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1. EXECUTIVE SUMMARY 
 

The area around Toyota Park is affected by flood flows.  Large quantities of water would flow 

from the Golf Course onto Captain Cook Drive and than onto the Toyota Park area.   

 

High velocities and excessive water depths would make some areas extremely hazardous 

during the 1 in 100 year design flood.  Captain Cook Drive and the footpaths would be 

submerged with depths exceeding 0.8 m and velocities in exceeding 1.4 m/s.  It would be 

hazardous to wade through such a torrent. All existing premises have available areas above the 

PMF levels which can be considered as safe evacuation points.   A Site Emergency Response 

Flood Plan must be incorporated into the Crowd Management Plan, incorporating procedures 

how to recognise the flooding (weather monitoring and relying on severe weather warning 

from the Bureau of Meteorology) and in a case of an overland flow, people must be kept 

within the premises until the flood is gone.  

 

Half of the Western Carpark closer to Captain Cook Drive could become a hazardous area, 

with additional danger to cars.  Cars can start floating when the depths of water exceed 300 

mm.  Barriers can prevent cars being washed away.   

 

The passage way between the old gym and the western Grandstand is another area with 

extremely high hazard.  People can be washed away into the tidal channel.  Handrails along 

the channel could prevent people being washed away, however the area would remain 

dangerous.  A wire mesh fence already exists along the east side of the channel. 

 

As the area is affected by flooding the development must be in accordance with the Council’s 

Flood Risk Management DCP.  The direct consequence is that the floor levels in proposed  

buildings in the upgrade  must be set 500 mm above the 100 year flood level.  The relevant 

flood levels for definition of floor levels for various stages are: 

 

Stage 1 – Node “NewGym_2”; 100 y FL = 2.67 m AHD 

Stage 2 – Node “CC_13”;  100 y FL =  2.78 m AHD 

Stage 3 – Node  “OldGym_2”; 100 y FL = 2.64 m AHD 

Stage 4 – Node “CC_9”, 100 y FL =  2.77 m AHD 

 

The new bridge – pedestrian access envisaged in Stage 4 would be located in a high flood 

hazard precinct and in accordance with the Council’s DCP any new work in high flood hazard 

precinct would be scrutinised.  However, it can be categorised as an extension to the existing 

footpath aiming at minimising the pedestrian exposure to the traffic, while maintaining an 

identical risk as the existing footpath. 

 

The proposed 4 stages would not have any significant impact on flood levels and flood 

behaviour.  The prescriptive flood hazard management controls must be incorporated in the 

Club’s operating manual and QA procedures.  

 

Flood Maps, Flood Hazard Maps and Flood Risk Precincts are presented in a separate volume 

for the 5year, 100year and Probable Maximum Floods. 
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2. INTRODUCTION 
 

The Cronulla Sutherland District Rugby League Football Club has been recently successful in 

obtaining a Federal Government Grant to make a range of improvements to Toyota Park.  The 

improvements are based on 3 stages (four stages were used in this study for clarity, providing 

that Stage 3 and 4 are combined into Stage 3): 

 

Stage 1, new Gym and an office above; 

Stage 2, New Southern Grandstand 

Stage 3, Upgrade of the Western (ET) Stand and  

Stage 4, Upgrade of the access at the South West Corner including an extension of 

the bridge for improved pedestrian access. Upgrade of access from the western end of 

the ground, including an extension of the bridge at the SW corner for improved 

pedestrian access. 

 

DBL Property have been engaged by the Cronulla Sutherland Leagues Club (Sharks) as an  

independent Project Manager overseeing the redevelopment of the Sharks Toyota Park 

facility.  DBL Property commissioned a group of consultants to facilitate and review all 

aspects of the proposed upgrade.  Kozarovski and Partners have been engaged to prepare a 

flood study utilising the previous work of SMEC Australia and DHI Water and Environment. 

 

3. SITE DESCRIPTION 
 

The subject site is located between Woolooware Bay and the Woolooware Golf Course, 

extending east and west of the existing tidal channel.  The site has been created some 30 years 

ago by a landfill of building and domestic refuse.   

 

The site can be divided into four main hydrological parts:  

• The Toyota Park, Shark’s playing field which drains to the tidal channel; 

• The club’s building which drains towards Captain Cook Drive’s drainage system, 

eventually discharging to the tidal channel; 

• The carpark adjacent to the club’s building.  Approximately one third of the 

bitumen covered carpark area drains towards Captain Cook Drive, one third 

discharges to Woolooware Bay as a diffuse outflow through grassed buffer located 

to the east of the site and one third drains through a 150 mm diameter pipe directly 

to the Bay as concentrated flow; 

• The playing fields to the west of the tidal channel, including the car park. Most of 

the carpark drains towards Captain Cook Drive, where the runoff is intercepted by 

a series of pits and pipes and disposed to the West Lane between playing fields and 

the Solander Playing Fields.  The Lane drains to Woolooware Bay via a stormwater 

drainage system.  Most of the playing fields drain towards Woolooware Bay, with 

some area draining to the tidal channel. 
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4. HYDROLOGY 

There is an open, tidal channel to the west of Toyota Park.  The channel is 5 to 6 m wide and 

approximately 1.5 m deep.  It drains a significant catchment area of approximately 250 ha.  

The catchment boundaries were defined using the 1:4000 ortho-photo maps (Drawing C-01). 

156 ha are estimated as the pervious fraction of the catchment with the remaining 97 ha (38%) 

as impervious.  The bulk of the runoff from the catchment is discharged into the Golf Course 

area, which acts as a temporary flood storage.   

 

The design flood discharge hydrographs were estimated using MikeStorm, a 

hydrological/hydraulic model developed by the Danish Hydraulic Institute.  

 

The model layout is shown on Figure 1, and the basic model parameter values are given in 

Table 1. The 60 minute design storm duration produced the highest peak discharge values.   

The estimated peak discharge values for 1 in 5, 1in 10, 1in 20, 1 in 50 and 1 in 100 year ARI 

storm events are summarised in Table 2 for existing catchment conditions. 

 

 
 

Figure 1 Hydrological model layout  
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Table 1 Hydrological model  parameter values 
    Impervious Soil Permeability  

Catchment Area 
(ha) 

Length 
(m) 

Slope 
(%) 

Steep Flat Low Medium High 

 'East' 38.8 400 4 20 20 0 30 30 

 'South' 113.1 800 5 30 20 0 25 25 

 'West' 31.4 800 4 30 20 0 25 25 

 'Golf Course' 62.8 720 1.9 7 5 0 44 44 

 Sharks East 1 200 1 40 40 0 20 0 

 'Oval' 1.23 200 1 20 10 0 70 0 

 'West Field' 1.9 200 1 0 0 0 100 0 

Sharks West 1.7 200 1 0 33 0 67 0 

 

Table 2 Peak discharge values (m3/s) 
 5y 10y 20y 50y 100y PMF 

East 11.032 13.149 15.972 18.246 22.428 67.284 

South 29.349 34.989 42.557 48.861 61.381 184.143 

West 7.865 9.387 11.433 13.154 16.673 50.019 

Golf Course 8.755 10.82 13.72 16.434 25.052 75.156 

Sharks East 0.366 0.426 0.505 0.566 0.649 1.947 

Sharks Oval 0.361 0.43 0.52 0.594 0.72 2.16 

West Field 0.435 0.527 0.651 0.763 0.993 2.979 

Sharks West 0.497 0.591 0.715 0.818 0.991 2.973 
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5. HYDRAULIC MODELLIING 

MikeStorm, an unsteady, quasi-two dimensional hydraulic model developed by the Danish 

Hydraulic Institute (DHI) was used to simulate the flood behaviour for existing and proposed 

conditions.  

 

Quasi two dimensional models need a conceptual definition of flow paths in order to simulate 

the flow distribution accurately.  The envisaged flow paths were defined by a careful 

examination of survey information and several site visits.  The layout of the envisaged flow 

network is shown on Figure 2. 

 

The cross sections for the flow paths were extracted from a detailed survey prepared by 

Rygate & Company Pty. Limited.  

 

The two box culverts under Captain Cook Drive are located between Nodes “Golf Course” 

and “Main_1”.  The tidal Channel extends from node “Main_1” to Main_7”.  Two existing 

bridges along the channel are located between nodes “Main_3” and between “Main_5” and 

“Main_6”.   

 

The following nodes are relevant for definition of the flood levels for each stage: 

 

Stage 1 – Node “NewGym_2”; 

Stage 2 – Node “CC_13”; 

Stage 3 – Node  “OldGym_2” 

Stage 4 – Node “CC_9” 

 



   

Kozarovski and Partners 

Toyota Park Upgrade Flood Study 

6 

 
    Figure 2 MikeStorm Model Layout
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6. RESULTS 

Design flood hydrographs ere entered into MikeStorm as an upstream boundary condition and 

the elevated king tide level of 1.9 m AHD was applied as downstream conditions at all outlet 

points.   

 

The joint probability of coincident peak king tide and peak runoff is very small, however, the 

two coinciding peaks were used for flood simulation to remain on a conservative side.  

 

 
Figure 3, 100 year discharge hydrograph and a king tide 

 

2 x 2.4x1.2 m box culvert is located under Captain Cook Drive.  The calculated capacity of 

the culvert is relatively small when compared to the magnitude of overland flow during the 

100 year flood. The reduced culvert capacity is due to the backwater effect from the tidal 

channel.   

 

The 100 year ARI flood profile along the tidal channel is shown on Figure 4. It should be 

considered as a conservative estimate of the 100 year flood levels because of the coincidence 

between the elevated sea level (peak at R.L. 1.8 m AHD) and the peak discharge. It can be 

seen from the profile that the conservative estimates of the 100 year flood levels are at or 

below R.L. 2.7 m AHD downstream of Captain Cook Drive.  The 100 year flood contour map 

is shown on drawing C-01 for existing conditions and on drawing C-02 for proposed 

conditions.  The print out of the flood levels is given in Table 4 for existing and proposed 

conditions.  It can be seen from the table that the proposed works will not cause any 

significant increase in flood levels. The maximum increase in flood levels of 96 mm is at 

Node OldGym_5 caused by the new entrance gate at the existing concrete bridge.  This 

increase is localised only.  The increase at other locations varies between 0 and 20 mm which 
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is considered as negligible.  The 100 year flood level increase at the Golf course is 12 mm, 

however, if the old gym building is demolished, the flood level increase would be only 4 mm. 

 The increase in flood level along Captain Cook Drive would be in the range of some 20 mm, 

and with the old gym demolished it would reduce to some 4 mm. 

 

 
Figure 4, 100 year flood profile along the tidal channel.   
Note: Captain Cook Drive is located between Nodes “Golf Course” and “Main_1” 

 

The 100 year flood profile along Captain Cook Drive is shown on Figure 5. 
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Figure 5, 100 year flood profile along Captain Cook Drive 
Note: Node “CC_13” is the relevant node for flood levels at the Southern Stand (100yFL=2.78 m AHD) 

 

The extreme flood was simulated by using a combination of a king tide with 4 times the 100 

year flood hydrograph.  This is a very conservative assumption and the resulting flood profile 

along the tidal channel is shown on Figure 6.  The extreme flood levels downstream of 

Captain Cook Drive are at R.L. of 3.0 m AHD, which is some 300 mm above the 1 in 100 year 

flood level.  
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Figure 6, Extreme Flood profile along the tidal channel 

 

The extreme flood profile along Captain Cook Drive is shown on Figure 7.  The flood level at 

Node “CC_13” is 3.178m AHD which is some 400 mm above the 1 in 100 year flood level. 

 

The relevant flood levels for definition of floor levels for various stages are (m AHD): 

Stage Node 5% AEP Flood 1% AEP Flood PMF 

1 NewGym_2 2.41 2.636 3.127 

2 CC_13 2.546 2.784 3.42 

3 OldGym_2 2.397 2.622 3.117 

 

Hydraulic model results for existing conditions are given in Table 3. The proposed works 

would result in an increase in flood levels.  In order to attenuate the impact it is necessary to 

widen the overland flow path in the vicinity of the concrete bridge and also to enlarge the 

opening under the concrete bridge as shown on Drawing  C-03.  The hydraulic model results 

for proposed conditions are given in Table 4, while the differences are given in Table 5. 

 

Table 3, Flood Levels for existing conditions (m AHD) 
    EXISTING       Node 

5Y 10Y 20Y 50Y 100Y PMF 

CC_1 2.34 2.414 2.502 2.569 2.711 3.344 

CC_10 2.506 2.544 2.602 2.649 2.778 3.413 

CC_11 2.502 2.541 2.598 2.646 2.774 3.407 

CC_12 2.51 2.546 2.606 2.654 2.785 3.422 

CC_13 2.509 2.546 2.605 2.654 2.784 3.42 

CC_2 2.431 2.466 2.508 2.568 2.718 3.343 
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    EXISTING       Node 

5Y 10Y 20Y 50Y 100Y PMF 

CC_3 2.368 2.432 2.512 2.569 2.718 3.344 

CC_4 2.404 2.463 2.532 2.587 2.715 3.341 

CC_5 2.419 2.479 2.54 2.593 2.723 3.341 

CC_6 2.478 2.523 2.58 2.624 2.746 3.35 

CC_7 2.499 2.537 2.593 2.64 2.765 3.37 

CC_8 2.499 2.538 2.594 2.64 2.767 3.389 

CC_9 2.499 2.538 2.594 2.641 2.769 3.397 

CP_1 2.472 2.513 2.562 2.601 2.7 3.187 

CP_1 2.472 2.513 2.562 2.601 2.7 3.187 

CP_2 2.452 2.5 2.551 2.585 2.693 3.188 

CP_3 2.386 2.446 2.501 2.551 2.674 3.19 

Golf 2.555 2.593 2.649 2.698 2.829 3.495 

Lane_1 2.304 2.366 2.442 2.502 2.637 3.193 

Lane_2 2.242 2.297 2.363 2.414 2.543 3.055 

Lane_3 2.026 2.077 2.141 2.189 2.319 2.838 

Lane_4 1.814 1.814 1.814 1.814 1.9 2.4 

Main_1 2.42 2.454 2.504 2.541 2.653 3.157 

Main_2 2.402 2.435 2.483 2.519 2.627 3.117 

Main_3 2.383 2.414 2.46 2.494 2.596 3.056 

Main_4 2.154 2.184 2.227 2.264 2.361 2.756 

Main_5 2.155 2.184 2.228 2.265 2.361 2.756 

Main_6 1.853 1.859 1.871 1.883 1.993 2.515 

Main_7 1.814 1.814 1.814 1.814 1.9 2.4 

NewGym_1 2.457 2.491 2.542 2.581 2.689 3.166 

NewGym_2 2.41 2.443 2.491 2.527 2.636 3.127 

NewGym_3 2.304 2.321 2.349 2.374 2.454 2.837 

NewGym_4 2.183 2.215 2.262 2.3 2.399 2.785 

NewGym_5 2.163 2.194 2.237 2.274 2.371 2.729 

NewGym_6 1.866 1.877 1.908 1.933 2.086 2.622 

NewGym_7 1.814 1.814 1.814 1.814 1.9 2.4 

OldGym_1 2.422 2.455 2.503 2.539 2.649 3.151 

OldGym_2 2.397 2.43 2.479 2.515 2.622 3.117 

OldGym_3 2.209 2.238 2.282 2.285 2.38 2.782 

OldGym_4 2.174 2.204 2.249 2.29 2.386 2.788 

OldGym_5 2.081 2.109 2.149 2.186 2.275 2.659 

OldGym_6 1.954 1.967 1.988 2.007 2.103 2.576 

OldGym_7 1.814 1.814 1.814 1.814 1.9 2.4 

PF_1 2.431 2.431 2.431 2.442 2.5 2.893 

PF_2 2.505 2.505 2.505 2.505 2.505 2.838 

PF_3 2.165 2.165 2.165 2.165 2.165 2.568 

PF_4 1.814 1.814 1.814 1.814 1.9 2.4 

SEA 1.814 1.814 1.814 1.814 1.9 2.4 

WESTFIELD_1 2.304 2.37 2.447 2.507 2.632 3.177 

WESTFIELD_2 2.244 2.299 2.366 2.417 2.552 3.064 

WESTFIELD_3 2.012 2.056 2.109 2.148 2.259 2.713 

WESTFIELD_4 1.814 1.814 1.814 1.814 1.9 2.4 
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Table 4, Design Flood Levels for proposed conditions (m AHD) 
    PROPOSED     Node 

5Y 10Y 20Y 50Y 100Y PMF 

CC_1 2.291 2.378 2.473 2.545 2.695 3.352 

CC_10 2.479 2.522 2.583 2.635 2.772 3.436 

CC_11 2.497 2.518 2.579 2.632 2.768 3.431 

CC_12 2.504 2.525 2.587 2.64 2.778 3.443 

CC_13 2.502 2.524 2.586 2.639 2.777 3.441 

CC_2 2.414 2.448 2.493 2.544 2.702 3.352 

CC_3 2.316 2.399 2.485 2.546 2.702 3.352 

CC_4 2.362 2.437 2.508 2.565 2.699 3.349 

CC_5 2.376 2.454 2.516 2.57 2.707 3.349 

CC_6 2.445 2.491 2.552 2.602 2.73 3.361 

CC_7 2.468 2.511 2.571 2.623 2.752 3.385 

CC_8 2.47 2.512 2.572 2.625 2.757 3.406 

CC_9 2.469 2.512 2.573 2.625 2.761 3.418 

CP_1 2.398 2.441 2.498 2.549 2.669 3.185 

CP_1 2.398 2.441 2.498 2.549 2.669 3.185 

CP_2 2.398 2.442 2.501 2.547 2.664 3.187 

CP_3 2.337 2.418 2.475 2.524 2.653 3.188 

Golf 2.542 2.579 2.634 2.685 2.819 3.506 

Lane_1 2.248 2.33 2.413 2.474 2.617 3.193 

Lane_2 2.187 2.266 2.337 2.39 2.526 3.055 

Lane_3 1.991 2.046 2.116 2.167 2.303 2.839 

Lane_4 1.814 1.814 1.814 1.814 1.9 2.4 

Main_1 2.308 2.351 2.409 2.461 2.578 3.131 

Main_2 2.277 2.321 2.377 2.427 2.541 3.089 

Main_3 2.229 2.269 2.322 2.367 2.483 2.993 

Main_4 2.086 2.118 2.163 2.202 2.322 2.76 

Main_5 2.086 2.119 2.164 2.203 2.323 2.761 

Main_6 1.889 1.9 1.917 1.933 2.036 2.544 

Main_7 1.814 1.814 1.814 1.814 1.9 2.4 

NewGym_1 2.405 2.449 2.505 2.558 2.671 3.187 

NewGym_2 2.323 2.373 2.434 2.475 2.567 3.147 

NewGym_3 2.204 2.243 2.28 2.309 2.399 2.798 

NewGym_4 2.095 2.127 2.176 2.218 2.348 2.763 

NewGym_5 2.09 2.122 2.169 2.207 2.332 2.714 

NewGym_6 1.89 1.903 1.922 1.941 2.052 2.619 

NewGym_7 1.814 1.814 1.814 1.814 1.9 2.4 

OldGym_1 2.306 2.348 2.405 2.456 2.572 3.118 

OldGym_2 2.283 2.325 2.379 2.429 2.544 3.086 

OldGym_3 2.109 2.146 2.198 2.239 2.355 2.838 

OldGym_4 2.111 2.147 2.2 2.24 2.357 2.839 

OldGym_5 2.035 2.067 2.112 2.15 2.262 2.699 

OldGym_6 1.935 1.95 1.973 1.992 2.094 2.587 

OldGym_7 1.814 1.814 1.814 1.814 1.9 2.4 

PF_1 2.431 2.431 2.431 2.431 2.477 2.884 

PF_2 2.505 2.505 2.505 2.505 2.505 2.829 

PF_3 2.165 2.165 2.165 2.165 2.165 2.561 

PF_4 1.814 1.814 1.814 1.814 1.9 2.4 

SEA 1.814 1.814 1.814 1.814 1.9 2.4 

WESTFIELD_1 2.249 2.334 2.418 2.48 2.614 3.179 

WESTFIELD_2 2.189 2.268 2.34 2.394 2.534 3.064 
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Table 5, Differences between proposed and existing conditions 
     Difference (m)     

Node 5Y 10Y 20Y 50Y 100Y PMF 

CC_1 -0.049 -0.036 -0.029 -0.024 -0.016 0.008 

CC_10 -0.027 -0.022 -0.019 -0.014 -0.006 0.023 

CC_11 -0.005 -0.023 -0.019 -0.014 -0.006 0.024 

CC_12 -0.006 -0.021 -0.019 -0.014 -0.007 0.021 

CC_13 -0.007 -0.022 -0.019 -0.015 -0.007 0.021 

CC_2 -0.017 -0.018 -0.015 -0.024 -0.016 0.009 

CC_3 -0.052 -0.033 -0.027 -0.023 -0.016 0.008 

CC_4 -0.042 -0.026 -0.024 -0.022 -0.016 0.008 

CC_5 -0.043 -0.025 -0.024 -0.023 -0.016 0.008 

CC_6 -0.033 -0.032 -0.028 -0.022 -0.016 0.011 

CC_7 -0.031 -0.026 -0.022 -0.017 -0.013 0.015 

CC_8 -0.029 -0.026 -0.022 -0.015 -0.01 0.017 

CC_9 -0.03 -0.026 -0.021 -0.016 -0.008 0.021 

CP_1 -0.074 -0.072 -0.064 -0.052 -0.031 -0.002 

CP_1 -0.074 -0.072 -0.064 -0.052 -0.031 -0.002 

CP_2 -0.054 -0.058 -0.05 -0.038 -0.029 -0.001 

CP_3 -0.049 -0.028 -0.026 -0.027 -0.021 -0.002 

Golf -0.013 -0.014 -0.015 -0.013 -0.01 0.011 

Lane_1 -0.056 -0.036 -0.029 -0.028 -0.02 0 

Lane_2 -0.055 -0.031 -0.026 -0.024 -0.017 0 

Lane_3 -0.035 -0.031 -0.025 -0.022 -0.016 0.001 

Lane_4 0 0 0 0 0 0 

Main_1 -0.112 -0.103 -0.095 -0.08 -0.075 -0.026 

Main_2 -0.125 -0.114 -0.106 -0.092 -0.086 -0.028 

Main_3 -0.154 -0.145 -0.138 -0.127 -0.113 -0.063 

Main_4 -0.068 -0.066 -0.064 -0.062 -0.039 0.004 

Main_5 -0.069 -0.065 -0.064 -0.062 -0.038 0.005 

Main_6 0.036 0.041 0.046 0.05 0.043 0.029 

Main_7 0 0 0 0 0 0 

NewGym_1 -0.052 -0.042 -0.037 -0.023 -0.018 0.021 

NewGym_2 -0.087 -0.07 -0.057 -0.052 -0.069 0.02 

NewGym_3 -0.1 -0.078 -0.069 -0.065 -0.055 -0.039 

NewGym_4 -0.088 -0.088 -0.086 -0.082 -0.051 -0.022 

NewGym_5 -0.073 -0.072 -0.068 -0.067 -0.039 -0.015 

NewGym_6 0.024 0.026 0.014 0.008 -0.034 -0.003 

NewGym_7 0 0 0 0 0 0 

OldGym_1 -0.116 -0.107 -0.098 -0.083 -0.077 -0.033 

OldGym_2 -0.114 -0.105 -0.1 -0.086 -0.078 -0.031 

OldGym_3 -0.1 -0.092 -0.084 -0.046 -0.025 0.056 

OldGym_4 -0.063 -0.057 -0.049 -0.05 -0.029 0.051 

OldGym_5 -0.046 -0.042 -0.037 -0.036 -0.013 0.04 

OldGym_6 -0.019 -0.017 -0.015 -0.015 -0.009 0.011 

OldGym_7 0 0 0 0 0 0 

PF_1 0 0 0 -0.011 -0.023 -0.009 

PF_2 0 0 0 0 0 -0.009 

PF_3 0 0 0 0 0 -0.007 

PF_4 0 0 0 0 0 0 

SEA 0 0 0 0 0 0 

WESTFIELD_1 -0.055 -0.036 -0.029 -0.027 -0.018 0.002 

WESTFIELD_2 -0.055 -0.031 -0.026 -0.023 -0.018 0 
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Figure 7, Extreme Flood Profile along Captain Cook Drive 

 

7. HYDRAULIC FLOOD HAZARD CATEGORISATION 

The hydraulic hazard categorisation was defined using the depth by velocity product.  If the 

product exceeds a value of 0.4 m2/s the hydraulic hazard is considered as high.  The 

assessment is shown in table 3 below.  Toyota Park playing fields were not incorporated into 

the hydraulic model.  Water can enter the playing fields through the tunnel. The water level at 

Node “Old Gym_3” can be used to define the 100 year flood levels inside Toyota Park.  The 

flood level at Node OldGym_3 is 2.48 m AHD, while the lowest ground level is some 2.23 m 

AHD, resulting in a maximum depth of inundation of some 250 mm.  Velocity is zero, so the 

hydraulic flood hazard for Toyota Park playing field is low. 

 

The 100 year flood levels for existing and proposed conditions are given in Table 6.   



   

Kozarovski and Partners 

Toyota Park Upgrade Flood Study 

15 

Table 6, Hydraulic Hazard Categorisation 
From To Q 

(m3/s) 
V 
(m/s) 

Depth 
(m) 

V x D Hydraulic  
Hazard 

Comment 

Golf CC_1 5.058 0.544 0.310 0.169 Low  

Golf CC_1 4.666 0.544 0.390 0.212 Low  

Golf CC_2 2.164 0.515 0.560 0.288 Low  

Golf CC_3 5.925 0.515 0.460 0.237 Low  

Golf CC_4 2.218 0.528 0.560 0.296 Low  

Golf CC_6 5.617 0.284 0.360 0.102 Low  

Golf CC_5 9.823 0.682 0.360 0.246 Low  

Golf CC_7 7.138 0.333 0.510 0.170 Low  

Golf CC_8 6.758 0.358 0.590 0.211 Low  

Golf CC_9 3.180 0.353 0.600 0.212 Low  

Golf CC_10 5.520 0.329 0.560 0.184 Low  

Golf CC_12 3.216 0.314 0.410 0.129 Low  

Golf CC_11 3.731 0.311 0.480 0.149 Low  

Golf CC_13 1.825 0.315 0.290 0.091 Low  

CC_1 WestField_1 12.05 0.323 0.746 0.241 Low  

CC_5 CP_3 8.841 0.319 0.504 0.161 Low  

CC_6 CP_2 4.349 0.248 0.417 0.104 Low  

CC_7 CP_1 5.692 0.322 0.421 0.136 Low  

CC_8 NewGym_1 8.847 0.363 0.872 0.316 Low  

CC_9 Main_1 8.288 0.499 0.922 0.460 High 

CC_10 OldGym_1 6.455 0.483 1.029 0.497 High 

Pedestrian access, entrance 
point 

Lane_1 WestField_1 2.936 0.111 0.697 0.077 Low  

Lane_2 WestField_2 -7.057 0.273 0.518 0.141 Low  

Lane_3 WsetFiled_3 3.811 0.202 0.378 0.076 Low  

OldGym_1 Main_1 -2.588 0.091 1.138 0.104 Low  

Main_1 NewGym_1 -8.375 0.427 0.784 0.335 Low  

OldGym_2 Main_2 -3.846 0.187 0.824 0.154 Low  

Main_2 NewGym_2 -5.288 0.258 0.586 0.151 Low  

OldGym_3 Main_3 -4.732 1.066 0.592 0.631 High 

Main_3 NewGym_3 6.871 0.754 0.608 0.458 High 

Proximity to deep, high velocity 
flow 

OldGym_4 Main_4 3.211 0.361 0.593 0.214 Low  

Main_4 NewGym_4 -4.391 0.369 0.397 0.146 Low  

OldGym_5 Main_5 -7.330 0.996 0.736 0.733 High Proximity to high velocity flow 

Main_5 NewGym_5 1.477 0.249 0.297 0.074 Low  

OldGym_6 Main_6 7.617 0.515 0.591 0.305 Low  

Main_6 NewGym_6 -3.977 2.790 0.048 0.133 Low  

Main_3 Main_4 8.047 0.640 1.258 0.805 High  

Main_5 Main_6 6.175 1.129 0.547 0.617 High  

NewGym_2 NewGym_3 0.050 0.152 0.008 0.001 Low  

CC_3 Lane_1 12.70 0.444 0.816 0.363 Low  

CP_2 PF_1 0.809 0.726 0.186 0.135 Low  

Golf High School 6.130 1.202 0.510 0.613 High  

CP_2 PF_1 0.000 0.000 0.000 0.000 Low  

NewGym_2 PF_1 -0.813 0.105 0.258 0.027 Low  

NewGym_4 PF_2 0.000 0.000 0.000 0.000 Low  

NewGym_6 PF_3 0.000 0.000 0.000 0.000 Low  

WestFiled_3 WestField_4 11.68 1.640 0.480 0.787 High  

WestField_2 WsetFiled_3 7.867 1.074 0.561 0.603 High  

WestField_1 WestField_2 14.94 1.296 0.700 0.907 High  

PF_3 PF_4 0.010 0.015 0.100 0.002 Low  
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From To Q 
(m3/s) 

V 
(m/s) 

Depth 
(m) 

V x D Hydraulic  
Hazard 

Comment 

PF_2 PF_3 0.001 0.071 0.005 0.000 Low  

PF_1 PF_2 0.000 -0.04 0.156 0.006 Low  

OldGym_6 OldGym_7 10.26 1.409 0.780 1.099 High 

OldGym_5 OldGym_6 17.88 2.378 0.776 1.844 High 

OldGym_4 OldGym_5 10.55 1.475 0.776 1.144 High 

OldGym_3 OldGym_4 13.76 1.917 0.613 1.175 High 

OldGym_2 OldGym_3 9.026 2.349 0.844 1.984 High 

OldGym_1 OldGym_2 6.161 0.971 1.158 1.124 High 

This is a high hazard corridor 
with excessive depths of water 
and high velocities.   

NewGym_6 NewGym_7 0.842 0.830 0.251 0.208 Low  

NewGym_5 NewGym_6 4.819 1.228 0.325 0.399 Low  

NewGym_4 NewGym_5 3.342 0.384 0.486 0.187 Low  

NewGym_3 NewGym_4 7.733 1.010 0.486 0.491 High 

NewGym_1 CP_1 -6.762 -0.97 0.900 0.873 High 

NewGym_1 NewGym_2 5.338 0.748 0.900 0.673 High 

Proximity to deep, high velocity 
flow path 

Main_6 Main_7 21.49 1.095 2.398 2.626 High  

Main_5 Main_6 3.726 1.186 2.817 3.341 High  

Main_4 Main_5 18.71 0.767 2.817 2.161 High  

Main_3 Main_4 3.058 0.956 3.108 2.972 High  

Main_2 Main_3 22.71 0.825 3.108 2.564 High  

Main_1 Main_2 21.27 0.865 3.026 2.618 High  

Lane_3 Lane_4 27.60 2.031 0.940 1.909 High  

Lane_2 Lane_3 31.42 2.348 0.978 2.295 High  

Lane_1 Lane_2 24.39 1.465 0.978 1.432 High  

Golf Main_1 2.834 1.740 2.574 4.478 High  

CP_3 Lane_1 14.76 1.021 0.787 0.804 High 

CP_2 CP_3 
6.329 0.866 0.559 0.484 

High 

Cars would float, barriers should 
be installed to prevent cars being 
washed away 

CP_1 CP_2 -1.51 -0.63 0.436 0.274 Low  

Golf Main_1 2.834 1.740 2.574 4.478 High  

CC_9 CC_8 -2.164 -0.79 0.972 0.766 High 

CC_8 CC_7 -4.540 -1.14 0.972 1.113 High 

CC_7 CC_6 2.372 -1.14 0.801 0.913 High 

CC_6 CC_5 3.702 1.013 0.654 0.662 High 

CC_5 CC_4 4.703 1.003 0.702 0.704 High 

CC_4 CC_3 6.929 1.057 0.896 0.948 High 

CC_13 CC_12 -1.058 -0.26 0.896 0.233 High 

CC_12 CC_11 2.321 0.307 0.896 0.275 High 

CC_11 CC_10 1.825 -0.95 0.815 0.771 High 

CC_10 CC_9 5.040 0.555 0.876 0.486 High 

Highly hazardous pedestrian 
access during game days.  If 
Bureau of Meteorology severe 
weather warning is on, or severe 
storms are in progress visitors 
should be kept within the 
premises until the danger is 
gone.  

CC_3 CC_2 8.772 0.840 1.009 0.847 Low  

CC_2 CC_1 7.316 0.658 1.009 0.664 Low  

 

8. FLOOD RISK PRECINCTS 

The entire area surrounding the Toyota Park and the playing fields can be divided into three 

major Flood Risk Precincts using the hydraulic flood categorisation and the recommendations 

in the Council’s Flood Risk Management DCP. 
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These are summarised in Table 5. 

 

Table 5, Toyota Park Flood Risk Precincts 

Location Affected by  

100 y Flood ? 

Hydraulic 

Hazard  

Evacuation to high 

ground possible ? 

Flood Risk 

Precinct 

Eastern Grand Stand No Low Not applicable Low 

Southern Grand Stand No Low Yes Low 

Western Grand Stand No Low Yes Low 

Western Grand Stand 

Tunnel 

Yes High  

(high depth) 

Yes Medium 

Toyota Park Yes Low Yes Medium 

Captain Cook Drive  Yes High Yes High 

Southern half of the 

Western Carpark 

Yes High Difficult High 

Northern half of the 

Western Carpark 

Yes Low Difficult Medium 

Playing Fields Yes Low Difficult Medium 

Stage 1, Gym Yes Low Yes Medium 

Stage 2 Yes  Low Yes Medium 

Stage 3 Yes High Yes Medium 

Stage 4 Yes High Difficult High 

9. PRESCRIPTIVE CONTROLS FOR THE PROPOSED 
DEVELOPMENTS 

9.1 Stage 1, New Gym 

The land use for this development was classified as “Commercial or Industrial” in 

consultation with the Council.  The hydraulic hazard is low and the Flood Risk Precinct is 

medium.  The prescribed controls from schedule 3 of the Councils FRM DCP are addressed 

below. 

 

Floor levels, the prescriptive controls are: 2, 4 and 6.   

2) The 100 year flood level is 2.64 m AHD and the minimum floor level must be set 500 mm 

higher at R.L. 3.14 m AHD.  The floor level of the building is proposed at RL 3.24m AHD. 

4) There are no non-habitable areas, therefore this control does not apply; 

6) The lowest existing ground levels at this site are around R.L. 2.4 m AHD, and the lowest 

habitable floor level would be a maximum of 840 mm above the finished ground levels, 

therefore this control is not applicable. 

 

Building components and method, the prescriptive controls are: 1. 

1) The proposed foundations and the structure between the floor level and the finished ground 

level is a concrete slab.  Concrete slab is flood compatible material. 

 

Structural soundness, the prescriptive controls are: 1. 
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1) The structural report will be submitted with a construction certificate, certifying that the 

proposed concrete structure will be able to withstand the forces of floodwaters, debris and 

buoyancy up to and including  a 1% AEP flood plus 500 mm freeboard. 

 

Flood effects, the prescriptive controls are: 1. 

1) The cumulative impact of the  proposed four stages on flood levels is negligible, with the 

highest increase of 96 mm at node OldGym_5, with the remaining flood levels remaining the 

within 20 mm of 100 year flood levels for existing conditions (see drawing C-01 and C-02).  

There are no habitable dwelling near node OldGym_5.   It can be concluded that the proposed 

development will not have a significant impact on flood levels nor on flood behaviour during 

the 1% AEP design flood event. 

 

Carparking and driveway access, the prescriptive controls are: 1, 3, 5, 6, 7 and 8.  

No new carparking or driveways are proposed as a part of this development and the existing 

levels are being maintained. The existing carparking facilities are assessed below. 

1) The existing surface levels of the open car park are below the 1% AEP flood levels, 

however, they continuously increase from the point of entry (Captain Cook Drive), therefore 

this conditions is satisfied. 

3)  No garages or enclosed parking are proposed; 

5) The existing surface levels are well below the 1% AEP flood levels, exceeding the 

prescribed maximum depth of 300 mm, however, the levels are always higher than the levels 

of Captain Cook Drive at the point of entry.  The depth of flow in Captain Cook Drive is 

approximately 1.0m, while the depth of flow at the carpark varies between 200-700. 

6)  No enclosed carparking is proposed; 

7) A railing fence is recommended along the tidal channel to act as vehicle barrier to prevent 

floating vehicles leaving the site;  

8) No enclosed carparking is proposed. 

 

Evacuation, the prescriptive controls are: 1, 2, 3 and 4. 

1) Reliable access for pedestrians or vehicles can not be provided, because Captain Cook 

Drive would be 1 m under water during the 1%AEP Flood event. The proposal is a gym for 

players only, which can be classified as residential land use, in which case this control is not 

applicable; 

2) The proposed building is a two storey building and evacuation to higher ground would be 

simply to go up to the second floor.  Furthermore, the flood level for the extreme flood is only 

300 mm above the 1% AEP flood level, making the proposed ground floor safe even during 

the extreme flood event;  

3) The evacuation to higher level is safe and easy and does not require the assistance from 

SES.  Furthermore, the proposed ground floor level is some 200 mm above the PMF level, so 

the only required procedure during the large and extreme floods would be to keep the 

occupants inside until the flood event is over.  Simple signs at the doors advising that the 

everyone should remain inside in a case of an overland flow, would be sufficient for this 

purpose. The FTC building can become a place of refuge for people in the carpark or on the 

training field in the event of a large flood. 

 

4) There is no existing flood evacuation strategy for the area and there is no a floodplain 

management plan, however, should these become available the club management  must adopt 

these by modifying or adding the appropriate signage. 
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Management and design, the prescriptive controls are: 3 and 5. 

3) There is no other floor level lower than the 1% AEP flood level plus 500 mm freeboard, 

demonstrating a compliance with this requirement;  

5) No storage space is available below the lowest habitable floor level. 

9.2 Stage 2 

The land use for this development is for proposed grandstand and was classified as 

“Commercial or Industrial” in consultation with the Council.  The hydraulic hazard is low and 

the Flood Risk Precinct is medium.  The prescribed controls from schedule 3 of the Councils 

FRM DCP are addressed below. 

 

Floor levels, the prescriptive controls are: 2, 4 and 6. 

2) The 100 year flood level is 2.78 m AHD and the minimum floor level must be set 500 mm 

higher at R.L. 3.28 m AHD. The proposed ground floor level on the grandstand is RL 3.31m., 

and RL on the concourse to the north of the grandstand is at RL 3.5m. 

4) The keg storeroom floor level is at R.L. 2.5, and is dedicated for storing beer kegs.  These 

could not be damaged by water.  The ticket office is also with a floor level at R.L. 2.5 m AHD, 

which is determined by the existing footpath levels. 

6) The lowest existing ground levels at this site are around R.L. 2.2 m AHD, and the highest  

floor level would be 3.5 m, so the maximum floor level elevation would be less than 1.3 m, 

therefore this control is not applicable. 

 

Building components and method, the prescriptive controls are: 1. 

1) The proposed foundations and the structure between the floor level and the finished ground 

level is concrete.  Concrete is flood compatible material. 

 

Structural soundness, the prescriptive controls are: 1. 

1) The structural report will be submitted with a construction certificate, certifying that the 

proposed concrete structure will be able to withstand the forces of floodwaters, debris and 

buoyancy up to and including  a 1% AEP flood plus 500 mm freeboard. 

 

Flood effects, the prescriptive controls are: 1. 

1) The cumulative impact of the four proposed stages on flood levels is negligible, as 

described in Flood effects for Stage 1. 

 

Carparking and driveway access, the prescriptive controls are: 1, 3, 5, 6, 7 and 8.  

No new carparking or driveways are proposed as a part of this development.  The existing 

carparking facilities are assessed below. 

1) The existing surface levels of the open carparking to the West are below the 1% AEP flood 

levels, however, they continuously increase from the point of entry (Captain Cook Drive), 

therefore this conditions is satisfied;  The surface levels of the open carpark to the East are 

above the PMF level; 

3) No garages are proposed; 

5) The existing West carpark surface levels are well below the 1% AEP flood levels, 

exceeding the prescribed maximum depth of 300 mm, however, the depth in the driveway is 

less than the depth in Captain Cook Drive; 

6) Enclosed carparking is not proposed; 
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7) A railing fence is recommended along the tidal channel to act as vehicle barrier to prevent 

floating vehicles leaving the site;  

8) No enclosed carparking is proposed. 

 

Evacuation, the prescriptive controls are: 1, 2, 3 and 4. 

1) Reliable access for pedestrians would be available within the premises as the proposed 

floor levels are above the PMF level of 3.178 m AHD; 

2) The proposed minimum habitable floor level is above the PMF level, therefore evacuation 

would not be required;  

3) The stand level is above the PMF level and does not require the assistance from SES.  The 

only required procedure during the large and extreme floods would be to keep the visitors  

inside until the flood event is over.  Simple signs at the exits advising that the visitors should 

remain inside in a case of an overland flow, would be sufficient for this purpose. 

4) There is no existing flood evacuation strategy for the area nor is there any existing 

floodplain management plan, however, should these become available the club management  

must incorporate these by modifying or adding the appropriate signage. 

 

Management and design, the prescriptive controls are: 3 and 5. 

3) As mentioned above the beer kegs are flood resistant, and no other materials or goods 

susceptible to flood damage must be stored.  The goods in the ticket office could be lifted 1.2 

m above the floor level, which is higher than the PMF level; 

5) Storage of materials which may cause pollution or be potentially hazardous during any 

flood must not be allowed in the keg room or in the ticket office. These controls (3 and 5) 

must be incorporated in the Club’s operating manual and QA procedures or similar. 

 

9.3 Stage 3 

This Stage of works applies to improvements to an existing facility viz. the ET Grandstand, 

with some upgrade works including new lift attached to outside of the Building for disabled 

access to upper floors. All other works are confined to the footprint of the existing structure.  

Even though the existing facilities are not residential, the controls for “Concessional 

Development” were adopted.  The hydraulic hazard is high and the Flood Risk Precinct is 

medium.  The prescribed controls from schedule 3 of the Councils FRM DCP are addressed 

below. 

 

Floor levels, the prescriptive controls are: 5 and 6. 

5) No extension works are proposed but the lift, with an area less than 4 m2, and the west wall 

of the ET stand are proposed to extend out some 22.5m2. 

6) No additional walls/enclosement of existing areas under the habitable floor areas are 

proposed. 

 

Building components and method, the prescriptive controls are: 1. 

1) The existing foundations and the structure between the floor level and the finished ground 

level are made of concrete or bricks.  Concrete and bricks are considered as flood compatible 

materials. 

 

Structural soundness, the prescriptive controls are: 1. 
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1) The structural report will be submitted with a construction certificate, certifying that the 

proposed concrete structure will be able to withstand the forces of floodwaters, debris and 

buoyancy up to and including  a 1% AEP flood plus 500 mm freeboard. 

 

Flood effects, the prescriptive controls are: 1. 

1) The cumulative impact of the proposed upgrade would result in a maximum increase in 

flood levels of up to 20 mm along Captain Cook ,which was considered as significant.  In 

order to offset the impact it would be necessary to enlarge the opening under the existing 

concrete bridge and widen the overland flow path area next to the bridge by 1 m.  With these 

works carried out the impact of the proposed extension would be zero. 

 

Carparking and driveway access, the prescriptive controls are:  6, 7 and 8.  

No new carparking or driveways are proposed as a part of this development. 

 

Evacuation, the prescriptive controls are: 2, 3 and 4. 

2) A reliable access is available from the lowest habitable floor level at R.L. 1.96 m AHD to 

higher levels within the same structure to levels above the PMF level of 2.96 m AHD. 

3) Signage must be provided directing the occupants/visitors to higher than the PMF level 

areas. Signs must also be provided advising that in a case of visible flood flows the 

occupants/visitors must remain inside until the flood event is over.  

4) There is no an existing flood evacuation strategy for the area nor is there any existing 

floodplain management plan, however, should these become available the club management  

must incorporate these by modifying or adding the appropriate signage. 

  

Management and design, the prescriptive controls are: 2, 3 and 5. 

2) Site Emergency Response Flood Plan must be prepared for the entire area as a part of the 

crowd management plan; 

3) No new goods prone to flood damage are to be stored in areas below R.L. 3.12 m AHD.  It 

must be noted that there are already kitchens / bars / servery operating on ground floor. 

5) No storage of materials below the design floor level (3.12 m AHD) which may cause 

pollution or be potentially hazardous is allowed.  These controls (3 and 5) must be 

incorporated in the Club’s management protocol, as a QA procedure or similar. 

 

9.4  Stage 4, extension of the existing culverts, upgrade of the 
timber footbridge and new access point at the existing concrete 
bridge at north-west entry 

The proposed extension of the existing culverts is required to provide a safe pedestrian access 

during game day events.  Significant depths and flow velocities are expected during 1% AEP 

flood event resulting in high hydraulic hazard categorisation and high flood risk precinct. This 

is a specific structure which must follow the levels of Captain Cook Drive.  The hydraulic 

hazard and the flood risk precinct for the proposed structure would be identical to the existing 

while reducing the traffic hazard and minimising the pedestrian exposure to traffic.   

 

There would be no impact of the proposed extension on flood behaviour (Table 4), and the 

structure would be made of concrete capable of withstanding the forces from debris, buoyancy 

and flood flows.   
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As this is a very specific structure we could not determine the land use category or the controls 

which must be applied. 

 

The existing timber footbridge is proposed to be replaced by a steel bridge at a slightly higher 

level. 

 

The existing concrete bridge at the north-west entry (downstream of the timber footbridge) 

would remain with some additional works to help control the crowd flow during game days. 

 

10. CONCEPTUAL CROWD MANAGEMENT PLAN DURING 
FLOOD EVENTS 

The oval is a crowd attraction area which results in an influx of people, especially during main 

event game days. Minor games at Toyota Park, and junior games, Oztag and training events on 

the western playing fields also occur on the site. 

 

The floods in this area are caused by relatively short duration storm events.  In a case of an 

overland flow, the depth of water on parts of the carpark can increase from zero to 

approximately 0.8m to 1.0m in 20 minutes.  It is possible that people and cars could be caught 

inside the inundated areas and exposed to a high flood hazard.  A Crowd Management Plan 

would need to be prepared that addresses a number of scenarios, one of which would be flood 

events, covered under a Site Emergency Response Flood Plan. 

 

The Site Emergency Response Flood Plan would describe actions aimed to: 

• Minimize the number of people and cars which might be caught in the middle of 

inundated areas; 

• Prevent people and cars being swept into areas of  deeper water and/or with higher 

velocities; 

• Direct people to safe refuge locations. 

 

Safe refuge locations are: 

• The Club Building and the car park associated with the Club Building; 

• The high stand areas of the oval; 

• The far western  training field; 

• The New Gym Building. 

 

Flood depth indicators must be placed: 

• Along the footpath of Captain Cook Drive; 

• On each landscaping island of the western car park area; 

• At 20 m intervals along the fence on the west side of  the tidal channel ; 

• At 10 m intervals along the service road between the tidal channel and the ET Stand / 

main oval, from Captain Cook Drive to north of the north-west entry; 

• On each side of the foot bridges.  

 

Flood evacuation plaques should be placed at strategic locations identifying the closest flood 

refuge location (see Drawing C-02). 
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An Example of Flood Evacuation Advise Plaque is given on Figure 8. 

 

Flood emergency action plan should be instigated in an event of a severe weather warning 

issued by the Bureau of  Meteorology for the local area.  There must be several stages in the 

plan: 

• Stage 1, Bureau of Meteorology issues a severe weather warning for the local area � 

start with the emergency action plan; 

• Stage 2, Severe thunderstorm begins with a very intensive rain � Inform the people 

within the area, including the oval that because a severe thunderstorm is currently 

underway, it might be followed by a flood; 

• Stage 3, Ponding of flood waters can be observed in the Golf Course Area � Inform 

the people that it is very likely that flooding of Captain Cook Drive is likely and that 

people are required not to leave the Oval until advised.  

• Stage 4, Overland flow is observed over Captain Cook Drive � Inform the people 

that flooding is underway, and that everyone in the vicinity of the club grounds must 

evacuate in accordance with the flood evacuation signs placed at strategic locations.  

In general the advice given to people would depend on the area people are caught in: 

o people caught in the vicinity of the club building must either evacuate to the 

eastern side car park area or towards the Leagues Club building,  

o people caught on the Leagues Club side of Captain Cook Drive must evacuate 

towards the eastern car park,  

o people caught within the compounds of the Oval must evacuate to the higher 

grounds within the oval; 

o  People caught on the western side of Captain Cook Drive must evacuate 

towards the far western training field, 

o People caught in the western carpark area must evacuate to the far western 

training field, 

o People in the vicinity of the new Gym must evacuate to inside the New Gym 

building if open and to the far western training field. 

o It must be categorically forbidden to remove cars from the western car park, 

because it will prolong the exposure to flood hazard, which might result in 

drowning, 

o The flood action plan must prevent people wading into deeper areas, and avoid 

by any means crossing the tide channel.  

• Stage 5, overland flow seized, severe weather warning is off � announce that flood 

danger is over and that people are free to leave.  

 

A Crowd Management Plan could be required as part of Development Consent. 

11. CONCLUSION 

The area around Toyota Park is affected by flood flows.  Large quantities of water would flow 

from the Golf Course onto Captain Cook Drive and then onto the Toyota Park area in a 100 

year flood event.   

 

High velocities and excessive water depths would make some areas extremely hazardous 

during the 1 in 100 year design flood.  Captain Cook Drive and its footpaths would be 

submerged with depths at the tidal channel crossing exceeding 0.8 m and velocities exceeding 
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1.4 m/s.  It would be hazardous to wade through such a torrent. All existing premises have 

available areas above the PMF levels which can be considered as safe evacuation points.   A 

Site Emergency Response Flood Plan must be incorporated into the Crowd Management Plan, 

incorporating procedures how to recognise a flood (weather monitoring and relying on severe 

weather warning from the Bureau of Meteorology) and in a case of a flood, procedures how to 

keep people within the premises until the flood is gone.  

 

The proposed development would not have any significant impact on flood levels and flood 

behaviour, providing the proposed works for impact attenuation are executed. The prescriptive 

flood hazard management controls must be incorporated in the Club’s operating manual and 

QA procedures.  
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Date: 17 March 2009 

J. No. 1404 

DBL Property 

Mr. Andre Durbidge 

 

Dear Mr. Durbidge, 

 

Toyota Park East Redevelopment 

Impact of climate change on flood levels in Captain Cook Drive 

 

Kozarovski and Partners were engaged by DBL Property to undertake a flood study and a flood 

hazard minimisation study for the upgrade of Toyota Park. A tidal channel is located between 

Toyota Park and the training fields, draining a large catchment area.  The tailwater level of 1.9 m 

AHD was used as a downstream boundary condition, as advised by the Council.   

 

During our meeting with the Sutherland Shire Council’s Engineer Dr. Guy Amos on 26
th

 of 

February 2009 regarding the proposed Toyota Park East redevelopment we were advised that the 

elevated sea levels might affect the flood levels from the abovementioned flood study and that a 

sensitivity analysis should be undertaken to determine the flood levels at Captain Cooke Drive in 

the vicinity of the existing club building.  A design tide level of 2.21 m AHD was specified in 

the subsequent e-mail from Dr. Amos of 26
th

 of February 2009 as a conservative sea level due to 

climate change.  I incorporated the specified level into the MikeStorm model and the resulting 

100 year flood levels are given in Table 1 below.   

 

It can be seen from the results that the impact of the sea level rise decreases with the distance 

from the Bay.  The resulting increase in 100 year design flood levels in the vicinity of Captain 

Cook Drive is between 15 to 19 mm.  Node CC_13 is the relevant node for determination of the 

floor levels for the proposed re-development at Toyota Park East.   

 

It is recommended to increase the design 100 year flood level at node CC_13 from R.L. 2.77 m 

AHD by 100 mm to R.L. 2.87 m AHD for determination of floor levels and basement carpark 

driveway entry levels, to remain on a conservative side. 

  

  



Table 1, 100 year design flood levels 

Node 100y_pr 100y_Climate_change Difference 

CC_1 2.707 2.7238 0.0168 

CC_10 2.7749 2.7925 0.0176 

CC_11 2.7726 2.7903 0.0177 

CC_12 2.772 2.7898 0.0178 

CC_13 2.7717 2.7895 0.0178 

CC_2 2.7141 2.7316 0.0175 

CC_3 2.7142 2.732 0.0178 

CC_4 2.7108 2.7287 0.0179 

CC_5 2.7194 2.735 0.0156 

CC_6 2.7418 2.7569 0.0151 

CC_7 2.759 2.7755 0.0165 

CC_8 2.7611 2.7789 0.0178 

CC_9 2.7636 2.7817 0.0181 

CP_1 2.6894 2.7021 0.0127 

CP_2 2.6907 2.7035 0.0128 

CP_3 2.6704 2.6863 0.0159 

Golf_1 2.8244 2.8383 0.0139 

Lane_1 2.6343 2.652 0.0177 

Lane_2 2.5406 2.5593 0.0187 

Lane_3 2.316 2.3408 0.0248 

Lane_4 1.9 2.21 0.31 

Main_1 2.5852 2.6246 0.0394 

Main_2 2.5368 2.5843 0.0475 

Main_3 2.4644 2.5243 0.0599 

Main_4 2.4493 2.5125 0.0632 

Main_5 2.3807 2.463 0.0823 

Main_6 1.9061 2.1846 0.2785 

Main_7 1.9 2.21 0.31 

NewGym_1 2.6384 2.6664 0.028 

NewGym_2 2.5532 2.5976 0.0444 

NewGym_3 2.4387 2.4976 0.0589 

NewGym_4 2.4401 2.4989 0.0588 

NewGym_5 2.3887 2.4505 0.0618 

NewGym_6 2.0697 2.3001 0.2304 

NewGym_7 1.9 2.21 0.31 

OldGym_1 1.8674 1.8679 0.0005 

OldGym_2 2.605 2.605 0 

OldGym_3 1.9141 2.201 0.2869 

OldGym_4 1.9085 2.2013 0.2928 

OldGym_5 1.9177 2.2024 0.2847 



Node 100y_pr 100y_Climate_change Difference 

OldGym_6 1.9102 2.1996 0.2894 

OldGym_7 1.9 2.21 0.31 

PF_1 2.4926 2.5257 0.0331 

PF_2 2.505 2.5232 0.0182 

PF_3 2.1654 2.21 0.0446 

PF_4 1.9 2.21 0.31 

WESTFIELD_1 2.6294 2.6468 0.0174 

WESTFIELD_2 2.5488 2.5679 0.0191 

WESTFIELD_3 2.258 2.3302 0.0722 

WESTFIELD_4 1.9 2.21 0.31 

 

 

 

                                  
Pavel Kozarovski, MIE Aust, CPEng, NPER-3 
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1 INTRODUCTION 

Hyder Consulting has been commissioned by DBL Property to carry out this concept stormwater 

assessment in support of a redevelopment proposal for the eastern portion of Toyota Park, 

Captain Cook Drive, Sutherland. The existing site is shown in Figure 1. 

The assessment is limited to the development of a concept surface stormwater system layout 

for the site. 

 

Figure 1: Existing Site Location ("AUSIMAGE © Sinclair Knight Merz Pty Ltd 2008") 
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2 SITE DESCRIPTION 

The Figure 1 aerial photograph shows the site which currently accommodates the existing 

Toyota Park eastern open car park and leagues club. The site is bounded by Captain Cook 

Drive to south, Woolooware Road North to the east, Woolooware Bay to the north and the main 

Toyota Park playing field to the west. 

As indicated in Figure 2 a significant portion of the site grades to Woolooware Bay, with the 

remainder grading to Captain Cook Drive. 

The site is almost fully impervious. Underground pit and pipe stormwater systems convey minor 

flows northward into the Bay, and southward connecting into the Captain Cook Drive stormwater 

system. There is no kerb and gutter system along the northern car park boundary, and the 

northern area flows that exceed or by pass the minor drainage system would continue overland 

into the Bay. 

 

Figure 2: Exiting Site Surface Runoff Direction 
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3 DATA BASE 

The following form the data base for this assessment and report: 

� Bureau of Meteorology design rainfall data calculated for the Sutherland Shire Council 

area.  

� Site inspection during the course of this study. 

� The Institute of Engineers Australian (2000), Australian Rainfall and Runoff Volume 1 A 

Guide for Flood Estimation. 

� Site Survey prepared by Rygate & Company Pty Ltd Reference No. 73380 Dated 

September 2008. 

� Architectural concept plans prepared by Noxon Giffen Pty Ltd Architects (Project No. 

0814 Dwgs A08 – A14, A22 and L01 issue C). 

� “Flood Study for proposed upgrading on Toyota Park for Cronulla Sutherland Leagues 

Club Limited” prepared by Kozarovski and Partners (Project No 891 dated 27 March 

2007). 

� “Stormwater drainage and water quality strategy for proposed re-zoning of the Sharks 

eastern side” report prepared by DHI Water and Environment (Project No 50139 dated 02 

October 2002). 

� “Report on Stormwater Drainage and Water Quality Strategy” prepared by SMEC 

Australia Pty Ltd (Doc No 31226.067 dated March 2002). 

� Sutherland Shire Development Control Plan 2006. 
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4 EXISTING DRAINAGE CONDITIONS 

4.1 Assessment Methodology 

DRAINS software was used to develop a rainfall runoff model for the site. The model has been 

used to quantify site flows that discharge to Woolooware Bay and Captain Cook Drive. The 

model includes the following: 

� Design rainfall IFD data calculated using the Bureau of Meteorology methodology for 

Sutherland Shire Council area; 

� Paved area depression storage = 1mm; 

� Supplementary area depression storage = 1mm; 

� Pervious area depression storage = 5mm; 

� Antecedent moisture content = 3 (rather wet); 

� Soil type = 3 (slow infiltration rates). 

The existing site sub-catchment areas (outlined in Figure 3) and impervious fractions were 

determined based on site survey, aerial photography and site inspection. 

 

Figure 3: Existing Site Sub-catchment Areas 
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4.2 Results 

The modelling results indicate that the peak 10 year and 100 year average recurrence interval 

(ARI) flows discharging from the site to Woolooware Bay are 0.70m
3
/s and 1.01m

3
/s 

respectively, with 10 year and 100 year ARI flows discharging from the site to Captain Cook 

Drive of 0.61m
3
/s and 0.91m

3
/s respectively. 

DRAINS modelling data and results are included in Appendix A. 
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5 PROPOSED REDEVELOPMENT DRAINAGE 

The proposed redevelopment is outlined in Figure 4 and includes retaining the existing club 

area and the construction of a supermarket, hotel, retail area, residential buildings and 

underground carpark. 

 

Figure 4: Proposed Redevelopment Layout 

5.1 Assessment Methodology 

The existing conditions DRAINS model was adjusted to represent the proposed redevelopment.  

The proposed sub-catchment areas are indicated in Figure 5. Two stormwater configurations 

(referred to as Option1 and Option 2) have been assessed. 

Option 1 – is based on the entire site discharging southwards (except sub-area A) to Captain 

Cook Drive. Drains model data for Option 1 is included in Appendix B. 

Option 2 – is based on approximately replicating existing site discharges to Woolooware Bay 

and Captain Cook Drive. The proposed sub-catchment areas A, B, F and N discharge to the 
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Woolooware Bay (total of 1.38 ha) and the remaining areas discharge to Captain Cook Drive 

(total of 1.76 ha). On-site detention (OSD) was subsequently included in the model to limit flows 

that discharge to Captain Cook Drive to no greater than existing. The assessment has been 

carried out for 2 year, 10 year and 100 year ARI events for all durations from 5 minute to 3 

hours. 

 

Figure 5: Proposed Redevelopment Sub-catchment Areas 

5.2 Results 

Table 1 compares 100 year ARI peak flows that discharge from the site for existing and 

proposed development Options 1 and 2. 

The tabulated flows indicate that: 

� Option 1 would result in significantly reduced discharges to Woolooware Bay, however 

increased discharges southward from the site towards Captain Cook Drive. Proposed 

OSD on sub-areas H/I and J/K is not reported since it was found inadequate (to limit flows 

to no greater than existing conditions); 

� Option 2 would also result in reduced discharges to Woolooware Bay and increased 

discharges southward from the site towards Captain Cook Drive.  However the provision 

of OSD on sub-catchment areas H/I and J/K was found to adequately limit flows towards 

Captain Cook Drive (to no greater than existing conditions).  For this Option 2, a range of 
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existing condition flow comparisons have been plotted (see Appendix D) which indicate 

that the modelled OSD of approximately 450m
3
 (with constricted outflows) would be 

adequate. 

Table 1: 100 Year ARI Site Flows (m
3
/s) 

Development Condition 

(Model Label) 

Option 1 Option 2 

Location 

 

Existing 

Condition No OSD No OSD With OSD 

North of Site to 

Woolooware Bay 

 

1.01 

(OF129) 

0.47 

(OF151) 

0.84 

(OF229) 

0.84 

(OF229) 

West 

 

0.85 

(OF135) 

1.56 

(OF149) 

1.16 

(OF238) 

0.80 

(OF238) 

South of Site 

towards 

Captain Cook 

Drive 

East 

 

0.07 

(OF2) 

0.03 

(OF143) 

0.03 

(OF236) 

0.03 

(OF236) 

DRAINS modelling data and results for Options 1 and 2 are included in Appendices B and C 

respectively. 
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6 COMMENTS AND CONCLUSIONS 

It is proposed that low flow discharges to Woolooware Bay would be via the existing outlets 

systems, with surcharge flows managed through a flow distribution system before leaving the 

site. 

Should the proposed model Option 1 be considered further, then it is understood that dedicated 

stormwater system would be provided through the southern site area to convey flows directly in 

the nearby western open channel.  It is noted that flow increases into the channel may be 

unacceptable to Council, and the impact of this option (without OSD) requires quantifying. This 

option is not considered the preferred option at this time. 

Option 2, with the provision of OSD to limit flows to no greater than existing, would enable a 

proposed site stormwater system to connect into the existing Captain Cook Drive stormwater 

system. The attached design Drawings C001 & C002 are based on the current DRAINS 

modelling for development Option 2. Option 2 is considered to be the preferred option based on 

this study. 

In a meeting with Sutherland Shire Council, attended by Guy Amos, no concerns were identified 

in relation to Option 2. Additional modelling will be required to satisfy the Council requirements 

to allow outfall to their stormwater drainage system, but based on the strategy tabled, this is not 

considered an issue. 

In reference to the issue of climate change, this report has been based on the latest rainfall 

parameters available at this stage of the design. These parameters will be revisited at later 

stage in the design as necessary to provide an up to date design. Please refer to Section 3 for 

the design data used. 

In direct reference to Sections 14 and 15 of Schedule 8 of the LEP, the following objectives 

have been achieved: 

� Reduction of stormwater runoff by minimising the area of impervious surfaces; 

� Stormwater discharge to have a dispersed pattern of flow, with only the existing discharge 

points being utilised; 

� The stormwater retention and absorption within the site will be maximised with this option; 

 

In direct reference to other points raised in Sections 14 and 15 of Schedule 8 of the LEP, but 

not yet fully resolved are listed below: 

� An integrated water, stormwater and landscaping solution to provide efficiency will be a 

primary outcome of the design of the development; 

� Water quality issues relating to disposal of stormwater, in particular the reduction of 

rubbish within and reduction of suspended solids and nutrients from is to be shown to be 

adequately managed in the next stage of the Development Application. 
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Appendix A 

Existing Condition - DRAINS Model Input and Output 
 

Input Data 

2 year ARI Results 

10 year ARI Results 

100 year ARI Results 
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Drains Input Data – Existing Conditions 

 

Figure A1 – Existing Condition - Drains Input Labels 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Existing

Existing - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

PIT / NODE DETAILS Version 9

Name Type Family Size Ponding Pressure Surface Max Pond Base Blocking x y Bolt-downid Part Full

Volume Change Elev (m) Depth (m) Inflow Factor lid Shock Loss

(cu.m) Coeff. Ku (cu.m/s)

Pit A Sag TOYOTA - CRONULLA450x450 grated only 1 5 2.7 0.17 0 0.5 332253 6256255.2 No 4 1 x Ku

N99 Node 0 0 332309.3 6256313.1 4E+07
Pit B OnGrade DUMMY UNLIMITED UNLIMITED INLET 0 3.5 0 0.2 332254.9 6256212.6 No 11 1 x Ku

N54 Node 2 0 332279.4 6256155.1 158

Pit M Sag TOYOTA - CRONULLA1.0m Lintel - 0.9x0.4m grated1 5 2.11 0.1 0 0.5 332359.7 6256163.2 No 20 1 x Ku

Pit F Sag TOYOTA - CRONULLA1.6m Lintel - 0.9x0.4m grated1 1 2.11 0.15 0 0.5 332315.7 6256182.5 No 16 1 x Ku

N11 Node 3.41 0 332369.1 6256249.8 24

Pit C Sag TOYOTA - CRONULLA450x450 grated only 1 5 2.95 0.4 0 0.5 332297.2 6256249.8 No 30 1 x Ku

Pit C7 Sag TOYOTA - CRONULLA450x450 grated only 5 5 3.05 0.17 0 0.5 332331.2 6256252.5 No 35 1 x Ku

Pit K Sag TOYOTA - CRONULLA1.6m Lintel - 0.8x0.4m grated3 5 3.23 0.11 0 0.5 332391.5 6256222.9 No 39 1 x Ku

Pit H Sag TOYOTA - CRONULLA1.6m Lintel - 0.9x0.4m grated1 1.5 2.07 0.15 0 0.5 332357.3 6256200.4 No 56 1 x Ku

Street Node 2.6 0 332435.4 6256169.2 71

N12 Node 3 0 332435.2 6256225.6 27

N178 Node 3 0 332409.4 6256249 8E+07
Mangrove Node 0 332320.7 6256354.1 8E+07

Channel Node 0 0 332192.2 6256153.4 8E+07

DETENTION BASIN DETAILS

Name Elev Surf. Area Init Vol. (cu.m)Outlet Type  K  Dia(mm) Centre RL Pit FamilyPit Type x y HED Crest RLCrest Length(m)id

SUB-CATCHMENT DETAILS

Name Pit or Total Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved Grass Supp Lag Time

Node Area Area Area Area Time Time Time Length Length Length Slope(%)Slope Slope Rough Rough Rough or Factor

(ha) % % % (min) (min) (min) (m) (m) (m) % % %

A Pit A 0.138 56 44 0 5 18 0 0

B Pit B 0.649 72 28 0 5 15 0 0
G and N N54 0.084 100 0 0 5 0 0 0

M and I Pit M 0.337 25 75 0 6 15 0 0

F Pit F 0.13 30 70 0 7 10 0 0

E N11 0.359 89 11 0 8 23 0 0

C Pit C 0.185 100 0 0 7 0 0 0

D Pit C7 0.745 100 0 0 5 0 0 0

K Pit K 0.254 100 0 0 6 0 0 0

H Pit H 0.059 100 0 0 4 0 0 0

J N12 0.116 56 44 0 6 13 0 0

DRAINS Version: 

Modeller's Name:

Description:
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L N178 0.2818 0 100 0 0 5 0 0

PIPE DETAILS

Name From To Length U/S IL D/S IL Slope Type Dia I.D. Rough Pipe Is No. PipesChg FromAt Chg Chg Rl Chg RL

(m) (m) (m) (%) (mm) (mm) (m) (m) (m) (m)

P C1 Pit A N99 20 2.1 1.8 1.5 uPVC, under roads250 242 0.03 New 1 Pit A 0

P Building Pit B N54 72 2.5 1 2.08 Concrete, not under roads450 450 0.3 New 1 Pit B 0

P C3 Pit M Pit F 14 1.1 0.96 1 Concrete, under roads450 450 0.3 New 1 Pit M 0

Pipe8 Pit F N54 14.26 0.75 0.736 0.1 Box Culverts0.9W x 0.6H 0.3 Existing 1 Pit F 0

P C6 Pit C N99 15 2.35 2.125 1.5 uPVC, under roads250 242 0.03 New 1 Pit C 0

P C7 Pit C7 N99 15 2.65 2.425 1.5 uPVC, under roads250 242 0.03 New 1 Pit C7 0
P C8 Pit K Pit H 46 2.17 0.79 3 Concrete, not under roads525 525 0.3 New 1 Pit K 0

P C10 Pit H Pit F 16 0.77 0.754 0.1 Concrete, not under roads525 525 0.3 New 1 Pit H 0

DETAILS of SERVICES CROSSING PIPES

Pipe Chg  Bottom Height of ServiceChg  Bottom Height of ServiceChg  Bottom Height of Serviceetc

(m) Elev (m)         (m) (m) Elev (m)         (m) (m) Elev (m)         (m) etc

CHANNEL DETAILS

Name From To Type Length U/S IL D/S IL Slope Base WidthL.B. SlopeR.B. Slope Manning Depth Roofed

(m) (m) (m) (%) (m) (1:?) (1:?) n (m)

OVERFLOW ROUTE DETAILS
Name From To Travel Spill Crest Weir Cross Safe DepthSafeDepthSafe Bed D/S Area id

Time Level Length Coeff. C Section Major StormsMinor StormsDxV Slope Contributing

(min) (m) (m) (m) (m) (sq.m/sec) (%) %

OF27 Pit A N99 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 206

OF129 N99 Mangrove 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07

OF135 N54 Channel 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07

OF8 Pit M Pit H 0.1 8 m wide road (half section)0.3 0.15 0.4 1 0 112

OF155 Pit F N54 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 9.3E+07

OF1 N11 N99 5 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 105

OF29 Pit C N99 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 208

OF31 Pit C7 N99 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 210

OF4 Pit K Pit H 3 Pathway 4 m wide0.3 0.15 0.6 1 0 108
OF7 Pit H Pit F 0.1 Pathway 4 m wide0.3 0.15 0.6 1 0 111

OF2 N12 Street 3 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 106

OF118 N178 N99 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07  
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Drains 2 year ARI Result – Existing Condition 

 

Figure A2 – Existing Condition - Drains 2 Year Output 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Existing

Existing - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 23 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
Pit A 2.45 2.77 0.03 0.2 0.25 0 None

N99 1.89 0.324

Pit B 2.68 0.168 0.82 None

N54 1.18 0.029

Pit M 1.41 2.21 0.056 0.9 0.7 0.009 None

Pit F 1.19 2.16 0.029 0.2 0.92 0 None

Pit C 2.95 3 0.057 0 0 0 Outlet System

Pit C7 3.22 3.22 0.253 5 -0.17 0.201 Outlet System

Pit K 2.54 3.34 0.082 1.7 0.69 0.01 None

Pit H 1.22 2.11 0.024 0.1 0.85 0 None

SUB-CATCHMENT DETAILS
Name Max Paved Grassed Paved Grassed Supp. Due to Storm

Flow Q Max Q Max Q Tc Tc Tc

(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

A 0.03 0.025 0.007 5 18 0 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

B 0.168 0.159 0.02 5 15 0 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

G and N 0.029 0.029 0 5 0 0 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

M and I 0.056 0.025 0.041 6 15 0 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

F 0.029 0.011 0.02 7 10 0 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

E 0.098 0.096 0.003 8 23 0 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

C 0.057 0.057 0 7 0 0 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

D 0.253 0.253 0 5 0 0 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

K 0.082 0.082 0 6 0 0 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1
H 0.021 0.021 0 4 0 0 AR&R 2 year, 5 minutes storm, average 126 mm/h, Zone 1

J 0.026 0.02 0.007 6 13 0 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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L 0.074 0 0.074 0 5 0 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

Outflow Volumes for Total Catchment (2.38 impervious + 0.96 pervious = 3.34 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 2 year, 5 minutes storm, average 126 mm/h, Zone 1350.47 236.92 (67.6%)226.03 (90.5%)10.89 (10.8%)

AR&R 2 year, 10 minutes storm, average 96.5 mm/h, Zone 1536.83 401.79 (74.8%)358.87 (93.8%)42.92 (27.8%)

AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1791.06 629.57 (79.6%)540.10 (95.8%)89.48 (39.4%)

AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1967.96 778.85 (80.5%)666.20 (96.6%)112.65 (40.5%)

AR&R 2 year, 1 hour storm, average 39.4 mm/h, Zone 11315.09 1074.64 (81.7%)913.64 (97.5%)161.00 (42.6%)
AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 11715.63 1402.93 (81.8%)1199.16 (98.1%)203.78 (41.4%)

AR&R 2 year, 3 hours storm, average 19.7 mm/h, Zone 11972.64 1611.47 (81.7%)1382.35 (98.3%)229.13 (40.4%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

P C1 0.03 1.9 2.191 1.891 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

P Building 0.168 2.8 2.68 1.18 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

P C3 0.047 1.7 1.206 1.192 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

Pipe8 0.168 0.4 1.182 1.18 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

P C6 0.057 2.3 2.479 2.254 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

P C7 0.053 2.2 2.774 2.549 AR&R 2 year, 5 minutes storm, average 126 mm/h, Zone 1
P C8 0.072 2.8 2.262 1.216 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

P C10 0.095 0.5 1.196 1.192 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

CHANNEL DETAILS

Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF27 0 0 0.256 0 0 0 0

OF129 0.461 0.461 0.256 0.063 0.05 16.66 0.78 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

OF135 0.362 0.362 0.256 0.057 0.04 15.41 0.73 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1
OF8 0.009 0.009 0.238 0.054 0.04 0.45 0.71 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

OF155 0 0 0.256 0 0 0 0

OF1 0.098 0.098 0.256 0.035 0.02 10.91 0.5 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1  
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OF29 0 0 0.256 0 0 0 0

OF31 0.201 0.201 0.256 0.045 0.03 13.07 0.61 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

OF4 0.01 0.01 0.565 0.034 0.01 1.36 0.44 AR&R 2 year, 20 minutes storm, average 71.1 mm/h, Zone 1

OF7 0 0 0.565 0 0 0 0

OF2 0.026 0.026 0.256 0.021 0.01 7.03 0.35 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

OF118 0.074 0.074 0.256 0.031 0.01 10.2 0.46 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q

Total Low Level High Level

CONTINUITY CHECK for AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

Pit A 51.81 51.81 0 0

N99 750.04 750.04 0 0

Pit B 274.05 274.05 0 0

N54 609.2 609.2 0 0

Pit M 96.06 96.06 0 0

Pit F 292.82 292.82 0 0

N11 169.38 169.38 0 0

Pit C 93.24 93.22 0 0
Pit C7 375.48 375.4 0 0

Pit K 128.02 128.01 0 0

Pit H 160.84 160.84 0 0

Street 43.58 43.58 0 0

N12 43.58 43.58 0 0

N178 60.23 60.23 0 0

Mangrove 750.04 750.04 0 0

Channel 609.2 609.2 0 0

Run Log for Existing  run at 09:53:45 on 23/2/2009

No water upwelling from any pit.
Freeboard was less than 0.15m at Pit C7, Pit C

The maximum flow exceeded the safe value in the following overflow routes: OF135, OF129  
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Drains 10 year ARI Result – Existing Condition 

 

Figure A3 – Existing Condition - Drains 10 Year Output 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Existing

Existing - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 23 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
Pit A 2.61 2.8 0.048 0.3 0.09 0 None

N99 1.92 0.524

Pit B 2.73 0.264 0.77 None

N54 1.23 0.042

Pit M 1.41 2.21 0.101 1 0.7 0.054 None

Pit F 1.25 2.19 0.048 0.2 0.86 0 None

Pit C 3.35 3.35 0.085 0 -0.4 0.005 Outlet System

Pit C7 3.22 3.22 0.374 5 -0.17 0.321 Outlet System

Pit K 2.54 3.34 0.121 2.6 0.69 0.049 None

Pit H 1.35 2.21 0.109 0.3 0.72 0 None

SUB-CATCHMENT DETAILS
Name Max Paved Grassed Paved Grassed Supp. Due to Storm

Flow Q Max Q Max Q Tc Tc Tc

(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

A 0.048 0.036 0.015 5 18 0 AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 1

B 0.264 0.224 0.046 5 15 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

G and N 0.042 0.042 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

M and I 0.101 0.036 0.068 6 15 0 AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 1

F 0.048 0.017 0.031 7 10 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

E 0.147 0.142 0.006 8 23 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

C 0.085 0.085 0 7 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

D 0.374 0.374 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

K 0.121 0.121 0 6 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1
H 0.03 0.03 0 4 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

J 0.043 0.03 0.014 6 13 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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L 0.119 0 0.119 0 5 0 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

Outflow Volumes for Total Catchment (2.38 impervious + 0.96 pervious = 3.34 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 10 year, 5 minutes storm, average 180 mm/h, Zone 1500.67 382.08 (76.3%)333.10 (93.3%)48.98 (34.1%)

AR&R 10 year, 10 minutes storm, average 140 mm/h, Zone 1778.82 641.76 (82.4%)531.37 (95.7%)110.39 (49.4%)

AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 11168.23 1003.97 (85.9%)808.95 (97.1%)195.02 (58.1%)

AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 11451.94 1259.89 (86.8%)1011.19 (97.7%)248.70 (59.6%)

AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 11996 1749.84 (87.7%)1399.02 (98.3%)350.82 (61.2%)
AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 12596.81 2278.44 (87.7%)1827.29 (98.7%)451.16 (60.5%)

AR&R 10 year, 3 hours storm, average 29.7 mm/h, Zone 12973.98 2603.71 (87.5%)2096.16 (98.9%)507.55 (59.4%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

P C1 0.048 2.2 2.217 1.917 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

P Building 0.264 3.2 2.73 1.23 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

P C3 0.047 1 1.254 1.254 AR&R 10 year, 5 minutes storm, average 180 mm/h, Zone 1

Pipe8 0.271 0.6 1.235 1.23 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

P C6 0.08 2.4 2.513 2.288 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P C7 0.053 2.2 2.774 2.549 AR&R 10 year, 5 minutes storm, average 180 mm/h, Zone 1
P C8 0.072 2.8 2.262 1.351 AR&R 10 year, 5 minutes storm, average 180 mm/h, Zone 1

P C10 0.179 0.8 1.298 1.254 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

CHANNEL DETAILS

Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF27 0 0 0.256 0 0 0 0

OF129 0.703 0.703 0.256 0.075 0.07 19 0.88 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF135 0.571 0.571 0.256 0.07 0.06 17.92 0.81 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1
OF8 0.054 0.054 0.238 0.096 0.09 1.83 0.9 AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 1

OF155 0 0 0.256 0 0 0 0

OF1 0.147 0.147 0.256 0.04 0.02 11.99 0.57 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

OF29 0.005 0.005 0.256 0.011 0 3.74 0.23 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1  
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OF31 0.321 0.321 0.256 0.054 0.04 14.87 0.71 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

OF4 0.049 0.049 0.565 0.061 0.04 2.46 0.65 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

OF7 0 0 0.565 0 0 0 0

OF2 0.043 0.043 0.256 0.026 0.01 8.53 0.39 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF118 0.119 0.119 0.256 0.037 0.02 11.45 0.52 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q

Total Low Level High Level

CONTINUITY CHECK for AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

Pit A 38.28 38.28 0 0

N99 529.66 529.66 0 0

Pit B 195.4 195.4 0 0

N54 441.83 441.83 0 0

Pit M 79.45 79.45 0 0

Pit F 217.87 217.87 0 0

N11 116.23 116.23 0 0

Pit C 62.9 62.89 0 0

Pit C7 253.3 253.29 0 0
Pit K 86.36 86.36 0 0

Pit H 129.53 129.53 0 0

Street 32.45 32.45 0 0

N12 32.45 32.45 0 0

N178 58.97 58.97 0 0

Mangrove 529.66 529.66 0 0

Channel 441.83 441.83 0 0

Run Log for Existing  run at 09:57:04 on 23/2/2009

No water upwelling from any pit.

Freeboard was less than 0.15m at Pit C7, Pit C, Pit A
The maximum flow exceeded the safe value in the following overflow routes: OF135, OF129, OF31  
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Drains 100 year ARI Results – Existing Condition 

 

Figure A4 – Existing Condition - Drains 100 Year Output 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Existing

Existing - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 23 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
Pit A 2.87 2.87 0.075 0.4 -0.17 0.008 Outlet System

N99 1.94 0.81

Pit B 2.8 0.395 0.7 None

N54 1.3 0.118

Pit M 1.41 2.21 0.166 1 0.7 0.118 None

Pit F 1.33 2.26 0.186 0.4 0.78 0.071 None

Pit C 3.35 3.35 0.122 0.2 -0.4 0.042 Outlet System

Pit C7 3.22 3.22 0.53 5 -0.17 0.477 Outlet System

Pit K 2.54 3.34 0.173 3 0.69 0.101 None

Pit H 1.41 2.22 0.228 0.9 0.66 0.114 None

SUB-CATCHMENT DETAILS
Name Max Paved Grassed Paved Grassed Supp. Due to Storm

Flow Q Max Q Max Q Tc Tc Tc

(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

A 0.075 0.052 0.025 5 18 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

B 0.395 0.313 0.082 5 15 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

G and N 0.06 0.06 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

M and I 0.166 0.052 0.113 6 15 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

F 0.073 0.025 0.048 7 10 0 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

E 0.215 0.206 0.011 8 23 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

C 0.122 0.122 0 7 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

D 0.53 0.53 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

K 0.173 0.173 0 6 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1
H 0.044 0.044 0 4 0 0 AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1

J 0.065 0.042 0.024 6 13 0 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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L 0.179 0 0.179 0 5 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

Outflow Volumes for Total Catchment (2.38 impervious + 0.96 pervious = 3.34 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1739.88 620.14 (83.8%)503.61 (95.5%)116.52 (54.8%)

AR&R 100 year, 10 minutes storm, average 209 mm/h, Zone 11162.67 1024.02 (88.1%)804.99 (97.1%)219.03 (65.6%)

AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 11780.16 1612.03 (90.6%)1245.16 (98.1%)366.87 (71.8%)

AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 12236.33 2040.83 (91.3%)1570.32 (98.5%)470.51 (73.3%)

AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 13094.14 2844.31 (91.9%)2181.79 (98.9%)662.52 (74.6%)
AR&R 100 year, 2 hours storm, average 60.3 mm/h, Zone 14025.39 3703.92 (92.0%)2845.61 (99.2%)858.32 (74.3%)

AR&R 100 year, 3 hours storm, average 45.9 mm/h, Zone 14596.15 4216.94 (91.7%)3252.47 (99.3%)964.47 (73.1%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

P C1 0.067 2.4 2.242 1.942 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

P Building 0.395 3.5 2.8 1.3 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

P C3 0.047 0.6 1.33 1.33 AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1

Pipe8 0.348 0.7 1.306 1.3 AR&R 100 year, 10 minutes storm, average 209 mm/h, Zone 1

P C6 0.08 2.4 2.513 2.288 AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1

P C7 0.053 2.2 2.774 2.549 AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1
P C8 0.072 2.8 2.262 1.408 AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1

P C10 0.186 0.9 1.351 1.33 AR&R 100 year, 10 minutes storm, average 209 mm/h, Zone 1

CHANNEL DETAILS

Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF27 0.008 0.008 7.665 0.014 0 4.64 0.24 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

OF129 1.008 1.008 7.665 0.088 0.08 21.51 0.95 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

OF135 0.848 0.848 7.665 0.081 0.07 20.25 0.92 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1
OF8 0.118 0.118 1.19 0.122 0.12 2.69 1 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

OF155 0.071 0.071 7.665 0.031 0.01 10.2 0.45 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF1 0.215 0.215 7.665 0.046 0.03 13.25 0.63 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF29 0.042 0.042 7.665 0.026 0.01 8.53 0.39 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1  
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OF31 0.477 0.477 7.665 0.064 0.05 16.84 0.78 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF4 0.101 0.101 1.931 0.08 0.06 3.21 0.79 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF7 0.114 0.114 1.931 0.084 0.07 3.36 0.8 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF2 0.065 0.065 7.665 0.03 0.01 10.02 0.43 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

OF118 0.179 0.179 7.665 0.044 0.03 12.71 0.59 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q

Total Low Level High Level

CONTINUITY CHECK for AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

Pit A 112.66 112.56 0 0.1

N99 1481.4 1481.38 0 0

Pit B 553.84 553.84 0 0

N54 1268.22 1268.22 0 0

Pit M 251.59 251.59 0 0

Pit F 637.36 637.35 0 0

N11 320.07 320.07 0 0

Pit C 169.64 169.88 0 -0.1

Pit C7 683.16 683.14 0 0
Pit K 232.92 232.92 0 0

Pit H 399.53 399.53 0 0

Street 94.82 94.82 0 0

N12 94.82 94.82 0 0

N178 195.74 195.74 0 0

Mangrove 1481.38 1481.38 0 0

Channel 1268.22 1268.22 0 0

Run Log for Existing  run at 10:00:13 on 23/2/2009

No water upwelling from any pit.

Freeboard was less than 0.15m at Pit C7, Pit C, Pit A  
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Appendix B 

Proposed Condition Option 1 - DRAINS Model Input 
and Output 

 

Input Data 

10 year ARI Results 

100 year ARI Results 
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Drains Input Data – Proposed Condition Option 1 

 

Figure B1 – Proposed Condition Option 1 - Drains Input Labels 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 1

Option 1 - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

PIT / NODE DETAILS Version 9

Name Type Family Size Ponding Pressure Surface Max Pond Base Blocking x y Bolt-downid Part Full

Volume Change Elev (m) Depth (m) Inflow Factor lid Shock Loss

(cu.m) Coeff. Ku (cu.m/s)

N190 Node 3 0 332583.8 6256277 8E+07

N194 Node 2 0 332567.9 6256308.9 8E+07
N196 Node 3 0 332635.3 6256261 8E+07

N198 Node 5 0 332658.3 6256215 8E+07

Street Node 3 0 332660.1 6256165 8E+07

N208 Node 2.5 0 332546.8 6256163.9 8E+07

Pit131 OnGrade DUMMY UNLIMITED UNLIMITED INLET 5 5 0 0.2 332629.5 6256213.2 No 8E+07 1 x Ku

Pit127 OnGrade DUMMY UNLIMITED UNLIMITED INLET 1.5 5 0 0.2 332584.3 6256213.2 No 8E+07 1 x Ku

Pit PF OnGrade DUMMY UNLIMITED UNLIMITED INLET 1.5 5 0 0.2 332556.7 6256183.8 No 1E+08 1 x Ku

Pit PD OnGrade DUMMY UNLIMITED UNLIMITED INLET 2.5 3.5 0 0.2 332524.1 6256199.8 No 8E+07 1 x Ku

N210 Node 2.5 0 332494.1 6256178.1 8E+07

Pit140 OnGrade DUMMY UNLIMITED UNLIMITED INLET 5 4.5 0 0.2 332541.8 6256230.8 No 8E+07 1 x Ku

Channel Node 0 332450.9 6256172.5 8E+07

Mangrove Node 0 0 332566.6 6256335.3 8E+07
Pit PB OnGrade DUMMY UNLIMITED UNLIMITED INLET 0 4.2 0 0.5 332480 6256252.3 No 1E+08 1 x Ku

Pit PC OnGrade DUMMY UNLIMITED UNLIMITED INLET 0 3.5 0 0.2 332474.8 6256220.2 No 8E+07 1 x Ku

DETENTION BASIN DETAILS

Name Elev Surf. Area Init Vol. (cu.m)Outlet Type  K  Dia(mm) Centre RL Pit FamilyPit Type x y HED Crest RLCrest Length(m)id

SUB-CATCHMENT DETAILS

Name Pit or Total Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved Grass Supp Lag Time

Node Area Area Area Area Time Time Time Length Length Length Slope(%)Slope Slope Rough Rough Rough or Factor

(ha) % % % (min) (min) (min) (m) (m) (m) % % %

PA N190 0.7435 0 100 0 5 10 0 0

PN N196 0.105 50 50 0 7 12 0 0
PL N198 0.0434 0 100 0 0 7 0 0

PE and M N208 0.445 65 35 0 5 15 0 0

PJ and K Pit131 0.3226 65 35 0 5 21 0 0

PH and I Pit127 0.4429 70 30 0 5 21 0 0

PF Pit PF 0.4 100 0 0 5 20 0 0

PD Pit PD 0.262 100 0 0 5 0 0 0

PG Pit140 0.118 100 0 0 8 0 0 0

PB Pit PB 0.19 100 0 0 5 0 0 0

PC Pit PC 0.326 100 0 0 5 0 0 0

DRAINS Version: 

Modeller's Name:

Description:
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PIPE DETAILS

Name From To Length U/S IL D/S IL Slope Type Dia I.D. Rough Pipe Is No. PipesChg FromAt Chg Chg Rl Chg RL

(m) (m) (m) (%) (mm) (mm) (m) (m) (m) (m)

Pipe116 Pit131 Pit127 60 3.9 3.3 1 Concrete, under roads525 525 0.3 New 1 Pit131 0

Pipe110 Pit127 Pit PF 35 3.3 2.5 2.29 Concrete, under roads600 600 0.3 New 1 Pit127 0

Pipe153 Pit PF Pit PD 20 2.5 2.3 1 Concrete, under roads600 600 0.3 New 1 Pit PF 0

Pipe107 Pit PD N210 45 2 1.325 1.5 Concrete, under roads675 675 0.3 New 1 Pit PD 0

Pipe126 Pit140 Pit PD 40 3.5 2.5 2.5 Concrete, under roads450 450 0.3 New 1 Pit140 0

P97 Pit PB Pit PC 30 2.55 2.1 1.5 Concrete, under roads300 300 0.3 New 1 Pit PB 0

P106 Pit PC N210 72 2.5 1 2.08 Concrete, not under roads450 450 0.3 New 1 Pit PC 0

DETAILS of SERVICES CROSSING PIPES

Pipe Chg  Bottom Height of ServiceChg  Bottom Height of ServiceChg  Bottom Height of Serviceetc

(m) Elev (m)         (m) (m) Elev (m)         (m) (m) Elev (m)         (m) etc

CHANNEL DETAILS

Name From To Type Length U/S IL D/S IL Slope Base WidthL.B. SlopeR.B. Slope Manning Depth Roofed

(m) (m) (m) (%) (m) (1:?) (1:?) n (m)

OVERFLOW ROUTE DETAILS

Name From To Travel Spill Crest Weir Cross Safe DepthSafeDepthSafe Bed D/S Area id

Time Level Length Coeff. C Section Major StormsMinor StormsDxV Slope Contributing

(min) (m) (m) (m) (m) (sq.m/sec) (%) %
OF137 N190 N194 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07

OF151 N194 Mangrove 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07

OF141 N196 N194 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07

OF143 N198 Street 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07

OF145 N208 N210 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07

OF287 Pit131 Pit127 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF288 Pit127 Pit PF 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF290 Pit PF Pit PD 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF252 Pit PD N210 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.4E+08

OF149 N210 Channel 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 7.8E+07

OF292 Pit140 Pit PD 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF285 Pit PB Pit PC 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08
OF298 Pit PC N210 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08  
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Drains 10 year ARI Results – Proposed Condition – Option 1 

 

Figure B2 – Proposed Condition Option 1- Drains 10 Year Output 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 1

Option 1 - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 25 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
Pit131 4.4 0.118 0.6 0 None

Pit127 3.86 0.17 1.14 0 None

Pit PF 3.4 0.201 1.6 0 None

Pit PD 3.09 0.131 0.41 0 None

N210 1.23 0.173

Pit140 3.83 0.052 0.67 0 None

Pit PB 2.92 0.095 1.28 0 None

Pit PC 2.73 0.164 0.77 0 None

SUB-CATCHMENT DETAILS

Name Max Paved Grassed Paved Grassed Supp. Due to Storm

Flow Q Max Q Max Q Tc Tc Tc
(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

PA 0.262 0 0.262 5 10 0 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

PN 0.038 0.023 0.015 7 12 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PL 0.017 0 0.017 0 7 0 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

PE and M 0.173 0.138 0.039 5 15 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PJ and K 0.118 0.1 0.023 5 21 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PH and I 0.17 0.148 0.027 5 21 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PF 0.201 0.201 0 5 20 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PD 0.131 0.131 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PG 0.052 0.052 0 8 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PB 0.095 0.095 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PC 0.164 0.164 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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Outflow Volumes for Total Catchment (2.16 impervious + 1.24 pervious = 3.40 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 10 year, 5 minutes storm, average 180 mm/h, Zone 1509.77 363.65 (71.3%)302.05 (93.3%)61.60 (33.1%)

AR&R 10 year, 10 minutes storm, average 140 mm/h, Zone 1792.97 623.24 (78.6%)481.84 (95.7%)141.40 (48.8%)

AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 11189.46 985.53 (82.9%)733.55 (97.1%)251.97 (58.0%)

AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 11478.33 1238.33 (83.8%)916.94 (97.7%)321.39 (59.5%)

AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 12032.27 1722.60 (84.8%)1268.61 (98.3%)453.99 (61.2%)

AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 12643.99 2240.79 (84.8%)1656.97 (98.7%)583.83 (60.5%)

AR&R 10 year, 3 hours storm, average 29.7 mm/h, Zone 13028.02 2557.79 (84.5%)1900.74 (98.9%)657.05 (59.4%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

Pipe116 0.118 2 4.069 3.856 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

Pipe110 0.287 3.3 3.506 3.398 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

Pipe153 0.479 1.7 3.179 3.094 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

Pipe107 0.656 3.5 2.347 1.672 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

Pipe126 0.052 2.4 3.587 3.094 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P97 0.095 1.3 2.916 2.727 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P106 0.257 3.2 2.727 1.227 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

CHANNEL DETAILS
Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF137 0.262 0.262 0.256 0.051 0.03 14.15 0.65 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

OF151 0.297 0.297 0.256 0.053 0.04 14.69 0.68 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

OF141 0.038 0.038 0.256 0.025 0.01 8.23 0.38 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF143 0.017 0.017 0.256 0.018 0.01 5.84 0.32 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

OF145 0.173 0.173 0.256 0.043 0.03 12.53 0.59 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF287 0 0 0.256 0 0 0 0

OF288 0 0 0.256 0 0 0 0  
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OF290 0 0 0.256 0 0 0 0

OF252 0 0 0.256 0 0 0 0

OF149 1.077 1.077 0.256 0.09 0.09 22.05 0.97 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

OF292 0 0 0.256 0 0 0 0

OF285 0 0 0.256 0 0 0 0

OF298 0 0 0.256 0 0 0 0

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q

Total Low Level High Level

CONTINUITY CHECK for AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

N190 350.28 350.28 0 0

N194 415.3 415.3 0 0

N196 65.03 65.03 0 0

N198 20.48 20.48 0 0

Street 20.48 20.48 0 0

N208 295.33 295.33 0 0

Pit131 213.98 213.98 0 0

Pit127 514.34 514.34 0 0
Pit PF 821.55 821.54 0 0

Pit PD 1113.38 1113.54 0 0

N210 1805.16 1805.16 0 0

Pit140 90.62 90.62 0 0

Channel 1805.16 1805.16 0 0

Mangrove 415.3 415.3 0 0

Pit PB 145.92 145.92 0 0

Pit PC 396.29 396.29 0 0

Run Log for Option 1  run at 14:48:35 on 25/2/2009

No water upwelling from any pit. Freeboard was adequate at all pits.
The maximum flow exceeded the safe value in the following overflow routes: OF151, OF149, OF137  
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Drains 100 year ARI Results – Proposed Condition – Option 1 

 

Figure B3 – Proposed Condition Option 1- Drains 100 Year Output 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 1

Option 1 - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 25 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
Pit131 4.68 0.178 0.32 0 None

Pit127 4.43 0.251 0.57 0 None

Pit PF 4.14 0.284 0.86 0 None

Pit PD 3.5 0.186 0 0.031 Outlet System

N210 1.28 0.281

Pit140 3.92 0.076 0.58 0 None

Pit PB 3.16 0.135 1.04 0 None

Pit PC 2.78 0.232 0.72 0 None

SUB-CATCHMENT DETAILS

Name Max Paved Grassed Paved Grassed Supp. Due to Storm

Flow Q Max Q Max Q Tc Tc Tc
(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

PA 0.409 0 0.409 5 10 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PN 0.059 0.033 0.026 7 12 0 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

PL 0.025 0 0.025 0 7 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PE and M 0.264 0.194 0.07 5 15 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

PJ and K 0.178 0.141 0.044 5 21 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

PH and I 0.251 0.208 0.052 5 21 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

PF 0.284 0.284 0 5 20 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PD 0.186 0.186 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PG 0.076 0.076 0 8 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PB 0.135 0.135 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PC 0.232 0.232 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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Outflow Volumes for Total Catchment (2.16 impervious + 1.24 pervious = 3.40 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1753.32 605.61 (80.4%)456.67 (95.5%)148.94 (54.1%)

AR&R 100 year, 10 minutes storm, average 209 mm/h, Zone 11183.79 1011.88 (85.5%)729.95 (97.1%)281.93 (65.2%)

AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 11812.51 1602.99 (88.4%)1129.09 (98.1%)473.89 (71.6%)

AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 12276.96 2032.17 (89.2%)1423.95 (98.5%)608.22 (73.2%)

AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 13150.36 2835.67 (90.0%)1978.43 (98.9%)857.24 (74.5%)

AR&R 100 year, 2 hours storm, average 60.3 mm/h, Zone 14098.53 3691.25 (90.1%)2580.38 (99.2%)1110.87 (74.2%)

AR&R 100 year, 3 hours storm, average 45.9 mm/h, Zone 14679.67 4197.72 (89.7%)2949.28 (99.3%)1248.44 (73.1%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

Pipe116 0.178 0.8 4.505 4.434 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Pipe110 0.429 1.5 4.258 4.14 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Pipe153 0.697 2.5 3.675 3.5 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Pipe107 0.92 3.8 2.432 1.757 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Pipe126 0.076 2.6 3.607 3.5 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P97 0.135 1.9 3.156 2.781 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P106 0.365 3.5 2.781 1.281 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

CHANNEL DETAILS
Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF137 0.409 0.409 7.665 0.061 0.05 16.12 0.74 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF151 0.466 0.466 7.665 0.063 0.05 16.66 0.78 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF141 0.059 0.059 7.665 0.029 0.01 9.73 0.41 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

OF143 0.025 0.025 7.665 0.021 0.01 7.03 0.34 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF145 0.264 0.264 7.665 0.051 0.03 14.15 0.66 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

OF287 0 0 7.665 0 0 0 0

OF288 0 0 7.665 0 0 0 0  
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OF290 0 0 7.665 0 0 0 0

OF252 0.031 0.031 7.665 0.023 0.01 7.63 0.35 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF149 1.559 1.559 7.665 0.105 0.11 24.92 1.07 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF292 0 0 7.665 0 0 0 0

OF285 0 0 7.665 0 0 0 0

OF298 0 0 7.665 0 0 0 0

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q

Total Low Level High Level

CONTINUITY CHECK for AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

N190 514.61 514.61 0 0

N194 599.04 599.04 0 0

N196 84.43 84.43 0 0

N198 30.1 30.1 0 0

Street 30.1 30.1 0 0

N208 372.67 372.67 0 0

Pit131 269.87 269.87 0 0

Pit127 645.42 645.47 0 0
Pit PF 1012.27 1012.4 0 0

Pit PD 1360.86 1360.91 0 0

N210 2206.75 2206.75 0 0

Pit140 108.21 108.21 0 0

Channel 2206.75 2206.75 0 0

Mangrove 599.04 599.04 0 0

Pit PB 174.23 174.23 0 0

Pit PC 473.17 473.17 0 0

Run Log for Option 1  run at 14:49:01 on 25/2/2009

No water upwelling from any pit.
Freeboard was less than 0.15m at Pit PD  
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Appendix C 

Proposed Condition Option 2 - DRAINS Model Input 
and Output 

 

Proposed – without OSD 

Input Data 

10 year ARI Results 

100 year ARI Results 

Proposed – with OSD 

Input Data 

2 year ARI Results 

10 year ARI Results 

100 year ARI Results 
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Drains Input Data – Proposed Condition Option 2 – No OSD 

 

Figure C1 – Proposed Condition Option 2– No OSD - Drains Input Labels 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 2

Option 2 - no OSD - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

PIT / NODE DETAILS Version 9

Name Type Family Size Ponding Pressure Surface Max Pond Base Blocking x y Bolt-downid Part Full

Volume Change Elev (m) Depth (m) Inflow Factor lid Shock Loss

(cu.m) Coeff. Ku (cu.m/s)

N267 Node 3 0 332827.2 6256308.4 1E+08

N269 Node 3 0 332776.4 6256322.9 1E+08
Mangrove Node 0 0 332758 6256385.8 1E+08

N279 Node 5 0 332897.5 6256240.2 1E+08

Street Node 3 0 332896.2 6256180.9 1E+08

Pit164 OnGrade DUMMY UNLIMITED UNLIMITED INLET 5 5 0 0.2 332855.8 6256240.8 No 1E+08 1 x Ku

Pit166 OnGrade DUMMY UNLIMITED UNLIMITED INLET 1.5 5 0 0.2 332802.4 6256240.2 No 1E+08 1 x Ku

PitD1 OnGrade DUMMY UNLIMITED UNLIMITED INLET 2.5 3.5 0 0.2 332726.8 6256214.5 No 1E+08 1 x Ku

N295 Node 2.5 0 332698.8 6256173.7 1E+08

PitPF OnGrade DUMMY UNLIMITED UNLIMITED INLET 1.5 5 0 0.2 332747.4 6256283.5 No 1E+08 1 x Ku

Pit201 Sag TOYOTA - CRONULLA450x450 grated only 1 5 2.95 0.4 0 0.5 332750.9 6256323.3 No 2E+08 1 x Ku

N275 Node 2 0 332760.4 6256356.1 1E+08

PitPC1 OnGrade DUMMY UNLIMITED UNLIMITED INLET 0 3.5 0 0.2 332658.8 6256220.3 No 1E+08 1 x Ku

Channel Node 0 332640.8 6256169.5 1E+08
N302 Node 2.5 0 332773.7 6256159.1 1E+08

Pit PB1 OnGrade DUMMY UNLIMITED UNLIMITED INLET 0 4.2 0 0.2 332689.4 6256309.9 No 2E+08 1 x Ku

Pit exist1 Sag TOYOTA - CRONULLA450x450 grated only 1 1.5 2.7 0.17 0 0.5 332709.9 6256351.6 No 2E+08 1 x Ku

Pit PG1 OnGrade DUMMY UNLIMITED UNLIMITED INLET 5 4.25 0 0.2 332759.1 6256252.9 No 2E+08 1 x Ku

DETENTION BASIN DETAILS

Name Elev Surf. Area Init Vol. (cu.m)Outlet Type  K  Dia(mm) Centre RL Pit FamilyPit Type x y HED Crest RLCrest Length(m)id

SUB-CATCHMENT DETAILS

Name Pit or Total Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved Grass Supp Lag Time

Node Area Area Area Area Time Time Time Length Length Length Slope(%)Slope Slope Rough Rough Rough or Factor

(ha) % % % (min) (min) (min) (m) (m) (m) % % %
PN1 N267 0.105 50 50 0 7 12 0 0

PA1 N269 0.7435 0 100 0 5 10 0 0

PL1 N279 0.0434 0 100 0 0 7 0 0

PJ1 and PK1Pit164 0.3226 65 35 0 5 21 0 0

PH1 and PI1Pit166 0.4429 70 30 0 5 21 0 0

PD1 PitD1 0.262 100 0 0 5 0 0 0

PF1 PitPF 0.4 100 0 0 6 20 0 0

PC1 PitPC1 0.326 100 0 0 5 0 0 0

PE1 and M1N302 0.445 65 35 0 5 15 0 0

DRAINS Version: 

Modeller's Name:

Description:
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PB1 Pit PB1 0.19 100 0 0 5 0 0 0

PG1 Pit PG1 0.118 100 0 0 6 0 0 0

PIPE DETAILS

Name From To Length U/S IL D/S IL Slope Type Dia I.D. Rough Pipe Is No. PipesChg FromAt Chg Chg Rl Chg RL

(m) (m) (m) (%) (mm) (mm) (m) (m) (m) (m)

P158 Pit164 Pit166 60 3.9 3.3 1 Concrete, under roads450 450 0.3 New 1 Pit164 0

P160 Pit166 PitD1 35 3.3 2.5 2.29 Concrete, under roads525 525 0.3 New 1 Pit166 0

P164 PitD1 N295 45 2 1.325 1.5 Concrete, under roads600 600 0.3 New 1 PitD1 0

Pipe174 PitPF Pit201 20 2.65 2.35 1.5 Concrete, under roads375 375 0.3 New 1 PitPF 0

P208 Pit201 N275 15 2.35 2.125 1.5 uPVC, under roads250 242 0.03 New 1 Pit201 0
P171 PitPC1 N295 72 2.5 1 2.08 Concrete, not under roads450 450 0.3 New 1 PitPC1 0

P200 Pit PB1 Pit exist1 30 2.55 2.1 1.5 Concrete, under roads300 300 0.3 New 1 Pit PB1 0

P203 Pit exist1 N275 20 2.1 1.8 1.5 uPVC, under roads250 242 0.03 New 1 Pit exist1 0

Pipe216 Pit PG1 PitD1 20 3 2.8 1 Concrete, under roads300 300 0.3 New 1 Pit PG1 0

DETAILS of SERVICES CROSSING PIPES

Pipe Chg  Bottom Height of ServiceChg  Bottom Height of ServiceChg  Bottom Height of Serviceetc

(m) Elev (m)         (m) (m) Elev (m)         (m) (m) Elev (m)         (m) etc

CHANNEL DETAILS

Name From To Type Length U/S IL D/S IL Slope Base WidthL.B. SlopeR.B. Slope Manning Depth Roofed

(m) (m) (m) (%) (m) (1:?) (1:?) n (m)

OVERFLOW ROUTE DETAILS

Name From To Travel Spill Crest Weir Cross Safe DepthSafeDepthSafe Bed D/S Area id

Time Level Length Coeff. C Section Major StormsMinor StormsDxV Slope Contributing

(min) (m) (m) (m) (m) (sq.m/sec) (%) %

OF225 N267 N275 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF227 N269 N275 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF236 N279 Street 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF283 Pit164 Pit166 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF284 Pit166 PitD1 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF285 PitD1 N295 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF238 N295 Channel 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08
OF239 PitPF Pit201 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF262 Pit201 N275 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.1E+08

OF229 N275 Mangrove 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF286 PitPC1 N295 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF242 N302 N295 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF281 Pit PB1 Pit exist1 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08

OF258 Pit exist1 N275 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.1E+08

OF264 Pit PG1 PitD1 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.3E+08  
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Drains 10 year ARI Results – Proposed Condition Option 2 
– No OSD  

 

Figure C2 – Proposed Condition Option 2– No OSD - Drains 10 Year Results 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 2

Option 2 - no OSD - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 23 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
Pit164 4.49 0.118 0.51 0 None

Pit166 3.96 0.17 1.04 0 None

PitD1 2.94 0.131 0.56 0 None

N295 1.63 0.173

PitPF 3.74 0.191 1.26 0 None

Pit201 3.35 3.35 0 1 -0.4 0.111 Outlet System

N275 1.99 0.393

PitPC1 2.68 0.164 0.82 0 None

Pit PB1 2.82 0.095 1.38 0 None

Pit exist1 2.64 2.7 0 0 0.06 0 None

Pit PG1 3.46 0.056 0.79 0 None

SUB-CATCHMENT DETAILS

Name Max Paved Grassed Paved Grassed Supp. Due to Storm

Flow Q Max Q Max Q Tc Tc Tc

(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

PN1 0.038 0.023 0.015 7 12 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PA1 0.262 0 0.262 5 10 0 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

PL1 0.017 0 0.017 0 7 0 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

PJ1 and PK1 0.118 0.1 0.023 5 21 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PH1 and PI1 0.17 0.148 0.027 5 21 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PD1 0.131 0.131 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PF1 0.191 0.191 0 6 20 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PC1 0.164 0.164 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1
PE1 and M1 0.173 0.138 0.039 5 15 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PB1 0.095 0.095 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PG1 0.056 0.056 0 6 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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Outflow Volumes for Total Catchment (2.16 impervious + 1.24 pervious = 3.40 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 10 year, 5 minutes storm, average 180 mm/h, Zone 1509.77 363.64 (71.3%)302.05 (93.3%)61.59 (33.1%)

AR&R 10 year, 10 minutes storm, average 140 mm/h, Zone 1792.97 623.24 (78.6%)481.84 (95.7%)141.40 (48.8%)

AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 11189.46 985.52 (82.9%)733.55 (97.1%)251.97 (58.0%)

AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 11478.33 1238.33 (83.8%)916.94 (97.7%)321.39 (59.5%)

AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 12032.27 1722.60 (84.8%)1268.61 (98.3%)453.99 (61.2%)

AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 12643.99 2240.79 (84.8%)1656.97 (98.7%)583.83 (60.5%)
AR&R 10 year, 3 hours storm, average 29.7 mm/h, Zone 13028.02 2557.80 (84.5%)1900.76 (98.9%)657.05 (59.4%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

P158 0.118 2 4.082 3.956 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

P160 0.288 3.4 3.519 2.943 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

P164 0.469 3.3 2.304 1.629 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

Pipe174 0.191 1.7 3.508 3.35 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P208 0.08 2.4 2.513 2.288 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P171 0.164 2.8 2.677 1.629 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P200 0.095 1.4 2.825 2.637 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1
P203 0.095 2.5 2.308 1.989 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

Pipe216 0.056 1.7 3.144 2.944 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

CHANNEL DETAILS

Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF225 0.038 0.038 0.256 0.025 0.01 8.23 0.38 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF227 0.262 0.262 0.256 0.051 0.03 14.15 0.65 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

OF236 0.017 0.017 0.256 0.018 0.01 5.84 0.32 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1
OF283 0 0 0.256 0 0 0 0

OF284 0 0 0.256 0 0 0 0

OF285 0 0 0.256 0 0 0 0

OF238 0.798 0.798 0.256 0.079 0.07 19.9 0.9 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

OF239 0 0 0.256 0 0 0 0  
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OF262 0.111 0.111 0.256 0.036 0.02 11.27 0.51 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

OF229 0.563 0.563 0.256 0.069 0.06 17.74 0.82 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF286 0 0 0.256 0 0 0 0

OF242 0.173 0.173 0.256 0.043 0.03 12.53 0.59 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF281 0 0 0.256 0 0 0 0

OF258 0 0 0.256 0 0 0 0

OF264 0 0 0.256 0 0 0 0

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q
Total Low Level High Level

CONTINUITY CHECK for AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

N267 65.03 65.03 0 0

N269 350.28 350.28 0 0

Mangrove 868.35 868.35 0 0

N279 20.48 20.48 0 0

Street 20.48 20.48 0 0

Pit164 213.98 213.98 0 0

Pit166 514.34 514.37 0 0
PitD1 806.21 806.28 0 0

N295 1351.97 1351.97 0 0

PitPF 307.2 307.2 0 0

Pit201 307.2 307.12 0 0

N275 868.35 868.35 0 0

PitPC1 250.37 250.37 0 0

Channel 1351.97 1351.97 0 0

N302 295.33 295.33 0 0

Pit PB1 145.92 145.92 0 0

Pit exist1 145.92 145.92 0 0

Pit PG1 90.62 90.62 0 0

Run Log for Opt 2  run at 10:38:57 on 23/2/2009

Upwelling occurred at Pit201

Freeboard was less than 0.15m at Pit exist1

The maximum flow exceeded the safe value in the following overflow routes: OF238, OF229, OF227  
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Drains 100 year ARI Results – Proposed Condition –  
No OSD 

 

Figure C3 – Proposed Condition Option 2– No OSD - Drains 100 Year Results 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 2

Option 2 - no OSD - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 23 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
Pit164 4.66 0.178 0.34 0 None

Pit166 4.12 0.251 0.88 0 None

PitD1 3.32 0.186 0.18 0 None

N295 1.71 0.264

PitPF 4.14 0.273 0.86 0 None

Pit201 3.35 3.35 0 1 -0.4 0.192 Outlet System

N275 2.04 0.647

PitPC1 2.71 0.232 0.79 0 None

Pit PB1 3.25 0.135 0.95 0 None

Pit exist1 2.87 2.87 0 0 -0.17 0.022 Outlet System

Pit PG1 3.7 0.08 0.55 0 None

SUB-CATCHMENT DETAILS

Name Max Paved Grassed Paved Grassed Supp. Due to Storm

Flow Q Max Q Max Q Tc Tc Tc

(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

PN1 0.059 0.033 0.026 7 12 0 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

PA1 0.409 0 0.409 5 10 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PL1 0.025 0 0.025 0 7 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PJ1 and PK1 0.178 0.141 0.044 5 21 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

PH1 and PI1 0.251 0.208 0.052 5 21 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

PD1 0.186 0.186 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PF1 0.273 0.273 0 6 20 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PC1 0.232 0.232 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1
PE1 and M1 0.264 0.194 0.07 5 15 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

PB1 0.135 0.135 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PG1 0.08 0.08 0 6 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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Outflow Volumes for Total Catchment (2.16 impervious + 1.24 pervious = 3.40 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1753.32 605.61 (80.4%)456.67 (95.5%)148.94 (54.1%)

AR&R 100 year, 10 minutes storm, average 209 mm/h, Zone 11183.79 1011.89 (85.5%)729.96 (97.1%)281.93 (65.2%)

AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 11812.51 1602.98 (88.4%)1129.09 (98.1%)473.89 (71.6%)

AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 12276.96 2032.17 (89.2%)1423.95 (98.5%)608.22 (73.2%)

AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 13150.36 2835.66 (90.0%)1978.43 (98.9%)857.24 (74.5%)

AR&R 100 year, 2 hours storm, average 60.3 mm/h, Zone 14098.53 3691.23 (90.1%)2580.37 (99.2%)1110.86 (74.2%)

AR&R 100 year, 3 hours storm, average 45.9 mm/h, Zone 14679.67 4197.72 (89.7%)2949.28 (99.3%)1248.44 (73.1%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

P158 0.178 1.3 4.275 4.115 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

P160 0.429 3.8 3.573 3.317 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

P164 0.678 3.5 2.384 1.709 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Pipe174 0.273 2.5 3.671 3.35 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P208 0.08 2.4 2.514 2.289 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P171 0.232 3.1 2.714 1.709 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P200 0.135 1.9 3.248 2.87 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P203 0.113 2.5 2.41 2.04 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

Pipe216 0.08 1.1 3.397 3.317 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

CHANNEL DETAILS

Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF225 0.059 0.059 7.665 0.029 0.01 9.73 0.41 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

OF227 0.409 0.409 7.665 0.061 0.05 16.12 0.74 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF236 0.025 0.025 7.665 0.021 0.01 7.03 0.34 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF283 0 0 7.665 0 0 0 0

OF284 0 0 7.665 0 0 0 0
OF285 0 0 7.665 0 0 0 0

OF238 1.16 1.16 7.665 0.093 0.09 22.59 0.99 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

OF239 0 0 7.665 0 0 0 0  
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OF262 0.192 0.192 7.665 0.044 0.03 12.89 0.61 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF229 0.84 0.84 7.665 0.081 0.07 20.25 0.91 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

OF286 0 0 7.665 0 0 0 0

OF242 0.264 0.264 7.665 0.051 0.03 14.15 0.66 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

OF281 0 0 7.665 0 0 0 0

OF258 0.022 0.022 7.665 0.02 0.01 6.74 0.32 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF264 0 0 7.665 0 0 0 0

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q
Total Low Level High Level

CONTINUITY CHECK for AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

N267 84.43 84.43 0 0

N269 514.61 514.61 0 0

Mangrove 1140.26 1140.26 0 0

N279 30.1 30.1 0 0

Street 30.1 30.1 0 0

Pit164 269.87 269.87 0 0

Pit166 645.42 645.48 0 0
PitD1 993.94 994 0 0

N295 1665.61 1665.62 0 0

PitPF 366.8 366.8 0 0

Pit201 366.8 367.06 0 -0.1

N275 1140.26 1140.26 0 0

PitPC1 298.94 298.94 0 0

Channel 1665.62 1665.62 0 0

N302 372.67 372.67 0 0

Pit PB1 174.23 174.23 0 0

Pit exist1 174.23 174.16 0 0

Pit PG1 108.21 108.21 0 0

Run Log for Opt 2  run at 10:41:58 on 23/2/2009

Upwelling occurred at Pit201, Pit exist1  
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Drains Input Data – Proposed Condition Option 2 with OSD 

 

Figure C4 – Proposed Condition Option 2 with OSD - Drains Input Labels 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 2

Option 2 - OSD - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

PIT / NODE DETAILS Version 9

Name Type Family Size Ponding Pressure Surface Max Pond Base Blocking x y Bolt-downid Part Full

Volume Change Elev (m) Depth (m) Inflow Factor lid Shock Loss

(cu.m) Coeff. Ku (cu.m/s)

N267 Node 3 0 332851.1 6256296.2 1E+08

N269 Node 3 0 332792.8 6256314.8 1E+08
N277 Node 0 0 332768.7 6256413.8 1E+08

N279 Node 5 0 332875.5 6256240.5 1E+08

N281 Node 3 0 332872.3 6256164.9 1E+08

PitPF OnGrade DUMMY UNLIMITED UNLIMITED INLET 1.5 5 0 0.2 332685 6256279.6 No 1E+08 1 x Ku

Pit201 Sag TOYOTA - CRONULLA450x450 grated only 1 5 2.95 0.4 0 0.5 332720.2 6256326.2 No 2E+08 1 x Ku

N275 Node 2 0 332760.4 6256356.1 1E+08

PitPC1 OnGrade DUMMY UNLIMITED UNLIMITED INLET 0 3.5 0 0.2 332614.9 6256214.1 No 1E+08 1 x Ku

N295 Node 2.5 0 332648.2 6256171.5 1E+08

N299 Node 0 332581.7 6256171.5 1E+08

N302 Node 2.5 0 332733.5 6256162.3 1E+08

Pit PB1 OnGrade DUMMY UNLIMITED UNLIMITED INLET 0 4.2 0 0.2 332622.1 6256278 No 2E+08 1 x Ku

Pit exist1 Sag TOYOTA - CRONULLA450x450 grated only 1 1.5 2.7 0.17 0 0.5 332676.2 6256354.3 No 2E+08 1 x Ku
PitD1 OnGrade DUMMY UNLIMITED UNLIMITED INLET 2.5 5.5 0 0.2 332685.6 6256202.7 No 1E+08 1 x Ku

Pit PG1 OnGrade DUMMY UNLIMITED UNLIMITED INLET 4 5.5 0 0.2 332717.9 6256251.3 No 2E+08 1 x Ku

DETENTION BASIN DETAILS

Name Elev Surf. Area Init Vol. (cu.m)Outlet Type  K  Dia(mm) Centre RL Pit FamilyPit Type x y HED Crest RLCrest Length(m)id

Basin8 5.05 375 0 Orifice 250 5.175 332775.9 6256190.7 No 2.24E+08

5.55 375

Basin7 5.05 475 0 Orifice 250 5.175 332770.8 6256235.1 No 2.24E+08

5.55 475

SUB-CATCHMENT DETAILS

Name Pit or Total Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved Grass Supp Lag Time
Node Area Area Area Area Time Time Time Length Length Length Slope(%)Slope Slope Rough Rough Rough or Factor

(ha) % % % (min) (min) (min) (m) (m) (m) % % %

PN1 N267 0.105 50 50 0 7 12 0 0

PA1 N269 0.7435 0 100 0 5 10 0 0

PL1 N279 0.0434 0 100 0 0 7 0 0

PF1 PitPF 0.4 100 0 0 6 20 0 0

PC1 PitPC1 0.326 100 0 0 5 0 0 0

PE1 and M1N302 0.445 65 35 0 5 15 0 0

PB1 Pit PB1 0.19 100 0 0 5 0 0 0

PJ1 and PK1Basin8 0.3226 65 35 0 5 21 0 0

DRAINS Version: 

Modeller's Name:

Description:
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PD1 PitD1 0.262 100 0 0 5 0 0 0

PG1 Pit PG1 0.118 100 0 0 6 0 0 0

PH1 and PI1Basin7 0.4429 70 30 0 5 21 0 0

PIPE DETAILS

Name From To Length U/S IL D/S IL Slope Type Dia I.D. Rough Pipe Is No. PipesChg FromAt Chg Chg Rl Chg RL

(m) (m) (m) (%) (mm) (mm) (m) (m) (m) (m)

Pipe174 PitPF Pit201 20 2.65 2.35 1.5 Concrete, under roads375 375 0.3 New 1 PitPF 0

P208 Pit201 N275 15 2.35 2.125 1.5 uPVC, under roads250 242 0.03 New 1 Pit201 0

P171 PitPC1 N295 72 2.5 1 2.08 Concrete, not under roads450 450 0.3 New 1 PitPC1 0

P200 Pit PB1 Pit exist1 30 2.55 2.1 1.5 Concrete, under roads300 300 0.3 New 1 Pit PB1 0
P203 Pit exist1 N275 20 2.1 1.8 1.5 uPVC, under roads250 242 0.03 New 1 Pit exist1 0

P158 Basin8 PitD1 95 5.05 3.625 1.5 Concrete, under roads450 450 0.3 NewFixed 1 Basin8 0

P164 PitD1 N295 45 2 1.325 1.5 Concrete, under roads600 600 0.3 New 1 PitD1 0

Pipe267 Pit PG1 Basin7 20 3 2.8 1 Concrete, under roads300 300 0.3 NewFixed 1 Pit PG1 0

P160 Basin7 PitD1 35 5.05 4.525 1.5 Concrete, under roads450 450 0.3 NewFixed 1 Basin7 0

DETAILS of SERVICES CROSSING PIPES

Pipe Chg  Bottom Height of ServiceChg  Bottom Height of ServiceChg  Bottom Height of Serviceetc

(m) Elev (m)         (m) (m) Elev (m)         (m) (m) Elev (m)         (m) etc

CHANNEL DETAILS

Name From To Type Length U/S IL D/S IL Slope Base WidthL.B. SlopeR.B. Slope Manning Depth Roofed
(m) (m) (m) (%) (m) (1:?) (1:?) n (m)

OVERFLOW ROUTE DETAILS

Name From To Travel Spill Weir Cross Safe DepthSafeDepthSafe Bed D/S Area id

Time Level Length Coeff. C Section Major StormsMinor StormsDxV Slope Contributing

(min) (m) (m) (m) (m) (sq.m/sec) (%) %

OF225 N267 N275 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF227 N269 N275 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF236 N279 N281 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF239 PitPF Pit201 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF262 Pit201 N275 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.1E+08

OF229 N275 N277 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08
OF372 PitPC1 N295 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.5E+08

OF238 N295 N299 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF242 N302 N295 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 1.2E+08

OF369 Pit PB1 Pit exist1 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.5E+08

OF258 Pit exist1 N275 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.1E+08

OF385 Basin8 PitD1 0.1 5.55 2 1.6 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.5E+08

OF376 PitD1 N295 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.5E+08

OF378 Pit PG1 PitD1 0.1 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.5E+08

OF383 Basin7 PitD1 0.1 5.55 2 1.6 Dummy used to model flow across road low points0.2 0.05 0.6 1 0 2.5E+08  
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Drains 2 year ARI Results – Proposed Condition with OSD 

 

Figure C5 – Proposed Condition Option 2 with OSD - Drains 2 Year Results 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 2

Option 2 - OSD - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 23 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
PitPF 3.53 0.13 1.47 0 None

Pit201 3.35 3.35 0 0.2 -0.4 0.05 Outlet System

N275 1.94 0.194

PitPC1 2.64 0.112 0.86 0 None

N295 1.46 0.109

Pit PB1 2.69 0.065 1.51 0 None

Pit exist1 2.49 2.7 0 0 0.21 0 None

PitD1 2.38 0.09 3.12 0 None

Pit PG1 5.3 0.038 0.2 0 None

SUB-CATCHMENT DETAILS

Name Max Paved Grassed Paved Grassed Supp. Due to Storm
Flow Q Max Q Max Q Tc Tc Tc

(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

PN1 0.023 0.016 0.008 7 12 0 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

PA1 0.161 0 0.161 5 10 0 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

PL1 0.01 0 0.01 0 7 0 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

PF1 0.13 0.13 0 6 20 0 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

PC1 0.112 0.112 0 5 0 0 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

PE1 and M1 0.109 0.092 0.019 5 15 0 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

PB1 0.065 0.065 0 5 0 0 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

PJ1 and PK1 0.076 0.072 0.009 5 21 0 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

PD1 0.09 0.09 0 5 0 0 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

PG1 0.038 0.038 0 6 0 0 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1
PH1 and PI1 0.111 0.106 0.011 5 21 0 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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Outflow Volumes for Total Catchment (2.16 impervious + 1.24 pervious = 3.40 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 2 year, 5 minutes storm, average 126 mm/h, Zone 1356.84 217.18 (60.9%)204.96 (90.5%)12.22 (9.4%)

AR&R 2 year, 10 minutes storm, average 96.5 mm/h, Zone 1546.58 379.63 (69.5%)325.42 (93.8%)54.21 (27.2%)

AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1812.23 612.00 (75.3%)494.07 (95.8%)117.93 (39.8%)

AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1985.55 749.71 (76.1%)604.10 (96.6%)145.61 (40.5%)

AR&R 2 year, 1 hour storm, average 39.4 mm/h, Zone 11338.99 1036.83 (77.4%)828.48 (97.5%)208.34 (42.6%)

AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 11746.8 1350.96 (77.3%)1087.38 (98.1%)263.58 (41.3%)

AR&R 2 year, 3 hours storm, average 19.7 mm/h, Zone 12008.48 1550.10 (77.2%)1253.50 (98.3%)296.60 (40.4%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

Pipe174 0.13 1.2 3.425 3.35 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

P208 0.08 2.4 2.513 2.288 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

P171 0.112 2.6 2.642 1.46 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

P200 0.065 2 2.689 2.49 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

P203 0.065 2.4 2.24 1.94 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

P158 0.025 1.7 5.117 3.692 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

P164 0.114 2.4 2.135 1.46 AR&R 2 year, 1 hour storm, average 39.4 mm/h, Zone 1

Pipe267 0.038 0.5 5.287 5.285 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1

P160 0.044 1.9 5.141 4.616 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

CHANNEL DETAILS

Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF225 0.023 0.023 0.256 0.02 0.01 6.74 0.33 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

OF227 0.161 0.161 0.256 0.042 0.02 12.35 0.57 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

OF236 0.01 0.01 0.256 0.015 0 4.94 0.28 AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

OF239 0 0 0.256 0 0 0 0

OF262 0.05 0.05 0.256 0.027 0.01 9.13 0.4 AR&R 2 year, 20 minutes storm, average 71.7 mm/h, Zone 1
OF229 0.323 0.323 0.256 0.055 0.04 15.05 0.69 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1  
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OF372 0 0 0.256 0 0 0 0

OF238 0.322 0.322 0.256 0.055 0.04 15.05 0.69 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

OF242 0.109 0.109 0.256 0.036 0.02 11.27 0.5 AR&R 2 year, 30 minutes storm, average 58 mm/h, Zone 1

OF369 0 0 0.256 0 0 0 0

OF258 0 0 0.256 0 0 0 0

OF385 0 0 0.256 0 0 0 0

OF376 0 0 0.256 0 0 0 0

OF378 0 0 0.256 0 0 0 0

OF383 0 0 0.256 0 0 0 0

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q

Total Low Level High Level

Basin8 5.21 59.1 0.025 0.025 0

Basin7 5.29 112.8 0.044 0.044 0

CONTINUITY CHECK for AR&R 2 year, 2 hours storm, average 25.7 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

N267 37.61 37.61 0 0

N269 158.15 158.15 0 0

N277 492.92 492.92 0 0
N279 9.26 9.26 0 0

N281 9.26 9.26 0 0

PitPF 201.6 201.6 0 0

Pit201 201.6 201.39 0 0.1

N275 492.92 492.92 0 0

PitPC1 164.3 164.3 0 0

N295 807.53 807.44 0 0

N299 807.34 807.34 0 0

N302 178.81 178.81 0 0

Pit PB1 95.76 95.76 0 0

Pit exist1 95.76 95.76 0 0

Basin8 129.59 115.56 14.35 -0.3
PitD1 464.5 464.41 0 0

Pit PG1 59.47 59.47 0 0

Basin7 243.83 216.89 27.37 -0.2

Run Log for Opt 2  run at 14:02:17 on 23/2/2009

Upwelling occurred at Pit201

The maximum flow exceeded the safe value in the following overflow routes: OF238, OF229  
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Drains 10 year ARI Result – Proposed Condition Option 2 
with OSD 

 

Figure C5 – Proposed Condition Option 2 with OSD - Drains 10 Year Results 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 2

Option 2 - OSD - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 23 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow Arr ivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
PitPF 3.74 0.191 1.26 0 None

Pit201 3.35 3.35 0 1 -0.4 0.111 Outlet System

N275 1.99 0.393

PitPC1 2.68 0.164 0.82 0 None

N295 1.51 0.173

Pit PB1 2.82 0.095 1.38 0 None

Pit exist1 2.64 2.7 0 0 0.06 0 None

PitD1 2.51 0.131 2.99 0 None

Pit PG1 5.46 0.056 0.04 0 None

SUB-CATCHMENT DETAILS

Name Max Paved Grassed Paved Grassed Supp. Due to Storm
Flow Q Max Q Max Q Tc Tc Tc

(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

PN1 0.038 0.023 0.015 7 12 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PA1 0.262 0 0.262 5 10 0 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

PL1 0.017 0 0.017 0 7 0 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

PF1 0.191 0.191 0 6 20 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PC1 0.164 0.164 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PE1 and M1 0.173 0.138 0.039 5 15 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PB1 0.095 0.095 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PJ1 and PK1 0.118 0.1 0.023 5 21 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

PD1 0.131 0.131 0 5 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

PG1 0.056 0.056 0 6 0 0 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1
PH1 and PI1 0.17 0.148 0.027 5 21 0 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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Outflow Volumes for Total Catchment (2.16 impervious + 1.24 pervious = 3.40 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 10 year, 5 minutes storm, average 180 mm/h, Zone 1509.77 363.65 (71.3%)302.05 (93.3%)61.60 (33.1%)

AR&R 10 year, 10 minutes storm, average 140 mm/h, Zone 1792.97 623.24 (78.6%)481.84 (95.7%)141.40 (48.8%)

AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 11189.46 985.53 (82.9%)733.55 (97.1%)251.98 (58.0%)

AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 11478.33 1238.33 (83.8%)916.94 (97.7%)321.39 (59.5%)

AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 12032.27 1722.60 (84.8%)1268.61 (98.3%)453.99 (61.2%)

AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 12643.99 2240.79 (84.8%)1656.97 (98.7%)583.83 (60.5%)

AR&R 10 year, 3 hours storm, average 29.7 mm/h, Zone 13028.02 2557.80 (84.5%)1900.75 (98.9%)657.05 (59.4%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

Pipe174 0.191 1.7 3.508 3.35 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P208 0.08 2.4 2.513 2.288 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P171 0.164 2.8 2.677 1.509 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P200 0.095 1.4 2.824 2.637 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P203 0.095 2.5 2.308 1.989 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P158 0.045 1.9 5.142 3.717 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

P164 0.189 2.6 2.184 1.509 AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 1

Pipe267 0.056 0.8 5.423 5.421 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1

P160 0.066 2.1 5.164 4.639 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

CHANNEL DETAILS

Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF225 0.038 0.038 0.256 0.025 0.01 8.23 0.38 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF227 0.262 0.262 0.256 0.051 0.03 14.15 0.65 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

OF236 0.017 0.017 0.256 0.018 0.01 5.84 0.32 AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

OF239 0 0 0.256 0 0 0 0

OF262 0.111 0.111 0.256 0.036 0.02 11.27 0.51 AR&R 10 year, 20 minutes storm, average 105 mm/h, Zone 1
OF229 0.563 0.563 0.256 0.069 0.06 17.74 0.82 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF372 0 0 0.256 0 0 0 0  
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OF238 0.512 0.512 0.256 0.066 0.05 17.2 0.8 AR&R 10 year, 1 hour storm, average 59.8 mm/h, Zone 1

OF242 0.173 0.173 0.256 0.043 0.03 12.53 0.59 AR&R 10 year, 30 minutes storm, average 87 mm/h, Zone 1

OF369 0 0 0.256 0 0 0 0

OF258 0 0 0.256 0 0 0 0

OF385 0 0 0.256 0 0 0 0

OF376 0 0 0.256 0 0 0 0

OF378 0 0 0.256 0 0 0 0

OF383 0 0 0.256 0 0 0 0

DETENTION BASIN DETAILS
Name Max WL MaxVol Max Q Max Q Max Q

Total Low Level High Level

Basin8 5.29 90.1 0.045 0.045 0

Basin7 5.42 177.9 0.066 0.066 0

CONTINUITY CHECK for AR&R 10 year, 2 hours storm, average 38.9 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

N267 65.03 65.03 0 0

N269 350.28 350.28 0 0

N277 868.31 868.31 0 0

N279 20.48 20.48 0 0
N281 20.48 20.48 0 0

PitPF 307.2 307.2 0 0

Pit201 307.2 307.09 0 0

N275 868.31 868.31 0 0

PitPC1 250.37 250.37 0 0

N295 1302 1301.89 0 0

N299 1301.77 1301.77 0 0

N302 295.33 295.33 0 0

Pit PB1 145.92 145.92 0 0

Pit exist1 145.92 145.92 0 0

Basin8 213.98 197.27 17.05 -0.2

PitD1 756.42 756.31 0 0
Pit PG1 90.62 90.62 0 0

Basin7 390.99 357.94 33.45 -0.1

Run Log for Opt 2  run at 13:59:40 on 23/2/2009

Upwelling occurred at Pit201

Freeboard was less than 0.15m at Pit PG1, Pit exist1

The maximum flow exceeded the safe value in the following overflow routes: OF238, OF229, OF227  
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Drains 100 year ARI Result – Proposed Condition Option 2 
with OSD 

 

Figure C6 – Proposed Condition Option 2 with OSD - Drains 100 Year Results 
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DRAINS Model Name and File Path F:\AA002350\D-Calculations\Stormwater\Drains\Results\Option 2

Option 2 - OSD - 09-02-23

2008.11 -November 2008

Gustavo Pereira

Toyota Park

DRAINS results prepared 23 February, 2009 from Version 2008.11

PIT / NODE DETAILS Version 8

Name Max HGL Max Pond Max SurfaceMax Pond Min Overflow Constraint

HGL Flow ArrivingVolume Freeboard (cu.m/s)

(cu.m/s) (cu.m) (m)
PitPF 4.14 0.273 0.86 0 None

Pit201 3.35 3.35 0 1 -0.4 0.193 Outlet System

N275 2.04 0.647

PitPC1 2.71 0.232 0.79 0 None

N295 1.58 0.264

Pit PB1 3.25 0.135 0.95 0 None

Pit exist1 2.87 2.87 0 0 -0.17 0.022 Outlet System

PitD1 2.77 0.207 2.73 0 None

Pit PG1 5.5 0.08 0 0.073 Outlet System

SUB-CATCHMENT DETAILS

Name Max Paved Grassed Paved Grassed Supp. Due to Storm
Flow Q Max Q Max Q Tc Tc Tc

(cu.m/s) (cu.m/s) (cu.m/s) (min) (min) (min)

PN1 0.059 0.033 0.026 7 12 0 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

PA1 0.409 0 0.409 5 10 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PL1 0.025 0 0.025 0 7 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PF1 0.273 0.273 0 6 20 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PC1 0.232 0.232 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PE1 and M1 0.264 0.194 0.07 5 15 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

PB1 0.135 0.135 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PJ1 and PK1 0.178 0.141 0.044 5 21 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

PD1 0.186 0.186 0 5 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

PG1 0.08 0.08 0 6 0 0 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1
PH1 and PI1 0.251 0.208 0.052 5 21 0 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

DRAINS Version: 

Modeller's Name:

Description:
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Outflow Volumes for Total Catchment (2.16 impervious + 1.24 pervious = 3.40 total ha)

Storm Total RainfallTotal RunoffImpervious RunoffPervious Runoff

cu.m cu.m (Runoff %)cu.m (Runoff %)cu.m (Runoff %)

AR&R 100 year, 5 minutes storm, average 266 mm/h, Zone 1753.32 605.61 (80.4%)456.67 (95.5%)148.94 (54.1%)

AR&R 100 year, 10 minutes storm, average 209 mm/h, Zone 11183.79 1011.88 (85.5%)729.95 (97.1%)281.93 (65.2%)

AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 11812.51 1602.99 (88.4%)1129.09 (98.1%)473.89 (71.6%)

AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 12276.96 2032.17 (89.2%)1423.95 (98.5%)608.22 (73.2%)

AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 13150.36 2835.66 (90.0%)1978.43 (98.9%)857.24 (74.5%)

AR&R 100 year, 2 hours storm, average 60.3 mm/h, Zone 14098.53 3691.24 (90.1%)2580.37 (99.2%)1110.87 (74.2%)

AR&R 100 year, 3 hours storm, average 45.9 mm/h, Zone 14679.67 4197.73 (89.7%)2949.29 (99.3%)1248.44 (73.1%)

PIPE DETAILS

Name Max Q Max V Max U/S Max D/S Due to Storm

(cu.m/s) (m/s) HGL (m) HGL (m)

Pipe174 0.273 2.5 3.67 3.35 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P208 0.08 2.4 2.514 2.289 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P171 0.232 3.1 2.714 1.576 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P200 0.135 1.9 3.248 2.87 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P203 0.113 2.5 2.41 2.04 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P158 0.066 2.1 5.164 3.739 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

P164 0.331 3 2.251 1.576 AR&R 100 year, 2 hours storm, average 60.3 mm/h, Zone 1

Pipe267 0.073 1 5.501 5.544 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

P160 0.08 2.1 5.179 4.654 AR&R 100 year, 2 hours storm, average 60.3 mm/h, Zone 1

CHANNEL DETAILS

Name Max Q Max V Chainage Max Due to Storm

(cu.m/s) (m/s) (m) HGL (m)

OVERFLOW ROUTE DETAILS

Name Max Q U/S Max Q D/S Safe Q Max D Max DxV Max Width Max V Due to Storm

OF225 0.059 0.059 7.665 0.029 0.01 9.73 0.41 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1

OF227 0.409 0.409 7.665 0.061 0.05 16.12 0.74 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF236 0.025 0.025 7.665 0.021 0.01 7.03 0.34 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF239 0 0 7.665 0 0 0 0

OF262 0.193 0.193 7.665 0.044 0.03 12.89 0.61 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1
OF229 0.84 0.84 7.665 0.081 0.07 20.25 0.91 AR&R 100 year, 30 minutes storm, average 134 mm/h, Zone 1  
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OF372 0 0 7.665 0 0 0 0

OF238 0.798 0.798 7.665 0.079 0.07 19.9 0.9 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

OF242 0.264 0.264 7.665 0.051 0.03 14.15 0.66 AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

OF369 0 0 7.665 0 0 0 0

OF258 0.022 0.022 7.665 0.02 0.01 6.74 0.32 AR&R 100 year, 20 minutes storm, average 160 mm/h, Zone 1

OF385 0 0 7.665 0 0 0 0

OF376 0 0 7.665 0 0 0 0

OF378 0.073 0.073 7.665 0.031 0.01 10.2 0.46 AR&R 100 year, 2 hours storm, average 60.3 mm/h, Zone 1

OF383 0 0 7.665 0 0 0 0

DETENTION BASIN DETAILS

Name Max WL MaxVol Max Q Max Q Max Q

Total Low Level High Level

Basin8 5.42 140.4 0.066 0.066 0

Basin7 5.54 237 0.08 0.08 0

CONTINUITY CHECK for AR&R 100 year, 1 hour storm, average 92.7 mm/h, Zone 1

Node Inflow Outflow Storage ChangeDifference

(cu.m) (cu.m) (cu.m) %

N267 84.43 84.43 0 0

N269 514.61 514.61 0 0

N277 1140.22 1140.22 0 0
N279 30.1 30.1 0 0

N281 30.1 30.1 0 0

PitPF 366.8 366.8 0 0

Pit201 366.8 367.05 0 -0.1

N275 1140.22 1140.22 0 0

PitPC1 298.94 298.94 0 0

N295 1583.41 1583.16 0 0

N299 1582.9 1582.9 0 0

N302 372.67 372.67 0 0

Pit PB1 174.23 174.23 0 0

Pit exist1 174.23 174.12 0 0.1

Basin8 269.87 242.01 28.03 -0.1
PitD1 912.06 911.8 0 0

Pit PG1 108.21 108.15 0 0.1

Basin7 405.3 351.4 54.19 -0.1

Run Log for Opt 2  run at 13:57:50 on 23/2/2009

Upwelling occurred at Pit PG1, Pit201, Pit exist1  
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Appendix D 

Charts of Comparison of Peak Flow - Existing and 
Option 2 with OSD 
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Figure D1 – 2 year ARI Flow Comparison 
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Figure D2 – 10 year ARI Flow Comparison 
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Figure D3 – 100 year ARI Flow Comparison 
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Drawings  

 

 

Drawing No. SKC001 – Proposed Stormwater Plan 

Drawing No. SKC002 – Northern Site Area Typical Section Showing Proposed Drainage 

 






