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1. Introduction 
1.1 Overview 

A development application has been prepared to be assessed by Muswellbrook Shire Council for a 

proposed Childcare Center development at No. 84 Brook Street, Muswellbrook, NSW. Council has 
indicated that the site is affected by Flooding in the 1% AEP Storm Event and will require a detailed 

Flood Impact Assessment prior to the issue of a Development Consent. 
 

Capital Engineering Consultants (CEC) have been commissioned to assess Council’s Floodplain 
Development requirements and provide a Flood Impact Assessment in compliance with all Council 

codes, policies and established industry best practices. 

 
1.2  Project Objectives and Scope of Works 

CEC have been engaged by the client, to carry out the following scope and objectives to support the 

proposed construction certificate: 
 

1. Review supplied documents and layouts; 

2. Address the requirements of Council’s relevant guidelines and DCP; 

3. Review MSC’s supplied TUFLOW hydrological model of council’s existing drainage system; 

4. Prepare a detailed site-specific TUFLOW flood model for submission; and 

5. Propose flood mitigation measures for implementation. 
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2. Background Information & Site Description 
2.1 Site Description and Location 

Refer to Table 1 and Figure 1 below for the existing site description summary: 

Table 1: Site Description Summary 

Summary Site Description 
Address 84 Brook Street, Muswellbrook NSW 

Lot/DP Lot 1 DP795300 

Site Area 2502 Sq.m (By Title) 

Land Zoning R1 

Catchment Area Possum Gully Catchment Stormwater Drainage Study (SMEC) 

Figure 1: Site Locality Plan 

 
S ource: Mecone Mosaic, S ixMAPs NS W (2023) 
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The subject property is located on Brook Street in Muswellbrook. The site is currently vacant. The property 

adjoins residential lots to the North, East and West. A natural water-course, formally identified as “Possum 
Gully’ traverses through the southern end of the site in a Westerly direction. 
 

2.2 Proposed Development 
The architectural plans provided by Janssen Design (Appendix 2) indicate the following design intent 
as part of the development application: 

• Construction of a Childcare Center Development located on the Northern End of the Site; and 

• Construction of a Carpark and Associated Civil Works.  

Figure 2: Proposed Site & Ground Floor Layout 

 
S ource: J anssen Designs (2023) 

 

2.3 Catchment Description 
The catchment contributing to the site has been generally characterized as low density residential and 

rural lots.  
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Figure 3: Land Zoning Map 

 
S ource: Mecone Mosaic (2023) 

Figure 4: Sub-Catchments & Contour Plan 

 
S ource: Possum Gully Flood S tudy (S MEC , 2015) 
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2.4 Council’s Requirements  
The following Council requirements as outlined in Section 13 – Flood Prone Land of the 

Muswellbrook Shire Development Control Plan 2009 (MSDCP) have been considered for this 

assessment: 

 

A range of non residential uses are permitted in the flood affected areas.  These are listed in the 

Muswellbrook Local Environmental Plan as amended: 

 

a) Floor levels for non residential uses, excluding habitable areas, may be permitted below 

flood level provided the development is in accordance with the principles outlined in Section 

13.1.   

 

b) The floor level of all habitable areas of proposed development shall be at least 0.5m above 

the 1% AEP flood level except in the case of change of use of an existing building.   

 

c) The development will not result in increased flood hazard or flood damage to other 

properties or increase afflux by more than 0.1 metres.   

 

d) The construction methods and materials for that part of the development below the 1% AEP 

flood level shall conform with the flood proofing code, Section 13.8. 

 

e) The proposed development can withstand the force of flowing floodwaters, including 

debris and buoyancy forces.   

 

f) Provision shall be made for the safe storage and/or timely removal of goods, materials, 

plant and equipment in the event of a flood.   

 

g) A report be provided by a suitable qualified consulting engineer stating that the 

requirements outlined in (d) and (e) above have been incorporated in the design of the 

development.   

 

An evacuation plan for users of the development is prepared (to the satisfaction of Council) 

and maintained throughout the life of the development. 
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3. Hydrology Modelling 
3.1 Overview 

Tuflow (Version 10-AF 2020) was used for the local catchment simulation as detailed in ARR 1987. 

Using intensity frequency duration from the Bureau of Meteorology, design rainfalls were applied to the 
hydrological model to determine the design runoff hydrographs.  

 

3.2 Hydrology Setup 
The Tuflow Model used for analysis was supplied by Muswellbrook Shire Council on the 3rd of March 

2023. Modifications were aplied to the model as detailed in Section(s) 3.3 below. 
 

3.3 Blockage 
In order to provide the most conservative flood levels and hazards across the site and surrounding 
areas, all existing pits, pipes and culverts were assumed to be fully blocked. These factors have been 

directly applied to all pits & nodes within the hydrological model (0 = no blockage, 1 = full blockage): 

Table 2: Pit Inlet Blockage Factors 

Structure/Node Type Typical Blockage Factor Adopted Blockage Factor 
On-grade Pit (Grate + Lintel) 0.2 1.0 

Sag- Pit (Grate + Lintel) 0.5 1.0 

On Grade (Grate Only) 0.35 1.0 

Sag- Pit (Grate Only) 0.75 1.0 

Sealed Junction Pit N/A 1.0 

Field Inlet Pit (Sag) N/A 1.0 

 

The adopted strategy provides conservative flood levels across the site for the purposes of flood 

planning and observation of flooding behavior.  
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4. Hydraulic Modelling 
4.1 Overview 

Two-dimensional (2D) hydraulic modelling was carried out to determine the flood behavior in the study 

area. Tuflow (Version 10-AF 2020) was used to model the hydraulic flooding behavior.  
 

A minimum 2D Grid Size of 1.0m x 1.0m was adopted for modelling proposes to provide accurate 
flooding behavior within the subject site and immediately upstream and downstream. The terrain was 

derived using both the detailed site survey and LiDAR survey data: 
 

The following manning’s ‘n’ factors were adopted for both the pre and post development modelling 
scenarios in accordance with current accepted Engineering practice 

Table 3: Manning's 'n' Factors for 2D Modelling 

Land Use Zone Manning’s ‘n’ Factor 
Waterbody 0.015 

Roadways 0.025 

Short Grass, Some Weeds 0.035 

 Long Grass, Heavy Weeds 0.045 

 Light Vegetation Including Trees 0.06 

Dense Vegetation Including Trees / Urban 0.08 

Buildings 0.2 

Stability Roughness And Highly Dense 0.15 

Reduced Manning's With Driveways 0.05 

 Thick Vegetation Including Trees 0.1 

 Concrete Channel 0.013 

Shotcrete Channel 0.018 

 

4.2 Blockages 
The area of the proposed open-type piers within the site were modelled as complete blockages to 
prevent the passage of flood-waters. In order to reduce the change of erroneous results, the car-park 

concrete lid was purposely omitted from the model. Minute details, such as staircases, have purposely 
been omitted from the model to minimise the potential for errors in the 2D grid.  

 

4.3 In-Ground Pit and Pipe Network  
As detailed in Section 3.3, in-ground pit and pipe assets have been purposely omitted from the flood 

model to provide conservative flood estimates. Similarly, this provides a modelling approach which is 
not sensitive to unintended blockages or obstructions which is appropriate given the intended usage of 

the site.  
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5. Modelling Results 
5.1 Overview 

Design flood modelling was undertaken in TUFLOW for the 1% AEP and PMF Storm Design flood 

events. Detailed mapping outputs are provided in Appendix 3, 4 and 5 respectively. 
 

5.2 Flood Impacts 
As there is no proposed diversion of flood-waters, the flood behavior and hence, the flood impacts on 
upstream and receiving properties is minimal in terms of depth, velocity and hazard. It is noted that the 

maximum external afflux upstream of the site is limited to 100mm in accordance with Council’s 
guidelines. 

 
Whilst there is a minor afflux within the site due to the addition of the suspended driveway area, this 

afflux does not pose any additional flood risk as it is located beneath the suspended driveway structure. 
  

5.3 Floor Levels & Freeboard 
The Flood Planning Level (FPL) varies because of the gradient across the site. A freeboard of 500mm 
has been adopted for habitable areas in accordance with accepted Engineering Practice. The table 

below summarises the flood levels along the upstream boundary of the site immediately adjacent to the 
suspended car-parking area. 
 

Table 4: Peak Flood Levels and Adopted Flood Planning Level 

Flood Planning Area Modelled Peak Flood 
Level Freeboard (mm) Minimum Finished 

Floor Level (FPL) 
Habitable Areas R.L. 156.61 500 R.L. 157.11 

Non-Habitable Areas R.L. 156.61 150 R.L. 156.76 
 

5.4 Evacuation 
The peak 1% AEP Flood Level measured at the upstream boundary adjacent to the proposed 
development is R.L. 156.61m which is 1820mm lower than the proposed Ground Floor Level of R.L. 
158.43m. There is no identified flooding within the footpath or road reserve within the vicinity of the 
proposed Ground Floor and Carparking Extents, indicating that it is both flood-free and safe for all 
occupants to evacuate the site via the proposed entrances. 

 
The peak PMF Flood Level measured at the upstream boundary adjacent to the proposed development 

is R.L. 158.35m which is 80mm lower than the proposed Ground Floor Level of R.L. 158.43m. As such, 
occupants may safely shelter-in-palce within the proposed structure during a catastrophic flood event. 
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Due to the depth and velocity of flooding, evacuation on foot or via motor vehicle motor vehicle would 

not be possible in a safe manner. As such, it is not recommended to evacuate the development via 
unless under strict direction from Emergency Services Personnel.  
 

It is recommended that a shelter-in-place strategy and management plan is adopted for the site, 
specifically for practicality reasons due to the proposed use as a Childcare Center to prevent the need 

to relocate children outside of the established premises.  
 

5.5 Mitigation Measures 
The following mitigation measures are recommended to flood-proof the development and mitigate any 
affects to neighboring or downstream properties: 

 

• Adopting a minimum floor level of RL 158.43 for all habitable areas (Reason: to provide min. 

500mm of Freeboard to the proposed development and provide a safe refuge at or above the 
PMF Level to suit the intended Child Care Center usage); 

• Fencing, sign-marking & restricting access to the flow path area using flood-type fencing and 
gating approved by Muswellbrook Shire Council; (Reason: to ensure safety of occupants and 
provision of flood storage for the development) 

• Adopting a Shelter-in-place Management Plan to suit the final usage of the development;  

• Ensuring that all external power-points, air-conditioning units & hot-water systems are located 

at least 500mm above the adjacent 1% AEP Flood Level; and 
 

A detailed Flood Mitigation Plan is provided in Appendix 6 to provide further clarity on the intended 
works.  
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6. Flood Risk Management Plan 
6.1 Overview 

This section of the report outlines and discusses the measures to mitigate the flooding impacts on the 

proposed development and its users. These measures are specific to the site and compliment the 
floodplain risk management plan prepared by Council, which addresses issues such as evacuation 

from the precinct during flood events.  
 

The purpose of this plan is:  

• To address existing, future and continuing flood risks on the site;  

• To establish a program for the implementation of the plan; and  

• To allow the stakeholders of the site to adopt this plan. 
 

6.2 Australian Rainfall & Run-off 2019 (ARR2019) 
6.2.1 General Flood Hazard Curves 

When dealing with specific floodplain management or emergency management analysis there may be 
a clear need to use specific thresholds. However, particularly in a preliminary assessment of risks or as 

part of a constraints analysis such as might be applied as part of a strategic floodplain management 
assessment, there is also an acknowledged need for a combined set of hazard vulnerability curves, 

which can be used as a general classification of flood hazard on a floodplain. A suggested set of curves 
based on the referenced thresholds presented above is provided in the figure below: 

Figure 5: Combined Flood Hazard Curves (ARR2019) 
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The combined flood hazard curves presented in Figure 7 set hazard thresholds that relate to the 

vulnerability of the community when interacting with floodwaters. The combined curves are divided into 
hazard classifications that relate to specific vulnerability thresholds as described in the table below. 

Table 5: Combined Hazard Curves – Vulnerability Thresholds 
Hazard 

Vulnerability 
Classification 

Modelled Peak Flood Level 

H1 Generally safe for vehicles, people and buildings. 
H2 Unsafe for small vehicles 
H3 Unsafe for vehicles, children and the elderly. 
H4 Unsafe for vehicles and people. 

H5 Unsafe for vehicles and people. All buildings vulnerable to structural damage. 
Some less robust buildings subject to failure. 

H6 Unsafe for vehicles and people. All building types considered vulnerable to 
failure. 

 

    Table 6: Combined Hazard Curves – Vulnerability Thresholds Classified Limits 
Hazard 

Vulnerability 
Classification 

Classification Limit 
(D and V in 

combination) 
Limiting Still Water 

Depth (D) Limiting Velocity (V) 

H1 D*V < 0.3 0.3 2.0 
H2 D*V < 0.6 0.5 2.0 
H3 D*V < 0.6 1.2 2.0 
H4 D*V < 1.0 2.0 2.0 
H5 D*V < 4.0 4.0 4.0 
H6 D*V > 4.0 - - 

 
Importantly, the vulnerability thresholds identified in the flood hazard curves described above can be 

applied to the best description of flood behavior available for a subject site. In this regard, the hazard 
curves can be applied equally to flood behavior estimates from measured data, simpler 1D numerical 

modelling approaches, through to complex 2D model estimates with the level of accuracy and 
uncertainty of the flood hazard estimate linked to the method used to derive the flood behavior estimate. 

 

6.2.2 Isolation, Effective Warning Time, Rate of Rise and Time of Day 
The effective warning time available to respond to a flood event, the rate of rise of floodwaters, the time 

of day a flood occurs, and isolation from safety by floodwaters and impassable terrain are all factors 
that may increase the potential for people to be exposed to hazardous flood situations. These factors 
are important considerations that influence the vulnerability of communities to flooding and are 

important considerations in managing flood risk. 
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6.2.2.1 Isolation 
As outlined in AEM Handbook 7 (AEMI, 2014), flooding can isolate parts of the landscape and cut-off 

evacuation routes to flood-free land. This can result in dangerous situations, because people may see 
the need to cross floodwaters to access services, employment or family members. Many flood fatalities 

result from the interactions of people, often in vehicles, with floodwaters. Any situation that increases 
people’s need to cross floodwaters increases the likelihood of an injury or fatality.  
 

AEM Handbook 7 recommends that the floodplain be classified by precinct or community based on 
flood emergency response categories. This classification is separate to the quantification of hazard 

outlined in this guideline and is addressed in the complementary Technical Flood Risk Management 
Guideline on Flood Emergency Response Classification of the Floodplain. 

 

6.2.2.2 Effective Warning Time 
As outlined in of AEM Handbook 7, effective warning time is the time available for people to undertake 

appropriate actions, such as lifting or transporting belongings and evacuating. Lack of effective warning 
time can increase the potential for the exposure of people to hazardous flood situations. In contrast, 

having plenty of effective warning time provides the opportunity to reduce the exposure of people and 
their property to hazardous flood situations. 

 

6.2.2.3 Rate of Rise 
Rate of rise of floodwaters is discussed in AEM Handbook 7. A rapid rate of rise can lead to people 
evacuating being overtaken or cut off by rising floodwaters. It is often associated with high velocities 

but it can be an issue if access routes are affected by flooding. 

 
6.2.2.4 Time of Day 
The time of day influences where people are and what they are doing. This can influence their ability 

to receive any flood warnings and respond to a flood threat. Inability to receive and respond to a 
warning can increase the potential for people to be exposed to hazardous flood situations 

 

6.3 Existing, Future and Continuing Risks 
As outlined earlier in the report, the site is located within flood prone land. The site is affected by the 
overland flooding. The flood study shows flooding entering the car-parking area via the Eastern 

boundary from Possum Gully. It should be noted that the proposed development is consistent with 
Council’s land use objectives.  

  
The continuing flood risk on the site is insignificant as ample freeboard has been provided to both the 

1% AEP and PMF Flood Events, with the ground floor levels and above being completely flood-free. As 
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such, the proposed development does not result in an unacceptable increase in risk to human life during 

an extreme flood event exceeding the 1% AEP. 
 
Triggers for a likely flood emergency may come in the form of:-  

 

• The Bureau of Meteorology issuing a flood warning;  

• The Bureau of Meteorology issuing a Severe Weather Warning or a Severe Thunderstorm 
Warning indicating a likelihood of a flash flooding;  

• The State Emergency Service issuing a Flood Bulletin;   

• Rising floodwaters; and  

• Heavy rainfall.  
 

These triggers do not mean that the business should cease immediately but are important for the  

assigned warden/deputy to:-  
 

• Keep watch on the flood levels along Possum Gully and the surrounding areas in the vicinity of 
the site;  

• Inform the site users of these triggers; and  

• Listen to the local media for update and advice.  
 

It is recommended that flood compatible materials are used on the ground floor levels where subject  
to high flows to minimise the cost of the damage during rare flood events (i.e. PMF). The structural  

engineer should certify the building structure is able to withstand the shear forces of the floodwaters  
up to the flood level in a 100-year ARI plus 0.5m and up to the PMF level. 

 
The development does not increase the potential flood affectation on other properties. Perimeter 

fencing is to be constructed in a manner that does not affect the direction and the velocity of the 
floodwaters. It is recommended to install fencing that allows the flow to pass through without 

obstruction. A structural engineer’s certificate is required to confirm that the proposed fence and 
footings can withstand the shear forces of floodwaters.  

  
The additional economic and social costs, which may arise from damage to property as a result of 

flooding, can be fully managed by the stakeholders of the site. During a 1% AEP flood event and PMF 
events, the ground floor level provides shelter to humans free from flooding up to and including the 
PMF flood event. Evacuation from the development can occur after the flood levels have recessed to 

levels where Brook Street can be reused to exit the area.   
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A risk management policy should be adopted and implemented by the operators of the development, 

which increases the awareness of the stakeholders and the users of the site to the flooding issues and 
outlines the procedures of control and evacuation from the site in flooding events.  The NSW SES 
Community Flood Safe Guides should be printed and made available within the premises.   

 

6.4 Preparation for a Flood Emergency 
In preparation for a flood emergency, the following should be done:-  

 

• Ensure all occupants and visitors are aware of the flooding situation and that isolation and 

confinement to ground floor of the building is a real possibility;  

• Encourage occupants and visitors to participate in the development, implementation and review 

of future flood risk management plans;  

• Keep an up-to-date list of emergency contact numbers in a prominent location;  

• Incorporate flood awareness;  

• Assess the capability of the Site to provide short term catering for the persons evacuated to 
ground floor;  

• Identify those systems which can be shut down in the event of a flood emergency;  

• Establish the ground floor as the meeting point when a flood emergency is called; and  

• Prepare coloured notices of reasonable size that inform persons within the site of the 
procedures if a flooding above the 100-year ARI flood event occurs and a flood emergency is 

called as outlined in the following section. 
 

6.5 Actions in the likelihood or during a Flood 
The following actions should be listed on the notice to be displayed on site at key locations.  

 

• Occupants to monitor the likelihood of a flood, heavy rainfall and/or if a flood is occurring;  

• If the flash flooding occurs much faster and it is not safe to evacuate, i.e. the flood levels are rising 
too quickly in Possum Gully and there is a possibility of the outdoor car-parking area becoming 

inundated, vacate and clear the car-park and elevate everyone with their personal items to the 
ground floor. Site evacuation should not occur if the flood levels are approaching the carpark level 

or are entering the site from Brook Street. Flood depth of 150mm or higher could potentially 
destabilise small vehicles;  

• Try as much as practical to seal doors and openings for bin rooms etc. to minimise the damage to 
property and equipment;  

• Move any hazardous material (if any) to the ground floor in a suitable area which is not accessible 
by children (e.g. an outdoor store) to avoid it getting washed by the floodwaters;  

• Contact the emergency services on 000 and the SES on 132500 alerting them to the situation;  
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• Continue to monitor the local radio stations, generally the ABC, to keep updated on any flooding;  

• Shut down computers and all non-essential equipment;  

• Maintain a watch on the flood levels in Possum Gully and Brook Street;  

• Maintain contact with the emergency services;  

• Do not permit anyone to leave the site by foot or vehicle;  

• Keep everyone to the confines of the Ground Floor Level at all times;  

• Have all personnel maintain a calm outlook;  

• In the event of a medical emergency, contact the emergency services by phone 000 and advise 
them of the need for assisting and follow their instructions;  

• Further shut down all system not required; and  

• Always maintain an ongoing count of persons and report any missing. 

Table 7: Flood Warning Actions (Water levels taken in Aldgate St Road Reserve) 
Flood Level (m 

AHD) 
Approx. Depth 

(mm) Flood Warning Trigger Action 

≥155.75 ≥500mm • Monitor the flood level and time the rate of rise of the 
flood level 

<156.25 <1000mm 
• Warn occupants of possible need to shelter-in-place 
• Monitor the flood level and the time the rate of rise of 

the flood level 

<156.75 <1500mm 
• Close driveway and evacuate visitors from above-

ground car-parking level to ground floor level  
• Implement shelter-in-place protocol for Childcare 

Center staff and occupants  

>157.00 >1750mm 

• Continue monitoring  
• Continue sheltering in-place for Childcare Center  
• All other occupants await instructions from 

Emergency Services for evacuation (if deemed safe 
and necessary by response personnel) and remain at 
or above the ground floor level 

 
6.6 Other Sources of Flood Information 

6.6.1 Observation of local rainfall or flood water 
An important indication of likely imminent flood activity would be intense local rainfall. 

 

6.6.2 The Bureau of Meteorology 
The Bureau of Meteorology does not prepare flood predictions for the Possum Gully Catchment Area 

but does issue Severe Thunderstorm Warnings and Severe Weather Warnings. 
 

Severe Thunderstorm Warnings are issued together with maps indicating the current location and 
predicted path of thunderstorms. Severe Weather Warnings are for severe weather not related to 

thunderstorms, cyclones or fire, such as “east coast lows” or other causes of intense rainfall or storm 
surge. These warnings are available at http://www.bom.gov.au/nsw/warnings/.   
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6.6.3 The NSW SES 
The local SES unit is Muswellbrook Shire. The applicable region operates a Facebook page for 

informing members of the public (https://www.facebook.com/NSWSESMBK).   
 

The SES issues Local Flood Advices. These are issued on the basis of localised valley watch 
information for locations for which the BoM does not issue Flood Warnings. They normally predict 
which class of flooding (minor, moderate or major) will occur, and must not contradict any Flood 

Warnings provided by the BoM for gauges on the same river. Local Flood Advices are to be clearly 
identified as being issued by the SES. For the subject area, no Flood Warning Plan has been prepared 

to date by the NSW SES.  
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7. Discussion 
This section of the report provides a review of the results and discusses Council’s requirements as  

stated in the DCP.  
 

1. The proposed development does not have any adverse impacts on the flooding elsewhere in the 
floodplain.  

2. Occupants at an elevated risk (i.e. children) are isolated from any flood risk exposure. 
3. The proposed floor levels comply with the Flood Planning Level (FPL). Reference is made to the 

architectural plans for details.  
4. Adequate provision for on-site refuge is possible up to and including the PMF Storm Event for the 

intended usages of the development; 
5. The requirements of the DCP are implemented.  

 

In our opinion, the proposed buildings footprints do not displace floodwaters in such a manner to impact 
on the flooding behavior in terms of loss of flood storage, increase in velocity and risk.  

8. Conclusion 
A detailed investigation on the flooding behavior has been undertaken in the vicinity of the proposed 

development at 84 Brook Street, Muswellbrook NSW. Using a combined 1D/2D model, the study 
determined the flood behavior for the 1% AEP Storm Event.  
 

The primary flood characteristics reported for the design events considered include depths, levels, 
velocities and impact. The impact of the proposed development was assessed and was found to be 

inconsequential.  
 

The study addresses Council’s requirements as per the DCP. In our opinion, Council should allow the 
development in its current proposal 
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Appendix 1 

Detailed Site Survey 
 

Cadence Consulting Surveyors 
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Appendix 2 

Architectural Plans 
 

Janssen Designs 
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Appendix 3 

Flood Mapping (TUFLOW) 
 

Capital Engineering Consultants
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Appendix 4 

Flood Mitigation Plan 
 

Capital Engineering Consultants 
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