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1. Introduction /Available Information 
 

J & F Designs Consulting Engineers (J&F) have been commissioned to carry out a hydrological and 
Hydraulic investigation as part of the development application for the proposed development at 7 
Wentworth Place, Belrose. 

Council’s records indicate that the proposed dwelling may be affected by a Council stormwater 
pipeline. As outlined in the Development Application Checklist, the applicant shall demonstrate 
compliance with Council’s Warringah Building Over or Adjacent to Constructed Drainage Systems 
and Easements Technical Specification.  

Council has requested a hydraulic study with HEC-RAS Model demonstrating that the 1 in 100 year 
stormwater overland flow for the pre-development and post-development overland flow is to be 
established for the subject site and adjoining properties. The consultant must clearly demonstrate 
that the proposed development doesn’t exacerbate existing flooding conditions to the adjoining 
properties and within the subject site. The proposed finished floor level must be 500mm above the 
established 1 in 100 year overland flood level. 

The purpose of the report is primarily to quantify the 1% AEP peak discharges and determine the 
flood/flow behaviour of the local catchment surrounding the property. The report also aims at 
determining the 1% AEP water level, overland flow path depth for the development and 
subsequently the floor levels for the proposed building at the subject site.  

A plan outlining the indicative locations of Council’s stormwater infrastructure was obtained from 
Northern Beaches /Warringah Council’s website. Standard LiDAR data undertaken by the NSW Land 
Property Information (LPI) have been obtained for the upstream catchment area. Detailed Site 
Survey plan (Appendix 1) and Proposed Site Plan (Appendix 2) have been provided by the Applicant. 

A site inspection was carried out on 5 December 2019, during which general drainage patterns of 
the catchment, the existing pit and 375mm diameter RCP pipe in front of no. 8 Wentworth Place, 
as well as the existing drainage easement through the adjoining property and natural depression of 
the land through the Wentworth Reserve area, were observed and recorded.  

This Flood Investigation Report has been prepared in accordance with NSW Floodplain 
Development Manual (2015), Australian Rainfall and Runoff, Northern Beaches Council’s Guidelines 
& Policies.  

 

2. Existing Site / Catchment Description 
 

The 786m2 site is located at the Cul-de-sac of Wentworth Place and contains a one-storey residence 
house, garage, sheds and inground pool at the rear of the site.  

The proposal is to replace the existing house with a two-storey single residence. The site is bounded 
by Wentworth Reserve on the north side. There is a 375-mm diameter RCP burdened by the 1.83m 
wide Council drainage easement (J299158) at no.8 Wentworth Place, Belrose along the southern 
side boundary of the subject site. 

The lot has a natural fall from the front (West) to the rear (East) of the site approximately 168.13m 
AHD to 167.20m AHD respectively. The average decline of the land west to east is approximately  
1m. Refer to survey and site plans in Appendices 1 & 2. 
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The total catchment area draining through and possibly affecting the site is approximately 0.783 
hectares of urbanised land (Figure 1). Figure 2 provides an overview of the general slope of the 
catchment. The total catchment has been divided into two main sub-catchment areas for the 
purpose of hydrological modeling (IL-CL) in DRAINS (Table 1).  

Name Area (ha) 

Cat1 0.275 

Cat2 0.508 

Total  0.783 

Table 1. Sub-catchment Area 

 

Figure 1. Approximate upstream catchment area 

 

Figure 2. The catchment covers 0.783ha of gently sloping terrain (exaggeration x 5)  
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3. Site Photos 
 

 

Figure 3. 1943 Sydney suburbs - Ausimage © Sinclair Knight Merz 2007  

 

Figure 4. Aerial photos (High Resolution) – NSW Imagery 

 

 
Figure 5. Existing stormwater gully pit and low point can be seen in the cul-de-sac at the 

end of Wentworth Place, Belrose.  

No. 8 Wentworth Reserve  No. 7 
Low 

Point 

Wentworth Place  
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Figure 6. The low point within the existing layback and the natural depression of the land 
can be seen in the Wentworth Reserve.  

 

Figure 7. Existing layback in front of the subject site and Wentworth Reserve – Low point 
can be seen and confirmed by the detailed land survey. 

 

Figure 8. Existing layback in front of the subject site and Wentworth Reserve.  

No. 7 

Wentworth Reserve  

Low 

Point 

Wentworth Place  

Low 

Point 

Low 

Point 



Overland Flow Path Investigation Assessment & Report Page 6 
 

 

 

Figure 9. Existing timber fence on the northern site of property can be seen. Photo is 
taken from Wentworth Reserve from rear of the site to Wentworth Place.   

  

Figure 10. Existing timber fence on the northern side of the property can be seen. The 
photo is taken from Wentworth Reserve, from the front of the site to the rear. Existing 

ground level slopes away from the site toward the reserve.  

 
Figure 11. The existing stormwater pit in front of no.8 can be seen. The existing driveway 

at numbers 8 and 9 constructed with a crest level above the top of kerb. Therefore the 

overland flow will remain within the road reserve along the kerb and gutter. 
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4. Drainage Description 
 

Drainage infrastructure information (Figure 12) has been obtained from the Northern Beaches 
Council’s Online Planning Maps.  

 
Figure 12. Council’s Online Planning Maps – Stormwater Map 

The drainage system of pits and pipes in the catchment is generally designed for 20% AEP storm to 
5% AEP storm with larger storms overflowing to the street flowing towards the low point in the 
catchment area. Surface runoff is collected via kerb and gutter throughout Wentworth Place and 
ponds in the cul-de-sac over the existing stormwater pit which is connected to the drainage line in 
The Esplanade via a 375mm diameter RCP through the Council’s drainage easement at No. 8 
Wentworth Place and No. 16 The Esplanade. (Figure 12).   

Once the 375mm diameter pipe flows at capacity or the drainage system is subject to blockage the 
flows will pond within the cul-de-sac up to the top of the layback at the low point in front of 
Wentworth Reserve and flows through the reserve.  

 

5. Hydrology Analysis (DRAINS) 
 

The latest depths, intensities and temporal patterns were obtained from the BOM I-F-D site and the 
ARR Data Hub. Subsequently, this data was inserted into DRAINS for modeling purposes.  

Hydrological calculations were carried out using DRAINS software. The DRAINS input layout 
including overland routes and associated sub-catchments are illustrated below. The DRAINS 
calculation demonstrates that the flow behavior assuming the existing pit and pipe are 100% 
blocked at Wentworth Place (for more details refer to the DRAINS model). 

• DRAINS Model Input Layout  

The drains model was prepared using the survey information for the drainage system and 
catchment area. Where detailed survey was unavailable the catchment boundaries were 
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determined using the Drainage asset data from the Council and contour maps generated by LiDAR 
data.  

 

Figure 13. DRAINS Model Input Layout (Assuming pit and Pipe are 100% blocked) 

• DRAINS Model Analysis Result  

 

Figure 14. DRAINS Model input layout & Analysis Result - 1% AEP 

The following DRAINS hydrographs were utilised to generate the hydrograph flow for boundary 
conditions in Unsteady Flow modeling in HEC-RAS.  

  

Figure 15. Maximum flow for 1% AEP 10 min burst Storm 7, Qmax = 0.465m3/s 

The 0.465m3/s flow rate was used in the upstream cross-sections of the proposed development in 
HEC-RAS modeling. 

Red = overland flow rate             
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6. Hydraulic Analysis 
 

Cross-sections have been interpolated through the Wentworth Reserve and the subject site and 
hydraulic analysis using HEC-RAS (Ver. 5.0.6) has been performed in order to determine the 
theoretical 1% year ARI water levels for this area. 

The attached HEC-RAS Section Locality Plan (Appendix 5) shows the cross-sections used in the 
computer model. The same set of cross-sections is used for analysis in pre and post-development 
conditions. The analysis results, critical cross-sections and long section of the main channels are 
provided in Appendix 6 (All results obtained from HEC-RAS Program). 

The overland flow path is analysed by using the mixed flow regime. We provided one main river 
line with main cross-sections approximately every 2m meters parallel to the overland flow path and 
contour of land over the existing natural depression of the land in the Wentworth Reserve and used 
Q = 0.465m3/s for the surface flow rate. 

The cross-sections were taken at the critical sections over the overland flow path and the dwelling, 
to determine the effect of the development on the flood-prone land. The overland flow path 
remains within the reserve therefore there will not be any adverse effect on the development. 

Please note it is assumed that the existing pit and pipe are 100% blocked and the entire overland 
flow of 0.465 m3/sec reaching the cul-de-sac area. This is a conservative approach. 

The main input parameters and conditions of the model are as follow: 

- Flow Rate: Q = 0.465 m3/sec 

- Flow Regime: Mixed; 

- Boundary Conditions: Critical Depth (for both upstream and downstream); 

- Manning's n Value: 0.030 and 0.033 

- Contraction Coefficient: 0.1; and 

- Expansion Coefficient: 0.3. 

- The existing Structures including houses and out-buildings were modeled as obstruction 
blocks in respective cross-sections that cut the structures 

The analysis results including flow summary table, critical cross-sections and long-section of the 
main channel are presented in Appendix 6. 

 

7. Analysis Results  
 

The subject site is burdened by Wentworth Reserve on the North and a drainage easement at no. 
8 Wentworth Place along the Southern boundary, the natural depression of the land and local 
overland flow path is through the reserve. The overland flow inundates part of the cul-de-sac and 
Wentworth Reserve area at Wentworth Place during 1% AEP storm events. The peak overland flow 
for 1% AEP storm event is approximately 0.465 m3/sec. It is demonstrated that the overland flow 
does not impact the subject site. Therefore the proposed development doesn’t exacerbate existing 
flooding conditions to the adjoining properties and within the subject site.  

Analysis of flood conditions for this development has shown that: 
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• In general, there are no changes in flood conditions within the subject site boundary and 
neighbouring properties, upstream and downstream of the subject site due to the 
proposed development. 

• The result demonstrates that the site will not be inundated by overland flow during 1% AEP 
storm events.  

• The flow depth varies through the reserve up to 0.15 m deep. 

It should be noted that this flood study takes a conservative approach in assuming that the 
underground drainage system associated with the flow path is 100% blocked. Additionally, no 
allowance has been made in these calculations for the properties within the catchment that may 
have installed On-Site Detention systems or Rainwater re-use tanks. This conservative assessment 
means that it is likely that flows at the site could be potentially considerably less. 

 

8. Recommendations 
 

The flood levels at various locations have been calculated (Appendix 5). The maximum flood level 
near the proposed building in the reserve area (RS 29.00) has been used for the planning of floor 
levels for the proposed development. The maximum flood level is 167.72m AHD. The flood depth 
at this location is approximately 90mm in the reserve area. therefore it is recommended the 
minimum habitable finished floor levels be set at or above 1% AEP flood level plus 300mm 
freeboard and minimum non-habitable finished floor levels garage and patio infront be set at or 
above 1% AEP flood level plus 150mm freeboard. In particular:  

• Minimum habitable floor level for the proposed building to be set at/or above RL168.02m AHD 

• Minimum non-habitable floor levels (garage and patio) to be set at/or above RL167.87m AHD.  

In addition to ensuring that the proposed development is not inundated as a result of ponding from 
upstream flows, it is necessary to ensure that: 

• The boundary levels in front and driveway crest to be constructed at least 300mm above 
the existing invert level of gutter or 150mm above the existing kerb levels in Wentworth 
Place to ensure no overland flow can overtop the driveway crest and front boundary into 
the subject site. 

• The existing boundary levels on the northern side to remain the same. 

• There are sufficient waterway areas along both side boundaries to carry overland flow from 
the front to the rear of the dwelling. Construct a 0.5m wide dish drain along both side 
boundaries (Figure 16). 

 

Figure 16. Dish drain details – 500mm wide and 50mm deep  

• Any portion of the building or structure lower than the minimum FPL to be built from 
flood compatible materials  
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9. Conclusion 

The proposed development at no. 7 Wentworth Place, Belrose will not take up significant flood 
storage capacity or create obstructions to flood flows and so will not increase flood risks for existing 
properties or elsewhere within the flood plain. 

It is extremely important that the minimum Finished Floor Levels (FFL) of the proposed 
development to be followed according to the recommendations as well as the boundary levels in 
front and driveway crest be constructed at least 300mm above the existing invert level of gutter or 
150mm above the existing kerb levels in Wentworth Place to ensure no overland flow can overtop 
the driveway crest and front boundary into the subject site. 

 

 
10. Declaration 

The undersigned has no objection of supporting the above-mentioned development, as long as all 
the details mentioned above are to be followed during the construction. If all details are followed, 
there will not be any adverse effects on the development or adjoining properties. The study 
demonstrates that the flow path will not be adversely affected by the proposal. 

Prior to any changes, the builder should contact the Council and undersigned for a discussion.  

This Overland Flow Path study report and accompanying drawings and calculations are to be 
approved by Principal Certifying Authority (PCA), prior to any works commencing on site. 

 
 
 
 

11. Appendix  
 

Appendix 1 - Detailed survey plan  

Appendix 2 - Architectural Plans  

Appendix 3 - HEC-RAS Section Locality Plan and Analysis Results 

 

 

 

 

 

Please Note: 

DRAINS and HEC-RAS files and models will be provided upon request. 
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APPENDIX 2



APPENDIX 3: PRE & POST HEC-RAS ANALYSIS RESULTS  

 

 HEC-RAS Geometric Data - Pre and Post Development

 

 Table – Pre and Post Development (1% AEP assuming 100% blocked pipe) 



 

 

 

 

 Pre & Post Development Long-Section (1% AEP assuming 100% blocked pipe) 

 

 

 Pre & Post Development Overland Flow 3D Perspective  
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