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Modelling of the catchments of Botany Bay was recently completed on behalf of Sydney Metropolitan
CMA using the E2 modelling framework (see WBM 2007). These results indicated that significant
pollutant loads are predicted to enter into the Bay from the urbanised catchments of the region,
however further assessments were required to quantify the predicted loads from future land use and
climate change scenarios.

The Botany Bay E2 model has been revised to incorporate projected future land use and all
hydrologic and constituent parameters are completely consistent with the original catchment model.
These scenarios are presented in Table 1-1.

Table 1-1  Botany Bay E2 Model Scenarios

Scenario Scenario Description

Predevelopment | Predevelopment scenario. Original 2006 Botany Bay E2 model.

Scenario 1 Basecase. Original 2006 Botany Bay E2 model.

Scenario 2 2030 Land use created from the METRIX Subregional Planning
Tool developed by the NSW Department of Planning. The data
used for this scenario and other scenarios was extracted on 4"
January 2008.

Scenario 3 2030 Land use created from METRIX plus a large scale
development in western region

Scenario 4 2030 Land use created from METRIX plus a large scale WSUD
development in western region with 80% reduction in TSS, 45%
reduction in TP and TN.

Scenario 7 2070 Land use created from linear extrapolation of 2030 land use

Scenario 8 2070 Land use plus a large scale development in western region

Scenario 9 2070 Land use plus a large scale WSUD development in western
region with 80% reduction in TSS, 45% reduction in TP and TN.

Scenario 12 2070 Land use plus a large scale development in western region
and all urbanised land uses characterised by WSUD pollutant
reduction of 80% reduction in TSS, 45% reduction in TP and TN.

Further details of model refinement are presented in Section 2. Model Results describing from future

land use scenarios are provided in Section 3.
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To allow future land use assessments to be undertaken a 2030 land use map was created based on
broad scale data supplied by the NSW Department of Planning (DoP) METRIX Subregional Planning
Tool web site. The tool (Figure 2-1) provides projections on population increase and
housing/community profiles for both DoP estimates of theoretical housing capacity in and around
centres in existing urban areas, and participating council's long-term housing strategies out to
2031. DoP estimates of theoretical housing capacity have been used in the E2 scenario modelling.

The data that is readily available in METRIX are expressed in dwelling numbers, residential dwelling
areas per census collection district and dwelling number estimates to 2031. The figures in the tool
are not Government policy, but are a starting-point for meeting expected future housing need.

Figure 2-1  Typical METRIX Interface

The tool does not provide future zoned area, but does provide population estimates for existing urban
areas (Infill). The tool is not designed to handle new urban areas (Greenfield). Only two LGAs in the
Botany Bay catchment region have allocated greenfield areas (Campbelltown and Liverpool),
however the majority of projected population increase is allocated to urban infill as shown in Table

2-1.
Table 2-1  Projected Population Increase in Selected  Botany Bay LGAs
2031 Population

E2 Model proportion | 2031 Projected | Increase In Existing
Name area Population Increase Urban Areas (Infill)
CAMPBELLTOWN 26.0% 38% 29%
LIVERPOOL 16.0% 25% 14%
SUTHERLAND 15.8% 12% 12%
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Therefore with the exception of Campbelltown and Liverpool LGAs, the urban footprint (i.e land use
map) is not projected to change significantly in terms of extents. The projected urban densification will
have an impact on catchment hydrology and therefore pollutant export, and as such, these higher
density areas have been used to create the future land use map.

Future higher density urban areas have been mapped using the projected village, town, major centre
regional city and global city locations as provided in the METRIX tool. Centre radii, as defined within
METRIX, are provided in Table 2-2.

Table 2-2 Urban Centre Radii

Centre Centre Radius (m)
Global City 2000

Regional City 2000

Major Centre 1000

Town 800

Village 600

Locations of the village, town, major centre regional city and global city urban centres were visually
mapped to separate GIS framework using suburb, road and rail networks as reference points and the
designated urban centre radii to create an ‘urban centres’ map. Standard centre radii as presented in
Table 2-2 were used to size each centre and larger centres were given priority over smaller centres
for overlapping areas. The ‘urban centres’ map was then stamped onto the existing Botany Bay E2
Land Use Map with greenspace and bushland areas preserved.

METRIX only extends to 2031, therefore the 2070 land use map was based on the 2030 land use
map and modified by upsizing each urban centre as provided in Table 2-2. For example, a village of
radius 600m was upsized to a Town with radius 800m. The 2070 ‘urban centres’ map was then
stamped onto the existing Botany Bay E2 Land Use Map with greenspace and bushland areas
preserved.

n" # $ %

Greenfield areas for Liverpool and Campbelltown LGAs were derived from figures provided in the
METRIX tool. Population projections associated with greenfield collection districts (CDs) were
compared to area already zoned and projected urban density to derive new urban area requirements
as shown in Table 2-3.

Table 2-3  Projected Greenfield Area for Model Scena  rios

LGA 2030 2070
Liverpool 164 ha | 450 ha
Campbelltown 255 ha | 700 ha
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Scenarios 3,4,8,9 and 12 incorporate a hypothetical large-scale urban development in Western
Sydney. The size of this urban development is approximately 1200 ha for the 2030 scenarios and
2000 ha for the 2070 scenario representing approximately 12,000 and 20,000 lots respectively. This
hypothetical land development has been included in selected model scenarios to assess the relative
impacts of different forms of development on overall catchment loads and does not mean that this
development will actually take place.
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Figure 2-2  Botany Bay 2030 Land Use Map
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Figure 2-3  Botany Bay 2070 Land Use Map
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To account for projected increases in urban density in the 2030 and 2070 land use model scenarios,
the proportion of impervious area was adjusted as per Table 2-4 and Table 2-5 for the urban areas
and new urban centre areas. The only parameter adjusted was the pervious fraction with urban
centres assigned slightly higher impervious fractions than normal urban areas.

Table 2-4  Future Land Use Hydrological Parameterisa  tion
Non-Urban
. 2006 Urban 2030 Urban 2070 Urban
S| P e Adopted Values [Adopted Values |Adopted Values A\?glﬂt:;i
Baseflow coefficient 0.5 0.5 0.5 0.5
Impervious Threshold (mm) 2 2 2 2
Infiltration coefficient 300 300 300 300
Infiltration shape 6 6 6 6
Interflow Coeff. 0.535 0.535 0.535 0.535
Pervious fraction 0.8 0.7 0.6 1
Rainfall Inter_ceptlon Store 37 37 37 37
Capacity (mm)
Recharge Coefficient 0.529 0.529 0.529 0.529
Soil moisture store capacity 400 400 400 400
(mm)
Table 2-5  Urban Centre Hydrological Parameters
: 2030 Centre 2070 Centre
STl PR Adopted Values [Adopted Values
Baseflow coefficient 0.5 0.5
Impervious Threshold (mm) 2 2
Infiltration coefficient 300 300
Infiltration shape 6 6
Interflow Coeff. 0.535 0.535
Pervious fraction 0.6 0.5
Rainfall Inter_cepnon Store 37 37
Capacity (mm)
Recharge Coefficient 0.529 0.529
Soil moisture store capacity 400 400

(mm)
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This report presents the model results for scenarios 1-4 and scenarios 7-9 and scenario 12 (Table
3-1) are presented in the following sections. Key model outputs include total pollutant loads as
recorded at catchment outlets and flow duration curves for the 2007, 2030 and 2070 model

scenarios.
Table 3-1  Botany Bay E2 Model Scenarios and Results
Scenario Scenario Description Key Model Outputs
Total Pollutant | Flow Duration
Loads Curves
Predevelopment | Predevelopment scenario. Original Yes Four gauge
2006 Botany Bay E2 model locations and
catchment outlet
Scenario 1 Basecase. Original 2007 Botany Bay Yes Four gauge
E2 model. locations and
catchment outlet
Scenario 2 2030 Land use created from METRIX Yes Four gauge

locations and
catchment outlet

Scenario 3 2030 Land use created from METRIX Yes No
plus a large scale development in
western region

Scenario 4 2030 Land use created from METRIX Yes No
plus a large scale WSUD development
in western region with 80% reduction in
TSS, 45% reduction in TP and TN.

Scenario 7 2070 Land use Yes Four gauge
locations and
catchment outlet

Scenario 8 2070 Land use plus a large scale Yes No
development in western region

Scenario 9 2070 Land use plus a large scale Yes No
WSUD development in western region
with 80% reduction in TSS, 45%
reduction in TP and TN.

Extra 2070 Land use plus a large scale Yes No
development in western region and all
urbanised land uses characterised by
WSUD pollutant reduction of 80%
reduction in TSS, 45% reduction in TP
and TN.

Scenario 12
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Flow duration curves are used to describe the general flow characteristics from catchments in terms
of flow magnitude and the proportion of time these flows are exceeded. The flow duration curve gives
an indication of the baseflow components of stream, median flows and proportion of high flows. Flow
duration curve comparisons between modelled scenarios therefore give an indication of how much
hydrological change may be expected due to changes in land use such as increases in urbanisation.
Reductions in baseflows and/or increases in high or channel forming flows may have detrimental
impacts on stream ecology and bank stability.

Flow duration curves at the following locations were extracted from model scenarios predevelopment,
1,2and 7:

Botany Bay E2 Model Outlet. This Model node represents a hypothetical location encompassing
all catchments and represents all modelled surface water flows to Botany Bay;

213006: O'Hares Creek at Wedderburn;
213012: Bunbury Curran Creek at Railway Parade;
213110: Cabramatta Creek at Orange Grove Road; and

213014: Orphan School Creek at Sackville Road.

Figure 3-1 Botany Bay Outlet Flow Duration Curves f  or Future Scenarios
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Figure 3-1 shows increases in flows at the model outlet for future land use scenarios reflecting the
relative increases in urban density and resultant directly connected impervious fraction of urban land
use. All model scenarios (2006-2070) show an increase in low flows from the predevelopment
condition.

Figure 3-2 O’Hares Creek Flow Duration Curves for F  uture Scenarios

Figure 3-2 shows no change in the O’'Hares Creek flow duration curves for future land use scenarios
as the land use above this gauge has undergone relatively little change since settlement and is not
projected to change significantly in the future.
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Figure 3-3  Bunbury Curran Creek Flow Duration Curve s for Future Scenarios

Figure 3-3 shows changes to the future flow duration curves due to increased proportions of effective
impervious area as a result of increased urban density. Future land use results show increases in
medium to high flows and decreases in low flows. This result is expected as higher proportions of
catchment runoff are derived from impervious surfaces in future land use scenarios creating more
immediate and short duration runoff responses to rainfall rather than slow release baseflows.
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Figure 3-4 Cabramatta Creek Flow Duration Curves fo  r Future Scenarios

Figure 3-4 also shows changes to the future flow duration curves due to increased proportions of
effective impervious area as a result of increased urban density, however the effect is not as
pronounced as for Bunbury Curran Creek.
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Figure 3-5 Orphan School Creek Flow Duration Curves  for Future Scenarios

The flow duration curves for Orphan school creek show the most significant change between
scenarios, and particularly from predevelopment condition. As with the previous flow duration curves,
Figure 3-5 shows decreases in low flows and increases in moderate to high flows as a result of land
use change (urbanisation). Future land use scenarios continue this trend through further urbanisation
of the catchment.

% + %%"

Total pollutant loads for all scenarios modelled are presented in Table 3-2 and accompanying
percentage change figures (compared to the basecase scenario) are presented in Table 3-3. An
example plot of the data is shown in Figure 3-6. All plots are provided in Appendix A.

2030 Future Land use scenarios show considerable increases (11%-22% increases) in pollutant
export above the basecase (present) scenario. Incorporating WSUD (80% reduction in TSS, 45%
reduction in TP and TN) reduces the impact of the large scale development in future scenarios for
TN, TP and TS parameters. No reduction was modelled for TOC, BOD and FC parameters as these
parameters were left unchanged in the model. The incorporation of WSUD across all urban land uses
(80% reduction in TSS, 45% reduction in TP and TN) for the 2070 land use scenario reduces
pollutant loads to below current levels, but not below predevelopment levels. Reductions in effective
impervious area are required in addition to pollutant concentrations to achieve further load reductions.
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Table 3-2  Total Pollutant Load Results for All Scen  arios
Scenario Scenario Description TOC | TP | TSS | TN | BOD FC
(tfyr) |(tyn) | (tyr) |(tyn) | (t/yr) (cfu)
Predevelopment 1900 | 16 | 7600 | 180 | 1100 | 1.10 x10™
Scenario 1 [Basecase. Original 2006 Botany Bay E2 model. | 3862 | 42 [22209| 377 | 2865 | 2.62 x10%
Scenario 2 [2030 Land use created from METRIX 4267 | 47 |25534| 419 | 3303 | 3.14 x10"
Scenario 3 [2030 Land use created from METRIX plus a large 13
scale development in western region 4314 | 48 | 25854 423 | 3351 | 3.20x10
Scenario 4 (2030 Land use created from METRIX plus a large]
scale WSUD development in western region with 13
80% reduction in TSS, 45% reduction in TP and 4314 48 125494 420 | 3351 | 3.20x10
[TN.
Scenario 7 [2070 Land use 4740 | 54 |29253| 468 | 3789 | 3.69 x10™
Scenario 8 [2070 Land use plus a large scale development in 13
Wwestern region 4865 | 55 |30129| 478 | 3918 | 3.84 x10
Scenario 9 |2070 Land use plus a large scale WSUD|
development in western region with 80%| 4865 | 54 |29211| 471 | 3918 | 3.84 x10%
reduction in TSS, 45% reduction in TP and TN.
Scenario 12 2070 Land use plus a large scale development in
western region and all urbanised land uses
characterised by WSUD pollutant reduction of - 34 | 9178 | 305 - -
80% reduction in TSS, 45% reduction in TP and
[TN.
Table 3-3  Total Pollutant Load Percentage Change Re  sults for All Scenarios
Scenario Scenario Description Increase(+%)/Decrease (-%) from basecase
TOC [ TP | TSS | TN | BOD FC
Predevelopment -51% |[-62% | -52% |-52%| -62% -96%
Scenario 1 |Basecase. Original 2006 Botany Bay E2 model. - - - - - -
Scenario 2 (2030 Land use created from METRIX +10% |+14%| +11% [+11%| +15% +20%
Scenario 3 |2030 Land use created from METRIX plus a large
scale development in western region +12% |+15%) +12% | +12%| +17% +22%
Scenario 4 [2030 Land use created from METRIX plus a large]
scale WSUD development in western region with
80% reduction in TSS, 45% reduction in TP and +12% |+14%) +11% | +11%) +17% +22%
TN.
Scenario 7 (2070 Land use +23% |+29%| +24% |+24%| +32% +41%
Scenario 8 |2070 Land use plus a large scale development in
Wwestern region +26% [+33%| +27% [+27%| +37% +46%
Scenario 9 (2070 Land use plus a large scale WSUD
development in western region with 80%| +26% [+31%)| +25% |+25%]| +37% +46%
reduction in TSS, 45% reduction in TP and TN.
Scenario 12 [2070 Land use plus a large scale development in
estern region and all urbanised land uses
characterised by WSUD pollutant reduction of - -18%| -59% (-19% - -
80% reduction in TSS, 45% reduction in TP and
TN.
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Figure 3-6  TSS (t/yr) Scenario Comparison
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This report details the E2 model of the Botany Bay catchments was modified to allow the calculation
of:

Flow duration curves for future land use scenarios 2030 and 2070; and

Total pollutant loads for future land use scenarios 2030 and 2070.

The future model scenarios show increases in pollutant exports of between 11% and 22% for 2030
scenarios and 24% - 46% for 2070 scenarios above current conditions.

The majority of new pollutant export is derived from predicted increases in urban density rather than
new land releases. Using the METRIX urban planning tool, the majority of population growth to 2030
has been assigned to already existing urban areas. This trend was adopted for the construction of the
2070 land use map. The increase in urban density has been captured in the model scenarios through
an increase in effective impervious area for urban centres and future urban areas.

An additional model scenario (Scenario 12) was undertaken to explore the impacts of reducing the
pollutant export from all 2070 urban land uses by 80% for TSS and 45% for TP and TN. The results
show a decrease in current pollutant exports, however total loads exceed predevelopment condition.
The results demonstrate reductions in pollutant exports must be accompanied with reductions in
runoff volume to more effectively reduce total pollutant loads.



++ /0

0&


















