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1 EXECUTIVE SUMMARY 

Calibre Consulting has been engaged by CIC Australia to prepare an Urban Capability Study for the area within Jumping 

Creek Residential Estate which was deferred from rezoning in the Queanbeyan Local Environment Plan 2012. This portion 

of the site is shown on the zoning map as “Deferred Matter” (Deferred Area), see Figure 4-1. 

Queanbeyan City Council (QCC), NSW Department of Planning and Environment (DPE), and the NSW Office of 

Environment and Heritage (OEH) have requested advice confirming the suitability of the Deferred Area for residential 

development based on a detailed assessment of slope, soil stability, stormwater quantity, water quality, sediment 

control and biodiversity considerations. 

This report addresses site slope (vehicular access), stormwater quantity, water quality, and sediment control for the 

Deferred Area to inform a Planning Proposal which will seek to rezone the Deferred Area. 

The Water Quality Strategy in this report has been undertaken in accordance with a water quality methodology that was 

agreed with Mr Miles Boak (OEH) subsequent to receiving Dr Sandra Jones’s letter. The correspondence with Mr Miles 

Boak and Dr Sandra Jones are within Appendix A.  

It was agreed with Mr Miles Boak that the water quality strategy for the area currently zoned as a Deferred Area will be 

developed using MUSIC modelling, and will demonstrate the performance of the proposed treatment in terms of reduction 

in average annual pollutant exports. The pollutants are gross pollutants, suspended solids, phosphorus and nitrogen. 

This detailed assessment has found that a residential development within the currently zoned Deferred Area will have no 

adverse effects on the environment, with the management measures proposed in this report. These management 

measures include the control of sediment runoff during both civil and housing construction phases. The use of rainwater 

tanks, gross pollutant traps and bioretention basins for the treatment of stormwater runoff.  

This assessment has also found that using the catchment wide approach for stormwater quantity control, a development 

within this area will have no impact on the 1 and 100 ARI storm event peak flows at the confluence of Jumping Creek and 

Queanbeyan River.  

Access roads and services within the Deferred Area are able to meet the required standards as set by QCC. 

It has been determined that a residential development within the Deferred Area is feasible, and can comply with the 

requirements of QCC, DPE and OEH with respect to slope, stormwater quantity, water quality and sediment control. 
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2 INTRODUCTION 

Calibre Consulting has been engaged by CIC Australia to prepare an Urban Capability Study for the area within Jumping 

Creek Residential Estate which was deferred from rezoning in the Queanbeyan Local Environment Plan 2012. This portion 

of the site is shown on the zoning map as “Deferred Matter” (Deferred Area), see Figure 4-1. 

CIC Australia and Calibre Consulting engaged actively with Queanbeyan City Council (QCC), NSW Department of Planning 

and Environment (DPE) and NSW Office of Environment and Heritage (OEH) prior to undertaking this capability study to 

ensure all outstanding issues with regards to the Deferred Area are adequately addressed, and to ensure a smooth 

rezoning of the Deferred Area.   

During our extensive consultation process, QCC, DPE and OEH have requested additional advice confirming the suitability 

of the Deferred Area for residential development based on a detailed assessment of slope, soil stability, stormwater 

quantity, water quality, sediment control and biodiversity considerations.  

This report addresses site slope (vehicular access to the Deferred Area), stormwater quantity, water quality, and sediment 

control on the Deferred Area to inform a Planning Proposal which will seek to rezone the Deferred Area. We note that soil 

stability will be addressed by Douglas Partners in a separate report.  

The Water Quality Strategy in this report has been undertaken in accordance with a water quality methodology that was 

agreed with Mr Miles Boak (OEH) subsequent to receiving Dr Sandra Jones’s letter. The correspondence with Mr Miles 

Boak and Dr Sandra Jones are within Appendix A. 

It was agreed with Mr Miles Boak that the water quality strategy for the area currently zoned as Deferred Area will be 

developed using MUSIC modelling, and will demonstrate the performance of the proposed treatment in terms of reduction 

in average annual pollutant exports. The pollutants are gross pollutants, suspended solids, phosphorus and nitrogen. 

For clarity, the Deferred Area will also be referred to as “the site” in this report. 

3 PURPOSE OF THIS REPORT 

The purpose of this report is to: 

 Undertake preliminary Water Quantity and Quality Management Strategies, including positioning and concept 

grading of principal stormwater quality improvement devices, 

 Map the 100yr ARI flood extent for Queanbeyan River and Jumping Creek along the Deferred Area,  

 Define the Riparian Corridor for Queanbeyan River and Jumping Creek along the Deferred Area, 

 Develop a concept Erosion and Sediment Control Strategy for the period of construction, 

 Refine the location and grading of the connecting road and subdivision edge roads to minimise the construction 

footprint and to provide a services corridor, and 

 Refine the vehicular access to building envelopes for the large lots. 
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4 SITE CHARACTERISTICS 

4.1 LOCATION 

Jumping Creek Residential Estate is approximately 96.43ha in size, and is located approximately 3km south of the 

Queanbeyan City Centre. The Residential Estate is bounded by Queanbeyan River to the west and is crossed by Jumping 

Creek. The Deferred Area is located to the south of Jumping Creek, and to the east of Queanbeyan River. The total area 

of the Deferred Area is approximately 10.58ha. 

Figure 4-1 shows the location of the site and Deferred Area. 

  

Figure 4-1: Jumping Creek Development – Location of the Deferred Area (Out of Date Layout)  

 

Jumping Creek 
Residential Estate 

Queanbeyan 

Deferred Area 
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4.2 EXISTING TOPOGRAPHY 

The topography of the Deferred Area is relatively steep with slopes from zero to greater than 20%.Two ridges run north to 

south through the site, with an elevated relatively flat plain located south of Jumping Creek and east of Queanbeyan River. 

Jumping Creek and an unnamed tributary runs through the site. 

Refer to Figure 4-2 for site topography and characteristics. 

 

Figure 4-2: Deferred Area Topography and Characteristics. 

5 STORMWATER QUANTITY 

The stormwater quantity analysis presented in this report has been undertaken for the following: 

Jumping Creek 
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 Determine existing peak flow rates at the confluence of Queanbeyan River and Jumping Creek for the 1 and 100 
year Average Recurrence Interval (ARI) storm events; 

 Determine the developed (unmitigated) peak flow rates at the confluence of Queanbeyan River and Jumping Creek  
for the 1 and 100 year ARI storm events; 

 Determine peak flow mitigation strategies to ensure that the development of the Deferred Area has no adverse 
impact on peak flows at the confluence of  Queanbeyan River and Jumping Creek; and 

 Modelling of the peak flow mitigation strategies to determine the developed mitigated peak flow rates at the 
confluence of Queanbeyan River and Jumping Creek for the 1 and 100 year ARI storm events. 
 

We note that low flow channel erosion in gullies and creeks are predominantly due to smaller more frequent flows, such 
as the 1 year ARI. Therefore, mitigating the 1 year ARI peak flows will ameliorate velocity changes in the low flow 
channels.   

5.1 CATCHMENT WIDE APPROACH 

Peak flow mitigation presented in this report has been undertaken for a catchment wide approach. The alternative to a 

catchment wide approach is a site based approached with stormwater quantity control basins downstream of developments 

within the catchment. Site based detention basins for a large range of ARI’s may increase the catchment wide peak flows 

due to delaying site based peak flows to align with catchment wide peak flows.  

The design objective was to ensure that the Post-Development peak discharge rates for the 1 year and the 100 year ARIs 

are not increased at the confluence of Queanbeyan River and Jumping Creek for the whole catchment.  

A catchment based Rational Method calculation was undertaken for the existing scenario (i.e. pre-development catchment 

conditions) to verify the XP-RAFTS modelling parameters adopted. 

The following two scenarios were modelled using XP-RAFTS: 

 Existing Scenario – This scenario modelled peak flow at the confluence of Queanbeyan River and Jumping Creek for 
pre-development catchment conditions. Refer to section 5.3 for details. Existing XP-RAFTS peak flows have been 
verified against Rational Method calculations; 

 Deferred Area Developed Scenario – This scenario modelled peak flow at the confluence of Queanbeyan River and 
Jumping Creek with the Deferred Area developed. One offline detention basin has been incorporated for peak flow 
mitigation. Refer to section 5.4 for details. 

5.2 RATIONAL METHOD CALCULATION 

The Rational Method calculation was undertaken for the existing undeveloped catchment in order to verify the XP-RAFTS 

model. 

5.2.1 CATCHMENT 

The Rational Method calculation was undertaken for the total catchment of 3,676ha. Refer to Drawing No C15776-001+ 

and C15776-002+ for the existing scenario catchment plan. 

5.2.2 COEFFICIENT OF RUNOFF 

Coefficient of Runoff (C10) value of 0.4 was adopted in accordance with the Australian Rainfall & Runoff (AR&R) Volume 1 

& Volume 2 (1987): 

This value has then been adjusted for the 1 year, and 100 year ARI events using Equation 5.5 in AR&R Volume 1 (1987, 

p. 99). These values are as follows: 
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 C1 = 0.276 

 C100 = 0.536 

5.2.3 TIME OF CONCENTRATION 

The Time of Concentration for this catchment was determined in accordance with the empirical formula for calculating the 

time of concentration in natural channels developed by the US Soil Conservation Services. This method was adopted due 

to the large catchment with dominant channel flow. A time of concentration value of 126 minutes was calculated.  

5.2.4 RAINFALL DATA 

The Intensity-Frequency-Duration (IFD) rainfall data was sourced from Bureau of Metrology for the Jumping Creek region. 

Refer to Appendix A for IFD details. 

5.2.5 RESULTS 

The peak flows calculated by the Rational Method for the 1 and the 100 year ARI events are outlined in Table 5-1. Refer 

to Appendix B for rational method calculation.   

Table 5-1: Rational Method Peak Flows 

ARI Peak Flow (m3/s) 

1 29.4 

100 164.7 

5.3 XP-RAFTS EXISTING SCENARIO 

An XP-RAFTS model has been built for the Jumping Creek catchment. The modelling parameter adopted are discussed 

within subsequent sections. 

5.3.1 MODEL PARAMETERES 

5.3.1.1  CATCHMENT DATA 

The catchment delineation for the Existing Scenario follows the existing contours. A small section of contours is missing 

from the north eastern part of the catchment. Using aerial photography provided by Six Maps, the areas were adjusted 

around the creek lines shown. Refer to Drawing C15776-001+ and C15776-002+ within Appendix C for the Existing 

Scenario Catchment Plan. All catchments for the Existing Scenario have been modelled with 5% fraction impervious. The 

catchment input data is presented in Appendix D. 

5.3.1.2 LOSSES 

For the hydrological modelling of the Existing Scenario using XP-RAFTS, the ARBM loss method was used incorporating 

the infiltration parameters outlined in Section 1.07 of the Queanbeyan City Council – Handbook of Drainage Design Criteria. 

These guidelines are the most locally relevant guidelines for the study area and the guidelines are based on years of 

continuous review. The ARBM loss method is able to model a range of ARI events with a single set of model parameters. 

5.3.1.3 MANNINGS ‘N’ VALUES 

The Manning’s n value of 0.04 was used for pervious areas and 0.015 was used for impervious areas. These are in 

accordance with Section 1.07 of the Queanbeyan City Council – Handbook of Drainage Design Criteria. 
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5.3.1.4 BX  

After various iterations and verification with the peak flows calculated by the Rational Method Calculation, a Bx Factor of 

1.5 was used consistently for all XP-RAFTS modelling presented in this report.  

5.3.1.5 ROUTING 

Routing through sub-catchments was undertaken by applying lag time to the links. This lag time has been calculated as 

channel flow between nodes at a rate of 2m/s. 

5.3.1.6 RAINFALL DATA 

Table 5-2 presents the IDF data used for XP-RAFTS modelling. These values are consistent with the Bureau of Meteorology 

(BOM) values for the Jumping Creek Region (-35.378 S, 149.252 E). Refer to Appendix A for IFD details. 

Table 5-2: XP-RAFTS Rainfall Data 

50I1 

(mm/hr) 

2I1 

(mm/hr) 

50I12 

(mm/hr) 

2I12 

(mm/hr) 

50I72 

(mm/hr) 

2I72 

(mm/hr) 

Location 

Skew F2
 F50

 

AR&R 

zone 

41.78 22.16 7.78 4.13 2.1 1.17 0.22 4.28 15.58 2 

 

5.3.2 EXISTING PEAK FLOW RESULTS 

Table 5-3 outlines peak 1 and 100 year ARI event flows at the confluence of Queanbeyan River and Jumping Creek. Refer 

to Drawing No. C15776-002+ in Appendix C for location. 

Table 5-3: Existing Peak Flow 

Location 
1 year ARI XP-RAFTS Peak Flow 

(m3/s) 

100 year ARI XP-RAFTS Peak Flow 

(m3/s) 

Confluence of Queanbeyan River 
and Jumping Creek 

31.62 157.01 

 

5.3.3 PEAK FLOW VERIFICATION 

Analysis was undertaken for the 1 and 100 year ARI storm events, with durations ranging from 15 minutes to 72 hours. 

Table 5-4 compares the XP-RAFTS peak flow to those calculated using the Rational Method for the whole catchment. 

Table 5-4: XP-RAFTS Flow Verification 

ARI Rational Method Peak Flow (m3/s) XP-RAFTS Peak Flow (m3/s) 

1 29.37 31.62 

100 164.69 157.01 

 

As can be seen from the table above, XP-RAFTS produces flows similar to those calculated using the Rational Method 

calculation. This confirms the validity and the verification of the XP-RAFTS model. 
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5.4 XP-RAFTS DEVELOPED SCENARIO 

An XP-RAFTS model was set up to represent the post-development Deferred Area discharging to Jumping Creek. The 

remaining Jumping Creek residential estate has been modelled as undeveloped. 

5.4.1 MODEL SETUP 

The XP-RAFTS model set up for the Deferred Area Developed Scenario was similar to the Existing Scenario, except 

where changes were made to the Deferred Area catchments discharging to Jumping Creek. 

The following sub-subsections highlight the XP-RAFTS model parameters adopted for the Deferred Area Developed 

Scenario. 

5.4.1.1 CATCHMENT DATA 

To account for the Deferred Area development areas, the catchment data was updated as per Drawing No C15776-003+ 

and C15776-004+ within Appendix C. Refer to Appendix E for catchment input data. There is slight increase in the overall 

catchment size under the developed scenario due to the lot layout and final earthworks for the Deferred Area Development. 

5.4.1.2 MANNING’S N 

The Manning’s n value of 0.04 was used for pervious areas and 0.015 was used for impervious areas. These are in 

accordance with Section 1.07 of the Queanbeyan City Council – Handbook of Drainage Design Criteria. 

5.4.1.3 BX FACTOR 

The Bx Factor of 1.5 was used consistently for all XP-RAFTS modelling 

5.4.1.4 RAINFALL DATA 

The IFD rainfall data was as per the Existing Scenario in Table 5-2. 

5.4.2 DEVELOPED DEFERRED AREA UNMITIGATED RESULTS 

Table 5-5 outlines the 1 and 100 year ARI peak flows at the confluence of Queanbeyan River and Jumping Creek when 

the Deferred Area is developed. 

Table 5-5: Jumping Creek Deferred Area Developed Unmitigated Peak Flow 

Location 

1 year ARI XP-RAFTS Peak Flow 100 year ARI XP-RAFTS Peak Flow 

Existing (m3/s) Developed Scenario (m3/s) Existing (m3/s) Developed Scenario (m3/s) 

Confluence of 
Queanbeyan River 
and Jumping Creek 

31.62 31.60 157.01 157.00 

 

Table 5-5 shows that the difference between the Existing Scenario and Developed Scenario for the Deferred Area is 

insignificant. As a result, no peak flow attenuation is required for the development of the Deferred Area. This is not 

uncommon in large catchments with development in the downstream end of the catchment. 
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5.5 DISCUSSION 

It can be seen that development of the Deferred Area will have no impact on the 1 and 100 year ARI peak flows at the 

confluence of Queanbeyan River and Jumping Creek. Therefore, no peak flow mitigation is required as part of developing 

the Deferred Area. 

6 STORMWATER QUALITY 

The Stormwater Quality analysis presented in this report is for development areas discharging to Jumping Creek. It is 

expected that if left unmitigated, the development will increase the stormwater pollutants that are exported to Jumping 

Creek and Queanbeyan River. A treatment train comprised of suitable Stormwater Quality Improvement Devices (SQIDs) 

is proposed to intercept and capture pollutants so that the potential impacts to receiving waters will be adequately mitigated 

and the development will achieve the required Water Quality Objectives (WQOs). 

This section discusses:  

 The WQOs identified for the catchment; 

 Proposed measures to mitigate the increase in pollutant export; and 

 Modelling of the proposed measures to confirm their effectiveness in meeting the WQOs. 

6.1 WATER QUALITY OBJECTIVES 

6.1.1 QUEANBEYAN CITY COUNCIL POLLUTANT REDUCTION TARGETS 

Queanbeyan City Council’s (QCC) Development Design Specification – D7 titled “Erosion Control and Stormwater 

Management” (Version 1 June 2013) outlines the long-term water quality sustainability requirements for developments 

within Queanbeyan City Council.  

The objective of long-term water quality sustainability is to protect the sensitive downstream aquatic ecosystems.  

The biodiversity values of Jumping Creek and Queanbeyan River are also considered high, with a significant Platypus 

population in the area. 

QCC’s Development Design Specification – D7 outlines the minimum level of pollutant load reductions for a development. 

These pollutant load reductions are defined in Table 6-1 below.  

Table 6-1: Water Quality Objectives 

Pollutant Load Target Reduction 

Total Suspended Solids (TSS) 80% 

Total Phosphorus (TP) 65% 

Total Nitrogen (TN) 65% 

 

These pollutant reduction targets presented in Table 6-1 are higher than many standards and guidelines, particularly for 

TN. A 65% reduction in TN is significantly higher than the performance targets required under other guidelines. For 

example: 

 NSW Council adopted Landcom draft Water Sensitive Urban Design, Book 1, Policy (2004) states 80% TSS, 
60%TN and 45% TN reduction; 
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 Engineer’s Australia Australian Rainfall Quality (2006) states a 80% TSS, 45% TP and 45% TN reduction; 

 The ACT Planning & Land Authority’s Waterways: Water Sensitive Urban Design General Code (ACT, 2008) 
states a catchment wide 85% TSS, 70% TP and 60% TN reduction; and 

 The ACT Planning & Land Authority’s Waterways: Water Sensitive Urban Design General Code (ACT, 2008) 
states a Subdivisional 60% TSS, 45% TSS and 40% TN reduction. 
 

Therefore, achieving the pollutant reductions in accordance with Queanbeyan City Council’s Development Design 

Specification – D7 will provide an environmental outcome better than the developments in surrounding regions, 

particularly for TN. 

6.1.2 NEUTRAL OR BENEFICIAL EFFECT ANALYSIS  

In addition to achieving QCC water quality objectives, the existing scenario will also be modelled to ensure that the 

development pollutant loads are less than existing providing a Neutral or Beneficial Effect (NorBE) on water quality. In this 

case, the pollutant concentrations for TSS, TP and TN for the post-development case (including mitigation measures) must 

be equal to, or better compared to the pre-development case for between the 50th and 98th percentiles over the 10 year 

modelling period (1968 to 1977) when runoff occurs.  

6.2 STORMWATER QUALITY MANAGEMENT STRATEGY 

A treatment train of suitable SQIDs is proposed to mitigate the potential impact of developing the Deferred Area on the 

quality of stormwater runoff. A stormwater quality management strategy incorporating rainwater tanks and bioretention 

systems are proposed. Refer to Drawing No. C15776-005+ in Appendix C for the stormwater quality plan. 

Given the site terrain it was determined that the ideal treatment train would consist of the following: 

 Rainwater tanks to all the residential areas within all the catchments. 

 End of line bioretention basins 

 CDS Units. 

The bioretention systems utilise a sandy loam soil based media to filter runoff. Sediment particle and suspended solids 

are trapped within vegetation and on the surface of the filter media while micro-organisms and vegetation remove 

dissolved nutrients (nitrogen and phosphorus) through biological uptake processes. Subsoil drainage provided below the 

filter media allows for the treated runoff to discharge from the bioretention systems. 

6.3 MUSIC MODELLING METHODOLOGY 

Water quality modelling of the Deferred Area development only has been undertaken using the Model for Urban Stormwater 

Improvement Conceptualisation (MUSIC) Version 6.0.4, developed by the Cooperative Research Centre for Catchment 

Hydrology (CRCCH). MUSIC enables the user to conceptualise the transfer of pollutants through a stormwater drainage 

system and provides an aid in quantifying the effectiveness of the proposed stormwater quality treatment train. MUSIC only 

provides quantitative modelling for Total Suspended Solids (TSS), Total Phosphorous (TP), Total Nitrogen (TN) and Gross 

Pollutants (GP).  

The MUSIC model was setup in accordance with Section B.2 from the ACT Planning & Land Authority’s Waterways: Water 

Sensitive Urban Design General Code (ACT, 2008). Reference was made to Water by Design MUSIC Modelling Guidelines 

(2010) for any additional MUSIC setup guidelines. The subsequent sections discuss the model configurations adopted for 

the analysis. 

6.3.1 METEOROLOGICAL DATA 
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Six minute pluviographic data was sourced from the eWater website for Canberra Airport Rainfall Station (Station No. 

70014) as this was the nearest rainfall station to the site with a range of rainfall data. In accordance with Section B.2 from 

the Waterways: Water Sensitive Urban Design General Code, the 10 year period from 1st January 1968 to 31st December 

1977 was adopted for the rainfall duration. The six minute time step mean annual rainfall for this period is 655mm. 

6.3.2 SOURCE NODES 

The source nodes and their associated attributes are summarised in Table 6-2. 

Table 6-2: Source Node Configuration 

Source Node Node Type Adopted Fraction Impervious 

Urban Residential Roof Urban 100% 

Urban Residential, including roads Urban 70% 

Connecting Road Urban 75% 

Base flow and Storm flow pollutant concentrations and soil properties were adopted from Section B.2 from the ACT 

Waterways: Water Sensitive Urban Design General Code, being regionally relevant to Jumping Creek. Mean generation 

estimation has been adopted.  

Refer to Figure 6-1 below for the MUSIC model layout for the Deferred Area. 

 

Figure 6-1: Pre- and post-development MUSIC Models 



 

15-000776 | REPORT | CIC AUSTALIA  JUMPING CREEK DEFERRED AREA URBAN CAPABILITY 
STUDY   | 12 

 

6.3.3 DRAINAGE LINKS 

No routing was adopted for drainage links in accordance with Section 4.17 of the MUSIC Modelling Guidelines (2010). This 

assumes flows and associated pollutants from all parts of the catchment arrive at the treatment nodes at the same time. 

This is conservative as it means that MUSIC may overestimate the overflow volumes.  

6.3.4 TREATMENT NODES 

6.3.4.1 RAINWATER TANKS 

Rainwater tanks were adopted for all residential areas at a minimum of 2,000L per dwelling, for an average 3 bedroom 

house. Reuse has been taken as 0.15kL/day/dwelling. 

Table 6-3: Rainwater Tank Parameters 

 

ASurface area based on tank diameter of 1.8m 
BRe-use rate based on a worst case scenario of external residential use e.g. gardens only. Taken from NSW Using MUSIC in Sydney Drinking 
Water Catchment 

6.3.4.2 BIORETENTION 

Bioretention systems are proposed to treat the entire Deferred Area development and the associated connecting road. End 

of line bioretention basin locations are shown on Drawing No. C15776-005+ in Appendix C.  

Bioretention systems were modelled using MUSIC’s Bioretention Treatment Node with the configurations outlined in Table 

6-4. The Total Nitrogen content in filter media was adopted from Healthy Waterways Interim MUSIC Bioretention Treatment 

Node (2012) document. The Orthophosphate Content of the filter media modelled is slightly lower than the 50mg/kg stated 

in the Healthy Waterways Interim MUSIC Bioretention Treatment Node (2012) document, however laboratory testing from 

previous filter material supplied to various locations in Australia indicate that the Orthophosphate Contents filter media is 

generally in the order of 2 – 10mg/kg. Although less than the Healthy Waterways nominated 50mg/kg, modelling has 

adopted a conservative value of 30mg/kg, higher than the supplied material for the area. 

Pre-treatment such as a Gross Pollutant Trap (GPT) has been modelled and will be required where the stormwater 

networks discharge into the proposed bioretention basins. 

Table 6-4: Bioretention Node Parameters 

Parameters Bioretention Systems 

Extended Detention Depth (mm) 500 

Filter Depth (mm) 400 

Drainage Layer Depth (mm) 150 

Filter Type Sandy Loam 

Filter Area (m2) 1% of contributing catchment area 

Parameters per Tank Value 

Rainwater Tank Volume below overflow pipe per tank (kL) 2 

Depth above Overflow per tank (m) 0.2 

Adopted Surface Area per tank (m2)A 2.5 

Initial volume per tank (kL) 2 

Overflow Pipe Diameter per tank (mm) 90 

Daily Re-use per tank (L/day)B 150 
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Parameters Bioretention Systems 

Surface Area (m2)  2.5% of contributing catchment area 

Saturated Hydraulic Conductivity (mm/hr) 180 

Filter Median Particle Diameter (mm) 0.45 

Orthophosphate Content of Filter Media (mg/kg) 30 

Overflow Weir (m) 10% filter area 

6.4 MUSIC MODELLING RESULTS 

Results of the proposed stormwater quality management strategy are presented in Table 6.5, Table 6.6, Figure 6.2 and 

Figure 6.3 below. The MUSIC model for the proposed development on the Deferred Area is shown in Figure 6.1. 

The treatment train includes: 

 End of line bioretention basins,  

 Gross Pollutant Traps, and  

 Rainwater tanks for residential lots 

 

The results in Table 6.5 represent the pollutant reductions for the proposed development on the Deferred Area, discharging 

to the confluence of Queanbeyan River and Jumping Creek. 

Table 6-5: MUSIC QCC Load Reduction Results 

Description 
Target Pollutant 

TSS TP TN GP 

QCC WQO 80% 65% 65% 100% 

Load Reduction Achieved 90% 82% 72% 100% 

Load Reduction Achieved > WQO? YES YES YES YES 

 

The above results indicate that the Queanbeyan City Council’s Water Quality Objectives can be achieved for the 

proposed development on the Deferred Area. This includes chainage 0 to 100m along the Connecting Road draining 

directly to Jumping Creek. 

The results in Table 6.6 represent the annual pollutant loads for the proposed development on the Deferred Area, 

discharging to the confluence of Queanbeyan River and Jumping Creek. 

Table 6-6: MUSIC Model Annual Pollutant Loading (kg/yr) Results 

Description 

Annual Pollutant Loading (kg/yr) 

TSS TP TN 

Pre-development (1) 1260 1.43 24.7 

Post-development with measures (2) 584 0.94 20.2 

Difference (3) = (1) - (2) 676 0.49 4.5 

% Improvement = (3) / (1) * 100 53.6 34.3 18.2 

Neutral or Beneficial Effect? (Y/N) Y Y Y 
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The above results show that the modelled post-development total suspended solids, total phosphorus and total nitrogen 

loads with the proposed stormwater management measures in place provides between 18 to 54% improvement 

compared to the pre-development conditions.   

The comparative cumulative frequency curves for pollutant concentrations for phosphorus, nitrogen and total suspended 

solids are provided in Figure 6-2, Figure 6-3 and Figure 6-4 below.  

To meet Neutral or Beneficial Effect (NorBE) the concentration of pollutants for the post-development scenario should 

always be equal to or less than the concentration for the pre-development scenario. This is impractical for a risk based 

approach and the natural variability of rain events. As a result, the “Using MUSIC in Sydney’s Drinking Water Catchment 

- A Sydney Catchment Authority Standard” specifies that NorBE will be deemed to be met if the post-development 

scenario pollutant concentrations are equal to or less than the pre-development scenario concentrations between the 50th 

and 98th frequency percentiles when runoff occurs.  

 

Figure 6-2: Pre- and post-development cumulative frequency graphs for total phosphorus concentrations. 
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Figure 6-3: Pre- and post-development cumulative frequency graphs for total nitrogen concentrations. 

 

Figure 6-4: Pre- and post-development cumulative frequency graphs for total suspended solid concentrations. 

The above results show that the total suspended solids, total phosphorus and total nitrogen runoff concentrations for the 

post-development scenario are lower than the predevelopment conditions between the 50th and 98th percentiles.  
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6.5 DISCUSSION 

The MUSIC model results have conceptually shown that the Queanbeyan City Council’s Water Quality Objectives can be 

achieved for the proposed development on the Deferred Area. This includes chainage 0 to 100m along the Connecting 

Road draining directly to Jumping Creek. 

The results have also shown that NorBE would be achieved for the proposed development on the Deferred Area with the 

proposed management measures.  

Given that our surface runoff water quality modelling shows that the quality of the stormwater runoff from the Deferred Area 

would improve post development, it is considered that the ambient water quality within the Queanbeyan River and Jumping 

Creek will not deteriorate due the proposed development on the Deferred Area with the proposed stormwater quality 

improvement management measures. 

The sustainable achievement of NorBE will require stormwater management measures consisting of: 

 2000 L rainwater tanks (min) and plumbing of roofs to capture 50% of runoff into the tanks on each lot. Assumes a 
roof area of 350m2. Roof area adopted from Googong with similar lot sizes. 

 Rainwater re-use for external use only. Adding toilets and laundry will improve the MUSIC model results, 

 Gross Pollutant Traps, and 

 End of line bio-retention basins. 

7 DISCHARGING INTO JUMPING CREEK 

Integration of the proposed water quality treatment devices with Jumping Creek is important. The design and construction 

of stormwater outlets should aim to be natural, yet provide a stable transition from a constructed drainage system to the 

natural environment. It is recommended that the following be integrated in the final design with respect to outlet structures 

and scour protection: 

 Employ ecological engineering solutions for scour and erosion control, to meander the discharging water to the 
Creek. 

 Only use engineered solutions (e.g., stone pitching, concrete lined batters, and concrete structures) where 
necessary. 

 

Appropriate rehabilitation of disturbed areas following the installation of outlet structures should adequately restore the 

integrity of the riparian corridor. 

8 FLOOD MAPPING (100 YEAR ARI) 

Mapping of the 100 year flood extents for Jumping Creek and Queanbeyan River at the site is based on the 2008 

Queanbeyan Flood and Floodplain Risk Management Study and Plan (Lyell and Associates). The Queanbeyan Flood and 

Floodplain Risk Management Study and Plan identifies the 100 year ARI flood level at the confluence of Jumping Creek 

and Queanbeyan River to be 579.5m AHD.  

The Deferred Area surface levels varies between 580 m AHD and 605m AHD, which is well above the 100 year flood level. 

Refer to C15776-005+ for 100yr ARI flood extents along the Deferred Area. 
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9 RECOMMENDED RIPARIAN CORRIDOR WIDTHS 

LandData Surveys has undertaken a survey along Queanbeyan River corridor to define the highest bank on the eastern 

side of Queanbeyan River along the Deferred Area. LandData Surveys report is presented within Appendix G. 

Queanbeyan River and Jumping Creek are defined as 4th order or greater watercourses in accordance with the Strahler 

System. The unnamed tributary through the site is a 2nd order stream. The NSW Office of Water Guidelines for Riparian 

Corridors on Waterfront Land specifies that for a 4th order watercourse, the width of the vegetated riparian zone (VRZ) is 

40 metres measured from the top of the highest bank on both sides of the watercourse. For a 2nd order watercourse, the 

width of the vegetated riparian zone (VRZ) is 20 metres measured from the top of the highest bank on both sides of the 

watercourse. The riparian corridors for Queanbeyan River and Jumping Creek are shown in C15776-005+ in Appendix D. 

10 SOIL AND WATER MANAGEMENT STRATEGY 

10.1 BACKGROUND 

The Jumping Creek Deferred area is located along both Jumping Creek and Queanbeyan River, which is a highly sensitive 

ecosystem. During the land disturbance phase of a development, a large amount of soil can be eroded and deposited onto 

nearby lands or downstream waterways. To mitigate the impacts of land disturbances from developments, the NSW 

Government has developed the Managing Urban Stormwater: Soils and Construction Guidelines, also known as the NSW 

Blue Book. This guideline has been applied for the Soil and Water Management Strategy. 

10.2 OBJECTIVE 

The objective is to provide a high level Soil and Water Management Strategy for the Jumping Creek Deferred Area. Due 

to the highly sensitive nature of the downstream environment the aim of this strategy is to not only meet NSW Blue Book 

requirements but to exceed it where site constraints allow. Also, the principle of minimum disturbance is to be observed. 

10.3 METHODOLOGY 

10.3.1 CLEAR WATER DIVERSION 

Clear water diversion bunds are to be located upstream of the earthworks areas to divert clean water around any 

construction works. 

10.3.2 DIRTY WATER DIVERSION 

Dirty water diversion bunds are to be located on the low side the earthworks areas, to carry dirty water to the proposed 

sediment control basins. Where required, the use of rock check dams may be used in the channels to minimise scouring. 

10.3.3 OTHER TREATMENT MEASURES 

Sediment fences, straw bale sediment traps and geotextile surface protection is to be constructed at strategic locations 

where required. 

Any temporary culverts installed must have appropriate outlet protection installed after pipe laying without delay. 

10.3.4 SEDIMENT BASINS 
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10.3.4.1 LOCATION OF SEDIMENT CONTROL BASINS 

The Stormwater Quality Improvement Devices (SQIDs) outlined in this report will also be utilised as end of line sediment 

control basins during both civil construction and housing construction phases. 

10.3.4.2 SIZING OF SEDIMENT CONTROL BASINS 

The sediment basins for this study have been sized in accordance with the guidelines set out by the NSW Blue Book, 

Managing Urban Stormwater: Soils and Construction (2004). An assessment of the soil types provided in the Geotechnical 

Report (Geotechnical Terrain Assessment for the Proposed South Queanbeyan Rural-Residential Development NSW, 

February 1988) prepared by Coffey & Partners has been carried out. The soil types were compared against the soil type 

descriptions provided in the NSW Blue Book. Based on this assessment, a ‘Type D’ dispersible soil was adopted in the 

design. A ‘Type D’ soil also yields a worst case dispersive soil sediment basin size. The total volume of a ‘Type D’ sediment 

basin is the sum of the following two components: 

 A settling zone, within which water is stored allowing the settlement of suspended sediment, and 

 A sediment storage zone, where deposited sediment is stored until the basin is cleaned out. 
 

The settling zone is determined from a predefined y-percentile, 5-day rainfall depth as set in the NSW Blue Book.  

Due to the developments proximity to Queanbeyan River and Jumping Creek, and the sensitive nature of the downstream 

environment, the minimum rainfall event as stated in Section 6.3.4(f)(ii) of the NSW Blue Book is an 85th percentile 5 day 

event (pg. 6-21). This gives a design rainfall depth for Queanbeyan of 25.8mm over a 5 day period. 

The sediment storage zone is taken as the greater of: 

 0.5 x the settling zone capacity, or 

 Two months soil loss as calculated with the Revised Universal Soil Loss Equation (RUSLE). 
 

It was found that 0.5 x the settling zone capacity yields a larger storage volume for each basin and was therefore adopted 

for calculating the total sediment storage volume. Refer to Appendix F for sediment basin volume calculations. 

10.3.4.3 REQUIRED SEDIMENT BASIN SIZES 

Table 10-1 below shows the required sediment basin volumes for the developed catchments to Jumping Creek. It can be 

seen that the end of line Water Quality Improvement Devices proposed in Section 6 will have sufficient capacity to meet 

the required sediment basin volumes when excavated to the base of the filter component. Refer to Appendix D and Drawing 

C15776-006+ for the Soil and Water Concept Management Plan.  

Table 10-1: Summary of Sediment Basin Volumes 

Catchment Area (ha) 

1 Required Sediment 
Volume (m3) 

2 End of Line SQID 
Volume (m3) 

D_C1 (Urban Area) 4.17 905 1,023 

D_C8 (Road Catchment) 0.98 213 240 
1 This is the volume of the sediment basin required by the NSW Blue Book for 85th percentile 5-day event capture for 
Queanbeyan. 
2 This is the volume of the end of line Bio Retention Basin measured to the boxing level.  

The above table shows that the minimum required 5-day 85th percentile volume can be provided. The final sediment 

basin volumes are subject to detailed design. 
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10.4 CONSTRUCTION AND ESTABLISHMENT OF BIORETENTION BASINS 
USED AS SEDIMENT CONTROL BASINS 

The following information outlines a staged construction and establishment methodology for bioretention basins utilised as 

sediment control basins during civil construction. There are a number of challenges that must be appropriately considered 

to ensure successful construction and establishment of bioretention basins. These challenges are best described in the 

context of the typical phases in the development of a Greenfield development, namely the Civil Construction Phase and 

the Housing Construction Phase. 

10.4.1 CIVIL CONSTRUCTION PHASE CHALLENGES 

The Civil Construction Phase involves the civil works required to create the landforms associated with a development and 

install the related services (roads, water, sewerage, power, etc.) followed by the landscape works to create the softscape, 

streetscape and parkscape features.  

The risks to the successful construction and establishment of bioretention basins during this phase of work have generally 

been related to the following:  

 Construction activities which can generate large sediment loads in runoff which can smother vegetation and clog 
bioretention filter media or plants, and 

 Construction traffic and other works can result in damage to the bioretention basins. It is important to note that all 
works undertaken during civil construction are ‘controlled’ through the principle contractor and superintendent. This 
means the risks described above can be readily managed through appropriate guidance and supervision. 

10.4.2 HOUSING CONSTRUCTION PHASE CHALLENGES 

Once the Civil Construction works are complete the Housing Construction Phase can commence. This phase of 

development is effectively ‘uncontrolled’ due to the number of building contractors and sub-contractors present on any 

given block on any given day. For this reason the Housing Construction Phase represents the greatest risk to the successful 

establishment of bioretention basins. 

 

10.5 STAGED CONSTRUCTION AND ESTABLISHMENT METHOD 

To overcome the challenges associated within delivering bioretention basins a Staged Construction and Establishment 

Method should be adopted, see Figure 10-1 below. 

 

Figure 10-1: Staged Construction and Establishment Method 

Typical Period

Civil Construction Phase

- Civil Works

- Landscape Works

Housing Construction Phase

Stage 1: 

Sediment and Erosion Control

Stage 2: 

Functional Installation

Stage 3:

 Operational Establishment

1yr 2yr 3yr 4yr
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10.5.1 STAGE 1: SEDIMENT AND EROSION CONTROL 

During the civil construction phase no elements of the future bioretention basins should be established. The bioretention 

basins should only be constructed to the base of the filtration component to achieve the highest possible sediment storage 

volumes, and must be constructed as per the NSW Blue Book Guidelines. 

10.5.2 STAGE 2: FUNCTIONAL INSTALLATION 

Construction of the functional elements of a bioretention basin can be installed along with temporary protective measures. 

This involves: 

 Bulking out and trimming; 

 Installation of the outlet structures; 

 Placement of liner and installation of drainage layer (i.e. under-drains and drainage layer); 

 Placement of filter media; 

 Placement of a temporary protective layer by covering the surface of the filtration media with geofabric and 

placement of 25mm topsoil and turf over the geofabric. This temporary geofabric and turf layer will protect the 

bioretention basin during the housing construction phase ensuring sediment/litter laden water does not enter the 

filter media causing clogging;  

 Place silt fences around the boundary of the bioretention basins to exclude silt and restrict access.  

10.5.3 STAGE 3: OPERATIONAL ESTABLISHMENT 

At the completion of the Housing Construction Phase (approximately 2 years post-civil construction), the temporary 

measures (i.e. geofabric and turf) are removed with all accumulated sediment, and the bioretention system can be re-

profiled and planted in accordance with the proposed landscape design.  

Establishment of the vegetation to design condition can require more than two growing seasons, depending on the 

vegetation types, during which regular watering and removal of weeds will be required for all bioretention basins. 

11 CONNECTING ROAD AND SUBDIVISION EDGE ROADS 

11.1 GENERAL 

Portions of the Deferred Area along the connecting road alignment consist of steep terrain with site slopes up to 20%. The 

location and grading of the connecting road and subdivision edge roads have been refined from the previous Master Plan 

Layout to better allow for this steep terrain, to minimise the construction footprint and environmental impacts. See Appendix 

D for road design drawings. 

Special consideration was also given to future maintenance of the road corridors. Sufficient verge widths have been 

provided to facilitate maintenance of the grassed verges along the gully edges. 

The road corridors will also serve as a service corridor to service the proposed residential lots. The typical road cross 

section on Drawing C15776-008+ in Appendix D shows that the connecting road corridor has ample room to provide 

water, stormwater, sewerage, power and telecommunication services to the proposed development on the Deferred 

Area. 
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11.2 ROAD DESIGN CRITERIA 

The design criteria adopted for the connecting road and subdivision edge roads are compiled from Queanbeyan City 

Council’s Development Design Specification D1 – Geometric Road Design. 

The connecting road and subdivision edge roads have been designed as a Local Street. Table 11-1: outlines the key 

criteria. 

Table 11-1: Key criteria for road design 

Criterion Value 

Design Speed 40km/hr 

Minimum Radii of Horizontal Curves 40m      

Minimum Radii of Vertical Curves 25m    

Minimum K Value (Crest) 5.3 

Maximum Longitudinal Grade 16% 

Kerb Type Kerb and Gutter 

Carriageway Width 6m 

 

11.3 TYPICAL CROSS SECTIONS 

11.3.1 CONNECTING ROAD 

The main features of the Connecting Road cross section are as follows (see Typical Cross Section, Drawing C15776-008 

within Appendix D): 

 6m wide carriageway to allow for two 3m wide traffic lanes; 

 5m wide verge to accommodate street lighting and other services;  

 2m wide verge along the connecting road to reduce the extent of cut; 

 The total width of the road reserve is 13m; 

 Verges along the gullies will have uniform cross fall of 2% away from the kerb;  

 Fill batter slopes shall be 1v:4h or flatter;  

 Cut batter slopes shall be 1v:2h or flatter; and 

 Normal pavement cross fall is 3%. 

11.3.2 SUBDIVISION EDGE ROADS 
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The main features of the Subdivision Edge Road cross section are as follows (see Typical Cross Section, Drawing C15776-

008+ within Appendix D): 

 6m wide carriageway to allow for two 3m wide traffic lanes; 

 5m wide verge to accommodate street lighting and other services;  

 2m wide verge along the subdivision edge roads to reduce fill into the riparian corridor; 

 The total width of the road reserve is 13m;  

 Verges along the gullies will have uniform cross fall of 2% away from the kerb;  

 Fill batter slopes shall be 1v:4h or flatter;  

 Cut batter slopes shall be 1v:2h or flatter; and 

 Normal pavement one-way cross fall away from blocks is 3%. 

11.4 DISCUSSION 

The above sections 11.2 and 0 with drawings in Appendix D show that the connecting road and subdivision edge roads 

can be designed and constructed to comply with Queanbeyan City Council’s Development Design Specification D1 – 

Geometric Road Design.    

A 6m wide carriage for the connecting road and subdivision edge roads has been adopted from Googong for this study. 

The carriageway width can be adjusted at DA stage should Queanbeyan City Council request a differed width. We note 

that changing the carriageway width will not change the result of this study.
 

12 VEHICULAR ACCESS 

Queanbeyan City Council aims to provide appropriate and safe access to all lots for pedestrian, vehicles and cyclists. 

Queanbeyan City Council’s Development Design Specification D13 – Vehicular Access Design specifies that the 

gradients of residential driveways within a lot shall not exceed 1v:6h for driveways which fall away from the property 

boundary. 

The vehicular accesses off the Connecting Road to the building envelopes on the large lots have been graded at a 

maximum of 1v:6h. See drawing C15776-016 within Appendix D for the vehicular access locations and long sections.  

13 CONCLUSION 

Calibre Consulting has completed a detailed assessment of the urban capability of the portion of the Jumping Creek 

Residential Estate currently zoned as Deferred Area. The detailed assessment specifically looked at site slope (vehicular 

access to the Deferred Area), stormwater quality and quantity post development of the Deferred Area, and erosion and 

sediment control for the period of construction on the Deferred Area.  

This detailed assessment has found that a residential development on the Deferred Area will have no adverse effects on 

the environment, with the management measures proposed in this report. These management measures include the 

control of sediment runoff during both civil and housing construction phases. The use of rainwater tanks, gross pollutant 

traps and bioretention basins for the treatment of stormwater runoff.  
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The water quality modelling results have also shown that a Beneficial Effect would be achieved for the proposed 

development on the Deferred Area. This assessment has also found that using the catchment wide approach for 

stormwater quantity control, a development within this area will have no impact on the 1 and 100 ARI storm event Peak 

flows.  

Access roads and services within the Deferred Area are able to meet the required standards as set by QCC. 

It has been determined that the a residential development within the Deferred Area is feasible, and can comply with the 

requirements of QCC, DPE and OEH with respect to slope, stormwater quantity, water quality and sediment control. 
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APPENDIX C RATIONAL METHOD CALCULATION 

  



Jumping Creek

C15000776
File: H:\P15\15-000776\stormwater\Rational Method\New folder\[Rational Method Calculation.xlsx]C Outlet

Date: 28.07.14

Job: C15000776

By: PM

Locality:

Jumping 

Creek

IFD Ref:

IFD Source: BOM IFD

Time of Concentration Calculations

Equation Type / Method Area (ha) Length (m)
Av. Slope 

(%)

Pipe Dia. 

(mm)

Velocity 

(m/s)

Sub-Total 

(mins)
tc (min)

NSW Rational Method 3676.00 15200 2.3 2 126

Note: Catchment area from XP-RAFTS model from Sydney (X07008) Adopted tc 126

C10 VALUE  

1I10 

(mm/hr)
C10

C10 from Figure 5.1 of AR&R Vol.2 = 0.3

Also consistent with Figure 5.1 of AR&R Vol.2

Adopted C10 0.40

Flow Calculations (QUDM 4.03.1)

tc (min) 126

ARI Cy tc
Iy A (ha) Q (m

3
/s)

1 0.276 10.42 3676.00 29.37

2 0.308 13.47 3676.00 42.36

5 0.356 17.18 3676.00 62.45

10 0.400 19.52 3676.00 79.73

20 0.440 22.64 3676.00 101.72

50 0.504 26.84 3676.00 138.13

100 0.536 30.14 3676.00 164.96

IFD_Jumping Creek

Reference

AR&R Vol. 1 (1987) Section 5.4.1

31.6 0.40
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APPENDIX E XP-RAFTS MODEL INPUT PARAMETERS – EXISTING 

Catchment Name  Area Percentage Impervious Vectored Slope 

C2Down 15.3 5% 7.05 

C2Up 21.44 5% 7.05 

C3 3.17 5% 15.5 

C4 1.63 5% 15.88 

C5 0.384 5% 14.93 

C6 0.21 5% 13.4 

C1 3.89 5% 9.3 

C7 532.6 5% 5.65 

C8 794.6 5% 5.64 

C9 362.6 5% 3.5 

C10 144.8 5% 1.6 

C11 29.3 5% 17 

C12 583.2 5% 3.6 

C13 298.4 5% 5.95 

C14 363.7 5% 3.39 

C15 262.8 5% 5.38 

C16 119.8 5% 10.8 

C17 30.78 5% 8.8 

C18 39.5 5% 7.03 

C19 21.2 5% 8.83 

C_Out 9.87 5% 1.5 
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APPENDIX F XP-RAFTS MODEL INPUT PARAMETERS – DEVELOPED 

Catchment Name  Area Percentage Impervious Vectored Slope 

D_C2Up 21.44 5% 7.05 

D_C1 4.16 45% 9.3 

D_C2Down 14.06 5% 7.05 

D_C3 3.17 40% 15.5 

D_C4 1.63 40% 15.88 

D_C5 0.384 40% 14.93 

D_C6 0.21 40% 13.4 

D_C7 0.3 95% 12.62 

D_C7.2 532.6 5% 5.65 

D_C8 0.7 95% 6 

D_C8.2 794.6 5% 5.64 

D_C9 0.79 80% 1 

D_C9.2 362.6 5% 3.5 

D_C10 144.8 5% 1.6 

D_C11 28.3 5% 17 

D_C12 583.2 5% 3.6 

D_C13 298.4 5% 5.95 

D_C14 363.7 5% 3.39 

D_C15 262.8 5% 5.38 

D_C16 119.8 5% 10.8 

D_C17 30.78 5% 8.8 

D_C18 39.5 5% 7.03 

D_C19 21.2 5% 8.83 

D_Out 9.87 5% 1.5 
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APPENDIX G LANDDATA RIVER BANK REPORT  
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APPENDIX H SEDIMENT BASIN VOLUME CALCULATIONS 

 



C15776 PJM 12/08/2015

Calibre Consulting

Jumping Creek SWVMP

Sediment Basin Sizing to the NSW Blue Book 85th percentile 5 day rainfall event

constant R%ile, day (mm) A (Ha) Cv V 0.5*V Or Constant A (Ha) R K LS P C RUSLE V

Deferred Area RUSLE (85%ile) 4.17 300 8.66 10 25.8 4.17 0.56 602.4816 301.2408 0.17 4.17 1500 0.04 5.381 1.3 1 419.718 228.8755 301.2408 903.7224

Road (west) RUSLE (85%ile) 0.98 300 6 10 25.8 0.98 0.56 141.5904 70.7952 0.17 0.98 1500 0.04 3.25 1.3 1 253.5 32.487 70.7952 212.3856

Total Storage 

Required (m^3)V use

Storage Zone VolumeSettling Zone Volume

A (Ha) Length dH Slope %
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