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Executivesummary

Melbourne Water is the waterway manager
for the Port Phillip and Wesrnport region

and invests substantially in activities to protect
and improve the health of its rivers and bays.
Since the early 200pMelbourne Water has
initiated a range of lonrterm catchment,
instream and receiving water monitoring and
research protgams in the Westernport
catchment where rural activities, urban
growth and coastal erosion have been
associated with high sediment laag and
impairment of ecosystem condition within the
bay, especially its seagrass meadows.

One activity has been ongoimyestment in
the modelling of sediment generation and
transportfor integrating data and knowledge
of catchment processes, land usala
rehabilitation effectsThis report describebe
outcomes ofa two-year project (201-2019)

to improve on previoumodelling. For this, a
dSedNemodelfor Westernportwas built,
together with aCatchment Planning Tdolr
reporting results. Thegeroducts are called

9 dSedNefdynamic sediment networkode)
¢ coded as a plugin to the Source platform

9 SourcetiSedNe®@Westernport the Source
anddSedNemodels configured for
Westernport the Source model adapted
from the existing Port Philig/estern Port
(PRWP) catchment model

1 CPT@Westernpoctthe Catchment
Planning Tool configured report on
Sarce+dSedNeE@Westernport

A suite of data productingludingnewactive
gullyandstreambank heiglstmapg and
model enhancements have also been
produced as art of the project.

dSedNet the dSedNemodel is a time
stepping, spatially distributed, sediment
budget nodel for predicting daily sediment

loads in river basins. The budget includes the
sediment sources (gully and hillslope) from
adjoining subcatchmeastto the river network
(characterised using a limiode
representation), erosion from streambanks,
and depo#ion and remabilisation within the
network. The resulting sediment is
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In the Westernport catchments, the
proportioning of sediment sources is
important, as understanding which sources are
contributing, and when, nefs to be well
understood in order to develop appropriate
management actions.

SourcedSedNe@Westernportg the major
catchments of Bunyip, Cardiniaang Lang and
Bass waterways drain into the
estuarine/marine receiving waters of Western
Port, with other sraller creeks and local
drainage also contributing. Generally the
larger catchments drain from the Dandenong
Ranges and Bunyip State Park in themand
across large alluvial floodplains before
discharging into the bag73 subcatchments
were delineatedor the hydrologicalrginfall
runoff) and sediment modelling/odels were
calibrated againstlserveddata for thesefour
major catchmentsHydrol@ical mod#ingwas
calibrated to peak flows with satisfactory
performance Sediment modellingvas
calibrated togoodoverallfit to mean annual
loads (as required for lortgrm catchment
planning)and peak loads during flood events.
Agood performancevasachievedor mean
monthly and mean annual loads. Estimation of
peak flood event sediment loads was
challenging, perhaps due to the model not
including resuspension of fine sediment and its
subsequent transport.

Baselinesediment loadesults¢ Over the
period 20012016,the modelestimates a
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mean annual fine sediment load to the bay of
35.4 kilotonnes/year, witetreambank erosion
dominating (65.4%), followed by urbareas
(18.2%). The four major catchments produce
75% of the sediment loa&esults can be
explored throup the CPT@Westernpart

The load is significantly higher than the SEPP
target of 28 kilotonnes/year, which is based on
earlier studiesdSedNealmost certainly has
overestimated streambank erosion in the
channelised (and well vegetated) cbas.
Additionaly, sediment is removed from those
channels. The current version of tti®edNet
model does not incorporate this, nor does it
have instream deposition and resuspension
enabled.These two limitations together could
account for 20% of the estated load,

resdting in an estimated load to the Bay of
28.3ktlyr.

Catchment planning One of the many
benefits of a simulation model is its ability to

the models). Catchment management options
were elicied via a series of workshswith
Melbourne Water and DELWP staff. In
summary, the greatest intest was in

exploring the likely impacts on sediment loads
of different scales of interventions (e.g.
streambank and/or gully erosion controls),
land use chargy changing climate, at local and
regional (to the bay) scale.

One urban (all existiyareas conform to BPEM
stormwater management targets); two gully
(20% and 60% of active gullies remediated);
onestreambank(riparian vegetation restored
on all streambaks); and one cover (hillslope
vegetation cover improved by a factor of 2)
management acticghave been implemented.
Combining these five actions gives 23
scenarios, the results of which can be
interrogated through the CPT@Westernport.
These show the impaof the revegetation of
streambanksnanagement option, with those
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scenarios that include that option showing
reductions olup to 15 kilotonnes/year in
sediment load to the bay.

Advanceg, Within thetwo years of the

project, the Source hydrology model was
updated, a new sediment model was built,
models were calibrated and validated, data
was collected and/or inferred through remote
sensing, GIS and other analytical methods, and
the CPT was designedded and

implemented.

Being able to modehe effect ofmanagement
changes on loads at the outlet is a step
forward, as is the ability to reflect seasonal
changes in vegetation cov&ediment source
contributionsto load are now much improved
as is the hility to disaggregate by land use
which is a significamdvance on the annual
Sednet model.

The CPTeduces the requirement for ihouse

& a . modelling expertise through providiag eas
NHzy WaFRl f@Eét eaal an va O%-%é’eé!i\ P gh providiag easy

e%t%/ 8oint to the modeand their
results.

Next steps; While all care was taken to
LJ2 Lddzt | G S
available many of these data (e.g. density of
active gullies within catchmentsondition of
riparian areapwere inferred and need to be
validated requiringnewfield work(survey and
monitoring)and longe#term research.
Melbourne Water stafnticipated many uses
for the CPT. To realise these reqsi@ather
development of the CPand expansion of the
number of catchment planning scenarios that
can be modelled and thenterrogated

through the CPT.

Priority may be given to improved modwjliof
sediment generation and transport from
existing and developing urban arelasw
sediment generation changes unadimate
change and how to pridtise actions to meet
sediment l@adtargetsto the bay.

IKS S2RStRI @A UK
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9 Andrew Freebairn, CSIR0Oftwareengineeing, model developmat

1 Dr Rhys Coleman, Melbourne Water Research Manager, project initiator and industry lead
9 Dr Antonia Gamboa Rocha, CSfRi@al geomorphologist and project support

9 PeterThew, CSIRO, workflows and project support

1 JoelRahmanCSIRO visiting scientistrird-lowMatters, CPT design and implementation
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Glossary

Term

application

BPEM

coarse sediment

component

constituent

core
CPT
EMC/DWC

FDC

fine sediment

functional unit
(FU)

HWS
link

model

module

node
parameter
persistence

platform

plugin

PRWP
resample
SIMHYD

Source

Description

The use of Source to model a catchment and river system processes within a region (e.g. a river bas
as the Murrumbidgee, or an areach as Western Port Bag)a Source application

Best practice environmental managemén2 YY 2 yf & dza SR { aater Sendhidefubdh =+
design (WSUDRnd Integrated Water Cycle Management (IW@ugljcies

Sediment with a g@rticle size > 63 microns
Similar to module the component parts

A measurable item of water quality e.g. sediments, total phosphorus, and total nitrogen are the cons
ofdSedNeb ¢ KA & GSNY A& 2Fagyil AFRYHIN LIWMBEXENBEOY S

The term used to refer to code that is writteniategral to the Source code base
Catchment Planning Toph webbased application to view and analyse the results of the modelling

Event mean concentratidary weather concentratiorEMC is the flowweighted average constituent
concentrationover a storm event. DWC is the constituent concentration measured during dry weathe

Flow duration curveThis is a cumulative frequency curve which shows thedneyuof occurrence of
various rates of flow

Sediment with particle size < 63 microns

Describes the spatial delineation of the landscape, withircatdhments (which are generally delineated
using a DEM). It can bedmal on combinations of landscape characteristics (e.g. slope and sailrtype)
function (e.gland us@. Whatever is used, it is the base spatial layer to which all other data are attachu
Once defined, it cannot be changed without hgvim reparameterse the model

Healthy Waterway Stratedwtps://yoursay.melbournewater.com.au/healtaterways/documentibrary
linkage between nodes and where routing dioev models are configured

Traditioral concept of a model code that describes a process or a relationshis inputs, state variables
outputs, etc. As used hereidSedNeis amodelwhich is a collection of components, some being models
(eg. gully erosion). These are encodedhadules

Separate parts that are used to construct a more complex strugeaeh module performs a defined tasl
FYR OFly 6S tAY1SR 6AGK 20KSNJ adzOK LI NIDD & NBT
implemented as modules withdSedNet

Points of entry to the river system network

Either input data to a model or individual data that affects the operation of a model

saving information/data to disk for later use

Source is often referred to as afibrm as it has been designed as a system on which other applicatior
programs can run

This term refers to a piece of code that is compiled separately to the Source codebase, but registere
Source aruntime

Port Phillip and Western Port (Source) model
Rescaling data to change its resolution, for example from charigéeigell size from 26 to 5Gm
A rainfalrunoff model that is distributed with, and as part of, corar§e

A hydrological modelling platform which integrates catchment hydrology (rainfaff), with river system
processes andperations to provide a wholef-system modelling environment
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Term Description

TSS Total suspended sedimear total suspended solids,aHatter including organic material. When used in tl
context of modelling, TSS refers to sediment; when used in the context of waligy gampling, TSS mos
commonly refers to solids

VLUIS VictorianLand usénformation Systemttp://vro.agriculture.vic.gov.au/dpi/vro/vrosite.nsf/pages/viuis
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1 Introduction

Melbourne Water is a statutory corporation owned by the Victorian State Government and is

responsible for looking &tNJ a St 6 2 dzNy SQa & GSNJ adzlly & OF G§OKYSy
g1 GSNE NBY2@QAy3 | yR { NBdeiprowdig racgcied warfor rmoiinkidg2 dzNy/ S Q &
purposes and managing around 25,000km of rivers, estuaries and major drainags flysieghout

the Port Phillip and Westernport region. Guided by their Healthy Waterways strategies, Melbourne

Water invests dostantially in activities to protect and improve the heathy of rivers, creeks, estuaries

and bays. As part of understanding thereat status of waterways, trajectory of condition, major

threats and management opportunities, Melbourne Water has initiatexhge of longerm

catchment, instream and receiving water monitoring and research progfduissncludes a focus on

the Westenport catchment since the early 2000s (Wallbehkl2003a,b,¢ Tomkinset al2014;

Wilkinson et al 2016), where rural activities, urban growth and coastal erosion have been associated

with high sediment loading and impairment of ecosystem conditiorinititle bay, especially its

seagrass meadows. The Western Port marine and ¢@sstaonment supports a diverse range of

aquatic animals such as waterbirds, fish, marine invertebrates and mammals and is of international
significance (e.g. UNESCO BiospReserve, Ramsar convention listing for migratory waterbirds), as
wellascontgf Ayd GKNBS 2F A Ol 2 NMdbQuine Water 2018N@Bnyhs bagid G A 2 y I
of previous sediment studies, a sediment load target to Western Port was recently ratedpoto

the Victorian State Environment Protection Policy (Waters) (VictGaaernment 2018). The target

for the period 2018 to 2028 is an average annual load of total suspended solids entering Western Port
from the catchment and coast <= 28,000 togn€his target essentially seeks to maintain current

sediment loads in the coaxt of continued urban growttand usechange and changes in climate

(e.g. rainfall intensity and frequency, sea level rideJi{ourne Water 2018). The policy also states

that the Department of Environment, Land, Water and Planning (DELWP), in conjwittti

Melbourne Water and EPA Victgriaust develop and implement a plan to meet this target.

Melbourne Water and their partners make significant ongoing investments hmueane

management to control the sediment and nutrients to freshwater systeahshanbay, through

actions such as streamside revegetation, rural land management and urban stormwater mitigation.
Recognising the extent of available information on sedimemrgéion and transport and the need

to understand the most cost effective stegies for managing sediment loads to Western Port to
underpin the State Environment Protection Policy sediment loads plan, it was decided that a dynamic
sediment generation antlansport simulation model would be valuable for integrating data and
knowledgeof catchment processeland useand rehabilitation effects to support management of
sediment generation and its transport through the catchment and river system to protdutaith

of Western Port.

1.1 Motivation

One of the recommendations for further reseh set out in Wilkinson et al (2016) was the need to
implement a catchment model that could represent the primary land use sources of sediment. Having
such a model, that wagpdate-able and informed by recent data, would help inform priorities for

erosian management and to evaluate the effects of changes in management.
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/ { L wh Q & selieyitinefwoi®dSedNeétmodelis such a model. $tupports the exploration and
calibrationof sediment and nutrients transport tite reach to basin scale, has been greged into

I dza { S\atibnkl Ihy@rological modelling platfor@ourcé, and has been extended to incorporate
temporal dynamics at a daily time step (as opposed to stead) st8edNehas multiple modules
(hillslope, gully, streambank, floodplaintiaam) that can simulate the movement of sediment
through a catchment and is designed to work as a Sourceml8gurce witldiSedNeis then a
powerful tool for exploring likg impacts on generation and fate of sediments and nutrients as a
result of chages irclimate,land and water management/use within the catchment. The outputs of
SourceanddSedNetan be passed as input to other models such as coastal water qualitysmodel

Bringing water quality and quantity modelling into the one platform provadgignificant opportunity

to Melbourne Water, and, after a series of discussiomarly 2017, CSIRO and Melbourne Water

entered into awo-year (July 201¢dune 2019)esearchcollaboration to implemendSedNefor the

Westernport catchmentand to devalp a¥ ¥ NRyWRIQ -aloideprgtict(O | f f SCRtchinéhS W

Planning To6lCPT)to make the modelling available to Melbourne Water catchment planners

(without the overhead akarning how to use Sourc@his product was to suppo#t g KA-FIQ | y I f @ & A 3
(via model scenariosf a range of changes to the catchment (&agd usechange, land and/or

stream management practices, changing climate). The naful®se scenarios was be developed

as the project progressed, and as Melbourne Water staff became more familiar with the capability
(andlimitations of the models.

Building on earlier work by CSIRO and others in the regioprdjeetteam adaptedhe PortPhillip-
Westermort Source catchment model fwovide a higher resolution Westernport Source catchment
model whichincluded Yy S ¢ NBf S HSedNepugintd n{odekite @ansport of fine
sediment generated by erosion throughout the wateys/an the Westernport calienent.

The Catchment Planning Tool was joistigpedoy CSIRO and Melbourne Waterd developed
usingapplicationsprovided by FlowMatters Pty L1d.

1.2 Products

In addition to this report, and material prepared for workshops, tgept has deliveredixnew
products:

1. A new release of thdSedNeplugin distributed as a community phiig for SourceCSIRO requests
FGGNROdzAA2Y. A W {Lwh HAM®DQ

2. TheSourcetiSedNemodelconfigured folWesternportcatchment
(SourcedSedNe@Westernport) Thg applicationis theproperty of Melbourne Water

3. TheCatchment Planning TO@P7J ¢ a webbased decision support tqdhe architecture and
coding of which is retained BjowMatters Pty Ltd.

4. The CP®Westernport, whicltontainsa database of results from running the modeultiple
times (baseline plus scenarios) and contextual information. This is the property of Melbourne
Water.

1 https://toolkit.ewater.org.au/

2 https://www.flowmatters.com.au/
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5. A suite of workflows thahanagegpre-processing, preparation of the model for multiple runs
(baseline pluscenarios), and pogtrocessing to prgare the database of results that are then
accessed by the CPlheseare packaged with the CPT aaré the property of Melbourne Water

6. Updated and aw datasetgor Westernportincluding(1l) anupdatedland usemap, (2) achannel
enforceddigital elevatio model(DEM)and derived hydrology3) monthlycover factor gridéFeb
2000 to May 2018)4) revised gully mapping, (5pARbasedstreanbank height estimations, and
(6)riparian vegetation densitifhese arg¢he property of Melbourne Water.

MelbourneWater and CSIRO have provided to each other the right to use these products for ongoing
research and development purposes.

Brief overviews of these products are given belowdestribed in more detaih latersectiors of
this report.

1.3 ThedSedNeplugin

The dSedNeplugin is an implementation of dynamic Sedtlet G A YSTA G SLILIAY I & LI GA L
ASRAYSY(d 0dzZRISG Y2RSt F2NJ LINBRAOGAY3A RIFIAf & ASRAY
representation of a hydrologically calibrated river sgshetwork. For each link (conceptually a reach

of stream between upstream and downstream confluences with other links, and tivatshiment

draining to that) in that network, the model constructs yailldgets of fine (and coarse) sediment

source and dposition. These are accumulated through links downstream to the catchment outlet.

Erosion rates (hillslope, gully and streambank erosion) and fine sediment sinks (floodplains and

reservoirs) are disagegated from mean annual rates, based on daily raiafal runoff. The

underlying modelling approach is well described in Wilkinson et al (2014) and we refer the reader to

that journal article as the definitive source of information on the model conckgdtian. The model

Fa  adl yRml f 2 Wwluat¥RirRizBBdelnbasin i 8dpigal Asistralia (Wilkinson et

al, 2014), concluding that a regionalised model (such as SedNet) is useful for long term modelling.

Some component parts had been impknted asdSedNein the Mt Lofty Ranges (Freebairragt

2015) with promising results.

ThedSedNeplugin is an extension to the existing behaviours and usage of Source. The constituent
generation models are implemented in the same way existing Source models are, with the addition of
enhanced spatial an@mporal data parameterisation functionalitpaddition to integrating

streambank erosion and floodplain deposition id8edNetthe project updated thelSedNeplugin

to include

1 adding temporal variation to cover (to mimic seasonal change in % cover)

1 development of asedimentmass transformatiomoduleto provide a relatively simple way to
simulate attenuation (in this case of sediment load) within a stream link

1 in-depth investigation of how to prepare the data for the parameters in the hilBl&peerosion
equation,resulting in a revised methdd calculatdength of slop€L3 (such that L could be set by
the user)

The content of the plugin, and its use, is more fully describadpendix A

dSedNein Westernport- CSIRO & Melbourne Watel 7



1.3.1 SourcedSedNa®@Westernport

The Port Phillip and Westernport (RHP) Source catchment mogehich has been designed as a
regionalscale management tookas made available to the project teaiihe Westernport portion

was extracted and used as thjgatialbackbone for thelSedNeapplication. Both Source amtbedNet
useland useas the basis for breaking the catchment up into more homogeneous unitdSedblet
application uses morand useclasses and thus has more units than theAfPSource Modet,
howeverboundaries are coincidg, allowing flow volumes and sediment loads to be compared (and
contrasted) between the PR/P and SourcetSedNe@Westernport modelsThe project team

worked with the PRVPmodellingteam to ensure the alignment of the two modelwith input data

being slared, calibration being evaluated using the same metrics and the same observed data, results
being analysed and interpreted using ttame assumptions and diagnostics

1.3.2 The Catchment Planning T¢QIPT)

The project proposal envisaged a sequencing of tadtksthe model being completed, and then the
Catchment Planning Tool (CPT) being built as a tailored product to paovitderfaceo the
SourcetiSedNemodel In fact, these activities overlapped with the first task of the CPT being to
provide the modeing team with a visualisation tool for checking reséltsess t@ll model run
results (baseline and scenarigsjhrough the CP The CP@rchitectureand coderemains the
property of its developers (FlowMatters Pty Ltd).

While the design of the CPRsvinformed through discussions with Melbourne Water staff, it was
designed as a minimum viable product (MVP)is approach reduseipfront overdesign while still
being useifcentric. The intent is that the CPT has enough functionality that Melbourtes B¥aff can

see its potential and build their capacity in using the models (and the CPT) for scenario exporation
inform any @rther development of the tool

1.3.3 CPT@Westernport

¢KS 2SAa0GSNYLR2NI /t¢ A& I WKI NR SNSRI Méldalirde A OF G A 2y
Water. It contains contextual information that describes the catchment, visualises some of the input

data (eg.land userainfall, topography) and presents model results at temporal and spatial scales of

interest to Melbourne Watent does not run the underlying modelsather it accesses a database of

pre-run model resultsIt provides links to relevant liggure (mainly reports) and supports dynamic

updating of the contextual informatioihe contextual information can be upeldty Melbourne

Water to include additional textor exampldo includeadditionalinterpretation ofscenariaesults

This products the property of Melbourne Water.

1.3.4 Workflows

A suiteof workflowswasscriptedusing JupytérPython notebooks tautomae i KS -$§ R Q|
operations Thesallowed bulk changes to be made to the model, inclutiagreparation ofnput

3MVP¢ describes a product with sufficient content and functionality to be accepted by early adopters, and thus provides aotestbed f
learning

4 https://jupyter.org/
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dataandmodelcalibration The notebooks also enabledtch running of the SouredSedNemodel
to help test the system and, by modifyingael parameters, produce scenamutput.

Sriptswere used to rumpostprocesing overthe model outputto populatethe database of results
for interrogation by the CPT. Using workflows ensures consistency in and transparency of the
processing sequenceepeatabilityof the processandenables peer review, acting as qua@siality
Assurance/Quality contrabols.

1.3.5 Data products

This section lists the significant data products produced during the project. They will be available for
download through both Meourne Water and CSIRO data wanetes. Detds of methods to create
these products are in Appendsx

Model parameters not listed here used data in a close to raw form, applied global values, or used
values calculated within th#SedNeplugin parametegeneration toolsand their derivatin is
described in Appendices A and B.

Land use

An updatedandusemap was created using data produdsdSpatial Economiéesr Melbourne
Water andthe Victorian Department of Environment, Land, Water and Planning (DEEWSSsified
and updated with specific agricultutahdusedata from the VictoriahandUseInformation System
(VLUIS, 2014Ipetails of reclassification are giversiectiord.3.2

Digital elevation model (DEM)

A 10 m didal elevation model (DEM) was obtained from Melbourne Water, resampled to 20 m and
improved to increase the accuracy of stream line mapping in flat areas to represent channelling in the
catchment Catchment boundaries were then derived usingrdmum threshold of 5 krii(based on

tests using a variety of thresholds and analysis of the results).

Cover factor grids

Monthly cover factor grids were calculated frtd®DIS satellitelerivedbare ground indeBGldata
(Paget and King, 20pBom Februay 2000 toMay 2018BGI data were inverted and relationships
between ground cover and cover facti@sed ortabulatedranges for different vegetation types
given in Rosewell (1993yere used to calculate cover factfor differentlanduses.

Gully dengy mapping

Gully density was calculateallbwing arevision of active gullies in the catchment originally mapped
by Hughegt al(2003).Aerial imagenacquired from 2013 to 2018as used to identify gully activity
based on visual interpretation, ewghereagullyhad sharply incised banks and/or presence of bare
ground at base or edges. The density of the active gully network was calculated as length per unit
area(km/knv).

Streanbank height

Bank height, i.e. the active height of streambank exposed to erosiontiphtemas estimated from
LIDAR data using a point buffer sampling methodaalieked according to comparison with
surveyed sections (RBP, 2010).
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Riparian vegetationahsity

Riparian vegetation proportiomas calculated from tree canopy data for ripazanes Within 200m
stream buffer) provided by Melbourne Water. The proportional area of tree canopy occurring per unit
area was represented at 20 m resolution.

1.4 Structue of this report

The following diagram represents the inputs to the project and théymts produced: arrows on the
right-hand side indicate which section of the report documents the product and the processes that
were undertaken. Green boxes represerd giroducts produced by this project. White boxes are
external sources and yellow isiaternal process.

Lit. Review :{ Synthesis | Research: Ch. 3.1

Hydrology Models: Appendix A& B
Models
eVWater
community
Sediment Source+dSedNet Source Chapter 4
Models @Westernport

|
|

|

f |

|

sources i
|

|

|

|

= Datasets: Appendix B
Collection —> Datasets |

e ————— Python Notebooks Python Notebooks ) -
Default values {model initialisation) | | (scenario execution) Notebooks: Appendix D

Melb. Water Catchment Planning Scenarios: Chapter 5.1
Strategies Scenarios

CPT. Chapter 5.2

Catchment Planning »| CPT @ Westemport

tool — framework

Figurel Structure of this report and how it relates to the components of the project and its products

1.5 Audience for this reqrt

The target audience for this report is people who are interested in how modetficaily a
combined water quantitguality modelcan be useih catchment planning. It has some technical
detail as is required to provide confidence in the qualithefmodelling (including its data and
presentation and interpretation of its resulti)is also, currently, the only reference for the most
current implementation of theSedNeplugin for Source, and for its applicatiorthe Westernport
catchment.
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2 dSedNet the model

Thissectionprovides airief outline d the historical developmentfaSedNetandhow it has been
further developed and implemented in Westernport catchment

2.1 Lineage

TheoriginalSedNet process was used tnodel sediment budgets for river networks using argn

data sets to derive mean annual sediment loads. This sedsldor understanding the overall

sediment budget of river systems, but obviously was unable to resolve the temporal dynamics
associatedvith sediment generation, transport and delivery. To resolve this, work as part of the
development of Paddock to Rewbdels in the Great Barrier Reef catchments looked to implement a

finer temporal scale model that was able to not only account for hygicottynamics, but also

accounted for the range of other SedNet parameters that may be influenced by temporal changes.

tKAa SR (G2 GKS RS@St 2 LI\WiIkinsongt &l2004)tHeRvasyablertd O { SRb S
accommodate finer temporal scales.

ThedSedNemodelisthereforean implementation of dynamic Seet I G A YSma i SLILIA Yy I & LJ
distributed sediment budgenhodel for predicting daily sediment loads in river badtris based on a
fAY1Iny2RS NBLINBaSyYydl GA2y igkinthat néBo® Shemadéla G SY y S g 2
constructs daily budgets ohé (and coarsgsediment The budget includes tleedimentsourcesto

the link from adjoining subcatchmengsd depositiorand remobilisation within the link; the

resulting sediment iaccumulagd at eachcatchmenf éutlet. A focus of this implementatiomas to

establish a modular structure in the software which enables user flexibility by way of selecting

alternate modules for sediment sources and sinks to construct sediment budgets structured to suit a
particular catchment

Erosion ratesf@r hillslope gully and streambank erosion) and fine sediment sinks (floodplains and
reservoirs) arealculated at each timestepasedoredominatelyon rainfall and runofinh that
timestep. Typically, the model is run on a daily timgste

5 https://toolkit.ewater.org.au/Tools/SedNefT his model was a suite of ARCINFO scripts, described in Prosser et al (2001b)
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Hillslope Gully Stream

erosion supply bank
supply
Tributary
supply - — 1
s Downstream
— l l yield

Floodplain Reszervoir
depaosition depaosition

Figure2 dSedNeschema [adapted from Wilkinsehal2014]

Both dynamic Sednet, ambedNethave been implemented gduginsto Source extendinghe
existing behaviours and usage of Source. The constifle@etration modelge.g. hillslope and gully
modules)are implemented in the sammeannerasexisting(built-in) constituentmodels(ie, a hillslope
module is assigned to a Functional Unit; a streambank erosion model is assigned withiwighlink)
the addtion of enhanced spatial and temporal data paederisation functionality.

2.2 Implementation in this project

The implementation oflSedNeto Westerrmport catchmentisdescribed irSectiord. A briefoutline of
the process is:

The model evaluates the amount of rainfall occuraihgach timestep in each subcatchment within

the model. This rainfall is used to calculate parametitisechillslope component afSedNe{using

the Revised Universal Soil Loss Equation, or RUSLE) and also to generate subcatchment runoff. This
runoff isthen transported down the stream network and influences streambank supply, reservoir
deposition and flodplain deposition componentlkdependently, the gully model is run based on
longterm gully sediment supply rates calculated from spatial informégjolty mapping) and specific

gully parametersThe amount of sediment from this lotgrm calculation ishen disaggregated to a

daily timestep according to the flow at each timestep

In the Westenport catchments,hie proportioning of these sourcésimportant, as the
understanding of which sediment sources are likely to be contributing to the receivingnements
needs to be well understood in orderdevelop appropriate management actions i.e. the fine
sediment fraction is primary driver of poor watdarity in the bay (Hancoek al2003)

The final adoptedSedNemodel is shown conceptuallyFigure3.
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Functional Unit(s)

Gully supply Gully supply
FU1 SedNet_Gully_Model FU2 SedNet_Gully_Model
Hillslope erosion Hillslope erosion
SedMet_USLE_Fine_Maodel SedMet_USLE_Fine_Model
Upstrean
supply
Link Link Link
l SedMet_Reach_Model l
| | Downstream
yield

Reservoir deposition
SedNet_Mass_Transformation Stream bank supply

SedMet_Stream_Bank_Model

Floodplain deposition
SedMet_FloodplainDeposition_Model

Figure3 FinaldSedNemodel schematic

Through this project, understanding of the sourcessinkls and their importance has been

developed through the analysis of datasets supplied to the project team, discussions with the project
team, field visits and development of ti8edNetmodel.This las highlighted the importance of
understanding dynami@round vegetative cover, areas of streambank vegetation and existing
streambank erosion. Consideration of the role of existing reservoirs at Cardinia and Tarago in terms of
sediment trapping was alsnade, resulting in the development offbass transformtionmodel to

account for the likely attenuation within those structu(ese Appendii.6.

It should be natd thatdSedNets effectively a landscape model and is not suitable for modelling
urban areas which do not conform the hillslope and gully erosion processes that are embedded in
dSedNetThe modular structure afSedNeas developed here enables devmitent and use of other
erosion and deposition processes relevant to other catchments.

2.3 Enhancements made in this proje

In addition to completing the coding of the streambank erosion and floodplain deposition module
(the reach moduleandinstream and reswoir deposition module(the gully and hillslope modules
had been coded in an earlier Goyder Institute for Watee&eh project in the Adelaide Hills
(Freebairret al 2015)), the team addedive majorenhancements to thdSedNeplugin(more fully
descibed in Appendix A):

1. Ability for multiple sources, e.g. gully and hillslope, within a functional unit (FU) (phesiogsr
could only define one process per FU)

2. Ability for parameter dependencies between generation/filter modules, i.e. a parametez in 0
module can be dependent on parameters from another module

3'oAtAGE G2 LXIFEé I dAYBIdzAQNRISHI SO BNEJZSEE A 8A Y I Y?
Ay GKFG LI N¥YSGSNRa @I fdzSa oSeaod aSlazyrft 020SN

4. Ability togenerateparametes forlink models/modulessingspatial data

5. Ability toinsert a mass transform model aligk to enablesimplesimulation of resrvoir or in
channel deposition
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3 An overview of Westernport catchment and
earlier sediment studies

Westernport catchment occupies area of 3755 km@&here waterways support a variety of uses

and values, and where source and groundwater springs suppoyt stri@ams, estuaries and

wetlands (Melbourne Water 2018b). The marine ecosystem in Western Port is of regional, national
and interrational importance (Melbourne Water 2011, 2018a), representing an UNESCO Biosphere
reserve and being in the Ramsar conveniliting for migratory waterbirds. ¢bntainsa variety of
habitats (including mangrove, saltmarsh, mudflats, seagrass meadowsckpndeefs), which support
diverse species including fish, marine invertebrates and mammals (ibid).

Over the past 200 yegrthe environment of Western Port and the Westernport catchment has
undergone significant change, such as catchment and coagtghtien clearing, draining of large
areas of swampland (e.g. the expansive former Koo Wee Rup swamp) and a progressiva growt
agricultual, industrial and residential areas (Melbourne Water 2011, 2018b).

Land usén the Westernport catchment has gradlyabeen urbanised and more areas are projected
to become developed. Cardinia and Casey shires are identified for theikedtydiast population
growth and the rate of urban expansion in the Pakeniaanbourne growth area identified as being
the fastestin the State (Melbourne Water, 2012t present, most of the catchment supports rural
and green wedgtand use, though thee are still some significant areas of remnant vegetation.
Primary industries in the catchment include dairy farming, beef pragygtoultry, horticulture and
guarrying. Urban development, industrial zones, tourist development, lifestyle and hobby farms
represent a smaller proportion of the area.

Additionally, thecontinuedurban developmenéxpansion in the catchmentsnd projected changes

in climate that will influence rainfall patterns, together with water temperatures and sea level rise,
will imposepressures on the health of thmy and the Westernport catchment (Melbourne Water
2018a).

Catchment sediment supply is identified as a causal stressor impacting water qualityaiy, thigh
potential to affect estuarinecoastal and marineegetation (eg. seagrass), as well@ber habitats

within streams and wetlands in thWgesternport cechment (Wilkinson et al 2016a; Melbourne Water
2011, 2018a). Causal interactions and the effects of sediment supply on water turbidity, water clarity
and quality werexplored by Wallbrink et al (208Band Wilkinson et al (2016a), both investigations
driven by a significant loss of seagrass detected along segmentsbaftferther discussed below)

In the2018Melbourne Water summary of research findings undeMrestern Port Environment
Research Program, catchment sediment supply was identifiead/rdducedin recent years, with

an estimated meaannual suspended solid delivérgm the catchmeninto Western Port of
23.8kilotonnes/yearsince 1980%ection2, Melbourne Water 2018aHowever, a key action to
improving water quality to levesiitable for seagrass maintenance and restoration has been set to
restrict sediment loadérom the catchment awell as theoastling a mean of 4.2 kilotonnes/year
(Tomkns et al 20140 less thar28 klotonnes/yearwithin the new State Environment Peotion

Policy (Victorian Government 2Q1L8Therefore, improving the management of catchment loads is
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priority for the Western Port environment aseduces further sedient deposition and
remobilisation of fine material (Melbourne Water 201.8a

Maintaining water quality entering thisaythrough adequateatchment management &socritical
for maintaining fish biodiversity and sustaining recreational fishing in WdteriGection?,
Melbourne Water 2018, notesthat the Rhyll Segment is an arednigfh fishcatch rates for most fish
species and is strongly influenced by water quialitys the north and north east parts of the
catchmenj.

Onepriority for further researchrecommended in that same analysis (ibid) wamomitor river load
to carry ou modellingof fine sediment and nutrientsvith a catchment model such as Dynamic
SedNe} to inform gosion managemerdnd tofacilitateevaluaingthe effectof potentialchanges in
managemenbn sediment loads.

Some of theyoals for theNesternport catchmeniisted inThe Healthy Waterways Strategy 2018
2028(Melbourne Water 2018b) include:

1 that the waterways and their estuaries across the catchment are managed to mamdamprove
coastal and marine ecosystems in Western Port

1 that waker quality and sediment impact from urbanisation, forestry, agriculture, industry and
transport are mitigated to reduce impacts on waterways and theviegeecosystem of Western
Port

1 that natural and modified waterways across the catchment are manag@tsfoeam habitats, long
term ecological resilience and fluvial processes; balancing the needs for flood mitigation,
agriculture water diversion, and social value

1 that flow management offaterways are improved to protect groundwater dependent ecosystems,
base flows and environmental flushing flows to sustain instream ecosystems

Capturing thdinkages between sediment supplyd redistribution processes with land cover and
land usechangepur study focuses on establishing the sediment budget in the Wigstdr
catchment. We identify the proportional relevance of catchment sediment sources supplied from
gully, hillslope and streambank erosion as well as fetré@m deposition in reserveiand

floodplains.

Thus, oustudy contributedo identifyingpriorities and suppogplanning of the most effective

management actions in the Westernport catchment including the identification of cost effective

actions that are most liketp achieve theState Environment Protection Policy sediment load target

of <=28kilotonnes/year (Victorian Government 2018), with the view of minimising risks to the critical
ecological processes of the bay. In relation to this, Melbourne Water (2018b) has alreadyrednsid

that an adequate rural land program in the Westernport catchtmemuld support minimising

sediment and nutrient loads, for example, to the estuary of Cardinia Creek (p 57 of the Strategy).

I F LI dzZNRyYy 3 aSto2dzNYS 2 | SNX aatdhyiehtgvie BxRlaF& difeyeRt | LILINS C
management and development scenarfor Westernpor{Sectiors.1).

3.1 Previous estimations of sediment sources
Sediment redistribution processes in the Westernport catchment include thostughes et al

(2003), Wallbrink et al (2063 and Wilkinson et al (2016a). We have considered them to compare
our results and to calibrate thenplementation othe Westernport catchmennodel
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Using SedNet modelling, geochemistry to investigate provideadenuclide tracing to establish
sediment accumulation in theay and available information from the literature, Hughes et al (2003)
identified the type of erosion source (either subsoil or surface) and erosion processes occurring in
nine majorcatchmerts of Westenport and the bay

Ther resultssuggest that the two most important sediment sources incitehmentare from
streambank and gully erosion of sub§béblel). They found thattheir SedNetderived estimates
comparel wellwith those obtained from tracgeochemistryandidentified the Bunyip and Lang Lang
Rivers as the major sources of sediment (silt and lag)re4 and Table2).

Tablel Source, erosion processes and status as identified in Wallbrin2@0ai)

Source Status Erosion Erosiorprocess Short term Longterm

source recommendatior recommendatiori action

action

Clay banks Major Shoreline Slumpng/wave Stabilisation Reestablishment of mangroves

erosion attack
Bunyip Major Subsoil Bank erosion Stabilise banks Reconnect channel ftoodplains:
River Gully erosion re-establish and manage ripariar

. corridors
(Ratio 68:32

Lang Lang Major Subsoil Bank erosion Stabilise gullies Reestablish and manage riparia
River Gully erosion corridors

(Ratio 39:61)

Cardinia  Major Subsaoil Bank erosion Stabilise banks Reconnect channel to floodplain
Creek Gully erosion re-establish and manage ripariar
corridors

(Ratio 75:25)

Bass River Minor Subsoil Bank erosion Stabilise banks Reestablish and manage riparia
Gully erosion corridors
(Ratio 80:20)

Unsealed Minor Surface Mechanical Improveroadside Establish buffers aund runoff

Roads action/Surface drainage to buffers  rains
washoff

Yallock Minor Subsoil Bank erosion Stabilisegullies Reconnect channel to floodplain

Creek Gully erosion re-establi$ and manage riparian
(Ratio 54:46) corridors

Bass River Minor Surfacenil  Sheet andill Investigatdand ugs  Improved land management anc
erosion re-establishment of riparian

corridors
Lang Lang Minor Subsoil Mechanical failure Natural
Cliffs /wave attack

aRatio between bank erosion yield and gully erosion yield within that tributaryedobment derived from T#ds 2 and 3 in Hughes et al
(2003).

bStatus derived from the geochéstry data, althouglsedNetresults indicate that this is tHeast importantof the major sources
Hughes et al (2003) results contribdte the construction of suspended sediment armkdload
budget for the Westernport catchment and litay. Their modelled sediment budget for the

catchment prediatd that over 60% of the sedimedelivered to streams is exported to tBay, the
rest is stored on floodplains or on waterways beds.
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They ale determined sediment storage in the catchmel# depositedn dams, 18% along the
floodplains (we assume these would be finer sediment fractiand)40% stored in the channéhee
assume these would be coarser sediment fractions (as described in letigh€2003) page 24)

Suspended sediment - contribution by
sub-catchment (tonnes/hectare/year)

0-0.1

01-05
B 0.5-1
-2
B2 / Cardinia Bunyip,

No Data 7 e

River

10 0 10 Kilometres
?

Figure4 Predicted sispended sediment contributidon the Bayby catchment, from Hughes et(@D03) (Figure
11, p32)

Table2 The total suspended sediment export from the mairsi&k Port catchments as predicted with SedNet
by Hughes el (2003)reproduced from Table 5, p26)

Watershed Totalsuspended Rank by Suspendededimentyield Rank by
sedimentexport load perunitarea yield
(kilotonnesyr) (tonnegha)
Bas River 266 8 3 0.30 2
Bunyip River 890 22 1 0.25 3
Cardinia Creek 398 6 5 0.15 5
Lang Lang River 423 20 2 0.47 1
Yallock Creek 286 6 4 0.21 4
TOTAL 2263 62

Later analysis of these results by Wilkinson et al (90@8&ated that this oveestimation was likely
due to model assumptions, including a linear rate of gully network expansion.

Wilkinson et al (2016a) identifiefreambanlkasthe largest form of erosion itné catchment(using
SedNetnotdSedNet Runoff delivering topsoil was also identified as beingther important source
They concluded that, in tHay, sediment resuspension by tides and wind driven watles largest
impact on particulate concentrations and water clarity atdally to annual the-series, but
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additionally, ongoing episodic evinputs elevate the background levels of turbidity for months to
years.

Wilkinson et al (201 reported that load estimates for recent decades have generally been lower
than earlier decades, and postuldtiat this was consistent with stabilisation of the river channels
since the 1970s. Prior to the 1980s, a phase of accelerated river channel erosion occurred,
presumably due to river channelisation and floodplain drairEgey estimated:

1 an annual totabuspened solid load of 12.9lktonnes/yearverthe period 20012014

9 the sum of the four river stations they uséé.Bunyip and Lang Lang and Bass Rivers, and Cardinia
Creel to be 17.7 iotonnes/yeatin the period1980;2014

1 the river total suspendesblidexport to the Western Port bay to be 23itonnes/year(ibid).

Using total suspended solids data from gauges of the four of the largest contributing catchments to
the bay Wilkinson et al (20X established the contributions of each subcatchnterthe total river
suspended solids loanh, decreasing orddselow:

1 Lang Lang with 41%
1 Bunyip with 31%

9 Bass with 16%

9 Cardinia with 12%

Their estimates are based @ntal Suspended Soljaghichwould presumably be higher than the
suspended sedimentrpportion (given that total solids accounts for additional undissolved
particulate matter, e.g. organic matter).

In our studywe take as a premise that suspended sediment is supplied to a river link from four
sources: streambank erosion, gully erosiorslbje erosion and tributary inputs of suspended
sediment yield.

Importantly, in their analysis Wilkinson et al (2016a) ssifyiture studies t@ontinue developing
sediment load modelling of the waterways in the Westernpatithment by implementing a
cachment model such adSedNetwhich can be associatedltond uss and sources of sediment.
They considexd that suchanexercise would contribute to inform and identify priorities for erosion
management, and even help evaluate the effect of related @wimgmanagement. The Catchment
Planning Tool (CPT) is designed under that gesv$ectios.3).

Whilst contributing to thalevelopmenbof dSedNetour project complements the existing sediment
modelling studiesAdditionallythe Catchment Planning Tool (C&Ipports decision makirigrough
exploringsimulated responses under diverse development, planning and management scenarios in
the catchment
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4 SourcetiSedNe®Westernport

This section describes thaselinemplementationof the model (SourcetSedNeétfor the

Westernport catchment. y i KA & O 2 yasdingheansiihit he ioslélld configured using
WOINNNBY (G Q RIFIGF FyR A& GKS AYLESYSydridrzy 2F GKS
model configurionsto support catchment planning.g. to simulate a chaegnland use or

application of a management intervention, amnfigured asPa O Sy | NikseaieQlestrijfeld

further in Sectiorb.1 Thissection provides infornien on:

9 How the system was conceptualised for modelling

1 How the catchment was characterisded modelling

9 Data requirements and how they were met

9 Hydrology (raifall-runoff) modellingset up and performance evaluationking 8/HYD
1 Sediment modellinset up and performance evaluatignisingdSedNet

4.1 Pilot catchmentesting

The Bunyip River catchment was selected@btto test data inputs, model schematiga and
model performance before scaling out to the whole of Westemddis catchment waselected as
pilot becauseét has a relatively good spread of flow gauges, the upper parts of the catchment are
useful to test hillslope and channel erosiandit contains areasf gully erosion.

The results of the pilot are reported in an internal pesg report to Melbourne Water (CSIRO 2018)
which is available on request to the author Melbourne Water.

After the development of the Bunyip pilot, operatitisimgdSedNeacross the catchments draining

to Western Port meant refining and redevelopommnponents from the existing Port Phillip and
Western Por{PRWP)catchmentSourcemodel. ThePRWPSourcemodel habeen developed over
severalears by Melbourne Water and the Department of Environment, Land, Water and Planning
(DELWP) and the intentiar this project was to ensure that the models developed were consistent in
terms of hydrology, catchment boundaries, climate land use

4.2 Systen conceptualisation

The major catchments &unyip, Cardinia, Lang Lang and Begsrways drairnto the

estuaine/marine receiving waters of Western Port, with other smaller creeks and local drainage also
contributing. Generally, the larger catchmentaidrfrom the Dandenong Rangasd Bunyip State

Parkin the North and across large alluvial floodplains bef@ehdrging into théay.Figure5

illustrates this with te Dandenong Ranges in the far background with the large flat floodplain areas
also shown.
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Figure5 Looking over the catchments\Western Portwih the Dandenong Ranges in the backgrofifttbb
credit: Tony Weber)

In developing the catchment model, particuddtention wasgiven toensuring model performance

for both the steeper terrain and flatter areagre properly represented, especially in tbenstructed
drainage lines around the lower arceOf key concern was ensuring adequate representation of the
anthropogenic channelisation and interconnectivity of the former KoeRp swamp and the
combined major basin outlets where multiple riviéosy in parallel through a combinetiainage
channel, each remaining relatively isolated from the other through channels and [Evisegquired
significant attention to the analysis of the digital elevation model to derive appropriate
subcatchments that mained aligned to the drainagearmels.

We assumed that existing land use characterisation was suitable to conceptualise differences in
hydrologic response across the basin (Seai8rd, thoughthis was also enhanced thrdugainfall
heterogeneity being accounted for through using gridded daily rainfall.

4.3 Catchment characterisation

A total of 373 subcatchmentgere derivedfrom a pitfilled and stream burned DEMgpendixB.1).

The model conceptuishtion was checked against the subcatchment boundaries of the Port Phillip
and Western PortPRPWP)model to ensure consistency, the same DEM and land use datasets
used in both models#A screenshot of the developed model is shawRigure6 .

Cardinia and Tarago water supply reservoirs were included in the modiébasnades with adaily
timeseries of storage releasgsovided by MlbourneWater.
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Figure6 Screen shot of Westernport model implembed in Sourceshowing the stream links as blue lines, with
other colours showing land uses

4.3.1 Catchment delineation

Consistency has been retained between catchments boundaries created with the DEM and the larger
spatial resolution of subcatchments delinghfer the current revision of theFRVPSource model,
beingrefinedby Jacobs for Melbourne &tér and DELWP (Jacobs, 20E®)ure? illustrates the

smaller subcatchment sizdsvelopedor the dSedNeWesternport model in compans to the

regional scale of tnPPWP Source model, but alignment between the models has been maintained.
Smaller subcatchments were used to disaggregrate key areas in finer detail, such as the complexity of
the Koo Wee Rup drainage area, but also to geosimalletglanning unitQo allow some better

resolution of the spatial locations of sediment sources. The subcatchment is the smallest spatial unit
in the Source model, as any other spatial information such as land use or vegetation data is used to
Wimp uXXesults as an overalibcatchment input. The size of the subcatchment then dictates the
smallest spatial unit available to discretise catchment loads and sources.

Figure7 Revisediner resolution Westernpoitiodel subctchmentdelineation(left) compared to coarse
resolution subcatchment delineation for the regionadtPhillip and Westerport Source model (middle). On the
right is the two model subcatchment boundaries overlayed illustrating consistency between thedele
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43.2 Land useandfunctional units (FU)

Land uselata produced for Melbourne Water and DELWP by Spatial Economics as used in the Port
Phillip and Westernport Source model (under revision by Jacobs) was initially adopted. To suit the
range ofanticipatedscenarioslandusegroupings wereeclassifiedo include more detail for

agricultural land usesising theVictorian Land Use Information System (VLUIS) 2014 dataset (VLUIS,
2014).

Land use types dhterestidentifiedby project stakeholdersthe potential for land managment for

livestock production classes (including dairy cattle, beef, and sheep), and several specific crop classes
¢ were extracted from the dataset and used to update tpatidlEconomicdand use data for the
Westernport catchmentThese classes in tMLUIS data coincided with the broader grazing and
croppingclassesn the $atialEconomicdand use data. The combinepafial Economicsand VLUIS

land use data were resampled to match the extent and resolution of the 20m DEM data.

Asummary of the landseclasses and theareaswith the SourcetSedNE®Westernportmodel is
given inTable3 and shown irFigure8.

Table3 Land useclasses adopted for mappifdys inthe SourcedSedNe@Westemport model

Grazing and Cropping 957.5 Residential Other 15.0
Grassland 619.6 Other 12.5
Forest 541.5 Industrial 104
Livestock Production (Begfttle)* 388.7 Public Use 9.7
Road 1415 Livestock Production (Sheé&p) 9.0
Livestock Production (Daicgttle)* 129.1 Railway 7.8
Horticulture 124.4 Orchards, groves and plantations 7.3
Water 114.0 Medium Density Residential 5.9
Low Density Residential 75.4 Commercial 35
Agricultural Industry 43.7 Specialised cropping* 3.4
Green Space 28.5 General cropping* 3.0
Domestic Livestock Grazing* 24.5 Plantation 0.8
Marketgarden* 22.1 Apartments <0.1
Quarry 16.8 *Additional landuse classification included for disedNet
Vineyard 15.9 modelfrom VLUI$and usedata (VLUIS, 2014)
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Figure8 Map ofland ussin Westernport catchment as used3ourcetiSedNe®Westernport

This land use map is a data product from the project and is available on request from Melbourne
Water.

4.3.3 Climate

TheBureau of Meteorolodgy AustralianWater Availability Project (AWAP) gridded daily rainfall and
Climate Atlasf Australia Monthly PET dakeere used to maintain alignment with the Port Phillip and
Westernport Source model developme@tidied rainfall data spanning the full modelling dition
period, Jan 1968 to Dec 2016 were included.

Figure9 illustrates the mean annual rainfall distribution acrossabign the Port Phillip and
Wesernport catciments as derived from subcatchmeaveraged AWAP data.
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4.4 RainfaHrunoff modelling

4.4.1 Model £tup

The primary driver afonstituent generation and transportqresses in a catchmeistrainfalrunoff,
so the configuration, calibration and validatioracfuitablerainfaltrunoff modelis vital for a robust
representation of catchment process@€mnce runoff and associatednstituents are generated in the
model theflows and constituent loads are deliverecatdownstream link which, in the case of
dSedNetthen allows determination of streambank and instream processes

ForSourcetSedNe@Westernport the SIMHY Dainfallrunoff modelwas usedo describe the
conversion of rainfall into runofChiew et a002) SIMHY s a simplified version of the daily
conceptual rainfalfunoff model, HYDROLOG, (see Porter 1972; and Porter & McMahon 1975) and
the more recent MODHYDRU@LQChiew & McMahon 199B8IMHY s aBucketstyle modelas

shown inFigurel0, with enoughcomplexity to deal with the range of hydrologic responses which
occur over a continuous time peridtis automatically installed with Sout@adhas been usd in

many applicatins across Australia, particularly where urban areas are likely to be important

TheSIMHY Dainfallrunoff model was retained for all functional units (FUs). Initially, consistent
hydrologic parameters from the Port Phillip and Wesgtert (PPWP) Sourcenodel were used to
parameterise the&SIMHY Dnodels for the Westeiport model. However, due to the finer resolution of
subcatchments compared to the regional\WP modelsome of the large flooding flows became
underestimated. The simuian of peak sedimerevents is a key focus of the Westaort model

6 SIMHYD within Source is well describduttips://wiki.ewater.org.au/display/SD41/SIMHYEBRGIt
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calibration process as the assessment of suspended sediment loads will be driven by peak flow events
within the catchment, and a good sediment load calibration is highly dependent exiagla good
flow cdibration. Thereforesome adjustments to the hydrological parameters were warranted:

1 Routing models were set to straigihirough routing (e.g. any observed attenuation of flows would
occur within less than a day). This was necessaguise the observedtanuation of flows at the
links specified in the SouraSedNemodel would occur within less than a day and hence the
effect of flow routing was unlikely to be significant.

1 Baseflow coefficient, Infiltration coefficient, Recharge fagent, Infiltration shape andRainfall
Interception Store Capaciparameters were tuned to achieve a better fit to observed higher flows
rather than focussing on baseflow and low flows.

9 Model estimation of peak flows was favoured over achieving a goddlrfit to baseflow or low
flows.

9 Regionalisation GIMHY [parameters followed the same methodology as per th&WPSource
model.

In some cases, these parameter changes resulted in a poorer model fit to baseflows and low flows in
favour of better estiration of peak flows.

RAINFALL i Ko
S i A I
v727,4,7, EVAPOTRANSPIRATION
4 oy %
20 q @ DECISION POINT
interception
rainfall excess
IMPERVIOUS RUNOFF Baseflow coeff UASE:
pervious area impervious area :
[ | ||| || [GERCHRR i Impervious Threshold 2.0-]
INFILTRATION EXCESS RUNOFF
Infiltration Coeff. 2363
SATURATION EXCESS RUNOFF AND INTERFLOW Infiltration shape 825:]
Interflow Coeff. 0-53E:
Perv. Fraction UBE:
grourned:v'{::gg RISC 3. ?5:
Recharge coefficient 0-53E:
BASEFLOW RUNOFF SMSC 400

groundwater

TOTAL RUNOFF

Figurel0 TheSIMHY Bainfallrunoff model[Source https://wiki.ewater.org.au/display/SI¥SIMHY D-+SR@]

The finalSIMHY [parameters are given ifable4. Impervious fraction paragters from the PRVP
Source model have been retainedSource tiSedNe@Westerrport (Table5) for representation of
hard surfaces ifand uses associated with urban areas.
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Table4 SourcetdSedNe@WesternPorSIMHY Parametersfor the four catchments used for calibration

Metaparam SIMHY[Parameter LangLang Bass Cardinia Bunyip
Urban Baseflow codicient 0.30 0.30 0.30 0.30
Urban Impervious Threshold 2.00 2.00 2.00 2.00
Urban Infiltration coeficient 100.00 100.00 100.00 100.00
Urban Infiltration shape 6.60 6.60 8.95 7.38
Urban Interflow coeficient 0.69 0.85 0.20 0.44
Urban Rainfall Interception Store Capacit 3.50 3.50 3.50 3.50
Urban Recharge coefficient 0.10 0.10 0.10 0.10
Urban Soil Moisture Storag@apacity 290.32 440.76 345.72 447.93
Forest Baseflow coefficient 0.30 0.30 0.30 0.30
Forest Impervious Threshold 2.00 2.00 2.00 2.00
Forest Infiltration coefficient 100.00 100.00 100.00 100.00
Forest Infiltration shape 3.50 3.50 1.00 4.86
Forest Interflow coefficient 0.25 0.92 0.18 0.001
Forest Rainfall Interception Store Capacit 3.50 3.50 3.50 3.50
Forest Recharge coefficient 0.10 0.10 0.10 0.10
Forest Soil Moisture Storage Capacity 344.55 420.94 351.90 336.60
Rural Baseflowcoefficient 0.30 0.30 0.30 0.30
Rural Impervious Threshold 2.00 2.00 2.00 2.00
Rural Infiltration coefficient 100.00 100.00 100.00 100.00
Rural Infiltration shape 3.00 3.00 1.58 3.25
Rural Interflow coefficient 0.45 0.04 0.05 0.23
Rural Rainfall Interception Store Capgci 3.50 3.50 3.50 3.50
Rural Recharge coefficient 0.15 0.30 0.11 0.07
Rural Soil Moisture Storage Capacity 478.52 247.29 450.00 439.90
Table5 Functional unit types arichperviousness fractions
Land use ElA’Factor Land use ElAFactor
Agricultural Industry 0.3 Grassland 0.06
Commercial 0.54 Grazing and Cropping 0.06
Industrial 0.54 Green Space 0.06
Apartments 0.51 Other 0.3
LowDensity Residential 0.36 Horticulture 0.06
Medium DensityResidential 0.45 Public Use 0.42
Resiéntial Other 0.45 Quarry 0.12
Railway 0.42 Forest 0
Road 0.39 Plantation 0.06

7 Effective Impervious Area fraction (EIA)
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4.4.2 Model alibration

Fine tuningSIMHY parameters focused on the four main flow gauges that coincided with good
guality sediment data and load estimates from Wilkiresosl (2016a):

1 228209- Lang Langi®erat Hamiltons Bdge

9 227231- Bass River at McGraths Rd

1 228213- Bunyip River at lona

1 228228- Cardinia Creek at Chasemore Rd

Figurellillustraes the location of the key flow and sediment calibraiauges.

The rainfalfunoff models werealibrated at a daily time step. Sygagmple calibration/validation was
adopted with the calibration period chosen generally from 1990 to 2016, and validation period 1989
to earliest period of record for each gaugvith at least 10 years of data for dalion).

Legend

@ Calibration
@ Validation
[ JWestern Port Subcatchments
WP watercourse

Figurell Location othe fourgauged flow sitewithin Westernport catchmentised for model calibration

4.4.3 Calibratiorperformance

Performance measures

There are many approachasdvaluating model performance, howeveeth is general acceptance
of the approaches recommended in Moriasi gR807) and the subsequent revision in Moriasi et al
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(2015. In those articles, a number of metrics are propose@$sessing hydrologic mddeof which

we selected NSE arRBIASHow their measurements match with performance indicators is given in
Tableb, followed by a short description of their classification (performance indicasses)as used
for this calibréion.

Table6 General performance ratings for model statistics for a monthly timegstegamflow (adapted from
Moriasi et al 2007)

Performance rating PBIAS (9%}reamflow NSE

Very good PBIAS €10 neértp £ b{9
Good pMA XK<#15 L ! { nedécp f b{9 >
Satisfactory pMp X t . L!{ neép f b{9 X
Poor t.L!{ X BF b{9 X nop

TheNashSutcliffe model Efficiency (N®Bgfficient is used to assess the predictive power of
hydrological models. An efficiency of 1 correspondspergect match of modelled discharge to the
observed data. An efficiency of 0 indicates that the model predictions are only as accurate as the
mean of the observed data. An efficiency of less than 0 occurs when the observed mean is a better
predictor thanthe model.We used this summary statistic, based on daily flows.

Percent bias (PBIASeasures thaverage tendency of modelled data to be greateless than the
corresponding observed daté/e used this summary statistic, based on % difference between
modelled and gauged mean daily flow (whepmaitive % bias indicates underestimation and
negative % bias indicates overestimation compared terobd)

Additionally we compared modelled and observed mean annual flow (MAF) of each gauged dataset,
and comucted a isual inspection onaily flow timeseries plotsioiw duration curvesand cumulative
daily flowto evaluate hydrologic model response

In summary, we used two performance measures (NSE and PBIAS), mean annual flow (MAF) and
visual inspection tevaluate the performance of the SIMHYD raiméadbff model.

Performanceevaluation

A summary of thevaluation resultss presented iTable7 and comparisons between modelled and
observed flows as timeseries and flow duratiorves (FDCs) are presed inFigurel2to Figurels.
The summary statisti¢gdlSE and PBIARB)strate hat the model performance against measured
streamflow data meets the good to satisfactory evaluatiiteria (as defined in Moriasi et al 2007) in
mostcases
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Table7 Summary statistics on SIMHYD model performance

Flow Gauge site PBIAS (%) NSE Observed Modeled
MAF(ML/d) MAF(ML/d)

228209 Lang LarRgjverat  Calbration 5%(v. good) 0.65(good) 136 130
Hamiltons Bdge
228208 Lang Lang River . Site Validation = 10%(good) 0.65(good) 192 172
Lang Lang
227231 Bass River at Calibration -3%yv. good) 0.53(satisfactory) 126 130
McGraths Rd o

Validation 13%(good) 0.71(good) 158 138
228213 Bunyip River at  Calibration -19%(satisfactory) 0.55(satisfactory) 294 350
lona

Validation -25%(satisfactory) 0.67(good) 288 360
228228 Cardinia Creek at Calibration -20%(satisfactory) 0.63(satisfactory) 39 47

Chasemore Rd

The timeseies graphs and FDCs show that the model performs reasonably well in estimating peak
flow events which are likely to deliver high sediment loads to theTiyEDCs indicate areas of the

flow periods where the model and observed data match@an be seeiin many of them, the model

is providing reasonable estimates in the lower exceedance percentages, with some deviation across
higher exceedenceso interpret these, lower exceedance percentages mean those flows occur less
frequently, and are thefore assoiated with higher flow rates, with higher exceedance percentages
associated with lower event flows and baseflofgscan be seen, the model is reproducing the higher
flows well, but there is some deviation across the lower flows and baseTloisss cosistent with

how the model was parameterised and calibrgiegl to be able to better estimate higher flows

when sediment loads to the bay are expected to be the greatedt}he results are to be expected.

The time series graphs provide adication & how well the model is capturing the hydrologic
response of the system in terms of seasonality and the way the model simulates the return to
baseflows after rainfatunoff eventsThese graphs show that the model is reproducing the
hydrologicresponse vey well, with good matches between the observed and modelled timeseries.
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LANG LANG RIVER CATCHMENT

228209 Lang Lang Road at Hamiltons Br Rd CALIBRATION 228208 Lang Lang River @ Lang Lang SITE VALIDATION
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Figurel2 Lang Lang River Catchment: Comparison of modelled and observed flows for both calibration and validdsiomtpee was insufficient flow record for split sample
calibration. Therefore, gauge 228208he upper Lang Lang catchment, was used as wadiiiation
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BASS RIVER CATCHMENT

227231 Bass River at McGraths Rd CALIBRATION 227231 Bass River at McGraths Rd VALIDATION
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Figurel3Bass River Catchment: Comparisf modelled and observed flows for both calibration and validation periods
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BUNYIP RIVER CATCHMENT

228213 Bunyip River at lona CALIBRATION

228213 Bunyip River at lona VALIDATION
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Figurel4 Bunyip River Catchment: Comparison of modelled and observed flows for Batitioaland validation periods
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CARDINIA CREEK CATCHMENT

228228 Cardinia Creek at Chasemore Rd CALIBRATION 228228 Cardinia Creek at Chasemore Rd CALIBRATION
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Figurel5 Cardinia Creek Catchment: Comparison of modelled and observed flows for both calibration and validation periods
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4.5 Sedimenmodelling

4.5.1 Model set up

Fne sediments were the focesnstituentconfigured in the modddecause of their dominant effect on light
climate within the bayFor agriculture and forelnd uss, two fine sediment sources were configured with
dSedNetillslope and Gully modules. A combined streambank eroswfi@dplaindeposition reach

model were configured in all model links.

The Universal Soil Loss Equation used to estimate sheetwash/rill and gully erosion on other lamebuses
an appropriate model for urban land uses as#teave such changed soilrggation andransport
processes to those occurring from gullies and hillslopes. For this reason, we retainedahereseMean
Concentrationd Dry Weather Concentration (EMC/DWC) models (as adopted for W8 Rfddel)to model
urban land usegarameerised basd on literature valuesT@ble8)). This demonstrates the flexibility of
dSedneto apply modules that are locally relevant.

Storage deposition was represented as a simple mass transformation model in the link downstiam of e
storage release inflow node for both Cardinia and Tarago reservoirs. A 90% reduction in loads from storage
deposition was adopted based on information obtained fdaters and Lewik017) which examined

trapping efficiency of reservoirs

A series of ython rotebooks and the Veneer pludiippendidD.]) facilitate model setip and
parameterisation. The python notebooks provide a workflovd&adNeand EMCZDWC modl assignment
and parameterisationThese are describedAppendix D

Table8 Literature values adopted for urban fine sediment models

FU Tpe EMC DwC Literature Source

Road Railway 100 25 Fletcheret al 2004

GreenSpace 500 50 Adopted Horticulture values from Batleyal 2012
Quarry 84 8 Calibratedbased on the R®/P Source model
Residential; Public Use; 100 30 Fletcheret al 2004

Commercialindustrial

4.5.2 Datarequirements

Each of thelSedNetJt dz3 Ay Q& Y2 Rdz S& OKAff at2LISs JdzZ ftex adNBI
transformation) have their own data requiremefisted inTable9. Descriptions for each parameter and
how theyhave beerpopulated for Westernport is givenAtppendix B

Table9 dSedNetnodule parameters

Hillslope delivery ratio (HSDRjine Proportion fire (Pf)

Rainfall erosivity (R) Soil bulk density &}

Soil erodibility (K) Gully crossectional area or depth (aG)
Slope length factor (L) Gully density or gully length (LG)
Slope steepness factor (S) Gully age (T)

Cover factor (C) Gullyactivityfactor (fG)

Management factor (Mg)
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Link streambed slope (SI) Floodplain area (Af)
Bankfulldischarge (Qbf) Floodplain deposition (If)
Proportion of finesediment in bank subsoil (pF)  Sedimensettling velocity (Vp)
Streambank subsoil dry bulk densitg) Bankfull flow (Qbf)

Bank height (h) Long term average daily flow (QL)

Link length (LI)

Erodibility exponent (b)

Erodible soil extent (SoilErod)

Riparian vegetation proportion (RipVeg)

Maximumvegetation effectiveness
(MaxVegEff/MaxVegEffectiveness)

Coarse sediments were initialtybe includedor modelling However, as there were sufficientobserved
data(e.g. to establish the transport capacity of channels requifesmation on particle size, channel slope,
YFYYyAy3aQa OKI y yoldequitByabhiigfefise & coarse §edithenbdel, modelling othe
coarse fraction was not progressdthis is a liftation within this implementation of the model.

4.5.3 Model alibration

The samefour gauges used for rainfallinoff calibration were used falSedNet calibration:

9 228209- Lang Langi®erat Hamiltons Br
9 227231- Bass River at McGraths Rd
9 228213- Bunyip River at lona

1 228228- Cardinia Creek at Chasemore Rd
Calibratim wasfocused on achieving a good fit with observed sediment loads, with preference placed on
achieving a good comparison with peak loadshguitood events and overall a good fit with mean annual

loads, given the tool will be used for lalegm catchmenplanning. TheSedNeparameters that were
tuned in the model to match the modelled sediment loads with the obsemedutlined inTablelO.

Tablel0dSedNeparameters tuned for sediment calibration aedulting calibrated parameter

dSedNeparameter Application in moell Calibrated value
Hillslopemodule¢ alpha (R factor) Applied to all catchments 0.56
Gullymodulec gully activityfactor Applied to all catchments 1.7
Link Streambank erosionoduk ¢ erosion Bunyip 0.0004
coefficient

Lang Lang 0.001

Bass 0.002

Cardinia 0.001
Link Streambank erosionodule daily flow power  Bunyip 1.8
factor

Lang Lang 1.8

Bass 1.8

Cardinia 13
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4.5.4 Calibratiorperformance

Performance measures

The measuressed to assess modae¢rformance are the same as those used to assess the performance of

the rainfaltrunoff (SIMHYD) model., namely:

1 NashSutcliffe model Efficiency 8§ statistic(as a measure of goodnegtfit, where 0 is poor and 1 is a
perfect fitto observed data)

1 Perent bias(PBIAS( difference between modelled anldservedoads positive % bias indicates
underestimation and negative % bias indicates overestimation compared to observed)

9 comparison of modelled to observetean annuasediment bad
1 visual inspectiomn monthly load timeseries plots, scatter plots, and cumulative monthly load
1 visual inspection on gan annual bar charts

The resulting model fits were assessed using evaluation criteria developed by &aiigi07)(Tablell).
In the case of sedimentnd\SE of greater than 0.55 was considered a good fit between monthly modelled
and observed loads.

Tablell Performance ratings falSedNemnodel statistics for a monthly time stéulapted from Moriasi et al 2007)

Performance rating PBIAS (9%}reamflow NSE

Very good PBIAS < £1 neétrp £ b{9
Good +15)K t . L3D { nopp f b{9
Satisfactory 30K t . L56 { noo f b{9
Poor t. L85 X b{9 X nodo

Performance evaluation

Summary statistics for model calibratiare presented inTablel2. The model achiedsa good calibration
performance according to the Moriatial (2007) criteria for both mean monthly and mean annual loads.
The ability to estimate the majority of peak sednt loads and baseflow loads is demonstrated in the
following figures for Lang Larkjdurel?), BassKigurel8), Bunyip Figurel9), and CardiniaHgure20).
Estimation of the peak flood event sediment Iedim early 2011 were challenging and it is thought that
resuspension of fine sediment and the subsequent transport through the catchments may be a missing
component of thedlSedNemodel, which is causingis underprediction of loads. Nevertheless, theam
annual loads for each catchment is well represented by the model.

Tablel2 Summary statistics ddource iSedNe@®@Westernpormodelcalibrationperformance

Gauge site Monthly loads Monthly loads NSE Observednean Modelmean
PBIAS (%) annualload (kt/y) annual load (ktly)

WPLANO0373 Lang LarigeRat 17%(good) 0.58(good) 5.8 4.8

Hamiltons Bdge

WPBAS0233 Bass River at -16%(good) 0.64(good) 3.1 3.6

McGraths Rd

WPBUNO707 Bunyip River at lon -27%(good) 0.6(good) 2.7 3.4

WRCARO0133 Cardinia Creek at  -28%(good) 0.31(satisfactory) 0.5 0.7

Chasemore Rd
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Comparison of the performance $burcetiSedNe@ Westernporand the PRVP regional Source model
(which used EMC/DWC for all land usagginst observed mean annual loadsefaech of the main
catchments is presented Figurel6. OveralldSedNehas greater skill in estimatimgean annual loads than
the EMCZDWC model utilised by the #¥P Source model, although both models underestimate the 2011
obsenedloads.

Both models are suitable anditr-purpose for their respectivemodelling applications, however, the
SourcetiSedNetodel is perhaps more useful in thas well as generally better estimates of sediment
loads,it provides information and scario management levers for the explicit sediment sources, and thus
provides nore flexibility for the endisers.

Bunyip River Catchment Cardinia Creek Catchment
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Figurel6 Comparison of modelle®QurceSedNe®Westernporiand PPVP regional Source model) and observed
mean annal loads over the period 20@D14 for the four calibration catchments
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‘ WPLANO0373 Lang LarigelRat Hamiltons Bdge
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Figurel7 Lang Lang River Catchment: Comparison of modelled and observed total suspended sedineed$TSS

TSS Load (kt/yr)

48| dSedNein Westernport- CSIRO & Melbourne Water



‘ WPBASO0233 Bass River at McGraths Rd
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Figurel8 Bass River Catchment: Comparison of modelled and observed total suspended sediment (TSS) loads
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‘ WPBUNO707 Bunyip River at lona
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Figurel9 Bunyip River Catchment: Comparison of modelled and observed total suspended sediment (TSS) loads
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‘ WPCARO0133 Cardinia Creek at Chasemore Rd
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Figure20 Cardinia Creek Catchment: Compatrison of modelled and obtetakslispended sediment (TSS) loads

4.6 Baseline results and discussion

Over the period 2062016,SourcetSedNe@Westernpor estimatesa mean annual fine sediment (silt and
clay)total loadof 35.4kilotonnegyear. Sediment load is dominated by the streamk&rosion source

(65.4%) followed bthe urbansource(18.2%)Figure21(left)). Roads (24.2%), grazing and cropping (20.8%)
and low density residential (12.2%) together produce over 50% of the total sedimegéetmdted from

land uses (excludes streambank as a soFegire21(right)).
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Figure21 The contributions of mean annual sediment loads (a) from different erosion sources and (b) from land uses as
modelled in SourceiSedNe®@Westernport. (b) does not include contributions from streambank, which is not modelled
as a land use. [Source: The Gatent Planning Tool, CPT@Westernport]

Figure22 shows the modelled mean annual sediment loads for thelewbf Westernport. WhildSednet
predicsthe highest annual bxd in 2011, the prediction fahree of the four major catchments lower than
the observed loadior that year(bottom plot inFigurel?, Figurel8, Figurel9, Figure20).
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Figure22 Modelled mean annual sediment loads to Western Port over the periodZi®BlL The broken lines show the
mean load of 38 kilotonnes/Agar over the period, and the SEPP target of 28 kilotonnes/year. [Source: Catchment
Planning Tool, CPT@Westernport]
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The bur catchmentsised for calibratioffrom west to east: Cardinia, Bunyliang Lang and Bass) produce
the majority of thefine sedimentioad (75%), with the Bunyif34%) and Lang Lan@¥8)River catchmerst
contributingmore thanhalf of that. dSedNepredicts thatstreambank erosion is the dominant source in all
four major catchmentsrThis is consistent with earlier modelling of Westerhpatchments €.g.Hughes et

al 2003; Wallbrink et al 2003b).

Tablel3dSedNegstimated mean annual loads for tfeeir major catchments. The table also includes information on the
land uses that dominatend-basedsediment generéon in those catchment§.e. excludes streambank erosion which is
the dominant source in all four ciiments)

Catchment Area dSedNet estimation (20e2016)
sqkm  ktly Dominant sedimengenerating land uses
Bunyip 890 12 34% Roads (29%), grazing &pping (13%)
Lang Lang 423 8 23% Grazing and cropping (47%), livestock (beef cattle) (15.8%)
Bass 266 4 11%  Grazing and cropping (42%), roads (19.4%)
Cardinia 398 3 8% Roads (30%), low density residential (26%),
Other 8.4 24%
Total 35.4 100.0® Roads (24%), grazing and cropping (21%), low dessidgntial (12%),

livestock (beef cattle) (8%)
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We can explore this furthend the nextwo figuresuse the Lang Lang catchment to demonstrate how data
can be accessed viag CPT@Westernpért

Figure23 presents the annual loads from Lang Lang catchmenttbggreriod 20012016 where
streambank dominates (64.8%), followed by gullies (17.8%), hillslope (10%), and urban (7.4%).

The SEP Bank
Urban
Gully

Hillslope

25k

20k

Fine sediment (t)

[}

2002 2004 2006 2008 2010 2012 2014 2016

Figure23 (left) Modelled mean annual sediment loads to Western Port over the period22d@lfrom Lang Lang

catchment. {ight) Load contributions by source (urban, gully, hillslope, (stream)bank [Source: Catchment Planning tool,
CPT@Wasrnport]

Results can be further interrogated by stdichment and by land usEigure24).

Agricultural Industry

Grazing and Cropping

Quarry

Railway

Road

Residential Other

Low Density Residential

Domestic Livestock Grazing
Livestock Production (Beef Cattle)
Livestock Production (Dairy Cattle)
Others

Leaflet | ...

‘0138 276 413 551 689 827 964 1102 1240 1378 1515
Showing hillslope, gully + streambank sources

Figure24 (left) Spatial distribution of las within Lang Lang catchments, by subcatchmeight)(Contributiors for
specific land uses (excludes streambank) [Source: Catchment Planning Tool, CPT@Westernport]

The Catchment Planning Tool provides access to results by sediment source, regimentalahd use, for
individual years. The reader is referred to thaodlTor detailed reportingnd analysisf results.

Comparison t@arlierstudies

TheSourcetiSedNe®Westernporestimated mean annual sediment load to the bag5.4 kt/yris higher
thanthe 23.8 kt/yr estimated by Wilkinson et al (2016@)o usedhe mean annuaSedNemodel.The
difference between this new modelling and the load estimate based on river gaugeringns 25%; this is

8 One advantage of accessing results through the CPT@Westernport is that all results are presented using thesesrenstédrmats, allowing
for easy visual comparison of results.
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within the typical difference from measured loads for these exercises and is smaller than the earlier (Hughes
et al, 2@3) meanannualSednetmodelling of ~66 kt/yr (which was calculated over an earlier time period).

dSedNealmostcertainly has oveestimated streambank erosion in the channelised readhdkese
reaches, bank erosion is very small because the chameels@rwidened to carry flood flows. Estimation
of deposition in these channels is also difficult because tts &= well vegetated and so standard
algorithms do not apply well. It is likely that deposition occurs there. Additionally, sediment isdéroove
those channels before it reaches the bay. The current version of the dSedNet model doegrpotate
this, nor does it have instream deposition and resuspension enabled.

Hughes et al. (2003)ising the annué@ednetmodel,estimated suspended danent mean annual load to
Western Port of around @8lotonnegyear. This ialmost double that estimated by tlsSedNemodel.
Wilkinson et al (2016a) suggests that load estimates for recent delcadegenerallpeen lower than
earlier estimates of layer-term sediment loads. Given the time since massive land clearance and river
channelization in the catchmentdacline in catchment sediment yield may be expected, given river
channels are more stable than they were in the period prior to 1970 (Witkatsd., 2016a). In addition,
methods used to prepare data for inputs int8edNemay differ from those utiliskby Hughes et al. (2003)
for SedNet modelling, such as the variable cover factor inputs, different SIMHY Dreenoféll
parameterisation, reision to gully density mapping and activity/maturity.

In the 2018 Melbourne Water summary of research findimggg from the Western Port Environment
Research Program (under which a group of research projects were undertaken) it is identified that
catdiment sediment supply appears to have reduced in recent years, with an estimatednmezah
suspended solid dekry into Western Port of 23.8/kear since 1980 (Chapter 2, Melbourne Water 2018).
However, a key action to improving water quality to leseitble for seagrass maintenance and restoration
is set to restrict sediment loads from the catchment and dioastogether to current levels (of around

28 kt/year), and improving the management of catchment loads is still considered crucial for tleenNes
Port environment since this reduces further sediment deposition and remobilisation of fine material
(Melboume Water 2018).

Comparison to SEPP target

ThedSedNemean annual load estimation of 35.4 ldéyis higher thanhe SEPP target of R8year

(visually shown iRigure22). The same arguments applyd8edNeas discussed in Wilkinson et al (2016a)
(and reported in the above stdection).Firstly, whiledSedNeincludes floodplain deposition, it does not
have hstream d@osition (and reentrainment) enabledwhich would reduce the estimated load to the bay)
Itis also likely thaBourcetSedNe®Westernporbverestimates the export of sediment from the
channelised reachesaediment is regularly removed the ohals in hat area.

If we adopt the Wallbrink et al (2003@uristicthat about 60% of generated sediment enters the @(hay

40% is deposited within the catchment either on floodplains or in streamhbis)educeshe estimated
annual loado 21.2kt/year. Exen if we adopt a more conservative figure of 80% entering the bay (i.e. 20%
does not reach the bay), the estimated load is 28.3kt\Alignment with the SEPP targgetritically
important as the modelling is intended to support tploratian of managment options that will ensure
that the SEPP target is maintained. Safmdesemanagement options are explored in the next section.
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5 Catchment planning

The Westernport catchment has been substantially modified since the late 1800s, including the dfainage
large swampy areas (particularly the Koo Wee Rup Swamp), vegetation clearing, agriculture and progressive
urbanisation. As a result, catchment hydgy@nd water quality has been fundamentally altered, most
notably by the direct connection of major waways such as Cardinia, Toomuc and Deep Creeks, and the
Bunyip and Lang Lang Rivers to the bay. Formerly flows from these streams and associatet$ sedimen
terminated in swamps. These changes have resultedincegaseof sediment to the northern and e&@sn

parts of the bay, and along with ongoing input from erosion along the Lang Lang coastline, have impacted
the ability of sutightto penetrate the wéers of the bay. Both these conditions, i.e. increased fine sediment
loadandconsequenteduced lighpenetration are detrimental to the health of the seagrass meadows of

the bay.Recent sediment studies indicate that sediment loads from the catchmeat&duced over the

past few decades (Wilkinson et al 2016), and that there has been a gradual elGiekwést to east)

flushing of fine sediments from the bay (Hancock et al 2003; WaldiraiR003), such that significant
improvements in water clayi within the northern parts of the bay are likely within the next 20+ years if
current catchment loadsan be reduced or maintained at current levéiglpourne Water 2018). Although

there is evidence of some improvement in the distribution of seagoass across Western Port, the cover

is still much less than that observed in the earigt 1970s prioto extensive intertidal seagrass loss
(Melbourne Water 2018).

A number of key threats to water quality in the waterways in the Westernport catchmetti@abey have

been identified, including ongoing agricultural activities (e.g. dairies, intensivauhiorg), steady

urbanisation (including the south east growth corridor and expansion of townships) and climate change (e.g.
changes in rainfall intengiind frequency, sea level rise)glbourne Water 2018). In order to achieve the

State Environment Prection Policy sediment load objective for Western Port of an average annual total
suspended solids load of <=K&8r for the period 2018028 (Victoin Government 2018), it is important

to understand the most cosffective combination of managementtams. It is also important to

understand these possible management actions in the context of major strategies such as the Healthy
Waterways Strategy 281Melbourne Water 2018 or Western Port Strategic Directions Statement (fFE

2018).

5.1 Optionsfor manaying sediment loads

hyS 2F (KS Ylye 0SySTAida 2F RSOSt{2ARGI ¥ BAXEAPGRA
models, these are setugia Wa O Sygnerdlfthfodg® changingne or moremodule parametersand the
model rerun with that new set ofparametervalues.

Management option requiements were elicited via a series of workshops with Melbourne Water and
DELWP staff and the full set (to this point) is listekpjpendix A. In summary, there wageatestinterest

in exploring the likely impacts of different scales of interventions (e.g. streambank and/or gully erosion
controls)land usechange, and a changing climate, on sediment generation and transport, at local and
regional (to the bay) scale

As at he time of writing this repor§ managemenactions have been implementet@iablel4).

9 Not all requirements can, or have, been modelled in this applicaiome because théSedNet { 2 dzNDS Y2 RSt & Ol y Qi | RS|jdz
scenario, some because the science is notcseffitly robust, and some bauase they were not prioritised for this implementation.
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Tablel4 The five catchment planning scenariostthave been implemented in the CPT (as at July 206dfig that
these are combined to give 23 model scenarios

Scenario ID Description

U=Urban

uo1 All existing tbanareas have implementestormwater managemergchemes that conform
to BPEMargets i.e. 80% reduction in TSS load. This scenario does not include the urbi
transition period (i.e. the construction period) when it is assumed that the 80% reductic
not achieved. It assumes perfect compliance

FU=Future Urban

FUO1 Urbanland useexpanded to include future urban, and with different sediment generatior
ratesto reflect higher likely sediment export during first two years of developriéig.
scenario wasnder construction @ July 2048d results are not included in thigpmat

G=Gully [Thesegully scenarios are mutually exclukive
G011 20% of active gullidsave been remediated/stabilised
G02 60% of active gullies have been remediated/stabilised

B=(Stream)bank

BO1 Riparian vegetation restored on stiteambanks
C=Cover
Cco1 Hillslope vegetation cover has improved by a fact@r of

Climate change has tbeen included. While it is easy to input a different (i.e. likely future) rainfall time
series through the model and thus generate a new set of results, the effect of changes in temperature and
greenhouse gases @nounctover, and thus on sedimemtobilisation is not yet well studiedzrom a

science point of view, this may require some changes to the underlying algorithms which have been
developed and field tested under a historical climate regime.

As you can see fromdhdescriptions iTablel4, the current implementation of these management options
Aa | dzA & 8 y R @.fheeedctioneduniformly across the land use areaslém river links, to which
they apply. This approach is reasonable for initial analysis, dpatian a tool has been developed (the
Catchment Planning Tool, see next section), which allows for exploration of their likely impact by location
and/or landuse. It results in a manageable number of model runs to be stored for later enquiry, as
Melbourre Water did not anticipate, aime of designthat they would have ihouse expertise to

dynamically run the SourcéSedNe®Westernport model.

Thesescenarioshave been combine.g. GO1+B01+C0drder of combinatiomot important)to give 23
W 4 KA el scenarios, requiring that the SourdSedNemodel be run 23 times, each run with a
different set of input parameterdVith the baseline run, which in Soaris also called aewario, the
Westernport application has 2dodelscenarios.

Reporting ofdads (total annual) was requested to be:

TTNRY ALISOATAO 4dzoOF GOKYSYyd 2NJ ANRdzLIE 2F &dz OF G OK

9 from sediment sources (gully, hillslope)et

1 fromland use (e.g. urban, forest, types of agriculture)

1 against State Environment ProtectiBolicy (SEPP) targets for the bay

1 against best practice environmental management (BPEM) targets for intervention options
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Each scenario translates into a eetnodel input parameters, which are then run through the model to
produce reporting results fahe 24 model runs.

5.2 Scenario results

Figure25shows theestimatedmean annual loadsver the period 200:2016from every combination of
management optioscenario These results show the impact of tlewegetation of streambankB@1) with
those scenarios includimgp1showingsignificantreductions(as much ag5kt/year) in sediment load to the
bay.

+G-02+B-01+C-01] U01+G02+B01+C01

U-01+G-02+B-01
U-01+G-02+C-01
U-01+G-02]
+G-01+B-01+C-01
U-01+G-01+B-01]
U-01+G-01+C-01
U-01+G-01
U-01+B-01+C-01
U-01+B-01
U-01+C-01
uU-01
G-02+B-01+C-01
G-02+B-01]
G-02+C-01]
G-02]
G-01+B-01+C-01
G-01+B-01]
G-01+C-01]
G-01]
B-01+C-01
B-01
C-01
Baseling

0 Sk 10k 15k 20k 25k 30k 35k

Figure25Mean annual loads for each combinatiom@znagement optiofii.e. 24 results) [Sece: The @chment
Planning Tool, CPT@Westernport]

¢F1Ay3 GKS WwWo Sa ual+Go3-+#pi2a(lechtifict in@réed ghiovdiie 2an explore this
further. Figure26a shows the reduction in mean annual load unterscenario compad to baseline, over
the period 20012016.Figure26b shows the difference in contributions from sources (the scenario is
outlined in orang@ndbaseline is shaded in blu@his scenario reduces loads from all sources, with the
largestload reduction being from streambank revegetation, drallargest %load reduction beifigm
urban areas. This is to be expectedbadhh management optionsimulate besbr optimalpractice.
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Figure26 (a) Change fromaseline in mean annual loads under the combmadagement options scenario
(U01+G02+B01+C01) over the period 20016. (b) Change in contributions by source (urban, gully, hillslope,
(stream)bank [Source: Catchment Planning Tool, CPT@Westernport]

5.3 TheCachment Planning Tool (CPT)

The Catchment PlanmjrTool (CPT) has been developed as avebd SR-SYRRP yi2 (G KS
SourcedSedNe@Westernport model to provide access to an agreedsstilof model features such as
baseline information, scenarios and modeuits It was recognised that running eWater Source and the
dSedNeplugin requires considerable technical knowledge and consequently their use within Melbourne
Water was likely to be sporadic. The decision was made to develop the CPT to provide antkefabk for
staff to centrally store and explore results of scenario.runs

Mostof the resultgpresentedn this report have been generated through the CPT.
The CPT h&parts:

(1) a webbased user interface that effectively allows the user to set @piegthat are sent to the
backend database which contains the results of all therpremodel scenarios (including the
baseline model run results) that are accessed and processed dynamically to suit the query.

(2) A backend dataset that contains the conitex information that is displayeds this information is
read dynamically from the dataset, edits are automatically available to the user. This supports using
the CPT as a mini information system. For example, interpretations of scenario results could be
included, with links to other documents and data provided.

(3) A workflow (coded using Jupyter Python notebook) that batched thpe information needed to
runthe scenariosexecuteshe models and writes results out to the CPT databadgss takes many
hoursandneedonly be run if there were a changette configuration of the
SourcetiSedNa@Westernport model, tone of the scenarios, drmore scenarios were added.

5.3.1 A quick tour of the layowtnd contentof the CPT

The CPT (July 2019 versiba} beerdesigf SR G2 Wi St f viskaBthrau§hihg 0v6&of mapsi (i 2 NE Q
and charts.
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o
Westernport
Catchment Planning Tool

Figure27 The entry screen to the CPT@Westernport

It is organised as follows:

Overview

9 About the catchmentland use rainfall, topographyannual grounadover maps

1 Sediment budgetsannual total load for the catchment, a regi@ng. Bunyip River on)\g subcatchment,
a source or éand use The default is for the baseline scenabot results for othescenarios can be
accessed

1 Previous studis- background information on theatchment and sediment budgets from previous studies

Scenarios

9 Descriptions of the scenarios

[ 2FRa adzyYYINARaSR o6& NBIA2YyS aKz2gAyd GKS RAFTFSNByY
9 Scenario comparison allowing t&ta-time comparison, with results presently in charts and maps

9 Download data which downloads files of daily flow and fine sediment loads for modelled outlets

Detailed results

1 Annual loads to the bay for a particular yfara selected scenario at an exit ndgeked from a map)

1 Annual loads frorsubcatchmentg; selectable by land use, sediment source, and year. Multiple
presentations of results assist with interpreting the results (e.g. a subcatchment may producécathrge
because it has a large area; dsidominated by a high generating land use, or source)

1 Annual loads from Instream procesgesmnnual loads selectable by link, scenario, process (floodplain
deposition or streambank) and year

About the Model
1 Model overview- provides information on the nutel

1 Land use; allows the user to query the land use map
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1 Coverg display of monthly bare ground index images for the period-2008
1 Gulliesg display of active and inactive gullies

1 Calibration displays graphs ar@ther details of the calibration proces of interest to modellers and
hydrologists

Project

1 References citation details for relevant documents, including previous studies; where available, active
hyperlinks have been included

9 Data productg describedhe derivation of thes data products @ated during the life of the project
1 Creditsand acknowledgements.

5.3.2 Uses for the CPT

The CPiesign was informed by uses tihdelbourne Water staff anticipated. At the time of writing this

report, the CPT is still @an elementary state and in a user respemphase. The focus of the July 2019 version
has been to enable staff to become familiar with the catchment, and those locations and/or sources that are
predicted to be the major generators of fine sediment.

In the bnger term, staff anticipate using th®Tto

9 assist in annual sediment reporting, especially useful for those areas with no observed data

1 explore the effect of different levels of intervention at different points through the catchment (e.g. an
intervention in one subcatchment or one region rhaye a significant positive effect in that
subcatchment, but has no effect on total load to Has

1 understand the likelgedimentioads being deliverelom developing urbaareasand develop
appropriate management options to mitigate

1 understand the likiy implications of climate change on sediment generation and the relative outcomes for
various sedimant load management scenarios

1 incorporation of cost information to understand the most esf§ective combination of management
actions that are likely tachieve the SEPP sediment loads target to Western Port under a changing climate
and urban growth

1 indusion of coarse sediment load scenarios, such as to inform sediment removal programs for
maintenance of the flow capacity in the Koo Wee Rup drainagedistr

5.3.3 Accessin@€PT@esternport

CPT@Westernpodan be accessed fronttps://www.flowmatters.com.au/viz/#/mvept.
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6 Reflections |ad future directions

This project has continued the long traditiorMélbourne Water working with research organisations, such

as CSIRO, to further the science required to underpin robust and defensible catchment planning decisions.
On this occasion, itds given CSIRO the opportunityetwode that science its dSedNeproduct, the

predecessor of which was first applied in Westernport in 2808 to revisit many of the assumptions and
algorithms on whickhat product isbased- a winwin situation.

6.1 Adwances

Within the two years of the project, the Source hydrology madeal updated, a new sediment model was
built, models were calibrated and validated, data was collected and/or inferred through remote sensing, GIS
and other analytical methods, and theTGRas designed, coded and implemented.

Being able to modehe effectof management changes on loads at the outlet is a step fonaari$ the
ability to reflect seasonal changes in vegetation cé@&&diment source contributions to load are now much
improved; as is the ability to disaggregate by land use which is acasigingiilvance on the annual Sednet
model.

The CPT reduces the requirement fehguse modelling expertise through providing an dasyccess
entry point to the models and their results.

6.2 Next steps

2 KAES FEf OFNB gl a GF 1Sy Shai QLRI & B KRK S oY SRS tYd ya@
density of active gullies within catchments, condition of riparian areas) were inferred and need to be

validated, requiring new field wofkurvey and monitoring) and longirm research. Melbourne Water

staff anticipated many uses for the CPT.

This section looks gtwhat next. This includesvisiting componentsf the initial project plamhat were not
fully addresseih this twoyear poject,due tore-shuffling of resources to other componentspecaug
the knowledge and data wedeemed isufficientto confidentlyencode in a modeThese could be
considered as limitations in the current model, some of which can be addressed thndhghinvestment
in the model, and some of which require field wankl investment in the sciendssues and associated
tasksare grouped byour themesin Tablel5, with an estimate of the size of the task

9 dSedNemodel and mé&ods

1 SourcetSedNE®Westernport characterisation/data
9 Catchment Planning Tool (CPT@Westernport)

9 Catchment planning scenarios.

Many, if not all, of these issues impact on the accuracy of the model and would not be undertaken in
isolation. A thorough sensitty analysis (suggested below) would confirm what components and parameters
are having the most influence on resujthen dedsions which balance advancement vs return on

investment can be made. Additionally, there are some tasks which may not bemeficuracy of the

modelling in the short term but would make a significant contribution to the advancement of sediment
modellirg (e.g. developing a robust method to estimate sediment transport from urban areas).
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Tablel5 Issues rized during the project that should be addressed to improve the ability of the model to predict sediment
generation, transport ahdeposition. Duration indicates whether the task is SH&&RMonths) MEDIUM6-12 months)

or LON&>12 monthsjerm. Size btask (SMALL, MEDIUM, LARGE) is a preliminary assessment of the investment
required to undertake the task

Issue Task Duration/
Size of task

dSedNet modelandmethods

ThedSedNeand Source model It would be prudent to upgrade the models to the latest version of SHORT

are built in an old release of the SourceThe plugin was developed in version 4.1.1 as this was the cu \epjum

Source platform ladull public
version as at June 2017)

Stream bank eon is a
significant sediment sourcand
highly dependent on estimation
of (exposed) stream bank heigt
The estimation method used in
this project while rigorous,
needs to bdurther tested

Modelling of coarse fractiomhe
code exists buwas not
implemented, due to resource
constraints, and lack of data to
valicate the modelling.

Modelling of future urban ages-
The existing modeises a
simplistic method to accourfior
the operatioral phase of future
development by increasing the
area of urban residential land
use in the model

full public release at commencement of the project and accessible to
stakénholders. Changes in version and |sgieg during the project meant
that while future versions of Source were available, continually updai
the plugin with these ongoing changes wasefficient to delivery.
Updating the plugin now that it is completetuld make thelSedNet
plugin available to all current users. Upgrading needs to consider So
licensing arrangements, and meeting requirements for dSedNet to b
accepted by eWatgcustodian of Source) as a community plugin

As discussed in Appendix B.4, the method for calculatingrstvank
height averaged across all streams within the buffer distance. An
alternative approach would be to average across only the higher ord:
streams represented by the linkstire Source hydrology model. As this
may also affect the spatial pattern, fuetr testing of the consequences !
alternate estimation methods on prediction of stream bank erosion is
recommended.

While conceptually thisiay be just defininthe total load and
subtractingthe fine fraction, practically it requires attaching another
module everywhere,@. carrying both fine and coarse throughout the
network. Given the processdsy which sedimentation and transport
differ for both fractions, they need to be treated as separate, but rela
constituents within the model rather than simply a fractionhef total

This equires field worlfocused on the coarse sediment componeht
the catchment loadsre-parameterisation of the model, and model re
calibration(see issue under Westernport characterisation/data)

The currentmetho®R2 Say Qi | 002dzy i F2NJ (K
areasthat are proposed for future development are cleared, subdivisi
works are undegaken and housing construction then occurs. During
those activities, it is highly likely that areas of exposed soils are pres:
however the activities that cause this (clegr removal of top soil etc)
will fundamentally change the characteristics tinflience how the
hillslope erosion model (RUSLE) calculates sediment generation. Fu
research and data collection are needed to better characterise the
sediment generatio during each phase of urban development and
methods developed to simulate this.

In the short term, a rapid assessment technique could be employed 1
generate initial estimates that then could be improved as subsequen
research and monitoring data beconaailable.
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Issue

Instream deposition and
resuspensiorsiavailable in
dSedNetbut not activated due
to insufficient knowledge to

modelling period

Source #SedNE@Westernport characterisation/data

Modelling of sediment
deposition in the Kowvee-rup
swamp area can be improved
through better characterisation

of the system

+fARIFIGAZ2Y 27F
gully mapping, including
evaluation of the signifamce of
tunnel erosion in the catchment

Refine soil texture data for gully
and stream bank erosion

Understanding connectivity witr
the floodplain is critically
important. We defined the activ:
floodplain as that reached by a
100-year flood event. Was this
the most realistic?

Proportion fine sediment (Pf)
Data for the €6 cm depth for
both day and silt were extractec
for the study area, then added t
give total proportion of fine

sediment.

Cdzli dzNB dzND | y
captured in the current

modelling

Task

If instream deposition and resuspension are enabled, thealifigy to

Duration/
Size of task

MEDIUM

run dynamic scenarios based on a library ofraremodelled scenar®is  \EpIUM

no longer possible.

A fieldbased project to collect data on existing sediment supply is

parameterise the model, and t0 yecommended, in addition to enabling these processeSetNet
maintain independence of

subcatchments to support the
management scearios (i.e.
instream deposition and
resuspension are not
independent processes bare
reliant on the magnitude of
upstream load and the extent
deposited or available during th

A shortterm solution could be to developn@w scenario to explorae
impact ofa range ofnsgream deposition and resuspensimtes

The resaltion of the modelling for the Kewee-rup area is not fine
enough to capture its sediment life cycle, particularly the deposition
phaselmprowe the modelling of the channelised reaches of streams
(drains) through the drained Koo wee rup swamp area.

Invegment in the modelling needs to be matched with collection of d¢
e.g. measures of the amount of sediment that is regularly removed fr
the dhannel network

DELWP raised the issue as to whether there are redudatignusly
erosion and whether #ssemay be attibuted to land management
actions during the late 90s/early 2000s, or simply through the gullies
becoming natually stable and vegetated.

Field work required

Properties from deepeini the profile are mordikely to berepresentative
of the material eroded by gullies and stream banks (e@.618).

Requiresiéld work re-parameterisation of the modednd model re

calibration

Mapping of the active floodplain (tirveeighted) is important for more

SHORT
SMALL

MEDIUM
MEDIUM

SHORT
MEDIUM

SHORT
SMALL

SHORT

than this modelling exercise. At preseng timly mapping that covers th gpaLL

whole catchment is for a 18@ar flood event. Expert opinion suggests
that 50year flood &tent would be more realistidhis would require GIS
mappingreviewing and/or redoing hydraulic modellingy,
parameterisation of th Sourcemodel, and model realibration

It would have been preferable tise properties from deeper in the

SHORT

profile, which are more representative of the material eroded by gullic gpaL L

and stream baks (eg 0.8.6m). The surface layer is typically lower in
silt/clay content than subsoil.

Requires field work, fparameterisation othe model, and model re

calibration

Develop mapf future urban areas (which requires conversion of exis
other land uses, most likely grazing or pehian). This needs to be
acompanied by research to identify how best to model future upan
could incorporate a range of scenarios (e.g. 100% caneglito WSUD).

A shortterm solution would be to do the mapping and continue to use
the current modelling approach while researchriderway

SHORT
MEDIUM

LONG
MEDIUM
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Issue Task

Particle size speciation not
included in the current model

This requiresampling obediments in the bay (ref Hancock earlier worl
to develop aontemporary map of sediment particle size fractions acr
the bay (i.e. to compare to Shapiro 1970s and Hancock 2000s
measurementsy this islikely to greatly improve receiving model
predictionsof benefits of sediment reduction strategies in the catehtn
for seagrass in the bay

Model is overrepresenting low It would be useful to explorhis further. Many of the issues listed in thi
rainfall years and under table poterially contribute to this outcome. A more comprehensive
representing high rainfall years, sensitivity analysis would identify those parameters that are driving ti
especially in the Bunyip results and efforts could be focussed on improving their accusacy t
catchments improve model calibration

Modelling of coase fractiomot
included

(see complementary issue under modelling mettaa modelling of
Koewee-rup swamp

Implement a fielebased project to measure the amount of material
within and removedrbm the floodplain drains, and thee-calibrate the
models. Cost of fieldiork estimated at $3G0K

Subcatchments were developet The model could be quickly improved by manually accounting for the
using a stream threshold of 10 areas in the model through manual definition of the subcatchment
km? and as a result, some small boundaries in these small, lateral flow, subcatchments to ensure thai
areas directly adjacent to the b contribution of them is not losfThecurrent model preprocessor relies
are not inclued as they are less on subcatchments defined through processing of a DEM, so addition
than the streanthreshold parameterisation processes may be needed for these small catchme

CPT@Westernport

The CPT was dgred as a Melbourne Water staff identified many uses for the CPT during the fil
Minimum Viable Product (MVP) project workshopEvaluate the use of the CPT by Melbourne Water st
to avoid overdesign, awaiting  over the nek6 months andco-design the next release

data on usage

Catchment planning (Scenarios

The current implementation has This approach would require running the model potentially thousand:
a limited set of options/action. times to develop a suite of metaodels that would capture thénape of
Another approach to creating a the reponse between the boe&nds. It would provide a significantly
suite of prerun scenarios is to  greater capability to explore catchment planning strategies/actions.

ONB I i $yRD2 ﬁb@ Y Another alternative would be for one or more Melb Water staff to
rather than2 gully remediation pecome proficient in using SourciSedNeandsetting up urgue

é_() SYyINA2&as SR scenarios, the disadvantage being that this wouldaleple parts of the
with 0% and 100% and be able cp1

pick any % foetween A less expensive option is to implement what has set up as the
WLINRG2081LISQ Ay GKS /t¢ o6AyOf dzR
would allow users tpick and choosa set of subcatchments for
interventions. This option still relies on a rather simplistic view of the
network, i.e. what happens in one subcatchment does not impact on
what happens in another catchment.

Climate chage is not included ir
the current implementation of
the model

Climate change impacts on sediment loads is another area that coult
explored initially by understanding the implications of changed rainfa
and evapotranspiration (i.ehitough implementatin of the current
DELWP guidelines for modelling climate change).

This may also be done in combination with some initial estimates of |
cover may change under different climatic regimes (e.g. through
examining AussieGRASS model ostpsee
https://www.longpaddock.qld.gov.aufi 2
changes could be anticipated.

A shortterm solution would be to include a range of likely future clime
(e.g. wetter, driermedian) as part dhe scenarios suite, ignoring the
biotic responses which require a longerm research activity

ARSY(GATeEe Wo
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Duration/
Size of task

SHORT
LARGE

SHORT
MEDIUM

SHORT
SMALL

SHORT
SMALL

SHORT
MEDIUMLARGE

MEDIUM
MEDIUMLARGE

SHORT
MEDIUM

LONG
MEDIUM

SHORT
SMALL


https://www.longpaddock.qld.gov.au/

Issue Task Duration/
Size of task

The most coseffective way of A method is required to cost scenarios. Redesign of the CPT to calct SHORT
getting to the 28,000 and display cost is notiarge job-setting up the method and the input  \EDIUM
tonnes/year target is required. data is the most significant investment. Could consider setting up a c

Including senario indicative cos component @tabase (e.g. implementation cost, maintenance cost pe

was plamed, but not area and/or time period)

implemented Look to work done as part of developmem (Great Barrier Reef A
C2dzyRIFIGA2yaQ Ay@gSadySyd &adNI 4GS
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Appendix AThedSedNeBugin
(SourcePlugin.CSldSedNet

This Plugin wasodedby Andrew FreebairgCSIRO), using@ations fromWilkinson et al (2014}t also
borrows from the Dynamic SedNet plugin developedl (1 KS v dzSSyaftl yR D2@SNYYSyi
program(Ellis and Searle 2014).

This text has been written by the developer (Freebairn) for the Source commuungtinpvebsite, angbarts
have been adapted for inclusion in this regfor completeness.

This description of theWaterSource plugimepresents the current state of its devetopnt
at the time of writinghis report The behaviour described here ig tode used by the
project to implementSedNefor Melbourne Water.

~

'a LI NG 2F /{LwhQad O2YYAGYSyd G2 {2dzNX
available to the Source conunity: it is possible that the plugin may be modified in the
future to indude new featuresFor the latest information on the plugin visit the eWater
web site:

https://wiki.ewater.org.au/pages/viewpage.action?spacekegtiie=SourcePlugin.CSI&&edNet

You may need to create an eWater account before accessing the page.

The plugin is aet of components, beingallection ofmodulesand their associated management tools (e.g.
spatialand temporaparametersetting tods).

The components that make wisedNeare listed inTalde 16. A tick §) in the Status column identifies those
components that are completed and/or have been releasadarked items are planned for future
releases.

Note that rot all modules are needed for a workiti§edNetmodel¢ the use of a module is dependent on
the landscapend the application, though it would be very unusual to have an application that did not
include at least the gully and hillslope erosion modules.

Table 16 List of plugin components, ordered by function within area

Areas Function Components Status
Data preprocessing Derivations from DEM TIME spatial analysis model (outputs for V
parameterisation)
Modules Generation Hillslope
Gully
Bank

Nutrient (Dissolved, Particulate)

In-stream processing Sediment (deposition) \%
Nutrient (deposibn, decay)
Mass Transformation

Storage processing Sediment (deposition)
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Areas Function Components

Nutrient (deposition, decay)

Parameerisation Spatial parameterisation Generation models
Temporaparameterisation Generation models

Configuration Validation Landuse area definition

Plugin Management Ul configuration Main Ul additions

Access to pluh functions

Persstence Mapping data into a database or saving to a file

Result visualisation ~ Statistics Totals
Spatial contributions of sediment
Quality management Quality control Unit testing of each component

Regression testing of components and theesyst

Status

< < < < < <

A.l The modiles

The Plugin provides models for:

1 Floodplain deposition
9 Gully erosion

1 Streambank erosion
1 Hillslope erosion

1 Reaclt, a facade for two models: Streambank and floodplain deposition. The Reach model was built to

overcome a Source technical rastion

These models are access via the Pluginsuniégure28). Note that adSedNegapplication does not need to

have all models. For example, a catchment may not have any gullies, or floodplain.

€5 Source 4.1.1 (public version)

File Edit View Run | Tools | Help

N & 3 @j 1 Analysis Windows » | 9 m e
Project Explorer Calibration » ' T
@ - Q- { 3 5] Regression Tests »
[ Projecttierarchy- |44 Data Calculator Tool |
dff Data Modfication Tool {
\ Find Node/Link CtrieF
Graph Control
% Plugins v || SourcePlugin CSIRO.dSedNet » CNARERCE
% Plugin Manager RiverSystem.Plugins SpatialDataPreProcessor  » BankFullFlow
Function Execution Order. CatchmentReachParams
Enable Old Recording Manager CatchmentReachSlope
4 Export Summary Rainfall Runoff Model Template
Climate Data Import Tool Mock Mode - for knowledge building
CSIRO dSedNet Gully Model Parameteriser Flood Plain Deposition Model - SedNet
CSIRO dSedNet Hillslope Model Parameteriser Gully Model - dSedNet
CSIRO dSedNet Stream Bank and Reach Model Parameteriser Reach Model (Stream Bank erosion and Flood plain depositon) - SedNet

Stream Bank Model - dSedNet

Hillslope Model - dSedNet

Figure28 Accessing thdSednePlugin modules from Source | Tools | Plugins

A.2 Enhancements

The project team (extending back to the earlier project during which the first two modules were developed)

has been able to take advantage of relatively newtfomality inSource.
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The first extended the granularity at which a user can model constituent generation and filtering. Previously
a user could only define one process for a functional unit. In this project, we revised the underlying
architecture to suppdmultiple urces e.g. gully and hillslope. Each source can contain both a generation
and filter component (as previously) which could now work together to give a summed filtered generation
from each FU.

The second allowedependencies betweegeneration/filter modies, so that one module can have
parameters that are dependent on parameters from another module.

Within this project, the team has implementedextension to the spatial parameterisationmponent so

that a time series of values chaWLJt | 8 SR &l 2WLIY LYI20RS LI NI YSGE SN C2NJ SE
hillslope model parameter KLSC can now be represented as a daily value and therefore claptsiisiipt

and temporal variation imegetation cover. Daily spatial layers that esggnt a model parametdas above C

factor) are traversed and zonal statics are produced for the defldedeas. These make up the daily

values in a time series file that are mapped to the magerameter.

Additionally parameterisation of link modéieoduleswith spatialdatahas been developed@he Reach
moduleKl & LJ N} YSGUSNAR adzOK Fa W[AYy]l [SYy3adkKQ 6KAOK OIFy
the stream length for the associated scdtchment.

To provide a method for reducing a congnt (not limited tosediment) as it passes through an object, the
team developed a Mass Transformation moduleAmdendixB).

A.3 Guide to usinghe dSedNeBPugin

Start Source anad using the Plugin manager. Constituent generation models will apgbar in
Constituent ModeConfiguration controEdit;>Constituent Models.

TheTemporaParameterigr (incorporated into Source corig)found under th&oolsmenu,dSedNeGully
Model ParameteriseinddSedNeHillslope Model Parameteriser

The Spatial Parameteriser is parthe# Plugirandcan be foundinderthe Editmenu, Edit>Spatial
Parameteriser...

Source uses the concept of scenarios to package information for a model run, even the base configuration is
called a scenario.

Seps to set up @SedNeapplication (i.efor a particular catchment/sjre:
1. Load thedSedNeplugin using th€lugin Manager

2. Use thedSedNdberivedLayer§ef sectionA.3.]) to derive useful datdJsing his tool removes the need
to have a DEM saved within the project file. It also generates many of the spatial parametardagi@¢o
parameterisedSedNeand to construct the badiee scenario. Inputs required are

a. a hydrologcallysound DEM
b. stream threshold (50km”2 is default)

c. the easting and northing of the outlet cell (if one is not given all outlets will be producedeatgh
of the data provided)

d. the path to save results.

3. Createa Source Catchmentsodelusing theGeographisanaria When defining th&letworkuse the
option toDraw Networland use the layers generated from the above pracess
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https://wiki.ewater.org.au/display/SD41/Plugins
https://wiki.ewater.org.au/display/SC/SourcePlugin.CSIRO.dSedNet#SourcePlugin.CSIRO.dSedNet-dataPre
https://wiki.ewater.org.au/display/SD41/Geographic+Wizard+for+catchments
https://wiki.ewater.org.au/display/SD45/Geographic+Wizard+for+catchments#GeographicWizardforcatchments-DrawNetworkMethod

4. Define FU areasef sectionA.3.9 with the use of a landse map (raster) which covers 100% of the
catchment (This is a prerequisite for using Spatial Parameteriser)

5. Select aainfall runoffmodel and assign parametethencdibratethe model.

6. Define constituentge.g. Fine and Coarse). You may need to defiriéple sources of constituentsr a
givenFU(e.g. Hillslope and Gully)

7. Assign models foconstituent geeration- (Hillslope Modet dSedNetind Gully Model dSedNeétand
enter statc model parametergxampleFigure32).

8. Assign spatial parameters to selected constituent generation models usi8patial Parameterisation
tool.

9. Execute theemporalparameterisergor associated constituent generation models

A3.1 dSedNetlerived layersnodel

The dSedNetDerivedLayers model is used tgppyeess data. It is fourid Tools-

bt f dZ3Ayary 2dz2NOSt t dAAY ®/ { LWhPR{ SRbSGMR{ SRbSG5SNRSSI
Data is dragged and dropped onto the spatial component of the wiBietre29).

Inputs

1 DEM raster (Thgeometry of this raster should be replicated for all otheexlus.gLand useaster)
9 Stream threshold (Contributing area above a stream cell)

9 Easting and Northing of outlet

9 Directory path to save outputs

3 CatchmentfeachSlope - O
Run
Irput | Output
DEM 5260006 56 X
Hide 5049,586.86—]
[ Save
5930.006.86—] ~ ;
Summary 3 1 ”‘l_\ﬁ
3810.540.80 — # .
58910005 ~
15073070 366608 62 42247350 0234037 420723
St Threshald
LIS Min [0 Current50 Max 100
ResultsFalder Hide
3:\frel7l\scurceTonyTralningitrash
Easting —
Min | Current|473.5047303 Mac 100
> |
i)
North
o min [0 Current 6881861522 Max [100

Figure29 Input screa for deriving spatial layers
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https://wiki.ewater.org.au/display/SC/SourcePlugin.CSIRO.dSedNet#SourcePlugin.CSIRO.dSedNet-deffuDefiningFUareas
https://wiki.ewater.org.au/display/SD45/Rainfall+runoff+models
https://wiki.ewater.org.au/display/SD45/Calibration+Wizard+for+catchments
https://wiki.ewater.org.au/display/SD45/Constituents
https://wiki.ewater.org.au/display/SD45/Constituent+Sources+in+Source+Catchments+Models
https://wiki.ewater.org.au/display/SD45/Constituents#Constituents-ConstituentModelConfigurationConstituentModelConfiguration
https://wiki.ewater.org.au/display/SC/SourcePlugin.CSIRO.dSedNet#SourcePlugin.CSIRO.dSedNet-spatParam
https://wiki.ewater.org.au/display/SC/SourcePlugin.CSIRO.dSedNet#SourcePlugin.CSIRO.dSedNet-tempParam

Outputs

(Figure30)

9 Stream raster

9 Reach slope raster (used to parameterise Gully or Reach model)

1 Reach length rastéused toparameterise Gully or Reach model)

9 Sub catchment rastéused to define the scenario)

1 Network shape file (used to define the scenario)

9 Slge raster (for reach, used to parameterise Gully or Reach model)
9 Steepness factor rastéused to parameterise Hilbgle model)

1 Beta factor raster (used to parameterise Hill slope model)

S059,006.04

StrenmMaop
Hide 5248,506.05—|
Save
3830,08.45—| [
Summary o
[ . i 5,910,508 24—
5,191,009 5
15451782 2450 i S TIL11E R
ReschS) ope 5940000
Hide 5940,500. 28—
H Save
5930,006.85—]
T
[_, 5310308 35—|
B LTI 3430 Y ERILE:]
Reachlength #0938
Hice: 5383508 35—
B sae
5230008 84—
Summary
Ji-\ G 380050835
5491005
LT e FTTRE 181899
324900
SubCatchme SR ED
Hige: 5943 50606—|
Savs
5930006 35—|
Summiary
[.\ i £910,500.20—
51910065
Aol PELE Roj > ELE LD ) 452475 3¢ b e T1el115 09
595875
Metwork SLIsHEL
Hide 5956,533.L3—| / \\
Save S
5.923.309 49— i [\
Summiary \\ .
J— i 5910085 81— ” , \
| | / I~
o sasLasL))
R YT ERTHE TELLTET] ETETEE BRI 0S

Figure30 Output screen from deriving siial layers

A.3.2 DefinngFU areas

Functional Unit (FWreas need to be defiewith a spatial layemwften currentland us@Editth Cdzy OG A 2 Y I f
Unitsih ! 8&dA3y ! NBIF +AF wlkadsSN

Ensure that:
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1 the FU layehas the samaumber ofland usecodes andhey are all mapped to a corresponding FU in the
scenario,.e. there is a corresponding value for each catchment cell

1 WARNINGf the FU layer changethen the dSedNet parameterisation needs to be redéfig.- copy the
scenario after you have initially defined it)

1 Select the check box to Save spatial FU (@adgaire31).

‘.\

Set Functional Unit Area Via Raster - D

Select a Raster of
Functional Units

Load

[+ Save spatal FU data I

Assign Mapping |
i
"
[ Match FU Definitions To Raster = [=
- Grid Code | Funcional Unit |
"‘t#\ I: 1 Forest
f’ | | 2 Agrculbure
: ¥
£ 5 4 Urban
T
¥ 7 E Road
“ % 7 ‘wiater
a g Commescial
E| Grazslands
ikl Cropping

OK

oK
Figure31 Seps in defining FU areas
< = B X
C R .
S Parameterisation Inputs for: Hillslope Model - dSedNet

4 [} Model parameterisation via spatial data Parameter:  KLSC

4 @§ Constituents and their generation models Spatial input layer for parameter: |G\ Open

4 % Constituents
At Layer's units:  no unit selected (None)
4 % Hillsiope Model - dSedNet Method to use: ~ Average

A\ Parameter: Mean Summer Rainfall Spatial analysis area type:  Functional Unit

A\ Parameter: Mean Annual Rainfall

-
&\ Parameter: R Factor Rainfall Threshold
Parameter: Alpha

Parameter: Beta

Parameter: Eta

A\ Parameter: USLE HSDR - Fine
4 Parameter: Off set from day of year
@ Input: Daily Rain
&% Nil Constituent
4 4{y Rainfall Runoff models
4 U{, Model common parameters

@ input: Rainfall

<4 Nil runoff

/\: Parameter: KLSC

L X?)

Figure32 Interface to define a FU static parameter (e.g. KLSC)
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A.3.3 Parameterising FUneporal inputyexampleCover irHillslope Model)

On completion the time series data will be foun®ata Sourcesnderthe subheading dBpatial Data to TS
Import

< - o K
€ 5w .
s Parameterisation Inputs for: Hillslope Model - dSedNet
4 [} Model parameterisation via spatial data Parameter:  KLSC
4 @ Constituents and their generation models Spatial input layer for parameter: |\ =
4 % Constituents
“ahf

Layer's units:  no unit selected (None)
4 % Hillsiope Model - dSedNet Method to use: ~ Average
&\ Parameter: Mean Summer Rainfall

Spatial analysis area type:

Functional Unit
A\ Parameter: Mean Annual Rainfall

&\ Parameter: R Factor Rainfall Threshold
Parameter: Alpha

Parameter: Beta

b PP P

Parameter: Eta

A\ Parameter: KLSC
) Tnput:
A\ Parameter: USLE HSDR - Fine

A\ Parameter: Off set from day of year
© Input: Daily Rain
&% Nil Constituent
4 {; Rainfall Runoff models
4 Uy Model common parameters
@ nput: Rainfall
&4 Nil runoff

7\
[

Parameter: KLSC

Figure33Interface to define a FU temporal parameter (e.g. Hillslope cover

o x|
Parameterisation Inputs for: Reach Model (Stream Bank erosion and Flood plain depositon) - SedNet

lo0d plain depositon) - SedMet

Parameter: Link Slope

0

Figure34 Interface to parameterise a static parameter for a LINK model @kdglbpe of a Reach)

A.4 The patial parametaser

Soatial parameteriation has been developed within td&edNeplugin. Itcan be used to parameterise FU,
Catchment and Link models, eittgingle parameters or played timeseries (similar to Souwrliiate hput
tool).
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(J Source 4.1.1 (public version)

File [ Edit | View Run  Tools Help

A Constituents... -
Project] Functional Units
@ - # Catchments
Project Restriction Curves...

&% Scenario Options

7 Project Options

£+ Application Settings...

¥ Ordering >
& Crop Parameters...
Functions...

Link Cross Sections...

|ﬂ% Spatial Parameteriser...

% Constituent Models...
i, Rainfall Runoff Models...
Demand Constraints...

Feature Table...

Scenario Input Sets...

Figure35 Accessing the Spatial Parameteriser from the Source | Edit menu

A.4.1 Precondition requirements

1 FU areas must be defined with a raster #mraster values must have the same number of categories as
there are F9

1 If using the spatial parameteriséne layers used must be comparable with lued usdayer used to
define the FU areasame geometry (cell sizes, number of rows and columwerleft corner
coordinates)

1 WARNING: If the FU layer changes then tkeld& parameterisation needs to be redo(iEp- copy the
scenario after you have initially defined it)

9 There is at least one layer to process for spatially assigning inputs
T Layers are lableld ddMMyyyy
I Each layer represesitontinuous days (no gaps)

A.5 The temporal parameterey

Temporal parameterisation has been developed withird®edNeplugin. Its function is togpulatemodel
parameters with values obtained via analgéia mode® output timeseries. For exampthe longterm

annual average of raff from a FU can be used as a parameter value for a model allocated to that particular
FU.
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’J Source 4.1.1 (public version)

File Edit View Run | Tools | Help

N & @ | & Aﬁalysis Windows
Project Explorer ‘ ¢ Calibration
@ - @ -] A 3 [F Regression Tests

Hi  Data Calculator Tool
| s Data Modification Tool

Project Hierarchy:

Graph Control
‘5 Plugins
%  Plugin Manager
Function Execution Order...
Enable Old Recording Manager
Export Summary...

«

Climate Data Import Tool

\ Find Node/Link Ctrl+F

CSIRO dSedNet Gully Model Parameteriser
CSIRO dSedNet Hillslope Model Parameteriser

CSIRO dSedNet Stream Bank and Reach Model Parameteriser

20t L2
ax

Figure36 Selecting the dSedNet parameterisers from3barce | Tools menu

The temporal parameterisation for particular models ind8edNeplugin has been implemented as a black
box. The user only needs to set initial model parameter values and then run the parameteriser. The tool has
been configured to rewrd the required timeseries while the model executes one full run

Finally, thedesired statistic is calculated, and the result applied to the correct model parameter for each FU
with that model.This process is executed as a-precess step before the actual model run.

Parameters which are assigned by the temporal parameténidade:

9 Hillslope erosion model
i Cover (C, KLSC,
i Mean annual rainfall
T Total gully volume
9 Gully erosion model
T Gully annal average sediment supply
T Gully longterm runoff factor
9 Streambank erosion model
T Link stream bed slope
T Long term average daily flow.

A.5.1 Preconlition requirements

¢KS ¢SYLRNIt LI NIFYSGHSNRASNI Y dzpalameétSisatiatiand reqiiresitias

1 The simulation period is defined and fixed. If the simulation period is changed then the parameterisation

process must be rerun.
1 The hydrological model must be calibrated.

1 WARNING: Changing the time period of the magelxill produce different values. This may be a problem
if the model is later executed over a different time period, e.g Drought vs Normal season

A.6 dSedNePlugincode

The Pluginadeis availabldn: https:/bitbucket.org/ewater/sourceplugin.csiSedNet
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Appendix B Data requirements and how they were
met

This Appendix describes the parameters fordBedNetmodels, and how they were populated for
Westernport. Each parameter is discussed, &et summarised in Table XXXXXXX.

The parameters for thdSedNetodels usually mirror those used in the formulas fktfitkinsonget al
2014 However, there are sommaodel parameters that allow alternative ways to configure the model and
affect its internal processing, for example assigning a constant value or a timeseries to a parameter.

B.1 Digital elevation model (DEM)

A digital elevation modéDEM) was obtained froielbourne Water representing a 10m cell resolution for

the entire Westernport catchment. Existing mapped watercourses provided by Melbourne Water were used
to then prepare a stream line raster for further refinement of the DEMya®tver parts of the cehment

have very little slope and the DEM was not able to be used to derive subcatchment and stream boundaries
properly in this region. The original DEM was resampled to 20m to be more workable within the Source
model (i.e. it is amaller dataset whichelips manage load and processing times) and the stream line raster
was then merged onto the DEM at 1m lower elevation than the point at which it was merged. This process,

OFff SR WAIUNBIY 0d2NYyAYyIQS OwitkthelstBeam IQratinsybgs&dfoa mapping, i K S

rather than allowing these to be created from the DEM itself. It is particularly useful in flatter terrain and
especially where there are multiple channels such as those in the lower parts of catchment tieough
former Koo Wee Rupvamp.

From this, catchment boundaries were created using a’Steam threshold generating 373
subcatchments for the full Westernport catchment model.

B.2 Hillslope erosion model

Hillslope erosion in each FU is estimated usindrmesedUniversal Soil Logguation RUSLE) (parameters
R*K*L*S*C*PJEqn 2). This is multipd by the area of the FU (A in egn 1) and a hillslope delivery ratio
(HSDR). FU areais provided { 2 dzNOSX FyR 1 {5w A& | NIXGA2 onXmsé

Hillsbpe supply from each soatchment is then the sum of the contributions from all FUs in the
subcatchment (Wilkinsoet al2014).

Eqgn. 1
O 00 OY®

Eqn. 2 0O 'YOOY6D

Hill slope delivery ratio (HSDR)

Hill slope delivery ratiHSDR3an be manually input at the functional unit (FU) level or spatially
parameterised. A HSDR value of 5% is apptegdarhillslope delivery in southern Australia (Prosser et al
2001a). The study applied 0.05 universally across the catchment, ttiesigbuld be refined further if
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additional evidence on hillslope delivery became available. It could be argued tleatratgis should apply
according to stream proximity in order to represent the potential for higher sediment delivery near
watercoursa; however the net effect of this across the hillslope scale is likely to be minor as these areas
would typically comprisa small proportion (e.g. <5%) of the total subcatchment area.

Rainfall erosivity (R)

Rainfall erosivity (R) is an indicator of théigtof water to detach and transport soil particles; thus erosion
is sensitive to the intensity and duration of rainfaéng et al, 2016). ThikSedNetnodel calculates R from
daily rainfall used in the model and globally set parameters associate80witimute duration rainfall
intensity. The R parameter is calculated daily within the model.

Soil erodibility (K)

Soil erdibility (K) represents the susceptibility of the soil to erosion as measured under the standard unit
plot condition (Teng et al, 20L& was mapped across Australia by Teng et al (2016). This work showed that
K was reasonably uniform at 0.027 tonnes hahMJ* mm across Westernport catchment, and this value
was adopted for the WesternpodiSedNeModel as a global parameter.

Sloe length factor (L)

The slope length factor (L) is defined as the horizontal distance from the original point genération o
overland flow to the point where the slope decreases to the extent that deposition begins, or where runoff
flows into a defined charel (Teng et al, 2016). Teng et al (2016) present a series of equations for its
calculation based on DEM derived parametrRUSLE plot scale, e.g. based on slope angle, flow
accumulation and ratios of rill to inteifl erosion. This requires additiorkdta at fine (plot) scalédven L
sensitivity in the hillslope model is relatively bxwd that in areas of low gradiewhere land use and

hillslope eromn are most important the hillslope length is difficult to define (Lu et al 20@3ylefensibléo
ignore the parameter, i.e. set as 1 (Wilkinson pers.comm.).

Slope steepness factor (S)

The $ope steepness factor (8)spatially parameterised and is calculated either directly from the DEM
outside of the model or within the spatial parameteriser provided eadNetlt is simply related to the

gradient of the slope. In Soura@SedNe®@Westernport, this was derivedin the DEM using théSedNet

spatial parameteriser. Overall, the slope steepness in the Westernport catchments is resolved down to a
20m by 20m grid which provides consistency with the DEM used to derive subcatchment boundaries and is
also fine enough toesolve the flatter terrain in the lower parts of the catchment.

Cover factor (C)

Cover factor (C) is a dimensionless parameter that represents the effects of vegetation canopy and ground
cover, surface roughness, land use, mulch cover and soil organéc ma&tducing soil loss (Teng et al,

2016, Yang, 2014). Within this project, tfgedNemodel was modified to allow for temporally varying

cover factors to be use@his was achieved by compiling C grids at a given time step as a data cube and
generatinga time series using a data drilling method. Data coverage must be 100% across the study area as
the model requires continuous data at the FU sdalgrently, the best available data allows for monthly

cover grids to be generated, however if data prowigigproves, this could be refined to shorter time

periods (e.g. a cover model could be used to provide daily cover grids).

C can be derived from vegetation ground cover data. Rosewell (1993) provides tables relating C to percent
ground cover for differentegetation types. In this study, the tables relating to permanent pasture and
undisturbed forest land were applied (TableS &nd D4 respectively in Rosewell, 1993). For a set of 200+
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random points within the foresteldnd useareas, total monthly grouncbver derived from MODIS satellite
data Paget and King, 20p8om Jan 2017 to May 2018 were extracted. There was no apparent change
across the time series and values were generally close to 100% total cover (5th%ile = 90%).

Table 4 relates 75100% taal cover (canopy and undergrowtb)a C factor range of 0.0001 to 0.001
(Rosewell, 1993nd we adopted atatic value of 0.001 for forested land.

The curve for permanent pasture, derived from Tabfe(Rosewell, 1993) was applied to all other areas

where the hillslope erosion module was active (mainly grazing/cropping, livestock production and grassland).
Data were fitted with a-8rder polynomial trend line which gave a coefficient of determinati§nof0.99
(Figure37). Tre equation of the line was used to convert ground cover raster data to C for these areas

045 @

0.4

= y = -9E-07x3 + 0.0002x? - 0.0156x + 0.45
0.2 L R2=10.9978

Cover factor

0.05 T
0 20 40 60 80 100

Ground cover (%)

Figure37 Relationship between cover factor and ground cover for permanent pasture and rangeland or scrub (Rosewell,
1993)

Ground cover cahe derived as the inverse of bare soil proportion from remote sensing data. Monthly bare
soil index data derived from MODEgddlite data at 500m resolutiofPéget and King, 20p&ere evaluated.
Validation of the MODIS product against 1171 field obiensaacross Australia resulted in a root mean
square error (RMSE) of 17% for the bare soil proportion (Guerschman et l28/&2age was complete

for the study area (excluding large open water bodies like Cardinia Reservoir) across a time series from
February2000 to present (May 2018 at the time of writing). Geoprocessing of these data involved 3 main
steps; 1) inverting va soil proportion to vegetation cover, 2) extending the grid to fully cover the
catchment area using a bilinear interpolation hat, and 3) converting ground cover to C by applying the
equations and valudsased on tableB-4 and D5in Rosewell (1993). Ti220 monthlyC factor grids were
processed a20Om resolution matching the DEM alathd usegrids.

Seasonal fractional vegetatialata (TERN AusCover, 2018b) based on Landsat data at ~30m resolution for
the study area were also evatad.Fractional cover model validation produced a RMSE of 13% for bare soil
(TERN AusCover, 20)8thesedatahad very patchy coverage, typicallytia order of about 50%, across

the Westernport catchmentCloud masking and atmospheric disturbancesaffaat data acquisition and

areas with >15% tree canopy cover are also subject to highceoce the absence of data particularly in

the forested hadwaters of theaVesternportcatchment. The large gaps across similar areas prevented filling
in using daa from previous time periods and interpolation techniques were inappropriate at this scale (over
10s of kilometres). To highlight the spatially coingidiata gaps an overlay of all 2016 and 2017 data (8
grids total) shows these large areas of no datajqadarly in the upper catchmerghown in white irFigure

38.
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Figure38 Overlaid anonthly Landat data from 2016 and 2017 (8 grids tptahere white areas within the catchment
indicate spatially coinciding data gaps (data sotiEfeN AusCover, 20)8b

These cover maps are project data products and are available on request from Melbourne Water.

Statt vs dynamic cover

The values of the theeparameter&KLSCCandKLSCdynamidter the behaviour of the model to determine
what value is used in the calculations. The options are:

1. As a played timeserieKl(SCdynan)ipossiblygenerated by the spatial pameteriser from a series of
spatial layes

2. As a constant in fulkK{ ST

3. A mixture whereKLS@ static andCis dynamickKL$ortion isstatic andCis played as éimeseriesnput).
Note: in this caseKLS@ only made up df, LandS Cis the varials.

Note:If you have previously appliedanstantvalue toKLSQor C and are changing tgsea timeseries
KLSCdynamfoption 1 above)you will need to set the static value back to O (zero)

The decision process is capturedrigure39.
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Yes Yes
KLSC
(#2 constant)
l No i No

KLSCdynamic KLSr C
(#1 timeseries) (#3 C is timeseries)

Figure39 KLSElowchart for thahree input parameters

B.3 Gully erosion model

Gully erosion represents ongoing incision and enlargement of hillslope drainage lines and streams which
have smaller contributing areas thdretupstream extent of the model stream network (Wilkinson et al,
2014).For modelling purposes, gullies represent lower order watercourses than those represented in the
model stream network.

An input map of the current areal density of gullies, theirageR ONR aamaSOGA2y X G23SaH
properties are used toalculate volumeEgns 3 and 4 are from Wilkinson et al (2014).

Eqgn. 3 o P n" ®o Qo
oQu o
Eqgn. 4 0
Q — Y0
£BYo

Proportion fine sediment (Pf)

Proportion of finess spatially parameterised using a grid input formatp@rtion of fines on a scale ofl0
represents the fraction of clay and silt in the upper soil layer. The Soil and Landscap® @tich ki

provides National Soil Attribute Maps that are generated by combining Austiddialigital soil attribute
mapsderived using consistent data minikdging models and regional maps for parts of Australia, derived
using disaggregation and regston modelling (Viscarra Rossel et al, 2014). These National scale grid data
are available at 30 arc second resolution (rpand estimate parameters for 6 defined depth intervals (0
5cm, 515cm, 1530cm, 3660cm, 66100cm and 10200cm). Attributes inclile clay (< 2 um mass fraction

of the < 2 mm soil material) and siltZ@ um mass fraction of the < 2 mm soil materialsfoklayers. Data

for the 05cm depth for both clay and silt were extracted for the study area. These were added to give total
proportion of fine sediment, resampled &) m resolutionratchingthe DEMgrid used in the model) and
interpolated and extrapated using amverage nearest neighbotechnique to fill gaps and extend to the
catchment boundary. The resulting grid was expoa®d text format for input to the model (sEwgured0).

Soil bulk density (Pb)

Soil bulk density is spatially parameterised using a grid input format. Soil bulk density represents the dry bulk
density of the gully subsoil expsesl in t/nt. The Soil and Landscape Grido$tralia provides this attribute

as a measure of the whole soil (including coarse fragments) in mass per unit volume {asigiéyby a

method equivalent to the core method for upper soil layers (ViscagseRet al, 2014). Data for thes@m
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depthwere extracted for the studgrea, resampled to 20m resolutigmatching the DEM grid used in the
mode) and interpolated and extrapolated using an average nearest neighbour technique to fill gaps and
extend to he catchment boundaryr{gure40). The resulting grid was exported as a text format for input to
the model.

O gy
™

. i i . . Bulk density (t/m3) Proportion of fines N & B 10
Figure40 §0|I bulk density and proportion of fines (data - High : 1.4 ] High : 0.71 ¢, L
source ViscarrRossel et al, 2014) - Fy— :

Gully cross sectional area or depth (aG)

Cully cross sectional aréma globally set parameter representing the contemporary gully cross sectional

area (aG in A). In the absence of detailed gully surveying information or very highities (e.g. sub

metre) elevation data from which actual values could be estimated, a value éfvifsnetermined to be
appropriate for the study area. Previous studies of gully morphology indicated a reasonably uniform value of
10n¥ for gullies mappeth Australia; spatlavariation in aG is generally overshadowed by variations in

overall gully density (Prosser et al, 2001b).

Gully density or gully length (LG)

LG is spatially parameterised using a grid (ascii) format. It can be expressed as gufpyréehgthof FU

gully density and FU area) or simply as gully density (length of gully within FU grid i) Kkvikkimson et

al, 2014). In this study the density expression of LG was used. Data from gully mapping of the Westernport
catchment conducted bydughes et al (2008)ere acquired for the current study and checked against

current (typically within & years of currency) aerial base maps from ESRI World Imagery (2018) using visual
interpretation of images at a viewing scale of about 1:5000. Highutes aerial imagey tiles captured in

2014 and 2017 were later supplied by Melbourne Water and visually compared very closely to images
sourced from ESRI World Imagery (2018). The following revisions to the original geometry and attributes of
the 2003 glly mapping were nde and saved to a new vector file:

1 Spatial correction of entire dataset moving all features 220m to the +eaghto align with terrain relief

visible in &0m DEM.
' RRSR FASER WI OGAQPSQ (2 NBEO2 MRIlwhee KWL || 3Idz t & o
1 Gully Active was determined through visual interpretation of current aerial imagery from ESRI base layers.

1 1 was assigned where the gully had sharply incised banks and/or presence of bare ground at base or
edges.

1 0 was assignegthere the gully had rounddaanks with partial or complete vegetation cover at base or
edges.
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1 Some gullies were deleted where land use had changed and gully was no longer visible, e.g. urban
development, agriculture.

1 New gullies were identified through tipeocess of checking 20081ty mapping.

The gully density grid was created from the new vector file using the following work flow:
1. Created 100m grid across the Westernport catchment

2. Selected active gullies fratime gully polyline mappingndsaveseparatdy

3. Summed length of all age gullies within each grid cell and divided by cell area (km/km2)

4. Created final gully density grid (km/km2) at 10m resolution projected in GDA94 MGASS5 in ascii format for
the Westernport catchment.

The revision of the 2003 gyulinapping revealed 22% (RB&) of previously mapped gullies remained active.
Gully activity and density is showrFigure4l.
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Figure41 Gully activity and density based on revision of previous mapping (Hughe208

The revised gully density map is a project data product and is available on request from Melbourne Water.

Gully age (T)

Gully age (T) is a globally set pagtanrepresenting the mean age of the gully network. Wilkinson et al
(2014) cite studieseferring to gullies being initiated largely through landscape intensification occurring
during European settlement in the late"&nd early 20 centuries. For this reason, gully age has been
estimated using this period as the start date. Gully ageeimitdel is inversely linearly proportional to
sediment generation potential, i.e. the older the gullies the less sediment generation is pradigtadtr,
sensitivity in the model is relatively low. In the Hughes et al (2003) study of WesternportageyofiyL00

years was applied, this study mapped those remaining active gullies and assumed a contemporary age of 120
years (190€018). Of the 95k of active gullies in 2018, 13% were not mapped in 2003. This could be as a
result of recent land use changeg. urban developments, or due to data limitations in the 2003 gully
mapping exercise, these gullies may have been missed.
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Gullyactivityfactor (fG)

The gilly activityfactor (fG) is a globally set parameter representing changes in gully sedimentasugply

the modelling period, relative to the loitgrm average over the entire life of the gully features e.qg. in

regions where gullies are now mag¢ and less active. This parameter is highly sensitive in the model. Hughes
et al (2003) did not apply thimpmeter in the earlier build of the Westernport SedNet model. The Burdekin
basin dynamic SedNet study ignored the parameter (set to 1) duads afldata on gully maturity

(Wilkinson et al, 2014). In the current study, fG was set to 0.5 initiallpresent that most of the gullies in
Westernport catchment are mature (age ~120 years) and less likely to generate sediment (Wilkinson pers.
comm.) This parameter can be used to calibrate against observed water quality data where available.

Management facir (Mg)

The management factor (Mg) is a globally set parameter representing gully activity changes through land
management practices ageoportion of historical rates. Practices to improve gully management include
contour banks, cheettams, or revegetaiin. This parameter was not applied in the previous Hughes et al
(2003) Westernport study or by Wilkinson et al (2014) for the Burdekim. biashe current study, the Mg
value was initially set to 1 (i.e. ignored) but could be reduced upon evidence ajjenaant practices such

as revegetation programs, or as a lever in scenarios where practices are implemented.

B.4 Streambank erosion model

Streambank erosion is modelled along the model stream network, while channel erosion upstream of the
network is representd by gully erosion. Thus, the threshold catchment area used to define the upper limit
of the stream network should include all streamsifigugignificant streambank erosion that are not
represented in the gully density grid (Wilkinson et al 2014).

Streambak erosion is modelled along the stream network, while channel erosion upstream of the network
is represented by gully erosion. Thus, ttir@shold catchment area used to define the upper limit of the
stream network should include all streams having &ginif streambank erosion that are not represented in
the gully density grid. The suspended sediment supply from streambank erosion lal&@r{aay) is

derived by multiplying the meaamnual SedNet function of stream power and bank erodibility (Wilkigtso

al, 2009).
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Link stream bed slope (SI)

Link stream bed slope (8)spatially parameterised at link level through model calculation based on the link
network and underlying DEM.

Bank full discharge (Qbf)

Bank full discharge (Qbf) is a manualbutrparameter applied at link level that represents a discharge of
definedrecurrence interval (Afs) based on long term hydrograph analysis and is a sensitive parameter.
Hydrographs from a lorgrm hydrological model run of the Westernport Source moeledaled the
appropriate flow discharge rate to be the 5 year ARI. Thisiseakin the application at corresponding links.
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Proportion of fine sediment in bank subsaoil

Spatially parameterised at link level and represents proportion of fine sediment isuizsdhl. This uses the
same datasapplied in the gully made (Pf).

Streambank subsoil dry bulk density

Spatially parameterised at link level and represents streambank subsoil dry bulk denditf(isruses the
same data as applied in the gully mad(i®b).

Bank height (h)

This parameter is spatially parameterised atlénkl and represents the height of the bank surface exposed

to erosion and is not necessarily the full channel height or depth (Ellis and Searle, 2014). Uniform values for a
river néwork can be used e.g. values of¢BB are common (Wilkinson et al, 2008)ternativelyheight f)

can be varied according to a function of upstream catchment area and slope or some other coefficient

where a relationship can be established (Wilkinsaad,€2014)In this application, gint buffer estimations

were evaluated idectly from thelm LIDARDEMdata across the main stream lines to evaluate height.

Victorian government Index of Stream Condition (ISC) data giving reach averaged streamdibdtik

height were available for part of the Westernport catchment for higlerostreams. It was beyond the

scope of the current study to extend the ISC mapping methods across the catchment and a simplified
approach was developed for the purposes ofvdeg the bank height parameter. The statistics of the ISC
data were used to gpoximate stream widths to apply for estimation of bank heights from recently acquired
1m elevation data (Melbourne Water 2017/18 LIDAR data). 90% of the ISC stream baditk fudilues

were below 53m, median width was 17Rigure4?).

Mean bank full width (m)
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—53-248
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Figure42 Reach averaged stream bank full widths from Index of Stream ConditiomittiiidVesternport catchment

The workflow for generating bank height estimates from 1m LIDAR data was set up in Model Builder within
the ArcGIS (version 10.2) environment. Thishodtis subsequently referred to as buffaint. Following
mosaicking the original 3940 1m DEM tiles (total size 63GB) into four rasters in separate file geodatabases
(each mosaic file size ~4GB from ~1000 tifesjollowing steps were applied to eachaket:

1 Resample DEM raster to 5m (bilinear) to increase processing efficiency and retain acceptable stream
feature precision.
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1 Pit fill resampled DEM, generate flow direction raster, flow accumulation raster@@@ifs4n cells or 10
hectares) and stream oed raster.

1 Convert stream order raster to polyline (no line simplifying) filtering out first order streams (and second
order for mosaic #1) to create a stream network that represents drainage paths of the Sodete m
stream link network.

9 Generate pointslang stream centrelines every 100m including start/end (resulted in ~6000 points per
maosaic).

1 Buffer points by radius of 10m and add surface information (min z, max z) from 1m DEM within circles,
calculate bank hight (h) for each circle (zmgxzmin).

Bark height estimates may be between zmax and zmin points anywhere within the buffer, there is a degree of
error through elevation differences upstream/downstream within the buffer and from differences between
height of opposing banks.

The resulting streametwork from which bank heights were sampled is show#igare43. As the stream

order network was generated separately for each mosaidg the result is not hydrolagplly accurate. Is

used in the bank height calculation workflow as a way to filter out lower order drainage paths that are not
representative of the SOURCE stream link network.

Figure431m DEM mosaic extents indicated byedént colour rampsnd resulting ordered stream network

Bank height estimates were compared against Victorian government Index of Stream Condition (ISC) data
where they spatially coincided. The metrics are not directly comparable as ISC metrics aréssghamar

reach levellSC methods calculate the difference between stream bed elevation and that of the lower of the
two stream banks topg$-{gured4), whereas the methodpplied here simply calculates the difference

between stream centreline elevatiamd the highest point within the buffer area.
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