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1. INTRODUCTION 

Costin Roe Consulting Pty Ltd (CRC) has been commissioned by Kaufland, via Willow Tree 

Planning, to prepare this Overland Flow Report in support of a planning application submission for 

the proposed development site.  This report analyses flooding impacts to the existing commercial 

facility at 393 Pacific Highway, Belmont and a proposed redevelopment of the site.  The 4.3 Ha 

parcel of land (“Site”) comprises an existing Bunnings Warehouse.  The “Study Area” will extend 

locally around this parcel of land extending upstream and downstream sufficient distance to 

understand the hydraulic conditions in and around the proposed development area.  

The overland flow assessment has been completed to confirm flood planning requirements for the 

property and potential future development associated with the proposed modification of zoning 

(including building levels and overland flow management and safety), and that the development will 

not cause any adverse affectation to upstream, downstream or adjoining properties.  Overland flow 

from the upstream contributing catchments must be conveyed through the site, with no effect on 

upstream and downstream properties. 

The scope and primary objectives of the overland flow assessment, are as follows: 

• Determine the 1% Annual Exceedance Probability (AEP) Flood design flow generated by the 

contributing external catchment.  Hydrology would be based on the upstream catchment as defined 

by a hydrological RAFTS model; 

• Assess the pre-development overland flow path & underground trunk drainage culverts through 

the development site for the 1% AEP storm event; 

• Assess the post-development impact of development over the site on the underground trunk 

drainage culvert & overland flow swale through the development site for the 1% AEP storm event 

so that potential impacts on the development can be assessed and mitigated; and 

• Confirm that there is an effect on upstream, downstream and adjacent properties as a result of the 

development. 

The Study Area is located within the bounds of the Lake Macquarie City Council (LMCC).  There is 

currently no formal council flood study completed on the Belmont region in which the site is located. 

As noted, this study will accompany a proposed modification in zoning over the Site.  The site is 

currently zoned B7 Business Park pursuant to Lake Macquarie Local Environmental Plan 2014 

(LMLEP2014) and comprises a Bunnings Warehouse.  The objective of the project is to allow the 

redevelopment of the site for a Kaufland supermarket, being a retail/grocery chain stocking up to 

60,000 product lines.  In accordance with the LMLEP2014 land use definitions, Kaufland would 

constitute a ‘Shop’ (being a type of ‘Retail Premises’).  Shops are currently not approved on the site, 

and therefore it is proposed to introduce an Additional Permitted Use (APU) for Shops within the B7 

zone.  This would require a Planning Proposal to amend LMLEP2014 and this report has been 

prepared in support of this submission.  
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2. SITE CHARACTERISTICS 

2.1. Site Description 

The site at 393 Pacific Highway (being Lot 101 in DP 1021186) is approximately 4.3 Ha in area.  

The site is a ‘battle-axe’ parcel of land and roughly rectangular in shape as shown in Figure 2.1.  The 

development footprint is approximately 4.0 Ha of the overall property area. 

The site is bounded on the north by residential properties, on the south by industrial properties and the 

west by existing commercial properties and the Pacific Highway.  Land to the east of the site is 

currently undeveloped. 

 

Figure 2.1 Locality Plan  

The existing Bunnings was approved by LMCC in 1999 under DC/99/01634/1M A.  As part of this 

approval, a drainage and overland flow design was produced by Michael Lockley & Associates.  This 

design was obtained by Costin Roe Consulting from LMCC (refer Appendix C) and used as reference 

as part of this assessment.  The design drawings show a three-cell box culvert, each cell being 3.3m 

wide by 1.5m high (refer Figure 2.2), is present on the western side of the property.  This culvert 

system conveys flows from a series of concrete lined open channels and associated upstream 

contributing catchments (approx. 237.8 Ha) from the north-west corner of the property to the south-

west.  A large trapezoidal open channel (refer Figure 2.3) is located adjacent to the southern boundary 

of the site, conveying flow from the box culvert system and runoff from Lots 100, 103, 104 and 105 

in an easterly direction to bushland east of the property.  A smaller overland flow swale is present on 

the north and east of the property (refer Figure 2.4).  This channel provides a flow path for water 

which may overtop the box culvert system at the north-east corner of the property along the northern 

boundary toward bushland on the east. 
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Figure 2.2. Existing Box Culverts 

 

Figure 2.3. Existing Open Channel (south of building) 
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Figure 2.4. Existing Overland Flow Path (north side of property). 

 

2.2. Proposed Development 

The proposed development is for the construction of a grocery retail shop for Kaufland.   

An indicative layout of the development has been produced and can be seen in Figure 2.2 below.   

The development will include the following engineering components: 

• Demolition of the existing Bunnings Warehouse building 

• Earthworks to create flat pads for the proposed building. 

• Stormwater drainage system based on a major/ minor design philosophy; 

• Management of stormwater quality using a treatment train approach to pollutant loads on a 

developed catchment in accordance with councils load based pollutant reduction percentages; and 

• Management of stormwater quantity by reducing post developed flow to pre-developed over the 

range of storms between the 20% AEP to the 1% AEP as per council policy by use/modification 

of the existing on-site detention basin. 

• Maintenance of existing overland flow paths and trunk culvert system. 
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Figure 2.2 Architectural Plan  
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3. STUDY OBJECTIVES & METHODOLOGY  

3.1. Study Objectives 

The objectives of the Flood Study are to: 

• Identify relevant flood-related information and requirements by searching all relevant data 

sources and council policy; 

• Determine the likely extent and nature of flooding and identify potential hydraulic 

controls; 

• Define existing catchment condition flood behaviours for mainstream flooding in the 

catchment with due consideration to upstream and downstream controls within the study 

area; 

• Define design flood levels, and velocities for the catchment; 

• Define the extent of flooding for the 1% AEP design storm; 

• Confirm flood planning requirements for the development; 

• Confirm the potential for cumulative effects of possible filling proposals in that area is 

minimal; 

• Confirm the development potential of surrounding properties is not adversely affected by 

the filling proposal; 

• Confirm the flood liability of buildings on surrounding properties is not increased; and 

• Confirm no local drainage flow/runoff problems are created by the filling. 

 

3.2. Study Methodology 

A numerical hydraulic modelling tool developed a model to convert runoff hydrographs into 

water levels and velocities throughout the study area.  The model simulates the hydraulic 

behaviour of the water within the study area by accounting for flow in the major channels as 

well as the potential for overland flow paths, which develop when the capacity of the channel 

is exceeded.  It relies on boundary conditions which include the runoff hydrographs and 

appropriate downstream boundary level. 

The modelling has been undertaken in two stages (as discussed below) and this report provides 

details and summary of the pre & post development stages of the modelling.  

Stage 1 – Pre Development 

• Build of a 2D hydrodynamic flood model of the existing overland flow channel & trunk 

drainage culverts through the proposed site for the existing scenario;   

• Modelling has been performed using the TUFLOW modelling engine with the open 

channels and overbank areas being modelled in 2D, and the existing underground trunk 

drainage culverts modelled as 1D elements; 

• Hydrology determined via rain on grid modelling; 

• Modelling of the 1% AEP storm event for the existing site with validation being completed 

against the design flood levels as per the Michael Lockley & Associates design drawings 

for the existing Bunnings Facility; 

• The Digital Terrain Model (DTM) used in the modelling will be based on survey 

information received from Positive Survey Solutions and ALS survey information. 
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Stage 2 – Post Development 

• Revision of the Stage 1 model to include the proposed development; 

• Post development scenario testing and analysis of differences in flood levels, velocity and 

general hydraulics against the pre development scenario; and 

• Confirmation of the effect on surrounding properties as a result of development. 

 

3.3. Report Format 

Section 4 of the report discusses the content and source of relevant data which has been 

utilised in the study.  This section describes relevant flood studies and available historical 

information and also provides details of the survey used to establish the DTM used in the 

analysis. 

Section 5 discusses the catchment characteristics the hydrological information used in the 

study. 

Section 6 discusses the development of the hydraulic model including establishment of the 

DTM, boundary conditions, validation, sensitivity analysis and subsequent use for design 

rainfall events and development scenarios. 

Section 7 provides the results of the design flood estimation for the catchment.   

Section 8 summarises the results of the assessment and provides discussion on the various 

aspects of the results while Section 8 provides concluding remarks to the overall study. 

A number of figures are included in APPENDIX A to illustrate the study results. 

APPENDIX B includes the existing site survey, APPENDIX C the civil designs included in 

the Bunnings development approval and APPENDIX D includes council flood information 

certificate. 
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4. REVIEW OF AVAILABLE DATA 

Data has been obtained from a number of sources and includes information required for input to the 

numerical models, together with information required for validation of model results and the 

adequate representation and presentation of those results. 

4.1. Survey 

Survey is required to define the physical attributes of the floodplain topography including the 

creek cross sections and the associated floodplain levels. 

The pre development scenario survey has been compiled based information ALS Survey 

compiled by the NSW Department of Land and Property Information, and survey information 

provided by Positive Survey Solution. The survey information has been used to define the 

existing overland flow path cross section and features.   

The proposed site levels, as defined by the architectural layout were integrated into the Post 

Development model by inputting an inactive 2D area to simulate filling above the 1% AEP flood 

level. 

These surveys and surfaces were used as the basis for the digital terrain model (DTM) used in 

the hydraulic modelling of the pre and post development scenario respectively. 

4.2. Bunnings Design Drawings 

The design drawings for the existing Bunnings facility including the design water levels for the 

1% AEP flood level.  The drawings completed by Michael Lockley and associates provide 1% 

AEP flood levels for the underground box culverts and southern drainage channel. 

4.3. Council Flood Study 

There is currently no formal council flood study for the Belmont region. 

A flooding certificate was obtained from LMCC (refer APPENDIX D) however this did not 

provide any information relating to flooding in and around the site. 
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5. CATCHMENT INVESTIGATION & HYDROLOGY 

5.1. Hydrological Assessment of Existing Catchment 

There are three contributing catchments upstream to the north and west of the site that currently 

drain to the underground culvert system which runs through the property.  A catchment plan has 

been prepared and included as Figure 5.1, and also included as drawing CO13802.00-F07 in 

Appendix A.  The three catchments have been broken up to smaller sub-catchments as shown 

in the figure and referenced below in Table 5.1 to a total contributing upstream catchment of 

237.8 Ha. 

 

Figure 5.1. Upstream Contributing Catchment 
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Catchment Name Area (Ha) 

Cat1A 33.83 

Cat1B 27.59 

Cat1C 25.38 

Cat1D 17.53 

Cat1E 18.69 

Cat1 Sub-total 123.5 

Cat2A 52.13 

Cat2B 34.06 

Cat2 Sub-total 86.2 

Cat3 28.09 

Cat3 Sub-total 28.09 

TOTAL CATCHMENT 237.8 

Table 5.1. Catchment Areas 

The contributing catchments comprise urban land and bushland.  The urban land mainly 

comprising of low-density residential properties with surrounding dense bushland.  The terrain 

is generally steep within undeveloped bushland areas, and moderate in developed areas.  All 

areas are above the Lake Macquarie and Tasman Sea tidal flood level.  Although the catchment 

is 237.8Ha, it would be considered reasonable small from a hydrological view meaning the 

catchment will be sensitive to short duration and high intensity storms, with overland flows 

similarly being short in duration and generally only present during and immediately after major 

rainfall events.  This scenario is commonly referred to as flash flooding. 

The Q100 Average Recurrence Interval (ARI) design peak flow, has been calculated using a 

conservative RAFTS model for the three main upstream catchments. The resultant hydrographs 

are shown in Figures 5.2, 5.3 & 5.4.  The flows calculated have been used in both the pre-

development and post development model scenarios noting that runoff directly from the site has 

not been included in the overland flow assessment as it is minor in nature with respect to the 

much larger upstream runoff and also noting that there will be no change in impermeable surfaces 

over the site.  Hence in relation to flood affectation and overland flow the site run-off will have 

negligible effect on these assessments.   

Rainfall intensities and temporal patterns were derived from the Bureau of Meteorology online 

IFD tool and Australian Rainfall and Runoff (1987).  The assessment resulted in the following 

flood hydrographs of the 1% AEP storm event, Figures 5.2, 5.3, & 5.4 for the upstream 

catchment being defined and used in the TUFLOW modelling.  The critical storm duration 

adopted is 120 minutes. 
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Figure 5.2. 1% AEP Hydrographs – Catchment 1 

 

 
Figure 5.3. 1% AEP Hydrographs – Catchment 2 
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Figure 5.4. 1% AEP Hydrographs – Catchment 3 

 

5.2. Post Developed Scenario Definition 

A post development assessment has been completed.  The post development conditions are based 

on the existing management measures approved for the existing Bunnings facility remain 

operational for the new shop.  A summary of the measures has been provided below which is 

further detailing in Section 7.2 of the report. 

Management measures are as follows: 

• Existing three cell box culverts remain; 

• Existing open channel on the south of the development site remains; and 

• The existing overland flow path on the north of the development site remains.  The proposed 

development will need to ensure the levels of the new development are at least 400mm above 

the existing level of the flow path.  This could be achieved through either filling of the site 

to the level as noted or providing a small wall or bund along the easement boundary line. 

It is noted that the overland flow paths and systems described above will need to remain separate 

from any site stormwater management measures including site specific detention (OSD) 

measures and/ or water quality devices.  It is noted that any site-specific stormwater management 

measures would be subject to a separate approval and stormwater management plan.  
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6. HYDRODYNAMIC MODEL DEVELOPMENT 

6.1. Extent and Topography 

Hydraulic modelling for this study was undertaken using the TUFLOW engine via the XPStorm-

2D Software Platform.  The modelled system is based on a 2D approach for the existing cases.  

The DTM was developed based on the ALS and site survey information & the proposed site 

design levels as discussed in Section 4 of this report.   

The water levels and flows are resolved on a rectangular grid covering the area of interest.  The 

TUFLOW model was set up with a 1m grid cell size, which is an appropriately small cell size to 

define overland flow behaviour, and more importantly, the difference in the behaviour between 

two modelled scenarios, through the area of interest. 

The model extent is shown in Figure 6.1.  Modelling has been completed along the study area, 

beginning approximately 100m upstream of the site and extending 100m to the south-east of the 

site. 

 

6.2. Boundary Conditions 

Inflow Boundaries 

Design inflow hydrographs of upstream boundaries of the study area were based on hydrology 

as discussed in Section 5 of this report. 

The inflow boundaries have been positioned at distances of greater than 2.5 times the flow width 

from the subject property to ensure that any potential instabilities in the model that may be 

present at the inflow boundary entry point are resolved in the model prior to the study area.  This 

is consistent with previously approved flooding applications and considered sufficient to produce 

accurate results for the effect of the development in relation to flooding of the study area.  

Outflow Boundaries 

The model extent has been continued for approximately 100m downstream of the study area to 

a point east of the study area.  The downstream outflow boundary within the 2D domain has been 

modelled using the ‘head-boundary’ control to simulate continuous flow past the model extents, 

which is generally accepted practice in 2D flood modelling. 
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 Figure 6.1. Model Extent and Model Boundary Locations 

 

6.3. Channel and Floodplain Roughness 

Roughness values adopted in the model are contained in Table 6.1 below.  These are consistent 

with typical Manning’s ‘n’ values for respective land types. 

Model 

Element 

Description Roughness 

Parameter Value  

1 Grassed 0.040 

2 Vegetated Channel 0.06 

3 Roads 0.025 

4 Dense Trees 0.080 

5 Building Inactive Area 

6 Concrete Channel 0.012 

7 Pond 0.001 

Table 6.1. Adopted TUFLOW Element Roughness Values 

A figurative representation of where the above roughness values are shown on Figure 6.2 below. 

STUDY AREA 

MODEL EXTENT 

BOUNDARY 

PROPOSED SITE 

INFLOW 

BOUNDARY 

INFLOW 

BOUNDARY 

OUTFLOW 

BOUNDARY 
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Figure 6.2. TUFLOW Element Roughness Locations  

VEGETATED CHANNEL 

DENSE TREES 

GRASSED 

(ALL AREAS 

OTHER THAN 

HATCHED) 

ROAD 

BUILDING 

CONCRETE CHANNEL 



 

  16 

7. FLOOD MODELLING RESULTS 

7.1. Pre Development Scenario Results 

The predicted peak flood levels, depth and velocities were extracted from the hydrodynamic 

modelling and were used to generate water surface profiles and depth profiles for the 1% AEP 

storm event.   

The predicted flood extent and depths for the 1% AEP event has been presented on drawing 

CO13802.00-F01 and below as Figure 7.1.  Reference to Appendix A should be made for 

water surface profiles and flood depth estimates for the 1% AEP storm event. 

Drawing Co13802.00-F03 shows the pre-developed velocity output. 

 

Figure 7.1. 1% AEP Flood Extent and Levels (pre-developed) 

The predicted flood inundation can be seen to be generally consistent with the intention of the 

design by Michael Lockley & Associates included in the 1999 Bunnings Development 

Approval.  The majority of the upstream flows being conveyed within the box culvert system 

to the southern open channel.  A smaller overflow at the inflow to the box culverts activates the 

northern overland flow path where flow depths of 250-500mm are experienced.  The existing 

facility is seen to be clear of the flood affectation and achieved flood immunity requirements. 

Water levels in the channel to the south vary from RL 7.4m AHD at the west to RL 6.6m AHD 

on the east.  Water levels through the northern overland flow path vary from RL 8.8m AHD on 

the west to RL 6.8m AHD at the east.  It is noted that these levels are higher than the existing 

building (at RL 7.15m) however bunding to the channel has been made which achieved flood 

planning requirements hence the building level is not subject to the flood levels within the 

northern flow path. 

Shallow flood water can be seen downstream of the property as a result of the confluence of 

flows and flat downstream constriction.  These flows do not affect the existing or future 

facility. 



 

  17 

It is noted that activation of the northern flow path is expected to occur in smaller intensity 

storms, including the 5% ARI.  These flows are noted to be less than 250mm and to have DV 

factors well under general accepted minimum of 0.4. 

Additional output for the 5% & 1% AEP storm events can also be found in Appendix A. 

 

7.2. Post Development Scenario Results 

At the time of writing, the detailed design and level grading through the site has not been 

completed.  As such, the Post Developed Scenario has been modelled based on a block-out 

through the proposed development zone and maintaining the key overland flow measures as 

included in the current Bunnings development (i.e. box culverts, southern channel and northern 

overland flow path).   

With reference to drawing Co13802.00-F02 and Figure 7.2, the post development flood extent 

and levels have been shown.  Water level afflux (i.e. the change in water surface levels) has 

been shown on drawing Co13802.00-F03 and Figure 7.3.  Drawing Co13802.00-F05 shows 

the pre-developed velocity output with velocity afflux on Co13802.00-F06. 

The post-development flood output shows consistency between the pre and post development 

conditions.  Minor afflux of 40-50mm is shown in an isolated area toward the north-east corner 

of the site within the easement on site and minor 10-20mm locally offsite.  This minor increase 

is considered negligible in terms of affectation and generally within acceptable engineering 

change and modelling accuracy. 

Overall the existing flow paths and flood management measures can be seen to effectively 

manage flows around the development and that the development has negligible impact on 

upstream downstream and adjoining properties. 

 

Figure 7.2. 1% AEP Flood Extent and Levels (post-developed) 
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Figure 7.3. 1% AEP Flood Level Pre and Post development Afflux 

 

Based on the current architectural layout, the floor level of the building will need to be set at a 

level of RL 7.5m to achieve 500mm freeboard to the 1% AEP flood level.  Western parts of the 

site will need to be sited at RL 8.0m to achieve the required flood immunity or alternatively 

bunding to RL 8.0m could be provided. 

As noted in previous sections of the report, a minimum bund or 400mm will be required on the 

north of the property to ensure the existing flow path achieved appropriate flood freeboard to 

the existing flow path post development. 

Additional output for the 5% & 1% AEP storm events can also be found in Appendix A. 
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8. CONCLUSION 

This Overland Flow Report has been prepared in support of a development at of 393 Pacific 

Highway Belmont North and associated planning application. 

The Site has been identified by LMCC as being affected by flooding associated with overland flow 

from the upstream contributing catchments which total 237.8 Ha.  Modelling has been undertaken to 

confirm that council’s development control criteria has been met relating to the development of the 

land and the effect on the flooding as a result of the development.  In particular the assessment 

focusses on the overflow at the existing culverts and surrounding flow paths. 

A TUFLOW hydrodynamic flood model of the overland flow path was produced for the area 

surrounding the development for the purpose of scenario testing.  The report provides a summary of 

the model build and results for the existing, pre-developed, and the proposed, post-developed 

condition over the land.   

The development proposes to maintain existing flow management systems constructed as part of the 

Bunnings site in 1999.  The report confirms these systems are able to convey the expected storm 

flows through and around the development site with negligible affectation to upstream, downstream 

and adjoining properties and meet LMCC DCP requirements. 

Pre and post development flood elevation and flood depth plans have been produced to confirm the 

effect of the development on flooding.  Comparison of the pre and post-development modelling 

(shown in the afflux plans) confirms that the development of the land can be made without adversely 

affecting upstream, downstream or adjacent properties. 

Overall, the pre and post development flood scenario assessment provides favourable results which 

confirm there will be no effect on downstream or adjacent properties and the future development can 

move forward whilst achieving flood planning requirements and suitable freeboard to the expected 

1% AEP flood level and extent. 
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APPENDIX A 
 

DRAWINGS AND FIGURES 

(Figures represent predicted values at the peak of each event) 

  



 

  22 

 

Figure A1 – 5% AEP Flood Depths (Pre-Development) 

 

Figure A2 – 5% AEP Flood Levels (Pre-Development) 
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Figure A3 – 5% AEP Flood Velocity (Pre-Development) 

 

Figure A4 – 5% AEP Flood Depth (Post Development) 
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Figure A5 – 5% AEP Flood Level (Post Development) 

 

Figure A6 – 5% AEP Flood Velocity (Post Development) 
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Figure A7 – 1% AEP Flood Depth (Pre-Development) 

 

Figure A8 – 1% AEP Flood Level (Pre-Development) 
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Figure A9 – 1% AEP Flood Velocity (Pre-Development) 

 

Figure A10 – 1% AEP Flood Depth (Post Development) 
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Figure A11 – 1% AEP Flood Level (Post Development) 

 

Figure A12 – 1% AEP Flood Velocity (Post Development) 
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APPENDIX B 
 

EXISTING SITE SURVEY 
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APPENDIX C 
 

CIVIL ENGINEERING DESIGN for DC/99/01634/1M-A 

(MICHEAL LOCKLEY & ASSOCIATES SH1 to SH12) 
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APPENDIX D 
 

COUNCIL FLOOD CERTIFICATE 

Ref: 1352, Dated: 19 December 2018 
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