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1. AMENDMENTS INCLUDED IN THE STORMWATER 

MANAGEMENT PLAN AND HYDRAULIC IMPACT 

ASSESSMENT  

2.2.1 Provide amended reconfiguration plans and technical drawings that consolidates the number of 

all stormwater basins (quality and quantity). The proposal is to capture and treat stormwater in 

four (4) separate locations for the stages of the development. Similarly, four (4) detention basins 

are proposed to mitigate impacts downstream. The number of basins to be contributed to 

Council would represent a maintenance burden. 

Response: 

The detention basins have been consolidated into one detention basin (culvert crossing, 4 
x ⌀1050mm RCP) located at the McLaughlin Street Crossing, refer to Appendix D (D002).  

2.2.2 Revise the Stormwater Management Plan and Hydraulic Impact Assessment and other relevant 

application material such that upstream catchments are developed catchments including a 60 

percent (%) fraction impervious. The proposed post development catchment and drainage 

regime identifies stormwater runoff from upstream catchments RAM-18A, RAM-14D-1, 

RAM14C-1 and RAM-14B-1 discharging to the proposed four detention basins located adjacent 

to the major flow path via downstream catchments RAM-14E, RAM-14D-2, RAM-14C-2 and 

RAM-14B-2 respectively. However, the proposed fraction impervious of these upstream 

catchments for the post development is allocated as zero (0). 

Response: 

The relevant upstream sub-catchments have been updated to include a fraction 
impervious of 60%, please refer to Table 1 of this report.  

2.2.3 Include catchment RAM-14E and all upstream catchments (RAM-14E, RAM-14D-2, RAM-14C-2, 

and RAM-14B-2) in the technical reporting to understand the impact of the development to the 

lawful point of discharge being LPD A. Please update Table 2 in the Stormwater Management 

Plan and Hydraulic Assessment and recalculate the volume accordingly. 

Response: 

The development impacts (pre- and post-development (mitigated) scenarios) have been 
modelled in TUFLOW and the mapped results have been included in Appendix G of this 
report. These impact assessment results indicate that the velocity, hazard, and flood level 
impacts of the development have decreased at LPD A as a result of the proposed 
consolidated detention at the McLaughlin Street Crossing.  
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2.2.4 The stormwater quality catchments must also include all the upstream catchments (RAM-14E, 

RAM-14D-2, RAM-14C-2 and RAM-14B-2) to calculate the bioretention basin details. The 

fraction impervious value used for the upstream catchments should be amended to reflect a 

developed catchment.  

Response: 

The basin inlet will be designed to bypass the magnitude of upstream flows at the 
detailed design phase; however, the basin should not be designed to treat upstream 
catchment that is remaining undeveloped (as per the intent of the State Planning 
Scheme).  

2.2.5 Demonstrate the proposed works do not cause an actionable nuisance to downstream 

properties and infrastructure. It is noted the stormwater runoff from catchment RAM-18A will be 

diverted to catchment RAM-14D. No stormwater runoff will be discharged to the newly 

constructed channel located downstream of LPD B. Council is in favour of splitting the flows 

from catchment RAM-18A such that the proposed detention basin (adjacent to RAM-14E) can 

possibly be reduced in size and more flow is allocated to the newly constructed channel as 

originally intended. 

Response:  

Stormwater from sub-catchment RAM-18-A is designed to discharge to the LPD B and not 
to be diverted through catchment RAM-14D. As per the impact assessment within 
Appendix G of this report, velocity, hazard, and flood level impacts to LPD A and LPD B 
have been reduced.  
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3. INTRODUCTION 

Premise Australia Pty Ltd (here within referred to as “Premise”) has been commissioned by Maas Group 
Properties Pty Ltd to prepare a Stormwater Management Plan and Hydraulic Impact Assessment (SMP/HIA) 
in support of a development application for a Reconfiguration of Lot. The site is located within the 
Rockhampton Regional Council (RRC) Local Government Area (LGA) and is formally described as Lot 37 on 
SP341088. 

This report has been developed to address the below planning framework: 

• Rockhampton Region Planning Scheme (2015) - Version 2.2; 

• Planning Act 2016 and the associated State Planning Policy (SPP, DILGP, 2017); and 

• Environmental Protection Act 1994, Environmental Protection (Water) Policy 2009 (EP water). 

The assessment has been undertaken following best practice guidelines recommended within  

• RRC Planning scheme policies: 

• SC6.10 Flood hazard planning scheme policy; and 

• SC6.18 Stormwater management planning scheme policy 

• Capricorn Municipal Development Guidelines; 

• Queensland Urban Drainage Manual (IPWEA, 2017);  

• Australian Rainfall and Runoff: A Guide to Flood Estimation (Babister et al, 2019) (ARR19); and 

• MUSIC Modelling Guidelines (Water By Design, 2018) 

3.1 Study Objectives  

This SMP/HIA describes the assessment of stormwater quantity, quality and flood management undertaken 
to address the potential impacts caused by the development. The objectives of this report are as follows: 

• Review existing information and studies for the subject site and adjacent catchment; 

• Stormwater Quantity Management – quantify any changes in catchment hydrology resulting 
from the development, and the proposed mitigation infrastructure to manage adverse impacts. 

• Hydrologic modelling of the catchment runoff using the XP-RAFTS rainfall-runoff modelling 
package and model files provided by RRC; 

• Stormwater Quality Management – model and determine characteristics of a stormwater quality 
treatment train to achieve compliance with the relevant standards and guidelines. 

• Water quality modelling of the development using the MUSIC modelling package to determine 
the adequacy of the proposed Stormwater Quality Improvement Devices (SQID’s) in meeting the 
Water Quality Objective (WQO’s) required under the SPP (2017) 

• Flood Management – model and quantify any changes in flood characteristics resulting from the 
development, and the proposed mitigation infrastructure to manage adverse impacts 

• Combined 1D/2D hydraulic modelling of the development using the TUFLOW hydraulic 
modelling package and model files provided by RRC; 

• Propose mitigation measures for any impacts on stormwater quantity or flooding; and 

• Analyse the pre and post-development scenarios for the 63.2%, 39%, 18%, 10%, 5%, 2% and 1% 
AEP events 
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4. DATA 

In the preparation of this report, information about the site was gathered from the following sources: 

• Aerial LiDAR data of the Anzlic Committee On Survey and Mapping (ELVIS, 
https://elevation.fsdf.org.au/); 

• Ramsay Creek Flood Study data obtained from Rockhampton Regional Council; 

• Detailed Survey; 

• As constructed plans obtained from the Department of Transport and Main Roads (DTMR); 

• Design inputs for hydrologic and hydraulic modelling from the Australian Rainfall and Runoff 
Data Hub; 

• Rainfall and Meteorological data by the Australian Bureau of Meteorology; and 

• Aerial Imagery and map data from Queensland Globe, Google and Nearmap (Accessed January-
October 2023) 

5. SITE CHARACTERISTICS  

5.1 Site Area and Location  

The development is located within Low density residential zoned land, and encapsulates an area of 
approximately 27ha, while the parent lot is 60.15ha. The site is generally bound by the unformed McLaughlin 
St to the west, the partially formed William Palfrey Rd to the south and vacant Low density residential 
allotments to the north and east. The site is shown in Figure 1 in its local context.  

 

Figure 1: Aerial Image of Site Location (Source: QGIS) 
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5.2 Existing Drainage and Topography 

The development site is located within the Ramsay Creek catchment. Ramsay Creek meanders along the 
northern border of the adjacent Lot 38 SP341088 to the north, generally flowing to the west. It eventually 
merges with the Fitzroy River approximately 2km south-west of the site. Based on the survey and LiDAR 
information, elevations within the development area range 14m to 42 m AHD. The gradient across the 
undulating topography has an approximate slope of 1-13%, with some steeper short slopes within forming 
the natural gullies up to 25%.  

Local upstream catchments contribute to the development area, including a minor catchment upstream of 
William Palfrey Road to the south. Drainage lines are fairly well defined, with multiple discharge locations 
across the site boundary. The predominant drainage lines flow directly to the unnamed tributary of Ramsay 
Creek along the northern boundary, and across the western boundary. Both tributaries eventually merge at a 
convergence point within the adjacent Edenbrook development, then into Ramsay Creek approximately 
1.2km along the main watercourse, to the west of the site. The entire catchment containing the area of the 
subject site discharging to Ramsay Creek via the convergence point of discharge has an area of 1,715ha.  

The existing topography, drainage regime, and discharge locations for the pre-developed site are shown in 
Appendix B. 

5.3 Proposed Development 

The proposed development consists of 267 residential lots to be developed across six stages, with an internal 
network comprising fifteen local roads. Direct access to the development site will be provided from 
McLaughlin Street via the northwest corner. The proposed engineering works are as follows: 

• Earthworks filling and excavation to achieve the development footprint; 

• Roadworks to provide access and circulation for the development;  

• Construction of services including drainage, sewer, water, electrical and telecommunications; and 

• Provision stormwater infrastructure for management of stormwater quantity, quality and 
flooding.  

The proposed development plan is included in Appendix A. 

5.4 Proposed Drainage 

Surface and roofwater runoff will from the residential lots will generally be discharged to stormwater 
infrastructure within the internal access roads, where it will be conveyed to quantity and quality management 
infrastructure at the outlets to the natural overland flow path. The minor drainage system will be designed 
with sufficient capacity to convey 0.5EY (2-year ARI) event runoff from the lots and 10% AEP event for the 
roads accordance with Table D05.04.1 of the CMDG – D5. Concept design of the drainage system can be 
seen on Premise drawings in Appendix A.  
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6. STORMWATER QUANTITY MANAGEMENT 

6.1 Lawful Point of Discharge 

In accordance with QUDM (2017) section 3.9, lawful discharge of stormwater is required. A Lawful Point of 
Discharge Test (LPD Test) is outlined in Section 3.9.1 to ensure the stormwater is discharged from the site 
lawfully and at lawful locations in addition to needing to meet other statutory requirements such as the SPP 
and Planning Act.  

The test in Section 3.9.1 of QUDM is in sequential order. If a condition can be met, then subsequent items 
need not be tested. This should be read in full but is summarised here to provide context for this site. It can 
be summarised as: 

Test 1: Will the proposed development alter the site’s stormwater discharge characteristics in 

a manner that may substantially damage a third-party property? (if yes go to Test 2, if 

not then LPD is satisfied) 

Test 2: Is the location of the discharge from the development site under the lawful control of 

the local government or other statutory authority from whom permission to 

discharge has been received? 

Test 3: An authority to discharge over affected properties will be necessary. 

The lawful point of discharge for Stages 1-6 is the existing overland flow path forming an unnamed tributary 
of Ramsay Creek along the northern boundary, as shown in Appendix B. This lawful point of discharge is 
considered appropriate as it currently receives runoff from the site, it allows for the development area to 
drain freely and management infrastructure will be constructed to mitigate adverse impacts. 

6.2 Hydrologic Modelling Approach 

RRC has supplied Premise a copy of the XP-RAFTS model used for the Ramsay Creek Flood Study. As per the 
supplied model, the regional subcatchments were reviewed to determine the relevant subcatchments with 
influencing flows over the site, to run the appropriate hydrological simulations, for critical duration adoption 
purposes. As seen in the Ramsay Creek catchment delineation data in Figure 2, the main subcatchments 
pertaining to the development area are RAM-14 and RAM-18. 

6.2.1 SUB-CATCHMENT CHARACTERISTICS 

The regional catchment delineation was further refined to ensure that all relevant local flows were adequately 
represented. For the pre-development case model, the catchment areas of RAM-14 and RAM-18 have been 
reduced and the development area has been represented as its own node within XP-RAFTS. Additional 
catchments were added to capture the portion of the site discharging over the northern boundary. A 
summary of model input parameters is provided in Table 1. The adopted pervious initial and continuing 
losses of 15mm and 1mm/hour respectively were retained for each design storm event. 
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Table 1: Summary of Sub-Catchment Characteristics 

Catchment 

RRC Model Pre-Development Post-Development 

Area (ha) 
Fraction 
Imp (%) 

Area (ha) 
Fraction 
Imp (%) 

Area (ha) 
Fraction 
Imp (%) 

RAM-14 134.053 0 73.986 0 73.986 0 
RAM-18 154.345 0 146.418 0 146.418 0 

RAM-14A-1  35.768 0 33.384 0 
RAM-14A-2 - - 2.409 60 
RAM-14B-1 6.991 0 6.004 60 
RAM-14B-2 9.526 0 7.750 60 
RAM-14C-1 2.512 0 1.835 60 
RAM-14C-2 4.173 0 6.634 60 
RAM-14D-1 4.247 0 2.294 60 
RAM-14D-2 - - 6.331 60 
RAM-18A 7.927 0 0.607 60 
RAM-14E - - 3.772 60 

 

 

Figure 2: Location of Development within Ramsay Creek Regional Catchments 

6.3 Hydrologic Model Results  

To understand the impact of the development, peak discharges for pre and post-development have been 
assessed for lawful point of discharge. A comparison of peak discharges for the pre and post-development 
scenarios is shown in Table 2.   
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Table 2: Peak Discharge Summary – Local Catchments 

Annual Exceedance 

Probability 

(AEP) 

Peak Discharge (m3/s) Impact 

Pre Post (m3/s) % 

LPD B (Catchment RAM-18A) 

63.2% 0.209 0.033 -0.176 -84% 

50% 0.357 0.053 -0.304 -85% 

20% 0.566 0.081 -0.485 -86% 

10% 0.702 0.101 -0.601 -86% 

5% 0.893 0.127 -0.766 -86% 

2% 1.161 0.157 -1.004 -86% 

1% 1.224 0.184 -1.04 -85% 

It can be seen in Table 2 that the partial diversion of catchment RAM-18A results in reduced peak discharge 
and runoff volume to LPD B. The peak discharge to the LPD A will see an increase due to the development. 
This expected increase is due to the increase in both contributing catchment area and impervious area. It is 
proposed to provide detention at the proposed McLaughlin Street crossing to attenuate runoff from the site 
as part of the stormwater infrastructure design to manage the increase in peak discharges to LPD A. The pre 
and post- development (mitigated) scenarios have been modelled in TUFLOW and the results have been 
included in section 7 of this report.   

6.4 Management of Increased Runoff 

As mentioned above, it is proposed that detention be constructed as part of the stormwater quantity 
management system. The basin has been designed to maximise the volume of storage and attenuation of 
flow. This scheme is designed to meet the LPD Test referenced in Section 4.1 and ensure no increase in peak 
discharges downstream of the site. 

A TUFLOW model was run for the post-development including the detention basin as the mitigated scenario. 
Characteristics of the proposed detention system can be seen in Table 3.   

Table 3. Detention Characteristics 

Catchment 

& Basin ID 
Outlet Configuration 

LPD 

ID 

RAM-14E 4 x ⌀1050mm RCP, IL = 13.5 A 

The mitigated impact maps for flood level, hazard and velocity are provided in Appendix G of this report 
which shows that the proposed detention basin attenuates the post-development peak discharges to below 
the pre-development levels for all events up to the 1% AEP event at LPD A. Due to the complex nature of the 
flow regime within the catchment, as well as the interaction of timing of local and regional runoff within the 
catchment, analysis has been undertaken in a 1D/2D combined hydraulic model to determine the impacts of 
the physical changes to the catchment on stormwater and flood behaviour within the wider catchment. The 
hydraulic assessment is outlined Section 5 of this report. 
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7. HYDRAULIC ASSESSMENT  

Analysis has been undertaken to demonstrate the adequacy of the stormwater management strategy in 
achieving no adverse impact on flooding or stormwater behaviour, or no actionable nuisance to downstream 
or adjacent properties or infrastructure as a result of the development.  

The assessment has been undertaken using a combined 1D/2D hydraulic model to analyse both pre and 
post-development conditions. A comparison of the results of both scenarios demonstrates the effectiveness 
of the stormwater management strategy to ensure mitigation of flows before leaving the site. The Ramsay 
Creek Flood Study model provided by RRC was used as the base model for the assessment. The model was 
developed using the TUFLOW modelling package and is considered appropriate due the programs ability to 
model detailed 1D hydraulic structures in conjunction with the 2D terrain and allows for rapid interpretation 
of model results. 

The hydraulic model was used to estimate the inundation extents and flow characteristics of the 1yr ARI 
(63.2% AEP), 2yr ARI (39% AEP), 5yr ARI (18% AEP), 10yr ARI (10% AEP), 20yr ARI (5% AEP), 50yr ARI (2% AEP) 
and 100yr ARI (1% AEP) critical design storm events. 

7.1 Model Consistency 

To ensure consistency between the model data supplied by RRC and this analysis, all TUFLOW inputs were 
based on the supplied information. The Ramsay Creek TUFLOW model was constructed using the Direct 
Rainfall (rain on grid) method for critical storms listed in Table 5. Direct rainfall was omitted from the 
development area and replaced with inflow hydrographs extracted from the XP-RAFTS model. This is 
considered appropriate, as the internal drainage network was not included in the model which would result 
in unrealistic surface storage at sag points. Temporal patterns and model losses have not been adjusted from 
those adopted by RRC. 

Table 4: Critical Storm Durations - Ramsay Creek Model 

Annual Exceedance Probability 

(AEP) 

Storm Duration 

(hr) 

63.2% 1.5 

39% 1.5 

18% 1.5 

10% 1.5 

5% 1.5 

2% 1.5 

1% 1, 1.5, 2, 3, 4.5, 6 

The supplied TUFLOW model has been setup to run utilising the TUFLOW Classic solver. To provide a much 
faster runtime, TUFLOW’s Heavily Parallelised Compute (HPC) functionality with GPU processing has been 
adopted within the hydraulic modelling. A comparison of the maximum water surface elevations from the 1% 
AEP, 60-minute duration event between the TUFLOW classic and HPC results is shown in Appendix C. The 
comparison demonstrates the modelling outcomes are reasonably similar, and suitable for adoption for the 
hydraulic assessment.  
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7.2 Model Topography 

A Digital Terrain Model (DTM) provided by RRC has been adopted for the model with a grid size of 3m, 
which is considered adequate for describing flooding behaviour for the purposes of this study. This 
resolution also adequately represents the main features of the site and major hydraulic structures. All 
stormwater pipes and culverts are expressed as 1D elements within the model. A minimum adaptive 
computational time step of 1.5 seconds has been adopted, which is appropriate for a model of this size and 
is consistent with TUFLOW recommendations. 

Refer to Appendix D for an overview of the TUFLOW model topography. 

7.3 Hydraulic Model Roughness 

The model roughness of the streams and floodplains in the catchments was represented by the Manning’s 
roughness coefficient, n, in the TUFLOW material file. The material file within the model holds all the 
information pertaining to the ground surface conditions for various areas, including the manning’s “n” and 
infiltration losses at varying flow depths. The material type adopted for the development area in the Rasmsay 
Creek model is Long Grass.  

This is considered appropriate to represent the development area in its pre-development state, being 
completely pervious and infiltrating rainfall. The remaining Manning’s ’n’ hydraulic roughness parameters 
have been maintained from the Ramsay Creek model and are outlined in Table 6.  

Refer to Appendix D for an overview of the TUFLOW 2D Manning’s ‘n’ roughness. 

Table 5:  Manning's Rougness Coefficients - Ramsay Creek Model 

Material Manning’s ‘n’ 
Initial Loss  

(mm) 

Continuing loss 

(mm/hr) 

High Density Residential  0.070-0.150 7.5 0.5 

Medium Density Residential  0.060-0.120 7.5 0.5 

Low Density Residential  0.050-0.090 7.5 0.5 

Commercial/Industrial 0.030-0.060 7.5 0.5 

Dense Vegetation 0.060-0.100 15.0 1.0 

Medium Vegetation 0.050-0.080 15.0 1.0 

Light Vegetation 0.045-0.080 15.0 1.0 

Channel 0.050-0.060 0.0 0.0 

Riparian Corridor (sluggish areas) 0.070-0.100 0.0 0.0 

Maintained Grass 0.035 15.0 1.0 

Road Reserve 0.025 0.0 0.0 

Rail Reserve 0.030 15.0 1.0 

Fitzroy River Bed (at DS boundary) 0.022 0.0 0.0 

Long Grass 0.035-0.045 0.0 0.0 

Buildings 0.018-0.500 0.0 0.0 
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7.4 Post-Development Mitigated Scenario 

In the post-development scenario, the proposed earthworks were modelled using the modelling software 
package 12D. As mentioned in Section 5.1, the internal drainage network has been excluded from the 
model. Subsequently, the proposed detention basin has not been included explicitly in the model. This is 
considered appropriate as the 3m grid resolution does not provide as accurate a representation of the stage-
storage-discharge relationship of the proposed basin as the hydrologic model. The basin has been 
‘represented’ in the post-development scenario by using the mitigated hydrographs generated by the 
hydrologic model as inflow boundaries at the outlet locations. 

The post-development TUFLOW model setup can be seen in Appendix D. 

7.5 Hydraulic Assessment Results 

Flood mapping has been produced for peak flood levels, depth, velocity, hazard, and flood afflux for the 
63.2%, 18%, 10%, 5%, 2%, and 1%, AEP events for both the pre and post development scenarios. For the 
hydraulic model results, refer to: 

• Appendix E for pre-development maps; 

• Appendix F for post-development maps; and 

• Appendix G for impact assessment maps. 

7.5.1 HYDRAULIC IMPACT ASSESSMENT 

As shown in Appendix G, the impact assessment demonstrates that the project results in minor variations to 
the existing flood regime within the site for all events up to the 1% AEP event, and no material change 
external to the site.  

Overall, this assessment indicates that there are no actionable or adverse impacts to neighbouring properties 
or infrastructure as a result of the development.  

7.5.2 DESIGNATED FLOOD PLANNING LEVELS  

The Defined Flood (Event) Level (DFL) for the site is determined via the 1 in 100yr ARI (1% AEP) storm event 
as defined in the Rock-e-Plan, CMDG and QUDM. Given the topographical changes across the site and the 
flooding source, the post-development DFL for the site varies significantly across the site. Accordingly, the 
design floor levels of the future dwellings and other uses are to adhere to the minimum DFL level 
requirements as shown in the post-development modelling peak mapping results. 

8. STORMWATER QUALITY  

As the proposed development is a reconfiguration of lot for an urban purpose that involves premises greater 
than 2,500m2 in size and will result greater than six lots, the management of stormwater quality is required to 
comply with the Queensland Government’s State Planning Policy (SPP) (Queensland Government 2017), and 
in particular the outcomes of the SPP code: Water Quality (Appendix 2). 

Performance Outcome PO1 in the SPP Code: Water Quality states that the development should be ‘planned 
and designed considering the land use constraints of the site for achieving stormwater design objectives. 
Acceptable Outcome AO1.1 from the same appendix states the site stormwater quality management plan 
that is prepared needs to be “consistent with any local area stormwater management planning” and provide 
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for “achievable stormwater quality treatment measures meeting design objectives or current best practice 
environmental management”. Table B contained within the SPP Code specifies the following minimum 
pollutant reductions in mean annual load from unmitigated development within Central Queensland:  

• Total Suspended Solid (TSS)  85% 

• Total Phosphorus (TP)  60% 

• Total Nitrogen (TN)   45% 

• Gross Pollutants (GP)  90%  

8.1 Waterway Stability 

Table B of the SPP Appendix 2 specifies the requirements for waterway stability management where a 
development drains to an unlined waterway downstream where a risk of increased erosion is caused by 
changes in hydrology. The design objectives outlined specify the peak 1-year ARI event discharge must be 
limited to the pre-development discharge. Stormwater quantity management infrastructure is proposed to 
attenuate peak discharges in the 63.2% AEP event (1-year ARI) at the point where the flows from the site are 
discharges to the waterway overlay is outlined in the hydrologic model results discussed in Section 4. 

8.2 Construction phase  

During the construction phase various pollutants are generated which can find their way into the stormwater 
runoff.  These pollutants can affect the quality of the stormwater runoff and hence pollute both the site and 
the downstream receiving environment.  Table 7 below outlines the major sources of pollutants.  

Table 6: Typical Construction Phase Pollutants 

Construction Phase Pollutants 

Litter from construction packaging, paper, food packaging, off cuts, etc. 

Sediment from erosion of exposed soils and stockpiles. 

Hydrocarbons - from fuel and oil spills, leaks from construction equipment. 

Toxic Materials - cement slurry, solvents, cleaning agents, wash waters. 

pH altering substances - cement slurry, wash waters. 

Erosion and sediment control measures used during the construction phase of the development will be 
designed and installed in accordance with International Erosion Control Association (Australasia) - “Best 
Practice Erosion & Sediment Control – for building and construction sites” November 2008, and CDMG and 
RRC requirements for Erosion and Sediment Control.  

8.3 Stormwater Quality Modelling 

Stormwater Pollutant modelling for the development has been generated using the modelling program 
‘Model for Urban Stormwater Improvement Conceptualisation’ (MUSIC), version 6.3, adhering to the Water 
by Design MUSIC modelling guidelines Version 1.0, 2010 (WBDMG) as outlined in the RRC SC6.18 planning 
scheme policy. 

8.3.1 STORMWATER QUALITY CATCHMENTS 

The catchment areas for water quality were determined based on the proposed development layout and are 
shown in Appendix B. A split catchment approach has been adopted for the residential catchments. Values 
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for typical impervious fractions used in split catchments have been adopted from Table 3.5 in the WBDMG. 
Details of catchment parameters are listed in Table 8. 

Table 7: MUSIC Model Catchment Parameters 

Catchment ID Node Type Area (ha) 
Fraction 

Impervious 

RAM-14A-2 

Road 0.555 60% 

Roof 0.555 100% 

Ground 1.110 15% 

RAM-14B 

Road 2.006 60% 

Roof 2.006 100% 

Ground 4.011 15% 

RAM-14C 

Road 1.625 60% 

Roof 1.625 100% 

Ground 3.251 15% 

RAM-14D 

Road 1.572 60% 

Roof 1.572 100% 

Ground 3.145 15% 

RAM-14E 

Road 0.924 60% 

Roof 0.924 100% 

Ground 1.847 15% 

8.3.2 RAINFALL-RUNOFF AND POLLUTANT EXPORT PARAMETERS 

The rainfall-runoff parameters have been based off the land use parameters set out in WBDMG Table 3.7. 
Pollutant export parameters for the split catchment have been based on the parameters set out in WBDMG 
Table 3.8. 

8.3.3 RAINFALL AND EVAPOTRANSPIRATION DATA 

Rainfall and evapotranspiration data were sourced from the Bureau of Meteorology (BoM) for Rockhampton 
(Station ID 39083) and covered the period from the 1st January 1991 to the 31st December 2001 with 6-
minute rainfall data timestep, as recommended by RRC Guidelines. Monthly evapotranspiration data adopted 
for the MUSIC model is shown in Table 9.  

Table 8: Monthly Evapotranspiration Data at Rockhampton Aero Station  

Month Evapotranspiration (mm) 

January 205 

February 160 

March 170 

April 125 

May 95 

June 80 

July 80 
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August 105 

September 125 

October 170 

November 185 

December 200 

8.3.4 TREATMENT NODES 

Bioretention basins are proposed to provide tertiary treatment of stormwater runoff for each subcatchment. 
The bioretention basins will form part of, or discharge directly to the detention basins. The detention basins 
were not included in the MUSIC model, however in practice will provide further water quality benefits. The 
parameters for the treatment system are summarised in Table 10.  

Table 9: Treatment Device parameters – Bioretention Basin 

Component RAM-14A-2 RAM-14B RAM-14C RAM-14D RAM-14E 

Extended Detention Depth 
(m) 

0.3 0.3 0.3 0.3 0.3 

Surface Area (m2) 150 540 460 425 260 

Filter Area (m2) 150 540 460 425 260 

Unlined Filter Media 
Perimeter (m) 

60 128 122 125 72 

Saturated Hydraulic 
Conductivity (mm/hr) 

200 200 200 200 200 

Filter Depth (m) 0.50 0.50 0.50 0.50 0.50 

TN Content of Filter Media 
(mg/kg) 

400 400 400 400 400 

Orthophosphate Content of 
Filter Media (mg/kg) 

30 30 30 30 30 

The schematic MUSIC model setup can be seen in Figure 3. 
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Figure 3: MUSIC Model Schematic (Source: eWater MUSIC) 
 

8.1 Stormwater Quality Model Results 

Table 11 outlines the effectiveness of the MUSIC Model Treatment Train in achieving the set Stormwater 
Management Design Objectives (SMDO’s) for pollutant reduction for the proposed development. 

Table 10: Treatment Train Effectiveness at Receiving Node 

Pollutant 

Unmitigated 

Load 

(kg/yr) 

Mitigated 

Load 

(kg/yr) 

Reduction 

(%) 

Pollutant 

Reduction 

Target (%) 

Reduction 

Target  

Achieved 

(Y/N) 

Suspended Solids (TSS) 14,000 2,070 85.2 85 Y 

Total Phosphorus (TP) 28.4 6.57 76.9 60 Y 

Total Nitrogen (TN) 166 79.3 52.3 45 Y 

Gross Pollutants > 5mm 2,420 0 100 90 Y 

The MUSIC results demonstrate that the SMDO’s are met for the proposed development. Therefore, it is 
considered the stormwater quality improvement devices are sufficient to comply with the requirements of 
the State Planning Policy.  
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9. CONCLUSION 

This Site Based Stormwater Management Plan and Hydraulic Impact Assessment Report details the proposed 
stormwater management strategy and infrastructure for the project in accordance with the Queensland 
Urban Drainage Manual, Australian Rainfall & Runoff 2019, Rockhampton Regional Council Guidelines and 
the State Planning Policy’s Stormwater Management Design Objectives (SMDO’s). 

This report demonstrates that the proposed development is adequate to satisfy the ‘lawful point of 
discharge’. It is demonstrated that the proposed stormwater infrastructure has sufficient capacity to convey 
the flows from the developed site catchment without causing an actionable nuisance to adjoining properties 
as peak discharges are to be attenuated through mitigation measures. 

Hydrologic and hydraulic modelling was undertaken to demonstrate the development does not have an 
actionable nuisance impact on the external to the site. 

The Stormwater Quality Improvement Devices (SQID’s) proposed for the development include bioretention 

basins to comply with the State Planning Policy water quality Pollutant Load reductions for the site.  As such, 

by implementing a SQID into the proposed development, stormwater runoff from the site will be treated to 

the satisfaction of RRC and the SPP. 
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10. QUALIFICATIONS 

Our analysis and overall approach have been specifically catered for the requirements of Maas Group 

Properties Pty Ltd and may not be applicable beyond this scope.  For this reason, any other third parties are 

not authorised to utilise this report without further input and advice from Premise. 

Premise has relied on the following information as outlined in Section 2 of this Report. 

While Premise’s report accurately assesses peak flows from design storms in accordance with current industry 

standards and guidelines, the sites future observed flows may vary from that predicted.  For these reasons 

appropriate freeboards should be adopted. 

11.  RPEQ CERTIFICATION 

As Registered Professional Engineer of Queensland (RPEQ) for this project, on behalf of Premise Australia Pty 

Ltd, I certify that the modelling undertaken as part of this assessment has been undertaken in accordance 

with current engineering best practice as recommended in the QUDM, ARR19, CMDG and Rockhampton 

Regional Council Guidelines. 

 

Name: Jeremy Cox  RPEQ No: 14732  Date:  09 February 2024 

 

 

Signature: ________________________________________________ 
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Catchments
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Change in Flood Elevation
<= -10 m

-1 - -0.5 m
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-0.2 - -0.075 m

-0.075 - -0.03 m
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Critical Duration
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360 min
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26 - 29 mAHD

> 29 mAHD
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Lot Type Parcel

Site
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> 29 mAHD
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Lot Type Parcel

Site
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11 - 14 mAHD
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0.10 - 0.25 m

0.25 - 0.50 m

0.50 - 0.75 m

0.75 - 1.00 m

1.00 - 1.25 m
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1.50 - 1.75 m

> 1.75 m
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LEGEND
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0.10 - 0.25 m
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0.25 - 0.50 m/s

0.50 - 0.75 m/s
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1.50 - 1.75 m/s
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Site

LEGEND
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1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
5p00
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
10p0
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
18p1
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
39p4
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
63p2
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
1p00
060m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
2p00
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
5p00
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
10p0
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
18p1
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
39p4
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Pre
63p2
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358
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APPENDIX F 

POST-DEVELOPMENT HYDRAULIC MODEL RESULTS 

  

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
1p00
060m
h

Band 1
<= 11 mAHD

11 - 14 mAHD

14 - 17 mAHD

17 - 20 mAHD

20 - 23 mAHD

23 - 26 mAHD

26 - 29 mAHD

> 29 mAHD

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
2p00
090m
h

Band 1
<= 11 mAHD

11 - 14 mAHD

14 - 17 mAHD

17 - 20 mAHD

20 - 23 mAHD

23 - 26 mAHD

26 - 29 mAHD

> 29 mAHD

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
5p00
090m
h

Band 1
<= 11 mAHD

11 - 14 mAHD

14 - 17 mAHD

17 - 20 mAHD

20 - 23 mAHD

23 - 26 mAHD

26 - 29 mAHD

> 29 mAHD

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
10p0
090m
h

Band 1
<= 11 mAHD

11 - 14 mAHD

14 - 17 mAHD

17 - 20 mAHD

20 - 23 mAHD

23 - 26 mAHD

26 - 29 mAHD

> 29 mAHD

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
18p1
090m
h

Band 1
<= 11 mAHD

11 - 14 mAHD

14 - 17 mAHD

17 - 20 mAHD

20 - 23 mAHD

23 - 26 mAHD

26 - 29 mAHD

> 29 mAHD

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
39p4
090m
h

Band 1
<= 11 mAHD

11 - 14 mAHD

14 - 17 mAHD

17 - 20 mAHD

20 - 23 mAHD

23 - 26 mAHD

26 - 29 mAHD

> 29 mAHD

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
63p2
090m
h

Band 1
<= 11 mAHD

11 - 14 mAHD

14 - 17 mAHD

17 - 20 mAHD

20 - 23 mAHD

23 - 26 mAHD

26 - 29 mAHD

> 29 mAHD

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
1p00
060m
d

Band 1
<= 0.10 m

0.10 - 0.25 m

0.25 - 0.50 m

0.50 - 0.75 m

0.75 - 1.00 m

1.00 - 1.25 m

1.25 - 1.50 m

1.50 - 1.75 m

> 1.75 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
2p00
090m
d

Band 1
<= 0.10 m

0.10 - 0.25 m

0.25 - 0.50 m

0.50 - 0.75 m

0.75 - 1.00 m

1.00 - 1.25 m

1.25 - 1.50 m

1.50 - 1.75 m

> 1.75 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
5p00
090m
d

Band 1
<= 0.10 m

0.10 - 0.25 m

0.25 - 0.50 m

0.50 - 0.75 m

0.75 - 1.00 m

1.00 - 1.25 m

1.25 - 1.50 m

1.50 - 1.75 m

> 1.75 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
10p0
090m
d

Band 1
<= 0.10 m

0.10 - 0.25 m

0.25 - 0.50 m

0.50 - 0.75 m

0.75 - 1.00 m

1.00 - 1.25 m

1.25 - 1.50 m

1.50 - 1.75 m

> 1.75 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
18p1
090m
d

Band 1
<= 0.10 m

0.10 - 0.25 m

0.25 - 0.50 m

0.50 - 0.75 m

0.75 - 1.00 m

1.00 - 1.25 m

1.25 - 1.50 m

1.50 - 1.75 m

> 1.75 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
39p4
090m
d

Band 1
<= 0.10 m

0.10 - 0.25 m

0.25 - 0.50 m

0.50 - 0.75 m

0.75 - 1.00 m

1.00 - 1.25 m

1.25 - 1.50 m

1.50 - 1.75 m

> 1.75 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
63p2
090m
d

Band 1
<= 0.10 m

0.10 - 0.25 m

0.25 - 0.50 m

0.50 - 0.75 m

0.75 - 1.00 m

1.00 - 1.25 m

1.25 - 1.50 m

1.50 - 1.75 m

> 1.75 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
1p00
060m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
2p00
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
5p00
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
10p0
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
18p1
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
39p4
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
63p2
090m
V

Band 1
<= 0.25 m/s

0.25 - 0.50 m/s

0.50 - 0.75 m/s

0.75 - 1.00 m/s

1.00 - 1.25 m/s

1.25 - 1.50 m/s

1.50 - 1.75 m/s

> 1.75 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
1p00
060m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
2p00
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
5p00
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
10p0
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
18p1
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
39p4
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



Post
63p2
090m
ZAEM1

Band 1
H1

H2

H3

H4

H5

H6

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358
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APPENDIX G 

HYDRAULIC MODEL IMPACT ASSESSMENT 

 

 

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



D2
1p00
060m
afflux

Band 1
<= -10 m

-1 - -0.5 m

-0.5 - -0.3 m

-0.3 - -0.1 m

-0.1 - -0.05 m

-0.05 - -0.01 m

-0.01 - 0.01 m

0.01 - 0.05 m

0.05 - 0.1 m

0.1 - 0.3 m

0.3 - 0.5 m

0.5 - 1 m

1 - 10 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



D2
2p00
090m
afflux

Band 1
<= -10 m

-1 - -0.5 m

-0.5 - -0.3 m

-0.3 - -0.1 m

-0.1 - -0.05 m

-0.05 - -0.01 m

-0.01 - 0.01 m

0.01 - 0.05 m

0.05 - 0.1 m

0.1 - 0.3 m

0.3 - 0.5 m

0.5 - 1 m

1 - 10 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



D2
5p00
090m
afflux

Band 1
<= -10 m

-1 - -0.5 m

-0.5 - -0.3 m

-0.3 - -0.1 m

-0.1 - -0.05 m

-0.05 - -0.01 m

-0.01 - 0.01 m

0.01 - 0.05 m

0.05 - 0.1 m

0.1 - 0.3 m

0.3 - 0.5 m

0.5 - 1 m

1 - 10 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



D2
10p0
090m
afflux

Band 1
<= -10 m

-1 - -0.5 m

-0.5 - -0.3 m

-0.3 - -0.1 m

-0.1 - -0.05 m

-0.05 - -0.01 m

-0.01 - 0.01 m

0.01 - 0.05 m

0.05 - 0.1 m

0.1 - 0.3 m

0.3 - 0.5 m

0.5 - 1 m

1 - 10 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



D2
18p1
090m
afflux

Band 1
<= -10 m

-1 - -0.5 m

-0.5 - -0.3 m

-0.3 - -0.1 m

-0.1 - -0.05 m

-0.05 - -0.01 m

-0.01 - 0.01 m

0.01 - 0.05 m

0.05 - 0.1 m

0.1 - 0.3 m

0.3 - 0.5 m

0.5 - 1 m

1 - 10 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



D2
39p4
090m
afflux

Band 1
<= -10 m

-1 - -0.5 m

-0.5 - -0.3 m

-0.3 - -0.1 m

-0.1 - -0.05 m

-0.05 - -0.01 m

-0.01 - 0.01 m

0.01 - 0.05 m

0.05 - 0.1 m

0.1 - 0.3 m

0.3 - 0.5 m

0.5 - 1 m

1 - 10 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



D2
63p2
090m
afflux

Band 1
<= -10 m

-1 - -0.5 m

-0.5 - -0.3 m

-0.3 - -0.1 m

-0.1 - -0.05 m

-0.05 - -0.01 m

-0.01 - 0.01 m

0.01 - 0.05 m

0.05 - 0.1 m

0.1 - 0.3 m

0.3 - 0.5 m

0.5 - 1 m

1 - 10 m

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



1p00
060m
velocity
impacts

Band 1
<= -1 m/s

-1 - -0.5 m/s

-0.5 - -0.4 m/s

-0.4 - -0.3 m/s

-0.3 - -0.2 m/s

-0.2 - -0.1 m/s

-0.1 - 0.1 m/s

0.1 - 0.2 m/s

0.2 - 0.3 m/s

0.3 - 0.4 m/s

0.4 - 0.5 m/s

0.5 - 1 m/s

1 - 10 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



2p00
090m
velocity
impacts

Band 1
<= -1 m/s

-1 - -0.5 m/s

-0.5 - -0.4 m/s

-0.4 - -0.3 m/s

-0.3 - -0.2 m/s

-0.2 - -0.1 m/s

-0.1 - 0.1 m/s

0.1 - 0.2 m/s

0.2 - 0.3 m/s

0.3 - 0.4 m/s

0.4 - 0.5 m/s

0.5 - 1 m/s

1 - 10 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



5p00
090m
velocity
impacts

Band 1
<= -1 m/s

-1 - -0.5 m/s

-0.5 - -0.4 m/s

-0.4 - -0.3 m/s

-0.3 - -0.2 m/s

-0.2 - -0.1 m/s

-0.1 - 0.1 m/s

0.1 - 0.2 m/s

0.2 - 0.3 m/s

0.3 - 0.4 m/s

0.4 - 0.5 m/s

0.5 - 1 m/s

1 - 10 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



10p0
090m
velocity
impacts

Band 1
<= -1 m/s

-1 - -0.5 m/s

-0.5 - -0.4 m/s

-0.4 - -0.3 m/s

-0.3 - -0.2 m/s

-0.2 - -0.1 m/s

-0.1 - 0.1 m/s

0.1 - 0.2 m/s

0.2 - 0.3 m/s

0.3 - 0.4 m/s

0.4 - 0.5 m/s

0.5 - 1 m/s

1 - 10 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



18p1
090m
velocity
impacts

Band 1
<= -1 m/s

-1 - -0.5 m/s

-0.5 - -0.4 m/s

-0.4 - -0.3 m/s

-0.3 - -0.2 m/s

-0.2 - -0.1 m/s

-0.1 - 0.1 m/s

0.1 - 0.2 m/s

0.2 - 0.3 m/s

0.3 - 0.4 m/s

0.4 - 0.5 m/s

0.5 - 1 m/s

1 - 10 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



39p4
090m
velocity
impacts

Band 1
<= -1 m/s

-1 - -0.5 m/s

-0.5 - -0.4 m/s

-0.4 - -0.3 m/s

-0.3 - -0.2 m/s

-0.2 - -0.1 m/s

-0.1 - 0.1 m/s

0.1 - 0.2 m/s

0.2 - 0.3 m/s

0.3 - 0.4 m/s

0.4 - 0.5 m/s

0.5 - 1 m/s

1 - 10 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



63p2
090m
velocity
impacts

Band 1
<= -1 m/s

-1 - -0.5 m/s

-0.5 - -0.4 m/s

-0.4 - -0.3 m/s

-0.3 - -0.2 m/s

-0.2 - -0.1 m/s

-0.1 - 0.1 m/s

0.1 - 0.2 m/s

0.2 - 0.3 m/s

0.3 - 0.4 m/s

0.4 - 0.5 m/s

0.5 - 1 m/s

1 - 10 m/s

Cadastre
Lot Type Parcel

Site

LEGEND

Version: 1, Version Date: 15/02/2024
Document Set ID: 40744358



1p00
060m
hazard
impacts

Band 1
<= -1 m/s
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MNOPQRS�TNUVWST�XWY�TWPST�RZ[�YWQ\T�RY]�RT�XWSSŴ T_��̀WUVPZRaPWZT�WX�ab]T]�TNUVWST�URN�V]�cT][�aW�PZ[PQRa][�UPd][�URa]YPRST�TcQb�RT�QSRN]N�TRZ[_�

efghijkl�mn�efghijk�opqfl�mrstusutuvojwxyfkq�zfq�{ol�vt|vv}r~



��

�������	���
��
��������������������	������������������	����
�����	�����������������	���	��������������������������������������������������������������������������
��  !"  #$$ %&�'����  &!  #$$ %(�����  )  !$$ %'��*�  !  #$ %&$�*�  & +���� +����
��  &#  #$$ %!����  )  !$$ %"�����  !  #$ %,��*�  &  !$ %!'�*�  & +���� +����

-./01234�56�-./0123�789.4�5:;<=;=<=>72?@A.39�B.9�C74�><D>>E:F



��

��������	
�����
��

��	����������
����
����
����������
��
���������

��	����������
�������������
����������
���
����
�
����	������������	���
���������
������	����������
�	����������������� �!"##$!$"�%�"&&#�$������ '	��'�(��
����	
������'�������������
��
�����������
������������
���'�
����'��)����*�����������)�����������
��
�����'�������
�����)����"�����#��	����	
����������������'�����	����������
��
��$����������)�������
�+, ���������������
���	� '	��'�-����,����������


���
�����'������
����
����	���������������������
	���������
����	�+, ������$�.�����������������������
����
���������
���������
��/01,��/2���	�32�	
����	�	�
�����������	����������
����4
���	�

�
�
���5� 6*��� 7��'�4
	��'������	�8���9�*���� :
	��'������	�*���9�8��� 0�	������'������	�8��9�*��� ,�����'������	�*��9�8�� 7��'�������'������	�;*�� <�������'�������'������	�"�
����� =�,>"!8?&���	�� -0$� �����
����	�����'��
��������	���
���'�4�������	�����
�
����@������������'���)%�������������������	�	����
���$�.����
�
�����������	�
��������)����������������	�

��	�@�����
�
�
������$��������	�
���
���������@�����
�
�
�������
��	�

��	����"$���
��������������
���
���	
����
��$�������������	�
���
���������@����
����	���������������
�������������������
�������	������A�����������4
	����
�����
���
��$�����������������������
���������������������������	�
����������������	����������������
�������
��
�
�������������
��
��$� �����5�(���	����B������������"&C?���������
��	�)'�B������������"&&?�$�B������B$D$/��0���'���E$���	�:�������($�$�9�����	��
������� ��	��������	� �����
������ '	��'�-��
��$��������
���E��������
���D��������/��##�B����#��>����)���"&&?$�

FGHIJKLM�NO�FGHIJKL�PQRGM�NSTUVTVUVWPKXYZGLR�[GR�\PM�WU]WŴS_
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#%#���&�'�(&� )*+,-�./0123.*.14�+55670�.
/�82/4�,2710�+9�6732/�2/

:�7672*�;60172*.2�2/:�+91-
/�.8,2510�+/�<+60./=>�7+

2:0>�72.*?240�2/:�
+1<-7�:-@-*+,8-/1A��B<.0

�<20�3--/�7-5+=/.0-:�34
�82/4�*+52*�=+@-7/8-/1

�261<+7.1.-0>�2/:�+1<-70>�
2/:�<20�*-:�1+�1<-�

7-C6 .7-8-/1�34�82/4�*+5
2*�=+@-7/8-/1�5+6/5.*0�9+

7�0123.*.14�200-008-/10�,7.
+7�1+�2**+?./=�36.*:./=�:-

@-*+,8-/1A���
D/�EFFF>�1<-�;60172*.2/

�G-+8-5<2/.50�)+5.-14
�H;G)I�,63*.0<-:�JK2/

:0*.:-�L.0M�N2/2=-8-/
1�O+/5-,10�2/:�

G6.: -*./-0P�H;G)�EFFFI
A��)./5-�1<-/�1<-7-�<2@-�

3--/�82/4�,63*.0<-:�,2,
-70�2/:�:.05600.+/�?<.5<

�<2@-�,7+=7-00-:�
K2/:0*.:-�L.0M�N2/2=-8

-/1�HKLNI�./�,271.56*27�2
/:�7.0M�82/2=-8-/1�./�=-

/-72*A��;0�2�5+/0-C6-/5-
>�;G)�5+/0.:-7-:�

.1�2,,7+,7.21-�1+�:-@-*+,�
8+7-�5+8,7-<-/0.@-�=6.:

-*./-0�9+7�,7251.1.+/-70�2/
:�7-=6*21+70�./@+*@-:�./�K

LNA�
B<.0�Q7251.5-�R+1-�G6.:-

*./-0�9+7�K2/:0*.:-�L.0M�
N2/2=-8-/1�H1<-�Q7251.5

-�R+1-I�2/:�.10�O+88-/
1274�H;G)�EFFS:I�

27-� +/-�,271�+9�2�0-7.-0�+
9�1<7--�=6.:-*./-0�7-*21-:

�1+�KLN�1<21�<2@-�3--/
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96/:./=�6/:-7�1<-�
R21.+/2*�T.0201-7�N.1.=

21.+/�Q7+=7288-�HRTN
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<20�3--/�./17+:65-:�34
�1<-�;60172*.2/�

G+@ -7/8-/1�1+�96/:�:.020
1-7�8.1.=21.+/>�2::7-00./=

�<2U27:0�065<�20�9*++:./=
>�360<9.7-0�2/:�*2/:0*.:-0

A���
B<-�200+5.21-:�=6.:-*./-0

�?<.5<�0<+6*:�3-�7-2:�./�
5+/V6/51.+/�?.1<�1<-�Q725

1.5-�R+1-�27-WX�
Y�;G)�HEFFS2I�Z[\]̂_̀
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#%|�� ���}&� B<-�,67,+0-�+9�1<.0�Q7251
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~A�L-@.-?�1<-�;60172*.2
/�G-+8-5<2/.50�)+5.-14�

H;G)I�K2/:0*.:-�L.0M�N
2/2=-8-/1�O+/5-,10�2/:

�G6.:-*./-0�H;G)�
EFFFI�./�1<-�*.=<1�+9�602

=-�0./5-�,63*.521.+/�2/:
�6,:21-�255+7:./=*4�2/:�

./�2::.1.+/>�1+�12M-�1<-�+
,,+716/.14�1+�

-0123*.0<�2�9+782*�7-@.0.+
/�,7+5-00�:+568-/121.+/A

�;55+7:./=*4>�2�L-@.0.+/�
B23*-�.0�./5*6:-:�./�1<-�Q

7251.5-�R+1-A�
EA�Q7+@.:-�=6.:2/5-�2/

:�7-5+88-/:21.+/0�+/�1
+*-723*-�7.0M�57.1-7.2>�8.

/.868�7-,+71./=�012/:27
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2/:0*.:-�L.0M�
N2/2=-8-/1�HKLNI�7-,+

710�2/:�:-5.:-�+/�*-@-*0�+
9�B+*-723*-�L.0MA�
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7-*21.+/�1+�1<-�,7+5-00-
0�2/:�120M0�6/:-712M-/�

34�=-+1-5</.52*�
,7251.1.+/-70�?<+�,7-,27

-�KLN�7-,+710�./5*6:./=
�2,,7+,7.21-�8-1<+:0�2/

:�1-5</.C6-0A��B<-�Q7251
.5-�R+1-�.0�2�

0121-8-/1�+9�?<21�5+/01.
161-0�=++:�,7251.5-�34�2�

5+8,-1-/1�,7251.1.+/-7�9+
7�KLN>�./5*6:./=�:-9-/0

.3*-�2/:�6,�1+�
:21-�8-1<+:+*+=.-0A� �A�Q7+@.:-�=6.:2/5-�+/

�1<-�C62*.14�+9�200-008-/
1�2/:�7-,+71./=>�./5*6:./=

�1<-�+615+8-0�1+�3-�25<.-
@-:�2/:�<+?�1<-4�

27-�1+�3-�25<.-@-:A��D1�0-10
�+61�1<-�96/51.+/0�2/:�7-0

,+/0.3.*.1.-0�+9�1<-�,7+9-0
0.+/2*�52774./=�+61�1<-�20

0-008-/1A�
�A��-�2�7-9-7-/5-�:+568

-/1�9+7�*-=.0*21.@-�,67,+0-
0>�?<.5<�<20�3--/�063V-51

�1+�/21.+/X?.:-�,--7�7-@.-
?A�

#%��}���&� B<.0�Q7251.5-�R+1-�06,-7
0-:-0�;G)�HEFFFI�20�1<-

�=6.:-*./-�9+7�=++:�,725
1.5-�2/:�.0�255+8,2/.-:�

34�2�O+88-/1274�
H;G)�EFFS:I�?<.5<�:.

05600-0�@27.+60�20,-510�
2/:�=.@-0�2,,7+,7.21-�7

-9-7-/5-0>�2/:�?<.5<�0<
+6*:�3-�7-2:�./�

5+/V6/51.+/�?.1<�1<.0�Q72
51.5-�R+1-A���

;G)�HEFFFI�5+/12./0�86
5<�60-96*�2/:�7-*-@2/1�5+

88-/1274�?<.5<�52/�H2/
:�0<+6*:I�3-�7-2:�./�5+/

V6/51.+/�?.1<�1<-�
Q7251.5-�R+1-A��D1�.0�/+1�1<

-�./1-/1.+/�+9�1<-�Q7251.5-
�R+1-�1+�06,-70-:-�1<.0�@

2*623*-�5+88-/1274>�721<
-7�1+�5+8,*-8-/1�

.1A��; G)�HEFFFI�0<+6*:�3
-�7-=27:-:�20�J5+8,2/.+

/�*.1-72167-PA���/*-00�0,-
5.9.52**4�:.05600-:�+7�7-@

.0-:�./�1<-�Q7251.5-�
R+1- >�1<-��+7M./=�G7+6

,�5+/0.:-70�1<-�5+88-/
1274>�-�28,*-0�2/:�7-9-7-

/5-0�,7+@.:-:�./�;G)�HE
FFFI�1+�5+/01.161-�

2,,7+,7.21-�325M=7+6/:�9
+7�1<-�60-�+9�1<-�Q7251.5-�

R+1-A�
B<-�-8,<20.0�+9�1<-�Q72

51.5-�R+1-�.0�+/�7-0.:-/1
.2*�063:.@.0.+/�2/:�:-@-

*+,8-/1>�,271.56*27*4�?<
-/�5+/0.:-7./=�1<-�

7-C6 .7-8-/10�9+7�200-008
-/1�+/�2�*+1X34X*+1�320.0�9

+7�-.1<-7�-�.01./=�+7�,7+,+
0-:�:-@-*+,8-/1A�

B<-�7-5+88-/:21.+/0�2
7-�<+?-@-7�2,,*.523*-�

1+�2**�5*200-0�+9�6732/
�2/:�7672*�36.*:./=�:-

@-*+,8-/1�+7�1<-�
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[MILLN\N]ÎN_J�_\��IJKLM

NKOL� 6̀/45,.4)�;,655.*.;6:.+/�.5�
>65)4�+/�C62/)5�<DEab=�

595:)8�-(.;(�(65�:-+�:)
285c�:()�*.25:�:)28�4)5;2.

>)5�:()�86:)2.6,�
:91) �6/4�:()�5);+/4�:)28�

4)5;2.>)5�:()�:91)�+*�8+3
)8)/:?�

'()�86:)2.6,�:91)5�62)�de
fgG�hQijk�6/4�lVmiUTG�>).

/0�;,655.*.)4�65�*+,,+-5cn�
'()�86:)2.6,�.5�).:()2�2+;

X�+2�5+.,?� defgc�.5�W6�(624�+2�*.2
8�8655�:(6:�-65�./:6;:�6/

4�./�.:5�/6:726,�1,6;)�>)*+
2)�:()�./.:.6:.+/�+*�

8+3)8)/:?Y� oeUPp�.5�W6/�6002)06:
)�+*�5+,.4�162:.;,)5G�0)/)2

6,,9�+*�8./)26,5�6/4�2+;X5
G�:(6:�).:()2�-65�

:26/51+2:)4�+2�-65�*+28)4
�>9�:()�-)6:()2./0�+*�2+;

X�./�1,6;)?��Z65)5�+2�,.q7.
45 �*.,,./0�:()�

1+2)5�+*�:()�5+.,�*+28�162
:�+*�:()�5+.,?Y�

hQijkc�W4)5;2.>)5�86:)
2.6,�./�-(.;(�brs�+2�8+2

)�+*� :()�162:.;,)5�62)�586,
,)2�:(6/�t�88G�:()�711)2�

,.8.:�+*�56/4�5.u)4�162:.;,
)5?Y�

lVmiUTc�W;+/:6./5�6�5.0/
.*.;6/:�12+1+2:.+/�+*�;+62

5)�86:)2.6,v��trs�:+�brs
�+*�:()�162:.;,)5�62)�,620)2

�
:(6/�t�88�6/4�:()�2)86./

4)2�62)�,)55�:(6/�t�88?Y�
'()�:)285�75)4�5(+7,4�4)

5;2.>)�:()�4.51,6;)4�86:)
2.6,�./�:()�,6/45,.4)�>)*+2

) �.:�-65�4.51,6;)4?�
'()�:91)5�+*�8+3)8)/:�

4)5;2.>)�(+-�:()�,6/45,.
4)�8+3)8)/:�.5�4.5:2.>7

:)4�:(2+70(�:()�4.51,6;)
4�8655?��'()�*.3)�

X./) 86:.;6,,9�4.5:./;:�:91
)5�+*�8+3)8)/:�62)�4)5;2

.>)4�./�:()�5)q7)/;)�wQPPG�
jexxPVG�TPUSVG�TxiVQS�6/4�

wPey?�
'()�*+,,+-./0�:6>,)�5(+-

5�(+-�:()�:-+�:)285�62)�;
+8>./)4�:+�0.3)�:()�,6/45

,.4)�:91)c�
'6>,)�zDc��{6|+2�:91)5�+

*�,6/45,.4)5?�}>>2)3.6:)4
�3)25.+/�+*�C62/)5~�;,655.

*.;6:.+/�+*�5,+1)�8+3)8)
/:5�<C62/)5G�DEab=?�

!&���$��#�!�"���
� ��%����"��%� $�� 

�
!&���$��#$��#��

!� ���"
$[�� ��OK_�NJIĴ
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