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Introduction

Alluvium Consulting Australia Pty Ltd (Alluvium) has been engaged by the ACT government to develop a Source
model to support ACT’s water resource plan as required from the Murray-Darling Basin Plan. This report
presents an overview of ACT water resources and its context in the upper Murrumbidgee catchment and the
Murray Darling Basin. The report describes the methods used to develop the two Source models (Catchments
and Water Resource), the calibration results and the scenarios modelled.
It was initially hoped to include both models as a single integrated model, however constraints with the Source
model framework and the necessity to develop a water resource model that strictly adheres to the
requirements of the Murray Darling Basin Authority have meant that two separate models were required.
These models have been developed using consistent data sets and have been calibrated using consistent
approaches. There may be minor differences in specific estimates of water flows and in all cases the water
resource model should take precedence as it has been developed specifically for the most accurate
assessment of water balance in the ACT. The catchment model has been well calibrated but does not reflect
the transfer of water resources as accurately, and hence does not reflect the dynamics of the water resource
system (e.g. in the detailed operation of storages). It does however provide a good estimate of pollutant loads
in 4 different scenarios and can be easily modified to represent future rural and urban runoff management
actions (e.g. urban stormwater improvement) without compromising overall model accuracy.

1.1

ACT Water Resources

Surface water resources in ACT
Australian Capital Territory (ACT) is located within the Murrumbidgee River Catchment that lies within the
Murray-Darling Basin. The three main watercourses within the ACT are the Murrumbidgee River, Molonglo
River and Cotter River. There are four main water supply storages in the ACT: Bendora, Corin, Cotter, and
Googong dams. Additional water of up to 25 GL can also be released from Tantangara Dam located upstream
of ACT into the Murrumbidgee River and additional water from the Murrumbidgee River can be pumped at
Angle Crossing pump station to the Googong reservoir for storage. Water can also be directly pumped from
the Murrumbidgee River downstream of the Cotter Dam to the Mount Stromlo water treatment plant.
Groundwater resources in ACT
Groundwater resources in the ACT are relatively small by comparison with other areas of Australia. The
volume is estimated to be too small to ever be practically considered as a significant alternative urban water
supply source. Groundwater use is allocated (via licensing) conservatively in the ACT. To maintain the relevant
environmental assets and to protect the groundwater productive base the ACT Environmental flow guidelines
specify that groundwater abstractions must not exceed 10% of the volume of long-term recharge. No further
allocations are made beyond this limit unless specific studies on a particular catchment can provide evidence
that such an increase will not result in environmental harm or impact on other users.
There are 189 groundwater users in the ACT (Table 1) and based on intersection of bores with the mapped
geology (Figure 2), the majority of bores (51%) are constructed in the volcanic aquifers, approximately 34% in
the Palaeozoic sediments, 10% in the granite and 5% in the shallow Quaternary sediments. The recorded yields
for the extraction bores indicate that the Volcanic rock has the lowest yield, followed by Quaternary sediments
and then the equally high yielding Palaeozoic granites and sedimentary rocks. Bore depths range from 12 m to
230 m, with an average depth of 40 m.
Table 1. Summary of groundwater abstraction bores in the ACT

Quaternary Sediments

9

5%

Min Yield
(%)
0.6

Palaeozoic Volcanic

96

51%

0.2

23.0

1.5

45

Palaeozoic Granitoid

19

10%

0.3

10.0

2.3

27

Palaeozoic Sedimentary

65

34%

0.4

12.6

2.3

38

Geological Unit
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Number of bores

Max yield
(%)
2.3

Av Yield
(%)
1.9

Av Bore
depth (m)
40

1.2

Topography and Physiography

Figure 1 shows the topography and physiography of the study area. Elevation within the ACT ranges from
around 400m above sea level on the Murrumbidgee River to 1,912 m at Bimberi Peak. The area is
predominantly drained by the Murrumbidgee and Molonglo Rivers.

Figure 1. Topography and Physiography
ACT Source Model
Development
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1.3

Geology

The oldest rocks in the study area are the Ordovician turbidite sequences (depicted in orange in the map
below) predominantly found on the eastern side of the study area and in places along the western boundary.
The Adaminaby Group and the Canberra Formation comprise most of the sandstone, mudstone and shale
turbiditic sequences. Subsequent to the deposition of the Ordovician turbidites, volcanism in the Silurian
deposited igneous felsic volcanics (rhyodacite and ignimbrite). This sequence can be seen to form a “broad
meridional belt’ (Evans, 1987) from Colinton in the south, Tuggeranong in the middle and up to Hall in the
North (depicted in pink in the map below).

Figure 2. Geological units and structures in the ACT
ACT Source Model
Development
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Late Silurian to Early Devonian igneous intrusives of the Murrumbidgee Batholith dominate the landscape to
the west of the Murrumbidgee Fault (red unit in map below). The major intrusive units include the Shannons
Flat Granodiorite and Clear Range Granodiorite. Cainozoic sediments (gravel, sand, silt and clay) are sparse and
generally less than 5 m thick, but in some places more substantial thicknesses (up to 15m) have accumulated
(Evans, 1987). These are seen as small patches of green in Figure 2.

1.4

Hydrogeology

Fractured rock aquifers dominate the study area. Recharge to the fractured rock aquifers is via rainfall through
areas of open fractures either at the surface or through a thin veneer of surficial unconsolidated material. The
aquifers have low storage capacities that are around the same size as the annual fluxes through the aquifers.
This means the aquifers have low resilience to climate variability and are more sensitive to low rainfall
conditions (Evans, 2005).
Discharge from fractured rock aquifers is mainly to streams, however in some instances it may also discharge
via upward leakage into the overlying unconsolidated deposits, from higher pressure head in the fracture rock
from reduced fracture density. This can lead to spring and swamp areas. Groundwater flow path lengths are
thought to range up to 10km, with flow times of 10-20 years (Evans, 1987).
The depth limit of significantly open fractures is around 100m (Evans, 1987). The rocks range from moderately
weathered to nearly fresh. Highly weathered rocks are usually associated with the presence of clays which
tends to restrict groundwater movement.
Hydrogeological Landscapes of the ACT
Hydrogeological landscapes (HGLs) of the ACT were developed by Muller et al. (2016) for the purpose of
characterising and managing the quality and distribution of water on the surface of the landscape and in the
shallow subsurface. They built on existing Groundwater Flow System (GFS) frameworks previously developed
for salinity management. The GFS framework used geological data, hydrogeological and topographic data. The
HGL concept developed this further to include information about landforms, regolith and structural geology.
Hydrogeological attributes of; aquifer type, hydraulic conductivity, aquifer transmissivity, specific yield,
hydraulic gradient, groundwater salinity, depth to watertable, subcatchment size, flow length scale, recharge
estimate, residence time and responsiveness to change, have been assigned to each HGL. These characteristics
have been used to help understand the potential for groundwater and surface-water interaction in the ACT.
Depth to Watertable
Groundwater depth information is limited in the study area; however, it is expected that the watertable
surface will generally be a subdued reflection of the topographic surface, with flow mirroring the hillslopes
(Evans, 2005). Some limited bore information is available for 16 government groundwater monitoring bores
within close proximity to Lake Burley Griffin that record a single groundwater level measurement. The depth to
groundwater ranges from 1.75 to 46.3 m below the ground surface, with a median reading of 6.85 m.
The hydrogeological landscape mapping classifies units in terms of shallow, intermediate or deep
groundwater. Figure 3 below shows the depth to groundwater classifications and indicates that in the
Australian Alps region groundwater is deeper and is typically found at depths greater than 8 m, whereas in the
Werriwa Tablelands the groundwater is found at shallower depths of <2m, up to 8 m depth. It is likely that
groundwater is less than 8 m deep in the Tinderry-Gourock Ranges, given the elevation of this region, is
somewhere between the regions in the ACT. Notably, Figure 3 does not adequately represent the depth to
groundwater adjacent to streams, which would be zero where it discharges at the stream banks.
Groundwater Dependent Ecosystems
The Bureau of Meteorology (BOM) Groundwater Dependent Ecosystem (GDE) Atlas provides spatial mapping
of potentially groundwater dependent rivers, springs, wetlands and terrestrial vegetation across Australia. This
information has been extracted and plotted for the study area and as expected, there are a myriad of GDEs
with moderate to high potential for groundwater dependence. All of the major rivers in the study area and
most of the minor rivers are recorded in the BOM’s GDE Atlas as having moderate to high potential for
groundwater contribution. Terrestrial vegetation and springs are also recorded in the area.
ACT Source Model
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Whilst this information doesn’t provide a means of differentiating baseflow characteristics (given it shows
GDEs occurring extensively across all landscape types), it is important in supporting the conceptualisation, in
terms of the significant role groundwater plays in maintaining stream flows right across the area.

Figure 3. Depth to groundwater
ACT Source Model
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Figure 4. Groundwater Dependent Ecosystems (from the BOM GDE Atlas)
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1.5

Relevant water management strategies and plans

The management of the water in ACT is guided by the strategies and plans at different spatial scale shown in
Figure 5. Relevant aspects of the Murray-Darling Basin Plan and the ACT Water Strategy are described below.

Figure 5. Water management of ACT at different spatial levels (Source: ACT Government, 2014).

Murray-Darling Basin Plan and SDL
The Murray-Darling Basin Plan defines a maximum water use across the catchments in MDB. One of the
approaches to coordinate water use is setting a limit – known as the ‘Sustainable Diversion Limit (SDL)’ – on
the extraction of surface water and groundwater while leaving enough water for the environment. In the ACT,
the SDL is set to be 52.5 GL per year that includes both potable and non-potable supply with the following
proportion for each resource (Figure 6). As more than half of the water allocated in the ACT was returned to
the MDB system, this SDL refers to the net abstractions of water use. An additional 2 GL/year due to water
transferred from the ACT to the Living Murray may be included in the ACT SDL.
3.16

11

Water courses
Runoff dams

1

Commercial plantation
40.5

Groundwater

Figure 6. Proportion of SDL in GL/year allocated for water courses, runoff dams (dam or reservoir that collects surface
water flowing overland), commercial plantation (areas of commercial perennial woody plants), and groundwater within the
ACT.
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The Basin Plan requirements for Water Resources Plans (WRPs)
The primary driver for this project is the Murray-Darling Basin Plan and the associated Implementation
Agreement between MDBA and the ACT. The Implementation Agreement commits the ACT Government and
the MDBA to adopt eWater Source as Water Resources Plans (WRPs) are brought forward for accreditation
assessment.
The Basin Plan requirements for WRPs (Chapter 10 of the Plan) include the following which all have some
relevance to the development of ACT Source model:


10.09 – identification of planned environmental water (PEW) and a register of held environmental
water (HEW)



10.10 – a method for determining the maximum amount of water permitted to be taken in a water
year, that can demonstrate over the historical climate conditions, that it would result in meeting the
SDL



10.11 – rules that ensure the quantity of water actually taken will not exceed the permitted take
(these rules will need to be reflected in the Source model)



10.12 – matters relating to accounting for water, including all forms of take and all classes of water
access right, carryover of allocations, return flows, water trade, hydrologically connected water
resources, growth in use strategy, managed aquifer recharge



10.13 (and 10.23-10.25) – limit on certain forms of take (commonly referred to as interception),
including basic rights, runoff dams and commercial plantations



10.15 - determination of actual take



10.17 – rules addressing environmental water requirements of environmental assets and functions
(e.g. in the ACT the environmental flow guidelines)



10.19 – groundwater and surface water connections



10.21 – environmental outcomes related to groundwater



10.49 – best available information



10.50 – identify the model used to develop the WRP

These requirements also link to the SDL Compliance method at Part 4 of Chapter 6 of the Basin Plan (ss 6.086.12). This method will replace the annual assessment under the former MDB “Cap” on diversions. Finally, the
WRP and the Source model will need to provide for and demonstrate achievement of the SDL over the term of
the historical model run, as established by the Basin Plan (Part 2 of Chapter 6, ss 6.04-6.05 and schedule 2 of
the Basin Plan).
MDBA has further clarified these requirements in the WRP “Handbook for Practitioners” and the MDBA’s
“Position Statements” on WRP requirements.
Position Statement 3C – “Method for determining take” is the most significant position statement for this
project. Specifically, the table in the statement at Attachment 1 “SDL Models – Evaluation Criteria” contains
extensive requirements that will need to be addressed to enable ACT to submit the model to MDBA, as the
method for determining take for the WRP. Other position statements will have some relevance to the project,
as described in Table 2.
Table 2. WRP Position Statements and their relevance to this project WRP Position
1J – Cross border management

ACT Source Model
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Ensuring adequate consultation with NSW and regard to
management of NSW water resources in the Murrumbidgee,
including documentation in the modelling report.

2B – Significant hydrological connection
4C – Groundwater and surface water connections
4B – Priority environmental assets dependent on
groundwater
4D- Productive base of groundwater

3A – Determining planned environmental water
3B – Double counting
3C – method for determining take
3D – Changes to BDL –

3E – 3G are not available
3H - Planning assumptions

12A – Best available information

For the WRP, all significant hydrological connections
between water resources must be identified, had regard to,
potentially include relevant rules and accounted for in the
method for determining permitted take. This includes
groundwater and surface water connections.
In addition, the model may relate to priority environmental
assets dependant on groundwater.
The productive base element concerns hydraulic
relationships and properties between groundwater and
surface water systems.
The model and its calibration report will be part of
demonstrating these requirements have been addressed.
The model must define and account for PEW appropriately
Defining which forms of take (or parts thereof) are included
in the model and ensuring they are double counted
Source model able to simulate gross and net take of ACT
water resources.
Identifying whether the model (method) can provide an
improved estimate of BDL, compared to schedule 3 of the
Basin Plan
NA
Assumptions that need to be made to develop WRP
arrangements and operate the model, including volume of
rights, rules, activation of rights, growth in use, user
behaviour, river operation, initial conditions and application
of restrictions.
Use of the assumptions needs to demonstrate consistency
with the BDL and
compliance with SDL, including accurate estimate of water
recovery
The model report will need to be appropriate to
demonstrate that the model draws upon and represents the
best available information and therefore contribute to
demonstrating the WRP is based on the best available
information.

ACT and Region Catchment Strategy
The regional catchment strategy links the ACT to regional catchments which are part of the Murrumbidgee
catchment.
ACT Water Strategy 2014-2044
The ACT Water Strategy 2014–44 identifies strategies and actions to provide guidance on water resource
management in the ACT for the next 30 years. This includes water management activities such as catchment
management, stormwater and flood management, water supply and services, water for the environment,
recreational water use, and public health. The ACT Water Strategy is in accordance to the requirements set out
by the Murray-Darling Basin Plan in relation to water use and water quality to meet the wider environmental
objectives for better water quality and ecosystems outcomes. For every strategy and action relating to each
outcome, the strategy will be implemented targets and indicators in its five-year implementation plans (ACT
Government, 2014).
Environmental Flow Guidelines
Environmental flows are allocated prior to taking water for consumptive uses. As such, conflict between
environmental flows and consumptive uses may arise during prolonged drought. Hence, under the ACT Water
Strategy and the Water Resource Act which are adhered to the Murray-Darling Basin Plan, the environmental
flow guidelines are set to ensure that there is sufficient amount of water (approximately 55%) reserved for the
environment to maintain the ecological objectives within the ACT water supply catchment, except during
droughts where the criteria are modified. These guidelines are outlined in the Environmental Flow Guideline
Report 2013 and the values or criteria are summarised in Appendix 1 for specific reaches and for each
ecosystem type. (http://www.legislation.act.gov.au/di/2013-44/current/pdf/2013-44.pdf). These guidelines
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are relevant to the water resource modelling as it accounts for the existing environmental flow values and
other water regulations within the catchments.
ACT Water Management Area
There are 14 Water Management Areas (WMAs) that manage the surface water and groundwater resources
within the ACT. Within each WMA, there are limits on the volume of surface water and groundwater
abstraction. Although some WMAs such as Googong fall outside of the ACT boundary, these catchments are
considered in the strategies and plans as they supply water to or flow through the ACT. The ACT Government
manages the sections of these WMAs that fall within ACT boundaries, and the NSW Government manages the
sections that fall outside the ACT boundaries, except Googong Foreshores in NSW are managed by the ACT
Government.

1.6

Source model

The Source model is the MDBA’s standard model for hydrological modelling. The Source modelling framework
(Argent et al 2008a, 2008b) provides the ability to simulate current catchment characteristics and hydrological
responses to rainfall and groundwater, river management and river operations. It can also be very useful in
evaluating the impacts of land use change and the implementation of best management practices on
managing those impacts. The Source framework is not a single model, but a framework in which groups of
different models can be selected and linked such that the most suitable model to describe a particular aspect
of the catchment can be used.
Source catchment modelling
Construction of a Source catchment model requires transforming the physical catchment information into a
mathematical form that is used to convert rainfall to runoff and simulate hydrologic processes within a
catchment. The outcome is a numerical representation of the physical features that represent the land-based
framework, hydrological processes and pollutant load generation aspects of the catchment.
The approach to providing groundwater data for the Source model involves the development of Groundwater
Units. Groundwater Units represent areas of;


Similar landscape, including geology and topography, that will have similar influence over the
hydrology of the waterways;



Similar hydrogeology, including the water table aquifer, depth to groundwater and flow systems;



Similar connection with surface water and presence of GDEs

The Source model provides estimations of stream flow for sub catchments. The sub catchments are at a
smaller scale than the scale of the Groundwater Units and hence groundwater information for one
Groundwater Unit is extrapolated across multiple sub catchments within the ACT.
Following the model construction phase, calibration and verification is required to ensure the constructed
numerical model adequately represents the study area. The Source catchment calibration and validation
process were undertaken by the adjustment of model independent variables, within realistic limits, to produce
an acceptable degree of correlation between modelled and observed data.
Once the Source model is completed, a range of scenarios can be developed to inform water extraction and
represent different land uses and management regimes, and the results can then be extracted for all flows and
constituents used in the model and displayed on screen, or exported to other programs such as Excel for
compilation or post-processing.
Source water resource management modelling
The development of the water resource management model represents the water resources of the ACT and
including the upstream catchments located in NSW. The model simulates the current and future operational
rules that exist for water regulation in the territory. This includes representation of the rainfall runoff of each
ACT water management area, extractions for ACT water supply by Icon Water, extractions by other licenced
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water users and returns to the river from the Lower Molonglo Water Quality Control Centre (LMWQCC) and
the Queanbeyan Sewage Treatment Plant (QSTP).
The Water Resources model uses IQQM rainfall-runoff modelling upstream and Source rainfall-runoff
modelling downstream (i.e., this new Source Catchment model) owing to the nature of the calibration efforts
(and therefore model results) with respect to each of these ‘studies’. So, if the landscape is changed in the
Catchment model, the relevant rainfall-runoff model, and the Water Resources model just accepts the new
inputs.
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2

Previous work

2.1

Groundwater and Surface Water Connection

The major streams in the ACT are considered gaining streams that mostly flow all year around, in part due to
the groundwater discharge (or baseflow) that occurs over much of the year under natural conditions. Baseflow
is often calculated as the part of stream flow that is not contributed by surface runoff. In reality, there are
likely to be other components of streamflow than just groundwater, such as shallow water that moves through
the more deeply weathered regolith that acts as a conduit for lateral transmission of infiltrated water.
Two previous studies that inform baseflow processes are available for the study area;
1.

Sustainable groundwater yield assessments for 13 sub-catchments in the northeast ACT region
(Evans, 2005)

2.

Baseflow assessment for the Murray Darling Basin (CSIRO and SKM, 2010)

The Evans (2005) baseflow analysis in the north-east catchments of the ACT used a mathematical baseflow
filter (Lyne-Hollick filter) approach to derive average annual baseflow indices for 11 stream gauges in the ACT.
The results are shown in Figure 13.
Evans (2005) found that groundwater does not discharge over the entire stream length; rather it will
concentrate on the lower parts of the stream. The exact location of groundwater baseflow is not quantifiable
using the information available in the ACT. Baseflow rates vary both spatially and temporally and the following
observations of Evans (2005) were used to inform the spatial and temporal baseflow variation across the wider
study area:


Catchments with dominant volcanic geology have a baseflow indices of around 0.23;



Catchment with dominant sedimentary geology have more variable BFIs of between 0.1 and 0.2;



Seasonal variations in BFIs occur, with strongest baseflow in winter / spring, due to reduced
evapotranspiration and higher rainfall intensities in the summer (which increases the amount of
runoff);



Besides the Murrumbidgee and Molonglo Rivers, the remaining catchments have negligible buffering
capacity and therefore annual variations in climate can be observed in the baseflow contributions in
the same year that they occur; and



The largest influence on the absolute volume of baseflow in a sub-catchment is from recharge
variability (linked to rainfall variability), though the proportion of baseflow to total flow does not vary
consistently with rainfall but obviously there is a degree of correlation.

The CSIRO and SKM (2010) assessment for the Murray Darling Basin Authority (MDBA) used the same
approach to undertake annual and seasonal baseflow analysis for 144 stream gauges across the Basin.
Information is not available to determine the temporal variation of baseflow in the various Groundwater Units;
however Evans (2005) observed peak baseflow fractions in the months of August and September, from the
analysis of streamflow data for ACT catchments. This was attributed to the lower potential for groundwater
evapotranspiration (i.e. the other major component of groundwater discharge in the ACT aquifers) and the
influence of typically higher rainfall intensities in the summer.

2.2

Existing Models

Two existing water resource models have been utilised to create the ACT Source water resource management
model. They are the Icon REALM model and the CSIRO Upper Murrumbidgee IQQM model (abbr. IQQM
Model). The inputs/outputs developed for this projects Source catchments model were compared where
possible with the previously developed Water Cycle Solutions/BMT WBM model (2014) however no datasets
were available from the previous model build to assist with the build of this projects catchment model.
ACT Source Model
Development

18

Icon Water REALM model
Icon Water develop and maintain a water resource model of the ACT water supply system using the REALM
software. The model runs on a monthly time step and represents flow in the catchments which form part of
the ACT water supply including the Cotter, Googong and Murrumbidgee catchments.
The model simulates the water demand of the ACT as supplied by the Mount Stromlo and Googong Water
treatment plants. It also includes the major water supply storages (Corin, Bendora, Cotter and Googong Dams)
and the pump infrastructure that is used to transfer water from the Murrumbidgee River at Angle Crossing to
the Googong catchment and the cotter pump station which can pump water from the Murrumbidgee River
downstream of Cotter River to Stromlo WTP and in some circumstances on to Googong Dam.
Outputs from this model have been used to simulate:






the total gross take by Icon Water from the Cotter, Googong and the Murrumbidgee catchments
(used directly in the Source model and as an input to the simulation of water returns from LMWQCC
& QSTP to simulate ACT net take in the model)
flow downstream of Cotter and Googong Dams (disaggregated from monthly timestep to daily using
the separate modelled flow components in REALM of spill, environmental baseflow and
environmental riffle flow)
Transfers by Icon Water from the Murrumbidgee River at Angle Crossing to Googong Dam and also
pumping by Icon Water from the Murrumbidgee River downstream of Cotter River to the base of
Cotter Dam to provide environmental baseflows in some circumstances.

IQQM Model
The whole of the Upper Murrumbidgee catchment from Burrinjuck Dam to Tantangara Dam including the ACT
was simulated in an IQQM Model developed for Murray Darling Basin Sustainable Yields Project (MDBSY) as
documented in Gilmore (2008). The MDBSY project (https://www.csiro.au/en/Research/LWF/Areas/Waterresources/Assessing-water-resources/Sustainable-yields/MurrayDarlingBasin) involved the simulation of each
of the Murray Darling Basin catchments including the upper Murrumbidgee and the ACT using IQQM linked
with the Icon Water REALM model.
As part of the scope of this ACT Source model project, initially the Source model of the ACT was planned to link
to the Upper Murrumbidgee IQQM model. During the project, it was decided to incorporate the
representation of the Murrumbidgee catchment outside of the ACT by converting the IQQM model into Source
and including it directly in the ACT Source model. A map of the IQQM model extent including a representation
of the model schematic is presented in Figure 7.
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Figure 7 Existing IQQM model schematic (Source: Gilmore, 2008)
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3

Data Availability

There are numerous data requirements to build the two Upper Murrumbidgee Source models. These include:

3.1



A digital elevation model (DEM) for sub-catchment delineation.



GIS data to discretise Functional Units (typically using land uses)



Climate data (daily rainfall and evaporation data)



Hydrologic data for model parameterisation including any point source, storages, extractions and
groundwater information



Observed flow data for calibration and validation



Observed water quality data and/or Event Mean Concentration (EMC) and Dry Weather
Concentration (DWC) data for pollutant export model parameterisation and calibration.

GIS data sets

LiDAR data
High resolution LiDAR data (1-10m) was available for selected areas within the Upper Murrumbidgee. LiDAR
covering the whole of ACT was provided by the ACT Government. There was limited LiDAR coverage within
the NSW regions of the Upper Murrumbidgee. The available areas were provided by the NSW Government
(Department of Finance, Services and Innovation). Figure 8 shows the spatial extent of LiDAR coverage across
the modelling area.

Figure 8: High resolution LiDAR sections available in the Upper Murrumbidgee
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The gaps in high resolution data were infilled with the SRTM dataset (30m) from Geoscience Australia. Given
the large catchment area of the Upper Murrumbidgee, the final DEM horizontal resolution used in the
catchment modelling was limited to 20m (Figure 9). While the SRTM data was at a coarser resolution (30m), it
was used to infill areas where higher resolution LiDAR was not available as shown in the figure above. The
stitched DEM that resulted was then resampled at 20m to ensure a consistent cell size that preserved some of
the finer scale features.

Figure 9: DEM (20m) developed from LiDAR and SRTM data across Upper Murrumbidgee
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Land Use data
The most recent ACT (2015) and NSW (2014) land use datasets were combined and used to define the
functional units across the Upper Murrumbidgee catchment. The land use classification in both layers were
consistent with the Australian Land Use Mapping (ALUM) codes. Refer to Section 5 for further detail.
Existing IQQM catchments
The IQQM catchment layer that covers the Upper Murrumbidgee River Basin was obtained from the MDBSY
modelling catchments project within the Data Access Portal of CSIRO (https://data.csiro.au)
Groundwater data
Groundwater data is scarce in the ACT and therefore previously derived products and interpretations for the
catchment were sourced to inform the development of Groundwater Units. The primary sources of useful
information obtained and interpreted for this assessment include;

3.2

1.

Hydrogeological landscape units;

2.

Physiographic regions of Australia;

3.

Sustainable groundwater yield assessments; and

4.

Murray Darling Basin Baseflow Assessment Project.

Time series data

Flow time series
Streamflow data are essential in representing all main stream and tributary inflows in Source catchment and
water resource models to compute losses, flow routing parameters for most river reaches, and calculating
mass balance in residual flow catchments. It is also crucial in modelling extended inflows and as inputs into
scenario modelling.
Streamflow dataset were provided by DPI Water and ACT government agencies. A total of 42 dataset has been
used in Source catchment models and Source water resource models. Initial data checks such as mass plots
and gap analyses were done to ensure each dataset is of good quality for both modelling purposes (Appendix
2). It was found that some key gauges have ceased operation in 1985 (i.e. 410067 and 410077) and/or have
poor quality data including missing data.
Despite these, the coverage of gauges within the Upper Murrumbidgee River region is relatively
comprehensive and for the water resource model these gauges were utilised in the model.
In Source catchment model, the time series were used to calibrate the flows from 01/01/1980 to 31/12/2016.
In Source water resource model, the time series were extended back to 01/01/1890 using rainfall-runoff
model. Where data is not available or has ceased recording before 31/12/2016, rainfall-runoff model was also
used to infill the missing data period. A full description of rainfall-runoff model used in Source water resource
model can be found in Section 6.
Following the review of the resulting streamflow statistics and subsequent investigation of the quality of the
Gudgenby streamflow gauge (410711), a revised method was developed which apportioned flow between the
Gudgenby and Naas catchments as recorded at the gauging station representing combined outflows from
Gudgenby and Naas catchments (410731). This method is described in appendix 13.
Climate data
Rainfall data is required in catchment and water resource modelling to calculate rainfall contribution onto the
reservoirs and waterways, and also generating and extending inflows using rainfall-runoff model. However,
high variability in rainfall across ACT catchment and Upper Murrumbidgee catchment made it difficult to
source long term rainfall data sites from Bureau of Meteorology (BoM) and ACT Government that are suitable
for catchment and water resource modelling across the whole model domain. In particular, rainfall-runoff
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modelling in Source catchments and water resource models require complete historical rainfall dataset that
was not available across the whole model domain from BoM and ACT Government weather gauges. It was
therefore necessary to use the SILO (Scientific Information for Land Owners) grid daily rainfall data from the
period of 1980 to 2017 for catchment modelling and year 1890 to 2017 for water resource modelling.
Evaporation data was used in the water resource model to compute the evaporation losses from reservoirs
and generate catchment inflows using rainfall-runoff models. Similar data issues are present in obtaining
evaporation data, and areal potential evapotranspiration (Morton’s wet environment) was also extracted from
the SILO daily climate surfaces for the same modelling periods.
The grid sizes for each climate dataset were 0.05ºx 0.05º (~ 5 x 5 km). These datasets (ASCII file format) were
imported into Source catchment model using the Climate Data Import Tool and were applied across all
catchments. For the Source water resource model that requires a climate input into each node, the
coordinates of every SILO grid point within each catchment were identified and the daily climate data were
then averaged across each sub-catchment before importing into Source water resource model. The SILO
climate dataset was also used to calculate the net evaporation of the lakes, storages, and reaches where there
are lagged flows. This was done by identifying the closest SILO grid point and extracting the climate series
before importing into Source.
While the SILO climate dataset provides climate data back to historical period from 1889, the methods of
calculating and interpolating historical climate have changed over time. It was noted that there were
differences between the SILO climate dataset and the point rainfall dataset from BoM and the ACT
government agency across the model domain, with SILO under-predicting the magnitude of large events which
resulted in the modelled peak flows underestimating compared to the observed flows. Sensitivity testing in
the Molonglo catchment was undertaken to determine whether a combination of BoM and ACT government
rainfall gauges would provide a better representation of the peak flows. The results showed that the model
was sensitive to the input rainfall, with the observed point rainfall improving the calibration results in the
Molonglo catchment, especially around the peak discharges. While observed point rainfall improved the peak
discharges, the Moriasi (2007) acceptance statistics did not vary much between the observed rainfall and SILO
rainfall. The main difference was in model percent bias, which was 11% for the SILO data and 4% for the point
rainfall (a positive PBIAS means that the model is underestimating flows). Due to limitations in observed point
rainfall, it was decided to use the SILO dataset across the whole model. The key reasons for not using point
rainfall across the entire Upper Murrumbidgee catchment model included:


Time period limitations (i.e. the model would be limited to the overlapping observed data time period
and/or data gaps would need to infilled with associated limitations)



Consistency across the entire model

The BoM also has a gridded climate data set. This data set differs from the SILO data set in two main ways as
described in https://www.longpaddock.qld.gov.au/silo/pdf/comparison_of_silo_and_bom_data.pdf. “The
interpolation technique used to construct SILO surfaces exactly reproduces the observational data. In contrast,
the technique used by the Bureau may impose some data smoothing to achieve a better representation of the
grid cell average.” The BoM data set starts in 1900 compared to 1891 for the SILO data set.
Water quality and sewage discharge from ACT treatment plants
In-stream water quality data was provided at a range of locations across the Upper Murrumbidgee catchment.
Water quality sites presented in the annual ACT water reports were selected to validate the water quality
model for four water quality parameters:


Total Suspended Solids (mg/L)



Total Nitrogen (mg/L)



Total Phosphorus (mg/L)



Salinity (converted from EC (µS/cm) to concentration (mg/L) – conversion of 0.6 applied to be
consistent the Basin Plan s9.17)
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The historical observed discharge and three water quality parameters and sewage discharge for Queanbeyan
Sewage Treatment Plant (QSTP) and Lower Molonglo Water Quality Control Centre (LMWQCC) were provided
by the ACT government for the following water quality parameters:


Total Suspended Solids (mg/L)



Total Nitrogen (mg/L)



Total Phosphorus (mg/L)



Salinity (mg/L) – provided as Total Dissolved Solids.
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4

Model Conceptualisation

The Upper Murrumbidgee Source model suite has been conceptualised with two distinct components to
address the required needs. This includes the:


Source catchments model which has been designed to represent rainfall runoff processes and
simulate water quality parameters (this uses the catchments functionality with the Source software).



Source Water Resources Model which is designed to simulate the water resources of each ACT WMA
and the gross take by Icon and non-Icon licence holder and returns from the LMWQCC & QSTP (this
model uses the Source rivers functionality and draws on results from the catchments model and the
Icon Water REALM model).

4.1

Source Catchment Model Conceptualisation

The Upper Murrumbidgee Source catchments model has been developed to represent the rainfall runoff
process and pollutant export from different land uses across the Upper Murrumbidgee catchment. A
combination of rainfall runoff models were used across the catchments, with the SIMHYD model (Figure
10Figure 10) applied to urban functional units and the GR4J model (Figure 10) applied to the vegetation and
agricultural functional units. The EMC/DWC (Event Mean Concentration/Dry Weather Concentration)
constituent model was used to simulate water quality for:


Total Suspended Solids (TSS)



Total Nitrogen (TN)



Total Phosphorus (TP)



Salinity

Figure 10. SIMHYD (left) and GR4J (right) conceptual model. Refer to eWater 2017 for more information.
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The Source model data inputs include;


SILO climate data



Digital Elevation Model



Functional unit raster



Streamflow and water quality data for calibration/validation

Model build process and quality assurance
The model building process was documented in a model log to ensure a transparent and reproducible quality
for future quality assurance.
Catchment naming convention
The Upper Murrumbidgee catchment model includes 440 sub-catchments. Each of the sub-catchments, nodes
and links included in the model have the standard Source catchment numbering applied (i.e. SC #001).
Model log
Model logs had been created to document each model version which included all changes to the model during
the model development phase.
Catchment Delineation
Catchment delineation has been driven by the hydrological boundaries, stream gauging locations and ACT
water management areas. The 20m DEM developed from a combination of LiDAR and SRTM data over the
model region was used for catchment delineation. A minimum stream threshold of 20km2 resulted in 440 subcatchments across the Upper Murrumbidgee (Figure 11).
Groundwater
There are fourteen Water Management Areas defined for the ACT, though notably these areas extend beyond
the geographic boundary of the ACT. The MDBA defines different boundaries to represent the groundwater
Sustainable Diversion Limit (SDL) units in this area, including; ACT (Groundwater) and Lachlan Fold Belt. The
Water Management Areas and the MDBA SDL units are shown in Figure 12.
Average annual baseflow analysis results for selected gauges are shown in Figure 13. The study includes a
single gauge that falls directly within the study area and three additional gauges in close proximity. It is not
uncommon to use baseflow information from one catchment to characterise another catchment. SKM (2002)
used features of catchment proximity and minimum flow similarity, to link ungauged and gauged catchments.
Evans (2005) looked at areas of similar geology, physiography and land use to transfer estimates from one
catchment to another. This study has considered the following, in order to extrapolate the quantified baseflow
information for the 15 stream gauges obtained from previous investigations, to define groundwater units of
similar baseflow properties, for the ACT study area;


Proximity of gauges to catchments and the study area



Outcropping geology



Major geological structures



Physiography



Landuse



Water Resource Plan Area
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Figure 11: Upper Murrumbidgee catchment delineation and ACT water management areas
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Figure 12.
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Groundwatermmanagement unit boundaries

Figure 13.
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Baseflow

Table 3 summarises these properties for each of the stream gauges and the following can be observed;


for the six gauges located in volcanic landscapes (6 pink gauge points overlying Palaeozoic Volcanic
geology in Figure 13) annual groundwater contributions to streamflow range from 16% to 24%, with a
median of 23%. Different physiographies (i.e. Werriwa Tablelands and Australian Alps) and landuse,
do not seem to influence the BFI;



a single gauge resides in granite geology in the Tinderry-Gourock Ranges (1 pink gauge point overlying
Palaeozoic Granite geology in Figure 13) and records a Baseflow of 12% streamflow. This BFI is likely
transferrable to other catchments of granite geology;



five stream gauges are positioned in catchments dominated by Palaeozoic Sediments (5 orange gauge
points overlying Palaeozoic Sediment geology in Figure 13). Within the Werriwa Tablelands, the range
of BFI values is 7% to 18%, with a median value of 12%. Within the Tinderry-Gourock Ranges, a BFI of
21% is recorded; and



three stream gauges reside on the major regulated rivers in the study area (3 blue gauge points in
Figure 13). The Murrumbidgee River records a BFI of 43%. The Molonglo records BFIs of 28% and 37%,
with the larger groundwater contribution recorded for the downstream gauge.

Table 3. Catchment characteristics of the 15 stream gauges with baseflow information.
SOURCE

Gauge
ID

Gauge Name

Annua
l BFI

Catchment
Geology

Physiograp
hic Region

WRPA

Landuse

SKM and
CSIRO
(2010)

410076

Strike-A-Light Creek
at Jerangle Road

0.12

Granite

TinderryGourock
Ranges

Lachlan and
South Western
Fractured Rock

Conservation & natural
environments

SKM and
CSIRO
(2010)

410160

Williams Creek at
White Hill

0.07

Palaeozoic
Sediments

Werriwa
Tablelands

Lachlan and
South Western
Fractured Rock

Production from dryland
agriculture & plantations

Evans
(2005)

410772

Sullivan's Creek at
Southwell Park

0.10

Palaeozoic
Sediments

Werriwa
Tablelands

Australian
Capital
Territory

Production from dryland
agriculture & plantations

Evans
(2005)

410775

Sullivan's Creek at
Barry Drive

0.14

Palaeozoic
Sediments

Werriwa
Tablelands

Australian
Capital
Territory

Intensive uses

Evans
(2005)

410751

Ginninderra Creek
upstream Barton
Hwy.

0.18

Palaeozoic
Sediments

Werriwa
Tablelands

Australian
Capital
Territory

Production from dryland
agriculture & plantations

SKM and
CSIRO
(2010)

410062

Numeralla River at
School

0.21

Palaeozoic
Sediments

TinderryGourock
Ranges

Lachlan and
South Western
Fractured Rock

Production from dryland
agriculture & plantations

Evans
(2005)

410750

Ginninderra Creek
upstream Charnwood
Rd

0.16

Volcanic

Werriwa
Tablelands

Australian
Capital
Territory

Production from dryland
agriculture & plantations

Evans
(2005)

410753

Yarralumla Creek at
Mawson

0.20

Volcanic

Werriwa
Tablelands

Australian
Capital
Territory

Intensive uses

Evans
(2005)

410745

Yarralumla Creek at
Curtin

0.22

Volcanic

Werriwa
Tablelands

Australian
Capital
Territory

Intensive uses

Evans
(2005)

410779

Tuggeranong Creek
U/S Sewer Crossing

0.23

Volcanic

Werriwa
Tablelands

Australian
Capital
Territory

Production from dryland
agriculture & plantations

Evans
(2005)

410790

Jerrabomberra Ck at
Hindmarsh Dr

0.24

Volcanic

Werriwa
Tablelands

Australian
Capital
Territory

Intensive uses

SKM and
CSIRO
(2010)

410141

Michelago Ck. at
Michelago

0.24

Volcanic

Australian
Alps

Lachlan and
South Western
Fractured Rock

Production from dryland
agriculture & plantations
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Evans
(2005)

410756

Molonglo River below
Coppins Crossing

0.28

Mixed

Werriwa
Tablelands

Australian
Capital
Territory

Water

Evans
(2005)

410761

Murrumbidgee River
below Lobbs Hole Ck

0.43

Mixed

Werriwa
Tablelands

Australian
Capital
Territory

Water

Evans
(2005)

410741

Molonglo River at
Sturt Island

0.37

Mixed

Australian
Alps

Australian
Capital
Territory

Conservation and
natural environments

Five Groundwater Units have been defined to capture the variation in baseflow characteristics across the study
area. The Groundwater Units are shown in Figure 14 and include the:
1.

Volcanic Belt;

2.

Murrumbidgee Batholith;

3.

Werriwa Tablelands Sedimentary Rocks

4.

Tinderry-Gourock Ranges Sedimentary Rocks

5.

Australian Alps Sedimentary Rocks

Notably, the Quaternary alluvium sediments have been ignored in the characterisation, as they are generally
thin, discontinuous and poorly mapped and understood in the study area.
The Volcanic Belt
For streams located in the area referred to as the “Volcanic Belt”, an average annual BFI of 23% is
recommended, as this represents the median value obtained for unregulated stream gauges in catchments
dominated by volcanic geology.
The Murrumbidgee and Molonglo Rivers however, should be assigned the BFIs of 43% and 33%, respectively,
which were quantified from gauges located on these rivers. The baseflow contributions for these rivers have
not been used to extrapolate values anywhere else in the study area, given they represent the regulated
regime of the rivers, as opposed to the catchments natural geological and physiological character.
The Murrumbidgee Batholith
Although there is no quantified baseflow information in the Murrumbidgee Batholith area, there is a single
gauge located to the south of the study area in a catchment characterised by the same granitic geology. An
average annual baseflow contribution of 12% will be applied to this unit.
Sedimentary Rocks
Five stream gauges are positioned in catchments dominated by Palaeozoic Sediments. Within the Werriwa
Tablelands, the range of BFI values is 7% to 18%, with a median value of 12%. Within the Tinderry-Gourock
Ranges, a BFI of 21% is recorded.
The difference in baseflow contributions is possibly a result of the physiography of the catchments, with the
Werriwa Tablelands characterised by flatter upland plains, in contrast to the highly dissected and high relief
landscape more characteristic of the Tinderry-Gourock Ranges and the Australian Alps. For this reason, three
separate groundwater units have been defined for the study area;


Werriwa Tablelands Sedimentary Rocks – with an annual BFI of 12%



Tinderry-Gourock Ranges Sedimentary Rocks – with an annual BFI of 21%



Australian Alps Sedimentary Rocks– with an annual BFI of 21%

Limitation of model outside of ACT water management areas
The Upper Murrumbidgee Source model has been set up to represent all catchments upstream of Burrinjuck
dam, however the calibration and validation of the model has been focussed around the ACT water
management areas for the current project.
ACT Source Model
Development

32

ACT Source Model
Development

33

Figure 14. Groundwater Units and Average Annual Baseflow Contributions to Streams
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4.2

Water Resource Model Conceptualisation

As described above, the ACT Source water resource model has been developed to represent the flows of each
water management area within the ACT. The flow upstream of the ACT is simulated in Source using a river
network based on the existing IQQM model (Gilmore, 2008) which encompasses flows from Murrumbidgee
catchment upstream of Burrinjuck Dam excluding the Tantangara Dam catchment. The model simulation
period is from 01/01/1890 to 31/12/2016.
The Source model has two external inputs:


Icon Water REALM model is used to provide the scenario time series of the gross diversion from the
ACT, disaggregated to a daily time step. The REALM simulated flows downstream of Cotter and
Googong dam are disaggregated and input into Source model.



The return of water by two STPs is simulated outside of the Source platform.

Model build process and quality assurance
The model building process adopted a consistent naming convention with the MDBSY IQQM model and input
files were created based on observed flow data and rainfall runoff model outputs as described below to ensure
a transparent and reproducible quality for future quality assurance.
Catchment naming convention
The catchment codes used throughout this report follow the MDBSY (CSIRO, 2007) naming convention. They
are 7-digit numbers, the first digit (4) corresponds to the Australian drainage division (Murray-Darling), the
next 2 digits (10) correspond to the river basin (Murrumbidgee River), the next 3 digits are the downstream
flow gauging station number, and the last digit (mostly 0 or 1) indicates whether the catchment is directly (0)
or indirectly gauged (1). Where catchments are further spatially disaggregated the last digit increments for the
number of sub-catchments upstream of the relevant stream gauge. The catchment codes are shown in red in
the working process map in Appendix 3.
Input data provenance
Input data files documents the quality codes of every gauged data used in Source water resource model and a
reference to the file in which the csv data file was created. This process enables model users to trace the
source of model input data.
Model log versions
Model logs had been created to document each model version which included all changes to the model during
the model development phase. Appendix 4 shows three model logs for the water resource model: ACT Source
water resource model, Source catchment model to produce rainfall-runoff time series, and trial calibration
runs for Upper Murrumbidgee catchments.
Catchment Delineation
Catchment delineation has been driven by the hydrological boundaries, stream gauging locations, ACT water
management areas, and consideration of existing IQQM model boundaries. The delineation of the catchment
model by the catchment modelling team has provided finer details on each sub-catchment within the ACT
Water Management Areas (Figure 16) and it was aggregated for the ACT Source water resource model.
The ACT Source water resource model developed for this project as shown in Figure 16 requires the
representation of the water resource management area and the major differences with the structure of the
existing IQQM model are listed below in Table 4:
Table 4. Major differences of ACT Source water resource model and IQQM model
Description

ACT Source model representation

IQQM model representation

Gudgenby and Naas Water
Management Area

Two catchments: Gudgenby (4107110)
and Naas catchment (4107311).

One catchment: Gudgenby WMA
(410731)
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ACT lakes

Lake Tuggeranong, Lake Ginninderra,
and Lake Burley Griffin

Lower Murrumbidgee Water
Management Area

Represented as separate catchments
upstream of Hall’s Crossing (410777) as
catchment 4107775 and part of
4107381

Ginninderra Water Management
Area

Represented as separate catchments
upstream of Hall’s Crossing (410777) as
catchment 4107774, 4107651, and
4107501

Not represented separately as it was
part of Burrinjuck Dam catchment.

Central Molonglo Water
Management Area

Represented as five separate
catchments: 4107720, 4107751,
4107564, 4107291, and part of
4107900.

Represented as four separate
catchments.

Lower Queanbeyan Water
Management Area

Represented as two separate
catchments: 4107701 and 4107601

Not represented separately as it was
part of Central Molonglo Water
Management Area

Googong Water Management
Area*

Represented as four separate
catchments: 4107340, 4107811,
4107740, and 4107481.

Represented as one catchment as it
was not modelled in IQQM model.

Only Lake Burley Griffin represented.
Not represented separately as it was
part of Burrinjuck Dam catchment.

* This depends on the types of scenario modelling which may utilise outputs from ACT Source catchment
model, REALM and other models.
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Figure 15. Delineated Source water resource management model boundary of the Upper Murrumbidgee region.
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Figure 16. Delineated Source water resource management model boundary with the associated flow gauges within the ACT
water management areas.
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Incorporating existing IQQM model conceptualisation
The representation of the Upper Murrumbidgee catchments upstream of ACT utilised the existing IQQM
model during the model conceptualisation stage of the project. It was imported into Source and the parts of
the model which were not required were removed. Model conceptualisation at this stage also included the
initial model processing such as extending flows and climate time series to the end of 2016 using the updated
gauged time series and SILO climate dataset. Other modifications also included fitting piecewise routing
parameters into catchment 4100331, 4100620, and 4100670. The calibration parameters were provided by
NSW DPI Water and are listed below in Table 5.
Table 5. MDBSY Sacramento parameters adopted in this project
Site

410008

410033

410050

410062

410076

410077

410141

410761

Lztwm

53.1

170.12

320.31

73.85

124.26

494.68

600

316.52

Lzfsm

1.9

37.54

29.02

40.59

36.52

31.36

50

34.53

Lzfpm

99.07

75.92

52.38

96.16

87.08

61.37

48.72

38.13

Lzsk

0.541

0.272

0.362

0.446

0.618

0.299

0.155

0.585

Lzpk

0.018

0.014

0.014

0.017

0.032

0.015

0.032

0.053

Rserv

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

Side

0

0

0

0

0

0

0

0

UH1

0.03

0.01

0.11

0.19

0.07

0.36

0.36

0.34

Uztwm

141.04

66.03

59.98

71.42

69.23

51.04

69.35

52.35

Uzfwm

50.23

25.71

50.55

54.85

37.53

18.06

58.18

77.28

Uzk

0.073

0.63

0.741

0.345

0.554

0.919

0.999

0.527

Zperc

67.26

65.17

31.85

6.81

93.36

70.95

100

59.61

Rexp

2.54

2.13

3

1.82

1.55

2.78

2.33

3

Pctim

0

0

0

0

0

0

0

0

Sarva

0.00076

0.001871

0.001588

0.000802

0.000028

0.000742

0

0.000008

Ssout

0

0

0

0

0

0

0

0

Adimp

0.218

0.12

0.142

0.048

0.248

0.221

0.75

0.282

Pfree

0.202

0.446

0.381

0.439

0.149

0.429

0.463

0.378

A series of trial calibrations using the current SILO dataset was undertaken in the Upper Murrumbidgee
catchments (Appendix 4). The trial calibration results showed that the flow outputs of residual catchments
(4100501 and 41007611) did not perform well as simulated at these two gauges (410050 and 410761).
Therefore, for some catchments time series extended available gauged flow, others with outcome from the
trial calibration, and for the remaining catchments IQQM parameters were adopted as in Section 6.1.
The representation of the Upper Murrumbidgee catchments downstream of ACT adopted the same
hydrological boundaries as the IQQM model with the exception of the parts of the Burrinjuck catchment which
intercepted with Lower Murrumbidgee Water Management Area as described in Table 4.
Limitation of model presentation outside of ACT water management areas
As the water resource model focused on the ACT water management areas and utilised the existing IQQM
model to represent Upper Murrumbidgee catchments upstream of the ACT, there would be the limitation of
the model representing the net take and the WSP rules outside of the ACT water management areas. To
achieve the mass balance of some catchments, loss functions would be assigned in the reaches to account for
any take and WSP rule in the Upper Murrumbidgee region.
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5

Source Catchment Modelling

The Source catchment model runs over the period January 1980 to December 2016 and is based on SILO
climate (gridded) data and the most recent (2014/15) land use available at the time of the construction of the
model.

5.1

Model Build

Catchment delineation
Catchment delineation has been driven by the hydrological boundaries, stream gauging locations and ACT
water management areas. The 20m DEM developed from a combination of LiDAR and SRTM data over the
model region was used for catchment delineation. A stream threshold of 20km2 resulted in 440 subcatchments across the Upper Murrumbidgee (Figure 11). A screenshot of the Source model is provided in
Figure 17. The Upper Murrumbidgee model covers an area of 1,312,273 ha with an average sub-catchment
size of 3000 ha.

Figure 17: Screenshot of Upper Murrumbidgee Source Catchment model

Functional Units
The latest ACT (2015) and NSW (2014) land use datasets were combined and used to define the functional
units across the Upper Murrumbidgee catchment. The land use classifications in both layers were consistent
with the Australian Land Use Mapping (ALUM) codes. The land use descriptions were lumped together to form
20 functional units for existing conditions, based on similar hydrological and pollutant generation conditions.
Under existing conditions, not all 20 functional units are required, and as such are parameterised the same
(hydrology and pollutant load). However, they were included in the model set up to provide future flexibility
in the model. The 20 functional units incorporated in the catchment modelling are listed below (Table 6).
Farm dams have only been classified separately where data was available (i.e. separate farm dam layer
provided by ACT government for farm dams within ACT and/or ALUM classification of farm dam in NSW). A
full list of the functional unit mapping is provided in Appendix 12.
A spatial representation of the existing land use in the Upper Murrumbidgee catchment is shown in Figure 18
and land use breakdown across the whole model and within ACT water management areas in Table 7 and
Table 8 respectively. Across the entire model domain of Upper Murrumbidgee (upstream of Burrinjuck Dam)
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the dominant functional units are grazing modified pastures (45%) and natural vegetation (42%) with urban
residential covering only 1.1%.
The model was set up with four separate urban residential density classifications. However, the land use
mapping was not detailed enough to determine the urban density as entire streets or suburbs were classified
as a single polygon rather than each urban lot. More detailed urban land use data was available for ACT;
however the land use classifications were not consistent with the ALUM codes.
Table 6: Functional Units in the Upper Murrumbidgee Source model
Functional
Unit Number

Functional Unit

Example Land Use (in ACT/NSW layer)

1

Native Vegetation

National Park/declared conservation

2

Plantation Forest

State Forest

3

Greenspace/Parks

Parks, sports fields

4

Grazing Natural Veg

Grazing Natural Vegetation

5

Grazing Modified Veg

Grazing Modified Vegetation

6

Intense Livestock

Dairy, abattoirs

7

Broad scale Agriculture

Cropping

8

Horticulture

Irrigated cropping (Vineyard, Orchards)

9

Rural Res with Ag

Rural Residential with Agriculture

10

Rural Res no Ag

Rural Residential with no Agriculture

11

Peri Urban

Residential land >4000 m2 and <2 ha *

12

LD Urban Res

Residential land 600 -4000 m2 *

13

MD Urban Res

Residential land 400 – 600m2 *

14

HD Urban Res

Residential land <400 m2 *

15

Commercial

Office premises, indoor sports centres, shopping centres

16

Industrial

Electricity substation, factories, parking lots

17

Roads/Transport

Road reserves

18

Mining

Gravel/Stone (Quarry)

19

Water/wetland

Water storage, Dam/Reservoir, Water Supply, Wetland

20-25

Future Urban/Commercial /Industrial/
unspecified

26

Farm Dams

Farm Dam separately classified

* Urban Residential Density unable to be differentiated as urban areas in land use mapping classified as whole polygons
rather than lot by lot. Current project – all urban residential mapped to MD Urban Residential.
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Figure 18: Upper Murrumbidgee Land Use
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Table 7: Functional Unit breakdown in the Upper Murrumbidgee Source model

Area (ha)

Percent of Upper
Murrumbidgee

Native Vegetation

551324

42.0%

Plantation Forest

49332

3.8%

Greenspace/Parks

13131

1.0%

998

0.1%

593022

45.2%

Intense Livestock

767

0.1%

Broad scale Agriculture

2693

0.2%

Horticulture

2101

0.2%

Rural Residential with Agriculture

38976

3.0%

Rural Residential no Agriculture

86

0.0%

Peri Urban

0

0.0%

Low Density Urban Residential

0

0.0%

14156

1.1%

0

0.0%

Commercial

4443

0.3%

Industrial

2760

0.2%

Roads/Transport

18721

1.4%

415

0.0%

19242

1.5%

106

0.0%

Functional Unit

Grazing Natural Vegetation
Grazing Modified Vegetation

Medium Density Urban Residential
High Density Urban Residential

Mining
Water/wetland
Farm Dams
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Table 8: Functional Unit area (ha) breakdown in the ACT Water Management Areas Upper Murrumbidgee Source model
Lower
Murrumbidgee
Functional Unit

Area

%

Ginninderra
Area

%

Central
Molonglo
Area

%

Lower
Molonglo
Area

Cotter

%

Area

%

Tuggeranong
Area

Upper
Murrumbidgee

%

Area

%

Lower
Queanbeyan
Area

Upper
Molonglo

%

Area

%

Jerrabomberra
Headwaters
Area

%

Paddy’s

Googong

Gudgenby

Naas

Area

%

Area

%

Area

%

Area

%

Native
Vegetation

6462

39.1%

2165

9.8%

7658

25.8%

2154

17.4

46728

97.2%

1349

19.7%

31295

36.8%

1866

23.2%

11654

24.0%

1101

9.2%

15141

61.3%

45278

50.9%

32388

87.0%

24891

86.0%

Plantation
Forest

1176

7.1%

217

1.0%

4458

15.0%

74

0.6%

397

0.8%

26

0.4%

442

0.5%

48

0.6%

3658

7.5%

6

0.1%

2246

9.1%

2891

3.2%

0

0.0%

0

0.0%

306

1.9%

2057

9.3%

2183

7.3%

1786

14.4

0

0.0%

728

10.6%

472

0.6%

183

2.3%

141

0.3%

11

0.1%

0

0.0%

216

0.2%

0

0.0%

0

0.0%

9

0.1%

23

0.1%

1

0.0%

0

0.0%

0

0.0%

0

0.0%

23

0.0%

0

0.0%

24

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

7971

48.2%

6497

29.3%

6880

23.2%

4258

34.4

1

0.0%

1128

16.5%

47431

55.8%

3758

46.8%

27945

57.6%

7203

60.3%

6899

27.9%

34175

38.4%

4489

12.1%

3724

12.9%

Intense
Livestock

0

0.0%
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0.2%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

1

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

Broad scale
Agriculture

0

0.0%

38

0.2%

31

0.1%

0

0.0%

0

0.0%

0

0.0%

68

0.1%

0

0.0%

46

0.1%

0

0.0%

0

0.0%

20

0.0%

0

0.0%

0

0.0%

Horticulture

1

0.0%

25

0.1%

166

0.6%

126

1.0%

0

0.0%

0

0.0%

10

0.0%

5

0.1%

7

0.0%

0

0.0%

1

0.0%

1

0.0%

0

0.0%

0

0.0%

Rural
Residential
with
Agriculture

0

0.0%

3067

13.8%

831

2.8%

0

0.0%

0

0.0%

0

0.0%

1883

2.2%

1042

13.0%

3657

7.5%

2443

20.4%

0

0.0%

4815

5.4%

0

0.0%

0

0.0%

32

0.2%

0

0.0%

38

0.1%

0

0.0%

0

0.0%

0

0.0%

16

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

Peri Urban

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

Low Density
Urban
Residential

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

Medium
Density Urban
Residential

8

0.0%

4472

20.2%

2354

7.9%

2318

18.8

0

0.0%

2124

31.0%

650

0.8%

637

7.9%

72

0.1%

424

3.6%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

High Density
Urban
Residential

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

Commercial

67

0.4%

968

4.4%

1713

5.8%

423

3.4%

0

0.0%

329

4.8%

61

0.1%

233

2.9%

33

0.1%

301

2.5%

19

0.1%

0

0.0%

0

0.0%

0

0.0%

Industrial

104

0.6%

135

0.6%

487

1.6%

67

0.5%

14

0.0%

3

0.0%

112

0.1%

29

0.4%

48

0.1%

118

1.0%

0

0.0%

23

0.0%

0

0.0%

0

0.0%

Roads/
Transport

184

1.1%

2132

9.6%

1937

6.5%

1007

8.1%

227

0.5%

1061

15.5%

1224

1.4%

88

1.1%

717

1.5%

239

2.0%

129

0.5%

484

0.5%

98

0.3%

25

0.1%

5

0.0%

2

0.0%

60

0.2%

9

0.1%

0

0.0%

0

0.0%

23

0.0%

61

0.8%

9

0.0%

49

0.4%

0

0.0%

2

0.0%

0

0.0%

0

0.0%

193

1.2%

285

1.3%

889

3.0%

134

1.1%

731

1.5%

92

1.3%

1214

1.4%

82

1.0%

540

1.1%

56

0.5%

260

1.1%

1134

1.3%

272

0.7%

314

1.1%

11

0.1%

28

0.1%

30

0.1%

5

0.0%

0

0.0%

1

0.0%

13

0.0%

0

0.0%

5

0.0%

2

0.0%

11

0.0%

0

0.0%

1

0.0%

0

0.0%

16530

100

22152

100.0

29717

100.0

12360

100

48097

100.0

6841

100.0

84940

100.0

8032

100.0

48555

100.0

11954

100.0

24706

100.0

89038

100.0

37247

100.0

28953

100.0

Greenspace/
Parks
Grazing Natural
Vegetation
Grazing
Modified
Vegetation

Rural
Residential no
Agriculture

Mining
Water/wetland
Farm Dams
Total
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Storages/Lakes and Sewage Treatment Plants
The discharge and water quality from storages/lakes and Sewage Treatment Plants (STP’s) were parameterised
in the model based on observed data (Figure 19). The storages, lakes and STP’s included in the catchment
model are shown in Table 9. Evaporation and rainfall was applied to the storages and lakes within the Upper
Murrumbidgee Source model.
Table 9: Storages, Lakes and Sewage Treatment Plants included in the Upper Murrumbidgee catchment model
Storages/Lake/STP

Observed Discharge Data

Observed WQ data

Data Source

Corin Dam

1980-2017

1994-2017

ICON water

Bendora Dam

1980-2017

1994-2004

ICON water

Cotter Dam

1980-2017

1994-2014

ICON water

Googong Dam

1980-2017

1994-2010

ICON water

Tantangara Dam

2009-2014

1994-2014

NSW streamflow
gauging and WQ
/waterwatch

Burrinjuck Dam

1980-2017

1994-2014

NSW streamflow
gauging and WQ
/waterwatch

Lake Tuggeranong

1987-2017

1994-2014

ACT streamflow gauging
and WQ/waterwatch

Lake Ginninderra

1980-2017

1994-2014

ACT streamflow gauging
and WQ /waterwatch

Lake Burley Griffin

n/a

1994-2014

ACT WQ
data/Waterwatch

Lower Molonglo Water
Quality Control Centre
(LMWQCC)

1999-2017

2008-2017

ICON Water

Queanbeyan Sewage
Treatment Plant (QSTP)

2008-2017

2008-2017

Queanbeyan-Palerang
Council

No observed discharges were available for Lake Burley Griffin at Scrivener Dam. As the water level is generally
constant, it was assumed that the majority of water flowing into the lake was discharged from the lake.
Observed discharges from Tantangara Dam were only available from 2009-2014. Based on advice from the
ACT Government, it was assumed that the discharges prior to 2009 were negligible as most of the water is
used by the Snowy Hydro Scheme and not released to the Upper Murrumbidgee.
Where data was available, monthly water quality data from storages and STP’s were disaggregated over the
month to apply a daily concentration data in the Source catchment model. For periods outside the observed
water quality data range, the average concentration was applied.
The STP flows were extended back to 1980 based on historical population data. Refer to Section 6.5 for more
information on how the flows were calculated.
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Link and storage routing
Piecewise routing developed for the water resource modelling was applied to relevant links in the Source
catchment model to represent the flow lag and attenuation in the main channel of the Upper Murrumbidgee
River.

Figure 19: Storages, lakes and sewage treatment plants applied in Upper Murrumbidgee model
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5.2

Hydrology calibration and validation (Catchment model)

A combination of the SIMHYD and GR4J rainfall runoff models were used to simulate the runoff responses
across the catchments. The flow calibration tool within Source was used to obtain acceptable calibrations at 11
gauging sites (Figure 20) either within or upstream the ACT water management areas. Criteria around
selecting these gauges included gauge quality, upstream land use and the regulation of the reach. The gauges
were all calibrated to at least “satisfactory” results as per the categorisation of Moriasi et al, 2007. These set
specific ranges for several hydrologic calibration criteria as discussed further below.

Figure 20: Hydrology calibration and validation gauge locations (410XXXb shows the rainfall runoff parameters applied to
regions that have not been calibrated)
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Statistical Performance
The statistical performance of the hydrological parameterisation process was measured through the following
performance measures:
1.

Nash-Sutcliffe efficiency (NSE) coefficient: The NSE coefficient is used to assess the predictive power
of hydrological models. An efficiency of 1 corresponds to a perfect 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 than the model. The NSE coefficient is calculated using the following equation (from Moriasi
et al, 2007):

2.

Percent bias (PBIAS): The average tendency of modelled data to be greater or less than the
corresponding observed data. PBIAS is calculated using the following equation (from Moriasi et al,
2007):

3.

Root Mean Squared Error (RMSE) to observed data standard deviation ratio (RSR): An evaluation
statistic developed by Moriasi et al (2007) which standardises the RMSE by the standard deviation of
the observed data. RMSE is the most common statistic used to measure precision. RSR is calculated
using the following equation (from Moriasi et al, 2007):

Table 10 outlines the performance ratings and acceptance criteria developed by Moriasi et al (2007).
Table 10 General performance ratings for model statistics for a monthly time step –stream flow (adapted from Moriasi et
al, 2007)
PBIAS
(Stream flow)

NSE

RSR

PBIAS < ±10

0.75 < NSE ≤ 1

0 ≤ RSR ≤ 0.5

Good

±10 ≤ PBIAS < ±15

0.65 < NSE ≤ 0.75

0.5 < RSR ≤ 0.6

Satisfactory

±15 ≤ PBIAS < ±25

0.5 < NSE ≤ 0.65

0.6 < RSR ≤ 0.7

PBIAS ≥ ±25

NSE ≤ 0.5

RSR > 0.7

Performance Indicator
Very good

Unsatisfactory
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Hydrology Calibration
The gauges and calibration period used in the Upper Murrumbidgee Source catchment model are provided in
Table 11. The statistical model performance calculated using each of the above methods is provided in Table
12. An assessment of the monthly PBIAS, NSE and RSR values against general performance ratings developed
by Moriasi et al (2007) (Table 10) show that the hydrological parameterisation performance is rated good to
very good across most of calibration areas for the three optimisation criteria. Daily time series and flow
duration curves for each of the calibration gauges are provided in Appendix 9.
At a monthly timestep the percent bias (PBIAS) statistic shows the deviation of model from observed, with low
magnitude values indicating accurate model simulation. The PBIAS across the majority of the calibration
gauges (9 out of 11) were classified as “very good” based on the Moriasi et al (2007) acceptance criteria
indicating that the Upper Murrumbidgee model is capturing the monthly variation in observed streamflow
data well. The PBIAS for two of the calibration gauges were classified as “satisfactory” and “unsatisfactory”
due to the model underestimating the monthly stream flows. It is worth noting that gauge 410790 where the
“unsatisfactory” classification was observed is not a very accurately rated record (ACT Govt. pers. comm.). The
two other optimisation criteria (NSE and RSR) for these gauges however were both classified as “good”,
indicating that the calibration is still fit for purpose. This statement is based on all of the gauges achieving
satisfactory or above with the exception of PBIAS in one gauge, and this can be explained by the relatively poor
rating at this gauge.
For the Yarralumla gauge, this is in a mostly urbanised catchment and the "satisfactory" result for PBIAS is due
to the model not predicting a consistent base flow signal in the catchment. It is common in these catchments
to have summer base flows from lawn/garden watering. As no data was available on the likely quantity of this,
it was not specifically included, but this could be added if further data or information on this effect was
available. For smaller urbanised catchments, runoff response is usually much more rapid than in rural areas.
As such, sub-daily timesteps (hourly or lower) are typically used when only representing these areas. For this
model, a daily timestep was considered a reasonable compromise to ensure that the majority of catchments
calibrated well. This also comes down to the questions being asked of the model. If accurate results for only
the urbanised catchments were needed, then these areas would have been modelled in isolation at a much
finer temporal and spatial resolution to ensure their accuracy is commensurate with the modelling question.
Coarser scale models are best used to answer broad scale resolution questions such as mean annual flows and
loads at a catchment scale.
The daily time series and exceedance plots (Appendix 9) generally show that the model is also performing
reasonably at a daily timestep, however there are limitations, particularly around capturing low flows and the
very high flows. The model is capturing the baseflow pattern well across the majority of the calibration
gauges; however the model is overestimating the baseflow (seen in the flow duration curves) due to small
peaks in flow in the model when the observed gauged flow is close to zero. Nevertheless, the magnitude of
overestimation is generally small (<5 ML/day) and occurs less than 5% of the time.
Across the calibration gauges the model generally under-predicted the very high flows, for example the event
in 2012, while medium to large events (e.g. 2010) were captured well. Climate sensitivity testing undertaken
in the Molonglo catchment indicated that the input rainfall (SILO gridded data) was likely causing the model to
under predict the very large runoff events. Sensitivity testing comparing the catchment runoff from SILO
rainfall gridded dataset with observed point (6 sites within the Molonglo catchment from BoM and ACT
Government) rainfall data over the period 1983 to 2001 (overlap period in observed rainfall across the 6 sites).
The results showed that the model is sensitive to the input rainfall, with the observed point rainfall improving
the calibration results in the Molonglo catchment, especially around the peak discharges. While observed
point rainfall improved results, the Moriasi acceptance statistics did not vary much between the observed
rainfall and SILO rainfall. The main difference was in the PBIAS, which was 11% for the SILO data and 4% for
the point rainfall (a positive PBIAS means that the model is underestimating flows). Due to limitations in
observed point rainfall, it was decided to use the SILO dataset across the whole model. The key reasons for
not using point rainfall across the entire Upper Murrumbidgee catchment model included:


Time period limitations (i.e. the model would be limited to the overlapping observed data time period
and/or data gaps would need to infilled with associated limitations)
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Consistency across the entire model

The majority of the monthly statistics across the calibration gauges were also supported by the model
performing well at the daily timestep. One exception was Tuggeranong catchment, which met the monthly
Moriasi acceptance criteria, however the ability of the model to predict daily patterns is limited as shown by
the daily time series and daily flow exceedance plots. For the calibration of 410771, which is located within
Lake Tuggeranong at a weir, it was assumed that the water entering the lake was equal to discharge observed
at 410771 over the calibration period (so no attenuation of downstream flows were assumed. This
assumption was supported by the observed constant water level at the gauge upstream (410653); however, it
is possible that interactions within the lake are causing the rainfall runoff parameters to not be consistent with
the observations at the gauge.
Table 11: Hydrology calibration gauges and calibration period in the Upper Murrumbidgee Source catchment model
Gauge Number

Gauge Name

Calibration Period

410705

Molonglo at Burbong

January 1981 to December 2016

410730

Cotter at Gingera

January 1981 to December 2016

410733

Condor at 3 ways

January 1981 to December 2016

410781

Queanbeyan Upstream of Googong

January 1991 to December 2016

410745

Yarralumla Creek at Curtin

January 1983 to December 2016

410751

Ginninderra

January 2000 to December 2016 (restricted for land use)

410761

Murrumbidgee at Lobbs Hole

January 2009 to September 2014

410731

Gudgenby at Tennent

January 1981 to December 2016

410713

Paddys at Riverlea

January 1981 to December 2016

410790

Jerrabomberra Creek at Hindmarsh Drive

January 1996 to January 2011 (observed data available)

410771

Tuggeranong

January 1998 to December 2016 (period of no data gaps
in observation)

Table 12: Statistical Hydrology Calibration Results (Colours relate to Moriasi acceptance criteria outlined in Table 10)
Calibration Gauge

Gauge Name

PBIAS

NSE

RSR

410705

Molonglo at Burbong

-0.3

0.829

0.414

410730

Cotter at Gingera

0.0

0.833

0.408

410733

Condor at 3 ways

-3.1

0.748

0.502

410781

Queanbeyan Upstream of Googong

-1.7

0.82

0.425

410745

Yarralumla Creek at Curtin

24.4

0.714

0.535

410751

Ginninderra

4.7

0.853

0.384

410761

Murrumbidgee @ Lobbs Hole

0.7

0.938

0.248

410731

Gudgenby at Tennent

-5.3

0.734

0.516

410713

Paddys at Riverlea

-8.4

0.735

0.515

410790

Jerrabomberra Creek at Hindmarsh Drive

30.0

0.677

0.569

410771

Tuggeranong Creek at Weir

1.0

0.882

0.343

Hydrology Validation
The calibrated catchment model was validated at three gauges between January 1981 and December 2016:


Murrumbidgee at Halls Crossing



Murrumbidgee at Mt MacDonald
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Murrumbidgee at Lobbs Hole

Using nested gauges such as these three indicates how individual calibrated catchments are influencing the
overall broad catchment runoff results. If the validation shows that the model is predicting flows well from
upstream to downstream gauges, this indicates that the model is well calibrated in each of the individually
calibrated catchments. In the case of this model, the three gauges show that the model is doing a good job of
capturing the monthly variation in flow along the Upper Murrumbidgee River. At a daily timestep, the model
is under-predicting very large events (e.g. 2012) but is capturing medium sized events and the baseflow well.
As discussed in the calibration section, the model is under-predicting the very large events across the entire
catchment which is most likely due to the rainfall input not accurately representing rainfall variation across the
day.
Table 13. Statiistical hydrology validation results
Validation Gauge

Name

Validation
Period

PBIAS

NSE

RSR

410777

Murrumbidgee at Halls Crossing

1981-2016

7.2

0.899

0.319

410738

Murrumbidgee at Mt MacDonald

1981-2016

5.2

0.864

0.369

410761

Murrumbidgee at Lobbs Hole

1981-2016

2.7

0.884

0.341

5.3 Water Quality validation (Catchment model)
The EMC/DWC model was used for simulating pollutant concentrations and loads across the catchments. A
combination of observed water quality data and recommended EMC/DWC values (Fletcher et al, 2004; GHD,
2015) were used to apply EMC and DWC values for different land uses across the Upper Murrumbidgee
catchments. Statistical analysis by GHD (2015) of water quality data over both events and baseflow conditions
was used to parameterise the ACT catchments in more detail. These catchments are shown in Figure 21 and
data sources used to determine the EMC/DWC values provided in Table 15. Initially, the sub-catchments
upstream of Queanbeyan at ACT border were parameterised based on the GHD recommended values for Mid
Molonglo. However, water quality validation suggested that the dry weather concentration for TSS, TN and TP
was lower than the agricultural average for Mid Molonglo, so it was reduced to be consistent with other
regions of the model. A summary table of the range of EMC/DWC applied across the model is presented in
Table 14.
Table 14: Summary of EMC/DWC applied to the Upper Murrumbidgee Catchment model
Functional Unit Group

TN EMC
(mg/L)

TN DWC (mg/L)

TP
EMC
(mg/L)

TP
DWC
(mg/L)

TSS
EMC
(mg/L)

TSS
DWC
(mg/L)

Salinity
EMC
(mg/L)

Salinity
DWC
(mg/L)

0.75

0.1

0.02

0.01

8

3

40-50

150

Grazing/Broadscale
Cropping

1- 3.84

0.1-3.02

0.20.56

0.015 0.051

801433

3-5

40-50

150300

Intense
Livestock/Horticulture

1- 3.84

0.1-3.02

0.350.56

0.015 0.051

801433

3-5

40-50

150300

Rural Residential with
Agriculture

1

0.1

0.16

0.0150.04

100

3-10

40-50

150300

Rural Residential no
Agriculture

1

0.1

0.16

0.0150.04

90-100

3-5

40-50

150300

0.89-0.9

0.4

0.0890.16

0.0420.063

130

5

40-50

150300

0.822.04

0.55 – 1.2

0.0890.26

0.0180.09

56.2317

4.316.6

40-50

150300

0.82-1.8

0.66-0.8

0.0890.12

0.0420.09

40

5

40-50

150300

Vegetation

Peri Urban
Urban
Roads
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Figure 21: ACT WQ zones -adapted from GHD report
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Table 15: EMC/DWC data source across ACT catchments
Catchment

Data Source

Fyshwick

GHD 2015

Ginninderra

GHD 2015 – Yarralumla values applied

Tuggeranong

GHD 2015

Lower Molonglo

GHD 2015

Mid Molonglo

GHD 2015

Riverview/West Belconnen

GHD 2015

Sullivans

GHD 2015 – Yarralumla values applied

Woolshed

GHD 2015 – Mid Molonglo values applied

Yarralumla

GHD 2015

Other catchments

Combined GHD 2015 values, Fletcher et al, 2004

A combination of time series plots of observed and modelled concentration and annual averages at selected
(6) sites included in the ACT water reports were used to validate the water quality model. A comparison of
average annual mean from 2007 to 2015 between observed concentration and modelled concentration are
presented in Table 16 to Table 19 for total nitrogen, total phosphorous, total suspended solids and salinity
where observed data was available. Time series plots for these sites are included in Appendix 11. Salinity plots
are also provided for Jerrabomberra and Molonglo catchments in Appendix 11.

Table 16: Annual total nitrogen mean concentrations
Validation gauge

Validation
Period

Observed average annual
mean (mg/L)

Modelled average annual
mean (mg/L)

Murrumbidgee at Angle Crossing

2007-2015

0.59

0.50

Ginninderra Ck at Parkwood

2007-2015

0.83

0.80

Queanbeyan at ACT border

2007-2015

0.89

0.67

Gudgenby at Tennent

2007-2015

0.53

0.5

Paddy’s at Riverlea

2007-2015

0.43

0.45

Murrumbidgee at Halls Crossing

2007-2015

4.61

3.10

Table 17: Annual total phosphorous mean concentrations
Validation gauge

Validation
Period

Observed average annual
mean (mg/L)

Murrumbidgee at Angle Crossing

2007-2015

0.07

0.05

Ginninderra Ck at Parkwood

2007-2015

0.05

0.05

Queanbeyan at ACT border

2007-2015

0.06

0.05

Gudgenby at Tennent

2007-2015

0.07

0.06

Paddy’s at Riverlea

2007-2015

0.04

0.05

Murrumbidgee at Halls Crossing

2007-2015

0.06

0.07
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Modelled average annual
mean (mg/L)

Table 18: Annual total suspended solids mean concentrations
Validation gauge

Validation
Period

Observed average annual
mean (mg/L)

Modelled average annual
mean (mg/L)

Murrumbidgee at Angle Crossing

2007-2015

59

43

Ginninderra Ck at Parkwood

2007-2015

17

19

Queanbeyan at ACT border

2007-2015

11

33

Gudgenby at Tennent

2007-2015

14

27

Paddy’s at Riverlea

2007-2015

13

33

Murrumbidgee at Halls Crossing

2007-2015

22

39

Table 19: Annual salinity mean concentrations
Validation gauge

Validation
Period

Observed average annual
mean (mg/L) *

Modelled average annual
mean (mg/L) *

Murrumbidgee at Angle Crossing

2007-2015

63

85

Ginninderra Creek at Parkwood

2007-2015

180

165

Queanbeyan at ACT border

2007-2015

129

150

Gudgenby at Tennent

2007-2015

52

65

Paddy’s at Riverlea

2007-2015

102

41

Murrumbidgee at Halls Crossing

2007-2015

144

143

* Assuming 0.6 conversion between EC and mg/L

The average annual mean and time series plots (Appendix 11) show that over the last decade the model
concentration is within the observed concentrations at most of the 6 validation sites for TSS, TN, TP and
Salinity. The Ginninderra catchment validated very well using the event and baseflow concentration values
from the GHD (2015) statistical analysis. This validation provides confidence in the model for assessing the
impact of future development and healthy waterways initiatives around Canberra. A possible exception to this
is TSS in lower flows, which in some catchments were overestimated, but higher flow results were reasonable
matches. This is a limitation of the EMC/DWC model used for constituents which provides only a constant
concentration in baseflows and doesn't account for seasonal variation well.
The time series plots show high variability (especially at Angle Crossing and Halls Crossing) in the observation
data which indicates that applying a single value for event and baseflow concentration will restrict the model.
It is recommended that water quality sampling be conducted over the hydrograph to allow for analysis to
support other constituent models such as the power function in future model advancements. Nevertheless,
the Upper Murrumbidgee model is capturing the general water quality trends at most sites with the exception
of a few parameters at selected locations (i.e. Salinity in Paddy’s and TN at Angle Crossing and Paddy’s at
Riverlea). Observational data indicates that there are seasonal processes within stream (e.g. dips in
concentration observed at Angle Crossing and Paddy’s) and potential point source inputs (high concentrations
during low flows) of nitrogen that are not currently configured in the model. It is recommended that further
analysis of water quality data at key locations be conducted to further understand the key processes driving
high variability in observational data to improve model representation.
Differences in salinity could be due to the assumed conversion from electrical conductivity to milligrams per
litre while the TN difference may be due to nitrogen processing (i.e. algal blooms) within certain reaches
decreasing the stream concentration. At the Murrumbidgee at Halls Crossing site, some differences were
expected due to the limitations of including an averaged timeseries for the LMWQCC rather than reflecting
actual discharge variability. This could be enhanced further by inclusion of measured effluent concentration
time series rather than the broader scale averaged monthly series used in the model. Storage processing of
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nitrogen is currently not parameterised in the model but could be included in the future with data to support
the nitrogen processing. An additional explanation for the model not capturing the range of observation may
be due to the use of GR4J rainfall runoff model in vegetation and grazing areas. A limitation of this rainfall
runoff model is that it only calibrates to total flow, rather than quick flow and slow flow (eWater, 2017). In
some catchments in the Upper Murrumbidgee model (i.e. upstream of Lobbs Hole), this has resulted in the
quick flow and baseflow response being equal which presents problems for assigning event and baseflow
concentrations. This is resulting in the model over-predicting concentration in affected regions during drought
periods and under-predicting concentration during wet years due to the distribution between baseflow and
quick flow. The baseflow index could potentially be used to adjust the distribution of baseflow and quick flow
in the affected sub-catchments.
Nevertheless, the catchment model is fit for purpose to simulate the mean annual loads from catchments
within the ACT Water Management areas and upstream of ACT.
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6

Water Resource Modelling

The water resources model runs from 1890 to 2016 and is based on gauged flow where it is available which is
infilled and extended using rainfall runoff model outputs (as per other MDB water resource models).

6.1

Upper Murrumbidgee catchments

The MDBSY flow time series for catchments upstream of the ACT were extended using gauged data where
available and rainfall runoff modelling where not available. These modelled flows were also used to infill
missing data in the gauged flow for directly gauged catchments. The adopted model used in rainfall-runoff
modelling in most catchments was Sacramento and most of the catchments utilised the IQQM parameters,
except for 4100670 where GR4J model was found to fit better than Sacramento model (See calibration results
in Appendix 5). Table 20 presents the results of applying rainfall-runoff modelling for each catchment with or
without the adoption of existing IQQM output time series. Directly gauged catchments of 4100760 and
4100620 did not require rainfall-runoff modelling outputs to extend the time series as the observed gauged
data did not have any missing values.
Table 20. Rainfall-runoff modelling methods for each catchment in the Upper Murrumbidgee region.
Catchment

Percent data
missing after
31/12/2006

Model

Calibration

Method

4100760

0

01/01/1890 –
31/12/2006:
Sacramento

Adopted the existing IQQM output time
series from 01/01/1890 – 31/12/2006 and
extended the time series using observed
gauged data to 31/12/2016.

4100620

0

01/01/1890 –
31/12/2006:
Sacramento

Adopted the existing IQQM output time
series from 01/01/1890 – 31/12/2006 and
extended the time series using observed
gauge data to 31/12/2016.

4100770

Gauged data
ended in 1985

Sacramento

Adopted the IQQM parameters and ran the
rainfall-runoff model from 01/01/1890 to
31/12/2016. This modelled time series is
used except when there is observed gauge
data.

4100670

Gauged data
ended in 1985

GR4J

4101410

0.4106

Sacramento

Adopted the existing IQQM output time
series from 01/01/1890 – 31/12/2006, and
ran the rainfall-runoff model from
01/01/2007 – 31/12/2016 using MDBSY
IQQM parameters.

4100331

NA

Sacramento

Adopted the existing IQQM output time
series from 01/01/1890 – 31/12/2006 and
extended the time series using observed
gauged data to 31/12/2016.

4100501

NA

Sacramento

Adopted the IQQM parameters and ran the
rainfall-runoff model from 01/01/1890 to
31/12/2016.

4107611

NA

Sacramento

Adopted the IQQM parameters and ran the
rainfall-runoff model from 01/01/1890 to
31/12/2016.

Yes*

* See Appendix 5 for calibration parameters and results
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Calibrated 4100670 with GR4J in Source
and ran the rainfall-runoff model from
01/01/1890 to 31/12/2016. The modelled
time series is used except when there is
observed gauge data.

6.2

Rainfall-runoff modelling in the ACT

The rainfall-runoff modelling within the ACT and upstream of Burrinjuck Dam was generated within the Source
catchment/hydrology model as described in Section 5. The Source catchment model was undertaken for a
model simulation period from 01/01/1980 to 31/12/2016. The rainfall-runoff modelling results from the
Source catchments model have been incorporated into the water resource model by extending the climate
dataset back to 01/01/1890 and identifying the model output components in the catchment model that
represent the outflows of each water resource catchment (Appendix 6). The runoff for each water resource
catchment was then generated in the Source catchment model and the runoff of the intermediate catchments
was calculated from the flow balance spreadsheet in Appendix 6.

6.3

ACT net take

The net take in ACT is defined as the difference between the gross take (water taken directly) and flow returns
to the Murrumbidgee River via the Canberra and Queanbeyan sewage treatment plants. The gross take is the
diversion from the Cotter, Googong, and Murrumbidgee catchments by Icon Water and diversions from a
number of tributaries by non-Icon Water licence holders. Returns to the river include outflows from the two
main sewage treatment plants within the ACT. The gross take and the flow returns are described in the Section
6.4 and 6.5 below.

6.4

Gross take

Icon Water Diversions
The modelling approach is to adopt the outputs of diversion simulated from Icon Water’s REALM model. These
diversions are listed below:


Water diverted from Bendora Dam to Stromlo Water Treatment Plant



Water diverted from Cotter Dam to Stromlo Water Treatment Plant



Water diverted from Googong Dam to Googong Water Treatment Plant



Water pumped from Murrumbidgee pumping station below Cotter Dam to Stromlo Water Treatment
Plant

The gross take is the sum of the four diversions listed above.
Non-Icon Water diversions
The gross take of non-Icon licenced diversions was computed according to the volume of entitlements issued
(ML) and the total surface water extracted (ML) per major water management area sourced from ACT annual
water reports from 2009 to 2014. The six water management areas that contributed most of the extractions
were selected to represent the entire Non-Icon gross take. These six water management areas are:
1.
2.
3.
4.
5.
6.

Central Molonglo
Ginninderra
Upper Murrumbidgee
Tuggeranong
Lower Murrumbidgee
Lower Molonglo

As the demand from Central Molonglo is the highest of these six, a demand model was created to model the
volume extracted from this WMA, and the extractions from each of the other five were related to the Central
Molonglo demand. SILO rainfall and evaporation data that are representative of the Central Molonglo WMA
were imported into Source, and the demand model was Irrigator with a nominal irrigation area of 100 ha. The
results of the model were then factored to fit the available annual surface water extracted data from 2009 to
2014. This resulted in a factor of 1.3. The model was then run for a simulation period was from 01/01/1890 –
31/12/2016. For the SDL scenario, the modelled extraction was compared against the actual volume of
entitlements issued and factored by 4.8 with total demand in any one water year limited to the volume of
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entitlements. The total annual gross takes of non-Icon licensed diversions of the current and SDL scenario were
calculated and plotted in Figure 22. The two factored daily gross take time series were then divided
proportionally to the six management areas by their individual volume of entitlement issued. These factored
gross takes per management area were then imported into the respective scenario in the Source model which
is discussed in the Scenario Report associated with this report.

Figure 22. Calculated annual total non-Icon licensed gross take of current scenario from 2009/10 to 2013/14.

Figure 23. Calculated annual total non-Icon licensed demand for the current and SDL scenario from 1895/96 to 2008/09.

Water Transfers
There are also three water transfers operating within the ACT water supply system as listed below:


Water transfer from Murrumbidgee River to Googong at Angle Crossing



Water pumping from Murrumbidgee below Cotter to the base of Cotter Dam (to provide
environmental flows downstream of Cotter dam during drought condition)



Water transferred from Stromlo Water Treatment Plant to Googong Dam
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The first two of these water transfers are included in Source model, but they are not part of the gross or net
take calculation as they are transfers of water rather than diversions of water. The transfer of water from
Stromlo WTP to Googong is included in the gross take by Icon as it is subtracted from water that is pumped to
Stromlo WTP.

6.5

STP Flow returns

Lower Molonglo Water Quality Control Centre (LMWQCC)
LMWQCC was constructed between 1974 and 1978. The LMWQCC was built to service the needs of a
population of 400,000 people and could be extended to serve up to a million people. It also receives flow from
the Fyshwick STP which treats industrial waste before it is transferred to the LMWQCC for final treatment and
release (www.iconwater.com.au). It currently has an annual outflow of around 30,000 ML/year.
Queanbeyan Sewage Treatment Plant (QSTP)
The Queanbeyan Sewage Treatment Plant was constructed in the mid-1930s and treats Queanbeyan’s effluent
prior to discharge into the Molonglo River. Queanbeyan City Council is now planning the upgrade to a new
facility constructed in 2017 (http://www.qcc.nsw.gov.au). It currently has an outflow of around 3,000 ML/year.
Modelling LMWQCC outflow
A daily time series of the outflow from LMWQCC was required to be developed over the simulation time
period from 1890 to 2016. A number of scenarios were required to be developed including historical, current
development, future development and pre-development.
The historical gauged outflow from LMWQQC was available from 1/1/1999 to 31/12/2016. This time series is
in Figure 24.

Figure 24. Historical gauged outflow from LMWQCC from 01/01/1999 to 31/12/2016.

The time series was analysed and a model of the outflow was conceptualised as comprising two components, a
baseflow which is a daily pattern for each day of the year and a wet weather component which is related to
rainfall runoff entering the sewerage system.

ACT Source Model
Development

59

Baseflow
Baseflow has been conceptualised as the non-wet weather component of flow. This has been assumed to be a
repeating one-year daily time series which is factored according to estimated within-house use.
Wet weather inflow
Wet weather inflow is assumed to be the rainfall driven component of the sewage treatment plant outflow. It
has been conceptualised as a rainfall runoff model that is then factored based on a percentage change in
urban area in the ACT compared to current land use.
The detailed method on how these two daily time series have been calculated is described in the section
below.
Baseflow Calculation
The annual repeating pattern of baseflow was calculated by filtering the gauged flow time series to remove
any days judged to be significantly impacted by the rainfall driven component. This was done using a sliding
window prediction model documented by Yu (2014) to identify outliers that indicate possible data errors. The
approach identifies if a central value falls within a prediction bound set by its neighbouring values. A 90%
prediction confidence interval (PCI) was identified and a tolerance rate was set for all highly/moderately
autocorrelated data - either ±5 absolute values of the predicted values or ±5% of the predicted values. Another
criterion was also added that if the weighted previous eight days rainfall was greater than 1mm, those days
were excluded. The applied weights to the rainfall were 1.6, 1.4, ….., 0.4, 0.2. The average value for each day of
the year was then calculated. The resulting 366-day time series was then smoothed using the following
equation:
FlowDayX = 0.25*AvgFlowDay(x-1) + 0.5*AvgFlowDay(x) + 0.25*AvgFlowDay(x+1)
It was observed that this method fitted the baseflow well with the exception of the period from 01/01/2007 –
31/12/2009. During this period, the derived baseflow time series over-estimated the observed flow. This
period coincided with restrictions being historically applied in the ACT which reduced total water use. Initially a
method which factored down the baseflow based on restrictions was considered. However, this method would
not readily lend itself to estimating STP returns under different scenarios with different water usage and or
frequency of restrictions. Such scenarios include the SDL scenario which has a significant increase in total
water usage or changes to the water supply infrastructure such as the enlarged Cotter Dam which reduces the
frequency of restrictions compared to historical conditions. Therefore, a method was developed to factor the
baseflow according to the estimated within house use. Historical within house use was estimated by finding
the annual minimum of a rolling 90-day average water use in the ACT. This result in effect provides the average
daily winter use (Figure 25).
This time series of annual minimum use was then converted to a factor compared to current (2016) and
applied to the repeating annual time series.
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Figure 25. Annual minima of the rolling 90-day average water use in the ACT.

The final modelled baseflow time series from 1999 to 2016 is presented below.

Figure 26. Modelled LMWQCC baseflow time series from 1999 to 2016.
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Figure 27. Modelled LMWQCC baseflow time series from 2014 to 2016.

Rainfall runoff calculation
The wet weather component of the LMWQCC outflow was then calculated as the difference between the total
recorded outflow and the baseflow with negatives set to zero.
This wet weather component of the flow was then imported into Rainfall Runoff Library (RRL) v1.05 and
rainfall-runoff modelling was applied to the flow using the SIMHYD rainfall runoff model. As this model is
representing the infiltration of rainfall into the sewer system (rather than runoff from a catchment), the
catchment area was used as a calibration parameter. Through a calibration process, the catchment area was
set to 25.5 km². The calibration warmup period started on 01/01/2008 and the actual calibration period was
simulated from 01/01/2010 to 31/12/2016. A number of optimisation and objective methods were tested in
the calibration and it was found that Rosenbrock Single Start optimiser and the Nash-Sutcliffe Criterion
objective provided the best result. The simulated flow was fitted against the observed modified residual
baseflow within 0-10% flow exceedance and the flow duration curve is shown in Figure 28 – with the
calibration parameters and statistics listed in Table 21 and Table 22.

Figure 28. Flow duration curves of the observed and simulated baseflow returns of LMWQCC.
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Table 21. Calibration parameters for the rainfall-runoff modelling of the sewage baseflow returns.
Parameters

Values

Baseflow Coefficient

0.16

Impervious Threshold

0.416691061

Infiltration Coefficient

317.4110573

Infiltration Shape

1.646256284

Interflow Coefficient

0.003686602

Pervious Fraction

0.975108912

Rainfall Interception Store Capacity

3.653996714

Recharge Coefficient

0.641291074

Soil Moisture Store Capacity

473.9709452

Nash-Sutcliffe Criterion

0.736555312924334

Table 22. Summary statistics of the calibration output of sewage baseflow returns.

Variable

Start

End

Length

Relative
difference

Absolute
difference

NashSutcliffe

Correlation

Calibration
Runoff

1/01/2010

31/12/2016

2557

-1.79%

-15.138

0.733

0.86

LMWQCC Outflow Simulation Results

Figure 29. Simulated and observed outflows of LMWQCC from 2006 to 2016.
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Figure 30. Cumulative flows of simulated and observed outflows of LMWQCC from 2006 to 2016.

Figure 31. The annual LMWQCC outflow from 2006 to 2016.

Modelling QSTP outflow
The drivers for outflow from QSTP are similar to the LMWQCC. The entire available time series of QSTP
outflow from 2008 to 2016 is shown in Figure 32.
It can be seen in Figure 33 that the QSTP flow is around one tenth of the LMWQCC flow. Historical gauged
outflow from QSTP to the Molonglo River was available from 1/1/2008 to 31/12/2016. Checks on an annual
basis also showed that QSTP flow equal to 0.1 of the LMWQCC flow. Therefore, the QSTP outflow has been
modelled as 0.1 x LMWQCC outflow.
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Figure 32. Time series plot of QSTP outflows from 2008 to 2016.

Figure 33. Gauged outflows of LMWQCC and QSTP from 01/07/2015 to 01/12/2016.

Total STP returns
The total STP returns is calculated as the sum of the LMWQCC outflow and the QSTP outflow.
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6.6

Source Model Structure

The water resource model structure is shown in Figure 34.

Figure 34. Source water resource model structure
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Time series inputs
Each inflow node in the model has been assigned an inflow time series which has been created using the
historical gauged flow where available and extended and infilled using the relevant rainfall runoff modelling
results as described in Section 6.1 and Section 6.2 above.
Historical gauged flow time series were also collated and assigned to each gauge node as the Observed Flow
time series input.
Streamflow routing
Routing parameters used in the IQQM model based on linear storage routing were replaced to utilise the
Source functionality of piecewise linear routing. The piecewise routing tables define the flow travel time for a
given river flow rate. River reaches often have the longest flow travel time at low flow, then the travel time
decreases as the flow increases up to bankfull. The travel time then often increases again as the flow breaks
out into the floodplain. At very high flow rates across the floodplain, the travel time can again decrease.
Piecewise routing parameters were assigned in the following reaches as shown in Table 23:


Inflow from Tantangara Dam (4105431) to immediate downstream catchment of 4100331



Outflows from 4100331 to 4100501



Combined outflows from 4100670 and 4100620 to 4100501



Link between 4100501 and 4107611



Link between 4107611 and 4107381

Table 23. Piecewise routing parameter of each reach
4105431 to 4100331

4100331 to 4100501

Outflows 4100620
and 4100670 to
4100501

4100501 to 4107611

4107611 to 4107381

Flow
(ML/d)

Time
(day)

Flow
(ML/d)

Time
(day)

Flow
(ML/d)

Time
(day)

Flow
(ML/d)

Time
(day)

Flow
(ML/d)

Time
(day)

0

4

0

2

0

2

0

3

0

1

20

4

20

2

20

2

20

3

20

1

150

4

40

2

80

2

40

3

40

1

200

3

70

1

100

2

80

3

80

1

300

2

150

1

200

1

100

3

100

1

600

1

200

1

300

1

200

2

150

1

1500

1

300

1

400

1

300

2

200

1

400

1

600

1

400

2

300

0.5

600

0

800

0.8

500

2

400

0.5

900

0

1386

0.8

650

1

500

0.5

1000

0

1500

1

900

1

600

0.5

1100

0

2300

1

1000

1

900

0.5

1500

0

2600

1

1100

1

1000

0.5

2300

0

5000

1

1500

1

1400

0.5

4000

1

10000

1

2000

1

1500

0.3

5000

0

15000

1

4000

1

2000

0.3

21000

0

20000

0

5000

1

3600

0.3

36590

0

21000

1

5000

0.3
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60000

1

40000

1

14000

0

710000

1

70000

1

30000

0

136000

1

40000

0

49000

0

200000

0

The net evaporation along the main stem of Murrumbidgee River upstream of the ACT region was also
accounted for in the same links.
Linear storage routing was applied the two reaches – Queanbeyan River (4107701) to the confluence where
Queanbeyan River meets Molonglo River, and the main stem of Molonglo River (4107291) to the confluence
(Table 24). Net evaporative losses were not applied in these reaches.
Table 24. Linear storage routing parameters for the two reaches
Reaches

Storage Constant (k)

Storage Exponent (m)

4107701 to confluence

468

0.7

410729 to confluence

540

0.7

Loss Function
A loss node was added in the link between 4100331 and 4100501. This was inserted as the daily mass balance
calculated at 4100501 showed that the combined inflow into 4100501 was more than the actual gauged flow
at low flow rates. Flows in these reach of the Murrumbidgee River in reality would be influenced by water
supply to Cooma and diversions by licenced diverters in this reach as per the water sharing plan for the
Murrumbidgee River. It was not within the current project scope to model these diversions and it is
recommended that in future this representation can be improved by modelling these reaches in more detail
accounting for this water users. Therefore, in considering the limited model representation outside of the ACT
water management areas, a loss function was included in the model with the relationship presented in Table
25.
Table 25. Loss Relationship upstream of 410050
Inflow

Loss

0

0

25

12

50

20

100

30

400

50

2000

50

Representation of lakes
Lake Burley Griffin, Lake Tuggeranong, and Lake Ginninderra were represented in the model. Lake Burley
Griffin was represented as a Weir Node while Lake Tuggeranong and Lake Ginninderra were represented as
storage nodes.
The initial results recorded at the downstream of Lake Tuggeranong showed that the model did not represent
the flows at 410779 well. A rating curve was estimated from the bathymetry of the lake obtained from
ACTmapi (http://actmapi-actgov.opendata.arcgis.com) and was imported into the model (Figure 35). The
historical inflow of Lake Tuggeranong was calculated from the mass balance of storages using storage level at
gauge 410784, and a storage level-volume relationship for Lake Tuggeranong together with the flow in the
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downstream reach at 410779. This inflow series was calculated from February 1989 when the storage data
began.

Figure 35. Level-volume rating curve of Lake Tuggeranong using bathymetry and water level data at gauge 410779.

Dams and lakes climate inputs
The net evaporation at all storages and lakes were also represented in the model. This was done by estimating
the area of each storage and lake and including the rainfall and evaporation SILO data extracted from the grid
points closest to the storages and lakes.
Water supply points
Three water transfers and diversion within the ACT that are currently present in the water supply system of
ACT were also represented in the Source model as water supply points. These include:


Water transfer from Murrumbidgee River to Googong at Angle Crossing



Water pumping from Murrumbidgee below Cotter to the base of Cotter Dam (pumping to provide
environmental flows downstream of Cotter dam during drought condition)



Water pumping from Murrumbidgee pumping station below Cotter Dam to Stromlo Water Treatment
Plant

The Icon water take directly from the dams modelled in the Icon REALM model include take from Bendora
Dam to Stromlo WTP, Cotter Dam to Stromlo WTP, Googong Dam to Googong WTP, Stromlo WTP to Googong
transfer.
The Icon REALM model monthly timestep outputs have been disaggregated to daily timestep using the
following methods:


Each diversion and transfer was assumed to be a constant within month pattern



Flow downstream of each dam was disaggregated based on each flow component:
o
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Spills were disaggregated using the daily flow pattern form the Source catchment rainfall
runoff model

o

Environmental riffle flow assumed that the required one day flow occurred on the first day of
the month

o

Environmental baseflows were assumed to be a constant within month pattern.

ACT net take
The gross take (Icon Water diversions and non-Icon Water licenses) and returns were discussed in Section 6.4
and Section 6.5. The non-Icon Water gross take series per management area calculated in Section 6.4 was
imported in Source as time series demand node.
The ACT net take was then calculated in the Source model using the function editor with the following
equations:
Gross Icon Water take = (diversions from Bendora Dam to Stromlo WTP) + (diversion from Cotter Dam to
Stromlo WTP) + (diversions from Murrumbidgee pumping station to Stromlo STP) + (diversions from Googong
Dam to Googong WTP) – (diversions from Stromlo WTP to Googong Dam).
Gross Non-Icon Water take = the sum of all takes from Central Molonglo, Lower Molonglo, Upper
Murrumbidgee, Tuggeranong, Lower Murrumbidgee, Ginninderra
Flow returns = LMWQCC outflows + QSTP outflows
ACT net take = Gross Icon Water take + Gross Non-Icon Water take – Returns.

6.7

Water resource model calibration results

The Source water resource model was simulated from 01/01/1890 to 31/12/2016 with the model structure as
shown in Figure 34. Seven key catchments in the model were assessed through comparing against the
historical gauged flows in three methods – time series plots, cumulative curves, and flow duration curves
where all were plotted from 01/01/1980 to 31/12/2016. A one-year period of the time series plot was also
produced to visually assess the model performance.
The calibration results for the seven catchments in the model showed that the model performance have
matched well with the historical gauged flows (Appendix 7). In all the plots, all four individual plots showed
that the model had estimated the downstream flow well. However, the flows were slightly overestimated at
gauge 410741 and 410777 shown in Figure 45 and Figure 46 of Appendix 7 respectively.
The overestimation of flows observed at 4107411 could be due to the application of calibration parameters
from the upstream catchment to the ungauged catchments in Upper and Central Molonglo water
management area. The calibration parameters in Upper Molonglo (4107050) generated from the Source
catchment model were applied to the downstream catchments and the model run resulted in the
overestimation of flows in the rainfall-runoff modelling phase. As water resource model utilised the results
from the rainfall-runoff models to infill the relevant gauged data, the overestimation of flows was inevitable
during the process. Moreover, it was noted that the rating for gauging station at 410741 may be poor (R, Knee
2017, pers. comm., September) which may be a cause of the apparent poor calibration of flows at this site.
The overestimation of flows observed at 410777 could be a result of possible water losses and diversions in
the reaches in NSW. Three gauged nodes upstream of gauge 410777 (410738, 410741, and 410750) were
modified to set flows in the model and it was found that the outflows of 410777 matched well with the flows
recorded at the gauged (410777). Further investigation on that reaches showed that there might be possible
extraction to neighbouring irrigation and farm dams which may have explained the results.
80th - 90th percentile flow of each WMA within the ACT border
The Environmental Flow Guidelines specifies the requirement for providing the 80th and 90th percentile flows
for each WMA within the ACT border and for each river reach. The flows generated in each catchment in the
model are compiled according to the WMA and ACT territory boundary. While most of the water resource
catchment boundaries matched well with the boundary of the WMA and ACT, some catchments had been
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adjusted to calculate flows where there is no gauge or catchment boundary (Appendix 8). This is described in
DI2013-44 (ACT http://www.legislation.act.gov.au/di/2013-44/current/pdf/2013-44.pdf), specifically in the
equation as shown below:
Flowreq = Flowgauge × (

Areq 0.7
)
Agauge

Where the Flowreq is the flow at the required point within the WMA, Flowgauge is the flow at the downstream
gauge of each water resource model boundary, Areq is the catchment area within the WMA and ACT, and
Agauge is the catchment area represented in the water resource model boundary. The 0.7 power was
confirmed by the ACT Government as being suitable for use with daily flows, based on the historical data from
local rural catchments.
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7

Recommendations and Limitations

This section outlines the recommendations and limitations for the catchment and water resource model of the
Upper Murrumbidgee. The best available data and methods have been applied to the two new models built as
part of this project. However, future improvements and updates are recommended when additional data and
science becomes available. Additionally, as the calibration and validation of the models were focussed on the
ACT water management areas, it is recommended that the model suite be updated if the model is being used
to inform management decisions in other regions outside of the ACT (e.g. Yass River).

7.1

Catchment Model limitations and recommendations

The catchment model has been set up to evaluate results across different land use, management practices and
climate scenarios at monthly to annual time steps. As part of this project, four scenarios have been set up
which include:


Pre-Development



Existing



Future Development



Healthy Waterways

Further discussion and results of the above four scenarios are provided in the scenario report (R02). In
developing additional scenarios the following limitations should be taken into consideration:


Limitations of the model to capture the daily signal of some of the baseflows and very large events.
Climate sensitivity testing has indicated that this may be due to the rainfall input.
o



Due to the daily timestep of the catchment model, differences in rainfall intensity are not captured by
the model with potential limitations for predicting urban runoff and quality during short high intensity
rainfall events.
o

For example, the intensity of a 20 mm storm could range from 20 mm in 1 hour to 1
mm/hour over 20 hours, but the daily rainfall of 20mm would still be the same.



The catchment model does not represent individual WSUD or Healthy Waterways structures, only
their expected reduction in pollutant loads for each sub-catchment in the catchment model. Also,
only the larger lake systems in the ACT have been modelled separately as storage in the catchment
model, with urban ponds (i.e. Isabella) represented as water in the functional unit breakdown. These
smaller ponds are therefore not impacting on water quality within the model other than to represent
volumetric rainfall capture (i.e. rain falling on these smaller ponds does not result in downstream
runoff).



As the DEM for NSW was generally 30m and hence the ACT had to be changed to 20m (from 10m) to
match, the model should be run at a 10m DEM in the ACT to determine if there is any significant
difference in results. Also, when 10m DEM is available in NSW, the model should be updated and the
calibration checked.



Sub-catchments are nominally at least 20km2 in size. It should therefore be noted that it is not
possible to accurately model flows and water quality within these sub-catchments; and catchments
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Varying rainfall input into the model (SILO grids vs BoM/ACT rainfall gauges) indicated that
the model is sensitive to the different input options, with observed rainfall in the Molonglo
catchment resulting in a better representation of peak flows. However, as discussed in
Section 5.2, given limitations in observed point rainfall across the model domain, the SILO
dataset was applied across the whole Upper Murrumbidgee to ensure consistency across the
model domain and avoid model time period limitations (i.e. model would be limited to the
overlapping observed data time period).

less than this size that are non-homogenous, are using averaged characteristics. For example WSUD
assets within Yarralumla Creek catchment are not specifically modelled; rather the asset’s MUSIC
model outcomes are factored into the Source model. (see dot point 6 on page 72). Also, to model new
urban development, Source is ideally suited to major developments, like Molonglo, but less so for
urban infill and small new suburbs.
To further improve the catchment model, we recommend the following:

7.2



Monitoring programs to sample water quality throughout the hydrograph from varying land uses to
allow for other dynamic constituent models such as power functions to be used rather than the nondynamic EMC/DWC constituent model. EMC/DWC constituent models are restricted to only being
able to apply a single concentration to either a baseflow or quick flow.



Improved scrutiny and analysis of water quality data collected by ALS to examine different flows and
seasonal variation and allow for real time notification of water quality issues at key locations. An
example of this is Angle Crossing where sampling is currently biased to low flows and observations are
showing high values of total nitrogen and total phosphorus that should be investigated further in
order to better represent the water quality impacts and processes in the model. This site is also very
important in understanding the water quality entering ACT from upstream reaches of the Upper
Murrumbidgee and therefore critical in determining the water quality impacts of the ACT to lower
reaches of the Murrumbidgee River. The sampling is required to be based around sampling each
quartile of flows to remove the bias of low flow sampling.



Additional rainfall gauge sites to fill in data gaps across the model domain. Limitations will still exist
for historical climate but new records could be used to further improve the model at a later stage.



Continual improvements to rainfall runoff models. The calibration and validation for this project has
focussed on the ACT water management regions but the model has been set up so that further
improvements can easily be made in other regions (e.g. NSW reaches of Murrumbidgee upstream of
ACT and the Yass River).



If required for certain scenarios local urban extractions and/or inflows (e.g. summer lawn watering
runoff) could be parameterised. These are currently not included in the model which could explain
the difference in baseflow in the urban creeks.



Historical data improvements including a base flow rating for Jerrabomberra Creek.



Inclusion of measured effluent concentration time series for the LMWQCC rather than the broader
scale averaged monthly series used in the current model.

Water resource model limitations and recommendations

The water resource model has been constructed to represent each WMA and each of the components of ACT’s
net take. As described in the sections above, the ACT Source model takes the outputs of the Icon REALM
model disaggregated to a daily timestep. A major improvement to the model would be to represent the ACT
water supply system in the Source model. This would involve representing each of the three dams on the
Cotter River, Googong Dam, Stromlo WTP, Googong WTP, ACT urban demand and the transfers.
The model development has focussed on the ACT, however the Source model has been created to represent
the entire Upper Murrumbidgee River catchment upstream of Burrinjuck Dam. The scope of the project has
not included representing diversions in the Murrumbidgee River outside of the ACT. As such, a significant
improvement to the Source model would be to represent the diversions of the licence holders and the rules of
the “Water Sharing Plan for the Murrumbidgee Unregulated and Alluvial Water Sources.”
A minor limitation was the data availability of outflow from Tantangara Dam which was limited to only five
years of data. Therefore, before the data set started in 2009 and after it ceased in 2014 it was assumed as in
the Upper Murrumbidgee IQQM model that a constant flow of 32ML/day was released. It is noted that this
may be an underestimate of actual releases, particularly in recent years. However, as the next catchment
inflow downstream in the Murrumbidgee River at Mittagang Crossing is calculated as a mass balance, any
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error in the assumed Tantangara release does not impact the overall model water balance. Therefore, if
recorded data was available for the Tantangara Dam releases then the estimate of the catchment inflow
upstream of Mittagang crossing would be improved.
Inflow to Tantangara Dam would also be useful to improve the estimate of flow into Tantangara Dam that was
used for the pre-development scenario which is described in the scenario report.
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Appendix 1 Environmental Flow Guidelines
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Summary of Environmental Flow Requirements for the ACT
Ecosystem
Category

Reach

Flow Requirement
Base Flows

Above Corin Dam

Maintenance of all natural flows

Above Googong Dam and any
impoundment on the Naas /
Gudgenby Rivers

Maintenance of all natural flows except those needed for
stock and domestic purposes, and that already provided for
at the time these guidelines are listed.

Below Corin Dam

Maintain 75% of the 80th percentile of the monthly natural
inflow, or inflow, whichever is less

Below Bendora Dam

Maintain 75% of the 80th percentile of the monthly natural
inflow, or inflow, whichever is less

Below Cotter Dam

Maintain an average flow of 15 ML /day

Below Googong Dam

Maintain an average flow of 10ML/day or natural inflow
whichever is the lesser volume

Below any impoundment on the
Naas / Gudgenby Rivers

Maintain an average flow of 10 ML/day or natural inflow
whichever is the lesser volume

Natural
Ecosystems

All reaches in natural ecosystems

Maintain 80th percentile monthly flow in all months.
Abstractions may not exceed flow rate.

Modified
Ecosystems

Murrumbidgee River

Maintain 80th percentile monthly flow November - May, and
90th percentile monthly flow June -October inclusive.
Abstractions may not exceed flow rate.

Other reaches in the ACT in
modified ecosystems

Maintain 80th percentile monthly flow in all months.
Abstractions may not exceed flow rate.

Created
Ecosystems

All reaches in created ecosystems

Maintain 80th percentile monthly flow in all months.
Abstractions may not exceed flow rate.

Water Supply
Ecosystems

Below Corin Dam

Maintain a flow of 150 ML/Day for 3 consecutive days every
2 months

Below Bendora Dam

Maintain a flow of 150 ML/Day for 3 consecutive days every
2 months

Below Cotter Dam

Maintain a flow of 100 ML/Day for 1 day every 2 months

Below Googong Dam

Maintain a flow of 100 ML/Day for 1 day every 2 months

Below any impoundment on the
Naas / Gudgenby Rivers

Maintain a flow of 100 ML/Day for 1 day every 2 months

Natural
Ecosystems

All reaches in Natural Ecosystems

Riffle maintenance flows are not required

Modified
Ecosystems

All reaches in Modified Ecosystems

Riffle maintenance flows are not required

Created
Ecosystems

All reaches in Created Ecosystems

Riffle maintenance flows are not required

Water Supply
Ecosystems

Riffle Maintenance Flows

Pool Maintenance Flows
Water Supply
Ecosystems
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Below Corin Dam

Maintain a flow of> 550ML/day for 2 consecutive days
between mid-July and mid-October

Below Bendora Dam

Maintain a flow of> 550ML/day for 2 consecutive days
between mid-July and mid-October

Below Cotter Dam

Not required

Below Googong Dam

Not required

Below any impoundment on the
Naas /
Gudgenby Rivers

Not required

Channel Maintenance Flows
Natural
Ecosystems

All reaches in Natural Ecosystems

Protect 90% of the volume in events above the 80th
percentile from abstraction

Modified
Ecosystems

All reaches in the ACT including the
Murrumbidgee

Protect 90% of the volume in events above the 80th
percentile from abstraction

Created
Ecosystems

All reaches in created ecosystems

Protect 90% of the volume in events above the 80th
percentile from abstraction

Water Supply
Ecosystems

All Reaches

Groundwater abstraction is limited to 10% of the long term
recharge

Natural
Ecosystems

All reaches in natural ecosystems

Groundwater abstraction is limited to 10% of the long term
recharge

Modified
Ecosystems

All reaches in the ACT including
Murrumbidgee

Groundwater abstraction is limited to 10% of the long term
recharge

Created
Ecosystems

All reaches

Groundwater abstraction is limited to 10% of the long term
recharge

Groundwater
Abstraction
Limits

Impoundment Drawdown Levels
Cotter Reservoir

An adaptive management program will be used to guide
drawdown to protect habitat for Macquarie Perch

All other water supply
impoundments

No limits are placed on drawdown levels

All natural lakes or ponds

No abstraction is permitted from natural lakes or ponds

All other impoundments

Drawdown is limited to 0.20m below the spillway

Modified
Ecosystems

All impoundments

Drawdown is limited to 0.20m below the spillway

Created
Ecosystems

All impoundments

Drawdown is limited to 0.20m below the spillway

Water Supply
Ecosystems

Natural
Ecosystems

Drought Flows for Water Supply Ecosystems Stage 1 restrictions
Base Flows
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Above Corin Dam

Maintenance of all natural flows

Above Googong Dam and any
impoundment on the
Naas/Gudgenby Rivers

Maintenance of all natural flows except those needed for
stock and domestic purposes, and that already provided for
at the time these guidelines are listed.

Below Corin Dam

Maintain a flow of 40 ML/day
or 75% of the 80th percentile of the monthly natural inflow,
or natural inflow whichever is lesser volume

Below Bendora Dam

Maintain a flow of 40 ML/day
or 75% of the 80th percentile of the monthly natural inflow,
or natural inflow whichever is the lesser volume

Below Cotter Dam

Maintain an average flow of 15 ML /day

Below Googong Dam

Maintain an average flow of 10 ML/day or natural inflow
whichever is the lesser volume

Below any impoundment on the
Naas/Gudgenby Rivers

Maintain an average of 10 ML/day or natural inflow
whichever is the lesser volume

Riffle Maintenance Flows
Below Corin Dam

Maintain a flow of 150 ML/day for 3 consecutive days every 2
months

Below Bendora Dam

Maintain a flow of 150 ML/day for 3 consecutive days every 2
months

Below Cotter Dam

Not required

Below Googong Dam

Not required

Below any impoundment on the
Naas/Gudgenby Rivers

Not required

Pool Maintenance Flows
Below Corin Dam

Maintain a flow of >550 ML/day for 2 consecutive days
between mid-July and mid- October

Below Bendora Dam

Maintain a flow of >550 ML/day for 2 consecutive days
between mid-July and mid- October

Below Cotter Dam

Not required

Below Googong Dam

Not required

Below any impoundment on the
Naas/Gudgenby Rivers

Not required

Drought Flows for Water Supply Ecosystems Stage 2 restrictions or above
Base Flows
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Above Corin Dam

Maintenance of all natural flows

Above Googong Dam and any
impoundment on the Naas/
Gudgenby Rivers

Maintenance of all natural flows except those needed for
stock and domestic purposes, and that already provided for
at the time these guidelines are listed.

Below Corin Dam

Maintain an average of 20ML/day

Below Bendora Dam

Maintain an average of 20ML/day

Below Cotter Dam

Maintain an average of 15ML/day

Below Googong Dam

Maintain an average of 10 ML/day or inflow whichever is the
lesser volume

Below any impoundment on the
Naas/Gudgenby Rivers

Maintain an average of 10ML/day or natural inflow
whichever is less

Riffle Maintenance Flows
Below Corin Dam

Maintain a flow of 150 ML/day for 3consecutive days every 2
months

Below Bendora Dam

Maintain a flow of 150ML/day for 3 consecutive days every 2
months

Below Cotter Dam

Not required

Below Googong Dam

Not required

Below any impoundment on the
Naas/ Gudgenby Rivers

Not required

Pool Maintenance Flows
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Below Corin Dam

Maintain a flow of >550ML/day for 2 consecutive days
between mid-July and mid- October

Below Bendora Dam

Maintain a flow of >550ML/day for 2 consecutive days
between mid-July and mid-October

Below Cotter Dam

Not required

Below Googong Dam

Not required

Below any impoundment on the
Naas/Gudgenby Rivers

Not required
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Gauged flow Metadata
Gauge

Type

Units

Gauge name

Start of record

End of record

Percent data missing

Unit

410024

Flow

ML/day

Goodradigbee River at Wee Jasper (Kashmir)

20/09/1914

3/04/2017

0.10

ML/day

410026

Flow

ML/day

Yass River at Yass

26/08/1915

3/04/2017

6.19

ML/day

410033

Flow

ML/day

Murrumbidgee River at Mittagang Crossing

28/03/1926

3/04/2017

0.00

ML/day

410050

Flow

ML/day

Murrumbidgee River at Billilingra

15/02/1939

3/04/2017

17.33

ML/day

410062

Flow

ML/day

Numeralla River at Numeralla School

2/12/1947

2/04/2017

8.31

ML/day

410067

Flow

ML/day

Big Badja at Numeralla

18/01/1952

18/01/1985

0.00

ML/day

410076

Flow

ML/day

Strike-A-Light Creek at Jerangle Road

8/05/1955

3/04/2017

4.27

ML/day

410077

Flow

ML/day

Bredbo River at Laguna

28/08/1954

30/07/1985

5.54

ML/day

410107

Flow

ML/day

Mountain Creek at Mountain Creek

21/05/1972

3/04/2017

7.18

ML/day

410141

Flow

ML/day

Micaligo Creek at Michelago

22/05/1982

3/04/2017

0.12

ML/day

410176

Flow

ML/day

Yass River at U/S Burrinjuck Dam (Riverview)

26/06/1999

3/04/2017

0.57

ML/day

410543

Flow

ML/day

Murrumbidgee River at Tantangara Reservoir

2/01/2009

1/08/2014

0.00

ML/day

410700

Flow

ML/day

Cotter River at Kiosk

28/02/1910

1/03/2017

0.49

ML/day

410704

Spill

cumecs

Cotter Reservoir at Dam

6/08/1967

2/01/2017

61.11

cumecs

410705

Flow

ML/day

Molonglo River at Burbong

16/03/1929

16/01/2017

0.91

ML/day

410711

Flow

ML/day

Gudgenby River at Naas

4/03/1962

31/01/2017

48.92

ML/day

410713

Flow

ML/day

Paddy's River at Riverlea

31/03/1957

27/01/2017

44.32

ML/day

410729

Flow

ML/day

Molonglo River at Oaks Estate

13/06/1963

9/01/2017

49.95

ML/day

410730

Flow

ML/day

Cotter River at Gingera

5/07/1963

3/03/2017

0.17

ML/day

410731

Flow

ML/day

Gudgenby River at Tennent

14/11/1964

31/01/2017

4.17

ML/day

410733

Flow

ML/day

Condor Creek at Threeways

31/07/1964

24/01/2017

3.18

ML/day

410734

Flow

ML/day

Queanbeyan River at Tinderry

4/08/1966

18/01/2017

6.36

ML/day

410738

Flow

ML/day

Murrumbidgee River at Mt. MacDonald

7/06/1970

15/02/2017

13.34

ML/day

410741

Flow

ML/day

Molonglo River at Sturt Island

25/04/1968

31/07/2017

32.86

ML/day

Gauge

Type

Units

Gauge name

Start of record

End of record

Percent data missing

Unit

410745

Flow

ML/day

Yarralumla Creek at Curtin

30/01/1970

7/03/2017

1.09

ML/day
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410747

Flow

ML/day

Cotter River below Bendora Dam

4/07/1963

3/03/2017

28.82

ML/day

410748

Spill

cumecs

Googong Reservoir at Dam

14/08/1973

4/04/2017

6.67

cumecs

410750

Flow

ML/day

Ginninderra Creek upstream Charnwood Road

14/08/1973

4/04/2017

18.39

ML/day

410751

Flow

ML/day

Ginninderra Creek upstream Barton Highway

14/08/1973

4/04/2017

15.11

ML/day

410752

Flow

ML/day

Cotter River below Corin Dam

14/08/1973

4/04/2017

3.09

ML/day

410756

Flow

ML/day

Molonglo River below Coppins Crossing

14/08/1973

4/04/2017

11.78

ML/day

410760

Flow

ML/day

Queanbeyan River at Wickerslack

14/08/1973

4/04/2017

0.03

ML/day

410761

Flow

ML/day

Murrumbidgee River below Lobbs’ Hole Creek

14/08/1973

4/04/2017

3.63

ML/day

410765

Spill

cumecs

Lake Ginninderra at Dam

14/08/1973

4/04/2017

1.64

cumecs

410770

Flow

ML/day

Queanbeyan River at A.C.T. Border

30/01/1970

7/03/2017

32.37

ML/day

410772

Flow

ML/day

Sullivan's Creek at Southwell Park

30/01/1970

7/03/2017

21.94

ML/day

410774

Flow

ML/day

Burra Creek at Burra Road

6/09/1977

2/03/2017

19.52

ML/day

410775

Flow

ML/day

Sullivan's Creek at Barry Drive

30/01/1970

7/03/2017

35.31

ML/day

410777

Flow

ML/day

Murrumbidgee River at Hall's Crossing

6/09/1977

2/03/2017

32.49

ML/day

410779

Flow

ML/day

Tuggeranong Creek U/S Sewer Crossing

6/09/1977

2/03/2017

24.26

ML/day

410781

Flow

ML/day

Queanbeyan River U/S Googong Dam

6/09/1977

2/03/2017

31.88

ML/day

410790

Flow

ML/day

Jerrabomberra Creek at Hindmarsh Dr

30/01/1970

7/03/2017

55.07

ML/day
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Appendix 3 Source Water Resource working map
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Source Water Resource working map

Figure 36. Water resource working map.
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Appendix 4 Source water resource model logs
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Source water resource model logs
Date last
modified

Version

File Name

Comments

Modeller

5/05/2017

0

UBIDG.rsproj

Converted IQQM model into Source

TS

10/05/2017

1

UBIDG_V1.rsproj

Schematic arranged geographically (Stage 1)

TS

10/05/2017

2

UBIDG_V2.rsproj

Schematic arranged geographically and cleaned (Stage 2)

TS

10/05/2017

3

UBIDG_V3.rsproj

Schematic arranged geographically and cleaned (Stage 3)

TS

19/05/2017

4

UBIDG_V4.rsproj

Schematic arranged geographically and cleaned (Stage 4). Removed non-functional nodes. No
changes to the data and links.

TS & YQ

23/05/2017

4a

UBIDG_V4a.rsproj

Updated IQQM model with historical gauged flow to 2016.

TS & YQ

19/05/2017

5

UBIDG_V5.rsproj

Replaced old IQQM data with updated gauged flow, residual flow, rainfall and evaporation data.

TS & YQ

22/05/2017

5a

UBIDG_V5a.rsproj

Dummy zeros_1 was changed to Tantangara flow. Corrected the time series of 410067 that was
wrongly linked to time series of 410062. Added a confluence between 410062 and 410067 which
then joined up to 410050 instead of the link of 410067 flowing into 410062. Added Storage Routing
(Piecewise) to the link from the inflow node 410543 to the inflow node 4100331

TS & YQ

30/05/2017

5b

UBIDG_V5b.rsproj

Removed extra non-functional gauges and dummy storage. Inserted routing parameters for inflows
into 410050.

TS & YQ

30/05/2017

6

ACT_V6.rsproj

Included more details in ACT catchments: STP inflow node, and adding storage nodes for Lake
Tuggeranong and Lake Ginninderra. Divided catchments into smaller sub-catchments. A check with
5b was done to ensure outflow at Burrinjuck is the same.

TS & YQ

30/05/2017

6A

ACT_V6A.rsproj

TS & YQ

31/05/2017

6B

ACT_V6B.rsproj

Changed inflow nodes and gauge nodes into new catchment naming convention. Added inflow
node of 4107773 and a confluence to join 4107775 with 410738 before joining with 756
confluence.
Checked storage routing performance at Molonglo: Added gauged flow 410760, changed Lake
Burley Griffin to weir. TEST VERSION. Result: Lake Burley Griffin has lagged release.

31/05/2017

6C

ACT_V6C.rsproj

Checked routing from 410050 to 410761. Turned inflows nodes inactive (410076,410077, 4101410
and 4107611), set flow at 410050 gauged node. Added piecewise routing parameters from 410050
to 410761.

TS & YQ
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Date last
modified

Version

File Name

Comments

Modeller

31/05/2017

6D

ACT_V6D.rsproj

Checked routing downstream of Cotter, Paddy, and Tuggeranong. De-activated all inflows except
inflows from 410761 and 410731. Fitted piecewise routing parameter to gauge node of 410738

TS & YQ

15/08/2017

6E

ACT_V6E.rsproj

Upper Bidgee inputs upstream of Lobbs hole revised

TS

15/08/2017

6F

ACT_V6F.rsproj

Loss function upstream of 410055 added

TS

25/08/2017

6G

ACT_V6G.rsproj

Updated flow inputs for ACT and all of flow data sources updated. This includes updated climate
data, gauged flows, rainfall-runoff flows + gauged flow into inflow nodes, historical releases from
three dams and STP.

TS & YQ

28/08/2017

6H

ACT_V6H.rsproj

Added Murrumbidgee Pumping station to Stromlo. Added loop of Murrumbidgee pumpting station
and environmental demand back base of Cotter. Model does not work well when loop is involved.

TS & YQ

28/08/2017

6I

ACT_V6I.rsproj

Removed Environmental demand node. Added Murrumbidgee Pump to Cotter Supply pt and water
user is Murrumbidgee to base of Cotter. Removed loop and added an inflow to the confluence of
Cotter catchment and renamed it as Murrumbidgee to base of Cotter Dam.

TS & YQ

28/08/2017

6J

ACT_V6J.rsproj

Updated rainfall-runoff flows of Ginninderra, Tuggeranong, and Jerrabomberra. Fixed rainfallrunoff flows of 4107501 by changing the recording to Straight-Through Routing at #100 Upstream
Flow instead of recording the downstream flow at node on SC #99.

TS & YQ

28/08/2017

6K

ACT_V6K.rsproj

Inserted Generic Storage Routing at Link from 410729to confluence of Molonglo and Queanbeyan
(k = 540, m = 0.7), and Link from 4107701 to the same confluence (k = 540, m = 0.7).

TS & YQ

29/08/2017

6L

ACT_V6L.rsproj

Updated gauged flow to include more gauging stations and also imported QC for the corresponding
gauging station. Changed data in inflow node of 41077 to 4107791. Renamed 410738 gauge node
to 410738 murumbidgee at Mt. MacDonald. Removed 410008 gauge and renamed the gauge node
as Murrumbidgee inflow to Burrunjuck.

TS & YQ

29/08/2017

6M

ACT_V6M.rsproj

TS & YQ

31/08/2017

6N

ACT_V6N.rsproj

Reloaded gauged flow due to error in 410741 time series (flow occurred before upstream
catchment 410756). Changed LBG to a weir as tested in version 6B and added ungated spillway and
valve (this is set as defaut). Arbituary values are assigned to these outlets and also for rating
curves.
Added a rating curve to Lake Tuggeranong and modified the storage dimensions, ungated spillway
and culvert. Updated inflow 4107791

1/09/2017

6O

ACT_V6O.rsproj

Updated inflow of Queanbeyan STP by factoring 0.1 to the flows of LMWQCC. Plots shows 0.1
factor.

TS & YQ
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Date last
modified

Version

File Name

Comments

Modeller

1/09/2017

6P

ACT_V6P.rsproj

Replaced current STP flows to historical STP flows

TS & YQ

4/09/2017

6Q

ACT_V6Q.rsproj

Removed non-functional equation and renamed links and confluence

YQ

5/09/2017

6R

ACT_V6R.rsproj

Added a gauge node of 410770 and updated the gauged flow data source to v6

YQ

6/09/2017

6S

ACT_V6S.rsproj

Updated historical releases of Googong and reimported into Source as V2

YQ

7/09/2017

6T

ACT_V6T.rsproj

Included net take calculation. Updated IconWater diversions to include diversions (previously only
included transfers. Renamed 410771 to 4107791 (typo error)

YQ

4/09/2017

6Q_S2_V
1

ACT_V6Q_Scenario2_predevelopmen
t_V1.rsproj

De-activated all storages, lakes, water transfers, STP, and loss function. Changed Googong
(4107481) and Cotter (4107041) historical releases into the inflow from Source catchment. Added
inflow nodes of 4107520, 410747, 4107340, 4107740, 4107811 and modified names of Googong
Downstream to 4107481. Added inflow node (and de-activated) with 4107041 and changed inflow
node of 410700 into a gauge node. Deactivated inflow node "Murrumbidgee to base of Cotter
Dam"

YQ

5/09/2017

6R_S2_V1

ACT_V6R_Scenario2_predevelopmen
t_V1.rsproj

Used Version 6R as the base model. De-activated all storages, lakes, water transfers, STP, and loss
function. Changed Googong (4107481) and Cotter (4107041) historical releases into the inflow
from Source catchment. Added inflow nodes of 4107520, 410747, 4107340, 4107740, 4107811 and
modified names of Googong Downstream to 4107481. Added inflow node (and de-activated) with
4107041 and changed inflow node of 410700 into a gauge node. Deactivated inflow node
"Murrumbidgee to base of Cotter Dam". Renamed 410771 to 4107791

YQ

7/09/2017

63_S3_V1

ACT_V6S_Scenario3_Current_V1.rspr
oj

Model is based on 6S. Included net take calculation. Replaced all diversions and STP to Current
scenario

TS & YQ

8/09/2017

6U

ACT_V6U_Scenario_Current.rsproj

Model crashed after inputting demand downstream of Lake Burley Griffin

TS & YQ

9/09/2017

6V

ACT_V6V_Scenario_Current.rsproj

Inserted a supply point and water user nodes in the system.

TS & YQ
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Date last
modified

Version

File Name

Comments

Modeller

10/09/2017

6W

ACT_V6W_Scenario_Current.rsproj

6 Demand updated from the six water management areas that have the six highest water demand
across the region: Ginninderra, Tuggeranong, Central Molonglo, Lower Molonglo, Lower
Murrumbidgee, Upper Murrumbidgee. Changed Downstream of Cotter at 410700 and Googong
Downstream to ACTREALM_DiaggFlow_Current_v2 time series. Replaced IconWater diversions
from historical to Current. Updated net take calculation by including non-Icon take licences from
the six water management areas.

TS & YQ

10/09/2017

6X

ACT_V6X_Scenario_SDL.rsproj

Replaced all current scenario to SDL scenario

YQ

Rainfall-runoff modelling in Source catchment model for Source water resource model

Date

Version

File Name

Comments

2/08/2017

RRM_V0

UpperMurrumbidgee_v411_MGA55_CR0
15_CR4J_SIMHYD_SILO_410761_WRchec
ks

Using the calibrated model of 410761 (Murrumbidgee at Lobb's Hole)
from the catchment team to test the validity of their calibrated model for
the upstream gauges. Specifically gauges 410033, 410050, 410062 ,
410067, 410076, 410077, 410141, and 410761. Recorded the downstream
flow and model run from 01/01/1980 - 31/12/2016.

8/08/2017

RRM_V1

UpperMurrumbidgee_v411_MGA55_R02
0_CR4J_SIMHYD_SILO_Combined_routing
_Storages_UPDATED

Imported climate data (rainfall and evaporation) from 01/01/1889 to
31/12/216. Run catchment model and recorded the links that correspond
to water resource model. Extended time series of dam and storage
discharges (existing 'gauged releases' at each storages) back to
01/01/1889 - 31/12/2016 with values of 0

Saved as
CatchmentModel_Rainfall
RunoffModel_v4.xlsx

YQ

23/08/2017

RRM_V2

UpperMurrumbidgee_v411_MGA55_R02
0_CR4J_SIMHYD_SILO_Combined_routing
_Storages_UPDATED_v2_

Ran all catchments from 01/01/1890 - 31/12/2016. Found that timing of
flows at 4107381 was delayed.

Saved as
CatchmentModel_Rainfall
RunoffModel_v5.xlsx

YQ
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24/08/2017

RRM_V3

28/08/2017

RRM_V4

UpperMurrumbidgee_v411_MGA55_R02
0_CR4J_SIMHYD_SILO_Combined_routing
_Storages_UPDATED_v3_withoutStorage
Routing4107381
UpperMurrumbidgee_v411_MGA55_R02
0_CR4J_SIMHYD_SILO_Combined_routing
_Storages_UPDATED_v4_withoutStorage
Routing4107381

Removed storage routing at the immediate catchment upstream of gauge
4107381 and changed the link to straight through. Re-run affected
subsequent downstream links (4100081, 4107773, and 4107775).

Saved as
CatchmentModel_Rainfall
RunoffModel_v6.xlsx

YQ

Updated calibration parameters of Ginninderra (SC 82, 92, 433, 99 and
419), Tuggeranong (SC 165, 157, 425, 176, 427,424, and 170), and
Jerrabomberra (SC 151). Re-ran from 01/01/1889 to 31/12/2016

Saved as
CatchmentModel_Rainfall
RunoffModel_v7.xlsx

YQ

Source calibration for water resource model
Date

Catchment

File Name

Calibration details

Model run and comments

2/08/2017

410033

IQQM_on_Source_2.rsproj

Warmup period=01/01/1985-01/01/1990.
End calibration period = 31/12/2016.
Number of shuffles = 3, iteration = 100.
Objectives = NSE Daily and Flow Duration.
Optimisers = SDE and Rosebuck.

Used IQQM data but it is not satisfactory

7/08/2017

NA

UMC_WR_Cal_v1.rsproj

07/08/2017
09/08/2017

4100620

UMC_WR_Cal_4100620_v1a_SIMHYD.rsp
roj
UMC_WR_Cal_4100620_v1b_Sacramento
.rsproj
UMC_WR_Cal_4100620_v1d_Sacramento
_IQQMSacramentoPara.rsproj
UMC_WR_Cal_4100620_v2_GR4J.rsproj

Blank calibration model with updated SILO
climate time series. Updated blank. Links
from one catchment to another are wrong.
USE THIS SPREADSHEET INSTEAD OF
OTHERS WHEN START A NEW CALIBRATION
Warmup period=01/01/1985 - 01/01/1990.
End calibration period = 31/12/2016.
Number of shuffles = 4, iteration = 100.
Objectives = NSE Daily and Flow Duration.
Optimisers = SDE and Rosebuck.
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Best model

Modeller
YQ

YQ

Model: SIMHYD
(UMC_WR_Cal_4100620_v1a_SIMHYD)
Model: SIMHYD - Routing
(UMC_WR_Cal_4100620_v1a_SIMHYD)
Model: Sacramento. FDC is not good
(UMC_WR_Cal_4100620_v1b_Sacramento)
Model: GR4J - the best model
(UMC_WR_Cal_4100620_v1c_GR4J)

Best model: GR4J. Start
calibration period:
01/01/1980. End
calibration period:
31/12/2016. Start
warmup: 01/01/1975

YQ
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04/08/2017
17/08/2017

4100331

UMC_WR_Cal_4100331_v1a.rsproj
UMC_WR_Cal_4100331_v1a_Sacramento
IQQMSacramentoPara.rsproj
UMC_WR_Cal_4100331_v1a_Sacramento
_manual_run2.rsproj
UMC_WR_Cal_4100331_v1b_Sacramento
.rsproj
UMC_WR_Cal_4100331_v1c_GR4J.rsproj

Warmup period=01/01/2005 - 02/01/2009.
End calibration period = 01/08/2014.
Number of shuffles = 4, iteration = 100.
Objectives = NSE Daily and Flow Duration.
Optimisers = SDE and Rosebuck.

Model run favours peak flow.
Uses Sacramento model (V1b_sacramento):
Changed NSE weighting to 0.2
NSE weighting = 0.2 result = better but NSW
is low.
NSE weighting = 0.1, same results as 0.2
Change to GR4J: not working

4/08/2017

4107110

UMC_WR_Cal_4107110_v1a_SIMHYD.rsp
roj
UMC_WR_Cal_4107110_v1b_Sacramento
.rsproj
UMC_WR_Cal_4107110_v1c_GR4J.rsproj
UMC_WR_Cal_4107110_v1c_GR4J_manu
al.rsproj

Calibration run for 4107110 with SIMHYD,
Sacramento, and GR4J. Start warmup period
= 01/01/1958. End warmup period =
03/03/1962. End calibration period =
31/12/2016. Same no. of shuffles and
iterations, same objectives, and optimisers.

Model: SIMHYD
Model: Sacramento
Model: GR4J
Best model GR4J has been manually
adjusted by restricting x2 value
(groundwater losses) to range from -6 to 12. NSE & Flow Duration = 0.596610638
(version 2.0)

Date

Catchment

File Name

Calibration details

07/08/2017
09/08/2017

4100760

UMC_WR_Cal_410076_v1a_Sacramento.r
sproj
UMC_WR_Cal_410076_v1a_Sacramento_
IQQMSacramentoPara.rsproj
UMC_WR_Cal_410076_v1b_SIMHYD.rspr
oj
UMC_WR_Cal_410076_v1c_GR4J.rsproj
UMC_WR_Cal_410076_v1c_GR4J_manual
.rsproj
UMC_WR_Cal_410076_v2_Sacramento_I
QQMSacramentoPara_manual.rsproj

Calibration run for 410076 with SIMHYD,
Sacramento, and GR4J. Start warmup period
= 01/01/1969. End warmup period =
18/09/1974. End calibration period =
31/12/2016. Same no. of shuffles and
iterations, same objectives, and optimisers.

04/08/2017
09/08/2017

4101410

UMC_WR_Cal_4101410_v1a_SIMHYD.rsp
roj
UMC_WR_Cal_4101410_v1b_Sacramento
.rsproj
UMC_WR_Cal_4101410_v1c_GR4J.rsproj
UMC_WR_Cal_4101410_v2_Sacramento_
IQQMSacrmaneotPara.rsproj

Start warmup period = 01/01/1960, end
warmup = 13/11/1964, end calibration =
31/12/2016. Changed catchment boundary
links due to misaligned links. This layer has
the edited version of link from 4101410 to
4107611
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Ran calibration in RRL.
Model: Sacramento.
Start warmup period:
01/01/2004. End
warmup period:
01/01/2009. End
calibration: 01/08/2014.
Optimiser: Rosenbrock
Single Start. Objective
functions: 1) Nash, 2)
Flow Duration. NSE:
~0.56. project area:
1435.0km2
Use Source catchment
model result

YQ

Model run and comments

Best model

Modeller

Model: SIMHYD
Model: Sacramento
Model: GR4J

Used DPIWater
Sacramento parameters
and manually refined
the calibration. Lztw,:
200, Uztwm: 110, and
Uzfwm: 70. Calibration is
from 01/01/1980 to
31/12/2016. Start
warmup: 01/01/1975

YQ

Model: SIMHYD
Model: Sacramento
Model: GR4J
Best model is GR4J. Data quality issue
causing consistent overestimation of flow.
76.58% of poor quality data. May need to
plot how bad the data is.

Use DIPWater IQQM
Sacramento parameters.
Fitted from 01/01/1980
- 31/12/2016

YQ

YQ
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07/08/2017
08/08/2017

4100670

UMC_WR_Cal_4100670_v1a_SIMHYD.rsp
roj
UMC_WR_Cal_4100670_v1b_Sacramento
.rsproj
UMC_WR_Cal_4100670_v1c_GR4J.rsproj
UMC_WR_Cal_4100670_v2_GR4J_manual
_v1.rsproj

Start warmup period = 01/01/1947, end
warmup = 18/01/1952, end calibration =
31/12/2016. Changed catchment boundary
links due to misaligned links.

Model: SIMHYD
Model: Sacramento
Model: GR4J
Best model GR4J has been manually
adjusted by restricting x2 value
(groundwater losses) to -10. NSE & Flow
Duration = 0.918881959 (version 2.0).
Changed calibrated period warm up to
01/01/1970 and calibration start date on
01/01/1975, end calibration perio d
18/01/1985

GR4J_manual

YQ

07/08/2017
08/08/2017

4100770

UMC_WR_Cal_4100770_v1a_SIMHYD.rsp
roj
UMC_WR_Cal_4100770_v1b_Sacramento
.rsproj
UMC_WR_Cal_4100770_v1c_GR4J.rsproj
UMC_WR_Cal_4100770_v1c_GR4J_manu
al_NSE0.2.rsproj
UMC_WR_Cal_4100770_v1c_GR4J_manu
al_X1.rsproj
UMC_WR_Cal_4100770_v2_Sacramento_
IQQMSacramentoPara.rsproj

Start warmup period = 01/01/1960, end
warmup = 13/11/1964, end calibration =
31/12/2016. Changed catchment boundary
links due to misaligned links.

Model: SIMHYD
Model: Sacramento
Model: GR4J
Calibration run warmup from 01/01/1975,
end warmup on 01/01/1980, end calibration
at 31/12/2016.
Using Minimum Absolute Bias. Does not
work.

Used DPIWater IQQM
Sacramento parameters
and fitted from
01/01/1975 30/07/1985.

YQ

Date

Catchment

File Name

Calibration details

Model run and comments

Best model

Modeller

04/08/2017
08/08/2017

4107311

UMC_WR_Cal_4107310_v1a_GR4J_with_
4107710.rsproj
UMC_WR_Cal_4107310_v1a_SIMHYD.rsp
roj
UMC_WR_Cal_4107310_v1a_SIMHYD_wit
h_4107710.rsproj

Minimise Absolute Bias objective function.
Calibration warm up = 01/01/1980, end
warmup = 01/01/1985, end calibration =
31/12/2016.

Best model GR4J. No adjustment as it uses
Minimise Absolute Bias objective function
because we consistently see an
unestimation of flows.

Use Source catchment
model result

YQ

10/08/2017
11/08/2017

4100501

UMC_WR_Cal_4100501_v1a_CombinedU
pstream_GR4J.rsproj
UMC_WR_Cal_4100501_v1a_CombinedU
pstream_SIMHYD.rsproj
UMC_WR_Cal_4100501_v1b_CombinedU
pstream_Sacramento.rsproj
UMC_WR_Cal_4100501_v1c_CombinedU
pstream_Sacramento_IQQMSacramentoP
ara.rsproj
UMC_WR_Cal_4100501_v1c_CombinedU
pstream_Sacramento_IQQMSacramentoP
ara_manual.rsproj

Inital model: SIMHYD
Calibration warmup period = 01/01/1970,
end warmup period = 01/01/1975. End
calibration = 18/01/1985. Used NSE & Flow
Duration. Added piecewise routed
parameters from 4100331-4100501,
4100501-4100761. Fitted Arbituary routed
parameter (0 lag time) to the links from
410062 and 410067 to 4100501. Fitted a
evaporative losses in all links contributing
into 410050 by adding reach lengths
(measured from ArcGIS), widths (estimated
from Google Earth) into the rating curve

This is because from 1982 - 1983 there are
incidents of cease-to-flow but 4100501 was
still producing a low baseflow during the
drought period. Added initial flow of each
time series at 01/01/1975 for all relevant
links to 410050, therefore running the
period from 01/01/1970 to prevent the
initial flow to initialise during the actual
period. Midflow is modelled well but there
is baseflow during cease-to-flow period
Sacramento: cease-to-flow condition is
better than SIMHYD. Very close to zero.
Removed routing parameters and

Use IQQM parameters in
the model.

YQ
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(rating curves started from 01/01/1890) and
evporation and rainfall data of 4100501 into
these links.

evaporative losses from 410062 and
410067. Run from 01/01/1970 18/01/1985. Suggest when running from
01/01/1889 instead of 01/01/1890 and
report flow series from 01/01/1890 to
prevent the initial flow initialising.
Changed upstream node to set flow to force
the gauge flow to match with downstream
flow. Re-calibrate it. NSE Flow duration 0.2 -> yield poor results (overestimating all the
time). Re-calibrated and used IQQM
parameters but still overestimated. Because
410050 flow series is unreliable, we decided
to apply same calibration parameters to
410050 and 4100761. We extended 410067
and 410077 time series using our best
calibrated model till to 2016 (as they ended
in 1985), set flow at all nodes on the
upstream catchments and ran Sacramento
calibration.
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Appendix 5 Water Resource Model Calibration result for 4100670
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Water Resource calibration results for 4100670
Catchment number: 4100670
Calibrated gauge number/name: 410067/Big Badja at Numeralla
Calibration period: 01/01/1975 to 18/01/1985 (warm-up period starts from 01/01/1970)
Model: GR4J with adjustments
Table 26 Calibration parameters and NSE Daily & Flow Duration value

NSE Daily & Flow Duration

C

k

x1

x2

x3

x4

0.918882

0.51385

0.51385

48.55582

-10

259.4414

1.026891
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Figure 37. Flow Duration Curve of gauged flow and modelled flow calibrated at gauge 410067.
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Figure 38. Cumulative curves of gauged flow and modelled flow calibrated at gauge 410067.
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Figure 39. Time series of gauged flow and modelled flow calibrated at gauge 410067
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Appendix 6 Water resource flow balance table
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Flow balance table
Catchment

Area
(km²)

Downstream flow 1

Downstream flow 2

Upstream 1

4100081

1112.38

Latest
Run>Storage>Burrinjuck_S
C #415>Upstream Flow

Latest Run>StraightThrough Routing>link
for catchment SC
#047>Downstream Flow

4100240

988.87

4100260

1237.15

Latest
Run>Confluence>Node on
catchment SC
#085>Downstream Flow
Latest
Run>Confluence>Node on
catchment SC
#009>Downstream Flow

4100331

1435.38

4100501

882.85

4100620

674.44

4100670

204.27

4100760

212.65

4100770

86.15

4101070

166.56

4101410

190.49

4101761

364.90

Latest
Run>Confluence>Node on
catchment SC
#010>Downstream Flow

Latest
Run>Confluence>Node on
catchment SC
#009>Downstream Flow

4105431

467.12

4107041

192.55

Latest
Run>Storage>Tantangara_S
C #432>Upstream Flow
Latest
Run>Storage>Cotter_SC
#136>Upstream Flow

Latest
Run>Storage>Bendora_SC
#434>Downstream Flow

Latest
Run>Confluence>Node on
catchment SC
#085>Downstream Flow

Upstream 2
Latest
Run>Confluence>Node on
catchment SC
#010>Downstream Flow

Upstream 3

Upstream 4

Upstream 5

Latest
Run>Confluence>Nod
e on catchment SC
#052>Downstream
Flow

Latest
Run>Gauge>410777
_SC
#079>Downstream
Flow

Latest
Run>Storage>Burrinju
ck_SC
#415>Downstream
Flow

Latest
Run>Confluence>Node on
catchment SC
#052>Downstream Flow
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Catchment

Area
(km²)

Downstream flow 1

4107050

485.55

4107110

369.51

4107130

226.22

4107291

90.88

Latest Run>StraightThrough Routing>link for
catchment SC
#147>Downstream Flow
Latest
Run>Confluence>Node on
catchment SC
#221>Downstream Flow
Latest
Run>Gauge>410713_SC
#145>Downstream Flow
Latest Run>StraightThrough Routing>link for
catchment SC
#128>Upstream Flow

4107311

300.76

Latest
Run>Gauge>410731_SC
#202>Downstream Flow

4107340

517.11

4107381

230.74

Latest
Run>Confluence>Node on
catchment SC
#229>Downstream Flow
Latest
Run>Gauge>410738_SC
#110>Downstream Flow

Latest
Run>Gauge>410761_SC
#201>Downstream Flow

4107411

29.76

Latest Run>StraightThrough Routing>link for
catchment SC
#107>Downstream Flow

Latest Run>StraightThrough Routing>link for
catchment SC
#114>Downstream Flow

4107450

27.57

4107471

91.29

Latest
Run>Gauge>410745_ SC
#129>Downstream Flow
Latest
Run>Storage>Bendora_SC
#434>Upstream Flow

ACT Source Model Development

Downstream flow 2

Upstream 1

Latest Run>StraightThrough Routing>link for
catchment SC
#147>Downstream Flow

Upstream 2

Upstream 3

Upstream 4

Upstream 5

Latest Run>StraightThrough Routing>link
for catchment SC
#168>Downstream
Flow

Latest
Run>Gauge>410713
_SC
#145>Downstream
Flow

Latest
Run>Storage>Cotter_
SC #136>Downstream
Flow

Latest Run>StraightThrough Routing>link for
catchment SC
#152>Downstream Flow

Latest
Run>Confluence>Node on
catchment SC
#221>Downstream Flow

Latest
Run>Gauge>410731_SC
#202>Downstream Flow

Latest
Run>Storage>CorinDam_
SC #206>Downstream
Flow
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Catchment

Area
(km²)

Downstream flow 1

4107481

128.57

Latest
Run>Storage>Googong_SC
#426>Upstream Flow

Latest
Latest
Run>Confluence>Node on Run>Gauge>410781_SC
catchment SC
#192>Downstream Flow
#197>Downstream Flow

4107501

38.10

Latest Run>StraightThrough Routing>link for
catchment SC
#100>Upstream Flow

Latest
Run>Storage>Ginninderra
_SC #419>Downstream
Flow

4107520

197.13

4107563

66.26

4107564

159.33

Latest
Run>Storage>CorinDam_SC
#206>Upstream Flow
Latest Run>StraightThrough Routing>link for
catchment SC
#114>Downstream Flow
Latest
Run>Storage>LBG_SC
#127>Upstream Flow

4107601

20.46

4107611

1007.31

4107651

86.62

4107701

59.58

4107720

27.67

4107740

68.90

Latest Run>StraightThrough Routing>link for
catchment SC
#166>Downstream Flow

Latest
Run>Storage>Ginninderra_
SC #419>Upstream Flow
Latest Run>StraightThrough Routing>link for
catchment SC
#152>Downstream Flow

Downstream flow 2

Upstream 1

Upstream 2

Latest
Run>Storage>LBG_SC
#127>Downstream Flow

Latest
Run>Gauge>410745_ SC
#129>Downstream Flow

Latest
Run>Confluence>Node on
catchment SC
#116>Downstream Flow

Latest
Run>Confluence>Node on
catchment SC
#131>Downstream Flow

Upstream 3

Upstream 4

Upstream 5

Latest Run>StraightThrough Routing>link
for catchment SC
#128>Upstream Flow

Latest
Run>Storage>Googong_S
C #426>Downstream Flow

Latest Run>StraightThrough Routing>link for
catchment SC
#166>Downstream Flow

Latest
Run>Confluence>Node on
catchment SC
#109>Upstream Flow
Latest
Run>Confluence>Node on
catchment SC
#197>Downstream Flow

ACT Source Model Development

101

Catchment

Area
(km²)

Downstream flow 1

4107751

19.57

Latest
Run>Confluence>Node on
catchment SC
#116>Downstream Flow

Latest
Run>Confluence>Node on
catchment SC
#109>Upstream Flow

4107773

57.40

Latest
Run>Gauge>410777_SC
#079>Downstream Flow

Latest Run>StraightThrough Routing>link for
catchment SC
#089>Downstream Flow

4107774

96.81

4107775

140.14

Latest Run>StraightThrough Routing>link for
catchment SC
#089>Downstream Flow
Latest Run>StraightThrough Routing>link for
catchment SC
#097>Downstream Flow

Latest Run>StraightThrough Routing>link for
catchment SC
#100>Upstream Flow
Latest
Run>Gauge>410738_SC
#110>Downstream Flow

4107791

68.41

Latest Run>StraightThrough Routing>link for
catchment SC
#168>Downstream Flow

4107811

175.80

Latest
Run>Gauge>410781_SC
#192>Downstream Flow

4107900

119.54

Latest
Run>Confluence>Node on
catchment SC
#131>Downstream Flow
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Downstream flow 2

Latest
Run>Storage>Tuggeran
ong_SC #424>Upstream
Flow

Upstream 1

Upstream 2

Upstream 3

Upstream 4

Upstream 5

Latest Run>StraightThrough Routing>link for
catchment SC
#097>Downstream Flow

Latest Run>StraightThrough Routing>link for
catchment SC
#107>Downstream Flow

Latest
Run>Storage>Tuggeranon
g_SC #424>Downstream
Flow
Latest
Run>Confluence>Node on
catchment SC
#229>Downstream Flow
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Appendix 7 Source water resource model results

ACT Source Model
Development

103

Source Water Resource model results

Figure 40. Calibration results downstream flow recorded at 410050.
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Figure 41. Calibration results for downstream flow recorded at 410731.
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Figure 42. Calibration results for downstream flow recorded at 410761.
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Figure 43. Calibration results for downstream flow recorded at 410738.
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Figure 44. Calibration results for downstream flow recorded at 410729.
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Figure 45. Calibration results for downstream flow recorded at 410741.
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Figure 46. Calibration results for downstream flow recorded at 410777.
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Appendix 8 Catchment areas within each WMA and within ACT
border
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Appendix 8: Catchment areas within each WMA and within ACT border
Water Management Area

Central Molonglo

Cotter

Ginninderra

Googong

Gudgenby
Jerrabomberra
Headwaters
Lower Molonglo

Lower Murrumbidgee
Lower Queanbeyan
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Catchment
number

Total catchment area
(km²)

Area within WMA incl. NSW
(km²)

Area within WMA & ACT
(km²)

Area Factor

𝑨𝒘𝒊𝒕𝒉𝒊𝒏 𝑾𝑴𝑨 & 𝑨𝑪𝑻) 𝟎.𝟕

(

𝑨𝑾𝑹 𝒄𝒂𝒕𝒄𝒉𝒎𝒆𝒏𝒕

4107291

90.88

90.88

73.25

0.860

4107564

159.33

159.33

154.72

0.980

4107720

27.67

27.67

27.67

1

4107751

19.57

19.57

19.57

1

4107900

119.54

39.79*

32.33

0.400

4107041

192.55

192.55

181.89

0.961

4107471

91.29

91.29

91.29

1

4107520

197.13

197.13

197.13

1

4107501

38.10

38.10

38.10

1

4107651

86.62

86.62

86.62

1

4107774

96.81

96.81

29.71

0.437

4107340

517.11

517.11

517.11

1

4107481

128.57

128.57

128.57

1

4107740

68.90

68.90

68.90

1

4107811

175.80

175.80

175.80

1

4107110

369.51

369.51

369.51

1

4107311

300.76

3.32*

3.32

0.043

)

4107900
119.54

79.76*

0.00**

0

4107411

29.76

29.76

29.76

1

4107450

27.57

27.57

27.57

1

4107563

66.26

66.26

66.26

1

4107381

230.74

25.04*

25.04

0.211

4107775

140.14

140.14

65.15

0.585

4107601

20.46

20.46

0.00**

0
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Water Management Area

Catchment
number

Total catchment area
(km²)

Area within WMA incl. NSW
(km²)

Area within WMA & ACT
(km²)

Area Factor

𝑨𝒘𝒊𝒕𝒉𝒊𝒏 𝑾𝑴𝑨 & 𝑨𝑪𝑻) 𝟎.𝟕

(

𝑨𝑾𝑹 𝒄𝒂𝒕𝒄𝒉𝒎𝒆𝒏𝒕

4107701

59.58

59.58

0.00**

0

Nass

4107311

300.76

288.53*

288.53

0.971

Paddys

4107130

226.22

226.22

226.22

1

4107381

230.74

21.41*

21.41

0.189

Tuggeranong

4107791

68.41

68.41

59.15

0.903

Upper Molonglo

4107050

485.55

485.55

13.85

0.083

Upper Murrumbidgee

4101410

190.49

190.49

0.00**

0

4107311

300.76

8.91*

8.91

0.085

4107381

230.74

183.30*

183.30

0.851

4107611

1007.31

463.79*

37.00

0.099

)

*Not all water resource catchments are within each WMA (including NSW)
**Catchments that fall outside of ACT boundary.
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Appendix 9: Catchment Model – Hydrology calibration plots
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Catchment Model – Hydrology calibration plots
Daily time series and flow duration curves over the calibration period are provided below for each of the
calibration gauges.

410705 – Molonglo at Burbong

Figure 47: Time series

Figure 48: Baseflow time series

Figure 49: Flow duration curve
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410761 – Murrumbidgee at Lobbs Hole

Figure 50: Time series

Figure 51: Baseflow

Figure 52: Flow Duration Curve
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410730 – Cotter at Gingera

Figure 53: Time series

Figure 54: Baseflow

Figure 55: Flow Duration Curve
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410733 – Condor at Three Ways

Figure 56: Time series

Figure 57: Baseflow

Figure 58: Flow Duration Curve
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410781 – Queanbeyan Upstream of Googong

Figure 59: Time series

Figure 60: Baseflow

Figure 61: Flow Duration Curve
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410731 – Gudgenby at Tennent

Figure 62: Time series

Figure 63: Baseflow

Figure 64:Flow Duration Curve
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410713 – Paddy’s at Riverlea

Figure 65: Time series

Figure 66: Baseflow

Figure 67: Flow Duration Curve
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410745 – Yarralumla at Curtin

Figure 68: Time series

Figure 69: Baseflow

Figure 70: Flow Duration Curve
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410751 – Ginninderra

Figure 71: Time series comparison

Figure 72: Baseflow time series comparison

Figure 73: Flow duration curves
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410771 – Tuggeranong

Figure 74: Time series

Figure 75: Baseflow time series

Figure 76: Flow duration curve
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410790 – Jerrabomberra at Hindmarsh Drive

Figure 77: Time series comparison

Figure 78: Baseflow comparison

Figure 79: Flow duration curve
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Appendix 10: Catchment Model – Hydrology validation plots
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Catchment Model – Hydrology validation plots
Daily flow duration curves over the validation period (1981 to 2016) are provided below for each of the
validation gauges; Murrumbidgee at Lobbs Hole (410761), Murrumbidgee at Mt McDonald (410738) and
Murrumbidgee at Halls Crossing (410777).

Figure 80: Murrumbidgee at Lobbs Hole flow duration curve

Figure 81: Murrumbidgee at Mt McDonald flow duration curve

Figure 82: Murrumbidgee at Halls Crossing flow duration curve
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Appendix 11: Catchment Model – Water Quality validation plots
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Catchment Model – Water Quality validation plots
This Appendix includes time series plots for selected sites used for water quality validation.

Murrumbidgee at Angle Crossing

Figure 83: Modelled and observed total nitrogen concentration with modelled flow overlayed.

Figure 84: Modelled and observed total nitrogen (y axis zoom)

Figure 85: Modelled and observed total phosphorus concentration with modelled flow overlayed.
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Figure 86: Modelled and observed total suspended solids concentration with modelled flow overlayed.

Figure 87: Modelled and observed salinity (assuming 0.6 conversion) concentration with modelled flow overlayed.
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Figure 88: Modelled and observed total nitrogen concentration with modelled flow overlayed.
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Figure 89: Modelled and observed total phosphorus concentration with modelled flow overlayed.
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Figure 90: Modelled and observed total suspended solids concentration with modelled flow overlayed
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Figure 91: Modelled and observed salinity (assuming 0.6 conversion) concentration with modelled flow overlayed.
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Queanbeyan at ACT border

Figure 92: Modelled and observed total nitrogen concentration with modelled flow overlayed.

Figure 93: Modelled and observed total phosphorus concentration with modelled flow overlayed.

Figure 94: Modelled and observed total suspended solids concentration with modelled flow overlayed
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Figure 95: Modelled and observed salinity (assuming 0.6 conversion) with modelled flow overlayed. Note the drop in
concentration is due to Googong dam releases
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Figure 96: Modelled and observed total nitrogen concentration with modelled flow overlayed.
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Figure 97: Modelled and observed total phosphorus concentration with modelled flow overlayed.
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Figure 98: Modelled and observed total suspended solids concentration with modelled flow overlayed
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Figure 99: Modelled and observed salinity (assuming 0.6 conversion) concentration with modelled flow overlayed.
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Figure 100: Modelled and observed total nitrogen concentration with modelled flow overlayed.
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Figure 101: Modelled and observed total phosphorus concentration with modelled flow overlayed.
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Figure 102: Modelled total suspended solids (TSS) and observed turbidity with modelled flow overlayed. No observed TSS
available at site – a 1:1 relationship was assumed based on nearby catchments
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Figure 103: Modelled and observed salinity (assuming 0.6 conversion) concentration with modelled flow overlayed.
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Figure 104: Modelled and observed total nitrogen concentration with modelled flow overlayed.
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Figure 106: Modelled and observed total phosphorus concentration with modelled flow overlayed.
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Figure 105: Modelled and observed total nitrogen concentration with modelled flow and observed TN discharges from
LMWQCC overlayed.
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Figure 107: Modelled and observed total suspended solids concentration with modelled flow overlayed
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Figure 108: Modelled and observed salinity (assuming 0.6 conversion) concentration with modelled flow overlayed.
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Figure 109: Modelled and observed salinity (assuming 0.6 conversion) concentration
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4/28/2009

Molonglo River at Burbong (Salinity only)

Figure 110: Modelled and observed salinity (assuming 0.6 conversion) concentration
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Appendix 12: Land use mapping
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Land Use mapping
Unique Tertiary V (ACT)
1.1.1 Strict nature reserves
1.1.2 Wilderness area
1.1.3 National park
1.1.5 Habitat/species management area
1.2.2 Surface water supply
1.3.0 Other minimal use
1.3.1 Defence land - natural areas
3.1.1 Hardwood plantation
3.1.2 Softwood plantation
3.2.1 Native/exotic pasture mosaic
3.3.3 Hay & silage
4.4.0 Irrigated perennial horticulture
4.4.1 Irrigated tree fruits
4.4.2 Irrigated oleaginous fruits
4.4.4 Irrigated vine fruits
4.5.5 Irrigated turf farming
5.1.0 Intensive horticulture
5.2.4 Poultry farms
5.4.1 Urban residential
5.4.2 Rural residential with agriculture
5.4.3 Rural residential without agriculture
5.5.1 Commercial services
5.5.2 Public services
5.5.3 Recreation and culture
5.5.4 Defence facilities - urban
5.5.5 Research facilities
5.6.0 Utilities
5.7.1 Airports/aerodromes
5.7.2 Roads
5.7.3 Railways
5.7.5 Navigation and communication
5.8.0 Mining
5.8.2 Quarries
5.8.4 Extractive industry not in use
5.9.2 Landfill
5.9.5 Sewage/sewerage
6.1.0 Lake
6.2.1 Reservoir
6.2.2 Effluent pond
6.2.2 Farm Dam
6.3.0 River
6.5.0 Marsh/wetland
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FU mapping
Native Vegetation
Native Vegetation
Native Vegetation
Native Vegetation
Native Vegetation
Native Vegetation
Native Vegetation
Plantation Forest
Plantation Forest
Grazing Modified Pastures
Broadscale Agriculture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Intense Livestock
MD Urban Residential
Rural Residential with agriculture
Rural Residential without agriculture
Commerical
Commerical
Greenspace/Parks
Commerical
Commerical
Industrial
Industrial
Roads/Transport
Roads/Transport
Roads/Transport
Mining
Mining
Mining
Industrial
Industrial
Water/wetland
Water/wetland
Water/wetland
Farm Dams
Water/wetland
Water/wetland

Unique NSW ALUM code
1.1.3
1.1.7
1.2.2
1.3.0
1.3.2
1.3.3
1.3.4
1.3.4
1.3.4
1.3.4
1.3.4
2.1.0
2.2.0
2.2.0
2.2.0
2.2.0
3.1.1
3.1.2
3.2.1
3.2.2
3.3.1
3.4.0
3.4.3
3.5.1
3.5.2
3.5.3
3.5.4
3.6.4
4.3.0
4.4.0
4.4.3
4.5.0
4.5.1
4.5.2
4.5.3
4.5.4
4.6.4
5.0.0
5.1.0
5.1.1
5.2.0
5.2.2
5.2.5
5.3.0
5.3.0
5.4.0
5.4.1
5.4.2
5.4.2
5.5.0
5.5.1
5.5.2
5.5.3
5.5.5
5.6.0
5.6.1
5.7.0
5.7.1
5.7.2
5.7.3
5.7.5
5.8.1
5.8.2
5.8.3
5.9.0
5.9.2
5.9.5
6.1.0
6.2.0
6.2.0
6.2.1
6.2.4
6.3.0
6.4.0
6.4.2
6.5.0

Unique LU_ALUMDet (NSW)
OUTSIDE
National park
Other conserved area
Surface water supply
Other minimal use
Stock route
Residual native cover
Abandoned land
Degraded land
Land under rehabilitation
No defined use
Rehabilitation
Grazing native vegetation
Production forestry
Reservoir/dam
Transport and communication
Wood production
Hardwood plantation
Softwood plantation
Environmental forest plantation
Environmental forest plantation
Native/exotic pasture mosaic
Cropping
Hay & silage
Tree fruits
Oleaginous fruits
Tree nuts
Vine fruits
Seasonal vegetables & herbs
Grazing irrigated modified pastures
Irrigated cropping
Irrigated hay & silage
Irrigated perennial horticulture
Irrigated tree fruits
Irrigated oleaginous fruits
Irrigated tree nuts
Irrigated vine fruits
Irrigated seasonal vegetables & herbs
Farm buildings/infrastructure
Intensive horticulture
Shadehouses
Intensive animal husbandry
Cattle feedlots
Piggeries
Abattoirs
Manufacturing and industrial
Residential and farm infrastructure
Urban residential
Rural residential with agriculture
Rural residential without agriculture
Services
Commercial services
Public services
Recreation and culture
Research facilities
Utilities
Fuel powered electricity generation
Transport and communication
Airports/aerodromes
Roads
Railways
Navigation and communication
Mines
Quarries
Tailings
Waste treatment and disposal
Landfill
Sewage
Lake
Aquaculture
Reservoir/dam
Reservoir
Effluent pond
River
Channel/aqueduct
Drainage channel/aqueduct
Marsh/wetland

FU mapping
see ACT
Native Vegetation
Native Vegetation
Native Vegetation
Native Vegetation
Grazing Natural Vegetation
Native Vegetation
Greenspace/Parks
Greenspace/Parks
Greenspace/Parks
Greenspace/Parks
Greenspace/Parks
Grazing Natural Vegetation
Plantation Forest
Water/wetland
Roads/Transport
Plantation Forest
Plantation Forest
Plantation Forest
Plantation Forest
Plantation Forest
Grazing Modified Pastures
Broadscale Agriculture
Broadscale Agriculture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Horticulture
Industrial
Horticulture
Horticulture
Intense Livestock
Intense Livestock
Intense Livestock
Intense Livestock
Industrial
Rural Residential with agriculture
MD Urban Residential
Rural Residential with agriculture
Rural Residential with agriculture
Commerical
Commerical
Commerical
Greenspace/Parks
Commerical
Industrial
Industrial
Roads/Transport
Industrial
Roads/Transport
Roads/Transport
Roads/Transport
Mining
Mining
Mining
Industrial
Industrial
Industrial
Water/wetland
Water/wetland
Water/wetland
Water/wetland
Water/wetland
Water/wetland
Water/wetland
Water/wetland
Water/wetland

Appendix 13: Gudgenby and Naas Inflow derivation
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The initial approach used to derive the flow from each catchment was to use 410711 to represent Gudgenby
flow and the difference between 410731 and 410711 as the contribution from the Naas catchment. This
method resulted in a high frequency of cease to flow periods in the Naas catchment. Further investigation of
the gauge data quality at the two gauges revealed that the quality of gauged data at 410711 is not high,
particularly for low to medium flows in recent years with significant erosion at the site.

Therefore, rather than use the gauged data at 410711 to calculate Gudgenby and Naas flows, the method was
revised to use only gauging station at 410731. The flow at 410711 (i.e. flow from Gudgenby catchment
4107110) has been estimated by factoring of the total area of Naas and Gudgenby with the following equation:
𝐹𝑙𝑜𝑤4107110 (𝐺𝑢𝑑𝑔𝑒𝑛𝑏𝑦) = 𝐹𝑙𝑜𝑤410731 × (

𝐴𝑟𝑒𝑎4107110 (𝐺𝑢𝑑𝑔𝑒𝑛𝑏𝑦)
)0.7
𝐴𝑟𝑒𝑎4107110 (𝐺𝑢𝑑𝑔𝑒𝑛𝑏𝑦) + 𝐴𝑟𝑒𝑎4107311 (𝑁𝑎𝑎𝑠)

And flows contributed from Naas catchment (4107311) is calculated as:
𝐹𝑙𝑜𝑤4107311 (𝑁𝑎𝑎𝑠) = 𝐹𝑙𝑜𝑤410731 − 𝐹𝑙𝑜𝑤4107110 (𝐺𝑢𝑑𝑔𝑒𝑛𝑏𝑦)
The flow duration curves for both catchments were then calculated from 1/1/1980 to 31/12/2016 as shown
below.

Figure 111: Flow duration curves for Gudgenby and Naas catchment.
The time series of 4107311 were then extended back to 1890 and was infilled using the rainfall runoff
modelling results from Source Catchment model where data is missing. The new infilled time series were then
imported into Source water resource model for further model runs to obtain the percentile flows.
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