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SELECTION OF STORMWATER MANAGEMENT OPTIONS 4'5

problems, there is obviously greater consequences to the health of downstream environments
relative to problems potentially experienced by isolated ‘at source’/ distributed stormwater treatment
devices (given the increased number of these devices).

The use of swales on flat sites can also present poor drainage issues along the invert, due to the low
longitudinal grade generally required of the swale. Another operational risk of roadside swales is the
adjacent resident filing or planting within the swale, which would change the conveyance
characteristics of the swale. Swales also typically require more ongoing maintenance than
streetscape bioretention systems.

Improved Integration into the Landscape

As shown by the examples of streetscape bioretention provided in Figure 3-8 streetscape bioretention
systems can be easily integrated into the landscape/ streetscape. ‘End-of-pipe’ wetlands and
bioretention systems are significantly more difficult to integrate into the landscape. This is often due
to the invert depths necessary for upstream stormwater infrastructure that necessitates large invert
depths of the treatment devices. Given these large depths, ‘end-of-pipe’ wetlands and bioretention
systems often need large batter areas (if gradually sloping) or steep batters with fencing. Figure 4-2
provides an example of a poorly integrated ‘end-of-pipe’ bioretention basin.

Figure 4-2 Example of a Poorly Integrated ‘End-of-Pipe’ Bioretention Basin

The need for driveway crossovers when using swales also makes them significantly more difficult to
integrate into the landscape than streetscape bioretention, and make them a less aesthetically
appealing option.

Typical road sections for the development that show how bioretention systems can be incorporated
into the road reserve are included in Appendix D. Some standard drawings showing how these
systems have been incorporated in another ULDA development are also included.

The typical road sections in Appendix D include the following principles to incorporate bioretention
into the road reserve:

*  One way crossfalls promoting flows to bioretention systems ;
»  Footpath on one side of the road only in access streets to allow for bioretention on the other side;

* Incorporating bioretention as feature landscaping treatments;
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SELECTION OF STORMWATER MANAGEMENT OPTIONS 4-6

e Locating the footpath closer to the property alignment in some areas along north south spine
road to incorporate bioretention as wider landscaping features.

To maximize the available width for treatment measures in road reserves the following treatments are
proposed where possible:

*  Narrowing the width of footpaths around bioretention systems (from 2m to 1.5m)
e Locating the footpath over the water service adjacent to bioretention systems

e Locating the water service beneath bioretention systems.
Less Likely to Encounter Groundwater Table

The results of the geotechnical investigation indicated a highly variable groundwater levels across the
site. The potential for encountering a high groundwater table, particularly around low lying open
space areas (that will have no/minimal fill) may restrict the adoption of end of pipe treatment devices
such as bioretention systems. Therefore at surface management of stormwater through the use of
streetscape bioretention will be less likely to encounter high groundwater levels on the site.

Reduced Risk to Public Safety

Streetscape bioretention would not necessitate the use of driveway crossovers required by swales,
reducing the risk to public safety from these types of treatments. Bioretention systems also do not
contain any permanent water. As result, the risk of drowning is significantly lower than wetlands.

Reduced Area Requirements

Streetscape bioretention areas are anticipated to require less area relative to ‘end-of-line’ treatment
devices (particularly wetlands). Although the total filter areas required for ‘end-of-line’ bioretention
basins would be the same as for streetscape bioretention, increased invert depths and hence batters
would likely increase the total surface area required. Furthermore, as previously discussed
streetscape bioretention system can provide far greater opportunity for integration into landscaped
areas.

Best Practice Stormwater Management

In addition to the aforementioned benefits, streetscape bioretention also is highly effective at reducing
pollutant loads, retaining stormwater flows and treats stormwater ‘at the source’. As a result,
streetscape bioretention is typically considered best practice stormwater management (particularly for
flat sites such as the proposed development).

Water By Design’s (2009) “Conceptual Design Guidelines for Water Sensitive Urban Design’ also
support the above statement. Section ‘Best Planning Practice 2 — Flat Sites' describes the
advantages of streetscape bioretention in great detail and cites the existing Stockland's “Bellvista
Estate” (and its use as streetscape bioretention) as follows:

“After considering several approaches, an at-source and at-surface approach was adopted using
bioretention pods in residential streets. This strategy is the best outcome for the site given the
constraints of low-lying, flat topography and sensitive receiving waters. By using an approach that
finds the synergies between stormwater quality, road drainage, traffic calming, and landscape design,
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SELECTION OF STORMWATER MANAGEMENT OPTIONS 4-7

4.2.1

4.2.1.1

Bellvista Estate delivers innovative streetscapes that provide at-source treatment of stormwater
integrated info the urban landscape

The solution represents best practice in stormwater management by protecting natural systems,
integrating stormwater treatment into the landscape, protecting water quality, reducing runoff and
peak flows, and adding value...”

Water by Design is a capacity building program that was established by the South East Queensland
Healthy Waterways Partnership (SEQHWP) as an ‘“integral part of the South East Queensland
Healthy Waterway Strategy” (Water By Design, 2010). Although the project site is outside of SEQ,
the Water by Design program reflects current best practice and research findings for Water Sensitive
Urban Design.

We subsequently believe that our proposed stormwater management strategy (consisting of
education, gross pollutant traps and streetscape bioretention) represents best practice stormwater
management for the proposed development (and associated site conditions).

Streetscape bioretention is likely to be a preferred method for stormwater management given several
reasons (including those described above). Streetscape bioretention may also be located in parkland
areas to receive surface runoff from adjacent impervious areas. As previously discussed, however,
this report has been prepared at a conceptual level of detail.

Opportunities for ‘end-of-pipe’ bioretention systems may be explored where considered potentially
feasible and a possibly better method of stormwater management (relative to streetscape bioretention
systems).

Water Quality Modelling
Mode/l Scenarios

Modelling of stormwater discharge quality was performed using the MUSIC software, as described in
Section 3.4 for TN, TP and TSS. Other parameters such as faecal coliform contamination of
stormwater cannot be readily modelled at this time. The following three scenarios were considered
as part of the modelling exercise:

1. The Base Case - Undeveloped Site. The base case is an assessment of the undeveloped site.
The areas of agricultural activity associated with the DPI site were modelled as ‘agricultural’,
while the remainder of the site was modelled as ‘Rural Residential'.

2. Developed Case - Unmitigated Site. The developed case without mitigation is essentially an
assessment of what would occur if the site were developed without any integration of stormwater
treatment devices or pollution control measures. For consistency, the unmitigated site has been
modelled using identical source node parameters as that of the scenario for modelling the
developed site incorporating Water Sensitive Urban Design (WSUD) features.

3. Developed Case with WSUD. This case is an assessment of the fully developed site with all
WSUD features installed and working at their "design” capacities. Treatment nodes have been
incorporated into the model in the form of gross pollutant traps and streetscape bioretention
systems.
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SELECTION OF STORMWATER MANAGEMENT OPTIONS 4-8

4.

Developed Case Option 1 - WSUD with Rainwater Tanks. This scenario was identical to the case
above, though included Rainwater Tanks treating roof areas. As the model above achieved

targets from a water quality perspective, this scenario was modelled primarily to investigate best
practice reuse options.

Developed Case Option 2 - WSUD with Stormwater Harvesting. This scenario was modelled to
include stormwater harvesting from the water treated by bioretention devices. This scenario was
modelled to investigate the feasibilty of best practice reuse options only, although it is noted that
it would include substantial water quality benefits,

The scenarios were modelled for a ten-year period from 1966 to 1976 at six-minute time-steps.

4.2.1.2 Model Results

Water Quality

Total annual flow and pollutant loads from the site for each scenario are included in Table 4-1. These
values represent the flow and loads that are predicted to enter the Ross River.

Table 41  Predicted Annual Pollutant Loads (1966-1976)

Developed % Removal
Unmitiaated | Developed Site Developed Tovlfnszllle
Parameter | ooco | Jnmitigated | “siie yith | Option1 | Developed Site e
ase | Developmen WSUD (Rainwater Site with OPtion1 $ uction
Tanks) WSUD (Rainwater argets
Tanks)
Flow . .
(MLiyr) 364 457 457 416 0% 9% }
(IE;) 124000 77900 13400.00 11800 83% 85% 65%
TP (kglyr) 121 197 60.6 64 69% 67.7% 55%
TN (kglyr) | 964 951 581 559 39% 41.2% 35%
Gross
Pollutants | 3420 8100 0 0 100% 100% 90%
(kglyr)

As shown in the results given in Table 4-1, the proposed SQBMP's for the development will result in a
significant decrease in total suspended solids and gross pollutants from the base case (existing)
scenario. Furthermore, the Townsville load reduction targets (see Table 3-4) for solids, phosphorus,
nitrogen and gross pollutants are satisfied.

Rainwater Tank Reuse

Rainwater tank reuse for residential and commercial non-potable uses was modelled as a water
savings option. It is noted that adoption of this option would also reduce the overall area required for
bioretention. If this option is likely to be adopted, further modelling could be undertaken to determine
the reduced area of bioretention required to meet water quality objectives.
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SELECTION OF STORMWATER MANAGEMENT OPTIONS 4-9

As shown in Table 4-2, approximately 38% of the onsite non-potable water demands (i.e. toilet
flushing, laundry and outdoor use) may be satisfied with this modelled scenario.

Table 4-2 Rainwater Tank Scenario results

Daily % of
Subcatchment In Yield demand Demand
(ML) | Out (ML) (kL) (kL) Satisfied
Detached 1 24.00 15.00 24.66 57.99 43%
Attached 1 1.33 0.59 2.02 6.53 31%
Detached 2 22.50 13.40 24.93 66.65 37%
Attached 2 3.11 1.40 468 14.97 31%
Detached 3 37.60 22.70 40.82 106.05 38%
Attached 3 4.30 1.92 6.52 20.85 31%
Commercial 3 1.82 1.34 1.32 2.25 ' 58%
Detached 4 7.66 4.68 8.16 20.61 40%
Total 102.32 61.034 113.11 296 38%

Stormwater Reuse

Stormwater reuse for irrigation of the 5 dedicated parkland areas (shown in Figure 3-1) was also
modelled as a water savings option, and will also result in an overall reduction in pollutant loads and
improved water quality discharging from site. However it is noted that it may not reduce the area
required for bioretention systems as stormwater will require treatment prior to reuse (that has been
facilitated using bioretention systems).

The table and figure below indicate that as the size of the storage increases, the volume of water
available generally also increases, however so will the cost. A larger tank is able to store more of the
volume however diminishing returns means that beyond a certain size, large increases in size may
provide relatively small increases in reuse.

The optimal tank size would most likely be approximately 400m®, meeting 42% of the irrigation
demands of selected parklands, as shown in the flattening of the curve in Figure 4-3 from 250 m® to
500m°. However this is a very large volume for a storage tank (with an area of approximately 330 m?
assuming a depth of 1.5 m) that will also require potable water supply to meet irrigation demands for
the majority of the time. Additionally this assumes that runoff from the entire catchment can be
captured.
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SELECTION OF STORMWATER MANAGEMENT OPTIONS 4-1 0

This option was initially considered not to be cost effective due to the large tank size required to meet
a reasonable demand reliability. However the cost effectiveness of this option may be improved
through investigation of alternative options that consider smaller designated irrigation areas (hence
improving the demand reliability) and the use of a more affordable storage system (than conventional
proprietary tank systems).

This option will be further investigated as more information becomes available through the detailed
planning and design process for the current and subsequent development stages.

Stormwater harvesting and reuse can have significant benefits in terms of reducing the demand on
potable water supplies while also reducing pollutant loads to receiving environments, thereby
protecting the environmental values of the Ross River.

An opportunity may also exist to gain federal funding under a stormwater harvesting and reuse grant
that the Labour government has pledged (if elected) to assist in securing and diversifying water
supplies for a sustainable Australia (ABC News, 2010).

Table 4-3  Stormwater Harvesting Model Results

Stormw.'f\ter A_nnu_al % of Stormwe')ter
Tank Size. | (ML) | OUtML) | Yield (kL) | TONOR | pemana | aresting
(m°) (kL) Satisfied (m®)
10 331 328 3000 21482 14% 10
50 331 328 3000 21482 14% 50
100 331 327 4000 21482 19% 100
250 331 324 7000 21482 33% 250
500 331 321 10000 21482 47% 500
1000 331 318 13000 21482 61% 1000
1500 331 316 15000 21482 70% 1500
2000 331 314 17000 21482 79% 2000
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Irrigation Supply Reliability (%)
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Figure 4-3 Stormwater Harvesting Supply

4.2.1.3 Model Conclusions

From the conceptual modelling results of the MUSIC model, it can be concluded for the site of the
proposed development that with the integration of Water Sensitive Urban Design principles and
Stormwater Quality Improvement Devices, the pollutant export loads from the site can be significantly
reduced compared to the base case and unmitigated scenario for pollutants of concern.

'Furthermore, the Townsville City Council load reduction targets (see Table 3-4) for solids,

phosphorus, nitrogen and gross pollutants will be achieved with the proposed treatment train.

Further simulations at a more detailed level of design may be required to verify the model outcomes
only if the final development layout differs significantly from the conceptual layout and prevented the
implementation of the proposed treatment measures.

Details of these systems, assumed for the purposes of the conceptual modelling approach, are
provided in Section 3.4 of this report. Table 44 also provides the approximate sizing of bioretention
filter areas required for each subcatchment to meet Townsville City Council’s Load Based Reduction
Targets. From the modelling undertaken it is evident that the bioretention filter area required
for treatment will be approximately 1.6% of the catchment area. Typical road sections for the
development that show how bioretention systems can be incorporated into the road reserve and
some examples of drawings for streetscape bioretention systems are included in Appendix D.
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Table 4-4

Sizing of Bioretention Areas

Sources

Residual

Reduction

Objective

Bioretention Top

Surface Areg Required

(m’)

Bioretention Filter
Area Required (m?)

Subcatchment 1: Approximate Bioretention Filter Area as a % of S

ubcatchment Area = 1.6%

Flow (ML/yr) 101 101 0 -
Total Suspended
Solids (kg/yr) 17100 2720 84% 65%
L E&’;sh"ms 35 11 68% 55% 2785 _—
T°ta('kg’/';rrf)’99” 211 127 40% 35%
Gmskaf;'r‘;ta"ts 1910 0 100% 90%
Subcatchment 2: Approximate Bioretention Filter Area as a % of Subcatchment Area = 1.6%
Flow (ML/yr) 132 132 0% -
Total Suspended " =
Solids (kg/yr) 23900 4560 81% 65%
Total Phosphorus &
(kalyn) 48 17 65% 954 3030 2961
Tota(lk g;;rsge"' 271 172 36% 35%
G"’S?k';f;'r;‘ta”‘s 2240 0 100% 90%
Subcatchment 3: Approximate Bioretention Filter Area as a % of Subcatchment Area = 1.6%
Flow (ML/yr) 173 173 0% -
Total Suspended
Solids (kg/yr) 25400 4250 83% 65%
Total Phosphorus
(kglyn) 93 26 72% 55% 3926 3847
Tota(LgF};"r‘;ge” 361 218 40% 35%
Gmsi’k';fy"r‘;ta”ts 3040 0 100% 90%
Subcatchment 4: Approximate Bioretention Filter Area as a % of Subcatchment Area = 1.6%
Flow (ML/yr) 51 51 0% -
Total Suspended 0 o
Solids (ka/yr) 11600 1860 84% 65%
Total Phosphorus o
(kalyr) 22 ! Bk ik 1250 1161
ij:g:';;f)ge” 104 63 39% 35%
G"°55(‘kzj°;'r‘)"a”t5 910 0 100% 90%
Total 10991 10328
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5

MAINTENANCE PLANS

Maintenance plans may be required for the following Stormwater Quality Best Management Practice
(SQBMPs) proposed for the development:

e  Gross pollutant traps;

e Bioretention systems.

Maintenance inspection forms and plans would be developed for these SQID's during the detailed
design phase of the development and would include the following information:

e Inspection frequency;

e Maintenance frequency;

e Data collection/storage requirements (eg. information collected during inspections);

¢ Detailed clean-out procedures (main element of the Plans). These procedures cover aspects
such as:

Equipment needs;

Maintenance techniques;

Occupational health and safety;

Public safety;

Environmental management considerations;

Disposal requirements (polluted water and solid waste);
Access issues;

Stakeholder notification requirements;
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Data collection requirements (if any);
e  SQID design details and supplier contacts (in case modifications to the design need to be made
in future).

Indicative maintenance requirements for bioretention systems are provided in Appendix E.

In addition, the asset transfer checklist will need to be completed and approved by Townsville City
Council prior to asset handover to Council for maintenance after the conclusion of the off-
maintenance period. This checklist is contained in Appendix F.
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