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7.0 WATER QUALITY MODELLING

7.1 MoDEL PARAMETERS

Model Parameters The soil properties for the pervious areas of the catchment were taken from
Council’s Engineering Design Guide for Development, or in lieu of this, the recommended default
values published in the MUSIC User Guide (version 3).

Table 7.1 - MUSIC Soil Parameters

Soll Properties: Default
Value
Impervious threshold (mm) 1.0
Soil storage capacity (mm} 125
Initial storage (% of capacity) B0
Figld capacity (mm) 80
Infiltration coefficient ‘a’ 200
Infiltration coefficient ‘b’ 1.0
Initial groundwater depth (mm) 0
Daily recharge rate (%) 1.0
Daily baseflow rate (%) 0.1
Daily desp seepage rate (%) 0.0

7.2 MUSIC CATCHMENTS

In order to measure the required pollutant removal rates against a “base line” a model was created
based on the proposed development layout and grading without water quality treatment measures.

7.21 Base Catchment

The RAFTS model developed for detailed analysis and design of the proposed water management
system divided the site into approximately 60 sub-catchments. This level of detail is required at the
detailed design stage for the site hydrologic and hydraulic analyses. However, this level of detail is
not necessary for water quality modelling using MUSIC because the treatment devices capture runoff
from large areas and sub-division of sub-catchments smaller than the treatment catchment will not
achieve improved results.

The RAFTS sub-catchments were therefore consolidated into 7 sub-catchment areas based on the
proposed drainage system layout (refer Figure 6).
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Catchments were separated into three components for the purposes of the MUSIC model:
* roof areas (draining to rainwater tanks for subsequent reuse)

* pervious areas (including open space)

» pavement areas (including roads, footpaths, etc.)

Roof areas based on the Master Planning documentation were obtained as an average of 300m’ for
new residential and 500m" for rural residential while the pervious and impervious areas were
measured from the Master Plan documentation.

Impervious areas were obtained by applying the recommended percentage impervious areas from
Council's Engineering Guide for Development (refer 1able 6.2). Refer to tables xx and xx for details
of the MUSIC sub-catchments area breakdown.

Table 7.2 - New Dwellings per MUSIC Sub-Catchment for Re-Use Data

Sub-Catchment “New" “Rural” Roof Area Re-Use
Residential Residential Storage
M1 214 . 64,200 m* 428 m’
M2 190 7 60,500 m* 394 m’
M3 - 4 2,000 m* 8m’
M4 - 14 7.000 m* 28m’
M5 197 - 59,100 m* 394 m®
M6 131 - 39,300 m* 262m*
M7 151 - 45,300 m* oz m’
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Table 7.3 - Area Breakdown per MUSIC Sub-Catchment

Sub-Catchment Roof Impervious Open Space  Pervious TOTAL

Area Area’ Area Area AREA

M1 109,650 m* 65400m°  27.400m°  30950m’ 233,400 m’
M2 60,500 m* 81000 m°  22900m°  24300m° 188,700 m’
M3 2,000 m* 6,250 m® om* 15250m° 23,500 m’
M4 7,000 m* 18,970 m* om*  48230m° 74,200 m’
M5 59,100 m* 40,100 m®>  10900m°  22200m° 132,300 m’
M6 39,300 m* 50,100 m’ om’  29800m° 119,200 m’
M7 45,300 m* 77,500 m’ 6.000m°  34900m° 163,700 m’

TOTAL 935,000 m*

7.22 Proposed Catchment

The proposed catchment model was identical to the base model in terms of catchment area and break-
up of roof, paved and pervious areas, but included the water quality management strategies outlined
below.

7.3 MANAGEMENT STRATEGIES

Storm runofT generated on the Minto Urban Renewal site can be separated into 3 streams:
= roof or rainwater runoff which can be captured and reused for toilet flushing or irrigation;
= road and pavement runoff can be treated by grassed swales or bio-retention swales; and

= pervious surfaces will have reduced runoff due to a portion of infiltration, and water "lost” to
groundwater.

The proposed treatment train is as follows:

= rainwater tanks capturing roof runoff;

* bio-retention swales treating road, pavement and pervious surface runoff where permitted;
»  gross pollutant traps;

*= Bio-Retention “raingardens™.

The possibility of using the tree bays as at source stormwater bio-retention devices has not been
considered as part of this proposal. The deviation of low flows from the road gutters into these tree

: Impervious area refers to all other impervious areas contained in the sub-catchment including existing roof and
existing and proposed roads, footpaths, pavements etc.
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bays would enable the at source water quality treatment of the low flows. This additional treatment
would further improve any water quality results obtained during this modelling. The potential for this
would be assessed as part of individual evaluation of each stage depending upon site parameters
including road networks and grades.

7.23 Rainwater Reuse

As outlined in the master plan documentation, re-use of rainwater is proposed for the individual
dwellings on the site in accordance with the requirements of BASIX. A preliminary calculation was
performed on an “average™ lot and roof size for the development, These calculations demonstrate that
in combination with potable water use controls the reuse proposal (2,000L rainwater tank) will satisfy
the 40 % reduction in water use. The sample BASIX output report detailing the reuse proposal for
the new dwellings is contained in Appendix D.

The quality of roof runoff will be influenced by atmospheric deposition. The retention and reuse of
rainwater will provide a small contribution to improved water quality through reduction of nutrients.
The default MUSIC inputs for the deposition rate of atmospheric pollutants are based on Urban
Stormwater Quality: A Statistical Overview. The inclusion of rainwater reuse as part of the water
quality modelling was restricted to only the proposed new dwellings and thus excluded the renovated
existing DOH cottages to be retained within the estate.

The modelling for rainwater reuse for toilet flushing, laundry use and outdoor garden use was
undertaken using parameters sourced from the Water Sensitive Urban Design — Technical Guidelines
for Western Sydney. Based on an average of three occupants per dwelling the water demand for toilet
flushing, laundry and outdoor use is estimated at 145L/day, 145L/day and 220L/day respectively.

The rainwater tanks will also have a permanent pool, as it is likely they will need to be topped up
from time to time. In accordance with Council's requirements that the top up should not be greater
than 20% of the tank volume and must not occur until the tank is 80% empty the tanks will be
designed to top up the storage to 20% capacity once the actual tank storage reached 10% capacity. To
allow for this in the MUSIC model, the rainfall tank size entered into the model has been reduced by
20%.

The data input to the MUSIC model was based on:

=  Total number of new households: 908
= Total Average Daily Demand: 510 L per household

*  Permanent pool: 200 L per household (based on a top up starting at 10% capacity, filling the tank
to 20% capacity)
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Table 7.4 - MUSIC Rainwater Reuse Input

Sub-catchment
Paramater M1 M2 M3 M4 M5 ME m7
Total Dwellings 214 190 4 14 197 131 151
Rain storage (kL) 342 304 B 22 315 210 242
Daily Reuse (kL) 1091 96.9 20 T 100.5 66.8 iT.o

7.24 Bio-Retention Devices

Bio-Retention “raingardens™ are proposed for treating runoff from sub-catchments M1 (Benham
Oval), M2 (Redfern Park) and M7 (Scarborough Park). “Flow splitting” pits will direct flows up to
and including the 3-month ARI runoff to the treatment facilities. Higher flows, up to and including the
100-year ARI runoff will by-pass the treatment facilities and drain to an OSD basin. A bio-retention
swale has also been included for the entire length of the “swale” road in sub-catchment M2.

The following parameters were input to the MUSIC model:

Table 7.5 - Bic-Retention Swale MUSIC Parameters

Catchment Length Surface Area Filter Depth Filter Area

m m? mm m?

Sub-catchment M1 = 300 1000 250

(Benham Oval)

Sub-catchment M2 = 740 1000 605

{Redfem Park)

Sub-catchment M7 < 800 1000 680

(Scarborough Park)

Sub-Catchment M2 400 1200 600 240

(Swale Road)

7.25 Gross Pollutant Traps

In developing the MUSIC model for the Minto Urban Renewal site, it was assumed that gross
pollutant traps (GPTs) would be located at the outflow from each sub-caichment. Additionally, GPTs
have been located upstream of any proposed water body or bio-retention device.

MUSIC requires that transfer functions for the reduction in pollutants be entered. The pollutant
reductions vary for different types of GPT, estimates were therefore applied to the average advertised
removal rates of the Rocla’s “Cleansall”, the CDS Unit and Humes™ “Humeceptor™:
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Table 7.6 - GPT Poliutant Reductions
Pollutant Rocla ' cps? Humes®  Adopted
Rate
Total Suspended Solids (mgiL) 70% 70% 87% 70%
Total Nitrogen (mg/L) . 23% 45% 25%
Total Phasphorus (mg/L) - 30% 30% 20%
Gross Pollutants (kg/ML) 100% 98% - 95%

! Rocla Water Quality — Cleansall Gross Pollutant Trap (Rocla Pty. Lid. 2002)

* Removal of Suspended Solids and Associated Pollutants by a CDS Unit (CRC Catchment Hydrology 1999)
* Humeceptor case study — Seatac, Washington USA

{http://www.humes.com.au/products’ StormwaterQuality humeceptor/seattie. pdf)

Table 7.7 - MUSIC Input - GPT Pollutant Reductions

Pollutant Input Output
Total Suspended Solids (mg/L) 1000 300
Total Nitrogen (mg/L) 50 40
Total Phosphorus (mg/L) 5 4.0
Gross Pollutants (kg/ML) 15 0.75

In accordance with statutory requirements, the GPTs will need to treat the maximum flow rate from
their upstream catchments for all flows up to and including the 3-month ARI storm event. The
following flow rates have been extracted from the RAFTS model.

Table 7.8 - GPT Treatable Flow Rates

GPT 3-Month

ARI Flow
M1 (Benham Oval) 260 m'/s
M2 (Redfern Park) 1.76 m'ls
M5 (Scarborough Park) 1.69 m’s
M6 (Rose Park — South) 210m’s
M7 (Rose Park — North) 1.49m’ls
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7.4 RESULTS

7.6.1 Base Model

In accordance with the industry standards and assessment processes the base water quality MUSIC
model for the site was developed assuming that no water quality treatment measures would be
installed. This model provides the basis for pollutant generation from the site and the measure for
pollutant removal under "treated" conditions. The layout of this model is shown on Diagram 7.1.

The results of the analysis are shown in Table 7.10.

762 Proposed Model

The "treated” site conditions model was developed incorporating the water quality treatment train as
described above. Diagram 7.2 shows the layout of the model in MUSIC.

The results of the model are summarised in Table 7.10 below, and show that including a treatment
train as described above, the water quality improvement objectives set out in Council’s Engineering
Design Guide for Development are achieved.
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Diagram 7.2 - MUSIC Model for “Treated” Development Site
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Table 7.10 - MUSIC Model Results Summary

Flow TTSS TP TN GPs
(MLiyr) (kglyr) (kglyr) (kglyr) (kglyr)
UNTREATED
M1 150 16.200 86.8 279 3,640
M2 50.2 1.740 413 441 1,330
M3 1.77 61.5 1486 1.56 471
M4 6.21 215 5.1 545 165
M5 934 9,280 57 162 2,340
Mé 197 20,500 117 354 4,890
M7 112 11,800 66.4 204 2,790
TOTAL 610.58 59796.5 375.06 1050.11 15202.1
TREATED
M1 132 1.880 4.7 152 0
M2 362 1.040 244 329 0
M3 1.46 441 1.04 1.32 0
W 5.13 155 363 4.64 0
M5 78.5 2,560 A 120 46.6
MBE 170 2,660 42 171 44 8
M7 952 679 14.7 B4.6 0
TOTAL 518.49 9028.1 138.57 566.46 91.4
REDUCTIONS
M1 12.0% BB.3% 75.0% 45.5% 100.0%
M2 27.9% 40.2% 40.9% 254% 100.0%
M3 17.5% 283% 28.8% 15.4% 100.0%
M4 17.4% 27.9% 28.8% 14.9% 100.0%
M5 16.0% 724% 45.4% 25.9% 98.0%
ME 13.7% 87.0% 54.1% 51.7% 99.1%
M7 15.0% 94.2% 77.9% 58.5% 100.0%
TOTALS 13.4% 86.8% 66.4% 46.8% 99.4%
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Table 7.11 - MUSIC Model Results vs Objectives

Flow TTSS TP TN GPs
(MLIyr) {kglyr) (kalyr) (kgfyr) (kglyr)
REDUCTIONS 13.4% 86.8% 66.4% 46.8% 99.4%
OBJECTIVES 80% 45% 45%
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8.0 CONCLUSIONS

B.1 WATER QUANTITY

A RAFTS model of the proposed Minto Urban Renewal Project was set up and run using design
storms of various ARIs and durations. The model results were compared against a model of the
existing catchment development.

The model included detention basins at Benham Oval, Redfern Park and Scarborough Park, having
volumes of 5,000 m’, 1,900m’ and 2,200 m’ respectively. It was found that these basins were
sufficient to ensure that downstream flows and flood damage risk would not increase in the 100 year
ARI event as a result of the proposed development.

An assessment of flow depths and velocities in the 100-year ARI was also undertaken. It was found
that a number of the minor piped drainage system links would need to be designed for an ARI greater
than Council prescribed criteria (i.e. S-year ARI) so that overland flows in a major storm meet the
safety criteria.

8.2 WATER QUALITY

The water quality model set up using the MUSIC software provides an indication of the pollutant
removal rates expected when applying a treatment train of measures. However, the model is limited
to concept analysis, and the detailed size and removal rates for the different treatment components
should be developed at the detailed design stage of the project.

According to the results of the MUSIC analysis, a treatment train consisting of rainwater reuse, bio-
retention facilities (including swales and “raingardens”) and GPTs will provide adequate treatment
from the proposed development of the Minto Urban Renewal site to exceed the statutory water quality
objectives.
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APPENDIX A: DRAWINGS
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