs through environmental watering actions), rates of carbon transformation tend to
decrease per unit volume of water, but at an ecosystem level these reduced rates can be more
than offset by the increase in discharge.

In addition to evaluating these hypotheses, we have exathiates of primary production at a
whole of system level, by using the rates estimated from the field measuremeb® of
dynamics to quantify the total amourf carbon being produced each day. We have also
extended these calculations to derive estimates of production likely to have occumréte
absence of Commonwealtmeironmentalwatering actions.

6.4 Methods

Data collection

The stream metabolisimeasurements were performed in accordance with the 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 foranalysing the 20146 metabolism data and all 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 esahgdata

point to integrated (whole data set) fitting and progression using modelled data.

Water temperature anddDOwere logged every ten minutegith at least one logger placed in
each of the foustudy zones; in zones 1, 3 and 4, loggers were placéabatpstream and
downstream end of these zoneBata were downloaded and loggers calibrated approximately
once per monthand more frequently (often fortnightly) during summer time to avoid
problems found in previous years with probe biofouling. Downlogdilso depended upon
depending on access, as described beloght and depth loggers were also deployed and data
were downloaded on a approximatelynonthly basisThe data collected by the loggers was
also used to calculate daily average temperature B@toncentrations (see Section foy

each of the zoned~orzones 3 and 4, logger deployment wiaem May 2018 (to complete a

full winter data set encompassing June to August 201&)itbApril2019.Forzones 1 and 2,
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the intention was to sample from mhJuly 2018, but some problems with logger retrieval at

the end of Year 4 and an accidental failure to restart the logger recording meant that for these
two zones, data was collected from rddigust 2018 onwards. Logger deployment periods are
summarisedelow in Table 6.2.

In accord with the LTIM Standard Protocoster quality parameters (temperaturéQ),
electricalconductivity (mS/cm)DO(%), pH, and turbidity (NTU)) were also measured as spot
recordings fortnightly at two sites within eaebne (andone inzone 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 Wosdshdipen

refined at the equivalent meeting in JB916 These criteria were that the fitted model for a

day must have both arf value of at least 0.9anda 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 which stipulated the model fit parameter PPfit must be in the range 0.1 to 0.9.
Values of PPfit outside this range indicated that the best fit to @ avas still an implausible
model.

Many data in this report are presented as boxpltitat provide 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 withithe box marks the median, and the boundary of the box farthest
from zero indicates the 75th percentil€he whiskers above and below the box indicate the

90th and 10th percentiles. Values beyond this, called far outside values or quhersiotted

as sngle circles.

The mass of oxygen produced per day was calculated by multiplying the GPP or ER in mg
O.J/L/Day by the number ditres discharged that day. Conversion to organic carbon involves a
factor of 12/32 (ratio of atomic mass of C and molecular naé$3). This factor does not

include any physiological efficiency factor for converting oxygen to organic carbon which
typically is in the range 0-8. Given the exploratory use of this metric and the inherent
uncertainty in both discharge and daily metdism, concern over the exact value used for
conversion efficiency at this stage is unwarranted.

Modelling rates of GPP with and without CEW

To assess productivity outcomes under different watering scenarios we developed predictive
models relating rates d6PRalso referred to as productivity) to discharge, light and
temperature. Overall, the model suggests that increasing flow has a weak but negative effect
on GPP, while light and temperature both have positive effects. Having determined this
relationshipbetween GPP and the three predictor variables, the model was used to generate
predictions of daily GPP under both the observed flow scenario (i.e. the flows that occurred in

the river from20141 nMp0 X YR | WgA(GK2dzi / 92 ludeBSY | NR 2 X

were removed from each day in the time series.
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6.5 Results
Stream metabolism 208-19

Discharge during 2@19, like 201718, was characterisd by inrchannel flowswhich are

typical in this systemin contrast, in 20147 the major featue affecting stream metabolism

wasthe unregulated overbank flooding in spririgstimates of GPP and ER for the 7 sites in
201819 were produced using the BASEv2 model (updated from Grace et al., 2015 according to
Song et al., 2016). Details of the loggeployments are given ihable 6.1.

PaAy3a GKS | OOSLIilIyOS ONRGSNARI FT2NJ S O RI &Qa
low of 29 of all daysvith data availabl€87 from 304 possible daydor zone 3 Upstream up

to a high of 65%1360f 210possible daysatzone 2 Downstream All acceptance data are

shown in

Table6.2. A comparison is made with acceptance criteria from 202&nd 201718. The
acceptance criteria in 20189 were similar to, but generally higher than 2616 but in all but
one caseZone 1 Downstream) were significantly lower than 2487

Table 61. Summary of Logger Deploymenkay 2018 April 2019.

HydrologicaZone Site First Last day Periods of Missing Dat
Deployed Deployed (> 1 week)

1 Vallakool faek Upstream 3/8/2018 15/4/2019 -
Downstream| 4/8/2018 15/4/2019 -

2 Wakool River Downstream| 22/8/2018 15/4/2019 -

3 Wakool River Upstream 29/5/2018 15/4/2019 -

upstream Thule Creek Downstream| 29/5/2018 15/4/2019 -

4 Wakool River Upstream 29/5/2018 15/4/2019 18/6 ¢ 13/8

downstream Thule Downstream| 29/5/2018 17/3/2019 | 19/6 ¢ 22/8; 17-28/12

Creek

Table 62. Summary of data availability for the seven data logger sites, May 28p8| 2019.

HydrologicaZone Site Total | Days with % % %
Days| Acceptablg Acceptable Acceptable| Acceptable
Data DaysYear § DaysYear 4| DaysYear 3
(201819) | (201#18) | (201617)
Upstream 240 111 46 58 42
Lvallakool @ek Iy nstream | 230 | 152 64 65 48
2 Wakool River Downstream | 210 136 65 77 30
3 Wakool River Upstream 304 86 29 75 30
upstream Thule 42
Creek Downstream | 304 127 75 37
4 Wakool River Upstream 239 127 53 66 17
downstream Thule
Creek Downstream | 206 71 35 79 35
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Table 6.3ummarizes the daily metabatisresultsand the P/R ratio (ratio of oxygen produced
by GPP to oxygen consumed by t&Reach site Each metaboliparameter is expressed as a
medianand mearwith minimum and maximum values also includ&tie median GPP values
for all seven sites fall within a narrow range dt th 2.0 mg @L/Day; similar behaviour (but a
slightly larger range of 1.5 mg/@0/Day)was found in 201-48. This closeness in median GPP
rates is unsurprising given the similarity in the biogeochemical environments as noted in
previous years (Watts et al. 2015, Watts et al. 2016, Watts et al.[R20¥a@tts et al. 2018)As

in previous yeardt is likely that the GPP rates were constrained by the very low bioavailable
nutrient concentrations (see Figures 5.4 and 5.5%)adnjunction with light penetration
attenuated by suspended particulate matter, as indicated by the turbidity valtieswell
above40 NTU.

Table 63. Summary ofjrossprimary production (GPP) and ecosystem respiration (ER) rates and P/R

ratios for the seven sites in four hydrological zordsy 2018 ! LINA f y @ nM& PG WS ydzYo SNJ 2 F

which siccessful estimates of metabolic parameters were obtained.

Zone 1 Upstream (n = 111) Zone 1 Downstream (n = 152)
Median | Mean Min Max Median | Mean Min Max
GPP (mg €L/Day) 1.53 1.91 0.47 10.2 1.53 1.75 0.48 7.80
ER (mg &)L/Day) 3.35 4.35 0.62 17.9 3.16 3.29 0.06 9.86
P/R 0.48 0.50 0.08 1.00 0.57 1.03 0.17 10.7
Zone 2 Downstream (n = 132)
Median | Mean Min Max
GPP (mg €L/Day) 1.52 1.66 0.48 4.82
ER (mg &L/Day) 6.29 6.62 0.49 17.6
P/R 0.28 0.30 0.07 1.23
Zone 3 Upstream (n = 86) Zone 3 Downstream (n = 127)
Median | Mean Min Max Median | Mean Min Max
GPP (mg €L/Day) 1.15 1.09 0.35 2.30 2.03 1.93 0.64 5.12
ER (mg &)L/Day) 2.64 3.48 0.46 9.5 3.16 3.69 0.78 10.7
P/R 0.32 0.41 0.16 2.00 0.59 0.61 0.19 1.25
Zone 4 Upstream (n = 127) Zone 4 Downstream (n = 71)
Median | Mean Min Max Median | Mean Min Max
GPP (mg €L/Day) 1.95 2.85 0.74 19.8 1.06 1.14 0.53 2.8
ER (mg &L/Day) 3.71 6.85 0.85 62 5.25 5.48 1.78 11
P/R 0.50 0.54 0.16 1.19 0.21 0.24 0.05 0.55

Median ER values in Table 6.4 spanned a wider range than GP, with the lowest median of 2.64

mg Q/L/Day at thezone 3 Upstream site and the highest value of 6.29 nmig/Day at the
Downstream site irone 2. Unlike other years, the spread in median ER was higher rather than
having six sites with similar ER and thee 2 Downstream site with a much higher value.
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The median P/R ratios range from 0.21 to 0.58kle 6.3. This indicates that for most dfi¢

time the system was strongly heterotrophic, hence much more carbon was being consumed by
respiration in the river than being produced by photosynthesis. This organic carbon therefore

must have come from either further upstream or from the surroundinglzaent including
the riparian zones. One of the key roles of rainfall and larger flows is to-mwasianic carbon

into the river channel, often in the form of small particulate matter and right up to large wood.

Figure 6.2 shows how these parametersdat primary productivity) varied over the course
0g2

data are pooled.

GPP (mg O,/L/Day) Discharge(ML/Day)

ER (mg O,/1/Day)

.25

-50

NPP (mg O,/L/Day)

100

GPP : ER

oftheyearineackone.For2y Sa> M2 o YR nXZ gKSNb
Zone 1 Zone 2 Zone 3 Zone 4
Vu"»180':;»1&'a"'»'9"4:"-'.‘JJV“"-‘.‘) ;J—WSO:"'-‘:&.‘.)"'-1€9‘«s"-1€4J\x"-f€¢ J:—’EO;;-YE-MJJ‘.\»'«:"'-79.&,"-1‘3 'u‘:'-130:!'-19.,3".'-19Ax::-'€lJu"-‘9
. 3 .
»® a4 3 . .2
“...'ﬂ‘ T — J'-“m”b 2 % .-lui
Jul-180ct-18Jan-194pr- 19 Jul- 19 Jul-180ct-18Jan- 194pr- 19 Jul-19 Jul-180¢t-18Jan-19Apr- 19 Jul- 19 Jul-180¢t-18Jan-19Apr-19Jul-19
'
o oy :& 2
3o 2 .%),_; AN H = ~
“.‘-N‘ B,..' " —',-...;.,,ﬂﬂ¢ R 5 _; £
Ju"-780:1’-‘.P.,kr\.-'f#«::-tf),.;‘-'.q 180ct-18Jan-194pr- 19 Jul-19 Jul-180¢t-18Jan-194pr- 19 Jul- 19 Jul-180¢t-18Jan-19Apr- 19 Jul-19
e ek i i S T e e b e S
% K o WA ¥ 2 P s ’\m
.
Vu"-7-9-0:!'»!E>.'J"'-‘€b‘<::-19&7—19 WSO:‘.'-1&‘ar:-1‘3o'«o"-1€4:u"-19 J:—'E—O:;-',EUA""»"{U.:"'-1’.&\,’-19 '111'-130:!‘-'&.3’:-Tfi»'«;:"-'f’.lut'?
< ]
.3 £ -
e L B RN Tt Rt S0t~ i DR L
Jul180Ct-18an-194pr-10Jul 19 Jul180ct-18Jan-194pr-19Juk-10  Jul-180ct-18Jan-10Apr-19Juk19  Jul-180ct-18Jan-19Apr-19Jul-19

% ~

arisa

Figure 6.2Plots of discharge, organic carbon production (GPP), consumption (ER), net production (NPP)
and the production : consumption ratio (GPER) over all sites, stratified into the four hydrological zones

in 201819. The light blue vertical bar representetperiod of the first watering action (Table 6.1).
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One key feature of Figure 6.2 is that the watering action (shown as the vertical blue bar) had
no significant effect on any of the four parameters presentue highest GPP : ER ratios were
found during his time inzone 1, but all the high values (including in the weeks preceding the
CEWdelivery) were associated with very low levels of ER rather than elevated primary
production. Elevated rates of GPP and especially ER were found inzhrig #h No

comparable increases were found in the other three zones at this time or in the preceding
weeks.

The elevated rates in lateummer to early autumn imone 4 were slightly higher than the
corresponding rates imones 1 and 2 but with similar patterns in fimg.

Stream metabolism across four years of LT{R01415 to 2018-19)

Table 6.5 summarizes the full fiyear (201419) stream metabolism data set stratified by
zone and site. These data show that metabolism in zone 4 is slightly more variable than the
other three zones across the fiyear period, whereas GPP and ER rates were the highest in
zone 2.

Table 65. Summary ofjrossprimary production (GPP) and ecosystem respiration (ER) rates and P/R
ratios for the seven sites in four hydrological zgrfesthe entire period of record (2039)py @ A & (K S
number of days for which successful estimates of metabolic parameters were obtained.

Zone 1 Upstream (n = 599) Zone 1 Downstream (n = 696)
Median | Mean Min Max Median | Mean Min Max
GPP (mg €L/Day) 1.62 1.94 0.14 10.2 1.38 1.86 0.04 17.0
ER (mg &)L/Day) 3.45 4.20 0.20 31.7 3.49 4.07 0.06 20.9
P/R 0.48 0.60 0.02 7.78 0.44 0.72 0.05 10.9
Zone 2 Downstream (n = 774)
Median | Mean Min Max
GPP (mg £L/Day) 2.60 3.19 0.48 13.0
ER (mg &)L/Day) 8.07 8.67 0.49 40.1
P/R 0.35 0.42 0.04 54
Zone 3 Upstream (n = 415) Zone 3 Downstream (n = 627)
Median | Mean Min Max Median | Mean Min Max
GPP (mg £L/Day) 1.31 1.91 0.28 10.5 1.91 2.19 0.09 7.1
ER (mg €L/Day) 3.74 4.65 0.22 27.7 3.47 3.74 0.29 16.1
P/R 0.38 0.49 0.03 5.4 0.63 0.69 0.03 6.4
Zone 4 Upstream (n = 585) Zone 4 Downstream (n = 595)
Median | Mean Min Max Median | Mean Min Max
GPP (mg £L/Day) 2.02 2.97 0.39 26.1 1.49 2.54 0.10 42.3
ER(mg GQ/L/Day) 3.72 5.58 0.40 62.5 3.53 411 0.03 271
P/R 0.54 0.63 0.13 1.91 0.47 0.91 0.02 32.7
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For all sites within all zones and all three parameters (GPP, ER and P / R), the mean value was
larger than the median value indicating that the mean wdlienced by a number of much

higher values, despite their relative infrequency. Both statistics are important as the median
0Said NBFESOGa WGeLMAOIfQ O2yRAGAZ2YA gKAES GKS K
201419 when photosynthetic ragwere much higher than normal (including the impact of an
algal bloom). Nevertheless, the range in median values for GPP¢(2.88 mg @L/day) and

ER (3.4% 3.74 mg @L/day)for the six sites in zones 1a8d 4 are remarkably similarhe

zone 2 mdian rates (GPP = 2.60 and ER = 8.07 stigday) are significantly higher and are
largely attributed to the much lower flows which enable still water habitats for significant algal
and macrophyte growth. However, due to these lower flows, zone 2 makegh smaller
contribution to organic carbon loads moving down the Wakool River in zones 3 and 4.

The median P / R ratios in all seven sites (four zones) are again closely constrained in a narrow
range from 0.35Zone 2 Downstream) to 0.62qne 3 Downstreamagain emphasizing that

the Edward/KoletyWakoolsystem is typically strongly heterotrophic. ThE&is supported by

a large contribution from allochthonous organic carbon (organic carbon from upstream or

from the banks, riparian zones ec

To put theEdward/KoletyWakoolresults into context with the other five Selected Areas for

which Stream Metabolism is a Category 1 indicator (hence excluding the Gwydir), Table 6.6 is a
summary of all pooled GPP and ER rates over the first four years of the LTébt.prbe fifth

year of Basidevel data will be presented with the Year 5 Basin Level Evaluation in 2020.

Table 6.6 Summary ofjrossprimary production (GPP) and ecosystem respiration (ER) rates and P/R
ratios for all LTIM Stream Metabolism data acribessix Selected Areas, for the period of record (2014
MYyoo® WyQ A& GKS ydzYoSNJ 2F RIF&a F2NJ gKAOK &dz00Saa¥d

, Std 25th 75th

n LR eati | Sl DRy Error Percentile | Percentile
GPP (mg €L/Day) 8465 1.7 24 25 0.03 11 2.8
ER (mg @L/Day) 8465 3.2 4.3 4.1 0.04 1.7 5.4

In comparing results frorables 6.5 and 6.6, it is important to note tiadward/Kolety
Wakoolresults make up around 41% of the overall database used to generate Table 6.6.
Neverthelessthe median of the pooled LTIM data set for GPP (1.7 pfig@ay) is in the
middle ofthe range in median GHBr six of the seveilzdward Wakool sitegpne 2
downstream has a substantially higher median GPP as noted above. The median
Edward/KoletyWakoolER data are higher than the pooled LTIM data. Part of this difference is
due to very low (relative) rates of ER in the Murrumbidgee and Lower Murray Rivers.
Nevertheless, differences of 1 mg/ODay are small considering the typicahge in GPP and
ER ra¢s worldwide differ by an order of magnitude. Thelward/KoletyWakoolresults, along
with the pooled LTIM data place the Murr®arling metabolic rates at the lower end of
WHeLIAOLFEQ 2F NI ( BialikelyKhsdtRhezShie faefors coramingdp@nady R @
production (mainly nutrients) anBR(organic carbon supply) are important in all southern
Basinstreamsas well aghe Edward/KoletyWakoolsystem
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Seasonal Effects on Stream Metabolism

The summary statistics in Table 6.5 hide some recurring and strong patterns in the data that
help explain how GPP and ER behave across thehadales 6.7 and 6.8 summarize this
complete stream metabolism data set over all five years.

There was a strongeasonal increase in GPP from spring into summer in all four zones. This
behaviour is expected due to the warmer days, more hours and higher intensity of sunshine
during summer. Rates increase during summer beyond the solstice due to increasing plant
biomas. Despite the constrained range of median values there were many days at each site
with higher rates of GPP and ER (sometimes exceeding 10/ddy), indicating that

elevated rates were possible when conditions were conducive.

The seasonal change frsnmmer to autumn produced idiosyncratic changes rather than a
common trend across all zones and sites. At the three most upstream zitess(1 and 2), the
autumn GPP was generally higher than summertime, whereas for the four more downstream
sites gones3 and 4), autumn GPP was generally lower than the corresponding sutimaer
values. Part of this effect is due to the timing of probe rem¢Vable 6.7)The DO probes

were typically removed towards the end of April each year, hence the autumn datateohsis

of the warmer half of that season and did not include the coolest month with the shortest
daylight hours (i.e. May). It is surmised that measurement across the whole season would have
led to lower median and mean seasonal rates for autumn. In additenalgal blooms found

in the system occurred in lateummer and extended well into autumn, again, boosting the
autumn averageslhe lowest GPP rates were found, unsurprisingly, from the relatively small
amount of wintertime measurementsWinter has thecoolest water (hace suppressing

cellular metabolic rates) as well as the fewest hours of sunlight per nlagdition, due to the
angle of the sun, the sunlight intensity is also lowest. The similarity of some winter and
springtime data is again due tamtertime measurements predominantly being collected in
August rather than June and July.

The ER data ifable 6.8&hows that there is much more variability within each season than for

GKS O2NNBALRYRAY3I Dtt RI {"ladd 741 perSentiies & thSdat® RS Y NDI
are taller for ER, coupled with a largeaXs. The seasonal patterns in ER within eacte and

Site are similar to those found with GPP. It is likely that the greater variability in ER is driven by

the multiple sources of organ@arbon that drives respiration. Given that these sites are

strongly heterotrophic (as discussed earlier with the P / R ratio), the organic carbon is coming

from GPRderived material (including algal exudates) as well as allochthonous material from

upstream the banks (including benches), riparian zones and occasionally reconnected,

accessible flood runners and backwaters. Depending on the source, the lability of this organic

carbon may vary widely, contributing to variation in daily ER rates.
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Table 67. Summary obeasonal grogsrimary production (GPP) for the seven sites in four hydrological zéorethe entire period of record (20149py & A & (G KS ydzyo S
days for which successful estimates of metabolic paranseteare obtained.

| Zone | Site | Season| Size | Mean | StdDev | Std.Error] Min | Max | Median | 25% | 75% |
1 1 Spring 162 1.20 0.79 0.06 0.14 4.11 0.96 0.75 1.30
1 1 Summer 261 2.20 1.16 0.07 0.32 7.80 1.96 1.46 2.54
1 1 Autumn 120 2.83 1.84 0.17 0.75 10.2 241 1.47 3.40
1 1 Winter 56 0.99 0.62 0.08 0.46 4.09 0.77 0.63 1.18
1 5 Spring 287 1.04 0.58 0.03 0.04 4.17 0.94 0.74 1.16
1 5 Summer 302 2.42 2.08 0.12 0.55 17.0 1.98 1.52 241
1 5 Autumn 69 3.26 1.20 0.14 1.23 7.80 3.08 2.40 4.07
1 5 Winter 38 0.99 0.25 0.04 0.60 1.51 0.95 0.78 1.25
2 4 Spring 228 211 1.81 0.12 0.48 114 1.53 1.08 2.48
2 4 Summer 320 341 1.75 0.10 0.77 12.2 3.28 2.05 4.14
2 4 Autumn 164 4.72 2.85 0.22 1.62 13.0 4.09 241 5.80
2 4 Winter 62 1.99 1.58 0.20 0.57 10.7 1.76 1.18 2.11
3 3 Spring 119 1.26 1.66 0.15 0.28 10.3 0.80 0.60 1.10
3 3 Summer 188 2.26 1.70 0.12 0.53 104 1.70 1.29 2.40
3 3 Autumn 90 2.27 2.10 0.22 0.58 10.5 1.45 1.11 2.40
3 3 Winter 18 0.85 0.37 0.09 0.37 1.53 0.83 0.47 1.16
3 5 Spring 226 1.38 0.42 0.03 0.09 2.85 1.35 1.10 1.62
3 5 Summer 219 3.05 0.71 0.05 1.15 5.84 2.97 2.56 3.40
3 5 Autumn 109 2.86 141 0.14 1.22 7.09 2.27 1.86 3.72
3 5 Winter 73 1.10 0.32 0.04 0.68 2.10 1.00 0.89 1.33
4 1 Spring 122 1.56 1.35 0.12 0.45 7.94 1.11 0.84 1.77
4 1 Summer 269 3.90 3.78 0.23 1.04 26.1 2.40 1.83 3.89
4 1 Autumn 144 2.71 1.44 0.12 1.10 6.97 2.25 1.58 3.18
4 1 Winter 50 2.18 2.65 0.37 0.39 11.9 1.13 0.78 2.22
4 5 Spring 155 1.37 1.48 0.12 0.10 14.78 1.06 0.62 1.53
4 5 Summer 232 3.45 5.25 0.35 0.53 42.3 2.21 1.49 2.93
4 5 Autumn 131 3.30 3.47 0.30 0.54 23.2 1.85 1.32 4.20
4 5 Winter 595 2.54 3.89 0.16 0.10 42.3 1.50 0.94 2.57
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Table 68. Summary obeasonakcosystenrespiration(ER for the seven sites in four hydrological zorfes the entire period of recorq201419py & A & G KS vy dzYo SNJ
for which successful estimates of metabolic parameters were obtained.

| Zone | Site | Season | Size | Mean | StdDev | Std.Error] Min | Max | Median | 25% | 75% |
1 1 Spring 162 2.62 2.33 0.18 0.20 19.7 1.85 1.36 3.30
1 1 Summer 261 4.92 2.82 0.17 1.13 31.7 4.30 3.24 6.04
1 1 Autumn 120 6.19 4.43 0.41 1.47 224 4.36 3.12 8.52
1 1 Winter 56 1.11 0.49 0.07 0.25 2.16 1.10 0.71 1.48
1 5 Spring 287 3.47 2.76 0.16 0.09 20.9 2.72 1.71 4.33
1 5 Summer 302 5.02 2.84 0.16 0.79 17.0 4.49 3.19 5.91
1 5 Autumn 69 4.14 2.18 0.26 0.40 9.86 3.71 2.68 5.76
1 5 Winter 38 0.96 0.62 0.10 0.06 2.44 0.87 0.52 1.37
2 4 Spring 228 6.81 4.53 0.30 0.49 24.9 5.76 3.54 8.44
2 4 Summer 320 9.91 4.24 0.24 1.87 40.1 9.08 7.32 11.5
2 4 Autumn 164 10.7 4.65 0.36 3.05 33.3 9.81 7.40 12.7
2 4 Winter 62 3.89 2.98 0.38 1.36 17.0 2.78 2.20 4.46
3 3 Spring 119 4.47 5.14 0.47 0.22 27.7 2.68 1.63 4.60
3 3 Summer 188 5.22 3.72 0.27 1.36 21.3 3.97 3.03 6.09
3 3 Autumn 90 4.15 1.51 0.16 2.13 8.84 3.89 2.93 4.92
3 3 Winter 18 2.32 2.11 0.50 0.46 7.44 1.49 0.86 3.32
3 5 Spring 226 3.06 2.43 0.16 0.52 16.1 2.39 1.82 3.33
3 5 Summer 219 4.96 1.55 0.11 2.08 10.7 4.55 3.84 5.88
3 5 Autumn 109 4.25 1.59 0.15 1.46 10.1 3.73 3.26 4.84
3 5 Winter 73 1.44 1.26 0.15 0.29 7.87 1.17 0.89 1.44
4 1 Spring 122 3.42 2.91 0.26 0.40 19.8 2.33 1.56 4.29
4 1 Summer 269 7.04 6.01 0.42 1.35 29.6 4.52 3.00 8.73
4 1 Autumn 144 4.32 2.35 0.20 1.35 18.1 3.75 2.89 4.83
4 1 Winter 50 7.76 14.25 2.02 1.03 62.5 2.40 1.63 6.24
4 5 Spring 155 2.40 1.62 0.13 0.03 9.29 2.21 1.35 3.15
4 5 Summer 232 5.97 3.53 0.23 0.49 27.1 5.19 4.20 6.62
4 5 Autumn 131 4.00 2.62 0.23 0.89 16.4 3.43 2.84 4.19
4 5 Winter 595 4.11 3.14 0.13 0.03 27.1 3.53 2.21 511
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Organic carborioads

Figure 6.3 portrays the organic carbon load within each zone created by GPP (Carbon
production) or consumed by ER (Carbon consumption), plus the difference in these daily
estimates (Net C production) and the ratio of carbon produced to consumediathas

plotted over the five years from 2014 to 20Ikhere is a large amount of variability in daily
organic carbon loads within a zone each yeaarbon production, consumption and net
production all vary by up to-2 orders of magnitude. Thigriability is driven by both i)

changes in flowhich has varied by several orders of magnitude over the 5 years; and ii) the
daily rates of GPP and ER which can readily vary over an order of magnitude; (EOgny
O./L/Day) but differences between mimum and maximum rates can be as much as 50 (Site 1
Upstream ER 201¥8) or more. The net production, the difference between GPP and ER each
day, is almost always negative (also indicated by GPP/ER ratios of less than 1), again indicating
primarily heterdrophy.
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Figure 6.3lots of Organic carbon production (GPP), Consumption (ER), Net ProductieBRiai
Production: Consumption Ratio (GGP/ER) stratified by zone and year120fvbugh to 201819)
across each of the four study zones. Closed dalswnstream estimates, open dotes = upstream
estimates. Zone ¢ red, zone 2 orange, zone green, zone 4blue.

Carbon prod:cons

As noted earlier in this report, the organic carbon loads feome 2 are typically the lowest of

all four zones, even though the rates off5&nd ER are the highest. This outcome is simply due
to the much lower flows izone 2 (as load = daily rate x flow)ost of the variation in daily

load is a result of changes in flow, as increased flow typically dilutes (decreases) the volumetric
rate of GPP and ER.
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Response of stream atabolism to Commonwealth environmental wateringctions

Environmental watering action 1 ispring 2018 The purpose of this watering action was a

trial of an 800 ML/Day flow. The metabolism measurements through this period are illustrated
in Figure &1. The rates can be compared with the seasonal (sgiing) rates in Tables 6.7

and 6.8. Median GPP ratew fspringtime are in the range 0.8 1.5 mgO,/L/Day and are 1.9

2.7 for ER witlzone 2 ER being higher at 5.8 mglldDay. Hence, the GPP rates shown in

Figure 64 demonstrate very little effect of the watering action on volumetric GPP rates and
consealently, the organic carbon loads produced are higher than otherwise expected due to
the greater volume of water. Thimayprovide ecological benefit with more organic carbon

food for the native fish population. ER ratezames 1, 2 and 3 were lower thaeasonal

medians whereas theone 4 rates were right on the median for the entire period of record
(Table 6.7. Nevertheless, due to the increased flows, the organic carbon load consumed by ER
(resulting in nutrient recycling) is enhanced above other yeditsout the additional CEW.

Yallakool-Wakool spring watering action: 22 Aug - 25 Sep 2018

GPP ER NPP GPP:ER
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Figure6.4. Watering action Ispring 2018 Top panel: Volumetric estimate of carbon (mgl@lay). Bottom

panel: total carbon load (kg C/day). Values for organic carbon production (GPP), Consumption (ER), Net
Production(GPPER) and Production: Consumption Ratio (GGP/ER) are shown. Different coloured box plots
represent the four study zones. Zong ted, zone 2 orange, zone green, zone 4blue.

Figure 65 depicts thedaily contribution of CEW anbdackground flowgWy 2 g2 Q0 (2 062 (K
stream flow in each zone and the amount of organic carbon created byTGREEEW makes a

major contribution to both the stream flow and the daily organic carbon loamie 2 and

significant contributions in the other three zon@Sgure 6.5) Summing up the daily CEW

contributions across the watering action, CEW increases orgartion production by 36%,

134%, 71% and 38% above the summed loads fromGEW sources. CEW added an

additional 7.27 tonnes of organic carbon to the 1®8nes generated by GPP without the

CEW; an overall increase of 52% (Tablg &8s increase in carbon fixation translates to

greater amounts of carbon being available to aquatic foodwebs.
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Figure 65. CEW and no®€EW contributions to stream flow and daily organic carbon production in each zone
from watering Action 11spring 2018.

Estimated contribution of Commonwealth environmental water to carbon production across
all watering actions

This section athe report examines the role and influence of Commonwealth environmental
water on the organic carbon load created through primary production across the 11 watering
actions over the LTIM study period (202@19). Note that the winter watering action in 201

will be reported in 2012020 as it continues into thatear. The [jures for watering actions 1

to 9 from 2014 to 2018 are presented in Appentlix

Importantly, because discharge has only a weak effect on GPP rates per unit volume of water
(i.e. a slighdecrease in productivity per litre), the net effect of increased discharge on total
GPP (i.e. on total production), is generally positive. As a result, watering actions delivered
between 2014 and 2019 have had a clear net positive effect on overallaaggganic carbon
production, which provides further food/energy at the base of the aquaid weh

Table 6.9 provides the modelled estimates of the amount (load) of organic carbon created by
GPP for each watering action, partitioned into contributiémeen CEW and ne€EW sources.
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