CONCEPT STORMWATER
AND WATER QUALITY

MANAGEMENT L S
REPORT

Proposed Development of

46-66 O'CONNELL STREET
CADDENS NSW

MAY 2021

Group Development Services Pty Ltd

ABN: 55613 295 195

Unit 2, 1 Central Avenue
“Thornleigh, NSW 2120

PO Box 498
Pennant Hills NSW 1715

Phone: +61 2 9980 1000
Email: info@gdsland.com.au
www.gdsland.com.au

0

GROUP DEVELOPMENT SERVICES

Document Set ID: 9584818
Version: 1, Version Date: 12/05/2Q



GROUP DEVELOPMENT SERVICES

REVISION DATE PREPARED BY REPRESENTING
A 19/8/2020 HE Group Development Services
B 5/5/2021 MD Group Development Services

Copyright Notice: Group Development Services Pty Limited

The copyright in this work is vested in Group Development Services NSW Pty Limited and the document is issued in confidence for the purpose only for which it is
supplied. It must not be reproduced in whole or in part except under an agreement with, or with the consent in writing of, Group Development Services Pty Limited
and then only on the condition that this notice appears in any such reproduction. No information as to the contents or subject matter of this document or any part

thereof may be given orally or in writing or communicated in any manner whatsoever to any third party without prior consent in writing of Group Development
Services Pty Limited.

Document Set ID: 9584818
Version: 1, Version Date: 12/05/2021

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021 n



~ »

GROUP DEVELOPMENT SERVICES

CONTENTS

L0 1 =T 41 iii
LIy o - 1 ¢ = v
LISt Of FigUI@S .. ciieueiiiiiiniiiiiiiiiiiiniiiiienisiieess i tirassseettassssstesssssstesssssssesssssstsnsssssesssssssesassssseessssssssssssns v
EXECUTIVE SUMMARY ....oiiiiiiiiiiiiiiiiiiiiiiiiniieiisisesssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss vi
BN =] T N [ vii
REFERENCED STANDARDS & DOCUMENTATION .....ccciiiiiiiiiiiiiiiiniiiiininiisiisisssisssssssssssssssssssssssssessssssssssssens viii
1. INTRODUCGTION ..ot s s s s s s s s s s s s s s s s s s s s s s s s s 1
R R - 7= Yol 4= o 1 ¥ s o IS SRR 1

O A ¥ o 1YY ol Y UURUR 2

2, SITE CHARACTERISTICS.....ccitiiiiiiiniiiiieiiitieteitieieteteretertsetetsteseteteresstsressesmesessesresstssssessesssssessasssssassssens 3
R S o Tor 1 o o TR PSP PP 3

D2 A VoY e To)={ -1 o] 1V USSPt 3

2.3, WaAter COUISES .ottt e s s b e e e s e e s s sba e e s s b s e e sanrae 3

2.4, EXEErNal CatCmMENTS ..oouiiiiiciie ettt st sttt et e sr e st e s sae e e e sreenneene 3

B2 T o 1o Yo Yo |1 Y= TP SROt 3

3. STORMMWATER DRAINAGE.......cccctttiiiiiiiiiiiiiiiiniieiiieeeeenees s e sssesseseesess e eessesseseseesessssssssssaesessenns 4
0 R S T H T TN Ko T ¢ NV LT gl D - 1T a = = 4

3.2, St CAtCNMENT. ..ttt et b bt eat e s ae e be e be e sae e e e e reenree 4

3.3, Proposed DraiNage Strat@gY ......ccciveeieiiiee e ieieee et ettt e e e e etre e e e rte e e st ae e e eebte e e e s nbee e e enreaeeennnees 6

3.4.  On-Site Stormwater DEtention .......ccooviiiiiiiiiiiiiic i 6

4, STORMWATER QUALITY...cceeiiiiiiiiiiiieiiiiiiieiiiiinieeiiesses s seseesse s s eesse s e s s e sese e s sesessessesesssesssassessessessenenns 8
4.1, POllULANtS Of CONCEIN..couiiiiiiie ettt sttt st e s it e e st e e s bt e e sreeesareeeabeeenreesaneeesnneas 8

4.2. ReCEIVING WaALEIS oo 8

4.3. Environmental Values and Water Quality Objectives (WQO’S) .....ccueeeecreeieiiiiee e 8

4.4, Modelling/AssessSMENT APPIrOACH ......ccveiiiueiectee ettt e e et e e et e e steeeeaeeeereeeeteeesaresenrees 8

4.5.  Water QUality TreatmMeENTt ... c.ii et st e sb e st s r e s re e e sreeesneas 9

I T 1[0 -1 I D) - [ TSP POV 9
4.5.2. CatChmeNnt Parameters ... ..ooiiie ittt ettt ettt e et e st e bt e s b et e e e s b eesenre e sneeens 9
4.5.3.  RAINWALET TANKS...eiitiiiiieitieiiet ettt et sttt et e s bt e sbe e st e s et s st e e st e e e e e sbeesaeesaneenneenne 11
4.5.4.  Bio-Retention Basin......cccouiiiiiiiiiiiiiiiiiiii e 11
4.55.  MUSIC MOAEIING RESUILS ..eeeiieiiieiiiiiiiee e e ettt e ettt e e e e e e ree e e e e e e s e taaeeaeeeeeesennrasseeeeeanennnes 11

5. STORMWATER QUALITY MANAGEMENT PLAN — CONSTRUCTION PHASE.............ccootrmmrmmnniiiiiinnnnnnee 12
T R @ 1 ] =T or 1Y TSRS 12

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021 n
Document Set ID: 9584818

Version: 1, Version Date: 12/05/2021



J 5
>

GROUP DEVELOPMENT SERVICES

5.2.  Management of Sedimentation & ErOSION .........cuviiiiiiiiiiciiie et e e e e e s sne e e 12

5.3.  Management of Contaminated SOilS .......ccocueiiiiiiiie e e 13

5.4. Management of IMported Materials .........cccueiiiiiiie i erree e e eraeeeeans 13

5.5, MONitoring & MaiNTENANCE «.cci it e e s s e s e e e ae e e s esaataaeeeeeesennanns 13

5.6.  Responsibility & REPOITING......ceiiiiiiei ittt esree e et e e s stte e e e srta e e e s e beeessntaaeeeanraeeeanns 13

6. STORMWATER QUALITY MANAGEMENT PLAN — OPERATIONAL PHASE .........ccccoetiririiiiininenenenenenennns 14
TR R O] o] =Tl 1 V7Y PSPPSR 14

6.2.  Performance REQUITEMENTS..........uuiiiieee ettt ettt e e e e et ree e e e e e e et e r e e e e e e esssnrtsaaeeeeeanannes 14

o T (Y oY P T =T o L= o 1Y = T U = 14

(T S \V/ oY a1 o] 1 a Y= <7\, F= ¥ = = o o < 15

6.5. Bio-Retention Monitoring & Mainte@NANCEe .........ccuiiiiiiiiii e e 15

6.5.1.  Maintenance Of RAINGAIAEN ..........coouoooeecuuiiieeeie ettt e e e e e ettt e e e e e e e esreeeeee s e s esasbaaeeaeeessesnnsenes 16
6.5.2. INSpection & MAINTENANCE TASKS .......c..ueeeeeeeeeeeiciee e eeeee e eeee e e ettt e e ste e e e etaee e s tee e esnbae e e e sseeeeenanees 16
6.5.3.  Filter Media Monitoring & Field TESING ..........c.uueiecceeeeeiiieeeesteeeeccee e esvee e e cte e e e taae e e e reee e e 16
6.5.4.  Inspection & Maintenance SCREAUIE....................oooecuuieiecieee ettt ae e e 16
6.5.5. WOrkplace HEAIth QNG SAFELY ...t e e e e e e e e e e e sranareeeeae s 17
6.5.6. The Developer’s RESPONSIDIlILIES ..........c..uueeeeeeee ettt ee e e e s ecaraee e e e e e s taraae e e e e e e e renraees 17
6.5.7.  The CoUNCil’s RESPONSIDIIILIES ...........cvueeeeeieeeeeiieeeecctee e ectee e sttt e s e e e e satre e e e abe e s e ebeaeeeeneeesennees 17
6.5.8.  The oWNers’ RESPONSIDIlILIES ............cc.ueeieeeueeieiiiiee e ettt e sce e e e st e e e e ae e e etrae e e s stae e e e s nae e e eenseaeeennnees 17

7. CONCLUSION ...ttt saesraeseraessraasstrasstrssssreessrensstessssssssstassstsssstssssssasssessssssssssenssssnssssnns 18
APPENDIX A IFD Table and Chart ..........ccoiiiiiiimuiiiiiiiiiiiiiinsiinir s e s s s se s s sssss s ss s e s sesans 24
APPENDIX B Plan of subdiViSion............ccoiiiiiiimmiiiiiiiiiiiiiiininn e sssseesss e e s e eneas 26
APPENDIXC  Catchment Plans........ccoiiiiiiiiiiiiiiiicinncnnnn s s s 27
APPENDIXD  MUSICHNK FEPOIt.....cciiiiiiiiiiiiiiinininnnirnrs s s s s s s s s 28
APPENDIXE The Inspection and Maintenance Schedule..............o i aees 29
APPENDIX F  In Situ Monitoring of Hydraulic ConductiVity .......c.ccccceremeiiiireeiiiiireecirrecereeeecsseeeeeseeenens 30

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021 n
Document Set ID: 9584818

Version: 1, Version Date: 12/05/2021



! (o

LIST OF TABLES

Table 1- Pre-development and Post-development model parameters and design flows (without OSD) .......... 5
Table 2- Designed Basin DELailS........coeeiiiiiiiiieeeie ettt ettt ettt e be et bbb bt et sae e 6
Table 3- Site Catchment OULLETS ANALYSIS.....viirii i s e s e e te s s e ssseeneeeseeeseeens 7
Table 4- Maximum volume and water level of on-site detention Basins..........cccccveeeeirceeieniecceneneeee e 7
Table 5- MUSIC Rainfall Runoff Parameters (Soil CharacteriStics) ........ouvviivueiieeiieiiecieeecee e 10
Table 6- MUSIC Base and Storm Flow Concentration Parameters for Source Nodes.........ccocevevveriesivreeniennnns 10
Table 7- MUSIC CatChment PArameELers ........cooiiuieiiiiiierie ettt sttt st eat e s st sttt e et et sbeebe b 10
Table 8- MUSIC Rainwater Tank ParameEters. ........cco i iiiiirieiiieeierte ettt sttt sttt et sbe b nbe s 11
Table 9- MUSIC Bio-Retention Basin Parameters. .......cccivieiiririiesierieereesesieerte st eee et se e s e e nnesnees 11
Table 10- MUSIC MOAEIlING RESULLS. .....coouiiirieiieiee ettt sttt st st sbe sttt sb et e st b e e e e nbens 11
Table 11- Typical Construction Phase POLULANTS ......c..ccuviriiiriiiciceeeesee e 12
Table 12- Operational (Permanent) Water Quality ObJeCtiVES ......c.cveiriiiciriieeceeeee e 14
Table 13- Typical Maintenance Regime (Source: Water By Design Maintaining Vegetated Stormwater Assets
VLT oY T A0 0 S 15
LIST OF FIGURES

FIGUIE 1-Sit@ LOCATION ettt ettt st st sttt r et e s r e s bt e st e s nessneseesmeeanesneens 1
FIGUIE 2- DEVELOPEA AFEQ ..ttt sttt b bbbt se et e et ebe et bbbt se e b enn e e ene e 3
Figure 3- Site catchment areas in pre-development CONditioN.......c.coveeieiinieninniee e 4
Figure 4- Site catchment areas in post-development coNdition ..........ccocieviiieiiicieiee e 5
Figure 5- MUSIC Treatment Train. ... ittt sttt e st st sttt e e sbe e saeesmeesmees 9
Figure 6- FAWB Recommended Filter Media Hydraulic CONAUCEIVITY .....cccovieiiireniiniiieicreeeeeeee e 15

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021 -
Document Set ID: 9584818
Version: 1, Version Date: 12/05/2021



o
E

GROUP DEVELOPMENT SERVICES

EXECUTIVE SUMMARY

GDS has been commissioned to prepare the engineering road and drainage design for the proposed residential
subdivision at 46-66 O'Connell St, Caddens (Lot 3 on DP1103503). It is proposed to subdivide the subject site into
236 title lots, and 1 residue lot. This report investigates stormwater management in both quality and quantity
aspects after site development based on Penrith City Council guidelines.

The site is located within The Penrith City Council (Council) Local Government Area (LGA). The proposed layout
will generally be in accordance with the Indicative Layout Plan. The site will be designed in accordance with
Penrith City Council’s Development Control Plan, referred to as the Design Specification hereafter.

The site is currently used as a general agricultural use. The site is located on top of a crest and the slope varies
from 6% to 12%. The site is located within the Werrington Creek catchment. The site is not flood affected.

To meet Penrith City Counil’s requirements in terms of stormwater quality and quantity, two temporary and three
permanent onsite detention basins and WSUD measures will be supplied. To achieve the water quality targets,
rainwater tanks and a bioretention basin have been designed for this site.
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1. INTRODUCTION

1.1. Background

Group Development Services Pty Ltd (GDS) has prepared the engineering earthworks, road, and drainage design
forthe proposed residential subdivision of the land known as 46-66 O’Connell Street, Caddens, referred to as “the
site” from hereafter. The site is located within Penrith City Council (Council) Local Government Area (LGA). Figure
1 shows the location of the development site.

Figure 1-Site Location

At the time of preparing this report, it is understood that none of the adjoining properties are under a
development process and the southern adjoining property has been developed recently. This report has been
prepared to support the proposed modification of Development Application to Council.

It should be noted that this stormwater strategy has been based on the road longitudinal grading that was
designed. The road grading was assumed to be “frozen” for design purposes. Should the road grading be
changed, it may be necessary to re-visit the stormwater management strategy to ensure that it is still relevant.

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021 -
Document Set ID: 9584818
Version: 1, Version Date: 12/05/2021



e .

[\

1.2. Study Scope

The scope of this study is to produce a stormwater management strategy for redevelopment, which addresses
how the development proposes to manage stormwater run-off and analyses both water quantity and water
quality of stormwater flows leaving the site.

The following tasks have been undertaken to complete this study:

e Preparation of concept drainage engineering plans.

e Stormwater conveyance for the minor 5 year ARI.

e Major flow management of the 100 year ARI.

e Stormwater detention so that the 2 and 100 year ARI flows are the equivalent of the pre-developed land.

e Produce a concept stormwater strategy design as per the IWCM guidelines.

e Review of standards, codes, policies and relevant Council reports, consultant reports and relevant
planning instruments.

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021
Document Set ID: 9584818
Version: 1, Version Date: 12/05/2021



gCs

GROUP DEVELOPMENT SERVICES

2. SITE CHARACTERISTICS

2.1. Location

Thesiteis located within the suburb of Caddens, within The Penrith City Council (Council) Local Government
Area (LGA). The region is semi-rural with approximately 12.15 ha in size.

il Y -:_ﬂf B s e
. ‘—"I ».l‘.: 7 : ‘ A s o A

Figure 2- Developed Area

2.2. Topography

For the purpose of the analysis the site has been divided into seven different pre-development sub catchment
areas. Considering the overland flow for each of them there is a discharge point along the north-west corner of
the site, another one on the north-east, one on the south-east and a major one along the south-west corner. The
existing site levels range from 66.5m AHD to 46.0m AHD. Refer to Figure 3 for an illustration of the site catchment
areas in the pre-development conditions.

2.3. Water Courses

There is no specified watercourse through the site.

2.4. External Catchments

Based on the site topography, there is no upper catchment for the site Refer to Appendix C for the definition
of the catchments plan.

2.5. Flooding

The development site is clear of the PMF flood level.
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3. STORMWATER DRAINAGE

3.1. Existing Stormwater Drainage

There is currently no major formalised drainage infrastructure within the site. The site overflow hardstand
areas are assumed to be drained via overland flow that discharges into the existing street or water course.
Thessiteis located on the top of a hill with an elevation of 66.50 m AHD and grades to the north to 50.0 m AHD
atan average grade of 7% and to the south down to 46.0 m AHD with an average grade of 6%. The site divided
into seven sub-catchments. Figure 3 illustrates the site catchment areas in the pre-development conditions.

CAT-PRE7 [T
=S A= 0.4944 ha i

A= 24143 ha & ) >
o NGB A= 10142 ha

CAT-PRE5S
A= 0.4190 ha

Figure 3- Site catchment areas in pre-development condition

3.2. Site Catchment

As in pre-development condition, the site run-off discharges un-concentrated, however, in post-developed
condition, the site run-off will be directed into the same discharging points with less and/or same flow rate.
For the purpose of this study the discharge in post-developed condition has been split in two major point of
discharge: Westincluding OSD 1, 2, 3,4 and bypass areas; and East which includes OSD 5. Refer to Figure 4 for
an illustration of the site catchment areas in the post-development conditions. Six different developed sub
catchments and three undeveloped areas are defined based on discharging points:

1) The north-western catchment which will discharge north into O’Connell street in Post-development
condition (OSD 1 and Bypass North-West).

2) The south-western catchment which will discharge south into O’Connell street in Post-development
condition (OSD 2, OSD 3, Bypass South-West and Bypass South 2).

3) The south catchment which will discharge within the site through an outlet and a Rip-Rap to release the
run-off to the adjoining property in safe condition (OSD 4 and Bypass South 1).

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021
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4) The north-eastern catchment which will discharge within the site through an outlet and a Rip-Rap ~ eroweromansaves
to release the run-off to the adjoining property in safe condition (OSD 5).

i":fmm.l 3 xe

Figure 4- Site catchment areas in post-development condition

Hydrological modelling has been undertaken using the computer software package DRAINS for the design of
the drainage network. DRAINS perform design and analysis calculations for urban stormwater drainage
systems and models the flooding behaviour of rural and urbancatchments.

The Rainfall Runoff Parameters used in the Drains model were the ILSAX comply with Council’s design
guidelines.

The site has been modelled as individual nodes. Pre-development input parameters and design flows from
the 50% to 1% AEP storm event are summarised in Table 1. A hydraulic assessment of the external catchment
conveyance through the site will be conducted during the detailed design. The post-development discharge
location is proposed to be the same as the existing catchment.

Table 1- Pre-development and Post-development model parameters and design flows (without OSD)

Site External Fraction AEP design flow (m?3/s)
Catchment | Catchment | impervious
Pre-development 12.149 0.0 5 0450 | 1476 | 2239 | 3.027 | 3995 | 4723
model
Post-development 12.149 0.0 85 2.046 3.065 3.830 4.627 5.701 6.517
model
Notes:

e Catchment losses and antecedent moisture conditions (AMC) are in accordance with Council’s Engineering

Guidelines.
e Rainfall intensity-frequency-duration (IFD) and temporal pattern data is in accordance with Australian Rainfall and
Runoff (AR&R) (Appendix A).
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e Storm durations considered between 5 minutes and 6 hours.
e Pre-development catchment time of concentration based on sheet flow for the first 50m and minor concentrated
flows for the remaining length.
e Post-development catchment time of concentration based on 5-minute property travel time to the road gutter
and 1.5 m/s concentrated flow for the remaining length (based on Section 4.6.3 (b) of the Queensland Urban
Drainage Manual (2013) (QUDM)).

3.3. Proposed Drainage Strategy

The stormwater drainage design will be carried out in accordance with Council’s Engineering Design
Guidelines. The piped drainage will be designed to convey the 5-year ARl minor storm event with the road
carriageway used to convey excess flows generated in the 100-year ARl major storm event.

The development will introduce an increase in impervious areas consisting of roofs, roads, driveways and
footpaths reducing the potential for infiltration. Additionally, water intercepted by these impervious surfaces
will be directed into the stormwater system and rapidly conveyed to the catchment outlet increasing the peak
flows from the site. To mitigate these potential impacts, on-site detention will be required within the site to
attenuate the flows back to the equivalent rural level. It is proposed that detention will be provided through
bio-retention basins.

3.4. On-Site Stormwater Detention

To meet Council’s requirement in terms of stormwater quality and quantity, onsite detention basins are
required. Preliminary sizing of the basins has been based on the following criteria:

e Council requires post-development peak flows limited to pre-development peak flows for all storms up
to and including the 100-year ARl event.

e Basins are notto encroach into the proposed and future road reserveareas.
A preliminary design has been carried out using the DRAINS software. For DA purposes, all storms up to and
including the 100-year ARl event have been assessed. Final basin areas and volumes are likely to change
pending confirmation of design criteria. It is not proposed to attenuate the existing external catchment. A
pass-through system is proposed to let this catchment discharge under the site and continue downstream.
This system is to be independent of the site’s stormwater drainage.

Lots will be required to provide stormwater detention for runoff from the roofs over and above the reuse
requirements and will be effective for the 5 and 20-year ARI events. Bio-detention basins will be provided with
total storage volume of approximately 3,133 m®. It is proposed that these on site detention basins will be
located in the site low points.

Preliminary configuration for bio-retention basins is summarized in Tables 2. The analysis shows post-
development peak flows have been reduced up to pre-development peak flows whilst achieving the assumed
design criteria. Moreover, bio-retention filter media has been provided for water treatment in each OSD. The
results are summarised in tables 3 and 4.

Table 2- Designed Basin Details

Catchment Area (m?) Bottom Area (m?) Volume (m?)
1 0sD1 2.056 125.0 996.0
2 0sD2 2,676 250.0 490.0
3 0SD3 1.795 379.0 570.0
4 0OSD4 2.281 401.0 600.0
5 0OSD5 1.657 557.0 477.0
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Table 3- Site Catchment Outlets Analysis

: Fractipm ARI design flow (m3/s)
impervious
(%) 50%AEP | 20%AEP | 100%AEP | 5%AEP | 2% AEP | 19 AEP
Pre'diggoefme”t 1471 5 0.054 0.185 0.285 0381 | 0491 | 0578
EAST Post-development
P 1.657 85 0.048 0.106 0.173 0322 | 0412 0.551
model
Pre-development | ) ) o 5 0.396 1291 1.954 2.646 3.504 4.145
model
WEST  postdevelopment
OSLAEVEOPMENt |44 497 85 0.389 0.756 1.168 1778 2296 2.853
model
Pre'diqvggoefme”t 12.149 5 0501 1554 2316 3149 | 4008 | 4766
Total Post-devel :
ost-aevelopmen
o delp 12.149 85 0.397 0.953 1.559 2288 | 3131 4.055

Table 4- Maximum volume and water level of on-site detention Basins

BASIN 1 (OSD1)

50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP
MAX WATER LEVEL (m) 50.34 51.16 51.69 52.03 52.30 5235
MAX VOLUME (m3) 359.3 569.8 7289 841.1 934.9 955.3
BASIN 2 (0SD2)
50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP
MAX WATER LEVEL (m) 46.01 46.41 46.6 46.69 46.75 46.79
MAX VOLUME (m3) 231.0 360.5 4285 459.9 481.9 4983
BASIN 3 (OSD3)
50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP
MAX WATER LEVEL (m) 52.72 53.08 53.25 53.41 53.62 53.77
MAX VOLUME (m3) 168.4 305.0 367.7 430.0 510.1 565.8

BASIN 4 (OSD4)

50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP
MAX WATER LEVEL (m) 55.5 55.88 55.99 56.08 56.21 56.37
MAX VOLUME (m3) 244.0 394.8 4388 472.9 526.6 589.1
BASIN 5 (OSD5)
50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP
MAX WATER LEVEL (m) 62.54 62.75 62.86 6291 62.95 62.98
MAX VOLUME (m3) 228.0 3393 4003 429.0 4493 4706

Based on this assessment, the proposed development will be able to mitigate the peak flow from the site such that it
will be less than or equivalent of the pre-developed site and not adversely impact on the downstream lands.
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4. STORMWATER QUALITY

4.1. Pollutants of Concern

During the operational (post-construction) phase of a subdivision development, key pollutants which may be
of concern in the site’s stormwater runoff include:

o |itter

e Sediments

e Nutrients

e Surfactants

e Hydrocarbons

During the construction phase of the development, the typical pollutants that can be expected during this
phase are outlined below. Measures should be put in place during the construction phase to mitigate these
pollutants.

o Litter

e Sediments

e Hydrocarbons

e Toxic Materials

e pH Altering Substances

4.2. Receiving Waters

The receiving water for the site stormwater drainage is the Killarney Chain of Ponds.

4.3. Environmental Values and Water Quality Objectives (WQO’s)

The Water Quality Guidelines for the development have been obtained from Council’s DCP which is
summarised below in.

e 85% reduction for Total Suspended Solids (TSS);
e 60% reduction for Total Phosphorous (TP);

e 45% reduction for Total Nitrogen (TN);and

e 90% reduction for Gross Pollutants.

4.4. Modelling/Assessment Approach

A quantitative assessment of stormwater runoff quality was considered only for the operational phase of the
development.

The pollutants of concern during the construction phase are not readily modelled due to the varying and site-
specific nature of construction practices. The pollutant sources are largely dependent on the site practices
and the ability of the site to manage them. A Best Management Practice (BMP) approach was adopted in the
selection of the construction phase management options.

In order to assess the post-development stormwater discharge concentration of key pollutants from the site,
modelling of runoff for the site has been undertaken using the Model for Urban Stormwater Improvement
Conceptualisation (MUSIC) Version 6.3 software package. The site has been assessed using one model for the
entire development.
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4.5. Water Quality Treatment

Given the site characteristics, the Stormwater Quality Improvement Devices (SQID’s) chosen to treat the
stormwater discharge in accordance with the WQQO’s include rainwater tanks with reuse, and bio-retention
basins. Refer to Figure 5 for the proposed stormwater quality treatment train used within MUSIC.
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Figure 5- MUSIC Treatment Train.

4.5.1. Rainfall Data

The MUSIC software is capable of utilising rainfall data from a variety of sources based on a range of time
steps, such as 6-minute to daily data steps. In accordance with the Draft MUSIC Modelling Guidelines for New
South Wales (2010) a 6-minute time step has been adopted as this most accurately models such SQID’s as
rainwater tanks, GPTs, grassed swales and bio-retention basins.

The model runs were based on assessing the Monthly average areal potential evapotranspiration data and
rainfall data from the Peats Ridge Bureau of Meteorology (BoM) data (Station No. 67113). This site was selected
as it represented the closed BoM station to the Caddens site. The period represented the period where the
data was most complete based on the data codes.

4.5.2. Catchment Parameters

The section outlines the MUSIC catchment parameters used to model the site’s source nodes and meet the
requirement with Penrith council MUSIC link.

For the purposes of the water quality modelling, the following catchment parameters were adopted:
e Impervious fraction of 100% for the roofed and 95% for paved roads reserve.
e Impervious fraction of 50% for open space in lot areas.

e Urban pollutant loads stochastically generated using parameters detailed in Table 3.10 of the Draft MUSIC
Modelling Guidelines for New South Wales (BMT WBM, 2010).

e Soil storage and field capacity are the default MUSIC rainfall-runoff parameters as summarised in Table 4-3.
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Table 5- MUSIC Rainfall Runoff Parameters (Soil Characteristics)

Parameter Urban
Rainfall Threshold (mm) 14
Soil Storage Capacity (mm) 105
Initial Storage (%) 30
Field Capacity (mm) 70
Infiltration Capacity coefficient - a 150
Infiltration Capacity exponent - b 35
Initial Depth (mm) 10
Daily Recharge Rate (%) 25
Daily Baseflow Rate (%) 10
Daily Deep Seepage Rate (%) 0.0

Table 6- MUSIC Base and Storm Flow Concentration Parameters for Source Nodes

Land Use

TSS (Logl0 mg/L)

TP (Logl0 mg/L)

gCs

GROUP DEVELOPMENT SERVICES

TN (Logl0 mg/L)

Parameter

Category

Mean 1.10 1.3 -0.82 -0.89 0.32 0.3
Urban - Roofs

Std. Dev 0.17 0.32 0.19 0.25 0.12 0.19
Urban- Mean 1.20 2.15 -0.85 0.6 0.11 03

Remaining
Ground Area Std. Dev 0.17 0.32 0.19 025 0.12 0.19
Urban - Mean 12 243 -0.85 0.3 0.11 0.34

Roads incl.
Verge Std. Dev 017 0.32 0.19 025 0.12 0.19

The above data has been sourced from Tables 3-09 and 3-10 of the Draft MUSIC Modelling Guidelines for New South Wales

(2010).

Table 7- MUSIC Catchment Parameters

Catchment Area Lot Lot Road |Batter/Residue | Bypass Roof to BSS;{S Exéﬁjtde
IN(EES (ha) Number | area(ha) | area(ha) area (ha) Road (ha) RWT (ha) RWT (ha) Roof (ha)
Catl 2.056 36 0.962 0.569 0.513 0.036 0.289 0.289 0.385
Cat2 2.677 45 1.137 0.608 0.907 0.000 0.341 0.341 0.455
Cat3 1.795 48 1.227 0.495 0.035 0.000 0.368 0.368 0.491
Cat4 2.281 62 1.453 0.788 0.000 0.000 0.436 0.436 0.581
Catb 1.657 45 1.108 0.493 0.000 0.000 0.332 0.332 0.443

Byapass

North-West 0.296

Byapass
South-West 0226

Bypass

South 1 0810

Bypass

South 2 0315

In lieu of documented guidance, the fraction impervious for the ground level area has been adopted and
consistent with the Water by Design MUSIC Modelling Guidelines (2012).

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021 n
Document Set ID: 9584818
Version: 1, Version Date: 12/05/2021



e .

[
4.5.3. Rainwater Tanks

Rainwater tanks have been provided in accordance with the DCP. Rainwater tanks with 3KL per lot have been
modelled.

Table 8- MUSIC Rainwater Tank Parameters

Parameter ltem

Rainwater Tank below pipe (kL) 3
Associated Lots 236
Total Rainwater Tank Volume (kL) 708
Internal Reuse Rate (kL/day) 0.08
External Reuse Rate (kL/year) 25

4.5.4. Bio-Retention Basin

The final stage of the MUSIC treatment process is the bio-retention filtration which will consist of a vegetated
area that is backfilled with sand around the Subsoil drainage pipes. The final process has been designed to
provide sediment and nutrient removal prior to stormwater being transferred into the stormwater system.
Table 10 outlines the MUSIC input parameters used for the proposed development.

Table 9- MUSIC Bio-Retention Basin Parameters

Bio-Ret. Bio-Ret. Bio-Ret. Bio-Ret. Bio-Ret.

Farameter Basinl Basin2 Basin3 Basin4 Basin5
Extended Detention Depth (m) 0.3 0.3 0.3 0.3 0.3
Storage
Total Area (m?) 125 250 379 401 557
Total Filter Area (m?) 110 200 200 200 250
Saturated Hydraulic Conductivity 125 125 125 125 125
(mm/hr)

Infiltration | Filter Depth (m) 0.5 0.5 0.5 0.5 0.5
TN Content of Filter Media (mg/kg) 800 800 800 800 800
Orthpphosphate Content of Filter 40 40 40 40 40
Media (mg/kg)

4.5.5. MUSIC Modelling Results

Based on the proposed stormwater treatment train described within the previous sections of this report Table
10 details the stormwater pollutant reductions achieved.

Table 10- MUSIC Modelling Results

Sources Residual Load % Reduction
Flow (ML/yr) 50 47.8 4.4
Total Suspended Solids (kg/yr) 8500 1270 85.1
Total Phosphorus (kg/yr) 16.6 5.27 68.3
Total Nitrogen (kg/yr) 112 52.4 53.3
Gross Pollutants (kg/yr) 1400 45.8 96.7
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5. STORMWATER QUALITY MANAGEMENT PLAN - CONSTRUCTION PHASE
5.1. Objectives

The objective of the Construction Phase Management Plan is to ensure compliance with the DCP. The
purpose of the management planis to prevent the discharge of polluted stormwater off the site and to ensure
that the environmental values of receiving waters are maintained or enhanced.

Pollutants typically generated during the Construction Phase are outlined in Table 12.

Table 11- Typical Construction Phase Pollutants

Pollutant Sources

Litter Paper, construction packaging, food packaging, cement bags, off-cuts.

Sediment Unprotected exposed soils and stockpiles during earthworks and building.
Hydrocarbons Fuel and oil spills, leaks from construction equipment.

Toxic Cement slurry, asphalt prime, solvents, cleaning agents, wash waters (e.g. from tile
materials works).

pH altering Acid sulfate soils, cement slurry and wash waters.

substances

As a guide refer to the Water by Design Construction and Establishment Guidelines Version 1.1, April 2010

for the construction and establishment of the proposed stormwater treatment devices.

5.2. Management of Sedimentation & Erosion

A siltation and erosion fence are to be erected. It is expected that the siltation fence along the perimeter of
the site will eliminate almost all risk of sediment being washed off the site. Accidental spills of soil or any other
material shall be removed immediately if rainfall is likely to occur or at least upon completion of the days’
work depending upon the material.

Entry and exit from the site will be restricted to a single stabilised location to minimise the risk of tracking
sediment over the site. It is expected that a layer of crushed rock will provide the necessary stabilisation for
the access route. A specific area on the site shall be designated for washing down the construction plant. The
wash-down area will be contained by earth bunds. There will be no wastewater discharged from the site
during construction. The details of the erosion and sediment control devices are to be confirmed during the
Construction Certificate phase.

Sediment and erosion control measures, including the design of sediment basins during construction will be
in accordance with Managing Urban Stormwater Soils and Construction, (Landcom 2004) (The Blue Book).
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5.3. Management of Contaminated Soils

The site is not listed as having Acid Sulphate Soils or Contaminated Land. However, in the event that Acid
Sulphate Soils or Contaminated Land is found on site, a management plan is to be implemented and
maintained by a suitably qualified professional.

5.4. Management of Imported Materials

Any material imported onto the site (including construction materials) will be stockpiled in a location where
it cannot contaminate stormwater runoff.

5.5. Monitoring & Maintenance

Silt traps, sediment fences and structural measures should be checked daily during construction, by the
Construction Manager. Inspections will ensure the integrity of control structures and other structural
measures. Additional inspections will be required immediately following periods of heavy rain. Sediment
build-up is to be removed from behind the silt fences and other barriers immediately after each major rainfall
event. All noted stormwater treatment devices within this report are to be inspected, maintained, rectified and
reported on in accordance with Council’s requirements. Refer to the Water by Design Maintaining Vegetated
Stormwater Assets Version 1 (February 2012) manual for a guide.

5.6. Responsibility & Reporting

Performance monitoring of all drainage control measures along with erosion and sediment control devices
will remain the responsibility of the contractor. Site inspection forms/checklists shall be reported to the
Construction Manager following inspection of water quality devices/measures.

The contractor should erect signage at the entrance to the site with contact information (including after-hours
contact information). The contractor shall be responsible for the appropriate handling of all complaints.

The contractor is to report on all stormwater quality treatment devices in accordance with Council’s
requirements. Refer to the Water By Design Maintaining Vegetated Stormwater Assets Version 1, February
(2012) manual for a guide.
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6. STORMWATER QUALITY MANAGEMENT PLAN - OPERATIONAL PHASE

6.1. Objectives

Water quality objectives for stormwater leaving the developed site under the operational phase are based on
reductionsin mean annual pollutant loads detailed in Section 13 of this report. Pollutant reduction values are
outlined in Table 12.

Table 12- Operational (Permanent) Water Quality Objectives

Pollutant Indicator ‘ Pollutant Reduction
Total Suspended Solids 85%
Total Phosphorous 60%
Total Nitrogen | 45%
Gross Pollutants | 90%

6.2. Performance Requirements

Performance requirements for the Management Plan are in accordance with Council and New South Wales
Department of Environment Marine Water Quality Objectives, and notably the following:

e Thereduction of dust and particulate matter being washed into the stormwater drainage system; and

e The prevention of hydrocarbons, nutrients, chemicals and heavy metals washed from the stormwater
drainage system to the external catchment.

6.3. Management Measures

The majority of the site will either be sealed or landscaped following development. The amount of sediment
likely to be generated by a mulched and watered landscape area is considered to be minimal.

Gross pollutants such as paper and plastic waste will be prevented from entering the stormwater drainage
system by the installation of grates to all stormwater inlets.

All stormwater pipes will be fully sealed, and no contaminants will be able to enter the stormwater system
from the roof catchment area orthrough infiltration into the stormwater pipes constructed below the ground.

Dust and particulate matter washed into the stormwater system will be reduced by regular sweeping and
removal from car parking and vehicle service areas.

Dangerous goods will be stored in properly designed and constructed storage areas as required by the
relevant statutory requirements.

All stormwater treatment devices noted within this report are to be inspected, maintained, rectified and
reported on in accordance with Council Requirements Refer to the Water By Design Maintaining Vegetated
Stormwater Assets Version 1 (February 2012) manual for a guide.
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6.4. Monitoring & Maintenance

Table 13 and Appendix E outlines the required inspections and maintenance frequency for each stormwater
treatment device. The site is believed to be within a “Temperate” area. Inspections and maintenance are to be
carried out in accordance with Penrith City Council.

Table 13- Typical Maintenance Regime (Source: Water By Design Maintaining Vegetated Stormwater Assets Version 1,

2012)
ASSETTYPE SUB-TROPICAL TROPICAL TEMPERATE
Wet season Dryseason  Wet season Dry season
Swales 4 months* 4 months* 4 months* 4 months* 4 months*
Bioretention i
2 months 4 months 2 months 4 months 3 months
systems
Constiucted 2 months 3 months 1 month** 3 months 3 months
wetlands
Sediment basins 2 months 3 months 1 month** 3 months 3 months

*Turf swales will require more frequent mowing
**For tropical climates, monthly inspections are required during the wet season
due to the risk of noxious/declared weeds (e.g. Salvania and Para grass)

Refer to Appendix E - Water Quality Inspection and Maintenance Schedule for a sample maintenance and
inspection procedure checklist for the proposed stormwater quality treatment devices detailed within this
report.

6.5. Bio-Retention Monitoring & Maintenance

The proposed bio-retention basins detailed within the report are to be inspected, maintained, reported on
and rectified in accordance with Council. Refer to the Water by Design Maintaining Vegetated Stormwater
Assets Version 1 (February 2012) - Section 3.2, Bio-Retention Technical Design Guidelines Version 1, October
2012 and the Facility for Advanced Water Biofiltration Bio-Retention Maintenance Plan for guidance. The filter
media located within each bio-retention basin is to be tested in accordance with the FAWB Practice Note 1: In
Situ Monitoring of Hydraulic Conductivity (See Appendix E). The resulting filter media hydraulic conductivity
is to be assessed against the FAWB recommended filter media hydraulic conductivity chart, shown in Figure
6.

1

_ o o

| | | | | | | | |
0 100 200 300 400 500 600 700 800

Hydraulic Conductivity (mm/hr)
Figure 6- FAWB Recommended Filter Media Hydraulic Conductivity

In the event that the hydraulic conductivity for the filter media is not within the recommended range, the
bio-retention system is to be rectified in accordance Council requirements.
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6.5.1. Maintenance of Raingarden

In order for a raingarden to work properly, regular inspection and maintenance of its components must be
undertaken. In general, a raingarden needs to be checked after a heavy rainfall for blockage or damage and at
a minimum of every 3 months. A full inspection should also be carried out one year after construction and
then annually.

The maintenance activities proposed in this plan are applicable after the establishment phase of the
raingarden. The end of the raingarden’s establishment phase can be defined as the time when the raingarden
vegetation is suitably established. This would typically be expected 1 to 2 years following planting. Planting
should be undertaken when the upstream catchment is fully developed and completely connected to the
raingarden.

6.5.2. Inspection & Maintenance Tasks

Inspection and maintenance are to be conducted on a regular basis to ensure the raingarden functions as
designed. Such checks should be carried out at least on a quarterly basis during the first few years of operating
the raingarden. The inspection and maintenance tasks that need to be regularly undertaken to maintain the
good condition and to ensure the operation of the raingarden can be grouped into the following categories:

e Filter Media;
e Horticultural; and
e Drainage.

TheInspection and Maintenance Schedule in Section 5 lists what needs to be done and how often they should
be undertaken.

6.5.3. Filter Media Monitoring & Field Testing

In addition to the required inspection and maintenance tasks, the Facility for Advancing Water Biofiltration
(FAWB) recommends field testing of the raingarden’s filter media to be carried out at least twice. The first
testing is to be conducted after one month following commencement of operation of the raingarden. The
second is to be carried out during the second year of operation to assess the impact of vegetation on hydraulic
conductivity.

After the second year, hydraulic testing should be undertaken every two years or when there has been a
significant change in the catchment characteristics. In-situ hydraulic conductivity testing should be
conducted in at least three evenly spaced locations for raingardens that have filter media area of less than
50m?. Larger raingardens require additional testing locations for every 100m? of filter media. The in-situ
hydraulic conductivity testing procedure is discussed in Practice Note 1: In-situ Measurement of Hydraulic
Conductivity (FAWB 2008) included in Appendix E.

6.5.4. Inspection & Maintenance Schedule

The Inspection and Maintenance Schedule given in Table 15 a checklist in Appendix F has been provided to
assist to inspection and maintenance of the raingarden. Inspection and maintenance of the raingarden will be
the responsibility of developer/owners. All inspection and maintenance tasks should be undertaken by suitably
qualified personnel.
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6.5.5. Workplace Health and Safety

All raingarden maintenance activities shall be undertaken in a manner that minimises the workplace health and
safety risk to maintenance personnel and the general health and safety of the public.

Itisimportant that the maintenance staff:
e Comply with Council’s Workplace Health and Safety (WH&S) policy and risk management processes;

e Have athorough knowledge of the workplace, health and safety risks (i.e. able to identify and reduce
any workplace hazards and risks) associated with maintenance activities (e.g. working in close
proximity to traffic);

e Areequipped with adequate personal safety protection equipment; and

e Areaware of public health and safety risks associated with maintenance activities (e.g. undertaking
maintenance activity during a significant rain event).

6.5.6. The Developer’s Responsibilities

The developer will be responsible for all soil and water management until at least 12 months3 after more
than 90 percent of a catchment is stabilised. Thereafter, any subdivision-scale water quality structure
would be transferred to owners/ building management. A method of transfer is given in Water by Design
(2012a). A copy of this document is freely available from www.waterbydesign.com.au.

Although they may be built during the subdivision construction, the bioretention swales should not be
activated until at least 90 percent of their catchment is stabilised (i.e. more than 90 percent is covered with
hard surfaces or is vegetated). This is to prevent them from becoming clogged by excessive sediment.

6.5.7. The Council’s Responsibilities

Council would ultimately become responsible for the trunk drainage of Railway Road. The bioretention swales
would require ongoing maintenance under developer/owner responsibility. to the requirements of Water
by Design (2012b). A copy of this document is freely available from www.waterbydesign.com.au.

6.5.8. The owners’ Responsibilities

The rainwater tank collection system (gutters, pipes, rainwater tanks, pumps and valves)/bio-retention
basin and sediment basin would be maintained by owners committee/building management. They
would require periodic inspection and maintenance, but the requirements are not great. Periodically all
inlets, outlets and pumps for stability and operational performance should be inspected.

The tanks would be fitted with a back-flow prevention valve such that mains water can be used when the tank
level falls below 5 percent. The valve must be checked annually by a registered plumber to the requirements
of AS/NZS 2845.1:2010.
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/. CONCLUSION

The proposed Stormwater Management Plan for 46-66 O’Connell Street Caddens consists of a conventional pit
and pipe system to convey surface flows through the development to the bio-detention basins, water quality
treatment and filtration devices. Detention is provided via five open bio-detention basins with a total volume of
3,133 m*(2.5% of developed area).

Due to pollutant loads created by the development, water quality treatment is required to comply with council
guidelines. Awater quality treatment train has been provided to treat pollutant runoff before discharging into the
downstream catchment. It is recommended that bio retention basins with total filter media area of 960 m” and a
rainwater tank per lot to be installed to minimise the development potential impacts on water quality on the
surrounding environment and to detain surface runoff back to pre-developed flows.

Stormwater Management Report | 46-66 O’Connell Street Caddens | 5/5/2021 n
Document Set ID: 9584818

Version: 1, Version Date: 12/05/2021



APPENDIXA IFD TABLE AND CHART
IFD Design Rainfall Intensity
Latitude: -33.25 33.2375(S)] Issued: 13 August 2020
Longitude: 151.444 151.4375(E)]
Rainfall intensity (mm/h) for Durations, Exceedance per Year (EY), and Annual Exceedance Probabilities (AEP).
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Intensity-Frequency-Duration Table
Rainfall intensity in mm/hr for various duration and Average Recurrence Interval

Annual Exceedance Probability (AEP)

Duration 63.2% 50%%# 20%*  10% 5% 2% 1%

1 min 120 137 193 231 270 322 363
2 min 97.7 110 152 181 210 251 284
3 min 90.6 103 142 169 197 235 265
4 min 85.5 97.1 135 161 188 224 755
5 min 81.1 92.4 129 154 180 215 242
10 min 64.4 74.0 104 126 147 175 197
15 min 53.5 61.6 87.2 105 122 146 165
20 min 46.0 52.9 74.7 9.9 105 125 141
25 min 40.5 46.5 65.5 78.8 92.0 110 124
30 min 36.3 41.6 58.4 70.2 81.9 97.8 110
45 min 28.0 31.9 44.5 53.4 62.2 74.3 832.8
1 hour 23.1 26.2 36.4 43.5 50.7 60.5 68.4
1.5 hour 17.6 19.8 27.2 32.5 37.8 45.2 51.1
2 hour 14.5 16.3 22.2 26.5 30.8 36.8 41.7
3 hour 11.0 12.4 16.8 20.0 23.3 27.9 31.6
4.5 hour 8.51 9.53 12.9 155 17.9 21.4 24.3
6 hour 7k b 7.98 10.8 12.9 15.0 18.0 20.4
9 hour 5.58 6.27 8.54 10.2 11.9 14.3 16.2
12 hour 4,71 5.31 7.29 8.73 10.2 12.3 13.9
18 hour 3.71 4,22 5.87 7.06 .28 9,94 11.3
24 hour 3.13 3.58 5.03 6.07 7.14 8.58 9.70
30 hour 773 3.13 4,45 5.39 6.35 7.62 8.61
36 hour 2.44 2.81 4.01 4,88 5.75 6.90 7.79
48 hour 2.02 2.34 3.38 4,12 4.87 5.83 6.57
72 hour 1.51 1.76 2.58 3.16 3.74 4.47 5.02
96 hour 1.21 1.41 2.07 2.54 3.01 3.59 4,03
120 hour 1.01 1.18 1.72 2.11 2.50 2.97 3.33
144 hour 0.864 1.00 1.46 1.78 2.11 2.51 2.81

168 hour 0.754 0.873 1.25 1.532 1.82 2.15 2.41
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PENRITH

MUSIC-link Report

MusIiC2

Project Details

Project:

Report Export Date:
Catchment Name:
Catchment Area:
Impervious Area*:
Rainfall Station:

Modelling Time-
step:

Modelling Period:

Mean Annual
Rainfall:

Evapotranspiration:
MUSIC Version:

MUSIC-link data
Version:

Study Area:

Scenario:

Stormwater Quality (WSUD) assessment
Report | 46-66 OConnell | St Caddens

4/05/2021

P00361 - OConnell St-MV MUSIC Model [01]
11.978ha

64.88%

67113 PENRITH

6 Minutes
1/01/1999 - 31/12/2008 11:54:00 PM
691mm

1158mm
6.3.0

6.33

Penrith

Penrith Development

Company Details

Company: Group Development Senvices (GDS)
Contact: Melissa Diaz

Address:

Phone: 02-99801000

Email: melissa@gdsland.com.au

* takes into account area fromall source nodes that link to the chosen reporting node, excluding Inport Data Nodes

Treatment Train Effectiveness

Treatment Nodes

Source Nodes

Node: Post-Development Node  Reduction  Node Type Number Node Type Number
Aow 4.4% Rain Water Tank Node 5 Urban Source Node 28
TSS 85.1% Bio Retention Node 5
TP 68.3%
TN 53.3%
GP 96.7%
Comments
10f5

Document Set ID: 9584818
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PENRITH

MusIiC2

Passing Parameters

Node Type
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Post
Post
Post
Post
Post
Rain
Rain
Rain
Rain
Rain
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Document Set ID: 9584818

Node Name

Cat1 - Bioretention

Cat1 - Bioretention

Cat2 - Bioretention

Cat2 - Bioretention

Cat3 - Bioretention

Cat3 - Bioretention

Cat4 - Bioretention

Cat4 - Bioretention

Cat5 - Bioretention

Catb - Bioretention
Post-Development Node
Post-Development Node
Post-Development Node
Post-Development Node
Post-Development Node
Cat1 - Rainwater Tank

Cat2 - Rainwater Tank

Cat3 - Rainwater Tank

Cat4 -Rainwater Tank

Catb - Rainwater Tank
Baypass South 2 (0.315 ha)
Baypass South 2 (0.315 ha)
Baypass South 2 (0.315 ha)
Bypass South 1 (0.810 ha)
Bypass South 1 (0.810 ha)
Bypass South 1 (0.810 ha)
Bypass South West (0.226 ha)
Bypass South West (0.226 ha)
Bypass South West (0.226 ha)
Ca3 - Lotarea (0.491 ha)
Ca3 - Lotarea (0.491 ha)
Ca3 - Lotarea (0.491 ha)
Ca3 - Road (0.495 ha)

Ca3 - Road (0.495 ha)

Ca3 - Road (0.495 ha)

Ca3 - Roof Bypass RWT (0.368 ha)
Ca3 - Roof Bypass RWT (0.368 ha)
Ca3 - Roof Bypass RWT (0.368 ha)

Ca3 - Roof to RWT (0.368 ha)
Ca3 - Roof to RWT (0.368 ha)

Version: 1, Version Date: 12/05/2021

Parameter

Hi-flow bypass rate (cum/sec)
PET Scaling Factor

Hi-flow bypass rate (cum/sec)
PET Scaling Factor

Hi-flow bypass rate (cum/sec)
PET Scaling Factor

Hi-flow bypass rate (cum/sec)
PET Scaling Factor

Hi-flow bypass rate (cum/sec)
PET Scaling Factor

% Load Reduction

GP % Load Reduction

TN % Load Reduction

TP % Load Reduction

TSS % Load Reduction

% Reuse Demand Met

% Reuse Demand Met

% Reuse Demand Met

% Reuse Demand Met

% Reuse Demand Met

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

20of5

Min Max
None 99
2.1 21
None 99
2.1 21
None 99
2.1 21
None 99
2.1 2.1
None 99
2.1 2.1
None None
90 None
45 None
60 None
85 None
80 None
80 None
80 None
80 None
80 None

None  None
None  None
None  None
None  None
None  None
None  None
None None
None  None
None  None
None  None
None  None
None  None
None  None
None None
None  None
None  None
None  None
None  None
None  None

None None

Actual

90
21
90
21
90
21
90
21
90
21
44
96.7
533
68.3
85.1
100
100
100
100
100
0.077
0.237
0.315
0.041
0.768
0.81
0.011
0.214
0.226
0.2455
0.2455
0.491
0471
0.023
0.495
0.368

0.368
0.368



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Node Name

Ca3 - Roof to RWT (0.368 ha)

Cat 1 - B2 Bypass Treatment (0.296 ha)
Cat 1 - B2 Bypass Treatment (0.296 ha)
Cat 1 - B2 Bypass Treatment (0.296 ha)
Cat 2 - Bypass Treatment (0.035 ha)
Cat 2 - Bypass Treatment (0.035 ha)
Cat 2 - Bypass Treatment (0.035 ha)
Cat1 - Lot area (.385 ha)

Cat1 - Lot area (.385 ha)

Cat1 - Lot area (.385 ha)

Cat1 - Residue area/Batter (0.513 ha)
Cat1 - Residue area/Batter (0.513 ha)
Cat1 - Residue area/Batter (0.513 ha)
Cat1 - Road (0.569 ha)

Cat1 - Road (0.569 ha)

Cat1 - Road (0.569 ha)

Cat1 - Road Bypass Treatment (0.036 ha)
Cat1 - Road Bypass Treatment (0.036 ha)
Cat1 - Road Bypass Treatment (0.036 ha)
Cat1 - Roof Bypass RWT (0.289 ha)
Cat1 - Roof Bypass RWT (0.289 ha)
Cat1 - Roof Bypass RWT (0.289 ha)
Cat1- Roof to RWT (0.289 ha)

Cat1- Roof to RWT (0.289 ha)

Cat1- Roof to RWT (0.289 ha)

Cat2 - Lot area (0.455 ha)

Cat2 - Lot area (0.455 ha)

Cat2 - Lot area (0.455 ha)

Cat2 - Residue area/Batter (0.907)
Cat2 - Residue area/Batter (0.907)
Cat2 - Residue area/Batter (0.907)
Cat2 - Road (0.608 ha)

Cat2 - Road (0.608 ha)

Cat2 - Road (0.608 ha)

Cat2 - Roof Bypass RWT (0.341 ha)
Cat2 - Roof Bypass RWT (0.341 ha)
Cat2 - Roof Bypass RWT (0.341 ha)
Cat2 - Roof to RWT (0.341 ha)

Cat2 - Roof to RWT (0.341 ha)

Cat2 - Roof to RWT (0.341 ha)

Only certain parameters are reported when they pass validation

Document Set ID: 9584818

Version: 1, Version Date: 12/05/2021
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Parameter

Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvous (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

MusIiC2

Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

0.368
0.015
0.280
0.296
0.001
0.033
0.035
0.192
0.192
0.385
0.024
0.488
0.513
0.541
0.027
0.569
0.034
0.001
0.036
0.289

0.289
0.289

0.289
0.2275
0.2275
0.455
0.043
0.863
0.907
0.578
0.029
0.608
0.341

0.341
0.341

0.341



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Node Name

Cat4 - Lot area (0.581 ha)

Cat4 - Lot area (0.581 ha)

Cat4 - Lot area (0.581 ha)

Cat4 - Road (0.788 ha)

Cat4 - Road (0.788 ha)

Cat4 - Road (0.788 ha)

Cat4 - Roof Bypass RWT (0.436 ha)
Cat4 - Roof Bypass RWT (0.436 ha)
Cat4 - Roof Bypass RWT (0.436 ha)
Cat4 - Roof to RWT (0.436 ha)

Cat4 - Roof to RWT (0.436 ha)

Cat4 - Roof to RWT (0.436 ha)

Cat5 - Lot area (0.443 ha)

Cat5 - Lot area (0.443 ha)

Cat5 - Lot area (0.443 ha)

Cat5 - Road (0.493 ha)

Cat5 - Road (0.493 ha)

Cat5 - Road (0.493 ha)

Cat5 - Roof Bypass RWT (0.332 ha)
Cat5 - Roof Bypass RWT (0.332 ha)
Cat5 - Roof Bypass RWT (0.332 ha)
Cat5 - Roof to RWT (0.332 ha)

Cat5 - Roof to RWT (0.332 ha)

Cat5 - Roof to RWT (0.332 ha)

Only certain parameters are reported when they pass validation
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Parameter

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

MusIiC2

Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

0.2905
0.2905
0.581
0.750
0.037
0.788
0.436

0.436
0436

0.436
0.2215
0.2215
0443
0.469
0.023
0493
0.332

0.332
0.332

0.332



PENRITH .
CITY COUNCIL MUSIC2link

NOTE: A successful self-validation check of your model does not constitute an approved model by Penrith City Council
MUSIC-link now in MUSIC by eWater — leading software for modelling stormwater solutions
50f5
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APPENDIX E

THE INSPECTION AND MAINTENANCE SCHEDULE

Document Set ID: 9584818

Stormwater Management Report- 46-66 O’Connell Street Caddens- 5/5/2021

Version: 1, Version Date: 12/05/2021

2
;MO
$
g
3
g
H
H



Table 1- Inspection and Maintenance Schedule

Bio-retention Potential Concerns Frequency Maintenance Required
Element

FILTER MEDIA TASKS

Filter Media Sediment deposition Check for accumulation of sediments near inlets. 4 times per year and Remove sediment build-up from inlet areas.
after all major storm
events
Filter Media Holes or scour Check for holes, erosion and scour. 4 times per year and after  Infill any holes in the filter media. Provide energy
all major storm events dissipation (e.g. rocks and pebbles at inlet) if
necessary.
Filter Media Filter media surface Inspect for the accumulation of an impermeable layer (such as 4 times per year and after  Repair minor accumulations by raking away any mulch
porosity oily or clayey sediment) that may have formed on the surface of all major storm events on the surface and scarifying the surface of the filter
the filter media. A symptom may be that water remains ponded media between plants.
in the Bio-retention for more than a few hours
after a rain event.
Filter Media Litter control Check for litter (including organic litter e.g. mulching, 4 times per year and after Remove both organic and anthropogenic litter to
decaying leaves) in and around treatment areas. all major storm events ensure flow paths and infiltration through the filter

media are not hindered.

HORTICULTURAL TASKS

Turf/grass Pests and diseases Assess plants for disease, pest infection, stunted growth or 4 times per year and after  Treat or replace as necessary. Any noticeable issues
senescent (i.e. ageing) gross. all major storm events with the gross should be referred to an appropriate

landscape architect and/or ecologist.

Turf/grass mowing of the Bio- Reduced gross density. 4 times per year and after  If mowing occurs during the wet season the clippings
retention’s grass all major storm events should be collected to prevent mobilisation by
subsequent rain events. Care should be taken to
prevent rutting when mowing the Bio-retention if it is

wet.
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Bio-retention

Potential Concerns Inspection Frequency Maintenance Required
Element
Bio-retention Weeds It is important to identify the presence of any rapidly spreading 4 times per year and Inspect for and manually remove weed species.
Surface Layer weeds as they occur. The presence of such weeds can reduce after all major storm Application of herbicide should be limited to a wand or

dominant species distribution and diminish aesthetics. Weed species | events restrictive spot spraying due to the fact that Bio-
can also compromise the system’s long-term performance. retentions directly drain to downstream watercourses.

Bio- Lack of water Check for turf condition (e.g. stunted growth, unhealthy 4 times per year and in Irrigate following extended dry periods.

retention appearance). Filter media could also reveal flaking or cracks. dry season

Surface

Layer

DRAINAGE TASKS
. Inefficient . . . . . . .
Subsoil Ensure that perforated pipes are not blocked to prevent filter media 2-3 times per year and Rod and flush subsoil drainage lines to prevent
. ti f subsoil . . . .
Drainage operation of subsot and plants from becoming waterlogged. A small steady clear flow after all major storm build-up of sediment.
drainage due to . . .
of water may be observed discharging from the perforated pipe at events
Blockage . L . .

its connection into the downstream pit some hours after rainfall.
Note that smaller rainfall events after dry weather may be
completely absorbed by the filter media and not result in flow.
Remote camera (e.g. CCTV) inspection of pipelines for blockage and
structural integrity could be useful.

OSD TANKS . , _ ,
Potential Concerns Inspection Frequency Maintenance Required
Element
Outlet Accumulation of Check for build-up of sediments and litter inside pit. Check condition | 2-3 times per year and Accumulated sediments and debris to be removed in
sediments in the of pit lid. after all major storm order for the systems to function.
Input/ Output Pits events
8
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APPENDIXF  INSITUMONITORING OF HYDRAULIC CONDUCTIVITY

Stormwater Management Report- 46-66 O’Connell Street Caddens- 5/5/2021
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CONDITION ASSESSMENT AND PERFORMANCE EVALUATION OF BIORETENTION SYSTEMS

PRACTICE NOTE 1: In Situ Measurement of Hydraulic Conductivity

Belinda Hatt, Sebastien Le Coustumer
April 2008

The Facility for Advancing Water Biofiltration (FAWB) aims to deliver its research findings in a variety
of forms in order to facilitate widespread and successful implementation of biofiltration
technologies. This Practice Note for In Situ Measurement of Hydraulic Conductivity is the first in a
series of Practice Notes being developed to assist practitioners with the assessment of construction
and operation of biofiltration systems.

Disclaimer: Information contained in this Practice Note is believed to be correct at the time of
publication, however neither the Facility for Advancing Water Bioifltration nor its industry partners
accept liability for any loss or damage resulting from its use.

1. SCOPE OF THE DOCUMENT

This Practice Note for In Situ Measurement of Hydraulic Conductivity is designed to complement
FAWB’s Guidelines for Soil Filter Media in Bioretention Systems, Version 2.01 (visit
http://www.monash.edu.au/fawb/publications/index.html for a copy of these guidelines). However,

the recommendations contained within this document are more widely applicable to assessing the
hydraulic conductivity of filter media in existing biofiltration systems.

For new systems, this Practice Note does not remove the need to conduct laboratory testing of filter
media prior to installation.

2. DETERMINATION OF HYDRAULIC CONDUCTIVITY

The recommended method for determining in situ hydraulic conductivity uses a single ring
infiltrometer under constant head. The single ring infiltrometer consists of a small plastic or metal
ring that is driven 50 mm into the soil filter media. It is a constant head test that is conducted for
two different pressure heads (50 mm and 150 mm). The head is kept constant during all the
experiments by pouring water into the ring. The frequency of readings of the volume poured
depends on the filter media, but typically varies from 30 seconds to 5 minutes. The experiment is
stopped when the infiltration rate is considered steady (i.e., when the volume poured per time
interval remains constant for at least 30 minutes). This method has been used extensively (e.g.
Reynolds and Elrick, 1990; Youngs et al., 1993).

Note: This method measures the hydraulic conductivity at the surface of the soil filter media. In
most cases, it is this top layer which controls the hydraulic conductivity of the system as a whole
(i.e., the underlying drainage layer has a flow capacity several orders of magnitude higher than the
filter media), as it is this layer where fine sediment will generally be deposited to form a “clogging
layer”. However this shallow test would not be appropriate for systems where the controlling layer

1
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is not the surface layer (e.g. where migration of fine material down through the filter media has
caused clogging within the media). In this case, a ‘deep ring’ method is required; for further
information on this method, please consult FAWB’s report “Hydraulic performance of biofilter
systems for stormwater management: lessons from a field study”, available at
www.monash.edu.au/fawb/publications/index.html.

2.1 Selection of monitoring points

For bioretention systems with a surface area less than 50 m?, in situ hydraulic conductivity testing
should be conducted at three points that are spatially distributed (Figure 1). For systems with a
surface area greater than 50 m%an extra monitoring point should be added for every additional
100 m>. It is essential that the monitoring point is flat and level. Vegetation should not be included
in monitoring points.

Figure 1. Spatially distributed monitoring points

2.2 Apparatus
The following is required:

e 100 mm diameter PVC rings with a height of at least 220 mm. The bottom edge of the ring
should be bevelled and the inside of the ring should be marked to indicate 50 mm and 150 mm
above the filter media surface (Figure 2).

e 40 L water

e 100 mL, 250 mL and 1000 mL measuring cylinders

e Stopwatch

e Thermometer
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e Measuring tape

e Spirit level

e Hammer

e Block of wood, approximately 200 x 200 mm

1560 mm water level mark
(inside ring)

- 50 mm water level mark
(inside ring)

........

Figure 2. Diagram of single ring infiltrometer

2.3 Procedure

a. Carefully scrape away any surface covering (e.g. mulch, gravel, leaves) without disturbing the
soil filter media surface (Figure 3b).

b. Locate the ring on the surface of the soil (Figure 3c), and then place the block of wood on top of
the ring. Gently tap with the hammer to drive the ring 50 mm into the filter media (Figure 3d).
Use the spirit level to check that the ring is level.

Note: It is essential that this the ring is driven in slowly and carefully to minimise disturbance of
the filter media profile.

c. Record the initial water temperature.
d. Fill the 1000 mL measuring cylinder.

e. Using a different pouring apparatus, slowly fill the ring to a ponding depth of 50 mm, taking care
to minimise disturbance of the soil surface (Figure 3f). Start the stopwatch when the water level
reaches 50 mm.

f.  Using the 1000 mL measuring cylinder, maintain the water level at 50 mm (Figure 3g). After 30
seconds, record the volume poured.

g. Maintain the water level at 50 mm, recording the time interval and volume required to do so.
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Note: The time interval between recordings will be determined by the infiltration capacity of the
filter media. For fast draining media, the time interval should not be greater than one minute
however, for slow draining media, the time between recordings may be up to five minutes.

Note: The smallest measuring cylinder that can pour the volume required to maintain a constant
water level for the measured time interval should be used for greater accuracy. For example, if
the volume poured over one minute is 750 mL, then the 1000 mL measuring cylinder should be
used. Similarly, if the volume poured is 50 mL, then the 100 mL measuring cylinder should be
used.

h. Continue to repeat Step f until the infiltration rate is steady i.e., the volume poured per time
interval remains constant for at least 30 minutes.

i. Fill the ring to a ponding depth of 150 mm (Figure 3h). Restart the stopwatch. Repeat steps e —
g for this ponding depth.

Note: Since the filter media is already saturated, the time required to reach steady infiltration
should be less than for the first ponding depth.

j. Record the final water temperature.

k. Enter the temperature, time, and volume data into a calculation spreadsheet (see
“Practice Note 1_Single Ring Infiltration Test Example Calculations.xls”, available at
www.monash.edu.au/fawb/publications/index.html, as an example).

2.4 Calculations

In order to calculate K¢ a ‘Gardner’s’ behaviour for the soil should be assumed (Gardner, 1958 in
Youngs et al., 1993):

K(h) =K ,e*" Eqn. 1

where K is the hydraulic conductivity, a is a soil pore structure parameter (large for sands and small
for clay), and h is the negative pressure head. Kg is then found using the following analytical
expression (for a steady flow) (Reynolds and Elrick, 1990):

K _G Q-Q Eqn. 2
a\H,—-H,

where a is the ring radius, H; and H, are the first (50 mm) and second (150 mm) pressure heads,
respectively, Q; and Q, are the steady flows for the first and second pressure heads, respectively,
and G is a shape factor estimated as:

G:0.316g+0.184 Egn. 3
a

where d is the depth of insertion of the ring and a is the ring radius.

G is nearly independent of soil hydraulic conductivity (i.e. K and a) and ponding, if the ponding is
greater than 50 mm.
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Figure 3. Measuring hydraulic conductivity
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The possible limitations of the test are (Reynolds et al., 2000): (1) the relatively small sample size
due to the size of the ring, (2) soil disturbance during installation of the ring (compaction of the soil),
and (3) possible edge flow during the experiments.

3 INTERPRETATION OF RESULTS

This test method has been shown to be relatively comparable to laboratory test methods (Le
Coustumer et al., 2008), taking into account the inherent variability in hydraulic conductivity testing
and the heterogeneity of natural soil-based filter media. While correlation between the two test
methods is low, results are not statistically different. In light of this, laboratory and field results are
deemed comparable if they are within 50% of each other. In the same way, replicate field results
are considered comparable if they differ by less than 50%. Where this is not the case, this is likely to
be due to a localised inconsistency in the filter media, therefore additional measurement should be
conducted at different monitoring points until comparable results are achieved. If this is not
achieved, then an area-weighted average value may need to be calculated.

4 MONITORING FREQUENCY

Field testing of hydraulic conductivity should be carried out at least twice: (1) One month following
commencement of operation, and (2) In the second year of operation to assess the impact of
vegetation on hydraulic conductivity. Following this, hydraulic conductivity testing should be
conducted every two years or when there has been a significant change in catchment characteristics
(e.g., construction without appropriate sediment control).
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Site:

Single Ring Infiltration Test

Date:

Constant water level =50 mm

Time (min)

Volume (mL)

Q (mL/s)

Constant water level = 150 mm

Time (min)

Volume (mL)

Q (mL/s)
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