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1.0 INTRODUCTION 

 

Richmond and Ross Pty Ltd, Consulting Engineers, have been engaged to prepare a Stormwater 

Management Plan for the proposed highway service centre (HSC) on Lot 1, 27782 Hume Highway, 

Bowning, NSW, 2582. No responsibility to third parties under the law of contract, tort or otherwise 

for any loss or damage is accepted. 

 

The purpose of this assessment is to provide advice with respect to stormwater management for the 

proposed HSC. The results of this study are limited to this scope. 

 

This assessment has been prepared by reviewing published topographic maps, physical land survey, 

hydraulic and hydrological calculations and available Ariel photography of the site. 

 

This report is to be read in conjunction with Architectural and Stormwater concept plans: A100, 

A101, C100, C101 and the flood study as attached in the Appendix. 

 

 

2.0 SITE LOCATION AND DESCRIPTION 

 

The subject site is located at proposed Lot 1, 27782 Hume Highway, Bowning, NSW, 2582. The total 

area of the Lot is 19.63 Hectares (Ha) and is currently vacant and undeveloped. The lot generally 

slopes from the West to the East and is bounded by the Hume Highway to the South. Out of the 

19.63Ha, approximately 5.2 Ha will be developed into the HSC. The existing site does not contain 

any impermeable areas.  

 

 

Figure 1 Proposed Development Location 

Lot 1 Boundary 
Proposed HSC 

Area 
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3.0 DEVELOPMENT PROPOSAL 

 

It is proposed to construct a new HSC on part of proposed Lot 1, 27782 Hume Highway. The 

development proposes two fuel canopies with a combined area of approximately 1530m
2
 and a 

building with a floor area of approximately 2100m
2
. The building will include a retail area, dining 

area, a playground and an amenities area for the drivers. New on and off ramps will be constructed 

outside of the proposed boundaries to allow entry and egress from the site.  

 

 

4.0 EXISTING STOMRWATER NETWORK 

 

The site currently drains naturally through infiltration and surface over flow. The drainage network 

consists of a system of existing farm dams, swales and intermittent watercourses that direct excess 

runoff towards Two Mile Creek and Bowning Creek. Refer to flood report for more details. 

 

 

5.0 PROPOSED STORMWATER NETWORK 

 

It is proposed to construct a new stormwater network to convey stormwater from the site and divert 

upstream flows around the site on the following principles: 

 

 A 730m
3
 detention is proposed to control peak flows from the site before being discharged in 

the farm dam to the right of the site. 

 Intercept and control external flows through the site via a network of swales, pit and pipes. 

 Separate under canopy runoff from general site stormwater runoff. 

 A new network of pipes and pits is proposed to convey the runoff from the site to the OSD 

tank. 

 Runoff from roof area of the proposed building and fuel canopies will be drained to rainwater 

tanks and available for re-use within the building.  

 Runoff from the truck parking area will drain to the detention basin after treatment in a swale 

and bio-retention basin system. 

 Runoff from the overflow parking area and part of the site will drain to the detention basin 

tank after treatment in a separate swale and bio retention basin system. 

 The balance of the site will drain via the proposed pipe and pit network directly to the 

detention basin 

 

 

6.0 STORMWATER QUANTITY MANAGEMENT 

 

A detention basin is proposed to control peak flows from the proposed HSC before being discharged 

to the farm dam to the east of the site. The site’s catchment was modelled in DRAINS in order to 

determine a suitably sized detention basin. Refer to section 6.1. 

 

 

 



5 

 

 

Stormwater Management Plan  Lot 1, 27782 Hume Highway, 

  Bowning, NSW, 2582 

6.1 HYDRAULIC FLOW MODELLING – DRAINS MODEL 

 

A DRAINS (Stormwater drainage system design and analysis program) model of the catchment was 

created to allow the determination of a suitably sized detention basin and assess the increased runoff 

at the downstream farm dam. As a result, discharge volumes from the whole catchment pre and post 

development have been established. Refer to the flood report for detailed information about the 

catchment and DRAINS model. 

 

A 730m
3
 detention basin is proposed to control peak flows and was modelled in DRAINS. Refer to 

Fig 2 for the location of the proposed detention basin. The results of the DRAINS model are 

summarized below: 

 

Pre-development discharge at the outlet farm dam:  3.62m
3
/s 

Post-development discharge at the outlet farm dam: 3.78m
3
/s 

Percentage difference in discharge:   +4.4% 

 

Refer to Appendix A for the output of the DRAINS model pre and post development. 

 

 
 

Figure 2 Location of proposed detention basin (Indicative only) 

 

 

 

 

 

Proposed 

detention 

basin 
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7.0 STORMWATER QUALITY MANAGEMENT 

 

Due to the extent of impermeable vehicle parking areas within the site, it is proposed to include Water 

Sensitive Urban Design (WSUD) elements into the stormwater network. These WSUD elements will 

aim to treat the runoff from parts of the site and consequently reduce the water pollutant load before 

being discharged off the site. It is proposed to provide two grassed swales, two bio retention basin’s 

and rainwater tanks.  

 

7.1 WATER QUALITY OUTCOME – MUSIC MODEL 

 

MUSIC modelling was undertaken for the proposed treatment train. Rainfall data collated by eWater 

from the Bureau of Meteorology was entered into the model.  

Stormwater treatment train setup in the MUSIC model: 

 3 x 10kL above ground rainwater tanks collecting rainwater from the main building roof and 

fuel canopy roof areas. Reuse of water from these tanks is allowed. This will lead to a 

reduction in demand of potable water and overall discharge from the site. 

 Two separate swales will convey runoff from the truck parking area and the overflow parking 

area.  

 Two separate bio-retention basins will treat the discharge from the swales and finally direct it 

to the OSD tank. 

 A 730m
3
 detention basin will temporarily detain all the runoff from the site which will 

facilitate settling of suspended solids.  

The overall pollutant removal for the site has been summarised in Table 1 and Figure 4. An 

improvement in discharged water quality can be expected by installing the proposed treatment train. 

Table 1 Treatment levels for the site 

 TSS 

(kg/yr) 

TP 

(kg/yr) 

TN 

(kg/yr) 

GP 

(kg/yr) 

Sources 1200 2.51 18 249 

Residual Load 156 0.891 12.4 0 

% Reduction 87.1 64.4 31.3 100 
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Figure 3 Treatment train and pollution removal as modelled in MUSIC 

 

8.0 CONCLUSION 

 

A system has been proposed for the control of stormwater on the subject site, which considers the 

requirements for water pollution control and quantity control. 

 

The proposed system will result in adequate environment protection and reduction in water pollutant 

loads based on modelling. The flows within the catchment are controlled so that only a negligible 

increase in peak flows (4.5%) occurs at the downstream farm dam. Refer to flood study for further 

details. 
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APPENDIX A – Site Plans  
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APPENDIX B – DRAINS Output 

(Refer flood report for model details) 

 
Figure 4 Pre-Development DRAINS Model and Output 

 

 

  

Legend 

 

10 – Discharge in m
3
/s 

A5 – Sub-catchment label 

N5 – Node label 
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Figure 5 Post-Development DRAINS Model and Output 

 

  

Legend 

 

10 or 10 – Discharge in m
3
/s 

A5 – Sub-catchment label 

N5 – Node label 
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APPENDIX C – Flood Study and Impact Assessment 
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1.0 INTRODUCTION 

 

Richmond and Ross Pty Ltd, Consulting Engineers, have been engaged to carry out a flood study for 

the proposed highway service centre (HSC) on Lot 1, 27782 Hume Highway, Bowning, NSW, 2582. 

No responsibility to third parties under the law of contract, tort or otherwise for any loss or damage is 

accepted. 

 

The purpose of this assessment is to provide advice with respect to flooding for the proposed HSC and 

the downstream farm dams. The results of this study are limited to this scope. 

 

This assessment has been prepared by reviewing published topographic maps, physical land survey, 

hydraulic and hydrological calculations and available Ariel photography of the site. 

 

This report is to be read in conjunction with Architectural and Stormwater concept plans: A100, 

A101, C100 and C101 as attached in the Appendix. 

 

 

2.0 SITE LOCATION AND DESCRIPTION 

 

The subject site is located at proposed Lot 1, 27782 Hume Highway, Bowning, NSW, 2582. The total 

area of the Lot is 19.63 Hectares (Ha) and is currently vacant and undeveloped. The lot generally 

slopes from the West to the East and is bounded by the Hume Highway to the South. Out of the 

19.63Ha, approximately 5.2 Ha will be developed into the HSC. The existing site does not contain 

any impermeable areas.  

 

 

Figure 1 Proposed Development Location 

Lot 1 Boundary 
Proposed HSC 

Area 
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3.0 STUDY DATA 

 

The following data has been processed in a Geographic Information System (GIS) software package 

and used in developing hydrologic and hydraulic models for this study: 

 

 Architectural plans 

 Existing ground survey (Ariel LiDAR survey of whole catchment and peg-out survey within 

property boundary) 

 Civil drawings for proposed ground levels 

 Ariel imagery 

 

 

4.0 DEVELOPMENT PROPOSAL 

 

It is proposed to construct a new highway service centre on part of Lot 1, 27782 Hume Highway. The 

development proposes two fuel canopies with a combined area of approximately 1530m
2
 and a 

building with a floor area of approximately 2100m
2
. The building will include a retail area, dining 

area, a playground and an amenities area for the drivers. 

 

 

5.0 HYDRAULIC MODELLING 

 

A hydraulic model of the catchment was created in DRAINS (Stormwater drainage system design and 

analysis program) to assess the impact of the development on the peak discharge at the downstream 

farm dam. As a result, discharge rates from the whole catchment pre and post development have been 

established. 

 

5.1 Model Detail and Extent 

 

The catchment was subdivided into sub catchments as shown in Fig 2. A number of assumptions were 

made when creating the DRAINS model. These are: 

 

 Three major farm dams within the catchment were modelled. The remaining smaller farm 

dams are assumed to have a negligible impact on the discharge volume from the catchment 

and therefore not modelled. The areas and elevations of the three major farm dams are 

estimated from Ariel and Topographic imagery. 

 The outlet farm dam is assumed to have a 5m long outlet overflow weir and the other two 

farm dams (Those in sub-catchments A2 and D3) are assumed to have a 2.5m overflow weir. 
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A1 

B1 

C1 

A2 

A3 

A4 

A5 

D1 

D2 

D3 
D4 

D5 

D6 

D7 

 

Legend 

Catchment boundary 

Sub-catchment boundary 

Site boundary 

Property boundary 

 

Figure 2 Sub-Catchment Identification 

 

5.2 Pre-Development Conditions Modelling 

 

A hydraulic model was prepared in DRAINS for the pre-development conditions as shown in Figure 4 

which also includes the resulting peak flows.  

 

The results of the model show a peak flow of approximately 3.62m
3
/s at the outlet farm dam. 

 

5.3 Post Development Conditions Modelling 

 

A hydraulic model was prepared in DRAINS for the post development conditions as shown in Figure 

5 which also includes the resulting peak flows. The results of the model show a peak flow of 

approximately 3.78m
3
/s at the outlet farm dam. 

 

5.4 Impact of the Development 

 

The results of the model were assessed and the size of the proposed detention basin adjusted 

accordingly in order to minimize the increase in peak flows while keeping the detention basin at a 

reasonable size. The results show a negligible increase in post development peak flows of 0.16m
3
/s 

(4.42%). 
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6.0 HYDROLOGIC MODELLING 

 

A hydrologic model of the development was prepared and analyzed in TUFLOW to determine the 

flood affectation within the catchment of which the site is a part. The catchment was assessed for a 

100 year Average Recurrence Interval (ARI) storm event. 

 

6.1 Model Detail and Extent 

 

The model is based on a 2m x 2m grid to ensure sufficient detail in the model while maintaining 

reasonable model runtimes. TUFLOW build 2017-09-AC-iDP-w64 was used in this flood study. The 

extent of the TUFLOW model is the catchment of the downstream farm dam as shown in Appendix 

C.  

 

6.2 Pre-Development Conditions Modelling 

 

The model was run for the 100 year ARI 90 min storm, which is considered to be the critical storm 

event for the catchment. The pre-development model results are presented in Appendix C: 

 

The max pre-development flow depth in the whole catchment is roughly 0.5m (ignoring the depths 

within the farm dams) whereas the max depth within the site boundary pre-development is 0.1m.  

 

The max pre-development flow velocity in the whole catchment is between 1.3 and 1.5m/s whereas 

the max velocity within the site boundary pre-development is between 0.7 and 0.9m/s. 

 

According to Australian Rainfall and Runoff Book 9, Chapter 5, Section 5.6.2, “The product of depth 

and velocity (dg.V), with V being the average velocity and dg the depth, should not exceed 0.4 m
2
/s 

for safety of pedestrians, 0.6 to 0.7 m
2
/s for stability of parked vehicles (depending on size), or as 

directed by the consent authority.” Therefore, TUFLOW was used to directly output the 

depth/velocity product for the catchment pre development. Refer to Appendix C. 

 

The NSW Floodplain Development Manual (NSW FDM 2005) assess flood hazard as a combination 

of the flow velocity and depth. 

 

NSW FDM describes the hazard categories as follows: 

 

 High Hazard – Possible danger to personnel safety; evacuation by trucks difficult; able-bodies 

adults would have difficulty in wading to safety; potential for significant structural damage. 

 Low Hazard – Should it be necessary, truck could evacuate people and their possession; able-

bodied adults would have little difficulty in wading to safety. 

 

TUFLOW was used to directly output the provisional hazard for the catchment pre development. 

Refer to Appendix C. 
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6.3 Post-Development Conditions Modelling 

 

The proposed ground level of the proposed development was added into the model. The main building 

within the site was represented in the model by raising the elevation of that part of land by 

approximately 5m above ground level. 

 

Based on the pre-development modelling conditions, the post-development model was also run for a 

100 year ARI 90 minute storm. The post development model results are presented in Appendix C. 

 

The max post-development flow depth in the whole catchment is roughly 0.5m (ignoring the depths 

within the farm dams) whereas the max depth within the site boundary post-development is 0.1m.  

 

The max post-development flow velocity in the whole catchment is between 1.3 and 1.5m/s whereas 

the max velocity within the site boundary pre-development is between 0.7 and 0.9m/s.  

 

Similar to pre development conditions modelling, the depth.velocity product and provisional hazard 

for post development conditions were also output directly from TUFLOW. 

 

6.4 Impact of the Development 

 

The impact of the development is determined by finding the difference in the results layers obtained 

from TUFLOW for the pre and post development conditions. Refer to Appendix C for these layers.  

 

The change in floodwater depths is shown In Figure C10. The proposed HSC development results in a 

maximum increase in floodwater depths downstream of approximately 0.025m. Figure C10 shows 

higher depths around the site boundary however this is due to the presence of stormwater 

cutoff/diversion swales and this is as expected. 

 

The change in the depth.velocity product is shown in Figure C12. The proposed HSC development 

results in a maximum increase in the depth.velocity product of 0.1m
2
/s. 

 

The change in floodwater velocities is shown in Figure C11. The proposed HSC development results 

in a maximum increase in floodwater velocities of 0.3m/s (25%) above the existing velocity of 

1.2m/s. (ignoring the higher velocity increase within the cutoff/diversion swales). As shown in Figure 

3 below, silt has an approximate erosion velocity of 30-80cm/s (0.3-0.8m/s). We therefore propose 

lining the farm dam embankments with a geo fabric for scour protection so as to reduce the impact of 

the proposed HSC. 
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Figure 3 Hjulström curve 

 

 

7.0 CONCLUSION 

 

The proposed highway service centre at Lot 1, 27782 Hume Highway, Bowning was assessed for 

flood impact on surrounding areas by preparing hydraulic and hydrologic models. Both hydraulic and 

hydrologic modelling has confirmed that the proposed HSC development will have a negligible effect 

on the existing conditions. We propose a geofabric lining for the farm dam embankments so as to 

improve on the scour protection from the existing conditions. 

 

In conclusion, we have assessed that the HSC as proposed will not alter the flood levels on adjoining 

allotments and will provide the required level of flood safety for the development. 
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APPENDIX A – Site Plan  



C

A

R

S

20000100000 6000040000

SCALE (mm) 1:1000 



80400 240160

SCALE (m) 1:4000



²

SCALE  1 : 500

10000 10000 20000 30000 40000 500005000





10 

 

Flood Study  Lot 1, 27782 Hume Highway, 

  Bowning, NSW, 2582 

APPENDIX B – DRAINS Model Results 

 

 
Figure 4 Pre-Development DRAINS Model and Output 

 

 

  

Legend 

 

10 – Discharge in m
3
/s 

N5 – Node label 

A5 – Sub-catchment label as per fig 2 

 



11 

 

Flood Study  Lot 1, 27782 Hume Highway, 

  Bowning, NSW, 2582 

 
Figure 5 Post-Development DRAINS Model and Output 

 

 

 

  

Legend 

 

10 or 10 – Discharge in m
3
/s 

N5 – Node label 

A5 – Sub-catchment label as per fig 2 
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APPENDIX C – TUFLOW Model Results 

 

Figure C1 – Extent of TUFLOW Model 

Figure C2 – Pre development flow depths for 1 in 100 Yr ARI storm event 

Figure C3 – Pre development flow velocities for 1 in 100 Yr ARI storm event 

Figure C4 – Pre development depth.velocity product for 1 in 100 Yr ARI storm event 

Figure C5 – Pre development provisional flood hazard for 1 in 100 Yr ARI storm event 

Figure C6 – Post development flow depths for 1 in 100 Yr ARI storm event 

Figure C7 – Post development flow velocities for 1 in 100 Yr ARI storm event 

Figure C8 – Post development depth.velocity product for 1 in 100 Yr ARI storm event 

Figure C9 – Post development provisional flood hazard for 1 in 100 Yr ARI storm event 

Figure C10 – Change in floodwater depths post development for 1 in 100 Yr ARI storm event 

Figure C11 – Change in floodwater velocities post development for 1 in 100 Yr ARI storm event 

Figure C12 – Change in depth.velocity product post development for 1 in 100 Yr ARI storm event 
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Notes:
Provisional flood hazard categories based on the
Australian NSW Floodplain Development Manual
(NSWG, 2005).



Site Boundary

Post Dev 1% AEP Floodwater Depths
<=0.01

0.01-0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.125

0.125-0.15

0.15-0.175

0.175-0.2

0.2-0.3

0.3-0.4

0.4-0.5

0.5-0.6

0.6-0.7

0.7-0.8

0.8-0.9

0.9-1.0

Post Dev 1% AEP Provisional Hazard
Low

Medium

High

Pre Dev 1% AEP Provisional Flood Hazard
Low

Medium

High

Pre Dev 1% AEP Depth.Velocity Product
0.01

0.02

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.6

Pre Dev 1% AEP Floodwater Velocities
<=0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.15

0.15-0.2

0.2-0.3

0.3-0.5

0.5-0.7

0.7-0.9

0.9-1.1

1.1-1.3

1.3-1.5

Pre Dev 1% AEP Floodwater Depths
<=0.01

0.01-0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.125

0.125-0.15

0.15-0.175

0.175-0.2

0.2-0.3

0.3-0.4

0.4-0.5

0.5-0.6

0.6-0.7

0.7-0.8

0.8-0.9

0.9-1.0

Post Dev 1% AEP Floodwater Velocities
<=0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.15

0.15-0.2

0.2-0.3

0.3-0.5

0.5-0.7

0.7-0.9

0.9-1.1

1.1-1.3

1.3-1.5

Post Dev 1% AEP Depth.Velocity Product
0.01

0.02

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.6

TUFLOW Model Extent

group1
Catchment Deliniation_R

Catchment Deliniation_edited_and_cropped_R

Distance_measurement

2d_bc_Bowning_site_outlet_link_002_P

1d_nwk_Bowning_pits_002_P

1d_nwk_Bowning_pipes_002_L

Full_Site_Plan

2d_zsh_Bowning_proposed_levels_from_contours_002_P

2d_zsh_Bowning_OSD_Tank_002_R

2d_zsh_Bowning_building_002_R

2d_zsh_Bowning_kerb_002_R

2d_zsh_Bowning_external_swales_002_L

2d_zsh_Bowning_dish_drain_002_L

2d_zsh_Bowning_site_boundary_kerb_002_L

2d_zsh_Bowning_proposed_levels_contours_002_L

2d_zsh_Bowning_proposed_levels_triangulation_002_R

2d_rf_Bowning_002_R

2d_code_Bowning_002_R

2d_mat_Bowning_post_dev_002_R

2d_soil_Bowning_dev_002

2d_mat_Bowning_post_dev_pavement_002_R

2d_mat_Bowning_pre_dev_002_R

2d_po_Bowning_002_L

2d_bc_Bowning_002_L

Ariel Image (Georef)

Ariel Image (Georef - Opaque)

Survey Data
2d_zsh_Bowning_survey_points_002_P

2d_zsh_Bowning_survey_triangulation_002_R

Contours
10m contours

5m contours

1m contours

Added Culvert
1d_nwk_Bowning_dam_flow_channels_002_L

2d_bc_Bowning_culverts_links_002_L

2d_bc_Bowning_culverts_links_002_P

DEM_Merged
527.2

528.8

530.3

531.9

533.4

534.9

536.5

538

539.6

541.1

542.6

544.2

545.7

547.3

548.8

550.3

551.9

553.4

555

556.5

558.1

559.6

561.1

562.7

564.2

565.8

567.3

568.8

570.4

571.9

573.5

575

576.5

578.1

579.6

581.2

582.7

584.2

585.8

587.3

588.9

590.4

591.9

593.5

595

596.6

598.1

599.7

601.2

602.7

604.3

605.8

DEM_Merged
1d_nwk_Bowning_swales_002_L

1d_xs_Bowning_swales_001_L

Legend

Scale 1:5000 @ A3

Figure C6:
Post Dev

1% AEP Floodwater Depths

38  WILLOUGHBY  ROAD,
CROWS NEST, NSW, 2065,
TEL:     (02)    9490     9600

Prepared By:



Site Boundary

Post Dev 1% AEP Floodwater Velocities
<=0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.15

0.15-0.2

0.2-0.3

0.3-0.5

0.5-0.7

0.7-0.9

0.9-1.1

1.1-1.3

1.3-1.5

Post Dev 1% AEP Depth.Velocity Product
0.01

0.02

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.6

Post Dev 1% AEP Floodwater Depths
<=0.01

0.01-0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.125

0.125-0.15

0.15-0.175

0.175-0.2

0.2-0.3

0.3-0.4

0.4-0.5

0.5-0.6

0.6-0.7

0.7-0.8

0.8-0.9

0.9-1.0

Post Dev 1% AEP Provisional Hazard
Low

Medium

High

Pre Dev 1% AEP Provisional Flood Hazard
0

1

Pre Dev 1% AEP Depth.Velocity Product
6.3107e-9

0.269666

Pre Dev 1% AEP Floodwater Velocities
3.96657e-8

1.16907

Pre Dev 1% AEP Floodwater Depths
0.000102295

0.39342

TUFLOW Model Extent

group1
Catchment Deliniation_R

Catchment Deliniation_edited_and_cropped_R

Distance_measurement

2d_bc_Bowning_site_outlet_link_002_P

1d_nwk_Bowning_pits_002_P

1d_nwk_Bowning_pipes_002_L

Full_Site_Plan

2d_zsh_Bowning_proposed_levels_from_contours_002_P

2d_zsh_Bowning_OSD_Tank_002_R

2d_zsh_Bowning_building_002_R

2d_zsh_Bowning_kerb_002_R

2d_zsh_Bowning_external_swales_002_L

2d_zsh_Bowning_dish_drain_002_L

2d_zsh_Bowning_site_boundary_kerb_002_L

2d_zsh_Bowning_proposed_levels_contours_002_L

2d_zsh_Bowning_proposed_levels_triangulation_002_R

2d_rf_Bowning_002_R

2d_code_Bowning_002_R

2d_mat_Bowning_post_dev_002_R

2d_soil_Bowning_dev_002

2d_mat_Bowning_post_dev_pavement_002_R

2d_mat_Bowning_pre_dev_002_R

2d_po_Bowning_002_L

2d_bc_Bowning_002_L

Ariel Image (Georef)

Ariel Image (Georef - Opaque)

Survey Data
2d_zsh_Bowning_survey_points_002_P

2d_zsh_Bowning_survey_triangulation_002_R

Contours
10m contours

5m contours

1m contours

Added Culvert
1d_nwk_Bowning_dam_flow_channels_002_L

2d_bc_Bowning_culverts_links_002_L

2d_bc_Bowning_culverts_links_002_P

DEM_Merged
527.2

528.8

530.3

531.9

533.4

534.9

536.5

538

539.6

541.1

542.6

544.2

545.7

547.3

548.8

550.3

551.9

553.4

555

556.5

558.1

559.6

561.1

562.7

564.2

565.8

567.3

568.8

570.4

571.9

573.5

575

576.5

578.1

579.6

581.2

582.7

584.2

585.8

587.3

588.9

590.4

591.9

593.5

595

596.6

598.1

599.7

601.2

602.7

604.3

605.8

DEM_Merged
1d_nwk_Bowning_swales_002_L

1d_xs_Bowning_swales_001_L

Legend

Scale 1:5000 @ A3

Figure C7:
Post Dev

1% AEP Floodwater Velocities

38  WILLOUGHBY  ROAD,
CROWS NEST, NSW, 2065,
TEL:     (02)    9490     9600

Prepared By:



Site Boundary

Post Dev 1% AEP Depth.Velocity Product
0.01

0.02

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.6

Post Dev 1% AEP Floodwater Depths
<=0.01

0.01-0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.125

0.125-0.15

0.15-0.175

0.175-0.2

0.2-0.3

0.3-0.4

0.4-0.5

0.5-0.6

0.6-0.7

0.7-0.8

0.8-0.9

0.9-1.0

Post Dev 1% AEP Provisional Hazard
Low

Medium

High

Pre Dev 1% AEP Provisional Flood Hazard
0

1

Pre Dev 1% AEP Depth.Velocity Product
6.3107e-9

0.269666

Pre Dev 1% AEP Floodwater Velocities
3.96657e-8

1.16907

Pre Dev 1% AEP Floodwater Depths
0.000102295

0.39342

Post Dev 1% AEP Floodwater Velocities
<=0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.15

0.15-0.2

0.2-0.3

0.3-0.5

0.5-0.7

0.7-0.9

0.9-1.1

1.1-1.3

1.3-1.5

TUFLOW Model Extent

group1
Catchment Deliniation_R

Catchment Deliniation_edited_and_cropped_R

Distance_measurement

2d_bc_Bowning_site_outlet_link_002_P

1d_nwk_Bowning_pits_002_P

1d_nwk_Bowning_pipes_002_L

Full_Site_Plan

2d_zsh_Bowning_proposed_levels_from_contours_002_P

2d_zsh_Bowning_OSD_Tank_002_R

2d_zsh_Bowning_building_002_R

2d_zsh_Bowning_kerb_002_R

2d_zsh_Bowning_external_swales_002_L

2d_zsh_Bowning_dish_drain_002_L

2d_zsh_Bowning_site_boundary_kerb_002_L

2d_zsh_Bowning_proposed_levels_contours_002_L

2d_zsh_Bowning_proposed_levels_triangulation_002_R

2d_rf_Bowning_002_R

2d_code_Bowning_002_R

2d_mat_Bowning_post_dev_002_R

2d_soil_Bowning_dev_002

2d_mat_Bowning_post_dev_pavement_002_R

2d_mat_Bowning_pre_dev_002_R

2d_po_Bowning_002_L

2d_bc_Bowning_002_L

Ariel Image (Georef)

Ariel Image (Georef - Opaque)

Survey Data
2d_zsh_Bowning_survey_points_002_P

2d_zsh_Bowning_survey_triangulation_002_R

Contours
10m contours

5m contours

1m contours

Added Culvert
1d_nwk_Bowning_dam_flow_channels_002_L

2d_bc_Bowning_culverts_links_002_L

2d_bc_Bowning_culverts_links_002_P

DEM_Merged
527.2

528.8

530.3

531.9

533.4

534.9

536.5

538

539.6

541.1

542.6

544.2

545.7

547.3

548.8

550.3

551.9

553.4

555

556.5

558.1

559.6

561.1

562.7

564.2

565.8

567.3

568.8

570.4

571.9

573.5

575

576.5

578.1

579.6

581.2

582.7

584.2

585.8

587.3

588.9

590.4

591.9

593.5

595

596.6

598.1

599.7

601.2

602.7

604.3

605.8

DEM_Merged
1d_nwk_Bowning_swales_002_L

1d_xs_Bowning_swales_001_L

Legend

Scale 1:5000 @ A3

Figure C8:
Post Dev

1% AEP Depth.Velocity Product

38  WILLOUGHBY  ROAD,
CROWS NEST, NSW, 2065,
TEL:     (02)    9490     9600

Prepared By:



Site Boundary

Post Dev 1% AEP Provisional Hazard
Low

Medium

High

Pre Dev 1% AEP Provisional Flood Hazard
Low

Medium

High

Pre Dev 1% AEP Depth.Velocity Product
0.01

0.02

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.6

Pre Dev 1% AEP Floodwater Velocities
<=0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.15

0.15-0.2

0.2-0.3

0.3-0.5

0.5-0.7

0.7-0.9

0.9-1.1

1.1-1.3

1.3-1.5

Pre Dev 1% AEP Floodwater Depths
<=0.01

0.01-0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.125

0.125-0.15

0.15-0.175

0.175-0.2

0.2-0.3

0.3-0.4

0.4-0.5

0.5-0.6

0.6-0.7

0.7-0.8

0.8-0.9

0.9-1.0

Post Dev 1% AEP Floodwater Velocities
<=0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.15

0.15-0.2

0.2-0.3

0.3-0.5

0.5-0.7

0.7-0.9

0.9-1.1

1.1-1.3

1.3-1.5

Post Dev 1% AEP Depth.Velocity Product
0.01

0.02

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.6

Post Dev 1% AEP Floodwater Depths
<=0.01

0.01-0.02

0.02-0.04

0.04-0.06

0.06-0.08

0.08-0.1

0.1-0.125

0.125-0.15

0.15-0.175

0.175-0.2

0.2-0.3

0.3-0.4

0.4-0.5

0.5-0.6

0.6-0.7

0.7-0.8

0.8-0.9

0.9-1.0

TUFLOW Model Extent

group1
Catchment Deliniation_R

Catchment Deliniation_edited_and_cropped_R

Distance_measurement

2d_bc_Bowning_site_outlet_link_002_P

1d_nwk_Bowning_pits_002_P

1d_nwk_Bowning_pipes_002_L

Full_Site_Plan

2d_zsh_Bowning_proposed_levels_from_contours_002_P

2d_zsh_Bowning_OSD_Tank_002_R

2d_zsh_Bowning_building_002_R

2d_zsh_Bowning_kerb_002_R

2d_zsh_Bowning_external_swales_002_L

2d_zsh_Bowning_dish_drain_002_L

2d_zsh_Bowning_site_boundary_kerb_002_L

2d_zsh_Bowning_proposed_levels_contours_002_L

2d_zsh_Bowning_proposed_levels_triangulation_002_R

2d_rf_Bowning_002_R

2d_code_Bowning_002_R

2d_mat_Bowning_post_dev_002_R

2d_soil_Bowning_dev_002

2d_mat_Bowning_post_dev_pavement_002_R

2d_mat_Bowning_pre_dev_002_R

2d_po_Bowning_002_L

2d_bc_Bowning_002_L

Ariel Image (Georef)

Ariel Image (Georef - Opaque)

Survey Data
2d_zsh_Bowning_survey_points_002_P

2d_zsh_Bowning_survey_triangulation_002_R

Contours
10m contours

5m contours

1m contours

Added Culvert
1d_nwk_Bowning_dam_flow_channels_002_L

2d_bc_Bowning_culverts_links_002_L

2d_bc_Bowning_culverts_links_002_P

DEM_Merged
527.2

528.8

530.3

531.9

533.4

534.9

536.5

538

539.6

541.1

542.6

544.2

545.7

547.3

548.8

550.3

551.9

553.4

555

556.5

558.1

559.6

561.1

562.7

564.2

565.8

567.3

568.8

570.4

571.9

573.5

575

576.5

578.1

579.6

581.2

582.7

584.2

585.8

587.3

588.9

590.4

591.9

593.5

595

596.6

598.1

599.7

601.2

602.7

604.3

605.8

DEM_Merged
1d_nwk_Bowning_swales_002_L

1d_xs_Bowning_swales_001_L

Legend

Scale 1:5000 @ A3

Figure C9:
Post Dev

1% AEP Provisional Hazard

38  WILLOUGHBY  ROAD,
CROWS NEST, NSW, 2065,
TEL:     (02)    9490     9600

Prepared By:

Notes:
Provisional flood hazard categories based on the
Australian NSW Floodplain Development Manual
(NSWG, 2005).
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