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Terminology

In writing this report, we have found a range of terms used to describe the component
WL NIT&AQd hiKSNI GSN¥Ya NB O2YY2yf @& dzaS&
listed inTablel.

Tablel, Terminology

Term Description

component Similar to module; the component parts

constituent A part of a wholee.g. sediments, total phosphorus, and total nitrogen are the constitue
2T R{SRbSG® ¢KAA GSNXY Aa 2FGSy dzaSR A\

Core The term used to refer to code that is written as integral to the Source code base. It i
further described in SectioR.2.1

functional unit  (Source) areas that describe and contain a land use type

link linkage between nodes and where ting and flow models are configured

model Traditional concept of a modelcode that describes a process or a relationsttips
inputs, state variables, outputs, etc. An example from SedMet process of describing
how gully erosion occurs is contath&ithin the gully erosion model

module Separate parts that are used to construct a more complex struat@ach module
performs a defined task and can be linked with other such parts to form a larger syst
Models are implemented as modules witHiedNet

node Points of entry to the river system network
persistence saving information/data to disk for later use
platform Source is often referred to as a platform as it has been designed as a system on whi

other application programs can run.

plugn This term refers to a code that is compiled separately to the Source codebase, but
registered into Source at runtime. It is further described in Se@i@r
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Executive ammary

Thecatchments of the Mt Lofty Ranges (MLR) amrimary source of potable water to
Adelaide and its environs. Because the catchments are mixed land uses (e.g. horticulture,
grazing, hobby farms), the water exiting the catchments is not pristine and many studies
have been undertaken to identify and gutify (through measurement and prediction) the
sources of constituents, especially total suspended sediment (TSS), total phosphorus (TP)
and total nitrogen (TN). Several models that describe the hydrology and related constituent
generation and transportitrough these sulzatchments have been developed, the most
recent using the eWater Soure@latform. These studies, and models development, have
highlighted constituent modelling as one of the issues requiring further work. It was
considered that the Soura@odel, as implemented at that time, predicted TN loads in the
MLR quite welat longer timescaleg however TP and TSS were generally underestimated in
high rainfall years and overestimated in low rainfall years. The Event Mean Concentration
(EMC) and Drweather Concentrations (DWC) approach used in Source was the major
factor contributing to the poorepresentation of interannual variability of flow, due to the
limited response to flow inherent in this model structure

Key activities undertaken

Toimprove the parameterisation and methods used in Source for modelling constituents,
the Goyder Institute for Water Research invested in extending the Sedixeimic

modelling capability through its Project I.1.7. This was primarily a softderelopment
exercsge, using the Source model already developed for the catchments of the MLR. Three
key activities were undertaken:

1 The development of a spatial parameterisation tool to enable the rapiipeif dSedNet
models

1 The development ofwo component modilesof the dSedNepluging the hillslope and
gully sediment generation models

1 Trialling of thedSedNeplugin in the Onkaparinga catchment (Houlgraves Weir).

The development of thdSedNeplugin and spatial parameterisation tool has been the
main activity withinthe project Testing of the plugin waserformed byrunning a series of
small modelling trialdn addition to testing the robustness of the code, these tnatsvided
an opportunity toconsiderthe advantages of thdSedNetapproach.

The software

ThedSedNesoftwareis being developed as a Source plugin;gpatial parameterisation
tool has been developed within the core of Souptatform. Plugins are easily distributed

Extending the water quality modelling capability within eWater Sogrdeveloping the dSedNET plugdinl



between modellers and models, whileanges to Source core are more difficulin@nage

as they require quality assurance &yater and need to fit in with Source development and
release cycles. This is advantageous from a maintenance perspective, but does reduce the
control that the project team has over its release. At this poinelaase date is unknown.

The South Australian project team has a version of Source that contains the spatial
parameterisation tool, and thdSedNefplugin, and a training workshop was held in May
2015.

The Source Onkaparinga model

The MLR Sourceodelwas modified touse thedSedNefplugin, with some parameters
changed to match those used in other studies (such as Wilkieisah2014).Thisis
referred as the baseline, noting that it has not been calibrated against observed water
guality data.

Additiondly, two calibrations(multi- and singleregion)of the rainfaltrunoff model
(SIMHYD)as described in Kmert et al (2015),were used giving two sets of result¥he
multi-region simulation used separate SIMHYD parameters for each region, accorttieg to
calibration of its gauge. The singlkegion calibration treated all subatchments as a single
region, i.e. they all had the same SIMHYD parameiérs.need to do this emerged during
the trials to more closely match the hydrology to other stuchesldemonstrates the
importance of using good hydrological models for constituent modelling

Baseline andrial results

The Onkaparinga catchment was chosen for the trials, udisgrvationsat Houlgraves

Weir. Three trials were conducted against previous studies: (i) SedNet sediment budgets
Wilkinson et al. (2005)ii) existing EMC/DWC Source model, and (iii) statisticatlyet!
loadsby Kuhnertet al.(2015).

Simulations were run for the two rainfalinoff calibrations (multiand singleregion),

resulting inpredicted (potential) loads of 15.9 and 1&bonnegyear. This compared well

with the 15.0 Konnes/yeamredicted using SedNet and seported in the Wilkinsoret al.

(2005) studynoting that this modl was also uncalibrated. The trial against the EMC/DWC
approach looked at temporal patterns atfte role of parameter settings and the fact that
dSedNehas many adjustable parameters that are not available in an EMC/DWC model. The
trial against the stasitically derived loads highlighted the powerd8edNebeing able to
incorporate spatial and temporal variation into model inputs. Simulat8ddNetoads

tended to follow observed loads.

Benefits

As a spatially distributed modelSedNekeeps track ofgatial input data so that outputs
can be traced back to their source. This is invaluable for targeting catchment remedial and
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intervention activities, and is not available in the current EM@Mmodel. Moving to a
daily (dSedNe}from an annua(SedNet}ime-step has been a significant scientific
endeavourdSedNethat supports modelling of the temporal dynamicscoinstituentsin a
catchment. This supportbe abilityto anticipate specific events (e.g. impacts of a large
flow) at different times within aear and investigate withigear variations.

OperationalisinglSedNew A G KAy ! dza i N} f Al Q& ylIGA2ylf K@&RNER
6S2 1 GSNRa {2dz2NOSUO LINPODOARSE NBASEHNOKSNBRZIZ LI Iy
integrated tool to explore the impacts on tlgiality of receiving waters of catchment

dynamics, such as gully and riparian management, urban and agricultural intensification,

and environmental flows.

Next steps

Ongoing use in Mt Lofty catchment

The MLR provide a unique opportunity to test and progSsdNet primarily due to the
richness of the excellent water flow and quality dataset. This dataset is probably
unparalleled in Australian catchments which have Source models. The current moeéls ne
to be calibrated (and better parameterised) against these data.

Knowing sediment fraction (coarse vs fine) is important in sediment modelling. This is
presently estimatedrbm analysing multiple soil properties. A desktop study is proposed
that would nvestigate the opportunity for using TSS as a surrogate for sediment fractions
using existing particle size ddtam samples which have been analysed for TSS.

There is no comprehensive information available on sediment generation, transport and
deposition in the MLRA desktop study to investigate the useafrrently available data
such as sedimentation basins (known sediment volumes), is proposed as aataleto
costly field studies.

The project teamwhich includes members of key stakeholder organisations such as the EPA
and SA Wateiis keen to continue with theSedNedevelopment, including the design and
running of land use/management change scensrio

Development of thedSedNetplugin

Firstly, the trials that were conducted in the project were not designed to fully test the
product. In addition to a more rigorous testing phase, we recommend that the code
undergo peer review. This is not a triviakesise, butdSedNeis an important piece of work
and warrants such an investment. This would benefit the existing code and any further
developments.

This project hasade a significant contribution to the developmentd$edNet but there is
a large bodyf work still to be done. This includes coding the other generation and
deposition models, and extending to constituents other than sediment (firstly total
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phosphorus and total nitrogen). CSIRO does have a high level workplan which could be
developed intaa fully tasked project plan. CSIRO is actively looking for opportunities to fund
this ongoing development and build tliksSedNetommunity.
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1 Introduction

This report describes the contributionade bythe Goyder project 1.1.7 to the development

of the dSedNe plugin¢ a dynamic version of the SedNET erosion m{délkinson et al,

2014)A YL SYSY G SR (2 NYzy &Sl YicSchmeht®plaiokmleA y S2 | {
report includes an overview of the software development process (rationale for approach,
methodand implementation) and how to use the product (access and licensing, data
requirements, running the tool, setting up scenarios).

The report concludes with a section that describes testing opthgin using data from the
Onkaparinga catchment of the Nlibfty Ranges and recommendations for future work.

1.1 Short description oflSedNet

dSedNeis an implementation of dynamic SedNEd time-stepping spatialhdistributed
sediment budget model for predicting daily sediment loads in river basins; and is based on
link-node representation of a hydrologically calibrated riggstem network. For each link in
that network, the model constructs daily budgésource and depositiordf fineand coarse
sediment. These are accumulated to catchment outlet. Erosion rates (hillslope, gully and
streambank) and fine sediment sinks (floodplains and reservoirs) are disaggregated from
mean annual rates, based on daily rainfall and runoff. The maslal stanehlone module

has been evaluated in the Burdekin basin in tropical Austfditkinson et al, 2013)with
promising resultsThe modelling approach is well described in Wilkinsbal. (2014).

ThedSedNeplugn is an extension to the existing behaviours aisdge of Sourcglatform.
The constituent generation models are implemented in the sameagayeexisting Source
models arewith the addition of enhanced parameterisation functionalitthe Spatial
parameterisertbuilt as part of this project and desbg&d in this reporis independent to
dSedNetand can be used to parameterise other types of modelsontrast, he temporal
parameterisersuilt as part of this projecare only for use with pecificdSedNet
components.

1.2 Rationalefor this research actiny

Thecatchments of the Mt Lofty Rang@glLR)are a primary source gfotable waterto

Adelaide and its environs. Thus the quality dtttvater isimportant. Because the

catchments are mixed land uses (e.g. horticulture, grazing, hobby farms), the exiiag

the catchments is not pristine andany studies have been undertakenittentify and

guantify (through measurement and prediction) teeurces otonstituenss, especially total
suspended sediment (TSS), total phosphorus (TP) and total nit{@ggrSeveral models

that describe the hydrology and related constituent generation and transport through these
sub-catchmentshave been developedhe most recent using the eWater Soufgaatform.

Extending the water quality modelling capability within eWater Sogrdeveloping the dSedNET pludin5



Aspects of the development and calibration of this maalel described ifrleminget al.
(2010), Thomast al.(2010) and Flemingt al.(2012).

Thomaset al.(2010)described how an improved Source model may suppattral

resource management (NRM)anning and policy initiativeis the MLR, and highlighted
constituent modelling as one of the issues requiring further work. It was considered that the
Source model, as implemented at that time, predicted TN loads in the MLR quite well
however TP and TSS were generally underestimated in high rainfall yearsemadtiovated

in low rainfall years (Thomamers comn The Event Mean Concentration (EMC) and Dry
Weather Concentrations (DWC) approach used in Source for the MLR (Fé&rairzp10)

was thought to be the major factor contributing to the poor predictions.

To build on the investmestmade to date, and improve the parameterisation and methods
used in Source for modelling constituents, the Goyder Institute for Water Reseaested

in extending the SedNet modelling capability througtPiteject I.1.7. Thé&nal agreed set of
taskswere:

1 Development of architecture required to build N and P Souieigns. Develop Source
core code to allow the spatial and temporal parameterisation of TSS, N and P models,
necessary to retain spatial variability within the nedsl

1 Development of TSS Sour&ugn: Develop Source Plugins for dailgS that can be
amended to accommodate the various land uses in the Mt Lofty Ranges (e.g. horticulture,
viticulture).

1 Model testing Parameterise and test the Source model for B&8,calibrate the
underlying hydrological model

1.3 SedNET development history

¢ K Sedient RivelNets 2 NJ  a(8elN&fwas initially developed by Prossatral.
(2001) for the Nationdland and Water Resources Audit (NLWRA). It wasedsuit
Environmentd Systems Research Instit@SRIArcinfo programs that defined a river
network and itscontributing catchmentshandled data and implemented the model. From
this initial implementationthe concept and the application evolved to meet further
requirement of modelling capability and usability.

The next implementation was major rewrite extended to include linkage of pollutant
models to other aspects of the catchmeithis was written in the same codebase used to
develop Source (C#.NET and Ti)\iEd made available through the Catchment Modelling
Toolkif.

1 TIMEC The Invisible Modelling Environment. For details, the reader is referred to Rahman et al. (2003)

2 eWater Catchment Mdelling Toolkithttp://toolkit.ewater.com.au/Tools/SedNet
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Specificationgor a dynamic version of SedN&e&re then developed byeWater partners
over the period 2009 to 2012 and published as an internal eW@RE documenThese
specifications werelesignedo addresghe limitationsof the simple EMC/DWC approach
for simulating the effects of future management sceoariincluding land use change.

The subsequent implementatigibynamic Sednetyas by the Queensland government for

0 K SPadddckito Bef Modelling and Monitoring Prograffowards meeting the Reef Water
Quiality Protection Plafload)targets (Elli®t al.2013, 2014 Wilkinsonet al.2014) This

plugin is inhouse and not publicly available; and was not developed against the most recent
constituent modelling architecture. As described in the Introduction to Ellis and Searle
(2014), there were several instances where the desired concept was unable to be applied or
tested adequately, noting that the catchments were generally data poor anglarge.

The development afhe SedNet §SedNe} plugin reported herein is the only current
dSedNetdevelopmentactivity. However the methods have and continue to be tested in the
Great Barrier Reef catchment project, e.g. the bed material sediment component by CSIRO
and others.

The SedNetlevelopmentlineage is captured iRigurel.

Version  Style Time

ArcInfo Standalone| Annual
(CSIRO)
Toolkit Standalone| Annual
(eWater)

Dynamic Specs Daily
SedNet
(eWater)

Dynamic Plugin Daily
SedNet
(Qld)

dSedNet Plugin Daily
(Goyder)

dSedNet Plugin Daily
(??7?)

Figurel, SedNet development timeline
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1.4 SedNet structure

SedNET can be thought of as a suite of component modw#ash source and sink has its
own modelc these areassigned tqd 2 dzNide§@tiag framework(seeS 2 | (I SohEsa
Basic Concepil{ 2 dzNilde§@tig framework is a simple conceptual model of the real
world and is made up of Catchmen®&ib-catchmentsFunctional Units (FUs, e.g. areas
defining landuse types), Nodes (points of entry to the river network) and Links (linkage
between nodes and where routing and flow models are configur@djlnet constituent
generation models are assigned to Functional §rtheir outputs argpassed through the in
stream processing modules, and then to the export load modules (for sediment and other
constituents that are being modelledll component modules do not need to be present to
run SedNet in fact somemaynot even be relevant for some catchments. For example, the
gully module would not be required for a catchment without gullies, and the floodplain
module would not be required for a catchment in which the river does not overbank and
deposit sediment on itsonneded floodplain.

Figure2 is a schematic representation prepared by the Qld government team that describes
how they have built dynamic SedNet for cr@ggidands in thecatchments that drain to the
Great Barrier Reef his diagram illustrates the size of dynamic SedNet (there are different
schematics for sugar lands and grazing).

ThedSedNeimplementation is somewhat different to avoid this level of complexity.
Neverthdess, a full implementation will have a similar structure. In this project, we have
concentrated on the coarse and fine sediment generation from hillslopes and gullies as
thesewere identified aghe keyerosion processes in the case study region

1.5 Audiencefor this report

The main audience for this report are those people and organisations who are involved in or
wish to do a comprehensive assessment of sediment transport from a catchment to surface
water bodies. This includes the South Australian Sourceeftiod community, in particular
those engaged in the MLR modelling; and those planners and managers who wish to use
eWater Source with the dSedNet plugin. It extends to modelling colleagues in other parts of
Australia, ie all those who would be interestiedusing the plugin.

A secondary purpose is to provide one reference point for the activities conducted within
the SedNet component of the project 1.1.7.

As a legacy document, it is intended to be sufficient to inform the further development of
the dSedNeplugin.

® https://ewater.atlassian.net/wiki/display/SD41/Basic+Concepts
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Rainfall Runoff
SIMHYD 3
Constituent Generation Particulate Dissolved
Coarse Sediment Fine Sediment Nitrogen Phosphorus  Nitrogen Phosphorus Pesticides
y ! Y y y v !
Time Series Dynamic Nutrient Time Series Nutrient Time Series Pesticide
Erosion Model Gully Generation Load Model Generation Load Model Time Series
[ [ Particulate Dissolved Load
Cropping Erosion Cropping Sediment
Coarse Model (Sheet & Gully)
In Stream Pfocessing \L
Stre.am Coarse Fine Sediment M°ijI Stream Particulate Stream Dissolved Stream
Sediment *Bank Erosion f Nutrient Constituent With Pesticide Decay
*Floodplain Deposition 1 Decay Model
*Channel deposition &
remobilisation
‘ v SedNet Storage Lewis
SedNet Deposit SedNet Storage Lewis Model | Model
‘ All Constituent lezil (where required) ’ ‘ (where required)
Export WV V A
Fine Sediment Particulate Nutrient Dissolved Nutrient Pesticide
Daily Load Daily Load Daily Load Daily Load

Figure2, Schematic representation of theythamicSedNET component modulakages for cropping lands in
central and northern Queenslan@Source: Ellis & Searle, 2014)

1.6 Companion documents

The larger report fronthet N2 2SOl L dmdT A& YNoyel for BdulNE @S R
I dz&a G NI £ A I ybyKuhner@KaY @01 5Ratlescribesan alternative statistical
approach to predicting the quality of the water and how it may change uademall)

number of scenarioslhat report is published in the Goyder Institute Technical Report
series.

There will also be documentation accompanying the plugin andpla¢ialand Temporal
parameterig€rswhen they arancluded ina future Source release. These documents need to
conform to eWater specifications arate under preparatiomt the time of writing this

report.

Text describing the revisions to the Source constituent modelling architerstureluded in
this report as it has not been published elsewhere. This developnresitiding the
documentation, was undertaken and funded by CSIRO in 2013Helwork described in
this report could not have been undertaken without this earlier piece of work.
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2 Scope othe work

The EMC/DWC approachported in Section Javailable in Source and implemented in the
MLR Source model proved insufficient to support the exploration of NRM and land
use/management planning and policy initiatives. Thus, it was agreed that a research project
would be established to trial the dynantiedNet approach to determine whether that
approach would give better results.

This section describes the scopelod work that was developed to best mette project
objectives, within the resources of the project.

2.1 Approach and rationale

While not diretly applicable to the MLR catchments, the dynamic SedNET plugin developed
by the Queensland government (Ellis and Searle 2014) was identified as being able to
provide direction in how to implement the dynamic SedNet specifications; and its codebase
was kirdly made available to the project team by the Queensland Government for
reference.However, it was not directly applicable to the MLR catchments because of the
differences in catchment characteristics, and its development over several years resulting in
agargantuan codebase, difficult to disassemble and then extend.

Two options were then available: (1) follow the Qld Govt approach ofanelerror,
leading to a highly tailored but not very scalable product; (2) adopt a leteger
community view and generalise tlizynamic SedNgidlugin to take advantage of recent
changes in the underlying architecture, and t@ke it moreapplicable to a broader set of
users and applications. TI28% option was taken

The software development woifor dSedNetcan be broken dowasshown inTable2, with
the Status column showing those functions that have been completed and/or released in
the version odSedNetvailable at the end of this project.

Table2, Highlevel software development components (areas, functions, components) showing those
components that have been completed as part of this project (indicated\byn Status column)

Areas Function Components Status*

Models Constituentgeneration  Hillslope \%
Gully \%
Streamlank

Nutrient dissolved particulate)
In-stream processing  Sediment (deposition)

Nutrient (deposition, decay)

Extending the water quality modelling capability within eWater Sogrdeveloping the dSedNET plugin1l



Areas Function Components Status*
Storage processing Sediment (deposition)
Nutrient (deposition, decay)

Parameterisation Spatialparameterisation Generation models

Temporal Generation models \
parameterisation
Configuration Validation Landuse area definition \%
Pluginmanagement Ul configuration Main Ul additions \%
Access to plgin functions \%
Persistence Mapping data intaa database or savingtoa V
file
Result visualisation Statistics Totals
Spatial contributions of sediment
Quality Quiality control Unit testing of each component V

management

Regression testing (components and the V
system)

* Statusidentifies work completed #o releasedin thefirst versionof dSedNefrequiring further work as the
system evolves)

In Table2, User InterfacgUl)configurationrequires addinghew menu items to the main
menu system and linking them to the new functiona(itiable 2)Persistencas the ability
to save the model configuration and status to disk (or database);Tastingcovers the
testing of models and parameteriser behavioorthat it achieves what is expected and is
not altered by changes over time.

As the work required to complete a full implementation (high level components listed in
Table2) was far greater than what could be accommodated within the current project, the
work (development tasks) was prioritised to maximise functionality to meet the objectives
of Project 1.1.7, resulting in development of thidislopeand Gullymodels, together with a
spatial parameteriseto automate the populating of model input parameters from spatial
data.

2.2 Sourcedevelopment principles

The code can be implemented within tNé/ 20dd® 6fSourceoras a Sourc#t £ dzZAA Yy Qd ¢ K
difference is extremely important from a release and maintenance perspective and is
described below.
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User Interface
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Application Core Plugin A

Custom
behaviour
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projector
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Plugin Manager

dSedNet

Models
ParModels
Parameterisers
Testing

.NET Environment

Persistence

— Database ——
Files

Figure3, Simple plugin architecture

2.2.1 Core

After discussion with eWater, it was agreed that #patialparameteriser would be part of
the Core Source. This is a good outcome but with overheads. A key benefit is tispatle
parameteriser will be rolled out as part of Source and maintained by eWadtes ensures
that it will always work in future releases of Source. An overhg#tht development and
testingcycles haeto work in with eWater timelines and practices; atie dSedNet

approach hd to be generalisedo meet Source Core philosophy (to be available and useful
to multiple plugins and other parts of core Source). This teduh a longer development
time than anticipated

Thespatial parameteriseris inthe SourceCore.
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2.2.2 Plugin

Work that is external to the Source applicaticore but is able to be managed by Source
and integrated into the way it functions written as Source pluginBlugin development
can produce software elements that span across@eQ three main layers, Ul (user
interface), Domain (modelling framework) and Persistence (databBa&ins reside as
external .dlls that are registedewithin Source.

Thehillslope and gully erosion model modules are Source plugins.

2.2.3 eWater Source practices

WY/ 2 NBQ RS O Sniustadhesyoithe deelbpment practices set by eWater. For
example interface developmemustfollow a pattern similar tahe Model View View

Model (MVVM) pattern. Code is peer reviewed, tested and reviewed by a domain expert
(scientist). Documentation is written following their documentation guidelines. Once this
work has been completed and accepidlden it becomes the respaibility of eWater to
maintain this capability.

Plugh development groups like behaviour/capabilitybe assembledogether in one

package. Packaging capability like this allows for development of custom behaviours (e.g.
MyTwistOnRainfallrunoff _Simhyd) wh can be integrated into Sourgextending or

modifying its abilitiesWhile quality is importanteWater allowsmore flexibilitywith plugins

andtheyl N5 RS@St2LISR G2 | adlyRIFINR aSG o0& GKS A
Specific capability afSedNebnly packagsis only relevant to one set of modelling

objectivesg sediment and nutrient generation, deposition, decay and the parameterisation

of these models. It is the responsibility of the developers of these packages to maintain

them ¢ensuring their robuthess, their compatibility with each Source release and that the

user group have access to the plugin documentation and/or traineeglsfor its use.

2.3 Access and licensing

As a community plugin, théSedNetplugin will be distributed witlall releases of Source.

¢CKS 002YLI yeAay3a ! aSN) DdzA RS dorinfunitp 8 | @ A€ | 6 f
Practice web site

CSIRO retains the IP for the plugin, and acknowledges the contribution of the Queensland

government in developing the dynamic SedNETipluUnder the eWater Source
community protocols, distribution of the product is through the community.

Documentation for thespatialparameterier will be included with the eWater Source
release.

* http://ewater.org.au/community/
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2.4 Source releases

It is assumed that SA ERrintainsthe curency of their Source catchment model. CSIRO

hase2 G SNDR& | ANBSYSyid (G2 LINPOARS |y Ayadlftft SN
spatialparameteriseffor the life2 ¥ G KS LINRP2SOli® 2 KSy (GKS d22f |
assurance measures, it will becluded in the next available release of Source (production

version, beta). No date has been sgteWater.

The hillslope and gulgrosion model plugins may be impacted by Source releasdisere
YIFe 0SS OKIFy3aSa (2 { 2 dz2NDOS exstinh pluginsgiiNsSdvednR G KS O2
normal in software engineering).

2.5 Training and handover

A workshop was held in Adelaide in late May to demonstrate the plugin. This was attended
by the project team and other interested staff from SA Water and DEWNR.
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3 dSedNetplugin

This section of the reporirovides higHevel description of the erosion (hillslope and gully)
models and the spatial and temporal parameterisers used to parameteriselSexiNet
models.

Thesectionassumeathat the reader has a reasonable knowtghnd experience®f Source

and how to navigate through it; and a reasonable knowledigeow models arassigned

and howtheir parameters are exposed through the user interfacg.(CHefollowing

sectionsare not written as technical specifications ordd§uides, but to document, at a
relatively high level, their implementation and ugdeaseNBE F SNJ (G2 { 2 dzZNDOSQa
more detailed information.

The hillslope and gully erosion models are two component modules of Seldiyatd4).

Hillslope Gully supply Streambank
erosion (t d') (td) supply (td™)

v

HSDR

v

Tributary
supply (td")

: Downstream
& ‘ yield (td™")

Floodplain Reservoir
deposition (t d')  deposition (td)

Figure4, Erosion model component modules (from Wilkinson et aD14, Figure 2)

3.1 Hillslope erosion component model

G¢CKS FTAYS &SR AMiISlgpés inZeazh FUftoltH RtredmNBtWork is the product

of gross erosion rate, FU area and a hillslope sediment delivery ratio HSDR. Hillslope supply
from each subcatchment is then the sum of the contributions fronfridl in thesub-

Ol § OKY Sy bietah20%4j. {1 A Y &

Gross daily hillslope erosion in each FU is estimated using the Modified Universal Soil Loss
Equation (MUSLE) (parameters R*K*L*S*C*P), FU area is provided by Source, and HSDR is a
NI GA2 «n Xexpertds& (@able3} A ibputated version of this table for the trial use

case is available dtable9.
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Table3, Data requirements for the hillslope erosion model

Parameter Description

HSDR hill sedment delivery ratio
R rainfall erosivity factor

K soil erodbility factor

L, S slope length, gradient

C cover factor

P Practice factor

3.2 Gully erosion component model

GDdzf t @8 SNRaAzy NBLINBaSyda 2y32Ay3a AyOArarzy |
streams which have smaller contributing areas than the upstream extent of the model
AONBFY ySGg2N]l ® LG | flray2R (NBILONSSHEES y2iTa ROSNPLA A322yA (2
BrooksetalH n ncp0 @ { dzOK SNRaAz2y LINRPOS&aasSa | NB dzadz f
(Wilkinsonet al.2014).

An input map of the current areal density of gullidseit age and crossection, bgether

with relevantsoil propertiesare used to calculate volume&omplete delivery to the stream

network is assumeds shown inrable4. A populated version of this table forettrial use
case is available dtable9.

Table4, Data requirements for the gully erosion model

Parameter Description

Gully areal density

Pf Proportionfine

s Gullysoil bulk density

aG Gullycrosssectioral area

LG Gullylength

T Gullyage(calculated from gully year of disturbance)
fG Gully dailyrunoff power factor

Mg* Management factor

* This factor is not yet implemented

3.3 dSedNetcenarios

The gully and hillslope (erosion) models provide some limited applicatidSedNefor
scenario analysis. These include:

1 Hillslope model scenarios examples
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i a base case current conditions scena@R(K L and Sraster mapping required)

i effectof changes in rainfall/runoff (climate changg@hanges made to source model of
runoff andC Rfactor rasters)

i landuse changes that increase or reduce hillslope erosion (usually modelled through a
change in cover factor rasters)

I management activities teeduce erosion (change to delivery parameter or cover factor
rasters)

i changes in the seasonality of cover.
1 Gully model scenarios examples
i a base case current conditions scenario (raster gully density mapping required)

i effect of changes in rainfall/runoftiimate change?ichanges made to source model of
runoff and gully activity parameters)

i land-use changes that increase or reduce gully density or activity (changes to input
mapping or gully activity parameters)

I gully management activities to stabilise gggl (change to gully activity parameters)

Each of the types of scenarios suggested above can be used to investigate delivery of
sediment to the stream network and accumulation through the network. However until the
other component models are developed tlnaslimitations. For instance both the servoir
deposition and floodplain deposition component models are required for the routing
through the network to be usefudt any location where these features exist. Additionally for
total loads to be estimated and other types of scenarios other sowsuel as bank and

point sources need to be modelled.

Lastly until all component models that interact with suspended sediment are in place it is
not possible to calibrate the model against water quality monitoring data from stream
gauges. This linsthe conclusions that can be drawn.

3.3.1 Setting up adSedNetScenario in Source

Thesteps to set up a Source scenario to dSedNetmodels
1.Load thedSedNeplugn
2.Define a Source Catchment scenario using@eegraphic Wizard

3.Define FU areas with the use ofeaduse map (raster) which covers 100% of the
catchment (a prerequisite for using the Spatial Parameteriser)

4.Select a Rainfall runfbnodel and assign parameterandcalibrate it
5. Define constituents (e.dzineand Coarsg

6. Select Constituent GeneratioHli{lslope Modek, dSedNetand Gully Model dSedNex
models and assign generic parameters
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7.Assign spatial parameters to selected constituent generation models usirgp#tial
parameterisatiortool (described in next section)

8. Execute the temporal parameteegrs for associated constituent generation models
(described in next section).

9. The Source model is now ready to run, Cck

Note: The parameterisation steps are gyecesigsteps to running the model. The
statistics generated from the temporal paneteriser are generated frorthe Source model
outputs.

3.4 Spatial parameterisation

Spatial parametésationK I & 0SSy RS@St 2 LISRfurictioniso afobaeQ Ol LI ¢
spatial values to model parameters that have spatial context within the méadethis to be

achieved and be robust the Fareas must be assigned using a landuse layer that defines

100% of the FU areas across all catchments.aVkeagevalue of the parameter layer that

intersects the land use layer for a particut@tchmentis assigned to the model parameter.

Figure5 and Figure6 demonstrate the functionality of thepatial parameteriserusing a
simple exampleTable5 tabulates the results of the operation described in those figures

® For those not familiar with Source and its spatial characterisation of a catchment, the reader is referred teVsel@012). FUs are
functional areas and are the basic mapping unit within which land use etc are described.
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Catchments Land-use classes Parameter, values range from 0 -7

Figure5, Map representation of the functionality provided by thepatial parameteriser

Table5, The result from parameterising a model that existly for landuses B and C

Catchment FUs in catchment Model presentin FU Paraneter avg. value
1 A B B 0.9
2 A B, C B, C 12
3 B,C,D B,C 25
4 B,C,D B,C 2.9
5 C,D C 3.7
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Catchments Land-use classes Parameter, values range from 0-5

A 0

D

Figure6, Schematic of the functionality provided by thgpatial parameteriser

3.4.1 Using thespatial parameteriser

After configuring a scenario to use td&edNeimodel and selectingdit4 Spatial
Parameteriser., the dialog(Figure7) is shown.

Extending the water quality modelling capability within eWater Sogrdeveloping the dSedNET plugin21



S
«

» 0 Madel parameterisation via spatial data
- % Constituents and their generaticn models
~ % Constituents
+ @ fine sediment
~ % Hillslope Madel - dSedNet

Parameter: Mean Summer Rainfall
Parameter: Mean Annual Rainfall
Parameter: R Factor Rainfall Thresheld
Parameter: Beta
Parameter: Eta
Parameter: DWC
Parameter: Cff set from day of year
Parameter: USLE HSDR - Fine
Parameter: KLSC

@ Input: Daily Rain

& Mil Constituent
- & coarse sadiment
+ &% Gully Model - dSedNet

£ Parameter: Gully SDR - Fine

£ Parameter: Gully SDR - Coarse

£ Parameter: Gully Density

£ Parameter: Year OF Disturbance

£ Parameter: Year OF Gully Density Raster

A Parameter: End Year Of Gully

A Parameter: Total Gully Volume

ié\u Parameter: Gully Soil Bulk Density

222233332

A Parameten: Gully Clay + Silt Percentage
A Parameter: Gully Cross Section Area
£ Parameter: Average Gully Activity Factor
A Parameter: Gully Management Practice Factor
A Parameter: Gully Annual Average Sediment Supply
A Parameter: Gully Daily Runcff Power Factor
4 Parameter: Gully Long Term Runcff Factor
&% Nil Constituent
= G Rainfall Runoff models
= Gy Rainfall Runoff commaon parameters
@ Input: PET
@ Input: Rainfall
v ufy SIMHYD
£ Parameter: Impervious Threshold
£ Parameter: RISC
£ Parameter: Perv, Fraction
£ Parameter: SMSC
£ Parameter: Infiltration shape
£ Parameter: Infiltration Coeff,
£ Parameter: Interflow Cosff,
£5 Parameter: Recharge coefficient
£5 Parameter: Baseflow coeff.

o Nil runoff

:a: Parameter: Gully Density

Parameterisation Inputs for:
Parameter:

Spatial input layer for parameter:

Layer's units:

Method to use:

Gully Model - dSedNet
GullyDensity
e Open
km per km*2 (km/km2)
Average

Apply

Figure7, Spatialparameteriserdialog, using thegully erosion model as the example
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The leaf nodes that make up the tree view on the left of the dialega list of model
parameters.The associated models are ones that have been applied to thedaldls.type of
constituent generation model will appear per constituent (for exampl&igure?, for the
Constituentfine sedimentthe assignment model Killslope Modgland each type of
rainfall runoff model will appear.

Selecting a parameter from one of these lists populates the right hand side of the dialog
with the name of theselected parametera text box and button for loadin@pernng)a
spatial layer, a drojglown list ofmeasuremenunitsto associate with theselected
parameter, a method which will be used to aggregated the distribution of valueamand
Applybutton. In the Figure7 example, the selected parameter@ully Density

Spatial input layer for parameterWhen a layefraster only for this version} loadedit is
validated against existing laysio ensure that it can be used correctly. The layer must be
comparable with the previously loaded landuse lageell size (height and width),
coordinates for the upper left and lower right and the number of rows arldraas must
match. Each cell in the loaded layer must have amalhvalue for every nomull value in
the landuse layenf these constraits are not metthe laye will not be available for useit
will be deemed not comparable, and the text box willlighlighted in red (mouse over the
box for a ht).

[ I @ SNIYa ¢ db imtadatsSidcheiked for a definéthit. If this is not present

warning is given (Text box is highlighted in yellamdl must be selected fromthe I & S N &
Unitsdrop-down list. Thigirop-down list is derived from the unit specified within the model
with units of the same dimensiofror example if the model parameter unitsllimetres,

mm the drop-down list will contain all units with the dimension equal to lengttch as

metres (the base Sl unitkilometres or evenfoot (Imperial/US)This allows for unit

conversim wherethe assigned unit is different to the oné the model Theinput layerdata

are converted to matcithe model unitprior to applying to the modeShouldyour data

units not appear on the drofown list, automatic conversion cannot be performethe

data will need to be converted using another tool.

Methods to use The only method that has been implementediseraging Future
development would irclude other statistics such as minimum, maximum and total.

Apply: Once the layer is loaded and units defindte Applybutton can be selectedlhe
average value of the parameter layer that intersects that of the landuse layer for a particular
catchmentwill be assigned to the model parameter.

The result of this action can be seen in the dialog where the models were assigned,
Edit4 Constituent Models.and select the model of intere¢é.g.coarse sedimerinh Figure
8). The parameters$or that model are listean the right side of the dialogf.ou can scroll
across to see the complete list and the values assigned to the parameters.
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Q Constituent Model Configuration

«l ]

+ & Constituents Configuration
g

Filter Models

i

L fine sediment
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- Generation Madels

"fj fine sediment
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U] Constituent

<l ®
Subcatchment Functicnal Unit Source Model Coarse Gully Density H ‘Year Of Disturbang | A
5C#1 other Drefault Gully Medel - dSedNet 0.7 4768 o
SC#L Urban Default Gully Model - dSedNet 0.7 5.415 0 _
SCHL Annual horticulture Default Gully Model - dSedNet 0.7 -999% 0 ;
SC#1 Water Drefault Nil Constituent N/fA N/A N/A
S5CH2 other Drefault Gully Medel - dsedNet 0.7 4471 o
SC#2 Urban Default Gully Model - dSedNet 0.7 4114 0
SCH2 Annual horticulture Default Gully Model - dSedNet 0.7 -999% 0
SCH2 Watar Default Nil Constituent N/A N/A Nf&
S5CH3 other Drefault Gully Medel - dsedNet 0.7 121 o
SC#3 Urban Default Gully Model - dSedNet 0.7 0.632 0
SCE3 Annual horticulture Default Gully Model - dSedNet 0.7 -999% 0
SCH3 Watar Default Nil Constituent N/A N/A Nf&
SCH4 other Drefault Gully Model - d3edNet 0.7 345 o
SC#4 Urban Default Gully Model - dSedNet 0.7 -9939 0
SCHL Annual horticulture Default Gully Model - dSedNet 0.7 -999% 0
SCH4 Water Drefault Nil Constituent N/fA N/A N/A
SCHS other Drefault Gully Model - dSedNet 0.7 3848 o
SCEs Urban Cefault Gully Model - dSedNet 0.7 435 0
SCES Annual horticulture Default Gully Model - dSedNet 0.7 6 0
r | oF
Import... | | Export... Apply Value(s) To All Rows Total: 264  Displayed: 264
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Figure8, Constituentmodel configuration
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Note that the units in this table may be different to those that you selected previouklg.
is just the predefined displayed unitgéou can select the preferred units by clickihe units
and selecting from the lisThe displayed units will change to reflect this change in units.

3.5 Temporal parameterisation

Temporal parameterisation has been developed withindi$®dNefplugin. Its function is to
parameterise model parameters with values obtained via analysis of a @amdput time
seriesprior to simulation For example the long term annual average of runoff from a FU can
be used as a parameter value for a mofget.Gully modelpnllocated to that particular FU.

3.5.1 Using thetemporal parameteriser

The temporal parameterisation for particular models in tf®edNeplugin 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 configurecettordthe required timeseries
while the modelexecutesone full run(Note that changing the time period of the model run
will produce different values. This may be a problem if the model is ¢atecuted over a
different time period e.g Drought vs Normal seasofjnallythe desired statistigs

calculatedand the resultappliedto the relevantmodel parameter for each FU with that

model. This process is executed as a-precess step before #hactual model run

Table6, Gully erosion model parameters that require a value before executing the temporal parameteriser
Gully Gully density
Gully crosssectional area
Gully year of disturbance
Gully year density raster
Gully soil bulk density

Gully daily runoff power factor

Table7, Hillslope and gully erosion model parameters that are assigned by the temporal parameteriser

Component Parameter
module
Hillslope Meansummer rainfall

Mean annual rainfall
Gully Total gully volume
Gully annual average sediment supply

Gully longterm runoff factor
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4 Trial of dSedNetpluginin the Onkaparinga
catchment

This section describes the testing of the plugin, using the latest Source model for the
Onkaparinga developed by SA EPA and SARIDbrt description of the study area is
included- for a more detailed description of the study ardeetreades arereferred to the
companionreport (Kuhnertet al.2015 and Flemingt al.(2012). The Source model is
described in Flemingt al. (2012 and Thomagt al.(2010.

4.1 Trial strategy

The purpose of trialling was to test the robustness of the code and its use withine5o

using data that was familiar to the project team. Due to the models being uncalibrated, the
trial was restricted to the baseline parameterisation and look for patterns in the results
matching expected behaviour and/or behaviour previously repoeed. Wilkinsoret al.

2005) This seemed more sensible than running scenarios (e.g. changes in landuse) which
would be difficult to interpret. This approach would also allow for comment on the
performanceof dSedNebver earlier studies.

Wilkinsonet al. (2005)usedSedNet to simulate average annual sediment budgets
(generation, transport and deposition) across tachments of the MLRNo effort was
madeto comparethosesimulated loads to observed load®ost likelydue to a dearth of
sediment processata in the region. Asur study las developed components of the same
model (albeit at a daily timstep), the first point of conmentary isestingagainstresults
from previous use of the same model in the same area. The Onkaparinga catchment was
selectedfor this as a significant component of the MLR, using data from Houlgrave weir
(A5030504)To the extent that was possible, the same input dataewsed as per the
Wilkinsonet al.(2005) report However a number of critical differences remahydrologyis
a key point of departure, where the SedNet application of Wilkiretoal. (2005) used
regional relationships as described in the SedNet manual (Wilkietsain2004) our study
has used the I®MHY Drainfallrunoff model as calibrated in Kuaert et al.(2015).The data
are described im little more detall later in this section.

The implementation of stream bank erosion and instream processing was not possible in
this project, so theeommentary is confined to thkillslope aml gully erosion module
outputs.

Two other cormentaries are madeWhile a comprehensive water quality data set is

available in the MLR for TSS, specific measurements of sediment generation, transport and
deposition are not available. For this reason, TSS measurements are used amtloé po
comparison with sediment load simulations fratBedNet While the fine and coarse

sediment loads estimated SedNetare not directly comparable to TSS concentrations,
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patterns and trends of loads over time were considered tadlevant Commentaies are
thus made against:

1 TSS results from using Source with the EMC/DWC approach (Flethahg010)
1 Satistically-derived TSS results reported in Kuhretral. (2015).

As well as testing temporal patterns of load simulation, this exercise testestdldity and
robustness of the software which comprises tféedNeplugin.

4.2 Study area

The catchments of thount Lofty Ranges (MLIBigure9) area crucial water resource
that is importantto the weltbeing of the people of Adelaid&here are severeservoirson
rivers and streams of thBILRto harvestthe relatively high rainfdland supply Adelaide with
drinking water. This drinking water is supplemented with watiertedfrom the River
Murray. Water collected within the catchments is a significant component of the total
supply needs of Adelaidend is the most cost effectivgater source

TheMLRare used for different purposes including harvesting of drinking water, agriculture,
intensive horticulture, recreation, rural living, tourism, environmental conservation and
urban environments. These multiple uses place pressurthenvater resource and can
impact on water quality.
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Figure9, Map showing the location ofnodelled Onkaparinga catchment
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4.3 Source Catchments implementation

Source Catchments and its precursors have been applied aqitothe MLR catchment) for
several years. The Source conceptualisation of the MLR catchments is providgdrei0
which shows the Onkaparinga catchment, sa#tchments, hydrological network, and
gauging stations used for hydrological parameters.

Figurel0, Nodelink diagram of the Source model conceptualisation of thedelled Onkaparinga
catchments
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