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Stormwater management of the development must be provided in accordance with Condition 1(a) of the referral agency response.
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1 Introduction 
Harrison Infrastructure Group (HIG) has been commissioned by FKG Civil Pty Ltd, to prepare a 
Site Based Stormwater Management Plan (SBSWMP) to support the Development Application 
submission for works associated with Stage 1 and Stage 2 of a 653-Bed Camp, located within the 
Goondiwindi Showgrounds, Boundary Road, Goondiwindi. This report addresses stormwater 
quantity and stormwater quality impacts resulting from this proposed development (hereafter 
referred to as “the Site”). 

The development is located within Goondiwindi Regional Council (GRC). Boundary Road which 
fronts the development, is a Department of Transport and Main Roads (TMR) controlled road. 

The proposed Camp Layout is shown in Figure 1 below, with full details provided in Attachment A. 

Figure 1: Proposed Camp Layout 
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This report provides preliminary engineering advice relative to this project and the Site, to address 
mitigation and management of stormwater quantity and stormwater quality, post development. The 
intent of this report is to assist GRC in assessing the associated Development Application 
submission for the Camp.  

This report has been compiled based on the information that is current at the time of printing, 
based on:   

 Goondiwindi Region Planning Scheme (Version 2); 

 Queensland State Planning Policy 2017 - Water Quality Guidelines; 

 Queensland Urban Drainage Manual (QUDM,2017); 

 Australian Rainfall and Runoff (Volume 1 – A Guide to Flood Estimation) – 2016; 

 Engineering site survey; and 

 current best practices for stormwater management.  
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2 Site Description 
The Goondiwindi Showgrounds (Lot 2 RP844649) is located on Boundary Road, Goondiwindi.  

Figure 2 provides an aerial image of the current showgrounds site.  

 
Figure 2: Goondiwindi Showgrounds (Queensland Globe) 

This site is bounded by the Goondiwindi Aerodrome to the west and north, industrial development 
to the south and the Old Cunningham Highway to the east. It is currently zoned as Recreation and 
Open Space.  

Figure 3 shows an excerpt from the GRC Flood Hazard Overlay Map OM001c, which details that 
the site is currently contained within the area of floodplain protected up to a 0.5% (1 in 200) AEP 
flood event by the Council Town Levee and Council verified natural topographic features. The 
Showgrounds is currently used an evacuation centre in times of major regional flooding, or other 
natural disaster events.  
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Figure 3: Flood Hazard Overlay Map – OM001c 

2.1 Site Characteristics 
The Site generally falls to the south and to the north from a ridge nominally running east-west, 
approximately midway through the Site. Stormwater runoff from the Site currently discharges in 
four locations as nominated in Figure 4. 

Figure 4 – Current Stormwater Discharge Locations 

The Site 

OUTLET 2 

OUTLET 1 

OUTLET 3 

OUTLET 4 
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The existing outlet locations are described as: 
 Outlet 1 – existing 1200 x 600 RCBC installation under Boundary Road 
 Outlet 2 – existing pond on Boundary Road, into existing dam within the Aerodrome 
 Outlet 3 – existing open drain into the Aerodrome  
 Outlet 4 – existing open drain into the existing dam on site. 
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3 Design Intent 
1. The design intent is that flow patterns to existing outlets will be retained. 

2. Bulk earthworks will be required to the areas under the camp, the new circulating roads and 
carparks, to provide falls and direct stormwater to the existing outlet locations, as detailed in 
Figure 4.  

3. The increase in impervious areas (roofs, roadways and carparks) will require stormwater 
quantity mitigation measures to restrict post-development flows to pre-development levels at 
each outlet location. 

4. Stormwater quality treatment will be addressed in accordance with the Queensland State 
Planning Policy 2017 - Water Quality Guidelines. 

5. Catchment Plans are provided as follows: 

a. Pre-Development Catchment Plan – refer Attachment B 

b. Post-Development Catchment Plan – refer Attachment C  

These catchment plans have been verified by site inspections and discussions with members of 
the Goondiwindi Show Society. 
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4 Stormwater Quantity Management 

4.1 Contributing Catchments  
Details of the contributing catchments, including their areas and fractions impervious and flow 
patterns are detailed on the catchment plans included in Attachment B (pre-development) and 
Attachment C (post-development).  

4.2 Catchment Hydrology 
Australian Rainfall & Runoff 2016 rainfall and climatic data, including storm losses & temporal 
patterns for this site was obtained from the Australian Government’s Bureau of Meteorology (BOM) 
data hub: http://data.arr-software.org/. 

4.2.1 XPSTORM 
XPSTORM software was used to analyse the contributing catchments using the ARR (2016) storm 
ensembles for the 1% (1 in 100) AEP Event. Ensembles for standard storm durations from 5 minutes 
to 12 hours were evaluated.  

The Laurenson Runoff Routing method was utilised within the XPSTORM model. The Laurenson 
Runoff Routing procedure can be applied to rural and urban catchments in both design storm and 
continuous simulation situations. It allows for the non-linear response from catchments over a large 
range of event magnitudes. The hydrological data requirements are catchment area, slope, degree 
of urbanisation, loss rates, observed or design rainfall.  

4.2.2 DRAINS 
DRAINS software was used to compare the XPSTORM results, again analysing the contributing 
catchments using the ARR (2016) storm ensembles for the 1% (1 in 100) AEP Event, using initial 
and continuing losses for the same range of storms used in the XPSTORM model. Ensembles for 
standard storm durations from 5 minutes to 12 hours were evaluated.  

4.2.3 Rational Method 
The Rational Method was also used to compare calculated catchment runoff calculated by 
XPSTORM and DRAINS. This was done to provide confidence in the calculated stormwater 
discharges. 
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4.2.4 Comparison of Results 
Table 1 provides a comparison of the maximum, unattenuated flows from each individual pre-
developed catchment, for the 1% (1 in 100) AEP Event, using XPSTORM software, DRAINS 
software and the Rational Method.  

Table 1 – Discharges for the 1% (1 in 100) AEP Event – Pre-Developed Catchments 

Catchment C1 C2 C3 C4 C5 C6 C7 C8 
XPSTORM (m³/s) 0.216 0.078 0.070 0.111 0.091 0.225 0.183 0.331 
DRAINS (m³/s) 0.197 0.074 0.067 0.107 0.088 0.233 0.191 0.326 
Rational Method (m³/s) 0.183 0.068 0.063 0.122 0.087 0.234 0.277 0.355 
Catchment C9 C10 C11 C12 C13 C14 C15 C16 
XPSTORM (m³/s) 0.242 0.059 0.039 0.349 0.076 0.067 0.761 0.622 
DRAINS (m³/s) 0.247 0.054 0.036 0.366 0.075 0.065 0.804 0.651 
Rational Method (m³/s) 0.241 0.064 0.046 0.544 0.109 0.076 0.840 0.630 
Catchment C17 C18 
XPSTORM (m³/s) 0.434 0.934 
DRAINS (m³/s) 0.439 1.007 
Rational Method (m³/s) 0.455 0.743 

As is evidenced in Table 1, while there are some minor discrepancies, the discharges from the 
XPSTORM Model, the DRAINS Model and the Rational Method calculations for each catchment, 
compare favourably.  

DRAINS was subsequently selected to route the discharges from each catchment through the 
stream network and to undertake stormwater analysis and investigation of attenuation measures 
post-development, as required.  
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4.3 Pre-Development Stormwater Discharges 
Figure 5 provides a screen capture from DRAINS for the pre-development peak discharges for the 
1% (1 in 100) AEP event, to each nominated outlet.    

 

 

Figure 5 – DRAINS Pre-Development Results 

 

There are two cross-road culvert installations on Boundary Road, as nominated in Figure 5: 
 Culvert 1 – 1200 x 600 RCBC; and 
 Culvert 2 – 2 / 1200 x 600 RCBC. 

Culvert 1 falls from north to south and accepts flows from the site. These flows have been 
modelled as part of this report. 

Culvert 2 falls from south to north and discharges flows from south of Boundary Road to the 
existing pond in the road reserve, ultimately discharging to Outlet 2. These flows have not been 
modelled as part of this report, as they are out of catchment and do not have an impact on this site. 
 

  

 
OUTLET 3  

OUTLET 2  

OUTLET 1  

CULVERT 2  

2 / 1200 x 600 RCBC 

CULVERT 1  

1200 x 600 RCBC 

GOONDIWINDI 

SHOWGROUNDS 

Existing Pond 
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4.3 Attenuated Post-Development Stormwater Discharges 
Due to the nature of this development and the resulting increase in impervious areas, stormwater 
attenuation measures will be required, to maintain post-development flows at pre-development 
levels. 

Figure 6 provides a screen capture from DRAINS for the attenuated, post-development peak 
discharges for the 1% (1 in 100) AEP event, to each nominated outlet.  

 

 

Figure 6 – DRAINS Attenuated Post-Development Results 

A range of measures has been employed to provide the attenuation required, outlined as follows: 
 Buffer Tanks 1 - above-ground buffer tanks to the south of Stage 1 of the camp; 
 Buffer Tanks 2 - above-ground buffer tanks to the east of the office; and 
 Bio-Retention Basin. 

 
Buffer Tanks 1 & 2 have been designed to accept gutter and downpipe discharge from the roofs of 
Stage 1 of the camp and the office, catering for a design storm of 5 minute duration for the 5% (1 in 
20) AEP event. This is in accordance with Section 3 Roof Drainage Systems of AS 3500.3 – Part 
3: Stormwater Drainage. For rainfall events in excess of this, the tanks will spill, discharging within 
the individual catchment.  
 
The downpipes contributing to each of the buffer tanks will be a “charged” system. 

OUTLET 1  

OUTLET 2  

OUTLET 3  

OUTLET 4  

BUFFER TANKS 1  

BUFFER TANKS 2  

GOONDIWINDI 

SHOWGROUNDS 
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Configurations of the buffer tanks are: 
 Buffer Tanks 1: 

o 4 x 421 kL “Tasman” panel tanks, or approved equivalent, of which a combined  
total of: 

 1070 kL of storage is provided for attenuation of the downpipe discharge 
from Stage1 of the camp; and 

 600 kL of storage is available for re-use. 
 Buffer Tanks 2: 

o 2 x 270 kL “Tasman” panel tanks, or approved equivalent, of which a combined 
total of: 

 540 kL of storage is provided for attenuation of the downpipe discharge 
from the office roof, with no storage allowed for re-use. 

 

4.4 Pre-Development and Post Development Discharge Comparisons 
Table 2 provides a comparison of pre-development discharges and post-development discharges 
at the nominated outlets, resulting from the afore-mentioned attenuation devices. As is detailed, 
post-development flows are the same or less than the pre-development flows at each outlet, over 
the nominated range of stormwater events. 

Table 2 – Comparison of Discharges - Pre-Development & Post-Development 

 

Please note that discharges to Outlet 4 have not been detailed, as this outlet is to the existing on-
site dam. It is proposed that roofwater flows from Stage 2 of the camp are discharged via. a 
600mm dia. underground stormwater pipe, outletting via. a “charged” systemto an existing channel, 
upstream of the existing dam (Outlet 4). This roofwater discharge is to be re-use for on-site 
irrigation. Refer to Drawing No. C-SK0001 included as Attachment D, for an overview of this outlet 
system. 

 

 

  

EVENT Pre-Dev Post-Dev Pre-Dev Post-Dev Pre-Dev Post-Dev
0.5EY 0.132 0.070 0.360 0.360 0.214 0.136

10% AEP 0.301 0.200 0.523 0.526 0.408 0.255
5% AEP 0.447 0.375 0.645 0.589 0.559 0.392
2% AEP 0.677 0.561 0.870 0.866 0.801 0.497
1% AEP 0.894 0.796 1.040 1.030 1.090 0.729

OUTLET 1 OUTLET 2 OUTLET 3
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5 Flood Assessment 

5.1 Background 
No flood assessment has been carried out within this report, as the Site is contained within the 
area of floodplain protected up to a 0.5% (1 in 200) AEP flood event by the Council Town Levee 
and Council verified natural topographic features. 

 

. 
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6 Stormwater Quality Management 

6.1 Introduction 
Section SC6.2.4.1 of Schedule 6 of the Goondiwindi Region Planning Scheme (Version 2) states 
that all development applications made to Council must comply with the SPP Code: Water Quality, 
unless the application falls within the “Deemed to Comply” category. 

This development does not fall within a “Deemed to Comply” category, therefore it will require 
water quality modelling to be undertaken.   

Modelling with the use of the MUSIC software has been completed to provide a more detailed 
assessment of the treatment devices required. This section of the report details the potential 
increase in pollutant values resulting from this proposed development and in turn, the required 
treatment to mitigate potential increases. 

6.2 Methodology 
Water quality objectives applicable to this site are defined within State Planning Policy, July 2017 
Appendix 2, stormwater management design objectives, Table B: Post construction phase - 
stormwater management design objectives. These objectives are reproduced in Figure 7. 

 

Figure 7 – Water Quality Objectives 
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The target reductions in stormwater pollutants are based on a comparison of an unmitigated 
scenario, having no treatment on site, and a mitigated scenario, which has stormwater treatment 
measures incorporated on site.   

6.3 MUSIC Model Parameters 
A MUSIC model was developed to evaluate the effectiveness and determine the quantity and 
sizing of stormwater treatment devices to meet the applied design objectives. The model was 
developed in accordance with Water by Design’s MUSIC Modelling Guidelines Consultation Draft 
November 2018. 
 
MUSIC uses recorded meteorological data as the primary input for rainfall–runoff and pollutant 
generation at a source node. Runoff, represented as surface runoff and baseflow, is generated in 
MUSIC through the interaction of rainfall evapotranspiration and soil properties. 
 

6.4 Rainfall Data 
The BOM climatic data recorded at Goondiwindi Airport, Rainfall Station 041521, between 
5/07/1991 and 31/01/2010 was imported into the MUSIC model for analysis.  
 
The Average Areal Potential Evapo-Transpiration (PET) in mm/month for this site, was sourced 
from the website: Australian Water Outlook (bom.gov.au) and imported into the MUSIC model.  
 
The Meteorological Data Statistics for this site are nominated in Figure 8. 
 

 
Figure 8 – Meteorological Data Statistics 

6.5 Catchments  
The MUSIC Model is based on the Post-Development Catchment Plan included in Attachment C. 
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6.6 Regional Climatic & Rainfall Run-off Parameters  
MUSIC requires the user to specify the catchment land use and associated parameters for both the 
source and treatment nodes. Figure 9 below summarises the rainfall runoff parameters 
recommended for use. Commercial and industrial land use has been adopted for the modelled 
catchments. 

 
Figure 9 – Source Nodes - Pollutant Export Parameters 

6.7 Source Nodes Pollutant Parameters  
Catchments have been modelled as “Lumped Catchments” with the recommended pollutant export 
parameters for Industrial Catchments detailed in Figure 10. 
 

 

Figure 10 – Industrial Lumped Catchment - Pollutant Export Parameters 

Runoff pollutant concentrations have been generated stochastically (from a defined mean and 
standard deviation).  

6.8 Calibration  
Calibration to local data has not been completed and is not necessary for development 
applications due to the dominant influence of impervious areas on hydrology.  
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6.9 MUSIC Model 
A schematic of the MUSIC model using Lumped Industrial Catchments is shown in Figure 11.  
 

 
Figure 11 – MUSIC Model Schematic 
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6.9 Proposed Treatment Train 
The treatment train modelled consists of the following elements: 

 Buffer Tanks 1; 
 Buffer Tanks 2; 
 Grassed Swales; 
 Existing Pond; and 
 Proposed Bio-Retention Basin.  

 
Details of the Buffer Tanks have been provided in Section 4.3 - Attenuated Post-Development 
Stormwater Discharges. 
 
Grassed swales are modelled with a 2.50m base, 1 on 4 side slopes to a nominal depth of 600mm. 
The existing pond has been modelled using engineering site survey. 
 
Details of the modelled bio-retention system are provided in Figure 12.  
 

 

Figure 12 – Proposed Bio-Retention System 

 
Figure 13 shows a typical arrangement of a bio-retention system.  
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Figure 13 – Typical Bio-Retention System – Saturated Zone 

Please note the following with respect to this typical system: 
 due to the flat nature of this site and invert levels of receiving swales and culverts, the outlet 

pipe from the overflow pit will not be able to free drain and will require a solar pump to 
convey treated flows to the receiving points; and 

 a sediment forebay has not been modelled at this concept stage. 
 

6.10 Water Quality Results 
The reduction targets required under the SPP for Western Queensland are: 

 Total Suspended Solids (TSS)  85 % reduction 
 Total Phosphorous (TP)  60 % reduction 
 Total Nitrogen (TN)    45% reduction 
 Gross Pollutants    90% reduction 

 
The MUSIC pollutant load reductions for the entire site are detailed in Figure 14 below. The MUSIC 
results demonstrate that the pollutant load reduction objectives for the site can be achieved for the 
whole development footprint, through the provision and retention of Water Sensitive Urban Design 
(WSUD) features as documented in this report.  
 

 
Figure 14 – MUSIC Results for this Development 

  

Outlet Pipe - refer 
note below. 
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7 Erosion and Sediment Management  
For completeness, this Section 7 has been provided as advice only at this time. The elements 
nominated within this section will be addressed in the preparation of Operational Works 
documentation and during construction. 

The development will create significant areas of impervious surfaces that can alter stormwater 
flows, volumes, and velocities. These changes can cause increased erosion in waterways as well 
as a reduction in ecosystem health through loss of habitat and increased disturbance. 

Soils present at surface height on the site are considered high-risk soils. High-risk soils are:  

 Erosive soils – soils that are more susceptible to erosion due to their physical structure or 
chemistry; and 

 Dispersive soils – soils that are structurally unstable and readily disperse into their 
constituent particles (e.g. clay, silt and sand) in water. Flocculants and coagulants may be 
required to interfere with this process to allow suspended sediment to settle out of the water 
column, for example in a sediment basin  

High-risk soils can affect water quality in waterways at both the construction and post-construction 
(operational) phases of development, if not managed appropriately. 

The construction phase of development will expose and loosen soil and is likely to generate litter 
(gross pollutants) which are readily mobile and will enter waterways, if not contained. Extended 
periods of exposed and disturbed soils on construction sites elevates the risk of rainfall dislodging 
soil particles and causing erosion and the potential for the release of sediment to waterways. 
Reducing the potential for erosion during the construction phase of development is important in 
achieving water quality objectives in waterways. 

7.1 Purpose 
The primary purpose of installing sediment and erosion controls is to not cause environmental 
harm, nor deposit prescribed water contaminants in waterways as per the Environmental 
Protection Act 1994.  

In addition, appropriate erosion control can have the benefit of decreasing soil degradation, hence 
improving asset protection and decreasing maintenance costs during and post construction.  

Erosion and Sediment Controls shall be designed, installed, maintained, and decommissioned in 
accordance with the following principles:  

 erosion and sediment controls are integrated with construction planning; 

 effective and flexible erosion and sediment control plans are developed based on soil, 
weather, construction conditions and the receiving environment; 

 the extent and duration of soil exposure is minimised; 

 water movement through the Site is controlled - in particular clean water is diverted around 
the site;  

 soil erosion is minimised; 

 disturbed areas are promptly stabilised;  

 sediment retention on Site is maximised;  

 controls are maintained in proper working order at all times; and  

 the Site is monitored and erosion and sediment control practices adjusted to maintain the 
required performance standard. 
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7.2. Erosion and Sediment Control Plan 
A site-specific erosion and sediment control plan (ESCP) should be prepared and form part of the 
Operational Works Application. The ESCP should be prepared by a suitably qualified and 
experienced professional in accordance with best practice, such as IECA 2008, Best Practice 
Erosion and Sediment Control. This plan should detail the requirements to ensure that the release 
of sediment laden stormwater is avoided. This plan should be based on ICEA document ’Best 
Practice Erosion and Sediment Control – for building and construction sites’, International Erosion 
Control Association (Australasia) to achieve compliance under the Environmental Protection Act 
1994. 

7.3. Construction 
Areas to be disturbed during construction of the works are to be protected to ensure there will be 
no deterioration of water quality as a result of erosion and sedimentation arising from construction 
works, or from fuel/oil/chemical discharges from vehicles and plant and equipment associated with 
construction. 

All erosion and sediment control devices implemented on-site should represent current best 
management practices and all practical measures applicable to the site. These best management 
practices must be applied to all stages of the project including installation, operation, and 
management of the control measures, including maintenance and monitoring of the devices. 

The Contractor shall be responsible for establishment, management and maintenance of the 
erosion and sediment control measures, to ensure minimal environmental harm and to comply with 
Council’s standards. It will be the Contractor’s responsibility to maintain all erosion and sediment 
control measures on site until all disturbed areas are reinstated and for the length of the Defect’s 
Liability Period. 

7.4. State Planning Policy 2017 
State Planning Policy 2017 (SPP) came into effect on the 3 July 2017 and introduced stormwater 
management design objectives for sediment control on construction sites. 

Stormwater management design objectives listed within Appendix 2 of the SPP for sediment 
control in the construction phase, include the following requirements: 

 manage stormwater flows around or through areas of exposed soil to avoid contamination; 

 manage sheet flows in order to avoid, or minimise the generation of rill or gully erosion; 

 provide stable concentrated flow paths to achieve the construction phase stormwater 
management design objectives for temporary drainage works; 

 stage clearing and construction works, to minimise the area of exposed soil at any one 
time; 

 effectively cover or stabilise exposed soils prior to predicted rainfall; 

 direct runoff from exposed site soils to sediment controls that are appropriate to the extent 
of disturbance and level of erosion risk; and  

 All exposed areas greater than 2,500m2 must be provided with sediment controls which are 
designed, implemented and maintained to a standard which would achieve at least 80% of 
the average annual runoff volume of the contributing catchment treated (i.e. 80% hydrologic 
effectiveness) to 50mg/L Total Suspended Solids (TSS) or less, and pH in the range (6.5–
8.5) 
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8 Conclusion 
This Site Based Stormwater Management Plan (SBSWMP) has been prepared to support the 
Development Application submission for works associated with Stage 1 and Stage 2 of a 653-Bed 
Camp, located within the Goondiwindi Showgrounds, Boundary Road, Goondiwindi.  

This report addresses the impacts of stormwater quantity and stormwater quality resulting from 
this proposed development, together with solutions provided, to ensure an overall “non-worsening” 
effect can be achieved. 

The solutions provided herein, are based on a concept design, details of which are depicted on 
associated drawings prepared by HIG and FKG. As such, this SBSWMP will require updating and 
the recommendations contained herein, confirmed during the detailed design phase, when final 
Operational Works documentation will be prepared.  

As part of the Development Approval process, from which Operational Works conditions will be 
provided, consideration of the need for the provision of stormwater quality treatment is suggested 
based on: 

 Goondiwindi Regional Council’s (GRC) Planning Scheme Policy nominates that in general,
developments are to comply with the requirements of Table B of the State Planning Policy
(SPP); and

 Note 14 of Table B of the SPP nominates that for Western Queensland, the treatment
targets apply to population centres greater than 25,000.

In setting the Operational Works conditions, consideration should be given to the requirement for 
provision of stormwater quality treatment, given: 

 the camp is not a permanent development; and
 Goondiwindi Township’s population is well less than the 25,000 nominated in Table B of the

SPP, which would infer that stormwater quality treatment may not be required for this
development,

while also taking into account that: 
 the area of the camp being greater than the areas of development nominated in Clause

SC6.2.4.2 Deemed to Comply of GRC’s Planning Scheme Policy, which would infer that
stormwater quality treatment is required for this development.
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Attachment A – Proposed Camp Layout 
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 Attachment B – Pre-Development Catchment Plan 
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Attachment C – Post-Development Catchment Plan 
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Attachment D – Site Layout Plan 
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