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APPENDIX G DWER UNDO MODEL 
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APPENDIX H STORMWATER CALCULATIONS 
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Intensity Frequency Duration and Average Recurrence Interval 

The 2016 Intensity Frequency Duration (IFD) is used for the stormwater analysis. The information is sourced from the 

BOM.  

Conventionally, design storm in Western Australia is termed as the “Average Recurrence Interval” (ARI). However, this 

term, has been deemed to be misleading. ARI is often mistaken as “elapsed time”, rather than a probabilistic description. 

Eg 1:100year ARI would indicate a storm event that occurs once every hundred years. However, the true intent of the term 

is to describe a storm event that has a 1% probability of occurring. 

The conversion from AEP to ARI is described by the equation and table below. 

AEP = 1 − exp⁡(
−1

ARI
) 

ARI (years) AEP 

1 0.632 

2 0.393 

5 0.181 

10 0.095 

20 0.049 

50 0.020 

100 .0010 

Catchment Impervious area 

Stormwater Design methodology 

The site has a simplistic drainage network with reasonably homogeneous pre and post development site characteristics. 

Therefore, stormwater modelling in hydrological/hydraulics software packages is not necessary.  

Influences of regional flows is not considered in the analysis. This is due to the site being in fill, above the anticipated 1% 

AEP flood level. 

The calculations are undertaken using the rational formula.  

Pre-Development 

In the pre-development state, the site surface area are mostly grassland.  

The geotechnical report identified 50% of the site to be clay (west side), while the other half consisted of sand. The 

hydrological study noted high groundwater <0.7m from the natural surface. 

Accordingly, in the pre-development condition, there will be limited infiltration. If there are any, the water would re-surface 

west of the site where groundwater is at surface level. 

A surface retardance coefficient of 0.05 is adopted, representing sparse vegetation. 

A fraction impervious of 0.7 have been adopted for the pre-development condition. 

Post-Development 

The post development site catchment is as shown on SK 7. 80% of the development will constitute of impervious surfaces 

such as sealed track surface, asphalt runoff, gravel runoff, carpark, building, etc. the balance 20% of the site constitute 

grass verge and runoff areas. 

A surface retardance coefficient of 0.013 is adopted, representing asphalt (most of the impervious areas) 

The fraction impervious for the post-development condition varies from 0.57 - 1.0 depending on the permeable surface 

within the catchment. 
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Stormwater Treatment 

The “Stormwater Management Manual for Western Australia” (DoW, 2007) noted the requirement for bio-retention system 

to be sized at 2% of the connected impervious areas, refer to Section 7.1.  

The total developed site catchment is 35.197ha, 27.5820 of which is impervious. Accordingly, the surface area of the bio-

retention system is 5,600m². 

Stormwater Detention 

The detention basin has been calculated to allow pre-development discharge flow  out from site. The calculation method is 

in accordance with Austroads Section C21.1. 

 

 



Calculation Sheet

Project HW

Client 0

Date 0

Revision

Bioretention Area

Bioretention Area

Tota Area Grass Runoff & Verge Impervious Area 2% Imperv

(m²) (m²) (m²) (m²)

T1 5,900 280 5,620 120

T2 54,600 14,480 40,120 810

T3 38,800 12,600 26,200 530

T4 43,000 10,650 32,350 650

T5 21,800 3,650 18,150 370

T6 19,780 430 19,350 390

T7 21,050 5,450 15,600 320

T8 11,490 1,200 10,290 210

T9 23,700 15,050 8,650 180

T10 46,760 3,500 43,260 870

T11 5,700 140 5,560 120

Carpark 25,300 980 24,320 490

Skid Pan 8,560 0 8,560 180

GK1 5,700 2,450 3,250 70

GK2 2,500 560 1,940 40

GK3 3,410 830 2,580 60

GK4 6,600 2,300 4,300 90

GK5 2,620 700 1,920 40

GK6 4,700 900 3,800 80

Total 351,970 76,150 275,820 5,620

Catchment ID

Catchment

Mundijong Race Track

Stati Group

23/05/2018

A



Calculation Sheet
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Pre Development Flows

IFD Location

AEP (%)

ARI (1 : x)

Tota Area Grass Runoff & Verge Upstream Downstream Length Fraction Impervious Horton's Roughness tc
1 Q1 tc

1 Q1.44 tc
1 Q4.48 tc

1 Q10

(m²) (m²) (m AHD) (m AHD) (m) (f) (n) (min) (m³/s) (min) (m³/s) (min) (m³/s) (min) (m³/s)

T1 5,900 280 15.20 14.50 75 0.70 0.05 10 0.54 0.047 10 0.56 0.054 10 0.63 0.079 10 0.68 0.099

T2 54,600 14,480 14.90 13.80 370 0.70 0.05 60 0.54 0.152 60 0.56 0.171 60 0.63 0.248 30 0.68 0.482

T3 38,800 12,600 15.60 13.80 350 0.70 0.05 30 0.54 0.166 30 0.56 0.188 30 0.63 0.275 30 0.68 0.343

T4 43,000 10,650 15.60 13.90 305 0.70 0.05 30 0.54 0.184 30 0.56 0.208 30 0.63 0.305 30 0.68 0.380

T5 21,800 3,650 16.50 13.90 160 0.70 0.05 15 0.54 0.140 15 0.56 0.159 15 0.63 0.234 15 0.68 0.293

T6 19,780 430 16.00 13.90 235 0.70 0.05 30 0.54 0.085 30 0.56 0.096 15 0.63 0.213 15 0.68 0.266

T7 21,050 5,450 16.10 14.00 235 0.70 0.05 30 0.54 0.090 30 0.56 0.102 15 0.63 0.226 15 0.68 0.283

T8 11,490 1,200 16.30 15.80 140 0.70 0.05 30 0.54 0.049 30 0.56 0.056 15 0.63 0.124 15 0.68 0.155

T9 23,700 15,050 16.30 14.60 190 0.70 0.05 15 0.54 0.152 15 0.56 0.173 15 0.63 0.255 15 0.68 0.319

T10 46,760 3,500 14.90 14.00 1150 0.70 0.05 180 0.54 0.065 180 0.56 0.073 180 0.63 0.104 180 0.68 0.130

T11 5,700 140 14.80 14.50 80 0.70 0.05 15 0.54 0.037 15 0.56 0.042 15 0.63 0.061 15 0.68 0.077

Carpark 25,300 980 15.50 14.80 65 0.70 0.05 10 0.54 0.203 10 0.56 0.230 5 0.63 0.462 5 0.68 0.573

Skid Pan 8,560 0 14.50 14.20 65 0.70 0.05 15 0.54 0.055 15 0.56 0.063 10 0.63 0.115 10 0.68 0.143

GK1 5,700 2,450 15.80 14.10 95 0.70 0.05 10 0.54 0.046 10 0.56 0.052 10 0.63 0.076 5 0.68 0.129

GK2 2,500 560 15.60 14.90 60 0.70 0.05 10 0.54 0.020 10 0.56 0.023 5 0.63 0.046 5 0.68 0.057

GK3 3,410 830 15.80 14.10 80 0.70 0.05 10 0.54 0.027 5 0.56 0.043 5 0.63 0.062 5 0.68 0.077

GK4 6,600 2,300 15.80 13.20 90 0.70 0.05 10 0.54 0.053 5 0.56 0.083 5 0.63 0.120 5 0.68 0.149

GK5 2,620 700 15.40 14.00 65 0.70 0.05 5 0.54 0.029 5 0.56 0.033 5 0.63 0.048 5 0.68 0.059

GK6 4,700 900 15.20 13.90 55 0.70 0.05 5 0.54 0.052 5 0.56 0.059 5 0.63 0.086 5 0.68 0.106

Catchment Flow Path Catchment Parameters Catchment Peak Runoff

Catchment ID C1 C1.44 C4.48 C10

1 in 1 1 in 1 1 in 4 1 in 10

50% 20% 10%

Mundijong Race Track

Stati Group

05-Jul-18

B

Mundijong

63%
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Post Development Flows

IFD Location

AEP (%)

ARI (1 : x)

Tota Area Grass Runoff & Verge Upstream Downstream Length Fraction Impervious Horton's Roughness tc
1 Q1 tc

1 Q1.44 tc
1 Q4.48 tc

1 Q10

(m²) (m²) (m AHD) (m AHD) (m) (f) (n) (min) (m³/s) (min) (m³/s) (min) (m³/s) (min) (m³/s)

T1 5,900 280 15.20 14.50 75 0.95 0.013 5 0.69 0.084 5 0.71 0.094 5 0.80 0.137 5 0.87 0.170

T2 54,600 14,480 14.90 13.80 370 0.73 0.013 15 0.56 0.364 15 0.58 0.414 15 0.66 0.609 15 0.70 0.762

T3 38,800 12,600 15.60 13.80 350 0.68 0.013 15 0.53 0.243 15 0.54 0.276 15 0.61 0.406 15 0.66 0.508

T4 43,000 10,650 15.60 13.90 305 0.75 0.013 15 0.57 0.292 15 0.59 0.332 10 0.67 0.609 10 0.72 0.759

T5 21,800 3,650 16.50 13.90 160 0.83 0.013 5 0.62 0.277 5 0.64 0.313 5 0.72 0.455 5 0.78 0.564

T6 19,780 430 16.00 13.90 235 0.98 0.013 10 0.71 0.206 10 0.73 0.234 5 0.82 0.470 5 0.88 0.583

T7 21,050 5,450 16.10 14.00 235 0.74 0.013 10 0.57 0.176 10 0.58 0.200 5 0.66 0.401 5 0.71 0.498

T8 11,490 1,200 16.30 15.80 140 0.90 0.013 10 0.66 0.112 10 0.68 0.127 5 0.77 0.254 5 0.82 0.315

T9 23,700 15,050 16.30 14.60 190 0.36 0.013 10 0.35 0.121 5 0.36 0.190 5 0.40 0.275 5 0.43 0.342

T10 46,760 3,500 14.90 14.00 1150 0.93 0.013 60 0.68 0.162 60 0.69 0.182 60 0.79 0.264 60 0.84 0.327

T11 5,700 140 14.80 14.50 80 0.98 0.013 5 0.71 0.082 5 0.72 0.093 5 0.82 0.135 5 0.88 0.168

Carpark 25,300 980 15.50 14.80 65 0.96 0.013 5 0.70 0.361 5 0.72 0.408 5 0.81 0.592 5 0.87 0.735

Skid Pan 8,560 0 14.50 14.20 65 1.00 0.013 5 0.72 0.126 5 0.74 0.142 5 0.84 0.207 5 0.90 0.257

GK1 5,700 2,450 15.80 14.10 95 0.57 0.013 5 0.47 0.054 5 0.48 0.062 5 0.54 0.089 5 0.58 0.111

GK2 2,500 560 15.60 14.90 60 0.78 0.013 5 0.59 0.030 5 0.60 0.034 5 0.68 0.049 5 0.74 0.061

GK3 3,410 830 15.80 14.10 80 0.76 0.013 5 0.58 0.040 5 0.59 0.045 5 0.67 0.066 5 0.72 0.082

GK4 6,600 2,300 15.80 13.20 90 0.65 0.013 5 0.51 0.070 5 0.53 0.079 5 0.60 0.114 5 0.64 0.142

GK5 2,620 700 15.40 14.00 65 0.73 0.013 5 0.56 0.030 5 0.58 0.034 5 0.65 0.050 5 0.70 0.061

GK6 4,700 900 15.20 13.90 55 0.81 0.013 5 0.61 0.058 5 0.62 0.066 5 0.71 0.096 5 0.76 0.119

Catchment ID

Flow Path Catchment Parameters

63% 50%

Catchment Catchment Peak Runoff

20% 10%

C1 C1.44 C4.48 C10

1 in 1 1 in 1 1 in 4 1 in 10

Mundijong Race Track

Stati Group

05-Jul-18

B

Mundijong
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Detention Basin

IFD Location

Storage Depth 0.20 m

AEP

ARI

Pre Development 

Flow Flow tc

(m³/s) (m³/s) (min) (m³) (m²)

T1 0.099 0.17 5 9.0 50.0

T2 0.482 0.76 15 92.6 470.0

T3 0.343 0.51 15 48.4 250.0

T4 0.380 0.76 10 114.0 570.0

T5 0.293 0.56 5 39.1 200.0

T6 0.266 0.58 5 51.7 260.0

T7 0.283 0.50 5 27.8 140.0

T8 0.155 0.32 5 24.6 130.0

T9 0.319 0.34 5 0.5 10.0

T10 0.130 0.33 60 428.8 2150.0

T11 0.077 0.17 5 14.8 80.0

Carpark 0.573 0.73 5 10.7 60.0

Skid Pan 0.143 0.26 5 15.1 80.0

GK1 0.129 0.11 5 0.9 10.0

GK2 0.057 0.06 5 0.1 10.0

GK3 0.077 0.08 5 0.1 10.0

GK4 0.149 0.14 5 0.1 10.0

GK5 0.059 0.06 5 0.0 10.0

GK6 0.106 0.12 5 0.4 10.0

Total 878.6 4510.0

1 Assume Constant Outflow at pre-development rate

Storage Area
2

10%

1 in 10

Post Development Storage Required
1Catchment ID

Mundijong

Mundijong Race Track

Stati Group

05/07/2018

B


