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1. Engineering designs that have been prepared by a suitably qualified person will need to be provided to 
TfNSW for its approval. These will need to have regard for issues including, but not limited to, the 
protection of piers and the bridge structure; 

2. Further discussions be had with Vincent Boer (TfNSW Area Maintenance Manager) and Dony Castro 
(TfNSW Bridge Maintenance Planner) during the preparation of engineering designs; 

3. The implementation and ongoing maintenance of any design approved by TfNSW will be at the quarry 
operator/owners own cost; 

4. TfNSW will be licenced to use the enhanced access tracks; and 

5. An application to amend the existing development consent will be lodged to enable the all relevant 
environmental and design factors to be considered. 
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13 May 2024 

Chris Kelly 
Senior Operations Officer 
Metropolitan South 
Environmental Protection Agency 
6 Parramatta Square 
10 Darcy Street 
Parramatta NSW 2150 

Re: Menangle Sand and Soil Quarry - proposed management plan updates 

Dear  Mr Kelly, 

1 Project overview 
Menangle Sand and Soil Pty Ltd (Menangle Sand and Soil) operates the Menangle Sand and Soil Quarry at 
15 Menangle Road, Menangle. The quarry extracts sand and soil along the Nepean River as approved by 
Development Consent 85/2865 granted by the Minister for Planning in 1989 and as modified in 2020 (MOD1) 
and 2021 (MOD2). The quarry also operates under Environment Protection Licence (EPL) 3991. 

The Consolidated Consent (‘the Consent’) allows the extraction of sand and soil in the Stage 8 area (about 13 ha) 
that extends about 2 kilometres (km) along the Nepean River south of the quarry’s processing area (the Stage 7 
area). The site is accessed from Menangle Road through the site entry compound (the Stage 6 area). The 
Consent and EPL cover these areas. 

More details (including maps) of the approved operations are provided in the quarry’s environmental 
management plans (see below). 

The quarry operates in accordance with environmental management plans that were first prepared in 2022 in 
consultation with various agencies, as required by the Consent. The plans have been approved by the Planning 
Secretary.  

The following plans were prepared in consultation with the Environment Protection Authority (EPA): 

• Air Quality Management Plan (AQMP) 

• Noise Management Plan (NMP) 

• Soil and Water Management Plan (SWMP).  
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Photograph 2.1 AQM01 campaign monitoring location – co-located with DDG1 

The results of ambient air quality monitoring campaigns are reported in Menangle Sand and Soil Quarry Air 
Quality Monitoring Campaign (EMM 2024a). This report was appended to the Annual Review. 

A summary of the monitoring results from the two campaigns are as follows: 

• one exceedance of the 24-hour PM10 criterion (50 μg/m³) was recorded at the AQM01 monitoring location 
(adjacent to DDG01) due to the influence of local lawn mowing emissions, no exceedances were recorded 
at the three other monitoring locations 

• no exceedances of the 24-hour average PM2.5 criterion (25 μg/m³) were recorded at any of the monitoring 
locations  

• the PM10 and PM2.5 concentrations recorded at the quarry were generally comparable with the concurrent 
measurements at the Department of Climate Change, Energy, the Environment and Water (DCCEEW) 
Campbelltown West and Camden Air Quality Monitoring Station for the two campaign periods, indicating 
that regional emissions sources are the primary driver of ambient particulate matter concentrations. 

As these campaigns have been completed, it is proposed to remove the requirement for ambient air quality 
monitoring campaigns from the AQMP.  

2.2 Noise Management Plan 

The most recent version of the Menangle Sand and Soil Quarry Noise Management Plan, version 7, 25 February 
2022 (EMM 2022b) was approved by the Planning Secretary on 19 April 2022. 

It is proposed to update the noise monitoring programme as described below. 
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2.2.1 Noise monitoring 

The noise monitoring described in Section 5 of the NMP consists of quarterly attended monitoring at locations 
representative of the nearest privately-owned to quarry operations. 

2.2.2 Monitoring results 

Two rounds of attended quarterly noise monitoring have been completed: 

• October 2023 (EMM 2023): monitoring at eight locations  

• February 2024 (EMM 2023x): monitoring at six locations. 

Monitoring and reporting were completed in accordance with the Noise Policy for Industry (EPA 2017) and the 
Approved Methods for the Measurement and Analysis of Environmental Noise in NSW (EPA 2022). Noise levels 
were monitored at residences during the shoulder period (6 am to 7 am Monday to Saturday) and day period 
(7 am to 6 pm Monday to Saturday and 8 am to 6 pm Sundays and public holidays).  

Consent Condition B4, in conjunction with Consent Appendix 3, specifies the residences where noise criteria 
apply. Since the Consent was granted, about 90 houses and a playground/park have been built north and south 
of the quarry’s processing area. So while monitoring is required at the locations specified by the Consent, the 
monitoring does not provide information useful in the managing the quarry. It is not possible to change the 
monitoring locations without modifying the Consent. However, the frequency of monitoring can be changed 
with the Planning Secretary’s approval.  

The site complied with all Consent and EPL noise conditions. Site operations were inaudible at all monitoring 
locations on all occasions.  

The quarry has not received any complaints, including regarding noise.  

Given the monitoring results and the ineffective monitoring locations, it is proposed to undertake attended 
noise monitoring biannually (i.e. once every two years) rather than quarterly. 

The Planning Secretary’s approval will also be sought for the proposed changed to the monitoring frequency. 

2.3 Soil and Water Management Plan 

The most recent version of the Menangle Sand and Soil Quarry Soil and Water Management Plan, version 3, 
25 February 2022 (EMM 2022b) was approved by the Planning Secretary on 25 March 2022. 

The approved SWMP covers the first three extraction substages in the Stage 8 area (Substages 8A–8C). The plan 
is being revised to address all substages (Substages 8A–8M). 

It is proposed to amend the SWMP to include: 

• recent rainfall and streamflow statistics 

• reference to all substages (Substages 8A–8M) 

• sediment basin sizes for all substages 

• the Ephemeral Creek Management Plan required by Consent Condition B40 

• improvements to the Stage 7 water management system 

• an updated site water balance. 
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Phil Towler

From: Kohben Grech <kohben.grech@epa.nsw.gov.au>
Sent: Thursday, 6 June 2024 9:08 AM
To: Phil Towler
Subject: Menangle Sand and Soil Quarry - proposed management plan updates

CAUTION: This email originated outside of the Organisation.  

Hi Philip, 
 
The NSW EPA is writing to you regarding the proposed management plan updates for Menangle Sand and Soil 
Quarry (EPL 3991).  
 
The EPA encourages the development of such plans to address approval condition requirements and ensure that 
proponents have determined how they will meet their statutory obligations and designated environmental 
objectives. Our role is not to be directly involved with the development of strategies to achieve those objectives. 
The EPA does however make the following comment(s): 

- The EPA do not object to Menangle Sand and Soil Quarry submitting the proposed changes to NSW Planning 
for review, however the proposal should include more details regarding supporting documentation 
alongside the written request.  

 
Kind regards, 
 
Kohben Grech 
Operations Assistant - Operations 
NSW Environment Protection Authority 
D 02 4908 6854 M 0447 171 195  

 
www.epa.nsw.gov.au   @NSW_EPA 
The EPA acknowledges the traditional custodians  
of the land, waters and sky where we work. As part of the 
world’s oldest surviving culture, we pay our respect  
to Aboriginal elders past and present. 

I work on Awabakal Country 
 

   
 

Report pollution and environmental incidents 131 555 or +61 2 9995 5555 

 

-------------------------------------------------------------------------------------------------------------------------------
--------------------------------------- 
This email is intended for the addressee(s) named and may contain confidential and/or privileged 
information.  
If you are not the intended recipient, please notify the sender and then delete it immediately. 

 You don't often get email from kohben.grech@epa.nsw.gov.au. Learn why this is important  
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Any views expressed in this email are those of the individual sender except where the sender 
expressly and with authority states them to be the views of the Environment Protection Authority. 

PLEASE CONSIDER THE ENVIRONMENT BEFORE PRINTING THIS EMAIL 

 

Message protected by MailGuard: e-mail anti-virus, anti-spam and content filtering. 
https://www.mailguard.com.au/mg 

 
Report this message as spam   
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Plan approval 
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Appendix C 
Ephemeral creek management plan 
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Department of Planning, Housing and Infrastructure 
Via Planning Portal        9 September 2024 
 
Dear Sir/Madam, 
Re: Menangle Sand and Soil Quarry (DA 85/2865) – Ephemeral Creek Management Plan (ECMP) 
 
Menangle Sand and Soil Pty Ltd operates the Menangle Sand and Soil Quarry at 15 Menangle Road, 
Menangle. The quarry, located in the Wollondilly and Campbelltown local government areas, 
extracts sand and soil along the Nepean River as approved by Development Consent 85/2865. 
 
Condition B40(a) of Schedule 2 of the Consolidated Consent requires the preparation on an 
Ephemeral Creek Management Plan by suitably qualified and experienced person/s. 
 
This Ephemeral Creek Management Plan (ECMP) has been prepared by: 
• Mark Tooker, Director, Tooker and Associates: design 
• Zac Richards, Director, GRC Hydro: hydrology 
• Dr Philip Towler, EMM, Associate Director: management measures. 
 
The location of the ephemeral creek (“creek”) which is the subject of the ECMP is shown on Figure 1. 
The creek has a small catchment (1.78 km2) and only flows in response to heavy local rain. It is 
located generally near to Menangle township but cannot be viewed from any adjoining property. 
The lowermost 150m long stretch of the creek (immediately above its confluence with the Nepean 
River) is within the quarry’s extraction area (substages 8E, 8F and 8G). It is proposed to realign this 
section of the creek to prevent erosion of the creek bed should the creek flow during extraction of 
these substages. The proposed new location, which is several metres to the north, and the new 
alignment of the creek and the new creek site-vehicle crossing locations are presented on Figure 2. 
 
The creek crossing and realignment works will occur prior to soil extraction within substage 8E. The 
realignment works will include provision of a new channel and a culvert bridge. 
 
Creek realignment 
 
Flood modelling by GRC Hydro has estimated the peak flood flow in the creek and used Manning’s 
Equation, with a limited flow velocity of 1.2m/s, to properly size the channel’s required dimensions 
(refer Appendix A). The channel dimensions were calculated based on a bank full flow capacity (to 
the top of the bank) for a 2yr annual return interval (ARI) flood (approximately 2.54% annual 
exceedance probability (AEP)) which is the typical geomorphological creek bank formation in NSW 
and will match the existing creek capacity at top of bank. On this basis, a trapezoidal channel with 
the base at 1.6m wide and side slopes of 1V:3H will be constructed. 
 
The side slopes of the new creek alignment will be protected with a biodegradable mat pinned to 
the surface and riparian vegetation planted through the mat. The limited velocity (1.2m/s) will 
minimize the potential for bank erosion as will vegetation installed on this new structure. The new 
creek will be aligned to join the Nepean River in a downstream alignment and will also be stabilized 
with a pegged matting and vegetation to minimize the potential for bank erosion and adverse 
impacts on the downstream receiving environments. The designs for the realigned creek channel 
and crossing are supported by hydrological modelling and meet the rehabilitation objectives in Table 
4. 
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The old creek alignment will be filled in and revegetated as part of the quarry’s ongoing 
rehabilitation. 
 
As is normal quarrying practice at Menangle, runoff from the extraction area will be diverted to a 
sedimentation pond and will not be allowed to run into the new creek alignment or the Nepean 
River. The erosion and sediment control measures described in Chapter 7 of the Menangle Sand and 
Soil Quarry Soil and Water Management Plan including in Table 7.9 and Table 7.10, will be 
implemented. These measures will include maintaining the bund formed by leaving the riverbank 
within the Nepean River Buffer Zone (NRBZ) intact and the use of sediment fence along the 
realigned creek and Nepean River.  
 
A bund along the upslope (northern) edge of the creek realignment will redirect any surface flow 
from the extraction area to a sedimentation pond within the extraction area, i.e. within the NRBZ 
‘bund’. 
 
There will be no loss of flood storage and in fact flood storage across the Quarry development will be 
increased with the lowering of the natural sand/soil areas in the extraction zones. 
 
Haul road bridge 
 
The proposed location of the culvert bridge for the extraction works is shown in Appendix B. The 
culvert bridge will have an overall length of 4.8m and an overall width of 6.15m. There will be one 
box culvert 1.8m width and 0.65m high. The culvert will be supported on a concrete slab and the 
driving surface for the bridge will also consist of a concrete slab. The culvert will consist of wing walls 
at either end with rock protection to minimize any erosion of the channel.  
 
GRC Hydro has undertaken a hydrological assessment of the culvert size required for the bank full 
peak flood flow rate (refer Appendix A). The box culvert size provides a flow area capacity adequate 
to achieve the required flows as determined by the GRC flood modelling. Large rocks (300-400mm 
d50) will be placed around the winged sides of the culverts where the culverts meet the banks so as 
to minimize the potential for flood erosion. Larger floods would overtop the culverts and continue to 
flow in the channel. There would be no adverse flood impacts as the culverts provide the same flow 
capacity as the proposed channel. 
 
 
Compliance with Conditions 
 
The Consent Condition B40 under the ECMP heading has a number of requirements B40(a) to (f). 
These requirements are addressed under each of these sub points: 
 
B40 (a) – ECMP to be prepared by suitably qualified and experienced persons. 
 
Details lodged in a separate document and approval of qualified and experienced persons is 
contained in Appendix C. 
 
B40 (b) – measures that would be implemented to manage and control soil erosion and bank 
stabilization and limit the risk of impacts on downstream receiving environments. 
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Detailed measures to manage and control soil erosion and bank stabilization and to limit the risk of 
impacts on downstream receiving environments are described in the approved Menangle Sand and 
Soil Quarry Soil and Water Management Plan. These measures will be implemented in the areas 
around the creek realignment. 
 
In addition, the realigned channel banks will be protected by a biodegradable mat until the riparian 
vegetation has established on the banks. Runoff from disturbed/unrehabilitated extraction area will 
be managed in a sediment pond and will not be allowed to discharge down the creek/riverbank. The 
realigned channel will be monitored after any significant rainfall event and any erosion will be 
repaired immediately.  
 
The creek realignment will be lined so will not introduce additional sediment into the Nepean River. 
 
The creek realignment and crossing will not significantly increase flood levels in the Nepean River 
upstream or downstream because there will be a significant increase of flood storage due to the 
Quarry’s sand/soil extraction works. 
 
B40 (c) – methods and timing of extraction to demonstrate that the integrity of the ephemeral creek 
would be maintained for as long as practicable during operations. 
 
These works will be undertaken prior to sand extraction in Substages 8E, 8F and 8G and will be 
maintained for the duration of the Quarry’s life. 
 
The realigned channel and creek crossing will be monitored on a weekly basis during operations to 
check for erosion, vegetation growth, removal of debris or need for any further control measures. 
 
B40 (d) – provide for construction and stabilization of appropriate diversion channels to divert 
surface water flows around the disturbance area. 
 
As described above, surface runoff from disturbed/unrehabilitated extraction area will be diverted 
to a sediment pond and be prevented from flowing into the realigned creek or Nepean River. 
 
B40 (e) – provide designs for a road crossing and realigned section of creek that are supported by 
hydrological modelling and meet with the rehabilitation objectives in Table 4 [of the Consolidated 
Consent]: 
 
The realigned channel and road crossing details are provided in Appendix A, including hydrological 
modelling. 
 
The rehabilitation objectives from Table 4 of the Consolidated Consent are discussed below: 
 
Stage 8 Area – the channel and crossing works have been designed to be safe, hydraulically, 
geotechnically and geomorphologically stable (see Appendix A) and non-polluting (surface runoff 
controlled). With rehabilitation of the surrounding extraction area, the realigned creek will integrate 
into the final landform. While the creek is normally dry, the bridge will negate the need to drive 
through the creek bed for access along the Nepean River. The realignment will not be visible from 
the Hume Highway.  
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Surface Infrastructure – it is proposed to leave the creek realignment and bridge in place at the end 
of operations. 
 
Quarry Substages – the creek realignment and bridge will not affect works to establish River-Flat 
Forest EEC, to progressively landscaped and revegetated the extraction area or to maintain the 
required batters. 
 
Final Landform – there will be no loss of flood storage compared with the pre development 
conditions (and in fact a significant net gain in flood storage), and rehabilitation works will 
incorporate geomorphological features such as mounds to let surface runoff infiltrate to creeks and 
river and this will minimize sediment laden runoff entering Nepean River. This has been successfully 
employed during the 40 years of extraction of sands at Menangle. 
 
Water Quality – surface runoff will be controlled as above ensuring that water entering the creek 
and river are suitable for the ecology and riparian vegetation. 
 
Community – the works will ensure public safety (there is no public access) with incorporation of all 
of Menangle Sand and Soil P/L’s OHS works safety measures. 
 
B40 (f) – describe the methods and timing for rehabilitation of the final realigned section of creek 
channel 
 
Progressive rehabilitation of the area around the realigned creek (all extraction area) will commence 
as soon as extraction in the active extraction area is complete in accordance with the Menangle 
Sand and Soil Quarry Biodiversity and Rehabilitation Management Plan. 
 
Closing 
 
The proposed creek realignment and creek crossing works will satisfy all of the Conditions related to 
the ECMP. 
 
 
 
 
 
 
 
Yours Sincerely 
 

 
 
Mark Tooker 
Director 
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GRC Hydro 

Level 20, 66 Goulburn Street 
Sydney NSW 2000 

 
Tel: +61 432 477 036 

www.grchydro.com.au 

 

    
 

GRC Hydro Pty Ltd    ABN: 71 617 368 331 

 

Dear Mark, 
 

Re: Menangle - Nepean River Sand extraction – Hydrologic and hydraulic  
 

1. Introduction 
Tooker & Associates have requested hydrologic and hydraulic estimates to inform construction staging 
works associated with sand extraction on a tributary of the Nepean River near Menangle. The following 
analysis was requested: 

• Estimation of the 2 year ARI flow; 

• Estimation of a channel cross section using the Mannings equation that can convey the 2 year ARI 
flow assuming grass cover; and 

• Sizing of a culvert for a proposed channel crossing. 
 
This analysis has been undertaken by Zac Richards who is Director at GRC Hydro and specialist in hydraulic 
engineering and floodplain management. Zac’s CV in contained in Attachment A. 
 

2. Assumptions and Limitations 
This analysis is for proposed construction staging conditions and does not relate to end state conditions for 
the site. The following assumptions and limitations apply: 

• It is understood that the proposed works will not adversely impact adjoining properties. A flood 
impact assessment is not in the scope of this assessment. 

• Flood risk associated with flooding of the site due to the channel capacity being exceeded (by flows 
exceeding 2 year ARI) will be managed onsite by the contractor through appropriate wet weather 
contingencies and flood management plans (by others). 

• Flood risk associated with Nepean River flooding will be managed through implementation of a 
flood warning system and flood management plans (by others). 

• It is understood that high-level ‘hand calculations’ are appropriate analysis for the site, based on 
the site’s flood risk profile.  

 

3. Hydrologic Analysis 
 
Design flow estimates have been determined using the Australian Rainfall and Runoff (ARR2019) ARR2019 
Regional Flood Frequency Estimation (RFFE) tool. The catchment is generally rural in nature with few 
developments and the Hume Highway passing through the upper portion of the catchment. It is assumed 

  
Job Number:  240014 
Date:  24 June 2024 

  
Mark Tooker 
Tooker & Associates  
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The 2 year ARI flow estimate was calculated using ARR2019 RFFE model. A channel with the following 
characteristics was determined using the Mannings equation to convey the flow: 

• Trapezoidal channel shape; 

• Slope = 1.3%; 

• Bottom width (b) = 1.6 m; 

• Side slopes (z) = 1 in 3; 

• Depth (y) = 0.65 m 

• Mannings n = 0.05. 
 

 

Based on these channel characteristics and the 2 year ARI flow estimate, a flow depth of 0.65 m (0.6 m + 
0.05 m afflux due to the culvert) is expected with a velocity of 1.2 m/s. This assumes normal flow conditions 
and that minor energy losses due to bends/expansion/contraction etc. are negligible. 
 
Culvert dimensions for a proposed channel crossing were estimated using the QUDM. A 2 x 1.5 m x 0.6 m 
box culvert was calculated to provide conveyance for the 2 year ARI flow estimate with an afflux of 0.05 m. 
 
 
 
If you have any questions, please do not hesitate to contact the undersigned.  
 
Yours Sincerely 

 
 
 
 

 
Zac Richards   

Director 
Email:  richards@grchydro.com.au  

Tel:  +61 432 477 036 
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Attachment A 



 

 GRC Hydro 

Zac Richards 
Director 

  
Zac has extensive experience working in the fields of hydrology and 
hydraulic modelling. He has been involved in a range of major rail and 
other infrastructure projects as the flooding/hydrology lead, including 
the Canberra Light Rail, Sydney Metro, Barangaroo Development, and 
Snowy 2.0 projects. Zac has been involved in various projects in Canberra 
and the ACT region and has detailed knowledge of local hydrologic and 
hydraulic characteristics. He is also an accomplished hydraulic modeller 
and is proficient with various hydraulic modelling packages (TUFLOW, 
SOBEK, HECRAS). Zac has excellent communication skills developed 
through client liaison and stakeholder consultation which helps ensure 
the success of a project. 
 
PROFESSIONAL EXPERIENCE 

 
GRC Hydro (Director) - 2017 and ongoing 
 
° SMEC/Canberra Metro, Canberra Light Rail Project 

Hydrologic/hydraulic investigation for proposed Canberra Light Rail using 
WBNM/TUFLOW. Proposed rail alignment was assessed for various compliance 
criteria including depth over rail and flood impacts. Zac is the lead modeller and 
flooding technical advisor on behalf of SMEC. 

 
° Sydney Metro, Sydney Metro West – Clyde Maintenance and Stabling Facility  

Hydrologic and hydraulic investigation of a large train stabling and maintenance 
facility at the confluence of several major watercourses. Zac is the project flooding 
lead for development of the reference flood model and hydraulic concept design 
and is currently the Sydney Metro Subject Matter Expert overseeing the detailed 
design being prepared by the contractor.  

 
° Sydney Metro, Sydney Metro City and Southwest – Detailed Design 

Hydraulic investigation of a proposed major trunk drainage deviation is currently 
being undertaken. Detailed hydraulic modelling is being undertaken to assess 
hydraulic efficiency of the proposed culvert network. Catchment wide flood impacts 
are being assessed using TUFLOW. Zac is the project flooding lead on behalf of 
Sydney Metro. 
 

° ACT Government, Yarralumla Creek Flood Study review and Mawson mitigation works  
A WBNM/TUFLOW hydrologic/hydraulic modelling system was derived for 
Yarralumla Creek at Mawson. The models were calibrated to three historic events 
and validated to FFA. Design flood modelling was undertaken using ARR2016 
methods. Various flood mitigation works were analysed and progress to concept 
design stage.  Zac is the lead modeller and flooding technical advisor on behalf of 
SMEC. 

 
° Infrastructure NSW, Barangaroo Precinct – Concept, Reference & Detailed Design 

Hydraulic investigation for proposed trunk drainage deviation is currently being 
undertaken using a TUFLOW rainfall on grid model. Design of a trunk stormwater 
drainage system considering various constraints is required. Zac is the Infrastructure 
NSW (INSW) nominated hydrologist and flooding lead. 

 
Date of Birth:  
19 September 1982 
 
Nationality:  
Australian 
 
Profession:   
Civil Engineer 
(hydrologist) 
 
Qualifications: 
Bachelor of 
Engineering (Civil) 
Honours, University of 
New South Wales, 
Sydney, 2010 

PROFILE 

 

 

 



 

 GRC Hydro 

Zac Richards 
Director 

 
 

° Snowy Hydro, Snowy 2.0 Main Works – SEARs Assessment 
Flooding analysis of major river and creek catchments in the Snowy Mountains is 
being undertaken as part of the Snowy 2.0 Main Works. The analysis requires 
complex hydrological assessment of gauged and ungauged rural catchment to 
defined design flood behaviour. Analysis of major reservoirs to assess dam flood 
levels is also being performed. Zac is the flooding lead for GRC Hydro, on behalf of 
EMM Consulting. 

 
° Cooma, Michelago, Bredbo and Berridale Flood Studies and FRMS&P 

Four Flood Studies and four FRMS&P are currently being undertaken for Snowy 
Monaro Regional Council. The development of hydrologic and hydraulic models, 
including detailed model calibration and validation, is currently being undertaken to 
define flood behaviour for a range of design flood events. Zac is the project manager 
and technical advisor.  

 
° Goulburn FRMS&P 

The Goulburn FRMS&P is currently being undertaken for Goulburn Mulwaree 
Council. Floodplain Management options are current being assessed and 
development of flood planning policy is being undertaken. Zac is the project 
manager and technical advisor.  
 

° Snowy Hydro, Snowy 2.0 Main Works – EIS 
Flooding analysis of a major river in the Snowy Mountains was undertaken as part 
of the Snowy 2.0 Exploratory Works. The analysis required hydrological modelling 
and FFA to defined design flood behaviour. Zac was the flooding lead for GRC 
Hydro, on behalf of EMM Consulting. 
 

° Bango Bridge hydrologic and hydraulic assessment – Yass Valley Council  
 
° Yass River bridge crossings (Back Creek, Yass River, Murrumbateman Creek) 
hydrologic and hydraulic assessment – Yass Valley Council 
 
° Ryrie Street bridge, Michelago, hydrologic and hydraulic assessment and detailed 
design flood modelling – Snowy Monaro Regional Council 
 
° Massie Street bridge, Cooma, hydraulic assessment and detailed design flood 
modelling – Snowy Monaro Regional Council 
 
° Deep and Peak Creek bridges, hydrologic and hydraulic assessment  – Snowy Monaro 
Regional Council 
 

 
    WMAwater (Associate) - 2009 to 2017 

° Gundaroo and Sutton Flood and Floodplain Risk Management Studies 
Two individual Flood Studies and FRMS&Ps were performed in Yass Valley Council. 
Hydrologic analysis and calibration was undertaken with WBNM for both riverine and 
local catchments. Hydraulic modelling was performed using TUFLOW. Cost effective 
flood mitigation strategies were identified for each town and have been put forward 
for detailed design. Zac was responsible for day to day running of the study and 
liaison with the client and sub-consultants. 
 

° Goulburn Flood Study 
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The Goulburn Flood Study defined design flood 
behaviour for the Wollondilly and Mulwaree Rivers at 
Goulburn. The achieve this the development of hydrologic (WBNM) and hydraulic 
(TUFLOW) models was required. Rigorous calibration of these models was 
undertaken using a large amount of daily read and pluviometer rainfall data as well 
as numerous stream gauges. The model was calibrated at four stream gauges for 
three events ensuring a high degree of confidence can be had in the modelling 
results. Zac was the project manager for the project and was the main point of 
contact for the client and provided direction advice and quality control for the 
modelling work. 

 
° Yass Flood Study 

The Yass Flood Study defined design flood behaviour for Yass for riverine, creek and 
major overland flow flooding. Zac determined design Yass River flows via FFA. The 
analysis was complicated by the poor quality of the high flow rating and required 
that a rating be built using the hydraulic model. Examination of historic newspaper 
articles allowed for the analysis to be undertaken for ~180 years of data through use 
of a Bayesian maximum likelihood approach. Creek and overland flows were 
determined via hydrologic modelling (DRAINS). Zac was the project manager for the 
project and was the main point of contact for the client and provided direction advice 
and quality control for the modelling work. 

 
° Culcairn, Henty and Holbrook FRMS&P 

Three individual FRMS&P were performed in Greater Hume Shire. Numerous cost 
effective flood mitigation strategies were identified for each town and have been put 
forward for detailed design. The study also had significant focus on planning and 
worked closely with a specialist planner, Council planners and DoPI. To mitigate flood 
risk a risk expert was employed to perform analysis. Zac was responsible for day to 
day running of the study and liaison with the client and sub-consultants. 

 
° Lockhart Shire Council Voluntary Purchase Feasibility Assessment 

The Lockhart Shire FRMS&P made a recommendation to undertake a VP feasibility 
assessment. The study used findings from the Lockhart and The Rock Flood Studies 
to identify properties eligible for VP and to justify inclusion of these properties in the 
scheme. A rigorous community consultation process was undertaken with one on 
one meetings to inform and appease the community. Zac was responsible for day to 
day running of the study and was the primary contact for the community and Council. 

 
° Wagga Wagga Detailed Model Revision 

An existing model was updated for determining design heights for proposed 
upgrades of the Wagga City and North Wagga Levees. Zac determined design flows 
through Flood Frequency Analysis and assisted in hydraulic modelling (TUFLOW). Zac 
also liaised with various parties including surveyors, hydrographers and OEH. 

 
° Currumbene and Moona Moona Creeks FRMS&P 

This study required a total revision of the existing flood study for both the hydrologic 
and hydraulic models. Statistical analysis of pluviometer rainfall data revealed that 
current ARR87 rainfall for the region was grossly incorrect and that ARR2013 
estimates produced better design rainfall intensities for the catchments. Model flows 
were determined by WBNM. The hydrologic model was calibrated to Flood 
Frequency Analysis and two hydraulic models (TUFLOW) were constructed for the 
two creeks. The ensuing FRMS&P largely focused on mitigation of flood risk through 
emergency response planning as no mitigation works were suitable for the study 
areas. Zac was responsible for all technical aspects and day to day running of the 
study. 
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° Gundagai Flood Study 

The Gundagai Flood Study determined design flood behaviour of Jones Creek and 
the Murrumbidgee River at Gundagai. Zac determined design Murrumbidgee River 
flows through Flood frequency analysis. The analysis was complicated by the 
construction of two upstream storages, Burrinjuck and Blowering Dams, during the 
period of record. The impact of Blowering Dam on the annual series record was 
shown to be statistically insignificant for events greater than the 0.2 EY which allowed 
the ensuing analysis to be undertaken with over 90 years of recorded flow data. The 
pre-Burrinjuck Dam period was then incorporated into the analysis using a Bayesian 
maximum likelihood approach which extended the record period to 170 years and 
added robustness to the 1% AEP flow estimate. A Log-Pearson III probability 
distribution was then fitted to the data which revised existing flow estimates by 10%. 
Jones Creek flows were determined via hydrologic modelling (WBNM). Two individual 
hydraulic models (TUFLOW) were constructed for the two water courses and the 
models were calibrated to the 2012 and 2010 floods. 
 

° Lockhart and The Rock Flood Studies and FRMS&P 
Two flood studies were undertaken for the towns of Lockhart and The Rock in 
Lockhart Shire. Hydrologic analysis was undertaken with WBNM and hydraulic 
modelling was performed using TUFLOW.  Following the flood study a FRMS&P was 
undertaken with a number of cost effective flood mitigation solutions put forward for 
detailed costing and design. Flood planning and emergency response also formed a 
key part of the management study. Rigours community consultation was key to the 
success of the study. Zac was responsible for hydrologic/hydraulic modelling and 
reporting and oversaw the day to day running of the project. 

 
° Greater Hume Shire Council Flood Studies 

Three flood studies were performed for the townships of Culcairn, Henty and 
Holbrook situated in GHSC. Hydrologic analysis was undertaken with WBNM for a 
large region with only minor rainfall and flow data available for calibration. Hydraulic 
modelling was performed using TUFLOW.  Models were calibrated to the October 
2010 and March 2012 Floods. Zac was responsible for hydrologic/hydraulic modelling 
and reporting and oversaw the day to day running of the project. 

 
° Murrumbidgee River Flooding Data Collection Project 2012 

During and after the 2012 Murrumbidgee Flood event a field trip was undertaken 
with the purpose of collecting flood intelligence in affected regions. Flood 
intelligence was obtained from numerous sources and data was collated into a report 
that detailed all aspects of the event. 
 
 

° Warrell Creek to Urunga Pacific Highway Upgrade – Flood Study 
Development of a TUFLOW model of the Bellingen / Kalang River system.  River 
inbanks were modelled using both 1D and 2D methods with 1D methods used for the 
narrower upper reaches and 2D tinning methods employed for wider tidal branches.  
The model was calibrated and verified using four historical events.  Design flood 
levels and extents were produced for the region. Zac was responsible for hydraulic 
modelling and reporting. 
 

° Hawthorne Canal – Flood Study 
A TUFLOW model was developed of an urbanised catchment with the aim of 
modelling the local stormwater drainage system.  The model was constructed in 
1D/2D and was calibrated to historical events. Zac was responsible for hydraulic 
modelling and reporting. 
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° Eastern Creek Catchment – Hydrological Assessment 

Development of numerous RAFTS models to assess the hydrologic properties of the 
Eastern Creek Catchment.  A number of RAFTS models were created for various 
variations to proposed development as well as to investigate potential climate 
change impacts.  Generated flows will be used for a future flood study. Zac was 
responsible for hydrologic modelling and reporting. 

 
° Murrumbidgee River Flooding Data Collection Project 2010 

Directly after the 2010 Murrumbidgee Flood event a field trip was undertaken with 
the purpose of collecting flood data in affected regions. Flood marks were collected 
at a number of points along the river as well as other regions in the vicinity that were 
affected by flash flooding as opposed to river flooding.  A report was produced that 
not only included these flood marks but also discussed various details of the 2010 
event and comparisons were made to the last significant flood event that occurred 
during 1974. 
 

° Wagga LGA, Modelling of the Murrumbidgee River 
Developed a TUFLOW model of the Murrumbidgee River over the length of the 
Wagga LGA and calibrated against the 1974 flood event. Design flood levels and 
extents were produced for the region. Zac was responsible for hydraulic modelling 
and reporting. 

 
° Jugiong Flood Study and Floodplain Risk Management Study & Plan (FRMS&P) 

A Flood Study and FRMS & P were prepared for Jugiong situated on the 
Murrumbidgee River. Flood Frequency Analysis and extrapolation of flood surface 
profiles were employed to define design flood levels. Design flood levels and extents 
were produced for the region. 

 
° Rose Bay Floodplain Risk Management Study & Plan 

The catchment of Rose Bay was analysed through a combination of digital and field 
trip observations to determine potential flood risk areas. Locations of high risk 
regions and properties were determined from the observations mentioned above.  
Methods of alleviating these problems were constructed and then modelled in 
SOBEK to determine flood impacts. Zac was responsible for hydraulic modelling and 
reporting. 

 
° Ourimbah Creek FRMSP (Project Manager)  
 
° Tuggerah Southern Catchments Flood Studies (Project Manager) 

 
° Gundagai FRMSP (Project Manager) 

 
° Wagga FRMSP (Project Manager) 
 

   Lyall and Associates (Student) - 2008 to 2009 

° Numerous Flood Studies and Water Engineering Work 
  Duties included data analysis, GIS processing and modelling (HECRAS, DRAINS). 
 
PUBLICATIONS 

       
° Richards, Z, Babister, M and Sharma, A (2012). “A Methodology for Incorporating 
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Orographic Information in Deriving Intensity-
Frequency-Duration Relationships”, 34th Hydrology and 
Water Resources Symposium, November 2012. 
 
 

° Richards, Z.J, Gray, S.D, Varga, C, and M.K. Babister (2012). “How much time do we  
have? The variability of riverine flood wave routing speed.” .  Proceedings 52st 
Floodplain Management Association Floodplain Managers Conference Bateman’s 
Bay, February 2012 
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Date/time 2024-03-25 11:19:16

River Basin Hawkesbury River

RFFE Region East Coast

State NSW

Outlet Lat/Lon -34.1353, 150.7533

Centroid Lat/Lon -34.1475, 150.7448

Area (km²) 1.78

Shape Factor (adim.) 1.181

Mean Elevation (m AHD) 120.7

50% AEP 6 Hours Rainfall
Intensity (mm/h)

7.9

2% AEP 6 Hours Rainfall
Intensity (mm/h)

18.5

RFFE Version 2021a

Rainfall Source
ARR Design Rainfall
2018

Estimated Flow Quantiles ?

OVERALL SMALL CATCHMENTS
[RECOMMENDED] AVERAGE ALL MODELS

Region Model Type
Regression

Type
Fitting
Method

Predictors
Min Nearby

Stations
Max Nearby

Stations

1
Small Catchments
[Recommended]

Hybrid

Mean
GLS

StDev
OLS

Skew
OLS

Mean
Area km2, IFD 2% 72.0h, Soil Moisture Mean

StDev
IFD 50% 72.0h, IFD 2% 72.0h, Soil Moisture Mean

Skew
IFD 50% 72.0h, IFD 2% 72.0h, Slope Mean

Mean
15

StDev
50

Skew
50

Mean
50

StDev
100

Skew
100

Elevation Map
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Expected Value 5% Confidence Limit 95% Confidence Limit

ak
 D

is
ch

ar
ge

 (
m

³/
s)




