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Floodplain Risk Management Study and Draft Plan

FOREWORD

NSW Government's Flood Policy

The NSW Government’s Flood Policy is directed at providing solutions to existing flooding
problems in developed areas and to ensuring that new development is compatible with the fiood
hazard and does not create additional flooding problems in other areas.

Under the Policy, the management of flood liable land remains the responsibility of local
government. The State subsidises flood mitigation works to alleviate existing problems and
provides specialist technical advice to assist councils in the discharge of their floodplain
management responsibilities. The Policy provides for technical and financial support by the
State through the following four sequential stages:

4. Data Collection and Flood Siudy Collects flood related data and undertakes an
investigation to determine the nature and extent of
flooding.

2.  Floodplain Risk Management Study Evaluates management options for the floodplain in
respect of both existing and proposed
development.

3. Fioodpiain Risk Management Plan involves formal adoption by Council of a plan of
management for the fioodplain.

4. Implementation of the Plan Construction of flood mitigation works to protect
existing development. Use of Local Environmental
Plans to ensure new development is compatible
with the flood hazard,

Presentation of Study Results

The results of the flood study investigations commissioned by Upper Lachlan Shire Council have
been presented in five separate reports:

¥» Data Collection Report, November, 2012.

» Four Flood Study Reports (herein, collectively referred to as the Flood Studies), one for
each of the four villages of Crookwell, Gunning, Collector and Taralga all dated
February 2014 and adopted by Council on 19 December 2013.

» Floodplain Risk Management Study & Plan (this present report)
The studies have been prepared under the guidance of the Floodplain Managem ent Committee

comprising representatives from Upper Lachlan Shire Council, the Office of Environment and
Heritage and the NSW State Emergency Service.
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Heritage. This document does not necessarily represent the opinions of the NSW Govemment.
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AEP Annual Exceedance Probability (%)

AHD Australian Height Datum

ARl Average Recurrence Interval (years)

ARR Australian Rainfall and Runoff (1898 Edition)

BoM Bureau of Meteorology

DECC Department of Environment and Climate Change

DsC Dam Safety Committee

DSEP Dam Safety Emergency Plan

FDM Floodplain Development Manual, 2005

FMC Floodplain Management Committee

FPL Flood Planning Leve! (100 year ARI flood level + freeboard)

FPA Flood Planning Area (area inundated at the FPL)

FRMS Floodplain Risk Management Study

FRMP Floodplain Risk Management Plan

FRMS&DP Floodplain Risk Management Study and Draft Plan

LEP Local Environment Plan

LiDAR Light Detection and Ranging

MFL Minimum Floor Level

MOF Major Overland Fiow

MOF MFL Major Overland Flow Minimum Floor Level

MSMTF Main Stream and Minor Tributary Flooding

MSMTF MFL Main Stream and Minor Tributary Flooding Minimum Floor Leve!

NSW SES New South Wales State Emergency Service

OEH Office of Environment and Heritage

PMF Probable Maximum Flood

PMP Probable Maximum Precipitation

PRM Probabilistic Rational Method

STP Sewage Treatment Plant

Council Upper Lachlan Shire Council

VP Voluntary Purchase
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The Villages of Crookwell, Gunning, Collector and Taralga
Froodpfain Risk Management Study and Draft Pian

SUMMARY
s1 Study Objectives

Upper Lachlan Shire Council {Council) commissioned the Floodplain Risk Management Study
and Plan for the villages of Crookwell, Gunning, Collector and Taralga. The overall objectives of
the Floodplain Risk Management Study (FRMS) were to assess the impacts of flooding, review
existing Council policies as they relate to development of tand in flood liable areas, consider
options for the management of flood affected land and to develop a draft Floodplain Risk
Management Pian (FRMP) which:

i) Proposes modifications to existing Council palicies to ensure that the development of
flood affected land is undertaken so as to be compatible with the flood hazard and risk.

i) Proposes Flood Planning Levels for the various land uses in the floodpiain.

iii) Sets out the recommended program of works and measures aimed at reducing over
time, the social, environmental and economic impacts of flooding.

iv) Provides a program for implementation of the proposed works and measures.

The FRMS focusses on Main Stream Flooding (MSF) from the Crookwell River and Kiamma
Creek at Crookweli, Meadow Creek at Gunning, Collector Creek at Collector and Corroboree
Creek at Taralga; Minor Tributary Flooding (MTF) caused by high flows in the minor un-named
tributaries which drain to the aforementioned watercourses, and Major Overdand Flow (MOF)
areas which occur in the developed parts of the four villages.! Flooding probiems on the MOF
paths arise from surcharges of the trunk drainage systems, which comprise a mix of natural
depressions, pipes, cuiverts and open drains.

The solutions of probiems resulting from surcharges of minor drainage lines in streets or in
individual allotments remote from the MOF paths are matters for stormwater management by
Council and are outside the scope of the present investigation.

82 Study Activities

The activities undertaken in this FRMS included:

1. Review of flooding pattems in the four villages for flood events up to the Probable
Maximum Fiood (PMF), as determined in the The Village of Crookwell Flood Study, The
Village of Gunning Fiood Study, The Village of Coliector Flood Study and The Village of
Taralga Flood Study (herein, collectively referred to as the Fiood Studies), all four of
which were adopted by Council in December 2013, (Chapter 2).

2. Undertaking a consultation program over the course of the study to ensure that the
Lachian Shire community was informed of the objectives, progress and outcomes over
the course of the study (Appendix A).

3. Assessment of the economic impacts of fiooding, including the numbers of affected
properties and estimation of damages (Chapter 2 and Appendix B).

' Note that for planning purposes, flooding along the Cullen Street Overland Flow Path at Crookwell (refer
Figure 2.1 for location) has been assessed in the same way as fiow in the channels of the Crookwell River
and Kiamma Creek {i.e. as MSF).
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4. Review of current flood related planning controls for Lachlan Shire and their
compatibility with floeding conditions and preparation of a draft Flood Folicy to guide
future development in flood prone areas (Chapter 2 and Appendix D).

5. Strategic review of potential floodplain management works and measures aimed at
reducing flood damages, including an economic assessment of the most promising
measures (Chapter 3 and Appendix C).

6. Ranking of works and measures using a multi-objective scoring system which took into
account economic, financial, environmental and planning considerations (Chapter 4).

7. Preparation of a drat FRMP for the villages of Crookwell, Gunning, Collector and
Taralga {(Chapter 5).

83 Summary of Flood Impacts

The study area comprises the urban areas of Crookwell, Gunning, Collector and Taralga, as well
as their immediate environs. Flooding in the villages is of a *flash flooding” nature, with water
levels on the main arms of the creeks peaking between about two and four hours after the
commencement of heavy rainfall. On the smaller, urban catchments the time to peak on the MOF
paths is less than one hour. Figures 2.5 to 2.20 show the nature of fiooding in the four villages
for events with average recurrence intervals (ARI’s) of 20 and 200 years, as well as the Probable
Maximum Flood (PMF}.

At Crookwell, 103 residential properties would be flood affected (i.e. water has entered the
allotment) at the 100 year AR level of flooding. Fourteen of those properties would experience
above-floor inundation up to 300 mm in the event of a3 100 year ARI flood, along with seven
commercial and two public buildings. The total icod damages at Crookwell are $1.91 Million for
an event of a 100 year ARI.

At Gunning, 34 residential properties would be flood affected at the 100 year ARI level of
ficoding. Seven of those properties would experience above-floor inundation up fo 200 mm, while
eight commercial properties and three public buildings would be flooded above fioor level in the
event of a 100 year ARI flood Total flood damages at Gunning are $0.82 Million for an event of a
100 year ARI.

At Collector, four residential properties would be flood affected at the 100 year ARI level of
ficoding, of which none would experience above-floor inundation. One commercial property
would be flooded above floor level at the 100 year ARI flood. No public buildings would be
fiooded at the event of a 100 year ARI flood. Total flood damages at Collector are $0.07 Million
for an event of a 100 year ARI.

At Taralga, 14 residential properties would be flood affected, of which two would experience
above-fioor inundation up to 200 mm in the event of a 100 year ARI flood. One commercial
property and one public building would be ficoded above fioor level in the event of a 100 year ARI
flood. Total flood damages at Taraiga are $0.25 Million for an event of a 100 year ARI.

The “present worth value” of damages resulting from all floods up to the magnitude of the
100 year ARI at a seven per cent discount rate are $3.64 Million (Crookwell), $0.83 Million
(Gunning), $0.01 Million (Collector) and $0.48 Million (Taralga), respectively. These numbers
represent the amount of capital spending which would be justified if a particular flood mitigation
measure prevented flooding for all properties up to the 100 year ARi event in each village.
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A key finding of The Village of Gunning Flood Study was the presence of a break out of flow
which occurs on the left bank of Meadows Creek in the vicinity of Cullavin Street at about the
100 year ARI level of flooding. The FRMS demonstrated that flood damages in Gunning, while
relatively minor at the 100 year ARI level of flooding, increase significantly for a slightly larger
flood event. The flood hazard also increases significantly in a number of properties that are

iocated on the southern side of Yass Street east of Warrataw Street for a slightly larger fiood
event.

Another key finding is the large flood range which is present at Gunning between the 100 year
ARI| and PMF events (in the order of 5-6 metres). This large flood range is a function of the
constrictive effects imposed by the narrowing of the ficodplain at Gunning, combined with
backwater effects imposed by the Main Southern Railway line which crosses Meadow Creek a
short distance downstream of the viliage. Modelling undertaken as part of the FRMS shows that
while the removal of the railway embankment would reduce peak PMF levels immediately
upstream of its location by over three metres, its beneficial effects would be less in the village.
For example, the removal of the railway embankment would lead to a reduction in peak PMF
levels of about two metres at the Barbour Park Weir, reducing to about one metre at the Jack
Shaw Bridge.

S84 Flood Risk and Development Controls

A draft Flood Policy has been prepared to guide future development in flood prone areas in the
four villages (refer Appendix D). The policy is based on the three types of flooding that are
present in the four villages: the deep and relatively fast moving flow in the Main Streams, the
shallower and slower moving flow in the Minor Tributaries which drain to the Main Streams and
the shallow and siow moving flow in the MOF paths. Controls over development are graded
according to the flood risk. The delineation of flood risk zones is based on the proximity to flow
paths, depths and velocities of flow, the rate of rise of floodwaters and ease of evacuation from
the floodplain in the event of a flood emergency.

Figures D1.1, D1.2, D1.3 and D1.4 in the Flood Folicy are extracts from the Flood Planning Map
relating to the villages of Crookwell, Gunning, Collector and Taraiga, respectively. The extent of
the FPA (the area subject to flood related development controls) is shown in a solid red colour on
the Flood Planning Map and has been defined as follows:

> In areas affected by MSF, the FPA is based on the traditional definition of the area which
lies below the peak 100 year AR flood level plus 500 mm freeboard.

> In areas affected by MTF, the FPA is defined as areas where depths of inundation in a
100 year ARI| event exceed 150 mm.

> In areas affected by MOF, the FPA is defined as the extent of the High and Low Hazard
Floodway zones, as well as areas where depths of inundation in a 100 year ARI event
exceed 150 mm.

The illustration in Section 5.8.1 of the DFRMP (refer Chapter 5 of this report) demonstrates the
application of the variable freeboard approach (both positive and negative) in the derivation of the
FPA in areas subject to the three types of flooding. For areas outside the FPA shown on the
Fiood Planning Map, the FPA is defined as tand which lies below the peak 100 year AR! flood
level plus 500 mm freeboard. An Outer Floodpiain has aiso been defined comprising the
additional iand flooded between the extent of the FPA and the PMF, as shown on the Fiood
Planning Map.
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Minimum Floor Level (MFL) requirements wouid be imposed on future development in properties
that are identified as lying either partially or wholly within the extent of the FPA shown on the
Flood Planning Map. The MFL's for all land use types affected by MSF and MTF is the ilevel of
the 100 year ARI flood event plus 500 mm freeboard, while the MFL's for all land use types
affected by MOF is the level of the 100 year ARI flood event plus 300 mm freeboard. The
illustration in Section 5.8.1 of the DFRMP (refer Chapter 5 of this report) demonstrates the
application of the variable freeboard approach in the derivation of the MFL requirements in areas
subject to MSF, MTF and MOF.

85 The Floodplain Risk Management Plan

The draft FRMP showing recommended flood management measures for the four villages is
presented in Table $1. They have been given a provisional priority ranking, confimed by the
Fioodplain Management Committee, according to a range of economic, social, environmental and
other criteria set out in Tables 4.1 to 4.4 of the report.

The draft FRMP includes three "non-structural” management measures of a planning nature
which could be implemented by Councit with the assistance of New South Wales State
Emergency Senvice (NSW SES), using existing data and without requiring Government funding.

The measures are as follows:

» Measure 1 - The application of the graded set of planning controls for future development
that recognise the location of the development within the floodplain; to be applied through
the draft Flood Policy for the four villages, included in the report as Appendix D.
Application of these controls by Council will ensure that future developments in flood
liable areas in the four villages are compatible with the flood risk.

» Measures 2 and 3 - Improvements in the NSW SES's emergency planning, including use
of the fload related information contained in this study to assist with the finalisation of the
Local Fiood Pian for Upper Lachlan Shire. Information in this present report and in the
Flood Studies which would be of assistance to NSW SES in the finalisation of the Local
Fiood Plan includes data on the nature and extent of flooding in the four villages, times of
rise of floodwaters, duration and depth of inundation at major road crossings for a range
of flood events and properties affected by flooding.

The fourth and fith measures, which will need to be funded by Council, relate to the
dissemination of severe weather wamings via SMS to occupiers of the floodplains at all four
villages, as well as a broadcasting system altering occupiers of the floodplain at Gunning of
rapidly rising water levels in Meadow Creek.

» Measure 4 - Scoping Study to assess requirements for the implementation of a tocation-
based severe weather warning alert system for all four villages, as well as the instatlation
of a telemetered water tevel recorder and land-based broadcasting system for the village
of Gunning.

It will be necessary to consult with the private sector to determine the range of services
which can be provided in regard a location-based severe weather warning alert service for
each of the villages.

A Brief will also need to be issued to Manly Hydraulic Laboratory who can advise of the
costs associated with the installation and maintenance of a telemetered water level
recorder in Meadow Creek at Gunning. The Brief will also need to include requirements
for the installation and maintenance of a land-based broadcasting system for the village.
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» Measure 5 - Depends on the results of the Scoping Study, Measures 4, and would
comprise the implementation of a location-based severe weather warning alert system at
each village, as well as a land-based flood wamning system for the village of Gunning.

It would involve the commissioning of a private service provider who would develop and
implement the location-based severe weather waming alert system at each village. It
would also involve the commissioning of Manly Hydraulics Laboratory who would install a
telemetered water level recorder in Meadow Creek at Gunning, as well as a land-based
broadcasting system in the village.

An Operations & Maintenance Manual would aiso need to be prepared which sets out
features of the system such as the protocols that will govern the dissemination of alerts to
occupiers of the floodplain, as well as maintenance requirements.

The sixth measure, which would be funded by Council, comprises the preparation of a submission
to the NSW Dam Safety Committee (BSC) to confirm the preliminary findings of the FRMS,
namely that the Todkill Park Dam on Kiamma Creek and the Cullen Street Dam on the Cullen
Street Overland Flow Path at Crookwell (refer Figure 2.1 for location) have a *High C*
Consequence Category and therefore should be prescribed under the Dams Safety Act 1978.

> Measure 6 — Preparation of a submission to the DSC which would include more detailed
hydraulic studies of the impact a *Sunny Day” failure would have on flooding behavior in
exiting development, as well as the completion of DSC's D1 form. Supporting
documentation wouid also need to be prepared seiting out the methodology which was
adopted in the assessment of the impact the failure of the earth embankments would have

on flooding behaviour. A series of flood impact maps would also need to be prepared as
part of the submission.

The above measure has been given a Priority 1 assessment and is considered to be an essential
part of the FRMP.

The seventh measure, which is dependent on the outcome of Measure 6, comprises the
preparation of Dam Safety Emergency Pians (DSEP's) for the Todkill Park and Cullen Street
Dams. As the owner of the TodKili Park Dam, CouncHl is required by the NSW Dam Safety
Committee to prepare the DSER, while Council will need to liaise with the owner of the Cullen
Street Dam regarding the need to prepare a DSEP for the privately owned structure.

» Measure 7 is the preparation of DSEP's which will provide a detailed assessment of the
likelihood and consequences of a dam-break failure of the Toddkill Park and Cullen Street
dams and will assist NSW SES in the development of evacuation procedures in the event
of an emergency. It will require survey, geotechnical investigation and hydraulic
modelling, and could contain a recommendation for instrumentation to allow Council to
monitor storage levels and rainfail in the catchment,

The above measure has been given a Priority 1 assessment and Is eonsidered to be an essential
part of the FRMP.
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S6 Timing and Funding of FRMP Measures

The total estimated cost to imptement the preferred floodplain management strategy is $360,000,
exclusive of Council and NSW SES Staff Costs. The timing of the measures will depend on
Council's overall budgetary commitments and the availabifity of both Council and Government
funds.

Assistance for funding qualifying projects included in the FRMP may be avalilable upon
application under the Commonwealth and State funded floodplain management programs,
currently administered by Office of Environment and Heritage.

§7 Council Action Plan

1. Council finalises the FRMS report and approves the drat FRMP according to the
procedure recommended in Section 5.15.

2. Council and NSW SES commence work on the “non-structural® measures in the
FRMP (Measures 1o 3).

3. Council applies for Government Funding for the Scoping Study comprising Measure 4
of the FRMP.

4. Council establishes a program for the instzllation and operation of the location-based
severe weather warning alert system at each village, as well as the installation and
operation of the land-based broadcasting system at Gunning, as confirmed by the
Scoping Study (Measure 5).

5. Council prepares a submission to the DSC to confirm whether the Todkill Park and
Cullen Street dams need to be prescribed under the Dams Safety Act 1878
(Measure 6).

8. Depending on the outcome of Measure 6, Council prepares the Dam Safety
Emergency Plan (DSEP) for its Todkill Park Dam as required by the DSC and liaises
with the owner of the Cullen Street Dam regarding the need to prepare a DSEP for
the privately owned structure (Measure 7).

FVFRMS_V1_Report {Rev 1.2].doc 86 Lvall & Associates
November 2016 Rav. 1.2

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

Ordinary Meeting of Council held on 20 April 2017

Page 16



The Villages of Crockwel], Gunning, Colisctor and Tamis
Floodplein Risk Manegement Sty and Drelt Plan

TABLE $1
RECOMMENDED MEASURES FOR INCLUSION IN
UPPER LACHLAN DRAFT FLOODPLAIN RiSK MANAGEMENT PLAN

Measure

Fauatures of the Msasure

Priarity i

1. Implement flood related controls over fulure

developmend in flcod prons arsas.

Conirol development in Noodplain o3 summarised in the diaft Fiood Folkcy {refer Section 3.5.1 snd Appendix D).

Flood Pokcy caters for thies lypes of flooding (ref. Section 2.7 and Appendix D): Main Stream Fiooding (MS®) resulling from
overflows of Iha main channals of ihe Crociowe!l River and Klar:ma Creek at Croskwall, Mesdows Crask st Gunning, Collecter Crask at
Collscior end Comobores Cresk mt Taralga;!? Miner Tributary Flooding (MTF) resulling from overffows of the minor walercourses
which draln the relalivaly sissp hllsides hordering lhe aforsmartionsd creeks and Major Overtand Flow (MOF) which I3 present along
savers! flow paths that nun through the devaloped parts of the four villages.

Graded sel of flaod conirols bazed on locetion within the Flood Flanning Aras (FPA). Fof areas affected by MSF, the FPA it defined as
land which liss below the peak 100 year ARI flood level plus 500 mm, while for sress affecied by MTF, the FPA I3 defined a3 areas
where depihs of Inundation in a 100 year ARl svent axcead 150 mm. For areas sfifacied by MOF . the FPA Is defined as Ihe exisnt of ihe
High and Low Hazard Floodway zonst, az wall az areas where depths of Inundation in a 100 yesr ARI everd sxcead 180 mm. The
Wusirailen In Sectien 5.8.1 of the DFRMP (refer Chapter 5 of ibis report) demonstraies the mpplicslion of the varisbls fresboard
approach (both poskive and negaiive) to the derivelion of the FFA inthase aress,

= The Mininur Flear Level (MFL) requiremant for cesidentisl developimant 1o be 100 year floed level plus 500 mm I areis subject to MSF

and MTF; end 300 mm for areas sfacted by MOF. Critical zarvices, scucaionsl sstablishments (s.g. scheols) food-ainerabls
residenilal development (8.9. housing for aged persons and psisons with dizabillties) to be subject 1o more siringent conire!s than other
land uses. The Iusiration in Section 5.0.4 of the DFRMF (refer Chapter 5 of this raporl) demonstretes the epplication of ihe variable
fresbonsrd approach ta the derivation of the MFL requiremants in areat subjec] o MSF, MTF and MOF.

Council's svalusllan of development prop lo uss data preseniad in the Floot Stedies and in thia FRAS.

Priarity 4: thiz messure Is designec to mitigals the food risk
1o futiwe development and has & high priodiy for inclusion in
the FRMP, i doas not require Govamment funding.

2. Enswre flood dein In this Fbodplain Risk

Management Study amd Dmelt Plan wre
aviilable to tha NSW SES for inproevemant
of Nood smstgency plsnning.

| F—

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1

. implamenl Naod swareness and education

program for residents bordering the crasks.

[ e Scoping Sludy lo assess -ca.__i_._._..nuﬂe_.

tha devalopmant and operation of a location-
bazed severe wasiher warning slert system
for tha four vilages. az well ax ths
natalistion of e lelemalered walter level
recordar  and  imnd-based hroadcasting
system for the village of Gunning.

NSW SES shmid finalizs the preparation of the Lachien Shire Locel Flood Pian using information on fieoding pattems, times of rize of
fieodwalsrs and flood prone areas Idantifisd in the Sood Studies and In thiz FRMS.

Information from the Dam Safely Emergency Pians (DSEP) for Todkill Park and Cullen Strest dams should be incorporsied into the
Lachian Shire Local Flood Flan.

Friorily 1: 1his messure wouid Improve smergency rasponss
proceduras and has a high peiority. & doss not require
Government funding.

= Councll lo inform residents of ihe Nood risk, based oh the informatlon presented in the FRMS. (0.g. displeys of flood mepping ot Council

offices, preparaion of flood awarsneys brochure for distribution wilh rele nolices, eic).
Signage 1o be developed for the Crockwsil Caravan Park and the 2 off camping grounds &t Guaning staling thal:
o Ihe slies are subject to potentlatiy dengerous Rooding; snd

o by ulilising the slies, occupiers agres 1o recelve SMS massages slarting of xevers weather and petenially damaging flaoding in Lhe
area (rafer Maasuras 4 and 5 below for detalls).

The signs are to aiso show the prefarred svacustion roulss from the sites.

Consult with the privels zecior io determine the range of sarvices which can be provided In regard a locetion-based ssvers weather
waming alert service for each of the four vilagss.

= Davelop an iniilal ssi of protocols for the disseminatlon of floed slertaie plers of iha floodplain af ing.
= Dovelop and I33ue & Brielio Manly Hydraullc Laborslory who can edvise of the cosls p3sociated with the instaliallon snd maintenance of |

a felemetarad waler ioval racorde in Mesdow Cresk et Gunning. The Brief will siso nead to Includs raquiraments for the installation and
msintenance of a land-based broadeusling systam for the village.

| Priority 1: this measure would reduce the risk of foss of e

Friatity 1: this measure would Improve the flood swareness
of the communily arnd has a high prlority, Il deas nof raquire
Govarnmerd funding.

and alxo flood damagas within the four vilagas and has a
high priorily. iR does nod require Governmant funding.

Cont'd Over

| hem: 9.4
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TABLE 51
RECOMMENDED MEASURES FOR INCLUSION IN
UPPER LACHLAN DRAFT FLOODPLAIN RISK MANAGEMENT PLAN

Tl T Required =
Measure Fuading Feaiures of the Measure Priority |
5 Implemaniaion of location-based severs | $320,0007 «  Commission a privae service pravidst [ develop and implement a ia¢ation-based severe wealher warning sief system for asch ofthe | Prlarity 2: the works comprising this measurs and thelr Hcoly
wealher warning alert tystiem for tha four four villpges. siaging depends on the resulls of Measurs 4 above. Thiz
vilages and @ land-based flood warning meagurs would reduce the sk of losx of Iife and siso food
syatem for the vilage of Gunning. « Commission Menly Hydraulic Laboratory to Install a telémelsred walar lsvel recordar in Meadow Creek. as weil a5 & |and-bazed damages within the four vilages. It wouid requirs Counc
broodcasting tystsm inthe village of Gunning. and Governmant funding.
Praparstion of an Opsrations & Mainlanance Manual which ssis oul fsatures of the sytlem such sa the proloctis Hhat will govsm the Note the required funding |3 an Indicativs present worth cost
dissemination of slarts fo occuplers of the Foodplain, az wall 2 meinlsnance requirements. based on prakminary anslyses Underisien in this FRMS.
¢. Preparaiion of submission to the DSC v | Councll Commission furthar hrydraulic sludies to assess the impact of @ “Sunny Day” fellure on floading behevierin sxisting developmen _ Priority 1: this measure would confirm whaiher ibe sxksling

confirm whether the Todkill Park end Cullan
Sireat dams should be prascribad under the
Dams Safely Act 1976.

« Prepare a submission to the NEW Dam Safely Commitiee which ncludes:

dams need lo be prescribed under the Dams Safety Act
1978, thereby raquidng the ownaers io underizis regular
o =complsisd D1 form; and | susrvaliiance of each dam and lo sisc prepare & Dam Safely

Emergency Plan.
o supporing documentation setling out the mathodolagy which was adopted inihe assessment of tha Impacis the fallure of the sarth _
smbankments walld have on flooding beheviour, Including ficod impact maps. _

7. Dam Sahly Emergency Pisas for Tadkll
Park and Cullen Sirest dams # Crookwsll.

Councl & |»

Owner of Cull

The DSEP kvolves 1ha following tasks (refar Table 3.8 for indicative budgats)
o Gunlethnical tasting and reporling on the dem smbankment.

Priovity 1: should Measuse § find that the dems should te
preacsibed under the Dams Sefely Ad 1978, then this

Street Dam messure would be requirad by the NSW Dam Safely
o Survey of the reservoir arsas to a3sess volume of slorsge. Committas and will have to be funded by Council and the
owner of Ibe Cullen Sirest Dam.
Total Extimated Cost $380,080

1. Based on initial capilal cost of $140,000 plus the present walth value of mentanance and privale S8IVICe provider Costs over the nex| 20 years (astimated Lo ba $17 000 per annum) discounted 2t & rate of 7 per cenl.
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The Villages of Crookwel, Gunning, Coflactor and Taraige

Fioodplain Risk Management Study and Draft Plan

1 INTRODUCTION
1.1 Study Background

Upper Lachlan Shire Council (Council), commissioned the preparation of the Fioodplain Risk
Management Study and Draft Plan (FRMS&DP) for the vilages of Crookwell, Gunning, Collector
and Taralga in accordance with the New South Wales Government's Flood Prone Land policy.
This report sets out the findings of the FRMS&DP investigation, which uses information on
flooding patterns under present day conditions set out in The Village of Crookwell Flood Study,
The Village of Gunning Flood Study, The Village of Collector Fiood Study and The Village of
Taralga Flood Study (herein, collectively referred to as the Fiood Stucies), all four of which were
adopted by Council in December 2013.

The Floodplain Risk Management Study (FRMS) reviewed baseline flooding conditions, including
an assessment of economic impacts and the feasibility of potential measures aimed at reducing
the impact of flooding on both existing and future development. This process allowed the
formulation of the Draft Floodplain Risk Maragement Plar (DFRMP) for the four villages.

1.2 Background Information

The following documents were used in the preparation of this report,
» Floodplain Development Manual (New South Wales Government (NSWG), 2005)
> Upper Lachian Strategy — Vision 2020 (Parsons Brinckerhoff (PB), 2009)

> Upper Lachian Development Control Plan (Amendment No. 2) (Upper Lachlan Shire
Coundil, 2010)

» Upper Lachian Local Epvironmental Plan, 2010
Four Villages Flood Studies — Data Coffaction Report {Lyall & Associates (L&A), 2012)

Flood Inteliigence Report — Lachian Valley — December 2010 and March 2012 Floods
(L&A, 2013)

The Village of Crookwell Flood Study (L&A, 2014a)
The Village of Gunning Fiood Study (L&A, 2014b)
The Viilage of Collector Fiood Study (L&A, 2014c)
The Village of Taralge Flood Study (L&A, 2014d)

v v

Y V Vv V¥

1.3 Overview of FRMS Report

The results of the FRMS and the DFRMP are set out in this report. Contents of each Chapter of
the report are briefly outlined below:

+ Chapter 2, Baseline Flooding Conditions. This Chapter includes a description of the
drainage system and a review of existing flood behaviour at each of the four villages, as
derived by the Flood Sfudies and describes how the hydraulic model developed as part of
The Village of Crookwell Flood Study (L&A, 2014a) was updated to incorporate changes that
have occurred to the topography and hydraulic structures since completion of the fiood
study. The Chapter also summarises the economic impacts of flooding on existing urban
development, reviews Council’s flood planning controls and management measures and
NSW State Emergency Service's (NSW SES's) flood emergency planning. The Chapter aiso
assesses the impacts of future urbanisation in the catchments, as envisaged by the Upper
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Lachian Strategy — Vision 2020 (PB, 2009) and the Upper Lachian Local Environmental Plan,
2010.

¢ Chapter 3, Potential Floodplain Management Measures. This Chapter reviews the
feasibility of floodplain management options for their possible inclusion in the DFRMP. The
list of measures considered is based on input from the Community Consuitation process,
which sought the views of residents of the four villages and business owners in regard to
potential flood management measures which could be included in the FRMP. The measures
are investigated at the strategic level of detail, including indicative cost estimates of the most
promising measures and benefit/cost analysis.

e Chapter 4, Selection of Floodplain Management Measures. This Chapter assesses the
feasibility of potential floodplain management strategies using a multi-objective scoring
procedure which was developed in consultation with the Floodplain Management Committee
(FMC) and outlines the preferred strategy.

e Chapter 5 presents the Draft Floodplaln Risk Management Plan. The DFRMP comprises
a number of non-structural measures which are aimed at increasing the flood awareness of
the community and ensuring that future development is undertaken in accordance with the
local flood risk.

s Chapter 6 contains a glossary of terms used in the study.

e« Chapter 7 contains a list of References.
Five technical appendices provide further information on the study results:

Appendix A — Community Consuitation summarises residents’ views on potential flood
management measures which could be incorporated in the FRMP.

Appendix B - Flood Damages is an assessment of the economic impacts of flooding to existing
residential, commercial and industrial development, as wefl as public buildings in the four
villages. The damages have been assessed using the results of the Flood Studies, with the
exception of Crookwell, where the results of the updated hydraulic model developed as part of the
present investigation were used, an estimate of floor leveis and characteristics of affected
development derived from a combination of a “drive-by" property survey and used of Google
Street View, as well as data from the LiDAR aerial laser scanning survey used in the Flood
Studies.

Appendix C — Assessment of Potential Flood Modification Measures deals with the
assessment of a range of potential flood modification measures which are aimed at reducing the
impact of flooding on existing development within the four villages.

Appendix D — Draft Flood Policy presents guidelines for the control of future urban
development in flood prone areas in the four villages. The guidelines cater for both Main Stream
and Minor Tributary flooding (MSMTF) on the creek systems, as well as overland fiooding
resulting from surcharging of the trunk drainage systems in the overland flow paths draining the
developed areas of each village.

Appendix E - Flood Data for Individual Road and Pedestrian Crossings contains peak flood
level, time to overtopping and duration of overtopping data derived from the hydraulic modelling
at the major road and pedestrian crossings.
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1.4 Community Consultation

Following the Inception Meeting of the Floodplain Management Committee {FMC) which included
Council, the Office of Environment and Heritage (OEH) and NSW SES, a Community Newsletter
was prepared by the Consultants and distributed to residents and business owners by Council.
The Newsletter contained a Community Questionnaire seeking details from the community of
fiood experience and attitudes to potential floodpiain management options. Community responses
are summarised in Chapter 3 of the report, with supporting information in Appendix A.

While the responses to the Community Questionnaire provided information on historic floods and
flow patterns, in particular those resulting from severe storms which occurred in December 2010
and March 2012, the data were mainly of a qualitative nature. The views of the community on
potential flood management measures to be considered in the study were also taken into account
in the assessment presented in Chapter 3 of the report.

The FMC reviewed the potential flood management measures developed in Chapter 3 and
assessed the measures using the proposed scoring system of Chapter 4. The DFRMS and
accompanying DFRMP were reviewed by the Committee and amended prior to public exhibition.

1.5 Fiood Frequency and Terminology

In this report, the frequency of floods is referred to in terms of their Average Recumrence
Intervai (ARI). The frequency of floods may aiso be referred to in terms of their Annual
Exceedance Probability (AEP). The approximate correspendence between these two systems is:

Annual Exceedance Average Recurrence
Probability Interval
(AEF) - % t (ARI) - years
1 | 100
L] 20
20 ' 5

The AEP of a flood represents the percentage chance of its being equaled or exceeded in any
one year. Thus a 1% AEP flood, which is equivalent to a 100 year ARI, has a 1% chance of
being equaled or exceeded in any one year and would be experienced, on the average, once in
100 years, similarly, a 20 year AR! flood has a 5% chance of exceedance, and so on.

The 100 year ARI flood (plus freeboard) is usually used to define the Flood Planning Levei ( FPL)
and Flood Planning Area (FPA) for the application of flood related controls over residential
development. While a 100 year ARI fiood is a major flood event, it does not define the upper limit
of possible ficoding. Over the course of a human lifetime of, say 70 years, there is a 50 per cent
chance that a ficod at least as big as a 100 year AR| will be experienced. Accordingly, a
knowledge of flooding pattems in the event of larger flood events up to the Probable Maximum
Flood (PMF), the largest flood that could reasonably be expected to occur, is required for
emergency management purposes. In the Flood Stidies, flooding patterns were assessed for
design floods ranging between a 20 year ARI event and the PMF.
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2 BASELINE FLOODING CONDITIONS
2.1 Physical Setting
Crookwell

The village of Crookwell has a population of about 2,200 and is located about 45 km north of
Goulburn on the Crookwell Road (Figure 1.1). The village is located in the headwaters of the
Crookwell River catchment at the confiuence of its principal tributary Kiamma Creek. The
Crookwell River is a significant tributary of the Lachlan River and joins that stream upstream of
Wyangata Dam.

The majority of development is located on higher ground on the south-east side of the village in
the vicinity of the commercial centre which is situated on Goulburn Street (Figure 2.1). Larger lot
residential type development is located west of the Crookwell River and north of Kiamma Creek.

Gunning

The village of Gunning has a population of about 550 and is located on the Hume Highway
between Yass and Goulbum in the headwaters of the Lachlan Valley (Figure 1.1). Meadow
Creek (also known as Gunning Creek) flows in a northerly direction through the village and joins
the Lachlan River a distance of 4 km downstream of the Main Southern Railway.

Gunning has natural and built boundaries to urban development including the Main Southem
Railway, the Hume Highway and Meadow Creek (Figure 2.2). There is a concentration of
commercial development along Yass Street west of Meadow Creek. Low to medium density
residential subdivisions surround the commercial centre to the north, as well as on the easten
side of Meadow Creek.

Collector

Collector has a population of about 150 and is located on the western side of the Federal
Highway 50 km north of Canberra in the catchment of Collector Creek. The creek flows in a
southerly direction around the western side of the viilage before continuing southwards where it
discharges into Lake George (Figure 1.1). Collector Creek has a catchment area of about
140 km?2 at the village Most of the developed parts of Collector are situated on high ground
above the Collector Creek ficodplain (Figure 2.3).

Jaralga

Taralga has a population of about 350 and is located on the western side of Corroboree Creek
which flows in a north-easterly direction through the village area. Corroboree Creek s a minor
tributary of the Wollondilly River and has a catchment area of about 13 km2 at the village
(Figure 1.1). The existing development sits on the western bank of Corroboree Creek cutside
the extent of main stream flooding (Figure 2.4).
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2.2 Drainage System

Crookwell

Figure 2.1 is a plan showing the main drainage lines and stormwater network in Crookwell. The
village is drained by streams that have their headwaters in the foothills surrounding the town and
flow generally in a northerly direction through the developed areas. The Crookwell River has a
catchment area of about 66 km? at the Sewage Treatment Plant (STP), the location of which
corresponds with downstream boundary of The Village of Crockwelf Flood Study. Kiamma Creek,
which drains the foothills to the east of Crookwell, flows in a westerly direction through the village
and joins the Crookwell River downstream of Laggan Road. The Crookwell River and Kiamma
Creek have a catchment area of 40 km2 and 23 km?, respectively, at the confluence.

A major overland fiow path runs in a northerly direction parailel to East Street between Cullen
Street and Kiamma Creek at Harley Road. The overland flow path (herein referred to as the
“Cullen Street Overland Flow Path™ runs through existing residential and commercialfindustrial
development, as well as land identified for future development. The culvert crossings along the
overland flow path are undersized and frequently surcharge, as highlighted by several
respondents to the Community Questionnaire.

The local drainage system through the developed parts of the village consist of a combination of
piped and channel reaches. The system generally has a capacity of iess than 20 year ARI, with
any runoff that surcharges the system conveyed te the Crookwell River and Kiamma Creek in
overiand flow paths which are located along roads and in allotments.

There are two large dams in Crookwell which are located upstream of existing development: the
Council owned Todkill Park Dam on Kiamma Creek, which is located about 1.0 km upstream of
Harley Road; and a privately owned dam which is located immediately upstream of Cullen Street
on the Cullen Street Overland Flow Path (refer Figure 2.1, which shows the location of hoth
dams relative to the developed parts of the village). As a fallure of the dam embankments would
result in a surge of water which would pose a threat to human life and cause damaging flooding,
a preliminary investigation of the effects of dam failure on existing flood behaviour was
undertaken as part of the present investigation. The findings of the preliminary dambreak study
are presented in Section 2.11 of the report.

Runoff from residential 1and north of Mcintosh Road drains in a northery direction in a series of
channels and pipes to North Street. It is then conveyed as overland flow over a distance of about

1.0 km where it discharges into Licking Hole Creek (a tributary of the Crookwell River, which is
not shown on Figure 2.1).

Gunning

Parts of Gunning are subject to main stream flooding from Meadow Creek, which has a
catchment area of about 106 km? at the Hume Highway Bridge (refer Figure 2.2 for location). A
minor tributary crosses the highway corridor west of the village where it joins Meadow Creek a
distance of about 1.0 km downstream of the Main Southern Railway crossing.

Figure 2.2 shows the principal overland flow paths which originate in the urban sub-catchments
on the western floodplain and flow eastwards through the developed parts of the village, and then
along Yass Street to Meadow Creek. Runcff generated by two small rural catchments which fie to
the east of Gunning cross Collector Road and discharge to Meadow Creek downstream of the
highway corridor, while a minor tributary also crosses Wombat Street and Collector Road on the
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eastem side of the village where it discharges to Meadow Creek upstream of the Jack Shaw
Bridge. Runoff from a catchment which rises to the north-east of the village discharges to
Meadow Creek immediately upstream of the railway crossing.

A trunk drainage line runs in an easterly direction along Yass Street extending from Nelanglo
Street to Meadow Creek. The trunk drainage line controls the majority of the runoff which is
generated by the residentially developed area which lies to the north of Yass Street and
comprises a 900 mm diameter pipe at its point of discharge to Meadow Creek, The Vifiage of
Gunning Flood Study (L&A, 2014b) identified that there is limited pit inlet capacity in Yass Street
to capture overland flow which discharges onto the road comidor from upslope areas.

Collector

While parts of Collector are subject to main stream flooding from Collector Creek, most of the
existing development within the village is located on higher ground. Figure 2.3 shows the creek
runs in a southerly direction around the western side of the village before crossing the Federal
Highway to its south. Runoff from a 67 ha catchment which lies to the east of the Federal
Highway is conveyed through the village via a series of culverts and shallow table drains before
discharging to Collector Creek upstream of Federal Highway Bridge No. 1 (denoted herein as the
‘George Street Overland Flow Path’). Runoff from the developed parts of the village also causes
nuisance drainage problems.

Taralga

Corroboree Creek flows in a north-easterly direction immediately east of the village. The extent
of main stream flooding from Corroboree Creek is confined to the immediate vicinity of its channel
which is incised and of comparatively high hydraulic capacity. The crossing of Corroboree Creek
at Walsh Street would be overtopped in the event of major fiooding and would be impassable for
several hours.

Figure 2.4 shows the principal overiand flow path which originates to the west of the village and
flow in an easterly direction where they discharge to Corroboree Creek along its western bank.
The drainage system in the village is of limited capacity, resulting in its frequent surcharge.

2.3 Recent Flood Experience

Significant flood events occurred across the Upper Lachlan Shire most recently in
December 2010 and March 2012. The December 2010 storm was the more severe of the two
events at the four villages. The heaviest rainfall occurred over the raindays of ®and 10
December, preceded by heavy falls at the end of November. The catchments would therefore
have been rather wet and losses due to infiltration quite smail.

Crookwaell

The peak flows in the Crookwell River and Kiamma Creek resulting from the December 2010
storm were between 20 year and 100 year ARI, which were higher than would have been the
case if the catchments were in a “dry® condition. For example, the rainfall that was recorded at
Narrawa, which is located about 28 km to the west of Crookwell, equated to between a 4 and
10 year ARI rainfall event for storm durations which are critical for maximising peak flows in the
Crookwell River catchment.
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Council indicated the existence of various overland flow paths during the December 2010 event
as shown on Figure 2.1, in particular, the significant flow along the Cullen Street Overland Flow
Path which surcharged the drainage system and flowed across Goulburn Street.

The total two day rainfall at Crookwell on 29 February and 1 March 2012 was higher than that of
the December 2010 event, however the catchment was significantly drier due to the lack of
significant rainfall events in the preceding months. As a result, the peak flows generated by the
storm were considerabiy less than those of a 20 year ARI event. This confims the information
contained in the responses to the Community Questionnaire that the December 2010 flood was a
significantly greater event than the March 2012 event.

Gunning

Flooding was experienced in Gunning in the evening of 2 December 2010 (according to data
received from the Community Questionnaire), when localised storm activity caused water levels
in Meadow Creek to rise rapidly. While there were no reports of property experiencing above-
floor inundation, the entrances to the Telegraph Motel and several residences which are located
on the western bank at Meadow Creek upstream of the Jack Shaw Bridge were sand bagged as a
precautionary measure. Floodwater also inundated parts of the Gunning Showground.

Flooding was also experienced in Gunning on 9-10 December 2010 and 29 February and
1March 2012. It is not possible to determine the nature of flooding that was experienced in
Gunning during the two storm events as there is a lack of both quantitative data, in the form of
stream flow and level records on Meadow Creek, and qualitative data, in the form of observed
fiooding and drainage pattems. However, it is noted that the rainfall that was recorded at Dalton,
which is located about 9 km to the north-west of Gunning, equated to between a 3 and 5 year ARI
rainfall event for storm durations that are critical for maximising peak fiows in Meadow Creek at
Gunning.

Collector

Residents responding to the Community Questionnaire as part of The Village of Colfector Fiood
Study (L&A, 2014c) did not identify any flooding problems within the village as a results of the
December 2010 and March 2012 storm events. i is noted that rainfall recorded at the Collector
(Winderadeen) daily rain gauge, which is located about 0.6 km south of the village, during the
December 2010 event were equivalent to a storm with an AR of less than a year and between a
5 and 10 year event for the March 2012 starm event.

Taralga

The Village of Taraiga Flood Study {L&A, 20144d) found that for both the December 2010 and
March 2012 storm events, rainfall intensities were only around the 1 to 2 year ARI level for the
range of durations likely to be critical for maximising flows in Corroboree Creek and its tributaries
(i.e. for stomms up to 6 hour duration). The resultant peak flows in the drainage system were
significantly less than the 20 year AR] design values, which confirmed data obtained from the
Community Questionnaire that neither storm produced major flooding at Taralga.
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24 Design Flood Behaviour
2.4.1 Background

The Flood Studies defined the nature of bath main stream flooding and major overland flow in the
four villages under present day conditions. The studies involved computer modelling of the
catchments and floodplains to assess flow patterns and indicative extents of inundation for a
range of design fioods from 20 year ARI up to the Extreme Flood. The design storms used to
determine flows in the drainage system were determined using accepted procedures set out in
Australian Rainfall and Runoff (institute of Engineers Australia (IEAust), 1898). They assumed
that rainfall intensities were uniform over the areal extent of the contributing catchments, although
intensities varied over the duration of the storm event. Rainfall depths experienced during
historic storms on the other hand can vary considerably over the catchment areas. This is the
reason for the variation between patterns of fiooding derived for design floods and pattems
actuatly experienced during historic events.

The flood extents were defined from Light Detection and Ranging (LiIDAR) aerial survey and field
survey of the creeks, which were used to develop the hydraulic modet of the drainage system
used in the Flood Studies. The hydraulic analysis employed two-dimensional technology (in plan)
and was based on a geometric model of the floodplain based on grid points of natural surface
levels at 4 m grid spacing. The extents of inundation shown in this study are indicative”
reflecting the accuracy of the LiDAR survey (68 per cent of the points lie within +/- 150 mm of the
true elevation).

In order to create realistic results which remave most of the anomalies caused by inaccuracies in
the LIDAR, a filter was applied to remove depths of inundation over the natural surface less than
50 mm. This had the effect of removing the very shallow depths which are more prone to be
artifacts of the model, but at the same time giving a reasonable representation of the various
overland flow paths.

As far as flooding in the main arms of the creek systems is concerned, the filtering process did
not have a significant effect on the representation of the areal extent of fiooding in the major
tributaries. It is to be noted that while the flood level and velocity data derived from the analyses
are consistent throughout the model, the flood extent diagrams should not be used to give a
precise determination of depth of flood affectation in individual allotments.

24.2 Recent Updates to the Flood Modsls

Several recent improvements to the drainage system were identified in Crookwell at the
commencement of the FRMS which required the flood models that were developed as part of The
Village of Crookwell Flood Study to be updated. Changes to the structure of hydraulic model
were required to reflect the following:

> stream clearing that had recently occurred along a reach of Kiamma Creek upstream of
Harley Road;

» the upgrade of the pedestrian bridge at Brooklands Sireet; and

» the installation of several new pipes that run through a number of residential properties
that are located in the vicinity of Northcott Street.

The hydraulic model was alsc extended to the east of the Crookwell Golf Course to enable an
assessment to be undertaken into the effect the construction of a flood retarding basin on the
eastem side of Grange Road would have on flooding behaviour.
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A more detailed hydrologic model was also developed using the RAFTS software of the
catchment which contributes flow to the Cullen Street Overand Flow Path. The resulting RAFTS
model was tuned to peak flow estimates derived using the Probabilistic Rational Method,
procedures for which are set out in IEAust, 1998.

The Flood Studies adopted a seven times multiplier of the 100 year ARI discharge hydrographs
and design rainfall depths (in areas where the direct rainfall-on-grid approach was adopted) for
defining flooding patterns in the four villages during an extreme flood event. This approach was
superseded as part of the FRMS by application of Probable Maximum Precipitation (PMP)
estimates which were derived using the Generalised-Short Duration Method as described in
BoM’s update of Bulletin 53 (BoM, 2003} to the hydrologic models for each village. The results of
running the hydraulic models using the resultant discharge hydrographs were used to update the
extent of the flocdplain at each village.

By comparison of the values given in Table 2.1, application of the PMP estimates to the
hydrologic models results in peak flows on the major creek systems that are between about 10
and 16 times the peak 100 year ARI flows at the four villages, which is significantly higher than
the 7 times multiplier used in the Flood Studies. The reason for the larger muttiplier is due to the
rainfall excess for the PMP estimates being much larger than for the 100 vear ARI event at the
four villages, combined with differences in the temporal variability of the two design storms.
Further discussion oh the difference the peak flow estimates for the Extreme Flood and PMF
events has on flooding behaviour at the four villages is contained in the following section of the

report.
TABLE 2.1
COMPARISON OF EXTREME FLOOD AND PMF PEAK FLOWS (m%¥s)"
| 100 year ARI Extreme Flood PhAF
|
Village [ Tributary Pe(ar::;, ::;;,w Pea(k m|:::),,-12) Multiplier peg;::‘ ;l:;wﬂ) Multipiter |
Crookwell | Crookwell River | 127 890 7 1340 10.6
Crookwell | Kiamma Creek 63 440 7 660 10.5
Gunning Meadow Creek 183 - 1280 7 2470 135
Collector | Collactor Creek 222 1580 7 3520 15.9
Taralga | Comoboree Creek 23 160 7 250 10.9

1. Peak flows compared at the upstream extent of the hydraulic models.
2. Pezk flows rounded to nearest 10 m3/s.

24.3 Design Flooding Pattens

Crookwell

Figure 2.5 (2 sheets) shows the indicative extent and depth of inundation for the 100 year AR|
design flood at Crookwell. The mode! reproduces the overland fiow paths observed during major
historic flood events (compare Figure 2.1 with Figure 2.5). Although several of the overland flow
paths would convey significant flows during a 100 year AR| stom event, depths of inundation are

generally less than 300 mm. There are isolated “hot spot” areas where the modelled depth of

inundation will exceed 300mm, for example, along the Cullen Street Overland Flow Path and
several trap low points in the northemn part of the village.
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Figure 2.6 shows discharge and stage hydrographs at several locations and road crossings along
the Crookwell River, Kiamma Creek and the Cullen Street Overland Flow Path. The results
confirm the “flash fiood” nature of the catchment, with water levels generally peaking two to four
hours after the commencement of heavy rainfall.

Figure 2.7 shows the difference in peak flood levels between the Extreme Flood and the PMF at
Crookwell. Peak flood levels are up to 2 m higher along the Crookwell River and Kiamma Creek
and up to 1.3 m on the Cullen Street Overland Flow Path. Peak flood levels are also up to
500 mm higher along the overland flow paths that are located in the vicinity of Brooklands Street,
King Road and Saleyards Road.

Figure 2.8 shows the indicative depths of above-ground and above-floor inundation in individual
properties for the PMF event at Crookwell. One hundred and thirty (130) residential, 22
commercial and four public buildings in Crookwell will experience above-floor inundation during a
PMF event.

Gunning

The indicative extent and depth of inundation for the 100 year ARI design flood at Gunning are
shown on Figure 2.9. The width of flow on the floodplain narrows from over 400 m a short
distance downstream of the highway corridor to about 100-150 m where the creek runs through
the village. During major flood events, floodwater breaks out along the western bank of Meadow
Creek in the vicinity of Cullavin Street where it inundates existing development that is located in 2
natural low point that is located on the southern side of Yass Street east of Warrataw Street.
Depths of ponding in the low point will reach up to about 700 mm in a 100 year ARI! event.

Figure 2.10 shows discharge and stage hydrographs at several locations and road crossings
along Meadow Creek, which highlights that main stream flooding at Gunning is of a *flash
fiooding® nature with water levels rising to their peak around four to six hours after the
commencement of heavy rainfall,

Figure 2.11 shows the difference in peak ficod levels between the Extreme Flood and the PMF,
while Figure 2.12 shows the indicative depths of above-ground and above-floor inundation for the
PMF event at Gunning. Peak flood levels along Meadow Creek are up to 1.0 m higher for the
PMF when compared to the Exireme Flood. Peak flood levels are controlied by the Main
Southern Railway embankment, with depths of inundation in parts of the village reaching up to
6 m during a PMF event (i.e. assuming the railway embankment does not fail during an event of
this magnitude). Fifty-five (55) residential, 20 commercial and 12 public buildings in Gunning will
experience above-floor inundation during a PMF event.

A sensitivity analysis showed that if the railway embankment was to fail during a PMF event, then
there would be no existing development that would be impacted by the resulting flood wave on its
downstream side.

Collector

Figure 2.13 shows the indicative extent and depth of inundation for the 100 year AR| design flood
event at Collector. Widths of flow are generally about 400 m where Collector Creek runs to the
west of the village, increasing to over 1 km wide along the westen (upstream) side of the Federal
Highway. Because the village is set on a peninsular of high ground, the majority of existing
development is located on land which lies above the PMF.
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Runoff from the 67 ha catchment which lies to the east of the Federal Highway causes the
drainage system which follows the line of the George Street Overland Flow Path to surcharge
during relatively minor storm events. Depths of overland flow resulting from the surcharge of the
drainage system reach up to 300 mm in existing residential development that is located in George
Street and Bourke Street.

The discharge and stage hydrographs shown on Figure 2.14 show that flooding on Collector
Creek is of a "flash flooding” nature, with water levels rising to their peak around four to six hours
after the commencement of heavy rainfall. The crossing of Collector Creek at Murray Street has
a hydrologie standard of about 20 year ARI and would be overtopped by about 300 mm during a
100 year ARI event. The crossing would be inundated for a period of about six hours during a
100 year ARI event.

Figure 2.15 shows the difference in peak flood lavels between the Extreme Flood and the PMF,
while Figure 2,16 shows the indicative depths of above-ground and above-floor inundation for the
PMF event at Collector. Peak PMF levels in Collector Creek are up to 1.0 m higher than for the
Extreme Flood, which increases the width of the floodplain by up to 100 m at several locations.
The peak flood levels along the overland flow paths downstream of the Federal Highway are up
to 300 mm higher than those derived for the Extreme Flood. Twenty (20) residential,
one commercial and one public building in Coliector will be subject to above-floor inundation
during 2 PMF event.

Taralga

As shown on Figure 2.17, Corroboree Creek is capable of conveying major flood flows with
limited overbank flow. Several overland flow paths that originate on the westem side of the
village join Corroboree Creek along its western bank between Cooper Street and Halls Road.

Figure 2.18 shows discharge and stage hydrographs at key locations along Corroboree Creek.
The results confirm the “flash flood” nature of the catchment, with water levels generally peaking
within two hours after the commencement of heavy rainfall. Depths of fiooding over the crossing
at Walsh Street would reach up to 300 mm in a 100 year ARI event, with the deck of the bridge
inundated for a period of up to two hours.

Figure 2.19 shows that the peak flood levels along Corroboree Creek in the PMF event are up to
500 mm higher than those derived for the Extreme Flood. Depths along the overland flow path
which runs through the village wili also increase by up to 300 mm.

Figure 2.20 shows the indicative depths of above-ground and above-floor inundation for the PMF
event at Taralga. While existing development at Taralga is located outside the extent of main
stream flooding, 15 residential, five commercial and one public building will be subject to above-
floor inundation by overland flow.

2.5 Impact of Flooding on Critical Infrastructure

Table 2.2 over the page summarises the impact that flooding has on critical infrastructure in each
village. Critical infrastructure has been split into three categories; vuinerable infrastructure,
emergency services and community assets. The locations of the community assets were
identified by Council, while the location of the emergency services and vulnerable infrastructure
has been taken from data provided by NSW SES as part of L&A, 2013.
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Crookwall

Figure 2.21 shows the location of critical infrastructure at Crookwell relative to the extent of the
20 and 100 year ARI| events, as well as the PMF. Access to parts of the village will be disrupted
as the major road crossings of McDonald Street and Carrington Street on the Crookwell River;
Harley Road, Saleyards Road and Laggan Road on Kiamma Creek and Wade Street and
Goulburn Street on the Cullen Street Overland Flow Path would all be inundated during events as
frequent as the 20 year ARl. The Crookwel Caravan Park on Laggan Road will be partially
inundated, as will the sewage pumping station which is located in the camp ground during a
100 year ARI flood event.

Gunning

Figure 2.22 shows the location of critical infrastructure at Gunning relative to the extent of the
20 and 100 year ARI events, as well as the PMF. Whilst the causeway on Lerida Street will be
inundated during freshes in Meadow Creek, access across the watercourse is maintained at the
100 year AR| as Yass Street will remain flood free. While the bore located in the Gunning
Showground will be impacted during 2 20 year ARI flood event, the town water supply, which is
located north of the village will remain flood free for all events up to the PMF.

Critical infrastructure, such as the child care facility on Biala Street and the Public School on
Yass Street lie within the extent of the PMF, as do Rural Fire Service {RFS) Station and the
Police Station.

The Barbour Park Camping Ground is located on the left bank of Meadow Creek downstream of
Yass Street, with additional camping facilities located on the southem side of the Gunning
Showground. The Barbour Park Camping Ground is impacted by floods which are slightly larger
than 20 year ARI and would be inundated to a maximum depth of about 6 m in a PMF event.
Whilst the camping ground in the Gunning Showground is located above the peak 100 year ARI
fload level in Meadow Creek, it would be inundated to a maximum depth of about 3.5 m depth in
@ PMF event.

Collector

As shown on Figure 2.23, the major crossing of Collector Creek on Murray Sireet will be
inundated during a 20 year ARI flood event, while the Federal Highway is flood free during events
up to 100 year ARI. A number of bores located on the Collector Creek floodplain and along the
George Street Overland Flow Path will be impacted by a 20 year AR! flood event. The Collector
based NSW SES Local Unit Headquarters and the community gas cvlinder located on Bourke
Street will be inundated in a PMF event.

Taraiga

Figure 224 shows that the major road crossings on Taralga Road and Walsh Street will be
impacted by a 100 year ARI flood event. While the local RFS Station will be affected by relatively
shallow overland flow during a 20 year ARI storm event, the depth of flooding will increase to over
1.0 m during a PMF event.

The aged care facility on Bunnaby Street is affected by overland flow which approaches from the
south. As the southern side of the building is located in an area of cut, overland flow which
surcharges Bunnaby Sireet and enters the property is forced to pond up to a depth of about
230 mm adjacent to the reception area during a 100 year ARI storm event.

FVYFRMS_VY1_Report [Rev 1.2} doc Page 13 Lyall & Associates
November 2016 Rev. 1.2

Ordinary Meeting of Council held on 20 April 2017

Page 31



| ltem: 9.4 Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1.

| kL B

The Villages of Crookwell, Gunning, Collector and Taralga
Filoodplain Risk Menagemsent Study and Draft Plan

2.6 Flood Hazard and Hydraulic Categorisation of the Floodpiain
2.6.1 General

According to Appendix L of NSWG, 2005, in order to achieve effective and responsible floodplain
risk management, it is necessary to divide the floodplain into areas that reflect:

1. The impact of flooding on existing and future development and peopte. To examine this
impact it is necessary to divide the floodplain into “flood hazard” categories, which are
provisionally assessed on the basis of the velocity and depth of flow. This task was
undertaken in the Fiood Studies where the floodplain was divided into low hazard and
high hazard zones. |n this present report, a final determination of hazard was undertaken
which involved consideration of a number of additional factors which are site specific to
the urban areas of the four villages. Section 2.6.2 below provides details of the procedure
adopted.

2. The impact of future development activity on flood behaviour. Development in active flow
paths (i.e. "floodways") has the potential to adversely re-direct flows towards adjacent
properties. Examination of this impact requires the division of flood prone land into
various “hydraulic categones” to assess those parts which are effective for the
conveyance of flow, where development may affect locat flooding patterns. Hydraulic
categorisation of the floodplain was also undertaken in the Flood Studies and was
reviewed in this present investigation. Section 2.6.3 below summarises the procedure
adopted.

2.6.2 Flood Hazard Categorisation

As mentioned above, flocod prone areas may be provisionally categorised into Low Hazard and
High Hazard areas depending on the depth of inundation and flow velocity. A flood depth of 1 m
in the absence of significant flow velocity represents the boundary between Low Hazard and High
Hazard conditions. Similarly, a flow velocity of 2.0 m/s but with a small flood depth around
200 mm also represents the boundary between these two conditions. Interpolation may be used
to assess the hazard for intermediate values of depth and velocity. Flood hazards categorised on
the basis of depth and velocity only are provisional. They do not reflect the effects of other
factors that influence hazard.

These other factors include:
1. Size of flood — major floods though rare can cause extensive damage and disruption.

2. Effective waming time — flood hazard and flood damage can be reduced by
sandbagging entrances, raising contents above floor level and also by evacuation if
adequate waming time is available.

3. Flood awareness of the population — flood awareness greatly influences the time taken
by flood affected residents to respond effectively to flood warnings. The preparation
and promaotion by Council of Flood Studies and Floodplain Risk Management Studies
and Plans increases fiood awareness, as does the formulation and implementation of
response plans by NSW SES (Local Flood Plans) for the evacuation of peopie and
possessions.

4. Rate of rise of floodwaters — situations where floodwaters rise rapidly are potentially
more dangerous and cause more damage than situations in which flood levels
increase slowly.
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5. Duration of fiooding — the duration of flooding (or length of time a community is cut off)
can have a significant impact on costs associated with flooding. This duration is
shorter in smaller, steeper catchments.

6. Evacuation problems and access routes — the availability of effective access routes

from fiood prone areas directly influences flood hazard and potential damage reduction
measures.

Provisional hazard categories may be reduced or increased after consideration of the above
factors in amiving at a final determination. A qualitative assessment of the influence of the above
factors on the provisional flood hazard (i.e. the hazard based on velocity and depth
considerations only) is presented in Table 2.3 over the page.

Factors which would increase the flood hazard in Table 2.3 outweigh the considerations reducing
hazard at Crookwell and Gunning, resulting in the need to adjust the extent of the provisional
flood hazard in the two viliages. In Crookwell, the extent of the High Hazard was increased along
the Cullen Street Overland Flow Path on both the northern and southern side of Goulbum Street,
while in Gunning, the extent of the High Hazard was increased to include areas of deeper
ponding which are present on the southem side of Yass Street between Warrataw Street and
Meadow Creek. In both cases, the provisional fiood hazard for the 500 year AR event was used
as the basis for defining the additional areas of High Hazard. Figures 3.1 and 3.3 in Chapter 3
show the revised extents of Low Hazard and High Hazard in Crookwell and Gunning,
respectively.

2.6.3 Hydraulic Categorisation of the Floodplain

According to the NSWG, 2008, the floodplain may be subdivided into the following zones:

> Floodways are those areas where a significant volume of water flows during floods and
are often aligned with obvious natural channels. They are areas that, even if partially
blocked, would cause a significant increase in flood level and/or a significant re-
distribution of fiow, which may in turn adversely affect other areas. They are often, but
not necessarily, areas with deeper flow or areas where higher velocities occur.

> Flood Storage areas are those parts of the floodplain that are important for the
temporary storage of fioodwaters during the passage of a flood. If the capacity of a fioad
storage area is substantially reduced by, for example, the construction of l=vees or by
landfill, flood levels in nearby areas may rise and the peak discharge downstream may be
increased. Substantial reduction of the capacity of a flood storage area can also cause a
significant redistribution of flood flows.

> Flood Fringe is the remaining area of land affected by flooding, after floodway and flood
storage areas have been defined. Development in flocd fringe areas would not have any
significant effect on the pattern of flood flows and/or flood levels.

In determining appropriate hydraulic categories, it is important that the cumulative impact of
progressive development be evaluated, particularly with respect to fioodway and flood storage
areas. Whilst the impact of individual developments may be small, the cumuiative effect of the
ultimate development of the area can be significant and may result in unacceptable increases in
flood levels and flood velocities eisewhere in the floodplain.
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TABLE 2.3

INFLUENCE OF FLOOD RELATED PARAMETERS ON PROVISIONAL FLOOD HAZARD

I Crosiwss Gunniny CoNector 7l Taralga
Pasarmstar Influence on Influence cn Influence on _ Influence on
Flood Characteristics Provislonsl Flood Characteristics Prowvizional Flood Charactenistics Prewisional Flood Characteristics Provisional
_ Hazard Hazard Hazard Hazard
Skeofficod | Main Sirsam flooding In Crogkwsll River +1 The majorily of davelopment In Gunning s +1 Exiating development in Collecior |3 localed ¢ Maln Stresm Pooding from Corrgbores 0
snd Klamma Cresk &8 confined io the nol affecied by mein siream fNocding for on land which fjes above the 100 year AR) Croek s generally conisined within the
incised foodplain and risk o exlsling wvenizs up to 1he 100 year AR|. However flood on Coliector Crask, sevey Low Flood | Inbank srea of the watsrcaurss during
development I3 minor., floodwaler dosz bresk-oul of Msadow Istands (refer Section 3.6.2) are preserd on | major Bood svents.
Whils thare will be Izoisted pockets of ﬁx = __m,.“_o.ﬁs_._ M_;B“..._H:t” "ﬁonuh” H&ﬂ-ﬂsﬂ&dﬂﬂ-u which fis Dapiht of fow along the ovariand fow
hazardous fiow conditions arsing slong the o_.o.n H._o..ﬁ Yoss Strest b n ) paths which run thiough 1he developed
the Culien Stresl Overland Flow Path Narstew Sires! and the walarcourss Depths of flow along the George Strest paris of the vilegs are comparstivaly
during a 100 year AR} slorm svarl, lhers Paak flaod levels In Hiiz ares S._ Cvedand Flow Path which runs through the shailow In nalure (Up to 500 mm) and slow
would be seveial ragidenilal properties in P to 300 ma wighily more intenze developad part of the vilage are shaliow In ing. wih no in dapth
the vicinlly of Goulburn Strest which dorm eveis, _no-_. n_u_..n 1o ins cremtion of nature (up to 300 mm) and siow moving of fiow, islands or aliernslive flaw paths
would be subject lo High Hezerd MNows hazardous ao.cﬂsn condillons (rsfer insst with no sudden increases In depth of flow, developing with increasing severily of food.
during s tlighlly more In{ense siorm evanl. on Figurs 2.26) Isiands or silemative flow paifs developing
The provitionsl flood Lazard  was : with Increasing seveity of flaod. |
thersfore revised in ihis ares bazad on the During more axirema svenis, ihe opsnings
provizionaf Tiood hazard Tor the 500 year benesth ihe Main Sculhem Rallway resirict
ARJ evert, ihe fiow which resulls in @ relalively large
Depths of flow siong the overiand flow “.-..__.. food level _538____._5555.!. of
paths which run ihrough the developad raltwey comdor. Whiie flow valocllie:
would reduce dus 1o the backwsier effect
pars of ihs viiage are relativaly shallow in
naturs (up to 300 mm) and slow moving, imposed by the raiwsy smbenkmant and ity
wiih o sudden Incraeses in depth of Bow, epseirgs. daptins of MUALINNG'N pacs of
the viloge sxcsed 6.0 m.
lslands or altemalve fiow patnz
developing with i ing severity of Depihs of flow alang the residusi overiand
flood. fiow paths which run ihrough the developad
paris of the viiage are relslively shallow In
nadure (up 1o 200 mm) and skew oving,
with no sudden increazsx In depth of fow,
Islands or sltemetive flow peths devaloping
with Increasing severity of floed,
Effaclive Thers i3 presenily ne formal flood warning + There Is prezently no formal Nood warming + Theee is presently no formel fiood warning + There s presantly no fosmal floed wurning *1
warningtime | sysiem in Crookwell. The waming Lime is systsm In Guaning, The waming lime is system in Collector. The weming tme iz sysiem In Tersiga. The warning time ix
short and prazently RmUisd to sboul ene 1o short and pressntly #mitad to shout two o shoit and prezanily Imilad to about bwo shorl and presently [imiied (o sboul one
thres hours, which would tend 1o increase throe houre, which would tend 1o Increass howrz, which would tend to increase ihe howr, which would lend to incresse the
tha provisiansl flood hezard. the provisional fleod hazard. provisional Rood hazerd. provisional fiood hazerd.
Flood Flocd awarerdass appaars to be quiie high -1 Flood ewarsness appears 10 be gulte high -1 Flood swareness colid polsnileily be quite -1 | Flood mwareness could potentially be quile -1
ENUrANATE dud to the occumencs of the recent stms due |o the occumence of ihe recenl storms high dus to the occurence of Ihe recent high due io the occumence of the recen

Iﬁ of Dacember 2010 and March 2012,

of Dacember 2010 and March 2012.

storms of December 2010 and March 2012.

siorms of Decembar 2010 snd March 2012.
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The Vikeges of Crookwell Gunning, Collactor and Taraige
Floodplain Rk Management Siudy ang Dratt Plan

TABLE 2.3 (Cont’d)
INFLUENCE OF FLOOD RELATED PARAMETERS ON PROVISIONAL FLOOD HAZARD
_ Crookwell Gunning T Collestor Tarsiga
Parameter _ . Influgnce on Infiienice on influence on Influence on
Flood Characteristics Prowsiona Flond Characteristics Provitional Flood Charactoristics Provistonal Flood Characteristics Provisional
Hazard Hazard Hazard Hazard
Rale of rise | Figoding Is of 8 “flash fooding” natire, + Flooding is of & Tiash flaeding” naturo, with + Fiooding Is of & Tesh fooding” nature, with + Flooding Is of u *Mleah flonding” nature, with +
and  valocly | with the main sirsams rising to & peak the main slreams dsing to & psak within the main streams rising to a pesk within ihe main streams rising to & peak within
of Aloodwaters | within four hows of the commencemant of hres hours of the commencemant of haavy four howrz of the commancement of haavy | iwe haurs of the commancemenl of hasvy
hasvy reinfell. This would tand to Incresse reinfall, This would teno to Increscs the | rainfall. This would fend to Increase the rainfsll. This would tand to Incraste the
the flood hazard, aMhough ihe hazard flood hazerd, sthough the hazard could be flood hazard, although the hazard cauld be food hazerd, allhough {he hazerd colld bs
could be reduced by educating the raducad by educsting the community sbout reduced by sducating ihe communily sbout reduzed by sduceling the community about
communily about fiood risk, fiood risk. feod risk. fleod sk,
Durstion  of | The durstion of the flcod paak i quils 0 The durstion of the ficod peak Is quite ] The curation of the Mood pesk it quite 0 The durstion of the flood peak Ia qulle 0
floading shofl, batwesn fowr to six hours for the short, approximately eight houwrs for the short, approximaisly six hours for the short, approximalsly thres hours for the
design storma shown on Figure 1.8. design storms shown on Figurs 2.10, design storma shown on Figure 2.14. de3igo storms shown on Figure 2.18.
Evacustion | Whils access across e Croolwell River -1 Whils svacusion of residsnilsl ereas to +1 While svacustien of resldentisl areas to +1 Evacuation of residaniial ersas to highw -1
problems and Klamma Creek Is cut, seif-evacustion higher ground and the Hune Highway (via higher greund and the Federal Highwey ground 5 maintained during mejor flood

out of flooded arers {o higher ground via
ina local road natwork is possibla during
major fload svents.

Gundaroa Road) is mainisined during major
flocd svenis, parts of tha flcodplaln would
bezome isclated during 1he rising Emb of a
fiood end  posslbly  Inundaled  with
lncreasing Nood mapnitude.

(via Gundsno Road) l» malnisined during
major flood evends, party of ihe foodplain
would become zolated during the rising
limb of & Mood mnd possibly Inundated with
increasing flood magnitude.

evanis,

Legend O =preutral mpact on provisionai hazard

]
+ 1 =lendency te increase provisional hazard

-1 = tendeney to reduce provisionat hazard
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The Villages of Crookwel, Gunning, Collector and Taralga
Ffoodplain Risk Management Study and Draft Plan

The procedure adopted for hydraulic categorisation is discussed in more detail in the Flood
Studies. It was based on the experience of the flood modellers, together with consideration of the
findings of previous investigators who have defined floodway areas mainly on the basis of
velocity and depth of flow. The ability of the TUFLOW hydraulic mode| to show both the direction
and velocity of flow as scaled vector arows also assisted with the assessment of the significance
of the various flow paths.

As part of the FRMS, the threshold depth for defining flood storage areas was reduced from 1m
to 0.4 m. Due to the significant increase in flood risk that occurs at Gunning on the southern
(upstream) side of Yass Street east of Warataw Street during floods slightly larger than
100 year AR, this area was subdivided into floodway, ficod storage and flood fringe areas based
on flooding behaviour relating to both the 100 and 500 year ARI events. This information has
been used in the development of the flood hazard maps which are contained in the draft Flood
Policy (refer Appendix D for further details).

2.7 Recommended Sub Division of the Floodplain

The draft Flood Policy (Appendix D) used the concepts of flood hazard and hydraulic
categorisation outlined in the previous sections to deveiop flood related controls for future
development in flood prone 1and at the four villages. The Fiood Policy caters for the three types
of flooding in the four villages:

» Main Stream Flooding (MSF) resulting from overfiows of the main channels of the
Crookwell River and Kiamma Creek at Crookwell, Meadows Creek at Gunning, Collector
Creek at Collector and Corroboree Creek at Taralga. These flows may be several metres
deep in the channels and relatively fast moving with velocities up to 2 m/s. For planning
purposes, flooding along the Cullen Street Overland Flow Path at Crookwell has been
assessed in the same way as fiow in the channels of the Crookwell River and Kiamma
Creek (i.e. as MSF).

» Minor Tributary Flooding (MTF) resulting from overflows of the minor watercourses
which drain the relatively steep hillsides bordering the aforementioned creeks. While flow
in the inbank area of the minor watercourses is generally greater than 0.5 m, overbank
flow is relatively shaliow and slow moving with velocities typically less than 0.5 m/s.

> Major Overland Flow (MOF) occurs along several flow paths that run through the
developed parts of the four villages. Flows on the MOF paths would typically be around
150 - 300 mm deep, travelling over the surface at velocities lessthan 0.5 m/s. .

Figures D1.1, D1.2, D1.3 and D1.4 in Appendix D are extracts from the Flood Planning Map at
Crookwell, Gunning, Collector and Taralga, respectively. The figures include flooding in the main
streams and minor tributaries in the presently rural parts of the study area which border the four
villages, as well as the overland flow paths which run through their developed parts. The extent
of the Flood Planning Area (FPA) (the area subject to flood related development controls) is
shown in & solid red colour in Figures D1.1, D1.2, D1.3 and D1.4 and has been defined as
follows:

» In areas subject to MSF, the FPA is based on the traditional definition of the area
inundated by the 100 year ARI plus 500 mm freeboard.

» In areas subject to MTF, the FPA is defined as areas where depths of inundation in a
100 year ARI event exceed 150 mm.
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Floodplain Risk Manegement Study and Draft Plan

> In areas subject to MOF, the FPA is defined as the extent of the High and Low Hazard
Floodway zones, as well as areas where depths of inundation in a 100 year AR| event
exceed 150 mm,

The illustration in Section 5.8.1 of the DFRMP (refer Chapter 5 of this report) demonstrates the
application of the variable freeboard approach (both positive and negative) in the derivation of the
FPA in areas affected by MSF, MTF and MOF.

It is proposed that properties intersected by the extent of the FPA would be subject to 5149 flood
affectation notification and planning controls graded according to flood hazard {dependent on
depth of inundation and flow velocity). Annexures 2.1 and 2.2 in Appendix D set out the graded
set of flood related pianning controls which have been developed for the four villages.
Annexure 2.1 deals with areas subject to both MSMTF, while Annexure 2.2 deals with areas
subject to MOF. Figures D1.5, D1.6, D1.7 and D1.8 in Appendix D are the Deveiopment
Controls Matrix Map for Crookwell, Gunning, Collector and Taralga, respectively and show the
areas over which both Annexures 2.1 and 2.2 apply.

Minimum floor level (MFL) requirements would be imposed on future development in properties
that are identified as lying either partially or wholly within the extent of the FPA shown on the
Flood Pilanning Map. The MFL's for all land use types affected by MSF and MTF is the levei of
the 100 year ARI fleod event plus 500 mm freeboard, while the MFL’s for all land use types
affected by MOF is the level of the 100 year ARI flood event plus 300 mm freeboard. For areas
outside the FPA shown on the Flood Planning Map, the MFL for all land use types is the level of
the 100 year AR! flood event plus 560 mm freeboard.

Figures D1.9, D1.10, D1.11 and D1.12 in Appendix D are the Flood Hazard Map for Crookwell,
Gunning, Coliector and Taralga, respectively. The figures show the subdivision of the fioodplain
into a number of categories which have been used as the basis for developing the graded set of
planning controls.

The floodplain has been divided into the following four categories in areas that are affected by
MSMT flooding:

> Inner Floodplain (Hazard Category 1), which is shown in solid red colour. This zone
comprises areas where factors such as the depth and velocity of flow, time of rise,
isolation on Low Flood Islands and evacuation problems mean that the land is unsuitable
for some types of development. It includes areas of High and Low Hazard Floodway,
Flood Storage, Flood Fringe, intermediate Floodplain and Outer Floodplain areas.
Erection of a buildings and carrving out of work not pemitted; use of land, subdivision of
land and demolition subject to State Environmental Planning Policies and Local
Environmental Plan provisions are not permitted in the zone.

> Inner Floodplain (Hazard Category 2), which is shown in solid yellow colour. This zone
comprises Low Hazard Floodway and Flood Storage areas where development other than
Essential Community Facilities, Critical Utilities, Schools and Flood Vulnerable
development is permitted provided it is capable of withstanding hydraulic forces and sited
on the allotment to minimise adverse redirections of flow towards adjacent properties.
Council may require a Flood Risk Report if it considers that the proposal has the potential
to significantly affect flooding behaviour in adjacent properties.

> Intermediate Fioodptain, which is shown in solid biue colour. This area is the remaining
land lying outside the extent of the Inner Floodplain zones, but within the FPA. While
land use permissibility would be as specified by State Environmental Planning Policies or
the Local Environmental Plan, Essential Community Facilities, Critical Utilities and Flood
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Vulnerable development such as schools and housing for aged and disabled persons
would be subject to additional controls as set out in Annexure 2.1 of the Flood Policy.

» Outer Floodpiain, which is shown in solid cyan colour. This area represents the
remainder of the floodplain between the Intermediate Floodplain and the extent of the
Probable Maximum Flood (PMF) (that is, the extent of the floodplain). While this area is
outside the extent of the FPA, controls on Essential Community Fagilities, Critical Utilities
schools and Flood Vulnerable development identified in Annexure 2.1 of the Flood Policy
would apply.

The floodplain has been divided into the following two additional categories in areas that are
affected by MOF:

» High Hazard Floodway, which is shown in solid orange colour. Future development in
this area is not permitted under the Flood Policy.

» Low Hazard Floodway / Flood Storage, which is shown in solid green colour.
Residential, commereial and industrial type development can occur in this Zone subject to
compliance with a prescribed set of flood related development controls.

The Intarmediate Floodplain zone in areas subject to MOF is the remaining land lying outside
the extent of the Floodway and Flood Storage areas but within the FPA, while the Outer
Floodplain zone represents the remainder of the floodplain between the Intermediate Floodplain
and the extent of the PMF. Flood related pfanning controls in these two areas are similar to those
that apply to development in areas subject to MSF and MTF, with the notable exception being the
adoption of a reduced freeboard for defining MFL's.

2.8 Council’s Existing Planning Instruments and Policies
2.8.4 General

The Upper Lachian Local Environmental Plan, 2010 (Upper Lachlan LEP 2010} is the principal
statutory planning document used by Council for controlling development by defining zoning
provisions, establishing permissibility of land use and regulating the extent of development in the
town.

The Upper Lachlan Strategy — Vision 2020 (PB, 2008) examined the economic, social and
environmental settings of the Shire and prepared land use sirategies for the benefit of the Upper
L.achlan LEP 2010.

The Upper Lachlan Devefopment Control Pian 2010 (Upper Lachlan DCP 2010) supplements the
Upper Lachian LEP 2010 by providing general information and detailed guidelines and controls
which relate to the decision making process.

2.8.2 Land Use Zoning - Upper Lachian Local Environment Plan 2010

Figure 2.29 shows the zonings incorporated in the Upper Lachlan LEP 2010 superimposed on
the drainage system at Crookwell. Most of the urban area of Crockwell is zoned R2 Low Density
Residential and R5 Large Lot Residential. The urban area also includes land zoned:

» B2 Local Centre » RE1 Public Recreation
» B4 Mixed Use » RU1 Primary Production
¥» IN2 Light Industrial » SP1 Special Activities
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Figure 2.30 shows that most of the urban area of Gunning is zoned RUS Village, with the
surrounding areas bordering the village zoned R5 Large Lot Residential, RU4 Rural Small
Holdings and RU2 Rural Landscape.

Figure 2.31 shows that the majority of Coltector is zoned RU5 Village with the exception of land
lying north of Church Street which is zoned RU2 Rural Landscape. The village is surrounded by
land zoned RU1 Primary Production.

Figure 2.32 shows that most of Taralga is zoned RUS Village with areas in the headwaters of the
MOF paths west of Martyn Street and south of Cooper Street zoned R5 Large Lot Residential,
The farm land surrounding Taralga is zoned RU? Primary Production.

2.8.3 Flood Provisions — Upper Lachlan LEP 2010

Clause 6.1 of Upper Lachlan LEP 2010 entitled “Flood Planning® outlines its objectives in regard
to development of flood prone land. It is similar to the standard Flood Planning Clause used in
recently adopted LEPs in other NSW country centres and applies to land beneath the FPL.

The FPL referred to is the 100 year ARI flood plus an allowance for freeboard of 500 mm. The
area encompassed by the FPL (i.e. the FPA) denoles the area subject to flood related
development controls, such as locating development outside high hazard areas and setting
minimum floor levels for future residential development. It is now standard practice for the
residential FPL to be based on the 100 year AR! flood plus an appropriate freeboard unless
exceptional circumstances apply.

Whilst appropriate for Main Stream flooding, the present clause 6.1 would have resulted in a
large part of the urban areas of the four villages which are affected by shallow overland flow
being subject to fiood affectation nofification on Planning Certificates issued under $149 of the
EPE&A act. It would have also resulted in flood related development controls being applied to fand
which is presently rural in nature where the flood risk is very low.

It is recommended that clause 6.1 of Upper Lachlan LEP 2010 be amended to more accurately
define the extent of land which clause 6.1(2)(b) applies. It is also recommended that the Fiood
Planning Map not be attached to the Upper Lachlan LEP 2010, as this way it can be updated
without the need to update the LEP. Recommended amendments to the wording of clause 6.1 (5)
are set out in Section 3.5.1.4 of the report.

Upper Lachlan LEP 2010 would need to be supported by the Fiood Policy in Appendix D which
sets out specific requirements for development in ficod liable areas based on the flood extent and
hazard mapping for the four villages. Figures D1.1, D1.2, D1.3 and D1.4 in Appendix D are
extracts from the Flood Planning Map referred to in clause 6.1 and relate to Crookwell, Gunning,
Collector and Taralga, respectively.

It is also recommended that a new floodpiain risk management clause be include in Upper
Lachlian LEP 2010. The objectives of the new clause are as follows:

> in relation to development with particular evacuation or emergency response issues
(e.g. schools, group homes, residential care facilities, hospitals, etc) to enable
evacuation of land subject to flooding in events exceeding the MFL; and

» to protect the operational capacity of emergency response facilities and critical
infrastructure during extreme fiood events.
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The new clause would apply to land identified as Outer Floodplain (i.e. land which lies between
the FPA and the PMF). Suggested wording in relation to this new clause is given in
Section 3.5.1.4.

2.8.4 Flooding and Stormwater Controls — Upper Lachlan DCP 2010

Section 4.5 of Upper Lachiarn DCP 2010 sets out the controls that apply to future development in
relation to flooding and stormwater drainage in the four villages. Section 4.5.1 titled *Flood
affected lands™ states that the objectives of the controls are:

¢ “To maintain the existing flood regime and flow conveyance capacity,

e To enable safe occupation and evacuation of existing dwellings situated on land subject
fo flooding, and

o To limit uses to those compatible with flow conveyance function and ficod hazard.”
The controls set out in Section 4.5.1 apply to areas that are subject to flooding during a 100 year
ARI event or land identified as being flood prone on the Flood Planning Map. They also apply to
areas that Council consider to be potentially flood prone. A Flood Study is to be prepared to
support a development application demonstrating that the proposed development is consistent
with the controls set out in Upper Lachian DCF 2010.
In ficod prone areas, Upper Lachian DCP 2010 states that works cannot involve:

» “any physical alteration fo a waterway or floodway including vegetation clearing, or

» net filling exceeding 50 m? (cubic metres), any reductions of on-site fiood storage capacity
is avoided and any changes to depth, duration and velocity of floodwaters of all floods up
to and including 100 year ARl are contained within the site, or

» any changes in the flood characteristics of the 100 year ARI outside the subject site that
rostdf in:

- loss of fliood storage, or

- loss of/changes to fiow paths, or

- acceleration or retardation of flows, or

- any reduction of warning times elsewhere on the floodplain.”
All built form, infrastructure (unless designed to be inundated) and open space must be located
on land that would not be subject to floeding during a 100 year ARI flood event. Furthermore,

where there is existing development located on land that is subject to flooding during a 100 year
ARI event, this development/activity must not be intensified through further development.

It is noted that the controls set out in Section 4.5.1 do not state a minimum freeboard requirement
for development located in flood prone areas.

Section 4.5.2 titled *Stormwater management® states that the objectives of the controls are to
improve water quality and conservation, reduce runoff vlumes and increase onsite storage of
rainwater. Upper Lachfan DCP 2010 states that proposed development must incorporate
treatment methods and an approach to water management that:

s “reduce demand for potable water,
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* Requires stormwater discharge for all proposed development be equivalent with
levels and volumes of discharge for the pre-developed condition on site, {emphasis
added]

e Maximizes pervious surfaces where possible, and
¢ Encourages the reuse of stormwater and greywater.”

It is assumed that the reference to “level” and “volume® of runoff relates to the rate of flow
discharging from the development site.

Section 4.5.4 titled “Overtand Flow Paths" states that the objectives of the controls are:

* “To maintain the existing stormwater drainage corridors and watercourses to provide for
extreme surface water flows

e To provide a clear overland flow path for urban stormwater runoff when rainfall intensities
exceed the capacily of the existing infrastructure or when the piped system fails

¢ To minimize damage to private and public properly from surface water flows during and
after high intensity rainfall everts

s To minimize development in drainage corridors that will restrict or divert urban runoff from
following a natural flow path"

Upper Lachlarn DCP 2010 states that a detailed site survey of each potential development site is
to be submitted with the development application where the land is located within the four
villages. The site survey is to be accompanied by a plan identifying the following;

3 the extent of the contributing catchment areas;
¥ runoff volumes for the 1, 5, 10, 20, 50 and 100 year AR storm events; and
» the extent of the affected area.

Upper Lachlan DCP 2010 states that the general design principles which are to be followed
include:

s “minimum width of overiand fiow path to be ten metres (10.0 metres)

s floor levels of dwellings adjacent to overland flow paths must be a minimum three
hundred miffimetres (300 mm) above existing ground leve!

e roadways, foolpaths and buildings set backs from houndaries can be used as overland
flow paths

e overfand flow paths must be protected by creation of easements over the full width of the
designated corridors

¢ diversion or filling of existing watercourses is not generally a solution 85 urban ruroff will
Yoliow former natural gradelines in extreme rainfall events.

it is noted that the minimum freeboard requirement of 300 mm to the finished floor levels of
dwellings located adjacent to overland fiow paths is consistent with the controls set out in the
draft Flood Policy (refer Appendix D).
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29 Potential Impacts of Future Urbanisation

Future urbanisation has the potential to increase the rate and volume of runoff conveyed along
the various overland flow paths that run through the four villages, as well as increase the
frequency of surcharge of the local stormwater drainage system. It is also likely to result in
changes in the existing drainage system. While existing minor watercourses are likely to be
retained and formalised in drainage reserves, piped drainage systems associated with urban
subdivisions will result in significant amendments to existing overland flow paths leading to the
watercourses.

The impact future urhanisation could have on flooding and drainage pattems in the four villages
should appropriate controls not be imposed by Council was assessed assuming the following
maximum fraction impervious values:

» R2 Low Densily Residertial 2oned land — 50%;
» RUS Village - 15%; and
» R2 Low Density Residantial — 10%.

Figure 2.29 shows the future urbanisation within Crookwell if uncontrolled would impact fiooding
behaviour along the Cullen Street Overland Flow Path, as well as the overland fiow paths that are
located on the western side of the village between Brooklands Road and MacDonald Street.
Depths of overiand flow in all three overland flow paths would be increased by up to 200 mm,
where it would exacerbate flooding conditions in existing development. The extent of land
affected by MOF would also increase as a result of uncontrolled development.

Future urbanisation within Gunning and Collector has the potential if uncontrolled to increase
depths of overland flow in a few isolated areas by up to 100 mm (refer Figures 2.34 and 2.35,
respectively), while at Taralga it would increase depths of overland flow in the majority of the
overland flow paths by up to 200 mm (refer Figure 2.36). There would also be a noticeable
increase in the extent of land affected by MOF in Taralga as a result of uncontrolled
development.

There are minor reductions in peak flood levels shown to be present along the major
watercourses at the four villages. This is due to the adoption of higher hydraulic roughness
values in the developed areas which has the effect of attenuating overland flow on its approach to
the receiving drainage lines.

2.10 Potential Impacts of Climate Change

Consideration was given to the impacts on design flood levels of future climate change when
estimating freeboard requirements on minimum floor levels of future.

OEH recommends that its guideline Practical Consideration of Climate Change, 2007 be used as
the basis for examining climate change in projects undertaken under the State Floodplain
Management program and the FDM, 2005. The guideline recommends that until more work is
completed in relation to the climate change impacts on rainfall intensities, sensitivity analyses
should be undertaken based on increases in rainfall intensities ranging between 10 and 30 per
cent.

On current projections the increase in rainfalls within the service life of developments or flood
management measures is likely to be around 10 per cent, with the higher value of 30 per cent
representing an upper limit which may apply near the end of the century. Under present day
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climatic conditions, increasing the 100 year AR design rainfall intensities by 10 per cent would
produce a 200 year ARI ficod; and increasing those rainfalls by 30 per cent would produce a
500 year ARI| event.

By inspection of the afflux data (i.e. increase in peak fiood levels compared with present day
conditions) derived from the hydraulic modelling undertaken in the Flood Studies, the impact of
climate change on fiooding patterns in the four villages may be summarised as follows:

Crookwell

1. For the 10 and 30 per cent increase in 100 year ARI rainfalls, there would be an increase
of up to 200 mm and 400 mm respectively along the length of the main amms of the
Crookwell River and Kiamma Creek. The increase in peak flood levels does not
significantly widen the extent of inundation due to the incised nature of the fioodplain,
except in the vicinity of the confluence between the Crookwell River and Kiamma Creek
where the Crookwell Caravan Park would be inundated as a result of an increase in
rainfall intensity.

2. For the 10 per cent increases in 100 year ARI rainfalls, the corresponding increase in
fiood levels in the areas of Crookwell subject to overland flow would be up to 50 mm with
only a very limited increase in the extent of flooding. For the 30 per cent increase, the
rise in flood levels would be up to 100 mm. Existing development located along the
overland flow paths that are located in the vicinity of in Brookiands Street, King Road,
Saleyards Road and Wade Street wouid be most affected by a 30 per cent increase in
rainfall intensity.

3. A minor increase in flow velocities would be experienced along the Crookwell River and
Kiamma Creek and along the various overtand flow paths due to the increased discharges
and depths of inundation.

4. No islands or new flow paths would be created. Flow would continue to follow its existing
course along the central threads of the creeks and various overiand flow paths that run
through the urbanized parts of the viliage.

Gunning

1. For the 10 per cent increase in 100 year ARI rainfalls, there would generally be a 200-
300 mm increase in peak flood levels in Meadow Creek. There would be a small increase
in the extent of inundation along Meadow Creek, with the exception of the area upstream
of Yass Street east of Warrataw Street,

2 For the 30 per cent increase in 100 year ARI rainfalls, there would generally be a 300-
500 mm increase in peak flocd levels in Meadow Creek. The exception would be areas
upstream of Jack Shaw Bridge (Yass Street) and the Main Southem Railway were peak
fiood levels would be increased by over 700 mm and 600 mm, respectively.

3. The increase in the depth of inundation which would oceur on the upstream side of Yass
Street east of Warrataw Street would result in high hazard flooding condilions arising in
several properties.

4, For the 10 and 30 per cent in rainfalls, peak fiood levels in the tributaries which drain the
hills to the east of Meadow Creek will increase by up to 200 and 300 mm, respectively.
The extent of inundation along these tributaries would not widen significantly owing to the
relatively steep nature of the surrounding overbank area.
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5. increases in peak flood levels of up to 50 and 100 mm would occur along the various
overland flow paths as a result of a 10 and 30 per cent increase in rainfall intensity,
respectively.

Collector

1. For the 10 per cent increase in 100 year AR rainfalls, there would be an increase in peak

flood levels of up to 200 mm on Collector Creek. For the 30 per cent increase, the rise in
flood levels would generally not exceed 300 mm. The width of the fioodplain will not
increase significantly as a result of an increase in rainfall intensity.

2. For both the 10 and 30 per cent increases in 100 year ARI rainfalls, the peak fiood levels
in areas subject to overland flow will generally increase by up to 50 mm, with shghtly
greater depths of flow occurring along the George Street Overland Flow Path.

3. A minor increase in flow velocities would be experienced along Collector Creek and the
various overland flow paths due to the increased discharges and depths of inundation.

4 No islands or new flow paths would be created. Flow would continue to follow its existing
course along the central thread of the creek and overland fiow paths.

Taralga

1. For the 10 per cent increase in 100 year ARI rainfalls there would be an increase in peak

flood levels of up to 200 mm on Comroboree Creek and up to 50 mm in the overland flow
paths. For the 30 per cent increase, peak flood levels on Corroboree Creek would
generally increase by up to 300 mm, while depths of flow along the overland flow paths
would increase by up to 100 mm.

2. The extent of inundation along Corroboree Creek would not increase significantly owing
to the incised nature of the creek.

3. While flow would continue to follow its existing course along the overiand flow paths,
some widening of their extents would occur throughout the village.

4, A small increase in flow velocities within the inundated areas would oceur, but no sudden
increase to provisional flood hazard would be experienced,

5. No istands or new flow paths would be created. Flow would continue to follow its existing
course along the central thread of the creek and overiand flow paths.

Given the cument uncertainties in the estimation of increased rainfalls resulting from climate
change and its timeframe, it is considered that its impacts on peak flood levels in areas subject to
flooding could reasonably be catered for within the proposed freeboards (500 mm for MSMTF and
300 mm on MOF paths), with a reasonable margin remaining for other uncertainties such as local
hydraulic effects and wave action.

2.11 Impacts of a Potential Dam Failure on Flooding Behaviour
2.11.1 General

The Dam Safety Committee (DSC) under its statutory obligations of the Dam Safety Act, 1978
ensures that all dams are designed and operated to a standard to minimise the risks to the
community. The DSC requires all owners of prescribed dams (i.e. where lives may be lost in the
event of dam failure) have full responsibility to determine and put in place appropriate actions and
programs to ensure ongoing safety of their dams.
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The DSC assigns “Consequence Categories” to a dam according to the seriousness and
magnitude of the adverse consequences affecting a community which could be expected from
that failure. The procedure for assessing Consequence Categories is set out in the DSC's
publication DSC3A, “Consequence Categories for Dams” and ANCOLD, “Guidsiines on the
Consequence Categories for Dams”. Two types of dam failure are recognised for the purposes of
determining a dam’s Consequence Category, as follows:

> Failures that occur without attendant natural flooding, giving rise to the "Sunny Day
Consequence Category.

» Failures that occur in association with a natural flood, giving rise to the “Flood”
Consequence Category.

There are seven possible Consequence Categories for a particular dam ranging between Very
Low, through Significant and High, to Extreme. Consequences are based on the “Population at
Risk™ and probable “Loss of Life". The DSC uses the Consequence Category to determine
whether the dam is “prescribed”. Owners of High Consequence and Extrem & Consequence dams
are to have in place automatic telemetered monitoring of the storage levels and preferably rainfall
and seepage. Measurements of seepage are required to monitor potential piping incidents.

The DSC requires dam-break studies for Significant, High and Extreme Consequence Category
dams for the assessment of consequences (i.e. sunny day and flood dam-breaks for events up to
the PMF).

For Extreme and High Consequence Category dams having a serious deficiency in safety, NSW
SES has agreed with DSC that the Local Flood Plan will contain specific amangements for
dealing with a dam failure usually in the form of a Dam Failure Annex.

The following sections set out the findings of a preliminary investigation which was undertaken to
assess the consequences a potential failure of the two existing dams at Crookwell (i.e. the Todkiil
Park Dam on Kiamma Creek and the Cullen Street Dam on the Cullen Street Overland Flow Path)
would have on flooding behaviour.

2.11.2 Methods of Analysis

A rigorous assessment of dam break would require a detailed survey of the impoundments to assess
their height versus storage characteristics, as well as geotechnical investigations to determine the
engineering characteristics of the embankment and would be an expensive exercise. After
consideration, the FMC decided that a "scoping study” shauld in the first instance be undertaken to
determine the likely magnitude of the problem in terms of the time of ravel of the fliood wave and the
incremental nse above naturally occurring flood levels, befare launching into more detailed studies.

The stage hydrograph experienced as a result of dam failure would depend on a number of factors,

including:
> The shape of the dam breach discharge hydrograph at the wafl, which is dependent on the
rate of erosion of the embankment (a function of the depth of overtopping, the materials used

and their state of compaction); as well as the stage versus volume relationship in the
impoundment.

» The hydraulic characteristics of the stream between the dam and the village; as well as the
conveyance capacity and fiood storage in the channel and fioodplain.

FVFRMS_V1_Report {Rev 1.2].doc Page 27 Lyall & Associates
November 2016 Rev. 1.2

Ordinary Meeting of Council held on 20 April 2017

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1

Page 45



| ltem: 9.4

~ Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1

The Villeges of Crookwell, Gunning, Coflector and Taraiga
Floodpiain Risk Management Study and Draft Plan

» Concurrent flooding in adjacent tributaries, that is, whether a Sunny Day failure occurs, or (as
is more likely) a fallure coincident with a major flood event such as occurred in
December 2010.

Table 2.4 shows the existing dam characteristics and dam break parameters adopted in this study.
The existing dam characteristics {(i.e. embankment and spillway levels and storage volumes) were
derived from the LIDAR survey data used in the hydraulic model. The time to failure and ultimate
breach geometry was determined using the Von Thun and Gillette (1990) relationships developed
from a case study of 57 dam failures in the United States of America and documented in Wahl, 1988.

TABLE 2.4
EXISTING DAM CHARACTERISTICS AND DAM BREAK PARAMETERS

Condition Attribute Todkill Park Dam | Cullen Street Dam
Crest Elevation (m AHD) 900.0 908.0
Present Day() | Spillway Elevation (m AHD) 99.0 066

Storage Volurne at Spiltway Level (m?) 95,000 {or 95 ML) 30,000 (or 30ML)

Average Breach Width (m) 151 13.7
Dambreak |
Parameters® Breach Formation Time (hrs) 03 03
Breach Side Slope (V:H) 11 11

1. Based onths LIDAR survey used to construct the hydraulic model.
2. Derived from the Von Thun and Gillette (1990} method conteined in Yvahl, 1998,

The worst case dam failure scenario was adopted for this scoping study. For this the following
assumptions were made:

% the dam embankment fails in-line with the thalweg of the downstream watercourse; and

» failure occurs when the 100 year ARI peak water level in the dam is reached (j.e. at the peak
waler level under present day conditions).

The TUFLOW hydrauiic model developed for the FRMS was used to simulate the failure of the dam
embankments based on the breach parameters in Table 2.4, and route the flood wave through the
drainage system.

2.41.3 Results of Dam Break Analysis
Todkili Park Dam

The Todkill Park Dam is located on Kiamma Creek approximately 1.0 km upstream of Harley
Road. The dam controls a catchment area of about 1700 ha and is used for recreational
purposes. No details are available on the date or standard of construction of the earth
embankment2. The peak 100 year ARI flood level in the dam is RL 899.78 m AHD, which is only
0.22 m below the crest level of the dam wall.

2 Design drawings provided by Council indicate the dem was constructed post-1967
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Figure 2,37 shows the impact a potential failure of the dam embankment would have on flooding
behavior downstream of its location. The peak 100 year AR! fiow in Kiamma Creek immediately
downstream of the dam will more than double from about 62 m¥s to about 147 m¥s. Peak 100
year ARI flood levels in Kiamma Creek would be increased by up to 500 mm, with greater
increases shown to occur immediately upstream of Laggan Road. Peak 100 year AR| flood levels
in the Crookwell River downstream of its confluence with Kiamma Creek would be increased by
up to 300 mm.

A failure of the Todkill Park Dam would result in the sudden increase in the depth of inundation in
existing development that is located in the vicinity of Goulbum Street near its crossing of East
Street, as well as in Railway Street, with three buildings (one residential and two commercial)
subject to potentially life threatening flooding conditions.®

Cullen Street Dam

The Cullen Street Dam is a privately owned structure that is located on the southem {upstream)
side of Cullen Street on the Cullen Street Overtand Flow Path. The dam is used to store runoff
which is generated by a 106 ha catchment for irrigation purposes. No details are available on the
date or standard of construction of the earth embankment. The peak 100 year ARI flood leve! in
the dam is RL 907.25 m AHD, which is 0.75 m below the crest level of the dam wall.

Due to its large size, the Cullen Street Dam attenuates flood flows discharging to the Cullen
Street Overland Fiow Path. For example, under pre-dam conditions, the peak 100 year AR flow
discharging across Cullen Street would have been about 8 m3s, compared to the current flow
rate of about 5 m¥/s.

Figure 2.39 shows the impact a potential failure of the dam embankment would have on flooding
behavior downstream of its lacation. The peak flow in the Cullen Street Overland Flow Path
immediately downstream of the dam would increase by an order of magnitude, from about 5 m¥s
to about 60 m?3/s. Peak 100 year ARI flood levels would increase by over 500 mm along the
Cullen Street Overland Flow Path and by up to 300 mm in Kiamma Creek. The impacts would
reduce downstream of Laggan Road, where peak 100 year ARI flood levels would be increased
by up to 200 mm in the Crookwell River.

A failure of the Cullen Street Dam would result in the sudden increase in the depth of inundation
in existing development that is located in the vicinity of Goulburn Street near its crossing of East
Street, with eight buildings (five residential and three commercial) subject to patentially life
threatening flooding conditions?.

2.11.4 Dam Classification and Future Refinements to the Dam Break Analysis

The results of the hydraulic modeliing were used to determine the consequence category for the
two dams based on the DSC’s publication DSC3A, *Consequence Categones for Dams".
Table 2.5 shows the key parameters that lead to both dams being assessed as having a Fiood
Consequence Category of High C.

A High C classification would lead to the two dams becoming a "prescribed” dam under
Schedule 1 of the Dams Safety Act 1978, whereby DSC can require owners to implement
measures which are aimed at ensuring the safety of their dams.

3 Defined as being where high hazard conditions would arise or where the depth of above-floor inundation
would be greater than 300 mm (depth criteria based on advice received from DSC).
4 Refer footnote 3 for definition of life threatening conditions.
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TABLE 2.5

CONSEQUENCE CATEGORIES FOR EXISTING DAMS AT CROOKWELL

Category TodkiH Park Dam Cullen Street Dam
Papulation at Risk(" i ] 27
Probable Loss of Life® 0.21 0.36
Fiood Consequence Category® HighC High €

1. Assumes that thera are 3 oocupants at risk in each building that is subject to hazardous flooding.

2. Using procedure for low lethality conditions {less than 20% of flooded residences ere either destroyed or heavity
damages) in Graham, 1988,

3. Based on Table 1 in DSC3A, assuming "Minor® damage.

As this study is of a preliminary nature, further more detailed investigations will need to be
undertaken in order to confim the High C classification. This will require a bathymetric survey to
be undertaken to define the storage characteristics of the two water bodies, as well as a floor
level survey of properties located in the affected areas. A geotechnical investigation will also
need to be undertaken in order to determine the engineering characteristics of the earth
embankments. The TUFLOW model that was originally developed as part of the Flood Studies
and later updated as part of the FRMS could then be used to simulate the pregressive failure of
the dam embankments.

Once the detailed investigations have been completed, the DSC should be advised of the
existence of the two dams by submission of a “D7 — Basin Data Form for Dams®. The DSC will
then determine whether the two dams are to be listed under Schedule 1 of the Dams Safety Act
1978.

212 Economic Impacts of Flooding

The economic consequences of floods are discussed in Appendix B, which assesses flood
damages to residential, commercial and industrial property and public buildings in the floodpiain.
There are no data available on historic flood damages to the urban sectors in the study area.
Accordingly it was necessary to use data on damages experienced as a result of historic flooding
in other urban centres. The residential flood damages were based on the publication Floodpiain
Risk Management Guideline No. 4, 2007 (Guideline No. 4) published by the Department of
Environment and Climate Change (DECCW) (now Office of Environment and Heritage (OEH)).
Damages to industrial and commercial development, as well as public buildings were evaluated
using data from previous floodplain management investigations in NSW.

It is to be noted that the principal objectives of the damages assessment were to gauge the
severity of urban flooding likely to be experienced at the four villages and also to provide data to
allow the comparative economic benefits of various flood modification measures to be evaluated
in Chapter 3 of the report. As explained in Appendix B, it is not the intention to determine the
depths of inundation or the damages accruing to individual properties, but rather to obtain a
reasonable estimate of damages experienced over the extent of the urban area in each village for
the various design flood events. The estimation of damages using Guideline No. 4 (in lieu of site
specific data determined by a loss adjustor) also allows a uniform approach to be adopted by
Government when assessing the relative merits of measures competing for financial assistance in
flood prone centres in NSW,
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Damages were estimated for the design flood levels determined from the hydraulic model set up
for the Fiood Studies. Elevations of the floors of affected properties were estimated by a “drive-
by’ survey which assessed the height of the floor above local natural surface elevations. These
natural surface elevations were derived from the LiDAR survey used to construct the hydraulic
model. The number of properties predicted to experience “above-fioor” inundation, together with
estimated flood damages are listed on Table 2.6 over the page.

Crookwell

At the 100 year AR} level of flooding, 103 residential properties would be flood affected {i.e. water
has entered the allotment), fourteen of which would experience above-floor inundation of up to
300 mm depth in the event of a 100 year ARI flood. Seven commercial properties and two public
buildings would experience above-fioor inundation in the event of this magnitude. The total flood
damages in the village would amount to $1.91 Million in the event of a 100 year AR| flood.

As shown in Figure 2.5, four of the residential and three of the commercial properties that are
subject to above-floor inundation are located on the Goulburn Street crossing of the Cullen Street
Overland Flow Path. Flooding in these properties occurs as z result of insufficient capacity in the
culvert which crosses Goulburn Street. The remaining properties subject to above-floor
inundation are located on the minor overiand flow paths where localised depressions in the
topography cause ponding ta occur, or where there is concentrated overand flow through the
allotment.

Gunnin

At Gunning, 34 residential properties would be flood affected at the 100 year ARJ, seven of which
would experience above-floor inundation of up to 200 mm depth in the event of a 100 year ARI
flood. Eight commercial properties and three public buildings would experience above-floor
inundation in the event of this magnitude. In the event of a 100 year ARI flood, the total flood
damages in the village would amount to $0.82 Million.

The majority of properties subject to above-floor inundation are located on the southern
(upstream) side of Yass Street east of Warrataw Street. This area is impacted by floodwater
which surcharges Meadow Creek upstream of Cullavin Street, as well as overiand flow which
either discharges through the Gunning Showground or crosses Yass Street from the west at the
low point in the road

Collector

At Collector, only one commercial property would experience above-floor inundation in the event
of a 100 year ARI flood. The total flood damages in the village are therefore relatively minor,
amounting to only $6.07 Million for a ficod of this magnitude.

Taralga

At Taraiga, 14 residential properties would be flood affected, of which two would experience:
above-fioor inundation of up 1o 200 mm depth in the event of a 100 year ARI flood. One
commercial property and one public building would be flooded above floor level during a flood of
the same magnitude. The total fiood damages would also be relatively minor, amounting to only
$0.25 Million for a 100 year ARI event.
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TABLE 2.6
FLOOD DAMAGES
NOMINAL DESIGN FLOOD LEVELS'"
Number of Properties
vilage | 2RI Residential Commercll/ Public L
{years) Flood Fiood Fiood
Flood Above Flood Above Flood Above (% Million)
Affected Floor Affected Floor Affected Floor
Level Level Level
20 74 8 8 6 2 2 125
100 103 14 9 7 2 2 1.91
Crockwell 200 108 16 10 8 2 2 207
§00 119 19 10 9 2 2 241
PMF 219 132 22 22 4 4 15.03
20 20 1 5 1 2 1 0.25
100 3 7 " 8 5 3 0.82
Gunning 200 3 7 14 1" 5 3 0.99
500 45 17 16 13 -] 3 1.80
PMF T4 55 20 20 12 12 18.20
20 0 0 0 0 0 0 0.00
100 4 0 1 1 0 0 0.07
Collector 200 6 2 1 1 0 0 0.17
500 6 2 1 1 1 1 0.22
PMF 26 20 2 L 1 1 1.99
20 12 1 0 0 1 1 0.18
100 14 2 2 1 1 1 0.26
Taraiga 200 14 3 2 1 1 1 0.28
500 15 3 3 1 1 1 0.36
PMF 50 15 11 6 2 1 140
1. Nominal design ficod levels computed by application of the fiood levels derived from the TUFLOW model to

property floor levels, without allowance for freeboard.
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213 Flood Warning and Flood Preparedness

The NSW SES is nominated as the principal combat and response agency for flood emergencies
in NSW. NSW SES is responsible for the issuing of relevant wamings {in collaboration with
BoM), as well as ensuring that the community is aware of the flood threat and how to mitigate its
impact. The BoM operates a flood warning system which provides predictions of gauge heights
at a number of towns in both the Lachlan and Hawkesbury Valleys, but does not provide specific
waming information for the four viliages as there are no fiood gauges on the major watercourses
which run through them.

The Upper Lachian Shire Local Flood Plan is only partially complete. For example, Volume 1
which covers the local emergency management responsibilities has been completed, while
Volume 2 (which addresses flood hazard and the potential risk the community) and Volume 3
{which outlines the NSW SES response arrangements) are yet to be developed. The DFRMP
therefore includes a recommendation that NSW SES complete Volumes 2 and 3 of the Local
Flood Plan for the Upper Lachlan Shire using information contained in the Flood Studies and this
report.

The Upper Lachlan Shire is located within the Southern Highlands NSW SES Region. The future
Upper Lachian Local Fiood Plan will be administered by the Crookwell Loeal Controller
(Crookwell and Taralga) and the Collector Local Controller (Gunning and Collector).

2.14 Environmental Considerations

The creek systems at the four villages are largely in their natural state where they run through
public and privately owned land with limited easements. As there are a limited number of
properties affected by main stream flooding in a¥l four villages, modifications to the main arms of
the creeks would not result in a significant reduction in flood damages. As a result, channel
modifications do not foom part of the recommended set of flood mitigation measures at each
village.

Chapter 3 of the report examines the potential benefits that could be achieved in terms of
reduction in the impacts of flooding on existing development by clearing dense vegetation along
the Crookwell River and Kiamma Creek at Crookwell and along Meadow Creek at Gunning. As
these are natural streams, management measures would include the removal of woody weeds
and willows and the revegetation of the creek comidors with native species. These measures
usually have a beneficial, but limited impact on the conveyance capacity of the stream.

Chapter 3 of the report also investigates the potential for detention basins to be built in the upper
reaches of the Cullen Street Overiand Flow Path at Crookwell to mitigate downstream flooding
patterns in existing development. While construction of the basins would require land clearing
and major earthworks, controls over erosion sediment transport during the construction phase
would mitigate adverse environmental impacts.
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3 POTENTIAL FLOODPLAIN MANAGEMENT MEASURES
3.1 Range of Available Measures

A variety of floodplain management measures can be implemented to reduce flood damages.
They may be divided into three categories, as follows:

Flood modification measures change the behaviour of fioods in regard to discharges and water
surface tevels to reduce flood risk. This can be done by the construction of levees, detention
basins, channel improvements and upgrades of piped drainage systems in urban areas. Such
measures are also known as “structural” options as they involve the construction of engineering
works.

Property modification measures reduce risk to properties through appropriate land use zoning,
specifying minimum floor levels for new developments, voluntary purchase of residential property
in high hazard areas, or raising existing residences in the less hazardous areas. Such options
are largely planning (i.e. “non-structural®) measures, as they are aimed at ensuring that the use of
floodplains and the design of buildings are consistent with flood risk. Property modification
measures could comprise a tmix of structural and non-structural methods of damage minimisation
to individual properties.

Response modification measures change the response of flood affected communities to the
fiood risk by increasing flood awareness, implementation of flood warning and broadcast systems
and the development of emergency response plans for property evacuation. These options are
entirely non-structural.

3.2 Community Views

Comments on potential flood management measures were sought from the Upper Lachlan
community by way of the Community Questionnaire distributed at the commencement of the
study. The responses are summarised in Appendix A of this FRMS report. Question 9 in the
Questionnaire outlined a range of potential flocd management options. The responses are shown
on Table 3.1 over the page together with initial comments on the feasibility of the measures. The
measures are discussed in more detail in later sections of this Chapter and in Appendix C.

The Community favoured the following measures:

» Management of vegetation and sedimentation in the creek systems to maximise the
hydraulic capacity of the creek channels and minimise the likelihood of blockages due
to flood debris at the local road crossings.

Entarging the creek channels to increase hydraulic capacity.

improvements in the trunk drainage system in the urban parts of the villages.
Flood related controls over future development in flood liable areas.
Improved flood warning, evacuation and flood response procedures.

Community education to prom cte flood awareness.

YV ¥ ¥V V¥V V¥V Y

Advice of flood affectation via Planning Certificates for properties located within the
Flood Pianning Area.
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TABLE 3.1
COMMUNITY VIEWS ON POTENTIAL FLOOD MANAGEMENT MEASURES

ﬁ

No. of Respondents

1
Floo# Management Measuro Classification™ | Crosiowell | Guaning | Collactor _ Taralga Total Comments
Yoz | Mo | Yes | Mo | Yox [No | vex | Wo | Yes [ No
Maintenanca programs toc dear crasks of | This sption i3 strangly fsvoured by the community and would have an application along the main streams ot Crookwal and Gupning. It is
a) | vegstalion end debris impeding fows et road FM w318 2|9 | 1| 8 | 1|38 | 5 |eimaedastensuring that the existing drainage system functions at maximum cepacity during ficods, The technical requirements isted
Cruasings. with stream claaring are d din 8 €21 ol A dix &.
Enlarga the cresk channels. This opkion is ganerally favoured by the community  Thw results from ,ﬂ Mncunm._ﬁ..mm show that it has liltte application &t Taralga due to
b} 5] 7 4 5 4 5 S 2 4 | 19 | 14 | the incised nature of the creek or fer Crookwell Gunnmg end Collector where the mejority of the flow is corwayed on the ovarbank areas of
the creek. The fechnical requiremants associatad wih channel improvemaents are giscussed in Sectlan C2.2 of Appendix €.
Construct dedention basins to store Rocdwaters. Whilet tha community is not in lavour of this splion, the Fiood Sludies show that construction of a detentlon basins on the Cutlen Street
ch FM 3 5 4 & 4 2 /] 3 11 17 | Ovenand Fiow Path al Crockwall will reduce depths of dation in axisting d L located in the wcinity of Goulbirm Street. The
technisal requirements associated with delention basing arg gecussed in Section C2.9 of Appandix C.
Timprove the cepacity of the trunk drainage This measure s atrongly suppored by the commurity 8nd neads to be considered Bs part of the DFRVP. The Fiood Studies show that
& Systen. ™ 15 2 a 2 RE 5 e Asoding caused by surchange of the trunk drainage syslems is relatively minor at the feur villages, with the exceplion of the Gowburn Street
crogging of tha Cullan Street Ovedand Flow Peth, The technicel mqui : istad with hydraylic structure upgrades ane discussed
in Baction C2.4 of Appandix C.
2 = |
Construct  parmanant  kvees to  contain The community 15 nat in fevour of this option. In sny case. the recults ¢l the Flood Stydjes show Lhat it has no practical application at
floodwaters Crookwell. Collector or Taraliga e to tha abilily of the craek and/ar Roodplain to convey major Nows without encroaching on sisting
2) FM 3 5 4 3 8 4 o e 13 | 18 devetopment  This oplion may ba applicable at Gunning where M eadow Creek braaks its bank in the vicinty of Cullavin Skreet and impects
@isling develspmernt. The technica requirements essocialed with food protection levess are discussed in Sectlon C2.6 of Appendix C.
Yoluntary purchase of residantial property in high The communily is mt in favour of this opticn, which is often adopted to remove rasidential p ..| in high hazard areag of tha floodpiain.
0 hnzard arves B e el alal s al| s |a)| 1| ar|THeresulsoftne Flood Sludies show ihat it nas no eppiication in the four villages oua t the ability of the creak andior lacdplain o corvey
malor fows withaut encraaching on axisting devalopmant. Similerly, low hazard corditions generelly epply in thi averland fl ow paths duato
e shatiow and siow moving nature of flow. Howevar, for caimpletenass, this opticn is reviewed in Section 3.6.2.
Provide Wnding or subskiles 1o raise housss The communily 15 not in favour ot this option. This optien would heve spplication fariimber rame? housaes located in low hazerd 2ones on _
@) | above 100 year AR Aogd level in low hazard PM (8| 2|82 (8|1 |2 & |30 mgovertand tow paths end is reviewed in Saction .5.3.
areas.
Centrols over Liture deveivpment in flood-lisble The community is strongly i Support of this option, which is an assential part of the FRMP, The issus i5 covared in the dralt Flood Palicy.
ht | areas. (a.g. contrls on location n the Hoodpiain, PM o | 7T 6 | 2] 3 |12 |4 | gerenced in Section .51 and presentad it Appendin 0.
minimum floor lsvels. eic.). |
improva  flood  waming  snd  evacusbion | Floading is of 8 “Nesh fooding” nature, with sudden rises in weter tsvals atter the onset of keavy rainfall. While NSW SES responds to flood
B Prociduras. R 1 0 5 9 p 1 5 1 20 3 oseurrences 1 the lour vitages, there is prasently no formal Locat Fisod Plan for the Upper Lachian Shive. Improvements to fioad
SMergency reEpanse plapning (using infarmetion contained in this study, a5 welli as the Flod Sludies) are supported by the community and
are considerad in Bectlon 3.8,
| Community educetion, participelion end food Promation of awareness of the sed risk would ba very strongly favoured amang the communily. This aption is reviawad In Sectlon 3.8.3,
i) | ewareness programs. RM 10 1 8 |1 4 2 5 0|27 | 4
zalm.o: of .__ooo atfectslion of popertigs on | Provision of i i on fiood affeclion of prop is strongly favourad by tha community. This may be achieved by nol atien of food
Ky | Fianning Certiicales. RM 1t 0 9 [} 7 2 4 1 | 31 | 3 | atectation of aliotments on Section 142 Planning Cerificates. This oplion is réviewad in Seetlon 36.1.
1. FM = Flood Modification Oplion
PM = Property Modification Gption
RM =Responss Modification Option
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3.3 Outline of Chapter

The measures set out in Table 3.1 were examined at the strategic level of detail in Chapter 3 and
where appropriate, tested for feasibility on a range of assessment criteria in Chapter 4.
Following consideration of the results by the FMC, selected measures were included in the
DFRMP in Chapter 5.

Table 3.9 at the end of this chapter summarises the potential floodplain management measures
which are discussed in this Chapter. The potential flood modification measures include stream
clearing, channel improvements, detention basins, levees and upgrades of the trunk drainage
system, which may include improvements to both the channel and/or piped drainage systems.
These structural measures have been modelled using the TUFLOW models developed for the
Filood Studies to assess their impact on flocding pattems.

Indicative cost estimates were prepared and an economic (benefiticost) analysis undertaken to
determine if the scheme could be justified on economic grounds. In the economic anafysls, the
damages prevented by a fiood mitigation scheme represent its benefits. The damages were
computed for present day and post-scheme conditions for a range of fiood events from
20 year ARI up to the PMF. By integrating the area beneath the damages — frequency curve up
to the “design standard” of the particular flood modification scheme (e.g. the 100 year ARI}, the
long term “average annual” value of benefits were calculated {by subtraction of post-scheme from
present day damages). These average annual benefits were then converted to an equivalent
present worth value for each of the three discount rates nominated by NSW Treasury Guidelines
for the economic analysis of public works (i.e. 4, 7 and 10 per cent), over an economic life of 20
years. These present worth values of benefits were then divided by the capital costs of the
schemes to give benefit/cost ratios for the three discount rates.

The property modification measures considered as part of this study include controls over future
development, voluntary purchase of residential properties and house raising. Response
modification measures such as the implementation of flood warning and broadcast systems,
improvements to emergency planning and responses and public awareness programs have been
considered for all four villages. The need for a Dam Safety Emergency Plan (DSEP) for the two
large dams at Crookwell is also discussed in this Chapter.

3.4 Flood Modification Measures
Table 3.2 over summarises the potential flood modification measures which were assessed as

part of the FRMS, while Appendix C presents the findings of an investigation which was
undertaken into the merits of each potential measure.
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TABLE 3.2

POTENTIAL FLLOOD MODIFICATION MEASURES

Tha Vitlages of Crookwel|, Bunning, Lollector gnd Tarmige
Floodpiain Risk Managemsnt Study end Dreft Flan

Flocs Motication Creokwell .— Gunning Collector Taralga
Meazure
« Crookwell River and Cresk Stream Cloaring Option | « Meadow Cresh Stream Ctsaring Optlon — The effacts | » Siream clasnng was not assessed as part of the present | « me.ou:. claaning was not assassed as part of the presant
— The effects of removing denge vegefation and willow irees of ramoving dense vagstelion snd willow Irsas along the irvestigation as there is limited dense veget on the igation as flow is generally contained within the in-
along the reash of Kiammm Creek batween Hwrey Road and repch of Mesdow Cresk between Lerids Street end foadplain. removel of which weuld have & regligible bank mrea of Comobores Creak and theralone does not
Seleyerts Road snd afong the reach of the Crogkwell River | Cullevin Strest on fcoding b iour wore d effect on peak food levals. sifsct existing developmant,
w..:%: _.Snn._ Rosd end the projection of Kensit Sirest on Refor Section C4.2 of >¥-_.i_u € for turther details.
Stream Ciesing h was Refer Section C32 o
P..u-:n_x € for further delails.
["a No Jocations wars idenlified where chaansl impravemants are 8 | = Meadow Cresk Channel Works — The benefts of | No locations wsre idenified where chanmei | » No  lecalions wers identfied where channel
Channel teagible oplion lo reduce the impect of fooding on existing |  semoving the Barbour Park Weir were d. Refer | i 6 are @ faasible oplion to reduce the impact | impeovements afe a feasible oplion lo reduce the impact
Improvements devalopment from Buction 4.3 of Appendix C for detells. of noonzn an sajsting development from. 2f looding on existing development from.
* Goulburm  Strest Local Drainage Upgrade - Reler | o Bisla Strest Local Drainage Upgrade — The benafits of | » George Gtrest Trunk Brainage Upgrade — The bensfits | » Orchand Gtreet Loeal Dral L — The banafil
Baction C3.3.1 of Appandix C kv delalls on upgrading the local » local dreinsge upgrade mimed at removing cverfand oaf upgrading the trunk drainage Ine Betwaen the Federal ol upgredng ihs lecal dralnage line downslreem of
Ru:._;_z!. drainaga system b rémove nuisance fooding in flow through ting it baly Eisln Streat Highway and the Collecor Cresk floodpiain were Omhard Street were asasssed, Reofer Beclian C8.2 of
I reial development on Goulburn Street. and Yass Siroet were Rafer Section CA.4 of d. Rofer Saction C5.2 ¢f Appendix C for | Appsndix C for details.
Local/Tnunk Drainage | * 178 Rowd Local Dralnags Upgrade - The benefis of Appendix C for datails. detsils.
Upgredes upgrading the local drainage system along King Road were | » Main Southsm Rallway Upgrade - Yhe benefiis of | « Caollector Bypuea Chsnnef - The bonefits of
asses5ed, Refer Section ©3.3.2 of Appendix C lor deteis. replacing the existing brck anch structure with a 200 m constructing @ chenne! running paraliel to the Federsl
+ Goulbum Btrest Trunk Drainage Upgrade — Sever trunk | WND bridge wore accessed. Refor Secton C45 of | Highway to dvert flows arcund existing development
dreinage upgrade atemetives were assessed for the Cullen | APpendix G for detals. e assessed in Bectlon C6.3 of Appendix C for
| Stresl Overland Flow Peaih in the vicinity of Goulbum Strest, datails.
Refor Ssction C3,3.3 of Appendix C for details.
| = Culien Strast Datantion Busin - The benetiés of canverting the | « No locetions wers iderkiled whers construction of @ | » No localions were identified where construction of & | » No locations ware identifled whers construction of o
existing fenm dam which Is loceted on tha upsiresm side of flood detention basin reducs the impact of Acoding on flood detention basin reduce the impact ot floodng on flvod detention basin reduce the impact of flooding on
Cullen Strsal on the Cullsn Strest Overlend Flow FPath o & wuisling developmert. existing development. wusting development.
formal  fload detenlion basin  were assessed. Refer
Section ©3.4.2 of Appendix © for udher details.
= Grange Raoad Datention Basin — Tho banafits of construciing a
0ot datention basin upsireamn of Grange Road on a Iribulary arm
of the Cullen Street Overland Flow Path were assessed. Redar
Fiood Datertion Saction C3.4.3 of Appendix € for furthar details.
Basins & Cuilen $trest and Grangs Road Detention Bumslng - Ths
benafite af constructing the twe alwementioned detention basins
in combination with the upgrade of the existing culvert under
Geulbum Street on the Cullen Street Ovariand Fiow Path were
assessed. Refer Ssction C3.4.3 of Appendix C for delails,
» Salsyards Rend Detantion Basin ~ The benefits of constructing
& detenlion basin aorh of sxisling developmant on Cram Sfrest
were az59556d. Reler Section G345 of Appendix C for further
detail.
» No locations were identified where the consbruction of @ levee | = Cullavin Street Levas — The benefils of constructing & | » No localions were igentified whera the construction of a | » No loeations were idanhfied where the construction of @
was a foasible option to protact existing devatopmont from the levaa along the let bank 3¢ Meadow Creek belwosn the leves would proted existing sovalopmant flooding, lavee would protect existing develcpmant Aood
_321 Protection impacts of fluoding. Jack Shew Bridge (Yess Bireet} end hipher ground
Levads upstreem of Cullsvin Strest were sseegsed. Refer
wna_as 4,8 of Appendix C lor delalls aof the two
[+ which were d a5 part of the presert
invesligation.
1. Refer Table 3.9 at the end of Chapter 3 which contains a brisf overview of the evaluation process which was underteken for each \ including whether consideration showid be glven ta its inclusion in the FRMP.
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3.5 Praoperty Modification Measures
3.5.1 Controls over Future Development
3.5.1.1 Considerations for Setting Flood Planning Level

Selection of the FPL for an area is an important and fundamental decision as the standard is the
reference point for the preparation of floodplain management pians. It is based on adoption of
the peak level reached by a particular flood plus an appropriate allowance for freeboard. |t
involves balancing social, economic and ecological considerations against the consequences of
flooding, with a view to minimising the potential for property damage and the risk to iife and tmb.
If the adopted FPL is too low, new development in areas outside the FPA (particularly where the
difference in level is not great) may be inundated relatively frequently and damage to assoclated
public services will be greater. Alternatively, adoption of an excessively high FPL will subject
land that is rarely fiooded to unwarranted controls.

Councils are responsible for determining the appropriate FPL's within their local gaovernment
area. The Upper Lachlan LEP 2010 nominates the 100 year ARI plus 500 mm freeboard as the
FPL. However, the LEP does not presently distinguish between the three flood producing
mechanisms at the four villages; namely Main Stream flooding from the major tributaries, Minor
Tributary flooding from the smaller incised watercourses which principally drain the rural areas
bordering the villages and the siow moving and shallow overland flow from the local catchments
draining the urban parts of the villages.

3.5.1.2 Cumrent Government Policy

The circular issued by the Department of Planning on 31 January 2007 contained a package of
changes clarifying flood related development controls to be applied on land in low fiood risk areas
(land above the 10D year ARI flood) The package included an amendment to the Environmentai
Planning and Assessment Regulation 2000 in relation to the questions about flooding to be
answered in Section 149 planning certificates, a revised ministerial direction {Direction 15 — now
Direction 4.3 issued of 1 July 2009) regarding flood prone land (issued under Section 117 of the
EP&A Act, 1979) and a new Guideline concerning flood-related development controls in low flood
risk areas. The Circular advised that Councils will need to follow both NSWG, 2005, as well as
the Guideline to gain the legal protection given by Section 733 of the Local Government Act.

The Department of Planning Guideline confirmed that unless exceptional circumstances applied,
councils should adopt the 100 year ARI flood with appropriate freeboard as the FPL for
residential development. In proposing a case for exceptional circumstances, a Council would
need to demonstrate that a different FPL was required for the management of residential
development due to local ficod behaviour, flood history, associated flood hazards or a particular
historic flood. Unless there were exceptional circumstances, Council should not impose ficod-
related development controls on residential development on land with a low probability of
flooding, that is land above the residential FPL.

Nevertheless, the safety of people and associated emergency response management needs to
be considered in low flood risk areas, which may result in:

»  Restrictions on types of development which are particularly vulnerable to emergency
response, for example, developments for aged care and schools.
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»  Restrictions on critical emergency response and recovery facilities and infrastructure.
These aim to ensure that these facilities and the infrastructure can fulfil their
emergency response and recovery functions during and after a flood event.
Examples include evacuation centres and routes, hospitals and major utility faciiities.
There are currently no critical developments of this nature in the fioodplain.

3.5.1.3 Proposed Planning Controls for the Four Villages

Proposed planning controls for flood prone areas in Crookwell, Gunning, Collector and Taralga,
along with a draft Fiood Policy for future development in those areas, are presented in
Appendix D. They are based on the proposed sub division of the floodplain and amendments to
the Upper Lachian LEP 2010 introduced in Section 2.6 of the report.

Appendix D deais with the preparation of flood mapping to separately identify jand subject to
MSMTF, as well as areas subject to the shallower and slower moving flow associated with MOF.
The need for the sub division of flood prone land into these three categories arises from recently
developed practice which aims at minimising community concems when land subject to relatively
shallow siow moving overland flow {with the addition of the traditional 500 mm of freeboard) is
subject to flood-related development controls and attracts a flood affection notice on Planning
Certificates issued under Section 149 of the EP&A Act 1879.

Considerable reduction in the number of properties in MOF areas classified as “flood affected”
would result by the adoption of a threshold depth of inundation under 100 year ARI conditions of
150 mm as the criterion for fiood affectation, compared with the traditional approach. Properties
with depths of inundation 150 mm or greater, or in a floodway (i.e. traversed by significant
overland flows) would be considered to be flood affected and lie within the FPA. Properties with
depths of inundation under 100 vear ARI conditions of less than 150 mm would be classified as
“Local Drainage” and, as such would be subject to controls such as the Building Code of Australia
{BCA) requirements, rather than attracting a flood affectation notice. This approach is supported
by NSWG, 2005 and would not adversely impact on Council's duty of care in regard to
management of flood prone lands. The proposed categorisation of the floodptain, terminology
and controls are shown on Table 3.3 over the page. Extracts from the Fiood Planning Map
supporting this approach are shown on Figure D1.1, D1.2, D1.3 and D1.4 of the draft Flood
Policy (refer Appendix D).

NSWG, 2005 suggests wording on S149 (2) Planning Certificates along the following lines:

“Council considers the land in question to be within the Flood Planning Area and therefore
subject to flood related development controfs. Inmformation refating to this flood risk may be
obiained from Council. Restrictions on development in relation to flooding apply fo this land as
sef ottt in Council's Flood Policy which is available for inspection at Council offices or website.”
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TABLE 3.3
PROPOSED CATEGORISATION OF THE FLOODPLAIN
Proposed Terminology Is Section 149
Category (FOM, 2005) used to define inundation c:’ﬂ‘:";f:ﬂ:":l‘g? Notification
in FRMSSDP repert 9 Warranted?
“Main Siream Fiooding™ Yes Yeos
Main Stream Flooding
“Minor Tributary Flooding™ Yes Yes
Local Overiand Flooding
- Local Dralnage “Local Drainage” No (ref. footnote 1). No (ref footnote 1)
- Major Dralnage “Major Overland Flow™ Yeos (ref. footnote 2). Yes (ref fooinote 3)

Footnotes

1, Inundation in Local Dreinage areas is accommodated by the minimum floer level requirement of
150 mm sbove finished surface level contained in the BCA and does not warrant a flood affectation
natice in S149 Planning Certificates.

2. These are the deeper fiooded areas with higher flow velocities. Development controls are specified in
the draft Flood Policy of Appendix D.

3. Depth and velocity ot inundation in Major Overiand Flow areas are sufficient to warrant flood alfectation
notice in $149 Planning Certificates. Inundetion is classified as “ficoding”.

3.5.1.4 Revision of LEP 2010 by Council

To implement the recommended approach set out in the FRMS&DP, clause 6.1 of Upper Lachian
LEP 2010 would require minor amendments, namely in regards the wording of sub clause (5). It
is recommended that the following clause replaces the existing clause 6.1 of Upper Lachian LEP
2010:

6.6 Flood planning

(1) The objectives of this clause are as follows:

{a) to minimise the flood risk te life and property associated with the
use of land,

{b) to allow development on land that is compatible with the land's
flood hazard, taking into account projected changes as a result of
climate change,

{c) to avoid significant adverse impacts on flood behavicur and the
environment.
2 This clause applies to:

(a) land identified as “flood planning area" on the Flood Planning
Map; and

{b) other land at or below the flood planning level.

{3) Development consent must not be granted for development on land to
which this clause applies unless the consent authority is satisfied that the
development:
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@

)

(a) is compatible with the flood hazard of the land, and

(b) will not significantly adversely affect flood behaviour resulling in
detrimental increases in the potential flood affectation of other
development or properties, and

() incorporates appropriate measures to manage risk to life from
flood, and

(d) will not significantly adversely affect the environment or cause
avoidable erosion, siltation, destruction of riparian vegetation or a
reduction in the stability of river banks or watercourses, and

(&) is not likely to result in unsustainable social and economic costs to
the community as a consequence of flooding.

A word or expression used in this clause has the same meaning as it has
in the NSW Government’s Floodplain Development Manual published in
2005, unless it is ctherwise defined either in this clause or elsewhere in
this plan.

In this clause:

For land not defined as either Outer Fioodpiain or Flood Planning Area on
the Flood Planning Map, the flood planning level is the level of the
100 year Average Recurrence Interval (ARI) flood event plus 500 mm
freeboard.

Note that reference to the Flood Planning Map forming part of Upper Lachlan LEP 2010 has been
removed from sub-clause 5 as this will allow it to be updated without the need for the LEP to be
updated at the same time.

It is also recommended that a new floodplain risk management clause be added to Upper Lachisn

LEP 2010 as follows:

Floodplain risk management

N

1]

3

The objectives of this clause are as follows:

{a) in relation to development with particular evacuation or emergency
response issues, to enable evacuation of land subject to flooding
in events exceeding the fiood planning level,

{b) to protect the operational capacity of emergency response
facilities and critical infrastructure during extreme flood events.

This clause applies to:

(@) land identified as either Iinfermediate Floodplain or Outer
Floodplain.

Development consent must not be granted to development for the
following purposes on jand to which this clause applies unless the consent
authority is satisfied that the development will not, in flood events
exceeding the flood planning leve!l, affect the safe occupation of, and
evacuation from, the land:
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(@) amusement centre
b) camping ground
(c) caravan park

(d) child care centre

(e) commercial premises (including business premises and retail
premises)

N community facility
{9) comrectional centre

(h) eco-tourist facility

(i) educational establishment (including schools and tertiary
institutions)
)] emergency services facility

&) entertainment facility
()] extraclive industry

(m) function centre

{n) health services facility
(o) industry

()] mining

(Q) place of public worship

) residential accommodation {including seniors housing)
{(s) respite day care centre
t) tourist and visitor accommodation

() waste or resource management facility

{4) A word or expression used in this clause has the same meaning as it has
in the NSW Govemment’s Floodplain Development Manual published in
2005, unless it is otherwise defined either in this clause or elsewhere in
this plan.

(5 In this clause:
The Outer Fioodplain is land which lies between the Flood Planning Area
and the Probable Maximum Flood.

The steps involved in Council’s amending LEP 2010 following the finalisation and adoption of the
FRMS&DP are:

1. Council Planning Staff consider the conclusions of the FRMS&DP and suggested
amendments to Upper Lachlan LEP 2010.
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2. Council resolves to amend Upper Lachian LEP 2010 in accordance with the FRMS&DE.

3. Council prepares a Planning Proposal in accordance with NSW Planning and
Environment Guidelines. Planning Proposal submitted to NSW Planning and
Environment in accordance with section 55 of the EP&A Act, 1979.

4. Planning Proposal considered by NSW Planning and Environment and determination
made in accordance with section 56(2) of the EP&A Act, 1979 as follows:

(a) whether the matter should proceed (with or without variation),

b) whether the matter should be resubmitted for any reason (including for further
studies or other information, or for the revision of the planning proposal),

(c) community consultation required before consideration is given to the making of
the proposed instrument (the community consultation requirements),

(d) any consultation required with State or Commonwealth public autherities that will
or may be adversely affected by the propesed instrument,

(e) whether a public hearing is to be held into the matter by the Planning Assessment
Commission or other specified person or bady,

() the times within which the various stages of the procedure for the making of the
proposed instrument are to be completed.

5. Planning Proposal exhibited for public comment.

6. Planning Proposal reviewed following public submissions and submissions from relevant
State and Commonwealth authorities.

7. Final Local Environmental Plan with proposed amendments drafted.

8. Amending Local Environmental Pian made by the Minister and gazetted.
3.5.2 Voluntary Purchase of Residential Properties

Removal of housing from high hazard floodway areas in the floodplain is generally accepted as a
cost effective means of correcting previous decisions to buiid in such areas. The Voluntary
Purchase (VP) of residential property in hazardous areas has been part of subsidised floodplain
management programs in NSW for over 20 years. After purchase, land is subsequently cleared
and the site re-developed and re-zoned for public open space or some other flood compatible
use. A fuither criterion applied by State Government agencies in assessing eligibility for funding
is that the property must be in a high hazard area such as a floodway, that is, in the path of
fiowing floodwaters where the depth and velocity at the peak of the flood are such that life could
be threatened, damage of property is likely and evacuation difficult.

Under a VP scheme the owner is notified that the body controlling the scheme, Council in the
present case, is prepared to purchase the property when the owner is ready to sell. There is no
compulsion whatsoever to sell at any time. The price is determined by independent valuers and
the Valuer General, and by negotiation between Council and the owners. Valuations are not
reduced due to the flood affected nature of the site.

Hydraulic calculations described in Chapter 2 showed that strictly speaking, none of the
residences flooded in the four villages are located in the high hazard portion of the floodway.
Flow velocities are low and the principal impact of flooding would be a relatively short duration of
shallow, above-floor inundation in affected properties.
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Given the nature of the flood risk, implementation of a VP scheme Is less justified than at other
flood prone centres where more hazardous conditions may occur. In addition, the Upper Lachlan
community were not supportive in their response to the suitability of this measure, preferring the
alternative approach of implementing flood and response modification measures. However, for
completeness a scheme was assessed where all properties in the floodway subject to depths of
above-floor inundation greater than 100 mm at the 100 year ARI. Table 3.4 shows the number of
properties included in the analysis and the maximum depth of above-floor inundation for each
village. Note that there are no residential properties inundated above-floor level by more than
100 mm in Gunning, Collector or Taralga.

TABLE 3.4
VOLUNTARY PURCHASE SCHEME
FOR RESIDENCES SUBJECT TO ABOVE-FLOOR INUNDATION GREATER THAN 100 mm

No. of Max Depth of
Location Residences in Inundation
Sample {mm)
Crookwell 5 300
Gunning 1] <100
Collector 0 -
Taraiga 0 <100

An economic analysis was carried out on a VP scheme which would involve the purchase cof the
six properties in Crookwell that would experience depth of above-floor inundation greater than
100 mm in a 100 year AR! event. An average purchase price of $350,000 per property was
adopted. Table 3.5 over the page shows the results of the economic analysis which was carried
out for the three discount rates nominated by NSW Treasury Guidelines for the economic analysis
of public works. The benefits of the scheme comprise the present worth value of the flood
damages to the properties which would be saved by their purchase.

it is clear from the data shown in Table 3.5 that a VP scheme would not be justified on economic
grounds. VP schemes do not necessarily have to be economically feasible, as their main purpose
is to remove unwise residential development in high hazard zones of the fioodplain. However,
although the urban ficodplains are subject to “flash fiooding" with little waming time, flooding is
relatively shallow, of short duration and there is ready access to higher ground. Accordingly, it is
considered that a VP scheme would not be justified on social grounds.
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TABLE 3.5
ECONOMIC ANALYSIS — VOLUNTARY PURCHASE SCHEME
FOR RESIDENCES SUBJECT TO ABOVE-FLOOR INUNDATION GREATER THAN 100 mm

Viflage Discount Rate % 4 T i0
Present Worth Value of Benefits .
{Damages Prevented) $ Million 048 . A4S
Crookwelt Cost of scheme $ Million 2.10 2.10 2.10
Benefit/Cost Ratio 0.35 0.27 022

3.5.3 Raising Floor Levels of Residential Propetties

The term "house raising” refers to procedures undertaken, usually on a property by property
basis, to protect structures from damage by floodwaters. The most common process is to raise
the affected house by a convenient amount so that the fioor level is at or above the MFL. For
weatherboard and similar buildings this can be achieved by jacking up the house, constructing
new supports, stairways and balconies and reconnecting services. Altematively, where the
house contains high ceilings, floor levels can be raised within rooms without actually raising the
house. It is usually not practical to raise brick or masonry houses. Most of the costs associated
with this measure relate to the disconnection and reconnection of services. Accordingly, houses
may be raised a considerable elevation without incurnng large incremental costs.

State and Federal Governments have agreed that flood mitigation funds will be available for
house raising, subject to the same economic evaluation and subsidy arrangements that apply to
other structural and non-structural flood mitigation measures. In accepting schemes for eligibility,
the Government has laid down the following conditions:

» House raising should be part of the adopted FRMP.
> The scheme should be administered by the local authority.

The Government also requires that councils carry out ongoing monitoring in areas where
subsidised voluntary house raising has occurred to ensure that redeveiopment does not occur to
re-establish habitable areas below the design floor level. In addition, it is expected that Councils
will provide documentation during the conveyancing process so that subsequent owners are
made aware of restrictions on development below the design fioor level.

Council’s principal role in subsidised voluntary house raising would be to:

» Define a habitable floor level, which it will have already done in exercising controls
over new house building in the area.

» Guarantee a payment to the builder after satisfactory completion of the agreed work.
» Monitor the area of voluntary house raising fo ensure that redeveiopment does not

occur to re-establish habitable areas below the design floor level.

The current cost to raise a medium sized {150 m2) house is about $100,000 based on recent
experience in other centres,

FVFRMS_V1_Report fRev 1.2].doc
November 2016 Rey. 1.2

Page 46 Lyall & Associates

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

Ordinary Meeting of Council held on 2¢ April 2017

Page 63



[ ltem: 9.4 ]

Attachment 2.: Draft Floodplain Risk Managef’nent Plan and Study - Vol 1 |

The Villages of Crookwel], Gunning, Colfector and Taralga
Floodpiain Risk Management Study and Draft Plan

Table 3.6 is an economic analysis of a house raising strategy for the three discount rates at the
four villages. Only two buildings (one each in Crookwell and Gunning) are timber framed and
could be considered for house raising. The benefits of the scheme comprise the present worth
value of the flood damages for the residential properties which would be saved by their raising. If
the houses were raised to at least the 100 year ARI flood level plus freeboard then the scheme’s
benefits would comprise the damages up to that flood.

TABLE 3.6
ECONOMIC ANALY SIS - RAISING FLOORS
OF TWO TIMBER FRAMED RESIDENCES
TO 100 YEAR LEVEL PLUS FREEBOARD

Village Discount Rate % 4 i i0

Present Worth Value of Benefits -
(Damages Prevented) $ Million o 0.04 0.03

Crookwell Cost of scheme $ Million 0.10 0.10 0.10
Benefit/Cost Ratic 0.50 040 0.30
Present Worth Value of Bensfis
{Damages Prevented) $ Million 002 0.01 D4

Gunning Cost of scheme § Million 0.10 010 0.10
Benefit’Cost Ratio 0.20 0.10 0.10

This strategy is not economically feasible and was not favoured by the community in the
responses to the Questionnaire. As mentioned, there is ready access to high ground for all of
these properties. Accordingly, a scheme for raising flood prone houses has not been considered
further.

3.6 Response Modification Measures
3.6.1 Improvements to Flood Warning System
3.6.1.1 General

Improvements to the flood warning and response procedures were strongly favoured by the
community during the community consultation process. An effective flood waming system has
three key components, i.e. a flood forecasting system, a flood waming broadcast system and a
response/evacuation plan. All systems need to be underpinned by an appropriate public flood
awareness program.

Funding to establish local fiash flood wamning systems has traditionally been made available on
the basis of no Council contribution to the initial capital cost in recognition of the high
maintenance costs which Council would have to meet. The costs of maintaining the system
would include such items as rain and river gauges, warning communication systems and ongoing
public awareness/education programs. The maintenance obligations need to be identified and
included in any initial funding grant. An operation and maintenance manual would need to be
prepared for the system. Reference to the system would also need to be incorporated into the
NSW SES Local Flood Plan (the development of which is recommended in the FRMP).

FVFRMS_V1_Report {Rev 1.2].doc Page 46 Lyall & Associates
November 2016 Rev, 1.2

Ordinary Meeting of Council held on 20 April 2017

Page 64



| Item: 9.4

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

The Villages of Crookwell Gunning, Collector end Tarsiga
Floodpfain Risk Menagement Study and Draft Plan

3.6.1.2 Recorded Rainfall and Stream Gauges

BoM's flood waming system for the Lachlan Valley uses rainfall and stream flow data recorded at
gauges in the catchment to provide quantitative predictions of river heights at towns along the
river, with Cowra being the most upstream location. Together with rainfall data from other
stations in the Lachlan Valley, the system uses rainfall data recorded at the Dalton, Golspie and
Taralga rain gauges which are located within the Upper Lachlan Shire LGA. Historically, waming
to NSW SES regarding approaching storms or flood producing rainfall is limited to the BoM's
regional severe weather alerts and vailey wide flood watches.

In addition to the existing BoM operated rainfall gauge located 4 km east of Taraiga, new rainfall
gauges could be established at Crookwell, Gunning and Collector. Recorded rainfall at these
gauges could be used to provide NSW SES with valuable information regarding the onset and
intensity of heavy rainfall, and could be linked to data gathered during previous historic events to
predict the expected extent of flooding. However, the use of real time telemetered flow and
rainfall data in a flood warning system would be constrained by the short travel time of the
floodwave in the catchments, which ranges from two hours at Tarailga to six hours at Collector.

There would be nc benefit in installing stream gauges upstream of the four villages as each is
located near the headwaters of their respective catchments. Therefore the stream gauge will
either be located at the top of the catchment, and not capable of measuring any significant flows,
or located close to the village which eliminates the potential warning time, negating the benefit of
having the gauge.

tional R iremen Gunnin

The rate of rise of floodwaters and depth of inundation at Gunning could potentially lead to
catastrophic consequences for events greater than the 500 year ARI. For example, in a PMF
event, fioodwaters will rise at a rate of about 4 m per hour (refer Figure 2.10) and inundate parts
of the village by more than 6 m (refer Figure 2.12). To reduce the risk of loss of life at Gunning,
there would be merit in installing a flood warning system that includes an alam that is triggered
by a level recorder on Meadow Creek at say the Sewage Treatment Plant. The DFRMP should
include a scoping study to determine the costs associated with the installation and ongoing
maintenance of the flood warning system, as well as the required trigger levels. Table 3.7 sets
out the indicative costs associated with the installation and ongoing maintenance of a land-based
flood wamning system for the village of Gunning.

INDICATIVE COST OF INSTALLINGTIEII::;;:WARNING SYSTEM FOR GUNNING
Item Budget - $
-lnsl_nllution of telemetered stream gauge on Meadow Creek 30,000
Installation of broadcast system at Gunning 100,000
T)evdopmant of Operations and Maintenance Manual - 10,000
Maintenance of gauge and broadcast system over a 20 year period 53,000("
Totad Cost 193,000

1. Present worth value of maintenance costs based on a 7 per cent discount rate.
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3.6.1.3 Predicted Rainfall Data

As noted previously, overland flow paths develop through existing development at the four
villages as runoff from the local sub-catchments makes it way over land towards the major
watercourses. Response times from these catchments are too short for implementation of an
effective warning system based on rainfalls recorded during the storm event. However,
emergency management procedures based on predicted rainfalls could be considered for
inclusion in the NSW SES’s Local Flood Plan.

Relationships between predicted rainfall depths and consequences within the local sub-
catchments could be developed using the flood models generated as part of the Flood Studies,
which considered the responses of the drainage system to a range of design floods. The prior
wetness of the catchment could be included as an additicnal variable.

The success of this approach depends on the lead time and accuracy of rainfail predictions. At
present the accuracy of making quantitative predictions of rainfall especially in the case of
localised thunderstorms is limited by lack of radar cover especially in rural areas of the state.
Therefore, establishing a flood waming system based on predicted rainfalls has not been
included in the FRMP due to the limited accuracy of the predictions and the high costs associated
with developing such a flood forecasting system.

3.6.1.4 Severe Weather Wamings

Whilst the current services provided by BoM for the Southern Tablelands region (i.e. for severe
weather and thunderstorms) are generally considered adequate (mainly because they are the
highest level of service provided by a government agency), it is noted that broadcast options for
these warnings have not kept pace with mobile technology and do not support SMS alerting.
BoM has traditionally been the sole provider of weather warning services in Australia, however, in
recent years a number of altemative service providers have emerged in the private sector. These
providers typically offer either extended weather warning capabilities, or the capacity to deliver
weather warnings via additional communication channels.

Any flood broadcast system that is established must have the following essential capabilities:

» Location-based alerting based on geographically targeted redistribution of BoM’s existing
weather warnings; and

» SMS delivery of these location based alerts to both Council staff and occupiers of the
flocdpiain.

Based on enquiries made during the preparation of the Combined Catchments of Wharfons,
Collins and Farrahars Creeks, Bellambi Gully and Bellambi Lake Fioodplain Risk Management
Study and Plan (L&A, 2014e), the indicative costs for these essential capabilities would be
approximately $12,000 per year, plus an additional cost of $0.30 per resident registration per
month. Council would only be subject to minimal additional costs of $165 if they were to pay for
the yearly registration of the 46 properties (24 residential, 16 commercial and six public) that
experence above-floor inundation at the 100 year ARI. Additional costs, albeit minor would also
be associated with the dissemination of alerts to occupiers of the Crookwell Caravan Park, as
well as the two camping grounds in Gunning. The present worth value of running the scheme
over a 20 year period assuming a 7 per cent discount rate is estimated to be about $127,000.
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A scoping study would be required to develop the system design and refine the cost estimates
above, including further consultation both within Council and potential service providers.®

3.6.2 Improved Emergency Planning and Response
3.6.2.1 Flood Response Planning in the Upper Lachlan Shire

As mentioned in Section 2.13, the Upper Lachlan Shire Local Flood Plan, which covers
preparedness measures, the conduct of response operations and the coordination of immediate
recovery measures for all levels of flooding, is presently being developed. Volume 1, which was
atopted by NSW SES in June 2013, includes information on the following:

> introduction; this section of the Local Flood Plan identifies the responsibilities af the
NSW SES Local Controller and NSW SES members and supporting services such as the
Police, BoM, Ambulance, Country Energy, Fire Brigades, Department of Community
Services, Council, etc. The Local Flood Plan identifies the importance for NSW SES and
Council to coordinate the development and implementation of a public education program
to advise the population of the flood risk.

> Preparedness; this section deals with activities required to ensure the Local Flocd Plan
functions during the occurrence of the flood emergency.

» Response. The Crookwell NSW SES maintains an operation centre at the Local NSW
SES Headquarters at Mcintosh Road which is located on the northern side of Crookwell,
while the Collector NSW SES maintains an operation centre at the Local NSW SES
Headquarters at Bourke Street which is located on the southem side of the viilage.

» Response operations wili commence: on receipt of a severe weather waming for flash
flooding from BoM; or when other evidence leads to an expectation of flooding within the
Shire. Sources of Flood Intelligence identified will include the BoM, Southem Highlands
Region headquarters and Council.

» The mgjor watercourses at the four villages do not have monitored flood gauges and
therefore no flood warmings are issued by BoM for Upper Lachlan Shire. The NSW SES
and Council monitor the potential problem areas listed in Volume 2 — Hazard and Risk in
the Upper Lachian Shire (yet to be prepared).

» Recovery, involving measures to ensure the long term welfare for people who have been
evacuated, recovery operations to restore services and dean up and de-briefing of
emergency management personnel to review the effectiveness of the Loca! Flood Pian.

3.6.2.2 Incorporation of Flood Data from FRMS&P Report in Local Fiood
Plan

NSW SES should ensure information contained in this report on the impacts of flooding on urban
development, as well as recommendations regarding flood waming and community education are
used to develop Volume 2 of the Upper Lachian Shire Local Fiood Plan.

S Note that any severe weather alert messaging system would need to be derived in consultstion with the
NSW SES and BoM to ensure consistency of messaging and warning advice.
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1 — The Flood Threat includes the following sub-sections:

1.1 Land Forms and River Systems — ref. Sections 2.1 and 22 of the report for
informaticn on these topics.

1.2 Storage Dams — The indicative extent of the impact resulting from failure of the
Todkill Park Dam on Kiamma Creek and the Cullen Street Dam on the Cullen Street
Overland Flow Path are contained in Section 2.11 of the report.

1.4 Characteristics of Flooding - Indicative extents of inundation for the 100 year
ARI and PMF events and the typical times of rise of floodwaters at key locations on
both the major watercourses and MOF paths are shown on Figures 2.5 to 2.20.
Table 2.2 summarises the impact flooding has on the critical infrastructure at the
four villages. The location of critical infrastructure relative to the flood extents at
each village are shown on Figures 2.21 to 2.24.

1.5 Flood History — Recent flood experience at the four villages is discussed in
Section 2.3 of the report, while the results of modelling the two recent storms of
December 2010 and March 2012 are presented in the Fiood Studies.

1.6 Flood Mitigation Systems - There are no significant flood mitigation systems
at any of the villages.

1.7 Extreme Flood Events — The PMF was modeiled and the indicative above-
ground and above-floor depths of inundation presented in this report (Figures 2.8,
2.12, 2.16 and 2.20).

2 — Effects on the Comimunity

Information on the properties affected by the 100 year ARI design flood are included
in this report (Figures 2.5, 2.9, 2.13 and 2.17). As floor level data used in this
assessment were estimated from the LiDAR survey and “drive by” survey they are
indicative only. While fit for use in estimating the economic impacts of design
floods, the data should not be used to provide specific details of the degree of flood
affectation of individual properties.

Table E1 in Appendix E contains the following information in relation to the
inundation of existing road and pedestrian crassings at the four villages:

» assessed minimum road/bridge deck level;

» time to commencement of overtopping following the onset of heavy rain;

» time to peak following the onset of heavy rain; and

» maximum depth of inundation.

The above flood related information is given for design storms with ARI's of 20 and
100 years, as well as the PMF.

FVFRMS_V1_Report [Rev 1.2].doc Page 80 Lyall & Associates
Novernber 2016 Rev. 1.2

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

Ordinary Meeting of Council held on 20 April 2017

FPage 68



| ltem: 9.4

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

The Villages of Crookwsll, Gunning, Collector and Taralga
Fleodplain Risk Menagement Study and Draft Plan

2.1 - Crookwell

By inspection of the values set out in Table E1, floodwater begins to overiop to
majarity of the road and pedestrian crossings at Crookwell at the 20 year ARI level
of floeding. The roads begin to overtop between about 1.5 - 4 hours following the
onset of heavy rainfall during the 20 year ARI event, reducing to 0.5 - 2 hours in a
100 year ARI event. Depths of overtopping vary at each location, but, with the
exception of the pedestrian bridge (CR_X2), do not exceed 0.8 m in the 20 year ARI
event,

Figure 2.21 shows the location of critical infrastructure relative to the flood extents
for 20 and 100 vear ARI flood, as well as the PMF. Refer Section 2.5 and
Table 2.2 for details of affected infrastructure.

Figures 3.1 and 3.2 show the flood emergency response planning classifications for
the 100 year ARI and PMF events, respectively based on the definitions set out in
the Floodpiain Risk Managemeni Guidelne - Flood Emergency Response
Classification of Communities (DECC, 2007}.

A key feature of flood behaviour at Crookwell is the confined nature of the
hazardous flooding for flood events up to the 100 year ARI, with damaging fiooding
limited to sections of the Cullen Street Overland Flow Path. This hazardous
flooding does not encroach on existing development. There are isolated pockets of
hazardous flooding along the local overiand flow paths in flood storage areas where
depths in excess of 1.0 m are experienced. Depths of above-floor inundation in
existing development are generally less than 0.4 m.

As shown in Figure 3.2, the flood hazard in the Crookwell River, Kiamma Creek and
the Cullen Street Overland Flow Path increase significantly at the PMF, which
results in a significant number of residential developments along Goulburn Street
being subject to depths of above-fioor inundation up to 2.0 m. There are two other
dwellings, one on Findhorn Street and another on Corcoran Place that would be
subject to hazardous flow in an extreme flood event. Evacuation of these dwellings
would need to occur well before the floodwaters reach these levels.

2.2 - Gunning

As shown in Table E1, the Hume Highway and Yass Street remain flood free in
events up to the 100 year ARI, whilst the Lerida Street causeway is rendered
accessible for minor flood events,

Figure 2.22 shows the location of critical infrastructure relative to the flood extents
for 20 and 100 year ARI flocd as well as the PMF. Refer Section 2.5 and Table 2.2
for delails of affected infrastructure.

Figures 3.3 and 3.4 show the flood emergency response planning classifications for
the 100 year ARI and PMF events, respectively based on the definitions set out in
the Ficodplain Risk Management Guideine — Flood Emergency Response
Classification of Communities (DECC, 2007).
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The hazardous flooding is generaliy confined to the Meadow Creek floodplain and
its tributaries at the 100 year ARI, with an additional hazardous flow path shown
through residential allotments upstream of Yass Street on the eastern side of
Meadow Creek. !t is noted that no existing dwellings are affected by hazardous
flooding up to 100 year ARI.

There is a hazardous flow path through the commercial centre of town between
Warrataw Street and Yass Street. As a resuit, the Gunning Motel becomes isolated
and any guests must be evacuated by wading through floodwater to higher ground
at the Jack Shaw Bridge. For floods slightly larger than the 100 year ARI event, the
depths of water in this area increase significantly and wading would become
difficult. Therefore, the Gunning Motel should be evacuated prior to Meadow Creek
surcharging its left banks at Cullavin Street.

Figure 2.12 shows indicative depths of above-ground and above-floor inundation for
the PMF. This assumes that the railway embankment downstream of the village
does not fail, resulting in ponding depths greater than 2.0 m in a significant number
of properties, including the police station.

2.3 - Collector

Table E1 shows that for a 20 year AR| event and greater, Murray Street is
overtopped and evacuation out of the village must occur via Church Street onto the
Federal Highway. The Federal Highway remains flood free at the 100 year ARI
level of flooding.

Figure 2.23 shows the location of critical infrastructure relative to the flood extents
for 20 and 100 year ARI flood, as well as the PMF. Refer Section 2.5 and
Table 2.2 for details of affected infrastructure.

Figures 3.5 and 3.8 show the flood emergency response planning classifications for
the 100 year ARI and PMF events, respectively based on the definitions set out in
the Floodplain Risk Management Guideline — Flood Emergency Response
Classification of Communities (DECC, 2007).

The hazardous fiooding is confined to the Collector Creek floodplain and does not
encroach on any existing development. There are two rural residential properties
and one commercial property located on the Collector Creek floodplain that have
access to the village via Mumray Street. Whilst only the commercial property
experiences above-floor inundation at the 100 year ARI, the two residential
properties are located on low fiood islands and are only accessible by boat. The
access to these properties is cut-off at the 20 year ARI, therefore evacuation will
have to take place during the early stages of a flood event.

As shown in Figure 3.8, at the PMF these properties will be subject to depths of
above-floor inundation greater than 1.0 m. An additional rural residential type
dwelling on Murray Street south of Collector Creek will experience above-floor
inundation, but evacuation can be made on foot to higher ground to the west.
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2.4 - Taralga

Table E1 shows that access to Goulburn via the Taralga Road will be cut-off at the
2G year ARI, and access across Meadow Creek at Walsh Street is cut-off at the
100 year ARI.

Figure 2.24 shows the location of critical infrastructure relative to the flood extents
for 20 and 100 year AR! fload as well as the PMF. Refer Section 2.5 and Table 2.2
for details of affected infrastructure.

Figures 3.7 and 3.8 show the flood emergency response planning classifications for
the 100 year ARI and PMF events, respectively based on the definitions set out in
the Floadplain Risk Management Guideline — Flood Emergency Response
Classification of Communities (DECC, 2007).

A key feature of Main Stream flooding behaviour at Taralga is the confined nature of
the hazardous flooding to the in-bank area of Corroboree Creek for flood events up
to the 100 year ARI. There are isolated pockets of hazardous ficoding alang the
local overland flow paths west of Comoboree Creek and depths of above-ficor
inundation in existing development are generally less than 0.4 m.

The aged care facility on Bunnaby Street is subject to inundation by overland flow
which is generated from the local catchment which lies to its south. One of the four
buildings comprising the facility will experience above-floor inundation at the 100
year AR! level of flooding (refer Figure 2.17). As the structure is built in cut,
overland flows pond up to a depth of 230 mm in front of the reception area.
Although the velocities are relatively minor, evacuation during a 100 year ARI storm
event would prove difficult due to the depth of water.

At the PMF, the hazardous flooding is still maintained within the banks of
Corroboree Creek. However, a number of hazardous overland fiow paths develop
through the village. As shown in Figure 2.20, fifteen residential dwellings would
experience above-floor inundation of up to a depth of 0.4 m, while the aged care
facility on Bunnaby Street will be inundated to a depth of about 1.0 m.

3.6.3 Public Awareness Programs

Community awareness and appreciation of the existing flood hazards in the floodplain would
promote proper land use and development in flood affected areas. A well informed community
would be more receptive to requirements for flood proofing of buildings and general building and
development controls imposed by Council,

One aspect of a community's preparedness for flooding is the “flood awareness” of individuals.
This includes awareness of the flood threat in their area and how to protect themselves against it.
It is fair to assume that the level of awareness drops as individuals’ memories of previous
experience dim with time. The impravements to flood warning arrangements described above, as
well as the process of disseminating this information to the community, would represent a major
opportunity for increasing flood awareness throughout the four villages.
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Means by which community awareness of flood risks can be maintained or may be increased
include:

> displays at Council offices using the information contained in the present study and
photographs of historic floading in the area; and

» talks by NSW SES officers with participation by Council and longstanding residents with
first-hand experience of flooding in the area.

Additional Requirements for Gunning

As mentioned in Section 3.6.1.2, the potential for loss of life to occur at Gunning during an
extreme flood event is significant, especially given the close proximity of the Barbour Park, and to
a lesser extent the Gunning Showground camping grounds. Both camping grounds are popular
with owners of caravans and mobile homes and the occupants would generally be unaware of the
flooding potential of the two camping sites. It would therefore be prudent to develop flood
evacuation plans for each camping site and provide suitable signage that:

a) informs the occupants of the camping grounds of the flood prone nature of the area; and

b) identifies the evacuation routes which are to be used during a flood event.

The Barbour Park Camping Ground would is impacted by floods which are slightly larger than
20 year AR, with vehicular access to Yass Street cut at the 100 year ARI level of flooding. While
vehicular evacuation could be undertaken along Saxby Lane during a 100 year ARI fiood event, it
is not recommended as Saxby Lane is cut by floodwater at its intersection with Warrataw Street
during an extreme flood event. Evacuation is therefore recommended along the alignment of an
existing access track which leads to high ground in Biala Street.

While the Gunning Showground Camping Ground is located on land which lies above the peak
100 year ARI flood level in Meadow Creek, it would be inundated to depths of up to 3.5 m during
a PMF event. Evacuation of the camping ground to higher ground would need to be in a westerly
direction along Park Street.

3.6.4 Dam Safety Emergency Plans

There is no information available regarding the construction of the Todkill Park and Cullen Street
dams, in particular the material used to form the embankments and their standard of compaction.
The results of a preliminary investigation undertaken as part of the FRMS (refer Section 2.11)
showed that the embankments would be overtopped by major floods and that in the event of a
dam-break occumring in conjunction with a 100 year AR flood, peak levels could rise by up to
0.5 m higher than the natural flood level.

Consequently there is a high risk of failure in the event of a major flood and there may also be a
significant risk of a Sunny Day failure due to internal piping of the embankment, especially in
regards to the Cullen Street Dam. Therefore, the Population at Risk is likely to be sufficiently
high to justify apportionment of at least 2 “Significant™ Consequence Category and probably a
“High C” category to both dams.

Given the above, there is justification for the inclusion of the preparation of a DSEP for both dams
as a priority measure in the FRMP. As noted previously, the flood models developed in the Fiood
Studies and later updated as part of the FRMS could be used for the dam-break analyses.
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Depending on the assessment of the Consequence Category for the dam it may also be
appropriate to recommend the installation of a rain gauge on the headwaters of the Kiamma
Creek catchment with telemetered reporting of rainfall depths, together with reporting of storage
levels to Council. The indicative cost of this instrumentation would be around $30,000, with
annual maintenance costs of around $5,000. Table 3.8 over the page gives an indicative budget
for the data collection activities analysis and possible instrumentation components of the DSEP.

TABLE 3.8
INDICATIVE COST OF DAM SAFETY EMERGENCY PLANS

Item Budget - §
Survey of Storage Arez to determine volume impounded 30,000
Geotechnical testing and reporting embankment conditions 44,000

Hydraulic analysis and preparation of DSEP Documentation,
including a Flood Annex for future Local Flood Plan for Upper 100,000
Lachlian Shire.

Rainfall and water leve! recording instrumentation at the dam
(provisional item)

30,000

Total Cost 200,000

3.7 Summary

The findings of the review of potential measures for incorporation in the DFRMP are summarised
in Table 3.9 at the end of this chapter.

This Chapter has reviewed a number of potentia floodplain management measures. Preliminary
hydraulic modelling of the Flood Modification measures has been undertaken, along with the
preparation of indicative cost estimates and economic analysis. A Combined Detention Basin
Scheme has been developed for Crookwell comprising the construction of two detention basins,
in combination with the upgrade of the existing transverse drainage structure at Goulbum Street
on the Cullen Street Overland Flow Path.

While the Combined Trunk Drainage Upgrade Scheme would eliminate the frequent incidences of
surcharging of the trunk drainage system at Goulburn Street, together with the removal of above-
floor flooding in three dwellings and one commercial building, its inclusion in the FRMP cannot be
justified due to the low hazard nature of flooding in the aforementioned dwellings and commercial
building, together with its relatively high cost and low benefit’cost ratio (the estimated cost of the
scheme is about $4.0 Million, while its benefit cost ratio is about 0.13).

Property Modification measures involving planning controls for future development in flood prone
areas, as well as removal or flood proofing exisling residential property were also considered.
Planning controls are an essential component of the FRMP. Introduction of a Flood Policy to

guide future development in the four villages is recommended; a draft of the policy is presented in
Appendix D.
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Response Modification measures aimed at improving emergency management procedures and
increasing the flood awareness of the population were also evaluated. Response Maodification
measures which are supported comprise promotion by Council of flood awareness and
incorporation of flood data included in this FRMS in the NSW SES’s Local Flood Plan (currently in
preparation), and the development of a severe weather alert system for each village.

In view of the potential increases in fiood levels resulting from a failure of the Todkilt Park and
Cullen Street dams, preparation of the DSEP’s, as required by the Dam Safety Committee,
should be included in the FRMP. However, funding would need to be provided by Council (as the
owner of the Todkill Park Dam) and the private owner of the Cullen Street Dam, as the

preparation of the DSEP’s would not qualify for funding under the NSW Govermment’s floodplain
management program.
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4 SELECTION OF FLOODPLAIN MANAGEMENT MEASURES

41 Background

NSWG, 2005 requires a Council to develop a FRMP based on balancing the merits of social,
economic and envirenmental considerations which are relevant to the community. This chapter
sets out a range of factors which need to be taken into consideration when selecting the mix of
works and measures that should be included in the FRMP,

The community will have different priorities and, therefore, each needs to establish its own set of
considerations used to assess the merits of different options. The considerations adopted by a
community must, however, recognise the State Government's requirements for floodplain
management as set out in NSWG, 2005 and other relevant policies. A further consideration is
that some elements of the FRMP may be eligible for subsidy from State and Federal Government
sources and the requirements for such funding must, therefore, be taken into account.

Typically, State and Federal Government funding is given on the basis of merit, as judged by the
following criteria:

» The magnitude of damage to property caused by flooding and the effectiveness of the
option in mitigating damage and reducing the fiood risk to the community.

> Community involvement in the preparation of the FRMP and acceptance of the option.

¥» The technical feasibility of the option {relevant to structural works).

» Conformance of the option with Council's planning objectives.

» Impacts of the option on the environment.

» The economic justification, as measured by the benefit/cost ratio of the option.

> The financial feasibility as gauged by Council’s ability to meet its commitment to fund
its part of the cost.

» The performance of the option in the event of a flood greater than the design event.

» Conformance of the option with Government Policies (e.q. NSWG, 2005 and

Catchment Management objectives).
4.2 Ranking of Options

A suggested approach to assessing the merits of various options is to use a subjective scoring
system. The chief merits of such a system are that it allows comparisons to be made between
altematives using a common “currency”. In addition it makes the assessment of altematives
“ransparent” (i.e. all important factors are included in the analysis). The system ranks
altematives based on the best available data providing 2 method by which Council can re-
examine its options and if necessary, debate the relative scoring given to aspects of the plan.

Each option is given a score according to how well the option meets the considerations discussed
above. In order to keep the scoring simple the following system is proposed:
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+2  Option rates very highly

+1  Option rates well

0 Option is neutral

-1 Option rates poorly
-2 Option rates very poorly

The scores are added to get a total for each option.

Table 4.1 to 4.4 presents a suggested scoring matrix for the options reviewed in Chapter 3 at
each of the four villages. This scoring has been used as the basis for prioritising the components
of the DFRMP. The proposed scoring and weighting shown in Table 4.1 to 4.4 should be
carefully reviewed by the Committee as part of the process of finalising the overail DFRMP.

4.3

Summary

Table 4.1 to 4.4 indicates that there are good reasons to consider including the foilowing
elements into the DFRMP.

>

>

Planning Controts via a Flood Policy for future development in the Upper Lachlan
Shire.

Incorporation of the catchment specific information on flooding impacts contained in
this Study in NSW SES Response Planning and Flood Awareness documentation for
the study area.

Improvements to the flood waming and broadcast system.

Undertaking the preparation of a Dam Safety Emergency Pian for both the Todkill Park
and Cullen Street dams and inclusion of an Annexe on emergency management
procedures in the event of a dam failure in the NSW SES's future Local Flood Plan for
Upper Lachlan Shire.

Improvements to the trunk drainage system along the Cullen Street Overland Flow
Path, including the upgrading of the Cullen Street Dam and the construction of a new
detention basin immediately to the east of the Crookwell Golf Course.

Property modification measures such as voluntary purchase of residential property or house
raising schemes were not considered justified.
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TABLE 4.1
ASSESSMENT OF POTENTIAL FLOODPLAIN MANAGEMENT MEASURES FOR INCLUSION IN THE FLOODPLAIN RISK MANAGEMENT PLAN
VILLAGE OF CROOKWELL
Impact on Govemment
Option Flooding/ Community Technical Planning Environ. Economic Financial Extremne | Policies and Score
Reduction in Acceptance Feagibility | Objectives | Impacts | Justifleation Feasibility Flood TCM
Flood Risk Objectives
Flood Modification
Crookwell River and Kiamma
Cresk Stream Clearing 0 - - 0 - % - 0 0 -3
Goulbum Street Trunk Drainage
Upgrades (CR5.5) +1 +2 +14 +1 0 -2 -1 0 +1 +3
Detention Basins on  Cullen
Street Overland Flow Path {CR1 +1 -1 +2 +1 0 -2 -1 0 +1 +1
+ CR2)
Detention Basins on Cullen
Street Overland Flow Path (CR1
+ CR2) and Goulbum Strest +2 0 +2 +2 +1 -2 -2 0 +1 +4
Trunk  Dreinage  Upgrades
{CR5.5)
Saleyaerds Road Dstention Basin 1] -1 +1 0 0 -2 -1 0 0 -3
Goulbum Strest Local Drainags 0 .2 “ 0 0 2 4 0 0 0
Upgrade
King Road Local Drainage
Upgrade +1 +2 o} 0 0 -2 -1 0 0 0
Property Modiflcation
Controls over Future
Development (via draft Flood +2 +2 +2 +2 0 0 0 +1 +2 +11
Policy);
Votuntary Purchase of
Residential Property 0 - 0 g 0 -2 0 - *1 -3
House Raising in Low Hazard
Areas v} -2 0 0 0 -2 0 -1 +1 -4
FVFRMS_V1_Repart [Rev 1.2].doc Page 61 Lyall & Associates

Page 79

Ordinary Meeting of Council held on 20 April 2017



Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

ltem: 9.4

The Villages of Crockwell Gunning, Collector and Taraiga
Floodplain Risk Management Study and Dreft Plan

TABLE 4.1 (Cont’d)
ASSESSMENT OF POTENTIAL FLOCDPLAIN MANAGEMENT MEASURES FOR INCLUSION IN THE FLOODPLAIN RISK MANAGEMENT PLAN

VILLAGE OF CROOKWELL
impact oh Govemment
Option Flooding/ Community Technical Planning Environ Economic Financial Extreme | Policies and s
P Reduction in Acceptance Feasibillty | Objectives | Impacts | Justfication Feasibility Flood TCM g2
Flood Risk Objectives
Response Modification

Severe Weather  Waming +2 2 o + 0 1 1 “ + +g
System
Improved Emergency Planning
and Response 2 +2 +1 +1 0 +1 +1 +1 +1 +10
Public Awareness Programs +1 +2 0 +1 0 +1 0 +1 +2 +8
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TABLE 4.2

ASSESSMENT OF POTENTIAL FLODDPLAIN MANAGEMENT MEASURES FOR INCLUSION IN THE FLOODPLAIN RISK MANAGEMENT PLAN
VILLAGE OF GUNNING

plain Risk Management Plan and Study - Vol 1 |

Attachment 2.: Draft Flood

| Item: 9.4

T

Impact on Govemment
opti Flooding/ Community Technicai Planning Environ. Economic Finianciat Extrome | Policies and Score
ption ReductionIn | Acceptance | Feasibiilty | Objectives | Impacts | Justification | Feasibility | Fiood TCM
Flocd Risk Objectives
Flood Modification
Meadow Creek Stream Clearing 0 +2 -1 0 -1 -2 -1 0 0 -3
Meadow Creek Channel Works 0 -2 Q 1] -1 0 0 0 0 -3
Biala Street Local Drainage
- - -1
Upgrades 0 +2 0 0 0 2 1 0 0
Cullavin Strest Leves +1 +] +1 +2 0 -2 -1 0 0 1
Property Modiftcation

Controls over Future
Development (vie draft Flood *2 +2 +2 +2 0 0 0 +1 +2 +11
Policy):
Voluntary Purchase of

; . - - -1 +1 -3
Residertial Property 0 1 0 0 0 7 0
House Raising in Low Hazard 0 2 0 0 0 2 0 1 1 4
Areas

Response Modiflcation

Severs  Weather  Warning 2 +2 0 " 0 o " 1 1 +9
System
Davelopment of Flood Plan +2 +2 +1 +1 0 +1 +1 +1 +1 +10
Public Awareness Programs +1 +2 4] +1 [} +1 0 +1 +2 +3
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TABLE 4.3
ASSESSMENT OF POTENTIAL FLOODPLAIN MANAGEMENT MEASURES FOR INCLUSION IN THE FLOODPLAIN RISK MANAGEMENT PLAN
VILLAGE OF COLLECTOR
Impact on Govemment
Option Floodingf Community Technical Planning Environ. Economic Financial Extreme Policies and Sco
i Reductionin | Acceptance | Feasibility | Objectives | Impacts | Justification | Feasibility | Flood TCM re
Flood Risk Objectives _
Flood Modifieation
George Street Trunk Drainage 0 " 1 “ 0 2 - 0 0 1
Upgrade
Collector Bypass Channel 0 +1 +1 + 0 -2 -1 0 0 0
Property Modification
Controls over Future
Development (via draft Flood +2 +2 +2 +2 0 0 0 +1 +2 +11
Palicy);
Voluntary Purchase of
Residential Property 0 -t 0 g ° 2 0 - + 3
House Raising in Low Hazard 0 2 6 0 o 2 0 -1 +1 4
Areas
Response Modification
Severe Weather Warning +2 2 0 " 0 1 +1 . +1 +9
System
Developrent of Flood Plan +2 +2 +1 +1 0 +1 +1 +1 +1 +10
Public Awarsness Programs +1 +2 0 +1 1) +1 0 +1 +2 +8
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TABLE 4.4

ASSESSMENT OF POTENTIAL FLODDPLAIN MANAGEMENT MEASURES FOR INCLUSION IN THE FLOODPLAIN RISK MANAGEMENT PLAN
VILLAGE OF TARALGA

Attachment 2. Draft Floodplain Risk Management Plan and Study - Vol 1 |

i ltem: 9.4

_El_ulnn on Govemment
Opti Flooding/ Community Technical Planning Environ. Economi¢ Financial Extreme | Policies and Score
5] Reduction in | Acceptance | Feasibility | Objectives | impacts | Justification | Feasibllity | Flood TCM
Flood Risk Chbjectives
Flood Modification
Orchard Street Trunk Drainage 0 +2 1 0 0 2 2 0 0 X
Upgrade
Property Modification
Controls over Future
Development (via draft Flcod +2 +2 +2 +2 0 0 0 +1 +2 +11
Policy),
Voluntary Purchase of "
N - - 1 .
Residential Property 0 ! 2 g g : B h 3
House Raising in Low Hazard -
= . - 1
Areas 0 2 0 0 1] 2 Q 1 -4
Response Modification
Mﬂ.ﬂﬂ Weather  Warmning 2 2 0 +1 0 1 +1 +1 +4 +9
Development of Flood Plan +2 +2 +1 +1 0 +1 +1 +1 +1 +10
Public Awareness Programs +1 +2 0 +1 o +1 1] +1 +2 +8
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5 DRAFT FLOODPLAIN RISK MANAGEMENT PLAN
5.1 The Floodplain Risk Management Process

The Floodplain Risk Management Study (FRMS) and draft Fioodpiain Risk Management Plan
(FRMP) have been prepared for the four villages as part of a Government program to mitigate the
impacts of major floods and reduce the hazards in the floodplain. The DFRMP which is set out in
this Chapter has been prepared as part of the Fioodplain Risk Management Process in
accordance with NSW Govemment's Flood Prone Land Policy.

The first steps in the process of preparing the DFRMP were the collection of flood data and the
review of the Fiood Studies adopted by Upper Lachlan Shire Council on 19 December 2013. The
Flood Studies were the farmal starting process of defining management measures for flood liable
land and represented a detailed technical investigation of flood behaviour.

5.2 Purpose of the Plan

The overall objectives of the FRMS were to assess the impacts of flcoding, review policies and
oplions for management of flood affected land and to develop an FRMP which:

» Sets owt the recommended program of works and measures aimed at reducing over
time, the social, environmental and economic impacts of flooding and establishes a
program and funding mechanism for the FRMP.

» Proposes amendments to Council's existing policies to ensure that the future
development of flood affected land at the four villages is undertaken so as to be
compatible with the flood hazard and risk.

» Ensures the FRMP is consistent with NSW SES's local emergency response planning
procedures,

» Ensures that the FRMP has the support of the community.
5.3 The Study Area

The study area for this FRMF comprises the villages of Crookwell, Gunning, Collector and
Taralga. The FRMP applies in areas affected by the three flood producing mechanisms that
occur at the four villages: Main Stream fiooding on the principal tributaries (Crookwell River,
Kiamma Creek and the Cullen Street Overland Flow Path at Crookwell, Meadow Creek at
Gunning, Collector Creek at Coltector and Comoboree Creek at Taralga), , Minor Tributary
flocding resulting from the overflows of the minor watercourses which drain the relatively steep
hillsides bordering the aforementioned creeks, and the shallower and slower moving Major
Overland Flow (MOF) through existing developm ent resulting from localised rainfall in the vicinity
of the villages.

The solution of problems resulting from surcharges of the minor stormwater drainage systems in
individual allotments remote from the MOF paths or in the local street system, which may occur
during localised storms, is outside the scope of the present investigation.

54 Community Consuitation

The Community Consultation process provided valuable direction over the course of the
investigations, bringing together views from key Council staff, other departments and agencies,
and importantly, the views of the community gained through:
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» the delivery of a Community Newsletter and Questionnaire to property occupiers
located in the ficodplain allowed the wider community to gain an understanding of the
issues being addressed as part of the study: and

> meetings of the Floodplain Management Committee (FMC) to discuss results as they
became available.

8.5 Economic Impacts of Flooding

Table 2.6 shows the number of properties which would be flooded to above-fioor level and the
damages experienced for the various classes of property in the four villages. Damages in
Crookwell, Gunning, Collector and Taralga for a range of design flood events are evaluated in
Appendix B of the FRMS.

5.6 Indicative Flood Extents

Figure 2.5 (Crockwell), Figure 2.7 (Gunning), Figure 2.9 (Collector) and Figure 2.11 (Taralga)
show the indicative extent of flooding for the 100 year ARI design flood which has been adopted
as the “planning flood” for the purposes of specifying flood related controls over future
development. The extent of flooding is indicative only, being based on the hydrologic mode! of
the catchment and hydraulic model of the drainage system developed in the Flood Studies. Floor
levels of properties were estimaled from a “drive by” survey. Consequently the resuits sh ould not
be used to identify the degree of flood affectation or otherwise of individual properties, for which a
site specific survey would be required,

This level of accuracy in the flood mapping is supported by Office of Envircnment and Heritage
(QEH), as the costs associated with undertaking of detailed ground survey in each flood affected
property lies outside the scope of the NSW Government's floodplain program. Under the
program, it is Council's responsibility to identify the flood risk within the floodplain and prepare
maps showing indicative flood extents (i.e. the mapping presented in this FRMS report), with the
onus being on the praperty owner to carry out sufficient survey to allow a more accurate picture
of flood affection to be described in his/her allotment.

To allow Council to assess individual development proposals for the purposes of the draft Flood
Policy (ref. Section 5.8 below), a detailed site survey would be required to allow the extent of
flooding and the flood hazard to be evaluated using the resuits of the Flood Studies. For this
reason, proponents will be required to submit a detaiied survey plan of the site for which
development is proposed.

5.7 Structure of Floodplain Risk Management Study and Plan

The FRMS and DFRMP are supported by Appendices which provide additional details of the
investigations. A summary of the DFRMP proposed for the study area along with broad funding
requirements for the recommended measures are shown in Table S1 at the commencement of
the FRMS report. These measures comprise preparation of planning documentation by Council,
improvements to the severe weather waming and alert system, community education on fiooding
by Councit and NSW SES to improve flood awareness and respanse, as well as the preparation
of Dam Safely Emergency Plans for the Todkill Park and Cullen Street dams at Crookwell. The
measures will over time achieve the objectives of reducing the flood risk to existing and future
development for the full range of floods.
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The DFRMP is based on the following mix of measures which have been given a provisional
priority ranking according to a range of economic, social, environmental and other criteria set out
in Table 4.1 to 4.4 of the report:

> Measure 1 — Planning and development controls for future development in flood prone
areas.

> Measure 2 - Improvements in flood emergency response planning.

» Measure 3 — Increase public awareness of the risks of flooding in the Upper Lachlan
community.

> Measure 4 — Scoping Study to assess requirements for the development and
operation of a location-based severe weather warning system for the four villages, as
well as the installation and operation of a telemetered water level recorder and land-
based broadcasting system for the village of Gunning.

> Measure 5 - Implémentation of a location-based severe weather warning and
broadcasting system in each village, as well as the installation and operation of a land-
based flood warning system for the village of Gunning.

> Measure 6 — Undertaking the preparation of a submission to DSC to confim the
preliminary findings of the FRMS, namely that the Todkill Park Dam on Kiamma Creek
and the Cullen Street Dam on the Cullen Street Overiand Flow Path at Crookwell (refer
Figure 2.1 for location) have a “High C” Consequence Category and therefore should
be prescribed under the Dams Safety Act 1878

> Measure 7 — Undertaking the preparation of Dam Safety Emergency Plans (DSEP's)
for both the Todkill Park and Cullen Street dams and inclusion of an Annexe on
emergency management procedures in the event of a dam failure in the NSW SES’s
Upper Lachlan Local Flood Plan.

58 Planning and Development Controls

The results of the FRMS indicate that an important measure for Upper Lachlan Shire Council to
adopt in the fioodplain would be strong floodplain management planning applied consistentiy by
all branches of Council.

5.8.1 Flood Policy

The drat Fiood Poficy proposed for the four villages (Appendix D) used the concepts of flood
hazard and hydraudic categorisation outlined in Section 2.6 of the report to develop flood related
controls for future development in flood prone land at the four villages. The Flood Policy caters
for the three types of flocding in the Upper Lachlan area:

» Main Stream Flooding (MSF) resulting from overflows of the channels of the Crookwell
River and Kiamma Creek at Crookwell, Meadows Creek at Gunning, Collector Creek at
Collector and Corrcboree Creek at Taralga. These flows may be several metres deep in
the channels and relatively fast moving with velocities up to 2 m/s. For planning
purposes, flooding along the Cullen Street Overland Flow Path at Crockwell has been
assessed in the same way as flow in the channels of the Crookwell River and Kiamma
Creek.
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» Minor Tributary Flooding (MTF) resulting from overfiows of the minor watercourses
which drain the relatively steep hillsides bordering the aforementioned creaks. While flow
in the inbank area of the minor watercourses is generally greater than 0.5 m, overbank
flow is relatively shallow and slow moving with velocities typically less than 0.5 m/s.

> Major Overland Flow (MOF) is present along several flow paths that run through the
developed parts of the four villages. Flows on the MOF paths would typically be up to
300 mm deep, travelling over the surface at velocities less than 0.5 m/s.

Ta implement the recommended appreach set out in the FRMS&DP, clause 6.1 of Upper Lachfan
LEP 2010 wouid require minor amendment. A new clause aimed at addressing potential fiood
evacuyation issues in parts of Crookwell, Gunning, Collector and Taralga would also need to be
inserted into Upper Lachian LEP 2010 (ref. Section 5.9 below).

Figures D1.1, D1.2, D1.3 and D1.4 in the Flood Policy are extracts from the Flood Planning Map
relating to the villages of Crookwell, Gunning, Collector and Taralga, respectively. The extent of
the FPA (the area subject to fiood related development controls) is shown in a solid red colour on
the Flood Planning Map and has been defined as follows:

» In areas affected by MSF, the FPA is based on the traditional definition of the area
inundated by the 100 year AR| plus 500 mm freeboard.

> In areas affected by MTF, the FPA is defined as areas where depths of inundation in a
100 year ARI event exceed 150 mm.

> In areas affected by MOF, the FPA is defined as the extent of the High and Low Hazard
Floodway zones, as well as areas where depths of inundation in a 100 year AR| event
exceed 150 mm.

The illustration over the page demonstrates the application of the variable freeboard approach
{both positive and negative) in the derivation of the FPA in areas subject to MSF, MTF and MOF.

It is proposed that properties intersected by the extent of the FPA would be subject to $149 flood
affectation notification and planning controls graded according to flood hazard (dependent on
depth of inundation and flow velocity). Annexures 2.1 and 2.2 in the Flood Policy set out the
graded set of flood related planning controls which have been developed for the four villages.
Annexure 2.1 deals with areas subject to both MSMTF, while Annexure 2.2 deals with areas
affects by MOF. Figures D1.5, D1.6, D1.7 and D1.8 in the Flood Folicy are the Development
Controls Matrix Map for the villages of Crookwell, Gunning, Collector and Taralga, respectively
and show the area cver which both Annexures 2.1 and 2.2 apply.

Minimum floor level {MFL) requirements would be imposed on future development in properties
that are identified as lying either partially or wholly within the extent of the FPA shown on the
Flood Flanning Map. The MFL's for all land use types affected by MSF and MTF is the level of
the 100 year ARI flood event plus 500 mm freeboard, while the MFL's for all land use types
affected by MOF is the level of the 100 year ARI flood event plus 300 mm freeboard. For areas
outside the FPA shown on the Flood Planning Map, the MFL for all land use types is the leve! of
the 100 year ARi flood event plus 500 mm freeboard. The illustration over the page
demonstrates the application of the variable freeboard approach in the derivation of the MFL
requirements in areas subject to MSF, MTF and MOF.
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iltustration showing the applicetion of the variable freeboard approach (both positive and negative) in the
derivation of the Flood Planning Area (FPA) and Minimum Floor Levels (MFL) requirernents in areas
affected by Main Stream Fiooding (MSF), Minor Tributary Flooding (MTF) and Major Overland Flow (MOF)
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Figures D1.9, D1.10, D1.11 and D1.12 in the Flood Policy are the Flood Hazard Map for the
villages of Crookwell, Gunning, Collector and Taralga, respectively. The figures show the
subdivision of the floodplain into a number of categories which have been used as the basis for
developing the graded set of ptanning controls,

The floodplain has been divided into the following four categaries in areas that are affected by
MSF and MTF:

» Inner Floodplain (Hazard Category 1), which is shown in solid red colour. This zone
comprises areas where factors such as the depth and velocity of flow, time of rise,
isolation on Low Flood istands and evacuation problems mean that the land is unsuitable
for some fypes of development. [t includes areas of High and Low Hazard Floodway,
Flood Storage, Flood Fringe, Intermediate Floodplain and Outer Floodplain areas.
Erection of a buildings and carmrying out of work not permitted; use of land, subdivision of
land and demolition subject to State Environmental Planning Policies and Local
Environmental Plan provisions are not pemiitted in the zone.

» Inner Floodpiain {Hazard Category 2}, which is shown in solid yellow colour. This zone
comprises Low Hazard Floodway and Flood Storage areas where development other than
Essential Community Facilities, Critical Ulilities, Schools and Flood Vulnerable
development is permitted provided it is capable of withstanding hydraulic forces and sited
on the allotment to minimise adverse redirections of flow towards adjacent properties.
Council may require a Flood Risk Repor if it considers that the proposal has the potential
to significantly affect faoding behaviour in adjacent properties.

» Intermediate Floodplain, which is shown in solid blue colour. This area is the remaining
land lying outside the extent of the Inner Floodplain zones, but within the FPA. While
land use permissibility would be as specified by State Environmental Plarning Policies or
the Local Environmental Plan, Essential Community Facilties, Critical Utilities and Flood
Vuinerable development such as schools and housing for aged and disabled persons
would be subject to additional confrols as set out in Annexure 2.1 of the Flood Policy.

> Outer Floodplain, which is shown in solid cyan colour. This area represents the
remainder of the floodplain between the intermediate Floodplain and the extent of the
Probable Maximum Flood (PMF) {that is, the extent of the floodplain). While this area is
outside the extent of the FPA, controls on Essential Community Facilities, Critical Utilities
schools and Fiood Vuinerable development identified in Anmexure 2.1 of the Flood Policy
would appiy.

The floodplain has been divided into the following two additional categories in areas that are
affected by MOF:

» High Hazard Floodway, which is shown in solid orange colour. Future development in
this area is not permitted under the Flood Policy.

» Low Hazard Floodway / Flood Storage, which is shown in solid green colour.
Residential, commercial and industrial type development can occur in this zone subject to
compliance with a prescribed set of flood related development controls.

The Intermediate Floodplain zone in areas subject to MOF is the remaining land lying outside
the extent of the Floodway and Flood Storage areas but within the FPA, while the Outer
Floodplain zone represents the remainder of the floodplain between the intermediate Floodplain
and the extent of the PMF. Flood related planning controls in these two areas are similar to those
that apply to development in areas subject to MSF and MTF, with the notable exception being the
adoption of a reduced freeboard for defining MFL’s.
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5.9 Revision to LEP 2010

Clause 6.1 of Upper Lachlan LEP 2010 entitied "Flood Planning” outlines its objectives in regard
te development of flood prone land. It is similar to the standard Flood Planning Clause used in
recently adopted LEPs in other NSW country centres and applies to land beneath the FPL. The
FPL referred to is the 100 year ARI flood plus an allowance for freeboard of 500 mm. The area
encompassed by the FPL is known as the FPA and denotes the area subject to flood related
development controls, such as locating development outside high hazard areas and setting
minimum floor {evels for future residential development.

Whilst appropriate for Main Stream flooding, the present clause 6.1 would have resulted in a
large part of the urban area which is affected by shallow overland flow being subject to fiood
affectation notification on Planning Certificates issued under $149 of the EP&A act.

To implement the Flood Policy set out in Appendix D, clause 6.1 of Upper Lachlan LEP 2010
would require minor amendment. Suggested amendments are given in Section 3.5.1.4.
Figures D1.1, D1.2, D1.3 and D1.4 in Appendix D are extracts from the Flood Planning Map
referred to in clause 6.1.

It is also recommended that a new floodplain risk management clause be include in the Upper
Lachian LEP 2010. The cbjectives of the new clause are as follows:

> in relation to development with particular evacuation or emergency response issues (e.g.
group homes, residential care facilities, hospitals, etc.) to enable evacuation of land
subject to flooding in events exceeding the flood planning level; and

» to protect the operational capacity of emergency response facilities and critical
infrastructure during extreme flood events.

The new clause would apply to land identified as Outer Floodplain (i.e. Jand which lies between
the FPA and the PMF). Suggested wording in relation to this new clause is given in
Section 3.5.1.4.

510 Improvements in Emergency Planning and Flood Awareness

Two measures are proposed in the FRMP to improve flood emergency planning and maintain
awareness in the community of the threat posed by floods:

Measure 2 involves the preparation by NSW SES of the Upper Lachlan Shire Local Flood Pian
using information on flooding pattems, times of rise of floodwaters and flood prone areas
identified in this report. Figures have been prepared showing indicative extents of flooding, high
hazard areas, expected rates of rise of floodwaters in key areas and locations where flooding
preblems would be expected. Section 3.5.2.2 references the locations of key data within the
Floodd Studies and this report.

Council should also take advantage of the information on flooding presented in the Flood Studies
and the FRMS, including the flood mapping, to inform occupiers of the floodplains of the flood risk
{included as Measure 3 of the FRMP). This information could be included in a Fiood Information
Brochure to be prepared by Council with the assistance of NSW SES containing both general and
site specific data and distributed with the rate notices. The community should alse be made
aware that a fiood greater than historic levels or the planning level can, and will, occur at some
time in the future. The FRMP should be publicised and exhibited in Council offices and at
community gathering places to make residents aware of the measures being proposed. Sign
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posts should be erected in the Barbour Park and Gunning Showground Camping Grounds which
is located on the left overbank of Meadow Creek at Gunning advising that a) the area is subject to
ficoding and b) the preferred route for evacuating the grounds during a flood event.

NSW SES's Local Flood Plan should also include information on the consequences of a dam
break of the Todkill Park Dam located on Kiamma Creek and the Cullen Street Dam located on
the Cullen Street Overland Flow Path at Crookwell. A *Sunny Day” dam break study would need
to form part of a submission which should be prepared to the NSW Dam Safety Committee to
confirm or otherwise the preliminary findings of the FRMS, namely the *High C" Consequence
Category which has been assigned to both dams. Preparation of the submission has been
included as Measure B of the FRMP. Ifthe "High C* Consequence Categories are confirmed by
the NSW Dam Safety Committee, then Council would need to prepare a Dam Safely Emergency
Plan (DSEP) for its Todkill Park Dam. Council would also need to lizise with the owner of the
Cullen Street Dam regarding the need to prepare a DSEP for the privately owned structure
(Meoasure 7).

511 Severe Weather and Flood Waming Service

Measure 4 involves the undertaking of a scoping study fo assess the requirements and costs of
dewveloping and operating a location-based severe weather warnings service at each vilage. In
addition to this service, a telemetered water level recorder would be installed on Meadow Creek
at the Gunning Sewage Treatment Plant. The recorder which would he used to trigger a land-
based alarm system which would advise occupiers of the floodplain of rapidly rising water levels
in Meadow Creek. The implementation of a location-based severe weather wamings service at
each village has been included as Measure 5 in the FRMP.

512 Mitigating Effects of Future Devslopment

Under the zoning associated with the Upper Lachian LEP 2010, future residential development is
envisaged in the currenfly rural areas zoned R2 Low Densilly Residential R5 Large Lot
Residential and RUS Village. Hydraulic analysis described in Chapter 3 showed that the
resulting urbanisation would result in increases in downstream flood peaks and exacerbation of
existing flooding problems.

it will therefore be important for Council to enforce the controls set out in the Upper Lachlan DCP
2010 for areas zoned for future residential and industrial development to ensure that
developments incorporate measures which ensure that post-project peak flows are no greater
than present day values.

5.13 Voluntary Purchase of Residential Property

Removal of housing is a means of correcling previous decisions to allow buildings in high hazard
areas in the floodplain. The voluntary purchase of residential property in hazardous areas has
been part of subsidised floodplain management programs in NSW.

The review undertaken in the FRMS showed that implementation of a Voluntary Purchase {VP)
scheme was not economically viable and could not be justified on social grounds as there are no
properties located in high hazard areas of the floodplain. In any case, a VP scheme would be
redundant after the completion of the elements of the Combined Drainage Upgrade Scheme.

FYFRMS_V1_Report [Rev 1.2].doc Page 73 Lyall & Associates
November 2016 Rav. 1.0

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

Ordinary Meeting of Council held on 20 Aprif 2017

Page 91



Item: 9.4

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

The Villages of Crockwell, Gunning, Collector and Tamiga
Ficodplain Risk Management Study end Draft Plan

514 Raising Floor Levels of Residential Property

The analysis undertaken in the FRMS showed that the implementation of a wvoluntary house
raising program which is sometimes adopted as a management measure for reducing risk in low
hazard areas of the floodplain was not economically viable, could not be justified on social
grounds and would be redundant after the completion of the elements of the Com bined Drainage
Upgrade Scheme.

5,15 Implementation Program

The steps in progressing the floodplain management process from this point onwards are:

1. Floodplain Management Committee to consider and adopt recommendations of this
study. In particular, the Committee should review the basis for ranking floodplain
management measures (as set out in Tables 4.1 to 4.4 of the FRMS and the proposed
works and measures to be included in the proposed FRMP as set out in Table S1);
exhibit the draft FRMS and FRMP and seek community comment

2. Consider public comment, modify the document if and as required, and submit to
Council.

3. Council adopts the FRMP and submits an application for funding assistance.
Assistance for funding qualifying projects included in the FRMP may be available upon
application under the Commonwealth and State funded ficodplain management
programs currentty administered by Office of Environment and Hetitage (OEH).

4. Assistance for funding qualifying projects included in the FRMP may be available upon
application under the Commonwealth and State funded floodplain management
programs, currently administered by OEH.

5. As funds become available from Government agencies and/or Council's own resources,
implement the measures in accordance with the established priorities.

The FRMP should be regarded as a dynamic instrument requiring review and modification over
time. The catalysts for change could include new flood events and experiences, legislative
change, alterations in the availability of funding, reviews of Council's planning strategies and
importantly, the outcome of some of the studies proposed in this report as part of the FRMP. In
any event, a tharough review every five years is warranted to ensure the ongoing relevance of the
FRMP
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6 GLOSSARY OF TERMS

Note: For expanded list of definkions, refer to Glossary contained within the NSW Government Floodplain

Development Manual, 2003.

TERM

DEFINITION

Average Recurrence

interval (ARY)

The average retum period between the occurrence of & particuiar flood svent.

For example, a 100 year AR flood has an average recurrence interval of 100
years.

Australian Height Datum
(AHD)

A common national surface level datum corresponding approximately to
mean sea level.

Flood Affected Properties

Properties that are either encompassed or intersected by the Flood Planning
Area (FPA).

Floodplain Area of iand which is subject to inundation by floods up to and including the
Probeble Maximum Flood (PMF) event, thet is, flood prone land.,

Flood Planning Area The area of land that is shown to be in the Flood Planning Area on the Flood
FPlanning Map.

Flood Planning Map The Flod Flanning Map referred to in the Upper Lachlan Local

Environmental Plan 2010, extracts of which are shown on Flgures D1.1,
P1.2, D1.3 and D14 in Appendix D.

Fiood Planning Level
(FPL)
(General Definition)

The combinations of ficod levels and freeboards selected for planning
purposes, as deiermined in fioodpiain 7isk management studies and
incorporated in floodplain risk management plans.

Fiood Planhing Level
(FPL)

For land within the Flood Planning Area subject to Main Stream flooding in
the four viliages, the Flood Planning Level (FPL) is the level of the 100 year
Average Recurrence interval {ARD) flood event plus 500 mm freeboard.

For land within the Fiood Planning Area subject to Minor Tributary flooding in
the four villages, the FPL is the level of the 100 year ARI flood event minus
150 mm freeboard.

For land within the Ficod Plaaning Area subjed io MOF in the four villages,
the FPL is the level of the 100 year ARI food event minus 150 mm freebogard.

For areas outside the Flood Planning Area shown on the Fleod Flanning
Map, the FPL is the Jevel of the 100 year ARI flood event plus 500 mm
freeboard.

Flood Prone/Flood Liable
Land

Land susceptible to fiooding by the PMF. Flood Prone land is synonymous
with Flood Liable land.

Floodway

Those areas of the floodplain where a significant discharge of water eccurs
during fioods. They are often aligned with naturally defined channeis.
Floodways are areas that, even if only partially blocked, would cause a
significant redistribution of flood flow, or & significant increass in flood levels.
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TERM

DEFINITION

Fliood Storage Area

Those parts of the floodplain that may be impoitant for the temporary storage
of floodwaters during the passage of u flood. Loss of ficod storage can
increase the severity of flood impacts by reducing natural flood attenuation.

Freehoand

Provides reasonable certainty that the risk exposure selected in deciding a
particular flood chosen s the basis for the FPL and MFL is actually provided.
It is a factor of safety typically used in relation to the seiting of floor ievels,
leves crest levels, stc. Freeboerd is included in the FPL and MFL.

Habitable Room

In a residential situation: a living or working area, such as a lounge room,
dining room, kitchen, bedroom or workroom.

In an industrial or commeicial situation: an area used for offices or to store
valuable possessions susceptible to flood damage in the event of a flood.

inner Floodplain (Hazard
Category 1)

Comprises areas where factors such as the depth and velocity of flow, time of
rise, isolation and evacuation difficulties mean that the land is unsuitable for
future development. It includes areas of High and Low Hazard Fioodway,
Flood Storage, Flood Fringe, Intermediate Fleodpiain and Outer Floodplain
aroas. Future development is not permitted in this zone.

Inner Floodplain {Hazard
Category 2)

Comprises areas of Low Hazard Floodway and Flood Storage areas where
development other than Essenbal Community Facilities, Critical Utilities,
Schools and Fiood Vulnerable is permitted provided it is capable of
withstanding hydraulic forces and sited on the allotment to minimise adverse
redirections of fiow towards adiacent properties. Council may require a Flood
Risk Report if it considers that the proposal has the potential to significantly
affect flooding behaviour in adjacent properties.

intermediate Floodplaln

For Main Stream fiooding it is the strip of land on each side of the two Inner
Floodplain zones and the line defining the indicative extent of flooding
resulting from the occurrence of the 100 year AR flood plus 600 mm (i.e. the
FPRA).

For MOF it is the land outside the High Hazard Floodway and Low Hazard
Floodway / Flood Storage zones where the depth of inundation during the
100 year ARI storm event is greater than 160 mm.

L.ocal Drainage

Land on an overland flow path where the depth of inundation during the
100 year ARI storm event is less than 160 mm.

Main Stream Filooding

The inundation of nomally dry land occurring when water overflows the
natural or artificial banks of a major stream; for the study area, the main
streams are the Crookwaell River and Kiamma Creek at Crookwell, Meadow
Creeit at Gunning, Collector Creek at Collector and Corroboree Creek at
Tarslga. For planning purposss, flooding along the Cullen Street Overland
Flow Path at Crookwell has been assessed in the same way as flow in the
channels of the Crookwe! River and Kiamma.

Major Overland Flow

{MOF)

Where the depth of overland flow during the 100 year ARI storm event is
greater than 150 mm.
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TERM

DEFINITION

Minimum Floor Level

The combinations of fiood levels and freeboards selected for setting the
Minimum Floor Levels (MFL's) of future development located in properties
subject to fiood related planning controls.

(WFL)

{Genera! Definition)

Main Stream and Minor
Tributary Flooding
Minimum Floor Level
(MSMTF MFL)

Major Overfand Flow

For properties subject to Main Stream and Minor Tributary fiooding (MSMTF)
in the four villages, the Minimum Floor Level (MFL) is the level of the
100 year ARI fiood event plus 500 mm freeboard.

Note that for areas outside the Ficod Planning Area shown on the Flood
Planning Map, the MSMTF MFL is the level of the 100 year AR! floot event
plus 500 mm freeboard,

For properties subject to MOF in the four villages, the MOF MFL is the level

4

Minimum Floor Level | ofthe 100 year ARI flood event plus 300 mm freeboard.

(Mor ] Note that for mreas outside the Flood Planning Area shown on the Flood
Ptanning Map, the MOF MFL is the level of the 100 year ARI fluod event plus
500 mm freeboard.

Minor Tributary Flooding | The inundation of nommally dry land occuring when water averflows the
natural or artificial banks of a minor stream. For the study area, these are
typically located in the rural areas which border the four villages.

Quter Ficodplain This is defined as the land betwsen the FPA and the extent of the PMF.

Probable Maximum Flood
(PMF)

The largest flood that could conceivably occur at a particufar location.
Generally, it is not physically or economically possible to provide complete
protection against this event. The PMF defines the extent of fiood prone
land, that is, the floodplain.

For the study area, the extent of the PMF has been trimmed to include depths
greater than 456 mm.
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Al. INTRODUCTION

At the commencement of the FRMS, the Consuitants prepared a Communily information Flyer
and a Community Questionnaire which were distributed by Council to residents bordering the
main creek systems and overland fiow paths in Crookwell, Gunning, Caoliector and Taralga (refer
to Attachment 1). The Community Information Flyer was aiso placed in the March 2015 edition
of “The Voice”.

The purpose of the Community Information Flyer was to introduce the objectives of the study and
set the scene on flooding conditions so that the community would be better able to respond to the
Community Questionnaire and contribute to the study process.

The Information Flyer contained the following information:

» Plans showing the extent of the study area for each village.

¢ A statement of the objectives of the FRMS&DP, namely the development of a
strategy for reducing the flood risk and minimising the long-term impact of flooding on
the community at the four villages.

The Community Questionnaine was structured with the objectives of:

e Obtaining local information on flood experience and behaviour at residents’
properties.

¢ Determining residents’ attitudes to controls over future development in flood liable
areas in each village.

¢ Inviting community views on posshle flood management options which could be
considered for further investigation in the FRMS and possible inclusion in the
resulting FRMP.

e Obtaining feedback on any other flood related issues and concerns which the
residents cared to raise.

This Appendix to the FRMS&DP report discusses the responses to the 10 guestions included in
the Questionnaire and comments made by respondents.

Chapter A2 deals with the residents’ experience with historic flooding, as well as determining
residents’ views on the relative importance of classes of development over which flood-related
controls should be imposed by Council.

Chapter A3 identifies residents’ views on the suitability of the various options which could be
considered in more detail in the FRMS&DP.

Chapter A4 discusses the best methods by which the community could provide feedback to the
consultants over the course of the study.

Chapter A5 discusses the local flooding issues at each village as identified by the residents.

Chapter A6 summarises the findings of the community consultation process.
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A2 RESIDENT PROFILE AND FLOOD AWARENESS

A2.1 General

Residents were requested to complete the Community Questionnaire and retum it to the
Consultants by 15 May 2015. The deadline was extended to include any submissions that were
received after this date. The Consultants received 66 responses in total, 19 from Crookweli, 12
from Gunning, 12 from Collector, § from Taralga and 17 that didn't identify which village they
resided.

The Consultants have collated the responses, which are shown in graphical format in
Attachment 2.

AZ2.2 Experionces of Flooding

The first six questions of the Community Questionnaire canvassed resident information such as
length of time at the property, the type of property (e.g. house, unitfflat), whether the respondent
had any experience of fiooding and if so which particular flood and whether they had experienced
above-floor inundation. Of those who replied to the question, 28 respondents had lived in the four
villages for between 5 and 20 years and 23 for more than 20 years (Question 2). Fifty-nine
respondents occupied a house, 6 respondents owned vacant land and a small number were
commercial occupiers or owners who lived outside of the study area (Question 3).

Thirty-five respondents reported that they had information about flooding on their property
(Question 4), with 27 citing their own experience and one stating that Council had provided a
flood level. Thirteen reported having photographs of flooding (one respondent attached
photographs of flooding in properties adjacent to George Street in Collector to their completed
Questionnaire).

in response to Question 5, 33 respondents reported that they had experienced flooding on their
property, with 17 nominating flooding as a resuit of the December 2010 flood, 12 reporting
fiooding as a result of the March 2012 flood and 14 reporting flooding in various other historical
events ranging from the 1970’s to as recent as 2014. Two residents advised that they had
experienced above-floor inundation in the largest flood which they had experienced
{Question 8).

As far as the source of flood wamings to the pepulation of Crookwell, Gunning, Collector and
Taralga is concemed (Question 7), 30 respondents advised that they had received no warnings
of imminent flooding; three respondents advised being wamed by TV or radio, 17 by their own
observations, two by NSW SES and one by neighbours. These results are characteristic of
situations where flooding is of a "flash flooding” nature with little warning time being available for
the dissemination of warnings by the authorities.

Most of the flooding problems appear to have been caused by “overland flow” resulting from a
{ack of hydraulic capacity in the local stormwater system. Refer Section A5 for a description of
local flooding issues specific to each village.
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A2.3 Controls over Development in Flood Prone Areas

The respondents were also asked fo rank from 1 to 4 the classes of development which they
consider should receive protection from flooding (Question 8). Rank 1 was the most important
and rank 4 the least.

For most of the villages, the classes in decreasing order of importance to respondents, ranged
from essential community facilities (e.g. schools, evacuation centres), wulnerable residential {e.g.
aged persons accommodation), residential property and lastly, commercial business.
Respondents of Collector deemed residential property of the highest importance to receive
protection from flooding.

These results gave a guide to the Consultants as to the appropriate location of future
devetopment of the various classes within the fioodplain. For example, on the basis of
community views, wvulnerable residential development would receive the highest level of
protection by locating future development of this nature cutside the floodplain, or at least on the
Outer Floodplain where fiooding is very infrequent and of shallow nature
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A3 POTENTIAL FLOOD MANAGEMENT MEASURES

The respondents were also asked for their opinion on potential flood management measures
which could be evaluated in the FRMS&DP (and if found to be feasible included in the Plan), by
ticking a “yes” or “no” to the 11 potentiai options identified in Question 9.

The options comprised a range of structural fiood management measures (e.g. programs by
Council to manage vegetation in the creek system to maintain hydraulic capacity; channel
enlargements to increase capacity; detention basins to reduce downstream flood peaks;
improving the stormwater system; levees to contain floodwaters): as well as various non-
structural management measures (e.g. voluntary purchase of residentiai properties in high
hazard areas; raising floor levels of houses in low hazard areas; flood related controls over new
developments; improvements to flood waming and evacuation procedures: community education
on flooding, and flood advice certificates). The options were not mutually exclusive, as the
FRMP adopted could, in theory, include all of the options set out in the Questionnaire, or indeed,
other measures to be nominated by the respondents or the FMC.

The most popular measure was improving the stormwater system fto capture and convey
overland flows travelling to the creek system more efficiently than at present. Another highly
popular structural measure was maintenance of the hydraulic capacity of the creek system by the
management of vegetation in the channels and the removal of debris following storm events.

Other structural measures that received less support were enlarging the creek channel to
increase capacity, the construction of detention basins on the upstream reaches of the creeks to
reduce downstream flood peaks and construction of levees to contain floodwaters.

The implementation of flood-related controls over future development (e.g. by Council nom inating
minimum permissible floor levels; excluding future development from high hazard areas of high
velocity and deep inundation); Council's provision of advice regarding flood affectation of existing
properties to prospective purchasers (e.g. via Section 149 Certificates); improved fload warning
procedures and evacuation and emergency plans; community education and flood awareness
programs were strongly favoured by the respondents.

A mildly negative response was given to the provision of subsidies for raising the floor levels of
existing residential properties located in less hazardous zones of the fioodplain and the
implementation of a residential Voluntary Purchase scheme (to be administered by Council and
designed to allow residents on a wholly voluntary basis to vacate high hazard areas in the
floodplain).
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Ad INPUT TO THE STUDY AND FEEDBACK FROM THE COMMUNITY

At Question 10 residents were asked for their view on the best methods of their providing input
to the Study and feedback to the Consultants over the course of the investigation. Articles in the
local newspaper and communication via through Council's website were the two most popular
methods.
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A5 LOCAL FLOODING ISSUES
A5.1 Crookwell

Numerous respondents cited willow trees and build-up of rubbish/debris in Kiamma Creek and
Crookwell River as a problem, with water unable to be dispersed as quickly as a free flowing
creek would achieve. Residents complained about inadequacies of the current stormwater
system in place in Parker Street and Wade Street.

Two respondents cited the inadequacies in the stormwater channel and pipe system that drains
the school farm on Mcintosh Road, claiming that runoff surcharges the existing channel in the
farm and fiows through residential blocks in Elizabeth Street as happened in the December 2010
event. It was noted that the stormwater pipes in King Road are blocked which prevents the low
lying areas draining.

A5.2 Gunning

There was no mention of flooding problems attributed to Meadow Creek at Gunning. One
respondent identified overiand flow issues through the residential allotments south of Biala Street
between Warrataw Street and Nelangio Street. The respondent noted that there was no kerb
and gutter on Biala Street or piped drainage system in the area, hence when it rains, an overland
flow path develops through the allotments.

A5.3 Collector

Numerous respondents complained about the madequacies of the current stormwater system
that conveys runoff from the Federal Highway to Collector Creek. There was a consistent view
that the channels and culverts do not have enough conveyance capacity to convey runoff
whenever there is "heavy rain”. As a results, runoff surcharges over George Street into
residential properties.

One respondent noted that the local stormwater drainage system often surcharges in the vicinity
of Church Street.

A5.4 Taralga

No respondents from Taralga identified major drainage issues in the village.
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The Villages of Crookwell Gunning, Coifector and Tarelga
Fioodplain Risk Management Study end Draft Plan
Appendix A - Communily Consuflation

AS SUMMARY

Sixty six responses were received to the Communiy Questionnaire distributed by Council to
residents and business owners. The responses amounted to aimost 15 per cent of the total
distributed. The responses indicated a considerable interest by the community in the study. The
respondents identified the two most recent flood events as occurring in December 2010 and
March 2012 and provided useful information on the source and pattem of overland flows.
However, there was little information of a quantitative nature; such as data on the temporal
pattemn of storm rainfalls and flood levels along the main flow paths, which would have assisted
the Consultants in testing their catchment and floodplain models.

AS.1 Issues

The issues identified by respondents in their responses to the Community Questionnaire support
the objectives of the study, as nominated in the attached Community Information Flyer, and the
activities nominated in the Study Brief. No new issues were identified in regard to main stream
and major cverland flooding. Several respondents suggested structural flood mitigation
measures which will be of assistance to the Consultants in the development of the FRMP.

AS.2 Flood Management Measures

Of the sfructura! measures which could be incorporated in the FRMP, the most popular were:
maintenance programs for the control of vegetation and clearing the creek system of debris
following flood events and improving the capacity of the stormwater system.

Pianning controls over new development in ficod liable areas, flood advice certificates as well as
improvements to flood waming and emergency management measures appear to be the most
popular of the potential non-structural measures set out in the Questionnaire. There do not
appear to be any new measures raised by the respondents in their responses to Question 9.
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ATTACHMENT 1

COMMUNITY INFORMATION FLYER
AND
COMMUNITY QUESTIONNAIRE
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Igf; officeol  FLOODPLAIN RISK MANAGEMENT £

& Heritage STUDY AND PLAN

To the Residents of the Four Villages:

Upper Lachlan Shire Council has received a grant from the NSW Govemment’s Floodplain
Management program to prepare a Floodplain Risk Management Study and Plan (FRMS&P) for
the Villages of Crookwell, Taralga, Gunning and Collector. Council’'s main objective in
undertaking the studies is to develop a Management Plan which reduces the impact of fiooding
on occupiers of flood prone property and reduces damages resulting from floods.

The FRMSEP will build on the results of Flood Studies completed in 2014 which defined
flooding pattemns and flood levels in the creeks and overland flow paths in and around the
Villages under present day conditions.

Please see the back of this page for the approximate study areas at the Four Villages.

Coundcil has engaged the services of Lyall and Associates Consulting Water Engineers to:

e Survey properties bordering the creeks and overland flow paths in the vicinity of the
Villages and assess damages to private and public property resulting from fioods.

e Assist the NSW State Emergency Service in developing appropriate emergency
response planning for flood events.

o Assess the viability of measures which could be implemented to mitigate the impacts of
future floods.

e Assist Council in the preparation of policies which ensure that future development in
flood prone areas is carried out in accordance with the flood risk.

» Develop a Management Plan for land in fiood prone areas of the Villages.

The FRMS&P investigations will be undertaken under the direction of the Upper Lachian
Floodplain Management Committee, which comprises Government, Councii, SES and
Community representatives. The Office of Environment & Heritage (OEH) will supply technical
and financial support.

Council will in the near future issue a Community Questionnaire to residents bordering the
creeks seeking information on their flood experience and their views on measures which could
be implemented to mitigate the flood risk. However, any residents who do not receive a
Questionnaire and who wish to contribute information are invited to contact Council using the
contact details below.

Please note that all information received will remain confidential.

S
&
S
S
:
S

Contact: Upper Lachian Shire Councll
Tina Dodsoen — Director Environment and Planning. Phone: 4830 1000

E-mail: tdedson@upperiachlan .nsw.gov.au

Copies of this Community Information fiyer and the Community Questionnaire can be
obtained from: www.upperlachian, nsw.qov.au
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W, (o Four Villages
[ii!b Office of - .
isw |Emionment Floodplain Risk Management

Study& Plan

Comumuunity Questionnaire

This Questionnaire is part of the Four Vilages Floodplein Risk Management Study and Plan,
cumently being prepared by Upper Lachlan Shire Coundl with the financial and technical support
of the Office of Environment & Heritage {OEH), for the villages of Crookwell, Gunning, Taralga and
Collector. It will help us determine the fiood issues that are important to you. The study areas are
shown on page 4 at the back of this Questionnaire.

Please retum your completed Questionnaire in the reply paid envelope provided by 15 May 2015.
No postage stamp is required. If you have misplaced the supplied envelope or wish to send an
additional submission the address is:

Lyall & Associates Consulting Water Engineers
Reply Paid 78855
NORTH SYDNEY NSW 2060

Your nhame and address (optional):

About your property Your flood experience
(Hyoufgawaxpm‘encedq flood, please answer
1. Pleass tick as appropriate: Questions 4 to 7, otherwise go fo Quastion 5)
a. |am aresident o 4. Do you have any information about
b. Other{pleasespecify_________ ) o flooding at the property?
a. Yes o
2. How long have you owned or lived at this b. No o
address? If yes, what information do you have?
. 1yearto5 years o c. Own ex::ienoe e
d. Flood levels from Council o
b. S yearsto 20 years - e. [Information from State Emergency
c. Morethan 20 years {... years) o Service (SES). o
. f. Photographs o
3. Whatis your property? Other ( ) o
a, House 0
b. VilaTownhouse ] 5. Have you ever experienced flooding,
¢. UnitFlat/Apartment a either as a result of the creseks breaking
their banks or due to shallow overland
d. Vacant land n] flow through the property?
e. Other( Ja
a. Yes u]
b. No a]
If yes, which floods?
c. December 2010 a
d. March 2012 o
e. Other{ }a
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8.

In the biggest flood you have experienced,
was the property flooded above floor leve!
of the main residence?

a. No o b, Yes n]

if yes, what was the depth of water over the floor?

Your opinions on floodpflain risk
management measures

Below is a list of possible options that
may be looked 2t to try to minimise the
effects of flooding on the creek systems

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

What year? {see plan at page 4).
Lo N N This list is not in any order of importance and there may
7. Inthis biggest flood, did you receive any be other options that you think should be considered.
waming, and if so, from where? For each of the options listed, please indicato “yas™ or
‘no” to indicate if you favour the option. Please leave
blank if undecided.
{Tick one or more boxes) Yes No
2. No waming whatsoever a a. Maintenance programs to clear creeks of
b. TV . vegetation and debris impeding flows. oo
¢. Radio a b. Enlarge the creek channels. o
d. Own cbservations o ¢. Construct detention basins. a
e. Pdlice o d. Improve the stormwater system within the
f. State Emergency Service (SES) o village area. oD
g. Neighbours, relatives or friends o e. Construct permanent levees along the creeks
h. Other( ) o to contain floodwaters. o o
f.  Voluntary scheme to purchase residential
- ) property in high hazard areas. oo
Yogr attitudes to Cou Ifﬂ s g. Provide funding or subsidies fo raise houses
evelopment controls above major ficod level in low hezerd areas. o o
. h. Specify controls on future development in
8. _Plee rank the followr devel . ment flood-iable areas (eg. controls on extent of
types aecort:rntg to which ¥rou ﬂ:l‘i;dﬂe the filing, minimum floox levels.) o @
most important to protect from floods i im ; :

i Sy e v g . prove flood waming and evacuation
(1=highest priority to 4=least priority) procedures both before and duringaflood. © o
a. Commercial/Business o j.  Community education, participation and
b. Residential flood awareness programs. o o
¢. Vulnerable residential development (e.g. k. Provide a certificats to purchasers in flood

aged persons accommodation) =) pg;e?“' stating that the propexty is flood
&
d. Essential community facilities (eg. v e
schools, evacuation centres) o
?
Ordinary Meeting of Council held on 20 April 2017
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Other information

10. What do you think is the best way for us to
get input and feedback from the local
community about the results and
propaosals from this study? Mckonc or more bexes)

a. Council's website o
b. Articles in local newspaper a
¢. Through Council's Floodplain Risk
Management Committee o
d. Other (please specify Q

11. i you wish us to contact you so you can
provide further information, please
provide your details below:

Name:
Address:

Phone (Home)

COMMENTS

Please wrile your conmumenty here:

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

Best time to call is
Fax No.
Email:

Who can I contact for
further information?

Upper Lachlan Shire Council
Tina Dodson — Director Environment and Planning
Phone: 4830 1000

Email

Copies of this Questionnaire can be o¢btained
from: www upperiachlan.nsw.gov.au
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ATTACHMENT 2

RESPONSES TO COMMUNITY QUESTIONNAIRE
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60

50

-
o

Number of Responses
S 8

10

30

g
o

M
L=]

Py
[=3

Number of Responses
]

Q1. Residential Status

I ==

Resident Other

raaadggsa e v by v baaaal

Q2. How long have you owned or lived & this address?

1to5 Sto 20 More than
Yoars years 20 years

Lore g bo v o s Logaa oo tyaaa o]

LEGEND
B Crookwell
B Gunning
B Coliedor
B Taralga
EEE Mo village Specified

RESPONSE TO COMMUNITY QUESTIONNAIRE
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Q3. Type of Property?

60

50

e
o

Number of Responses
1) w
S &
| ITYRTINE N O U O N O MG M AN T W Y L O WO |

10
0 T T
House Villa/ Unit/ Fiat/ Vacant Other
Townhouse Apartment Land
Q4. Do you have any information about flooding at the property?
40
35
30 4
@ u
g ]
-
L INE
20 —
% 3
] .
E 15 -
= ]
10 —
5 -
0 i - r
Yes No Own Flood Photographs Other
Experience Levels from Information
Council from SES
LEGEND
N Crookwel
B cunning
B Collector
S Tarelge

= Mo Village Specified
RESPONSE TO COMMUNITY QUESTIONNAIRE
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Q5. Have you experienced flooding through the property?

35 =
30 —
9 25 -
& 3
: g
%20 —:
xS
S 3
= 15 =—
.E ]
2 10 -
5
o
December March Other
2010 2012
Q6. Did the property flood above floor level during the biggest flood?
60
50

-
(=]

Number of Responses
[ w
(=7 (=3

10

b gy g $opg gal g g g oy g e pap

Yes

LEGEND
Crookwell

B
==
B Collector
===
===

Taralga
No Village Specified
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Q7. How did you receive warning of the biggest flood?

35
. LEGEND
30 — B Crockwell
] B Gurring
25 - I Cotector
Sl B ol
E B P No Village Spscified
n -t
8 20 :
z -
'S 3
= 15 —
.E ]
2 10
5 |
. B = =

No ™ Radic Own Folice SES Neighbours Other
Waming Obsemvation Relatives
or Friends

Q8. Ranking of development types most important to protect from floods.

20

-
L4

Number of Responses
b=

1]
Commercial Residential Vulnereble Essential
Business Residential {8g. Community
Aged Persons Facilities {eg9.
Accommodation) Schools and
Evecuation
LEGEND ' Centres)
. No Village
Rank Crookwell  Gunning Collector  Taralga Specified
1 SR DA NN N .
7 MM #DERNEE $TEENNN AN
3 MANE DN AT e
4 EANTIE #BNACEHF NI T
NoRankGiven mommm GINERE |[AWSEN FOWMNN
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Q8. Possible Flood Management Options

Number of Responses
0 5 10 15 20 25 30 35 40 45 50 5§ B0
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Programs to
Manage
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Creeks

Enlarge Creek
Channels

Construct
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Improve
Stormwater
System
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Cortain
Floodwaters
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Purchase
Properties {in
High Hazard
Areas)

Housse Raising
(Low Hezard
Aveas)

Flood-Related
Development
Controls

Improve i
Flood Waming - =51 DURRES) PR RSyt | SN
and Evacuation
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Community L ‘ ’
Education - R e e ar

Flood -
Awareness
Programs

Flood Affection | { :
Certificate to
Purchasers

LEGEND
No Villg
Response Crookwall Gunning Collector Taralga Speaﬁag;
vos [N

No
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Q10. Best methods to get input and fesdback from the local community.

40

(7]
[=]
A T W R |

Number of Responses
S
|

-
o
|

Council's Adicles in Local Though QOther
Woebsite Newspaper Coungdil's {e.g. Personal
Floodplain Risk Interview)
Management
Committee
LEGEND
B Crookwell
N Gunning
N Collector
R Tersige

B o village Spedified

RESPONSE TO COMMUNITY QUESTIONNAIRE
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APPENDIX B

FLOOD DAMAGES
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The Villages of Crookweli, Gunning, Colfector and Taralga

Floodplain Risk Menagement Study and Draft Plen

Appendix B - Flood Dameges
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The Villages of Crookwall, Gunning, Collecior and Tarakya
Ffocdpliain Risk Management Study end Draff Plan
Appendix B - Flood Dameges

FIGURES
(BOUND IN VOLUME 2)

B8.1 Crockwell - Damage - Frequency Curves and Cumulative Flooded Properties versus Depth of
Inundation Diagram — 100 year AR| {Nominal Flood Levels Case)

B8.2 Gunning - Damage - Frequency Curves and Cumulative Flooded Properties versus Depth of
Inundation Diagram ~ 100 year AR (Nominal Flood Levels Case)

B8.3 Collector - Damage - Frequency Curves and Cumulative Flooded Properties versus Depth of
Inundation Diagram —~ 100 year AR| (Nominal Flood Levels Case)

B8.4 Taralga - Damage - Frequency Curves and Cumulative Flooded Properties versus Depth of
Inundatior: Diagram — 100 year AR| (Nominal Flood Levels Case)
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The Villages of Crookwel] Gunning, Coflector and Taralga
Froodplain Risk Managenent Study end Draft Plan
Appendix 8 - Fiood Dameages

SYNOPSIS

Estimation of flood damages to urban development was carried out to assess the impact of
flooding on the community. The objectives were to allow an economic assessment of various
flood management measures to be carried out in the FRMS&DF report at the strategic level of
detail. Damages were assessed for floods ranging between the 20 year ARl and PMF events.
Assessment of urban flood damages was carried out for the two categories of development on
the floodplain: “Residential” and “Commercial and Industrial®. A third category of development,
“Public Buildings®, was also included in the damages model.

There were no quantitative data available on histeric flood damages. Therefore the analysis was
carried out using the residential flood damages model attached to “Floodplain Risk Managesment
Guideline No. 4 - Residential Flood Damages” (DECC, 2007) (Guideline No. 4). This publication
was prepared by DECC (now OEH) to allow a consistent assessment of residential damages
across NSW for the economic comparison of flood management projects.

In Guideline No. 4, damage assessments undertaken after major flooding in other urban centres
were adjusted and used to estimate damages likely to be experienced to typical residential
development in NSW. Data for the flood damages models compnsed the peak water surface
elevations over the extent of the study area as determined from the Flood Studies, as well as
information on the unit values of damages to residential property. The depths of above-fioor
inundation of properties were determined from the results of the hydraulic modelling described in
the Flood Studies and from estimated floor levels of each residence. The elevations of buiiding
floors were assessed by adding the height of the floor above a representative natural surface
within the allotment (as estimated by visual inspection) to the natural surface elevation
determined from the LiDAR survey used in the Flood Studies. The type of structure and potential
for property damage were also assessed from a visual inspection.

The procedures in Guideline No. 4 aliow for the estimation of structural damage to the building,
damage to internals and contents, external damages and clean-up costs. The level of flood
awareness and available warning time are taken into account by factors which are used to reduce
*potential” damages to contents to “actual” damages. “Potential” damages represent losses likely
to be experienced if no action were taken by residents to mitigate impacts. A reduction in the
potential damages to "actual" damages is usually made to allow for property evacuation and
raising valuables above floor level, which would reduce the damages actually experienced. The
ability of residents to take action to reduce flood losses is mainly limited to reductions in damages
to contents, as damages to the structure and clean-up costs are not usuaily capable of significant
mitigation.

No specific information is given in Guideline No. 4 in relation to commercial and industrial
properties. Damages to the non-residential sector depend on the nature of the enterprise, the
depth of inundation over the floor area and the time available for owners to take action to mitigate
losses to contents. A spreadsheet model was used to assess flood damages which was similar
to the residential model in terms of estimation of depths of inundation, but used typical unit
damage data which had been adopted in similar floodplain risk management studies in NSW in
recent years.

The number of flood affected properties and the estimated damages which could occur for
various flood recurrence intervals at Crookwell, Gunning, Collector and Taralga are summarised
in Table BS1 over.
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The Villages of Crookwell Gunning, Colfector and Tarelge
Floodpiain Risk Management Study and Draft Plan
Appendix 8 - Flood Darnages

At the 10D year ARI level of flooding at Crookwell, 103 residential properties would be flood
affected (i.e. water has entered the allotment). Fourteen of those properties would experience
above-floor inundation up to 300 mm in the event of a 100 year AR| flood, along with seven
commercial and two public buildings. The total flood damages at Crookwell are $1.91 Million for
an event of a 100 year ARI.

Al the 100 year ARI level of flooding at Gunning, 34 residential properties would be fiood
affected. Seven of those properties would experience above-floor inundation up to 200 mm in the
event of a 100 year AR| flood. Eight commetrcial properties and three public buildings would be
flooded above fioor level in the event of a 100 year ARI flood. Total flood damages at Gunning
are $0.82 Million for an event of a 100 year AR,

At the 100 year ARI level of flooding at Collector, four residential properties would be flood
affected, of which none would experience above-floor inundation. One commercial property
would be flooded above fioor leve! at the 100 year ARI fiood. No public buildings would be
flooded at the avent of a 100 year ARI flood. Total flood damages at Collector are $0.07 Million
for an event of a 100 year ARL.

At Taralga, 14 residential properties would be flood affected, of which two would experience
above-floor inundation up to 200 mm in the event of a 100 year AR! flood. One commercial
property and one public building would be flooded above floor tevel in the event of a 100 year ARI
flood. Total flood damages at Taralga are $0.25 Million for an event of a 100 year ARI.

The "present worth value™ of damages resulting from all floods up to the magnitude of the
100 year AR{ at a seven per ceni discount rate are $3.64 Wiillion {Crookweil), $0.83 Million
{Gunning), $0.01 Million (Collector} and $0.48 Million (Taralga), respectively (refer Section B8 for
more detail). These numbers represent the amount of capital spending which would be justified if
a particular flood mitigation measure prevented fiooding for all properties up to the 100 year ARI
event in each village,

Additional information on the damages is presented in the tables aitached to Section B8 and in
the figures attached to this Appendix, but bound in Volume 2 of the FRMS&DF report.
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The Vilages of Crookwell Gunning, Collector and Taralga
Fioodplain Risk Management Study and Draft Plan
Appendix B - Flood Demeges

TABLE B81
FLOOD DAMAGES
NOMINAL DESIGN FLOOD LEVELS!"
Number of Properties
viage | AR Restdential o e clat. Public Gimge
fyears) Flood Fiood Fiood
Flood Above Flood Above Flood Above | (% Miltion)
Affected Floor Affected Floor Affocted Floor
Lovel Level Level
20 74 8 8 6 2 2 1.26
100 103 14 9 7 2 2 1.91
Crookwell 200 108 1€ 10 8 2 2 207
500 119 19 10 9 2 2 241
PMF 279 132 22 22 4 4 1503
20 20 1 5 1 2 1 0.25
100 34 7 " 8 5 3 0.62
Gunning 200 36 7 14 11 5 3 0.99
500 45 17 16 13 5 3 1.80
PMF 74 55 20 20 12 12 18.20
20 0 0 ) 0 0 0 0.00
100 4 0 1 1 0 0 0.07
Collector 200 6 2 1 1 0 0 017
500 6 2 1 1 1 1 0.22
PMF 26 20 2 1 1 1 1.99
20 12 1 0 0 1 1 0.16
100 14 2 2 1 1 1 0.25
Taralga 200 14 3 2 1 1 1 028
500 15 3 3 1 1 1 0.36
PMF 50 16 1 5 2 1 140
1. Nominsl design flood levels computed by application of the flood levels darived from the TUFLOW model to

property floor levels, without allowance for freeboard.
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BA1. INTRODUCTION AND SCOPE
B1.1. Introduction

Damages from flooding belong to two categories:
» Tangible Damages
> Intangible Damages

Tangible damages are defined as those to which monetary values may be assigned, and may be
subdivided into direct and indirect damages. Direct damages are those caused by physical
contact of floodwater with damageable property. They include damages to commercial and
industrial and residentfial building structures and contents as well as damages to infrastructure
services such as electricity and water supply. Indirect damages result from the interruption of
community activities, including traffic fiows, trade, industriai production, costs to relief agencies,
evacuation of people and contents and clean up after the flood.

Generally, tangible damages are estimated in dollar values using survey procedures,
interpretation of data from actual fioods and research of government files.

The various factors included in the intangible damage category may be significant. However,
these effects are difficuit to quantify due to lack of data and the absence of an accepted method.
Such factors may include:

» inconvenience

isolation

disruption of family and social activities
anxiety, pain and suffering, trauma

physical ill-heaith

Y ¥ V v V¥

psychological ill-health.
B1.2. Scope of Investigation

In the following sections, tangible damages to residential, commercial / industrial and public
properties have been estimated resuiting from flooding at the four villages. Intangible damages
have not been quantified. The threshold floods at which damages may commence to
infrastructure and community assets have also been estimated, mainly from site inspection and
interpretation of flood level data. However, there are no data available to aliow a quantitative
assessment of damages to be made to this category.

B1.3. Terminology

Definitions of the terms used in this Appendix are presented in Chapter B8 which also
summarises the value of Tangible Flood Damages.
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B2, DESCRIPTION OF APPROACH

The damage caused by a flood to a particular property is a function of the depth of inundation
above floor level and the value of the property and its contents. The warning time available for
residents to take action to lift property above fioor level also influences damages actually
experienced. A spreadsheet model which has been developed by OEH for estimating residential
damages and an in house spreadsheet model which has been developed for previous
investigations of this nature for estimating commercial, industrial and public building damages
were used to estimate damages on a property by property basis according to the type of
development, the location of the property and the depth of inundation.

Using the results of the Flood Studies, a peak flood elevation for each event was interpolated at
each property. The interpolated property flood levels were input to the spreadsheet mode!s which
also contained property characteristics and depth-damage relationships. The depth of above-
floor inundation was computed as the difference between the interpolated flood level and the floor
elevation at each property. The elevations of building floors were assessed by adding the height
of floor above a representative natural surface within the allotment (as estimated by visual
inspection) to the natural surface elevation determined from LiDAR survey used in the Flood
Siudies. The type of structure and potential for property damage were aiso assessed during the
visual inspection.

The depth-damage curves for residential damages were determined using procedures described
in Guideline No. 4. Damage curves for other categories of development (commercial and
industrial, public buitdings) were derived from previous floodplain management investigations.

Damages to the non-residential sector depend on the nature of the enterprise, the depth of
inundation over the floor area and the time available for owners to take action to mitigate losses
to contents. A spreadsheet model was used which was similar to the residential model in terms
of estimation of depths of inundation, but used typical unit damage data which had been adopted
in similar studies in NSW in recent years.

It should be understood that this approach is not intended to identify individual properties liable to
flood damages and the value of damages in individual properties, even though it appears to be
capable of doing so. The reason for this caveat lies in the various assumptions used in the
procedure, the main ones being:

» the assumption that computed water levels and topographic data used to define fiood
extents are exact and without any emror;

» the assumption that the water levels as computed by the hydraulic model are not
subject to lacalised influences;

» the estimation of property flvor tevels by visual inspection rather than by formal field
survey;

» the use of "average” stage-damage relationships, rather than a unique relationship for
each property;

» the uncertainties associated with assessing appropriate factors to convert potential
damages to actua! flood damages experienced for each property after residents have
taken action to mitigate damages to contents.

FVFRMS_V1_AppB_[Rev 1.2].docx Page B-2 Lyall & Associates
November 2016 Rev. 1.2

Ordinary Meeting of Council held on 20 April 2017

Page 128



[Htem:94 ____Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

The Villages of Crookwel], Gunning, Coltector and Teralga
Floodplain Risk Management Study and Draft Pian
Appendix B - Flood Demages

The consequence of these assumptions is that some individual properties may be inappropriately
classified as flood liable, while others may be excluded. Nevertheless, when applied over a
broad area these effects would tend to cancel, and the resulting estimates of overall damages,
would be expected to be reasonably accurate.

For the above reasons, the information contained in the spreadsheets used to prepare the
estimates of flood damages for the catchments should not be used to provide information on the
depths of above-fioor inundation of individual properties.
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B3. SOURCES OF DATA
B3.1. General

To estimate Average Annual Flood Damages for a specific area it is necessary to estimate the
damages for several floods of different magnitudes, i.e. of different frequencies, and then to
integrate the area beneath the damage — frequency curve computed over the whole range of
frequencies up to the PMF. To do this it is necessary to have data on the damages sustained by
all types of property over the likely range of inundation. There are several ways of doing this:

» The ideal way would be to conduct specific damage surveys in the aftermath of a range of
fioods, preferably immediately after each. An example approaching this ideal is the case
of Nyngan where surveys were conducted in May 1990 following the disastrous flood of a
month earlier (DWR, 1980). This approach would not be practicable at the four villages,
as the most recent occurrence of major flooding in the drainage system accumred over five
years ago in December 2010.

» The second best way is for experienced loss adjusters to conduct a survey to estimate
likely losses that would arise due to various depths of inundation. This approach is used
from time to time, but it can add significantly to the cost of a floodplain management study
(LMJ, 1985). It was not used for the present investigation.

» The third way is to use generalised data such as that published by CRES (Centre for
Resource & Economic Studies, Canberra) and used in the Floodplain Management Study
for Forbes (SKM, 1994), These kinds of data are considered to be suitable for
generalised studies, such as broad regional studies. They are not considered to be
suitable for use in specific areas. unless none of the other approaches can be
satisfactorily applied.

> The fourth way is to adapt or franspose, data from other flood fiable areas. This was the
approach used for the present study. As mentioned, the Guideline No 4 procedure was
adopted for the assessment of residential damages. The approach was based on data
collected following major flooding in Katherine in 1998, with adjustments to account for
changes in values due to inflation, and after taking into account the nature of
development and flooding pattems in the study area. The data collected during site
inspection in the flood liable areas assisted in providing the necessary adjustments.
Commercial and industrial damages were assessed via reference to recent ficodplain
management investigations of a similar nature to the present study (L&A, 2015).

B3.2. Property Data

The properties were divided into three categories: residential, commercial, industrial and public
buildings.
For residential properties, the data used in the damages estimation included:

» the jocation/address of each property

» an assessment of the type of structure
» natural surface level
>

floor level
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For commercial and industrial properties, the required data included:
> the location of each property

the nature of each enterprise

an estimation of the floor area

natural surface level

Y ¥ ¥ ¥

floor level

The property descriptions were used to classify the commercial developments into categories
(i.e. high, medium or low vaiue properties) which relate to the magnitude of likely flood damages.
A similar approach was adopted for compiling data on public buildings.

Properties lying along the major overland flowpaths were included in the database. The total
number of residential properties, commercial, industrial and public buildings is shown in
Table B3.1.

TABLE 3.1
NUMBER OF PROPERTIES INCLUDED IN DAMAGES DATABASE
Number of Properties
Village
‘ Commercial
) Reszidential Andustrial Public Total
Croolowell 430 2 5 461
Gumning 95 x 13 130
Coliecior 40 6 5 81
Taraiga 86 16 6 108

B3.3. Flood Levels Used in the Analysis

Damages were computed for the design flood levels determined from the hydraulic models set up
for the Flood Studies. The design levels assume that the drainage system is operating at
optimum capacity. They do not allow for any increase in levels resulting from wave action, debris
build-ups in the channels which may cause a partial blockage of culverts and which may result in
conversions of flow from the supercritical to the subcritical flow regime, as well as other jocal
hydraulic effects. These factors are usually taken into account by adding a factor of safety
{freeboard) to the "nominal® flood level when assessing the “level of protection” against flooding
of a particular property. Freeboard could aiso include an allowance for the future effects of
ciimate change.
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B4, RESIDENTIAL DAMAGES
B4.1. Damage Functions

The procedures identified in Guideline No 4 allow for the preparation of a depth versus damage
relationship which incorporates structural damage to the building, damage to intemals and
contents, external damages and clean-up costs. In addition, there is the facility for including
allowance for accommodation costs and loss of rent. Separate curves are computed for three
residential categories:

» Single storey slab on ground construction
» Single storey elevated floor

» Two storey residence

The level of flood awareness and available waming time are taken into account by factors which
are used to reduce “potential” damages to contents to “actual” damages. “Potential® damages
represent losses likely to be experienced if no action were taken by residents to mitigate impacts.
A reduction in the potential damages to “actual* damages is usually made to allow for properly
evacuation and raising valuables above floor level, which would reduce the damages actually
experienced. The ability of residents to take action to reduce flood losses is mainly limited ta
reductions in damages to contents, as damages to the structure and clean-up costs are not
usually capable of significant mitigation.

The reduction in damages to contents is site specific, being dependent on a number of factors
related to the time of rise of floodwaters, the recent flood history and flood awareness of
residents and emergency planning by the various Government Agencies (BoM and NSW SES).

Flooding on the main streams and the overland flow paths is “fiash flooding” in nature with a time
of rise of floodwaters on the main arms limited between 2 hours (Taralga) and 6 hours (Collector)
and to less than an hour in the urban areas subject to MOF. The duration of peak flooding is
similarly quite short. There is no catchment specific flood warning system operated by the BoM
and no specific response procedures developed by NSW SES, which has to date not completed
the Local Flood Plan for the townships. Conseguently, there would be very limited time in
advance of a flood event in which to warn residents and for them to take action to mitigate fiood
losses.

Provided adequate warning were available, house contents may be raised abave floor level to
about 0.9 m, which comresponds with the height of a typical table/bench height. The spreadsheet
provides two factors for assessing damages to contents, one for above and one for below the
typical bench height. The reduction in damages Is also dependent on the likely duration of
inundation of contents, which would be limited to no more than an hour for most flcoded
properties.

Table B4.1 over shows total flood damages estimated for the three classes of residential property
using the procedures identified in Guideline No. 4, for typical depths of above-floor inundation of
0.1 m and 0.5 m (The maximum depth of above-floor inundation in the four villages is about
300 mm at the 100 year ARI leve! of flooding at Crockwell). A typical ground floor area of 200 m?
was adopted for the assessment. The values in Table B4.1 allow for damages to buildings and
contents, as well as external damages and provision for altemative accommodation.
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TABLE B4.1
DAMAGES TO RESIDENTIAL PROPERTIES
Type of Residential Construction 0.1 m Deptll:l:: Ln:::;tion Above | 0.5m Dapﬂl':l:l; Irn:::;ﬂon Above
-Singla Storey Slab on Ground $56,177 $68,157
Single Storey High Set $63,034 $76,939
Double Storey - $39,324 $47,710 -
Note: These values allow for damages to buildings and contents, as well as extemnal damages and_;)_rwmion for

altemalive accommodation.

B4.2. Total Residential Damages

Table B4.2 summarises residential damages for the range of floods in the four villages. The

damage estimates were carried out for fioods between the 20 year ARI and the PMF, which were
modelled hydraulically in the Flood Studies.

The main damages centre at Crookwell are located at the Goulburn Street crossing of the Cullen
Street Overland Flow Path. However, there are a number of residential dwellings that are located
on the various overtand flow paths which run through the urbanised parts of the village that wouid
experience shallow above-floor inundation during a 100 year ARI storm event. Whilst there is a
significant increase in the number of dwellings subject o above-floor inundation and total
damages between the 100 year ARI and the PMF, the increase for storms siightly iarger than the
100 year ARI (represented by the 200 and 500 year ARI) are only minor.

The residential damages in Gunning at the 100 year ARI are primarily located upstream of Yass
Street, between Meadow Creek and Warrataw Street. Note that the Gunning Motel is located in
this area and in order to assess the damages that would be experienced in this property, the
25 individual motei rooms were grouped together and represented by 12 residential dwellings in

the damages spreadsheet.

Table B4.2 shows that for a flood slightly larger than the 100 year ARI (represented by the

500 year ARI), flood damages in residential development increases by a factor of 2. The

increase in flood damages is a function of a major breakout of flow which occurs on the Jeft bank
of Meadow Creek adjacent to Cullen Streef. This finding indicated that there would be merit in
developing flood management measures which are aimed at reducing flood damages (and the
fiood risk) in this area for floods slightly larger than the 100 year ARI.

Fiooding has minimal impact on residential development in Collector, except for in the PMF
event, where high flows along the George Street Overland Fiow Path surcharge the system and
flow through a number of properties.

While flooding has a minor impact on residential development at Taralga, the aged care facility

which is located on Bunnaby Street is one of the two residential dwellings which will experience
above-floor inundation during a 100 year ARI storm event.
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TABLE B4.2
RESIDENTIAL FLOOD DAMAGES
Deszign Nomber of Properties Damages
N E?Sf Flood ($ Million)
Affected Above Floor
20 year ARI 74 8 1.08
100 year ARI 103 14 1.69
Crookwell 200 your AR 108 16 1.82
500 year ARI 119 19 212
PMF 279 132 1141
20 yozr ARI 20 1 0.25
100 year ARI 34 7 0.75
Gunning 200 year AR 36 7 0.81
500 year ARI 45 17 146
PMF 74 55 7.22
20 year ARI 0 0 0.00
100 yoar ARI 4 0 0.05
Collsclor 200 year ARI 6 2 0.16
500 year ARI 6 2 0.18
PMF 26 20 1.88
20 year AR 12 1 0.16
100 year ARI 14 2 0.24
Terzlge 200 year AR) 14 3 0.27
600 ysar ARI 16 3 035
PMF 50 16 1.32
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B5. COMMERCIAL / INDUSTRIAL DAMAGES
B5.1. Direct Commercial / Industrial Damages

The method used to calculate damages requires each property to be categorised in terms of the
following:

» damage category
» floor area
» floor elevation

The damage category assigned to each enterprise may vary between "low", "medium” or "high",
depending on the nature of the enterprise and the likely effects of flooding. Damages also
depend on the ficor area.

It has recently been recognised following the 1998 flood in Katherine that previous investigations
using siage-damage curves contained in proprietary software tends to senously underestimate
true damage costs Guideline No. 4. OEH are currently researching appropriate damage functions
which could be adopted in the estimation of commercial and industrial categories as they have

aiready done with residential damages. However, these data were not available for the present
study.

On the basis of previous investigations the following typical damage rates are considered
appropriate for potential external and internal damages and clean-up costs for both commercial
and industrial properties. They are indexed to a depth of inundation of 2 metres. At floor level
and 1.2 m inundation, zero and 70% of these values respectively were assumed to occur:

Low value enterprise $280/m2 {e.g. Commercial: small shops, cafes, joinery, public
halls. Industrial: auto workshop with concrete floor
and minimal goods at floor level, Council or
Government Depots, storage areas.)

Medium value enterprise $420/im2?2 (e.g. Commercial: food shops, hardware, banks,
professional offices, refail enterprises, with
fumitureffixtures at floor level which would suffer
damage if inundated. Industrial: warehouses,
equipment hire. )

High value enterprise $650/m2 (e.g. Commercial : electrical shops, clothing stores,
bookshops, newsagents, restaurants, schools,
showrooms and retailers with gocds and fumiture, or
other high value items at ground or lower floor level.
Industrial: service stations, wvehicle showrooms,
smash repairs.)

The factor for converting potential to actual damages depends on a range of variables such as
the available waming time, flood awareness and the depth of inundation. Given sufficient
waming time, a well prepared business will be able to tempaorarily lit property above floor level,
However, unless property is actually moved to flood free areas, floods which result in a large
depth of inundation, will cause considerablie damage to stock and contents.
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For the present study, the above potential damages were converted to actual damages using a
multiplier which ranged between 0.5 and 0.8 depending on the depth of inundation above the
ficor. As shown on Figures B8.1 to B8.4, the maximum depth of above-floor inundation
experienced at the 100 year AR level of flooding for commercial and industrial property is about
500 mm at Crookwell. At these relatively shallow depths it would be expected that owners may
be able to take significant action to mitigate damages even allowing for the flash flooding nature
of inundation. Consequently, the multiplier of 0.5 was adopted to convert potential to actual
damages for depths of inundation up to 1.2 m, increasing to 0.8 for greater depths.

B5.2. Indirect Commercial and industrial Damages

Indirect commercial and industrial damages comprise costs of removal of goods and storage, loss
of trading profit and loss of business confidence.

Disruption to trade takes the following forms:

» The loss through isolation at the time of the flood when water is in the business premises
or separating clients and customers. The total loss of trade i1s influenced by the
oppertunity for trade to divert to an altemative source. There may be significant local loss
but due to the trade transfer this may be considerably reduced at the regional or state
level.

» In the case of major flooding, a downtum in business can occur within the flood afiected
region due to the cancellation of contracts and loss of business confidence. This is in
addition to the actual loss of trading caused by closure of the business by flooding.

Loss of trading profit is a difficult value to assess and the magnitude of damages can vary
depending on whether the assessment is made at the local, regional or national level.
Differences between regional and national economic effects arise because of fransfers between
the sectors, such as taxes, and subsidies such as flood relief retumed to the region,

Some investigations have lumped this loss with indirect damages and have adopted total damage
as a percentage of the direct damage. In other cases, loss of profit has been related to the gross
margin of the business, i.e. turnover less average wages. The former approach has been
adopted in this present study. Indirect damages have been taken as 50% of direct actual
damages. A clean-up cost of $15/m2of floor area of each flooded property was also included

B5.3. Total Commercial and industrial Damages
Table B5.1 over summarises estimated commercial and industrial damages in the four villages.

The commercial damages in Crookwell are Jocated at the Goulbum Street crossing of the Culien
Street Overland Flow Path. As shown in Table B5.1, there is a significant increase in the
commercial ficod damages between the 100 year AR and the PMF. This occurs as the depths of
above-floor inundation in the damage centre are up to 2.0 m higher for the PMF event.

While there are a limited number of commercial properties subject to shallow above-floor
inundation at the 100 year ARl in Gunning, backwater effects which would be imposed by the
Main Southern Railway embankment during a PMF event results in a significant increase in the
depth and extent of inundation, which in turn leads to a significant increase in flood damages.

There are only minor commercial damages experienced at Collector and Taralga.
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TABLE B5.1

COMMERCIAL AND INDUSTRIAL FLOOD DAMAGES

Design Number of Praperties Damages
illage Flood
Event Anlr:c?t:d AboveFloor | (§ Million}
20 year ARI 8 6 0.10
100 year ARI 9 7 0.15
Crookwell 200 year ARI 10 8 0.18
600 year ARI 10 9 022
PMF 22 22 348
20 year ARI 5 1 <0.01
100 year ARI 1 8 0.06
Gurning 200 year ARI 14 1" 018
500 year ARI 16 2 "l 13 ] 032
PMF 20 20 6.39
20 year AR 0 0 .40
100 year ARJ 1 1 0.03
Callector 200 year AR 1 1 0.03
5; year ARI 1 Bl 1 0.04
PMF 2 1 0.38
20 year AR] 0 0 0.0¢
100 year ARI 2 1 <0.01
Taralga 200 year ARI 2 1 «0.01
500 year AR! 3 1 <001
PMF 1" 5 0.05
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B6. DAMAGES TO PUBLIC BUILDINGS
B6.1. Direct Damages — Public Buildings

included under this heading are government buildings, churches, swimming pools and parks.
Damages were estimated individually on an area basis according to the perceived value of the
property. Potential intemal damages were indexed to a depth of above-floor inundation of 2 m as
shown below. At floor level and 1.2 m depth of inundation, zero and 70% of these values
respectively were assumed to ocecur.

Low value $280/m*?
Medium value $420/m? {e.g. council buildings, SES HQ, fire station)
High value $650/m? {e.g. schools)

These values were obtained from the Nyngan Study (DWR, 1980) as well as commercial data
presented in the Forbes Water Studies report (WS, 1292). External and structural damages were
taken as 4 and 10% of intemal damages respectively.

B6.2. BB.2 [Indirect Damages — Public Buildings

A value of $15/m2was adopted for the clean-up of each property. This value is based on results
presented in the Nyngan Study and adjusted for inflation. Total "welfare and disaster” relief costs
were assessed as 50% of the actual direct costs.

£6.3. B6.3 Total Damages — Public Buildings

Table B6.1 over summarises estimated damages to public buildings in each of the four villages.
Generally there is very little damage to public property as a result of ficoding in the jour urban
centres,
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TABLE B6.1
PUBLIC FLOOD DAMAGES
Design Number of Properties Damages
St 2:;; Flood Above FI ($ Milion)
Affected ove Floor

20 ysar ARI 2 2 0.07
100 year ARS 2 2 0.07
Croolowell 200 year AR 2 2 0.07
500 year ARI 2 2 0.07
PMF 4 4 0.1%

20 yoar ARY 2 1 < .01
100 year ARI 5 3 0.0%
Gunning 200 year AR 5 3 0.01
500 year AR 5 3 0.01
PMF 12 12 4.60
20 year ARI 0 0 6.00
100 year ARI 0 0 0.00
Collector 200 year AR 6 1] 0.00

500 year AR 1 1 <0.01
PMF 1 1 0.04

20 yoar ARI 1 1 < 0.01
100 yoar ARl 1 1 ;01
Taralga 200 year AR 1 1 0.01
500 year AR] 1 1 0.01
PMF 0.04 0.04 0.04
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B7. DAMAGES TO INFRASTUCTURE AND COMMUNITY ASSETS

No data are available on damages experienced during historic flood events. However, a
qualitative matrix of the effects of flooding on these categories is presented in Table 87.1.

TABLE B7.1
QUALITATIVE EFFECTS OF FLOODING ON
INFRASTRUCTURE AND COMMUNITY ASSETS

Design Fleod Event
Village Damage Sector

5

20 ysar AR 100 year ARl 200 year ARI

Electricity
Telaphone

Roads
Crookwel) BridgesMVeirs
Sewerage
Water Supply
Parks and Gardens
Elsciricity
Telephone
Roads
Gunning BridgesiVeirs
Sewerage
Water Supply
Parks end Gerdens
Electricity
Telephone
Roads
Collector BridgesAWeirs
Sewerage
Water Supply
Parks and Gardens
Electricity
Telephone
Roads
Taratge BridgesAWveirs
Sewerage

Water Supply
Parks and Gardens

><OOOOOOXXOOXOOXXOXOOOXOXXXOO
><OO><)<OOXXOOXOOXXOXXOOXOXXXOO
XOOXXOOXXOOXOXXXOXXOOXOXXXOO
XOOXXOOXXOXXOXXXXXXXOXOXXXOO

Notes: ©O = No significant damages likely to be incurred.

X= Some damages likely to be incumed.
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B8. SUMMARY OF TANGIBLE DAMAGES

B8.1. Tangible Damages

Floods have been computed for a range of flood frequencies from 20 year ARI up to the PMF,
For the purposes of assessing damages, the 2 year AR| was adopted as the “threshold” flood at
which damages commence in the drainage systems of each village. From Table BS8.1,
considerable flood damages would be expected at Crookwell, followed by Gunning for the
100 year AR| flood event. Collector and Taralga would only be expected to suffer minor ficod
damages for a flood of similar magnitude.

Novamber 2016 Rey. 1.2

TABLE B8.1
TOTAL FLOOD DAMAGES
$ MILLION
Village Eh:i: Residential | Spmmerclall | pyppe Total |
20 year ARI 1.08 0.10 0.07 125 |
100 year ARI 1.69 015 0.07 191
Crookwell 200 year ARI 1.82 01g 0.07 2907
500 year AR 2,12 0.22 0.07 241
PMF 11.41 348 0.15 15.02
I 20 year ARI 0.25 < 0.01 ) <0.01 0.25
100 year AR 0.75 0.08 0.01 pa2
Guming 200 yesr AR} 0.81 0.18 0.01 0.95
500 yga‘_;Rl 1.46 0.32 0.01 1.80
PMF 722 6.39 4.50 18.20
20 year ARI 0.00 0.00 0.00 .00
100 year AR} 0.05 0.03 i 0.00 0.07
Collector 200 year ARI 0.15 0.03 g0.00 617 i
600 year AR! 0.18 0.04 <0.01 022
PMF 1.58 0.38 0.04 1.99
20 yoar ARI 0.16 0.00 0.00 0.16
100 year ARI 0.24 <001 0.01 0.25
Taralga 200 year ARI 0.27 <001 0.01 0.28
600 year ARI 0.35 < 0.01 0.01 0.36 i
PMF 1.32 0.05 0.04 140 ]
L. T
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Figure BS.1 to B8.4 show the damage-frequency curves and cumulative distribution of above-
floor depths of inundation at the 100 year AR| flood level for residential, commercial and industrial
and public buildings in each village.

B8.2. Definition of Terms

Average Annual Damages (also termed “expected damages”) are determined by integrating the
area under the damage-frequency curve. They represent the time stream of annual damages,
which would be expected to occur on a year by year basis over along duration.

Using an appropriate discount rate, average annual damages may be expressed as an equivalent
“Present Worth Value® of damages and used in the economic analysis of potential flood
management measures.

A flood management scheme which has a design 100 year ARI level of protection, by definition,
will eliminate damages up to this level of flooding. [f the scheme has no mitigating effect on
larger floods, then these damages represent the benefits of the scheme expressed on an average
annual basis and converted to the Present Worth Valtie via the discount rate.

Under current NSW Treasury guidelines, economic analyses are carried out assuming a 20 year
economic life for projects and discount rates of 7% pa. (best estimate) and 10% and 4% pa.
(sensitivity analyses).

88.3. Average Annual Damages

The average annual damages in each village for all flood events up te the PMF are shown below
in Table B8.2 over the page. Note that values have been quoted to three decimal places to
highlight the refatively small recurring damages in Collector and Taralga.

B8.4. Present Worth of Damages at the Four Villages

The Prosent Worth Values of damages likely to be experienced in each of the Four Villages for all
flood events up to the 100 year ARI and PMF, a 20 year economic life and discount rates of 4, 7
and 10 per cent are shown in Table B8.3 on page B-18.

For a discount rate of 7% pa, the Present Worth Value of damages for all flood events up to the
100 year AR} flood at Crookwell, Gunning, Collector and Taralga is about $3.64 Million,
$0.83 Million, $0.01 Million and $0.48 Million, respectively for a 20 year economic life. Therefore
ohe or more schemes costing up to these amounts could be economically justified if they
eliminated damages in each village for all flood events in the village up to this level. While
schemes costing more than these values would have a benefiticost ratio less than 1, they may
still be justified according to a multi-objective approach which considers other criteria in addition
to economic feasibility. Flood management measures are considered on a muiti-objective basis
in Chapter 4 of the Main Report.
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TABLE B8.2
AVERAGE ANNUAL DAMAGESM
$ MILLION

Village E?;i: Residential | Cprmerdiall | g,y Total

B NyearAR 0244 | 0021 | o016 | 0281

100 yoar AR 0.299 0.026 0.019 0.244

Crookwell N 200 year AR 0.308 0.027 0.019 0.354
500 year ARI 0.314 0.028 0.019 0361 |

PV 0.327 0.031 0.019 0377

' 20 year AR 0.056 0.001 0.000 0.057

| 100 yeeraR 0.076 0.002 0.001 0.078

Guming |  200yeerARI 0.080 0.003 0.001 0.083

500 year ARI 0.083 0.003 0.001 0.087

PNE 0.091 0.008 0.004 0.104

20 year ARS 0.000 0,000 0.000 0.000

100 year ARI 0.001 0.001 0.000 0.001

Colector 200 year AR 0.001 0.001 0.000 0.002
500 year AR! 0.002 0.001 0.000 0003 |

PME 0.004 0.001 0.000 0.005

20 year ARI 0.036 0.000 0.001 0.037

100 yoar AR 0.044 0.000 0.001 0.045

Taralga iy 200 year AR 0.045 0.000 0.001 0.046

500 year ARJ 0.046 0.000 0.001 0.047
PMF 0.048 0.000 0.001 0049

‘I.L Values quoted to three decimal places for comparative purposes only.
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TABLE B8.3
PRESENT WORTH DAMAGES
$ MILLION
Village “'“"('.ﬁ Rt | |- A8 :;";:ﬁ Upte | Al Floods Up to PMF
4 467 5.13
Crookwaell 7 364 4.00
10 293 321
4 1.06 144
Gunning 7 0.83 142
10 0.67 0.90
4 0.02 0.06
Collector 7 o.c1 005
10 0.01 0.04
4 0.61 0.66
Taralga 7 0.48 052
10 038 042 |
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C3.8 Impact of Saleyards Road Detention Basin on Peak Flood Levels at Crookwell
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C4.2 Impact of Cullavin Street Levee Option 1 on Peak Flood Levels at Gunning
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C1. INTRODUCTION

This Appendix presents the findings of an investigation which was undertaken into the merits of
implementing a range of potential flood modification measures In the four villages.
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c2. TECHNICAL REQUIREMENTS
€21 Stream Clearing

Management programs in urban creeks typically involve maintenance of grassed inverts and
batters, the removal of sediment and the clearance of flood debris after significant flow events.
Clearance of debris within the stream comidor reduces the potential for future capture by the flow
and blockage of culverts.

In the case of natural streams, management measures could also include the removal of woody
weeds and willows and revegetation of the creek corridors with native species. These measures
usually have a beneficial, but limited, impact on the conveyance capacity of the streams. They
do not fulfil a flood mitigation role, but improve the aesthetics of the waterway as well as provide
water quality benefits and reduce the debris load likely to be experienced during flooding. Stream
clearing may also reduce the risk of woody debris build up in the creek system that results in
blockage of major hydraulic structures.

€2.2 Channesl Improvemesnts

The hydraulic capacity of a stream may be increased by widening, deepening or straightening the
channel and clearing the banks of obstructions. The scope of such improvements can vary from:
schemes which do not increase the waterway area but ensure the creek is maintained in a
condition which maximises hydraulic capacity; to major channel excavations. Careful attention to
design is required to ensure stability of the channel is maintained and scour or sediment build-up
is minimised. The potential for large scale improvements to increase downstream flood peaks
also needs to be considered. In general, channel improvements need to be carried out over a
substantial stream length to have any significant effect on flood levels. Proposals also need to
conform with Government Policies in regard to retention of native vegetation, maintenance of fish
habitat and other environmental considerations.

Several respondents to the community questionnaire noted that an increase in the number of
willow trees along the banks of the creeks had reduced the efficiency of the channel systems.
However, duting the December 2010 flood event, and o a lesser extent the March 2012 fiood
event, the creek systems continued to function at near their optimum hydraulic capacity.
Consequently a formal Creek Management Scheme is not a priority measure in the main streams,
at least on fiood mitigation grounds. However, cleaning out the creek system, coupled with
regular inspection of the major hydraulic structures may be a cost-effective measure, as it would
ensure the existing drainage infrastructure functions at its hydraulic capacity.

C2.3 Detention Basins

Detention basins provide a temporary storage of floodwaters additional to that contained in the
floodplain, with the objective of reducing the fiood peak in downstream reaches of the drainage
system. “Offiine” basins, remote from the stream, with intake and outlet channels to and from the
stream, are preferred over embankments constructed across the channel in order to maintain the
continuity of the creek. The basin should also be located in the middle or lower reaches of the
catchment, sufficiently close to the area intended to be protected, that its attenuating effects over
fiood peaks is naot negated by downstream tributary inflows. Typically the basin should command
in excess of 60 to 70 per cent of the total catchment at the urban centre to be protected.
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Another requirement is that the basin be of sufficient size to store a significant percentage of
runoff from the design siorm. Basins attenuate the flood peak {i.e. reduce the downstream peak
rate of runoff) by temporarily storing the incoming discharge hydrograph and releasing it at a
controlled rate. To be effective, basins storing a minimum of 50 per cent of the volume of runoff
of the incoming flood event are required.

Flows up to the 100 year ARI are usually controlled by jow level pipes. Larger flows are
conveyed by a combination of flow through the low level outlets together with flow over an
emergency spillway, usually constructed by excavating a channet and broad crested weir in the
embankment. The spillway crest is usually armoured with reno-mattress or equivalent erosion
resistant material to prevent scour.

For optimum performance in reducing downstream flows, the design floed should be conveyed
through the basin via the low level autlets without the spillway operating. To achieve this
objective often requires a large storage. Small basins are quickly overwhelmed by the incoming
flocd waters, with the result that the level of stored water quickly rises to the level of the
emergency spillway. Because the spillway is able to pass a large rate of flow, with little rise in
level, the rate of outflow rapidly rises to the rate of inflow, negating the main purpose of the basin.

C2.4 Hydraulic Structure Upgrades

Upgrading hydraulic structures by increasing their waterway arez has the potential to reduce the
impact of flooding on existing development within the study area. However, care must be taken
when assessing the merits of such upgrades as changes in flooding patterns and the removal of
temporary flood storage can under certain circumstances increase downstream flood peaks. The
risk of a blockage of hydraulic structures by debris also needs to be taken into consideration
when determining appropriate dimensions for an upgraded structure.

C2.5 Leavees

Levees are an efiective means of protecting flood affected properties up to the design flood level,
In designing a levee it is necessary to take account of three important factors: potential re-
distribution of flood flows, the requirements for the collection and disposal of internat drainage
from the protected area and the consequences of overtopping the levee in floods greater than
the design event. A freeboard between the design flood level and the crest level of between
0.5 and 1 m would be required, based on an assessment of site specific flooding conditions.

Reinforced concrete and concrete block walls are often used in situations where there is
insufficient land available for earth banks. Such walls are provided with reinforced concrete
footings of sufficient width to withstand overturning during fiood events.
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c3. CROOKWELL
C3.1 General

The main stream system in Crookwell comprises natural watercourses discharging from the hilly
upsiope areas and running through the developed part of the village with numerous road
crossings of various hydraulic capacities which raise upstream ficod levels and influence the
pattern of flooding. The main damage centre in Crookwell is located where runoff in the Cullen
Street Overfand Flow Path surcharges the transverse drainage structure under Goulburn Street
and flows through existing development. As a result, there are four residential and three
commercial properties that would be subject to above-floor inundation in a 100 year ARI event.

The majority of existing development in Crockwell is located outside the extent of Main Stream
ficoding. While the piped drainage system in the village is of limited capacity, with a significant
portion of the local catchment runoff conveyed in a series of overland flow paths, relatively few
dwellings would experience above-floor inundation in a 100 year ARI storm event. Two of the
maore significant overland flow paths as identified by respondents to the community consultation
and in The Viliage of Crookwell Flood Study are located north of the Crookwell River at Elizabeth
Street and north of Kiamma Creek at Carr Street. Flood modification measures to mitigate the
impact of overland flow in these areas are assessed in Sections €3.3.2 and C3.4.5, respectively.

C3.2 Crookwell River and Kiamma Creek Stream Clearing

As identified in Table 3.1 of the main report, it is a common perception amongst the community
that the build-up of willow trees and dense vegetation in the creeks has exacerbated flooding
patterns. A sensitivity analysis was therefore undertaken whereby the hydraulic roughness
values in the hydraulic model were reduced in order to simulate the removal of dense vegetation
from the main channels of Kiamma Creek between Harley Road and Saleyards Road and the
Crookwell River between Laggan Road and the projection of Kensit Street.

Figure C3.1 shows that stream clearing would only have a localised effect on peak ficod levels
and would therefore not reduce the severity of flooding in existing development. As the economic
benefits of stream clearing would be minor, it would be difficult to justify the inclusion of this
scheme in the FRMP.

C3.3 Local/Trunk Drainage Upgrades
€3.32.1 Goulburn Street Local Drainage Upgrade

During 2 field inspection, a business owner advised that runoff generated by the local catchment
which lies to the west of Warne Street causes flooding in his commercial property which is
located on the northern side of Goulburn Street along the line of the Cullen Street Overland Flow
Path. While the upgrade of the existing stormwater drainage system in Goulburn Street would
reduce the frequency of nuisance flooding in the commercial property, its economic benefits
(damages prevented) would be minor in comparison to the capital cost of the works. Inclusion of
the upgrade works in the FRMP could therefore not be justified on econom ic grounds.
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C3.3.2 King Road Local Drainage Upgrade

Respondents to the community questionnaire identified that an overland flow path develops
during heavy rainfall events in several residential properties that are located along Elizabeth
Street. The presence of the overland flow path was confirmed by the findings of The Village of
Crookwell Flood Study. An 18.3 ha catchment extends into the hills north of Mcintosh Road and
generates a peak flow of 0.6 and 1.3 m%s during a 20 and 100 year ARl storm event,
respectively. As the existing drainage system downstream of Elizabeth Street is of limited
capacity, runoff discharges to the Crookwell River via an overland flow path that runs through
existing residential development that is located in King Road, Parker Street and Hall Crescent

A scheme (denoted Scheme TR4) was developed which would involve the construction of a
channel and a series of diversion banks in the vacant lot which lies to the north of Elizabeth
Street and the installation of a 500 m long length of 1050 mm diameter pipe which would run
along King Road from the vacant lot to the Crookwell River floodplain. As shown on Figure C3.2,
the implementation of Scheme CR4 would prevent overland flows from discharging through the
affected residential properties and remove above-floor inundation in two existing dwellings.

By inspection, the capital costs associated with the construction of Scheme CR4 would be
significantly larger than the benefits achieved in tems of a reduction in flood damages. Inclusion
of the works in the FRMP could therefore not be justified on economic grounds.

C3.3.3 Goulbum Street Trunk Drainage Upgrade

As mentioned above, the main damages centre at Crookwell is located at the Goulburn Street
crossing of the Cullen Street Overland Flow Path. The existing transverse drainage structure
comprises 2 off 800 mm reinforced concrete pipes (RCP's) south (upstream) of Goulbum Lane
and 2 off 1200 mm high by 1200 mm wide reinforced concrete box culverts {RCBC’s) on the
northern (downstream) side of Goulbum Street.’ The transverse drainage structure discharges
into a channel that runs paratiel to East Street where it runs under Robertson Lane and the
adjacent dis-used railway line via 2 m wide bridge openings.

In order to reduce peak flood levels and hence flood damages in existing development, seven
altemative upgrades to the existing trunk drainage system were investigated. Table C3.1 over
the page provides details of each alternative upgrade option.

As shown in Figure C3.3, whilst Options CR5.1, CR5.2, CR5.3 and CR5.4 reduce peak flood
levels by more than 200 mm in existing development located on the western side of East Street,
they would result in an increase in peak fiood levels in an existing development that is located on
the eastem side of East Street, north (downstream) of Goulburn Street, Furthermore, all four
options do not completely eliminate overtopping of Goulbum Lane and hence flooding in existing
development located on its downstream side.

Based on this finding, it was determined that it would be more effective to upgrade the transverse
drainage structure under Goulbumn Street in conjunction with the provision of an upstream
detention basin (or basins). Further discussion on the benefits that this approach would provide
in terms of reducing the impact of flooding on existing development in the vicinity of Goulbum
Street is contained in Section €3.4.4.

! The alignment of the culvert and at what paint it transitions between the RCP’s and RCBC's could not be
determined as part of this investigation. It has therefore been assumed that the transition between the two
is located behind the southem kerbline of Goulburn Street.
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TABLE C3.1
GOULBURN STREET TRANSVERSE DRAINAGE UPGRADE OPTIONS

Option Description |

Goulbum Street transverse drainage struclure upgraded {o 2 off 2700 mm wide by 900 mm high m

CRS.1 RCBC's.

CR5.2 Goulbum Street and Robertson Lane transverse dralnage struclures upgraded to 2 off 2700 mm
) wide by 900 mm high RCBC’s.

CR5.3 Goulbum Strest, Roberison Lane and rallway fransverse drainage struclures upgraded to 2 off
’ 2700 mm wide by 900 mm high RCBC’s.

CR54 Goulbumn Street, Roberison Lane and raltway transverse drainage structures upgraded to 2 off
’ 2700 mm wide by 900 mm high RCBC’s and Goulburn Lane raised by up 1o 400 mm.

CR5.50 Goulbum Street transverse drainage structure upgraded to 1 off 3000 mm wide by 900 mm high

RCBC along lts full length.

hee=

CR5.6M | Goulbum Lane ralsed by up to 400 mm,

Upsiream reach of Goulbum Streel transverse drainage structure upgraded to 1 off 3000 mm wide
CR5.70.2 | by 900 mm high RCBC. Existing 2 off 1200 mm wide by 1200 mm high RCBC's under Goulburm

Streel to be retained. Goulburn Lane raised by up o 400 mm.
1, Option cniy viable if combined with Basins CR1 and CR2. Refer Section C3.4.4 for further discussion.

2. Gouburn Strest culvert upgreded between headwell on upstream side of Goutbum Lane and junction pit
behind southem kerbline of Goulburn Street, where it has been assumed the 2 off 900 mm RCP's transition
irto 2 off 1200 rmm wide by 1200 mm high RCBC's.

C3.4 Detention Basins on Cullen Street Overland Flow Path
C3.4.1 General

The construction of detention basins upstream of Goulbum Street on the Cullen Street Overland
Flow Path has the potential to reduce flood damages in existing development. Two potential
basin sites have been assessed as part of the present investigation: Basin CR1, which would
replace the existing farm dam which is located on the upstream side of Cullen Street; and Basin
CR2, which would comprise a new structure which would be constructed on the eastem
{upstream) side of Grange Road along the overland flow path which runs through the Crookwell
Golf Course.

The stage-storage relationships of the two basins were estimated from the LiDAR survey data.
For the purpose of the present investigation, the basins were sized to store runoff to a maximum
depth of 2 m in a 100 year ARl event. A 0.5 m freeboard was provided between the maximum
100 year AR! water level and the crest jevel of the two basins, resulting in a maximum
embankment height of 25 m.

C3.4.2 CR1 - Cullen Street Detention Basin

As discussed in Section 2.11.3 of the main report, the existing farm dam that is located on the
southemn (upstream) side of Cullen Street presently attenuates flood flows due to its relatively
large size. However, its standard of construction is not known and there is a concem that should
it fail it could result in potentially life threatening flooding conditions arising in existing
development that is located along the Cullen Street Overiand Flow Path.

A preliminary investigation was undertaken of a basin arrangement which incorporated a 450 mm
diameter low flow pipe and 37,500 m? of temporary flood storage at spillway level.
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While there is a significant reduction in peak fiows immediately downstream of Basin CR1 (refer
columns C and D in Table C3.2), the attenuating affects are greatly reduced by downstream
lateral inflows. As a result, only minor reductions in peak flood levels are achieved downstream
of Wade Street (refer Figure C3.4), with above-floor inundation only removed from one dwelling
in a 100 year ARI event.

TABLE C3.2
PRESENT DAY AND POST-DETENTION BASIN PEAK FLOWS
CULLEN STREET OVERLAND FLOW PATH — 100 YEAR ARI

(mP/s)
Scenario
B = Post- | Post- | Post
(1 Location PresentDay | pgge. Post. | . . | Basins | Basins | Basins
Conditions | p.sin | Basin CRt ang | R and | CR1and | CR1 and
CR1 CR2 cR2 | GR2+ | cR2+ | cr2+
CR5.5@ | CR5.6® | CRS.7®
(A} -] <1 L] 8 iFl 6] {H} m
Q01 | Culien Street 5.1 0.5 5.1 0.5 0.5 0.5 0.5
Qo2 | Upsiream of Wade 5.7 1.2 5.7 1.2 1.2 1.2 1.2
Stroel
qoz | Crookwell Golr 5.8 5.8 0.3 0.3 0.3 0.3 0.3
Course
Downstream of
Q04 | e Street M7 95 7.9 4.7 4.7 47 4.7
Surcharge across =
QOS5 | o i Sirset 8.6 6.3 5.1 1.2 0.0 0.2 <01

1. Reler Figures C3.4, C3.6 and £3.6 for peak flow location identifiers.
2. Refer Table C3.1 for details ot transverse drainage upgrade Options CRS.5, CR5 .6 and CR5.7.

C3.4.3 CR2 — Grange Road Detention Basin

A temporary ficod storage voiume of 19,800 m? in combination with a 450 mm diameter low flow
pipe is required to control runoff from the 65 ha catchment that lies to the east (upstream) of
Grange Road in a 100 year ARI event. The investigation found that while peak flows would be
reduced immediately downstream of Basin CR2 (refer columns C and E in Table €3.2), the

benefits of the basin would be significantly reduced downstream of the confluence with the Cullen
Street Overland Flow Path (refer Figure C3.5).

€3.4.4 CR1 and CR2 - Combined Detention Basin Strategy

Based on the above findings, the construction of Basins CR1 and CR2 in isolation would not
resuit in a significant reduction in flood damages in existing development, as the benefits are
principally located upstream of the confluence of the two flow paths.

Figure C3.6 shows that if both basins were to be built, then peak fiood levels would be reduced
by up to 200 mm along the full iength of the Cullen Street Overdand Flow Path, thereby removing

above-floor inundation in three residential dwellings and one commercial building that are located
in the vicinity of Goulburn Street.
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As shown in Table C3.2 (refer column F), a peak flow of 1.2 m3s would still surcharge the iniet of
the transverse structure at Goulbum Street under post-Basin CR1 and CR2 conditions. In order
to remove this flow from the surface of Goulbum Street it would be necessary to upgrade the
existing transverse drainage structure in conjunction with the construction of the two detention
basins. Table €3.2 contains a description of the three transverse drainage upgrade options that
were assessed in conjunction with the two detention basins (refer Options CR5.5, CRS5.6 and
CR5.7).

Figure C3.7 shows the effect the combined basin and transverse drainage upgrade options
would have on flooding behaviour in the vicinity of Goulburn Street. Whilst the effects of the
various options on flooding behaviour appear to be similar, Table C3.2 (refer column ) shows
that Option CR5.5 is the only measure that would eliminate surcharge of the transverse drainage
structure in a 100 year ARl event.

The cost of constructing the two basins in combination with transverse drainage upgrade Option
5.5 is estimated to be about $4.0 Miflion and includes the following key cost items:

» Purchase of approximately 5 ha of privately owned land to facilitate the construction of
Basins CR1 and CR2.

» Detailed design including geotechnical investigations of foundation conditions and
sources of suitable materials for constructing the basin embankments.

» Demolition and removal of existing farm dam upstream of Cullen Street.
» Construction of Basins CR1 and CR2.

» Demaolition and removal of the existing Goulburn Street transverse drainage structure and
construction of 1 off 3000 mm wide by 900 mm high RCBC.

» Purchase of a 5 m wide easement through commercialiresidential properties along the
line of upgraded Goulbum Street transverse drainage structure.

» Allowance for un-estimated contingencies (30%), and

» Allowance for survey, investigation and design (15%).

Indicative costs of the key elements comprising the combined scheme are summarised in Table
C3.3, while Table C3.4 over the page provides an indicative economic assessmenl of the
scheme. Annexure A of this Appendix contains a series of tables which provide a detailed
breakdown of the costs associated with each key element.

TABLE C3.3
INDICATIVE COST OF COMBINED DRAINAGE UPGRADE STATEGY AT CROOKWELL
Cost
_ Element (s Milior)
Cutllen Street Basin (CR1) 2.0
Grange Road Basin {CR2) 1.3
Goulbum Stra_et Trunk Drainage Upgrade {CR5.5) 0.7
Total 4.0
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TABLE C3.4
ECONOMIC ANALY SIS —- COMBINED DRAINAGE UPGRADE — CROOKWELL
ANALYSIS BASED ON DESIGN FLOOD LEVELS

Elscount Rate % = 4 7 10
Present Worth Velue of Beneﬁt_s (Darnu; Prevented) ($ Million) i —E—— 0.5_ _—0_:_
Cost of scheme ($ Million) 4.0 4.0 4.0
Benefit/Cost Ratio 0.15 0.13 0.10

While the scheme would reduce peak flood levels along the Culien Street Overland Flow Path by
more than 200 mm, the present worth value of damages saved for all events up to the 100 year
ARI at a discount rate of 7 per cent is only $0.5 Million. The benefit/cost ratio of a scheme
costing about $4.0 Million is therefore only 0.13. While the scheme could not be justified on
economic grounds, it would remove above-floor inundation in three dwellings and one commercial
property. It would also eliminate high hazard flooding conditions along the full length of the
Cullen Street Overland Flow Path, in addition to reducing the risk of life threatening flooding
conditions arising should the embankment of the existing farm dam located upstream of Cullen
Street fail.

Note that the capital costs of the works couid be reduced if Councii were to simply acquire
easements over the land on which the detention basins were to be built. Furthermore,
conservation storage could be incorporated in the design of the basins which would act as a
permanent storage that the land owners could use for irrigation purposes. While this wouid
reduce the total cost of the scheme to about $3.2 Million, the benefit/cost ratic would only
increase to 0.16 at a 7 per cent discount rate,

C3.4.5 Saleyards Road Deiention Basin

Runoff originating from the hills that iie to the east of Saleyards Road discharges as overland flow
through existing residential development during storms which surcharge an existing piped
drainage system. While no dwellings would presently experience above-floor inundation during a
100 year ARI storm event, the resulting overland flows would likely cause damages (albeit minaor)
in eighteen residential alltments.

As shown in Figure C3.8, construction of a detention basin in the vacant allotment which is
located immediately to the north of the affected properties would prevent surcharge of the
existing piped drainage system for all events up to 100 year ARL. .

Whitst overland flow would be removed from the properties, the cost of the basin would be
significantly greater than the resuiting reduction in fiood damages. The overiand flow path is also
of a low hazard nature (refer Figure D1.9, sheet 1 in Appendix D), with future development stiil
permitted within the affected properties in accordance with the controls set out in the draft Flood
Poficy (refer Appendix D for details). Inclusion of the basin works in the FRMP could therefore
not be justified on social and economic grounds.
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c4. GUNNING
Ci.1 General

While the majority of existing development in Gunning is located outside the extent of Main
Stream flooding, floodwater which breaks out of Meadow Creek along its western bank crosses
Cullavin Street where it inundates existing development which is located on the southern side of
Yass Street east of Warrataw Street. Development in this area is also impacted by overland flow
which surcharges the sag in Yass Street south of Jack Shaw Bridge, as well as flow which
discharges through the Gunning Showground. Seven residential dwellings (which include several
rooms in the Gunning Motel), three commercial properties and one public building are subject to
above-floor inundation in this area during a 100 year ARI fiood event. The following measures
are principally aimed at reducing the severity of flooding which is experienced in existing
development which Is located in the area, with the exception of the Biala Street Local Drainage
Upgrade works.

C4.2 Meadow Cresk Stream Clearing

Impiementation of maintenance programs to clear creeks of vegetation and debris impeding flow
at road crossings was a popular flood modification measure amongst the community. There is
very little dense vegetation along the Meadow Creek floodplain and banks, except in the 300 m
reach of creek immediately downstream of the Lerida Street causeway.

A preliminary assessment of a stream clearing option showed that peak flood levels would be
lowered by up to 30 mm in Meadow Creek and up to 50 mm in the area which lies on the
southemn side of Yass Street east of Warrataw Street. Although there would be a slight reduction
in flood damages as a result of the stream clearing measure, the peak flood levels are not
lowered sufficient to prevent above-fioor inundation. As a result, this option was not considered
for inclusion in the FRMP.

C4.3 Meadow Creek Channel Warks

An assessment was undertaken to assess whether the remaval or reduction in height of the
Barbour Park Weir would prevent the break out of flow across Cullavin Street in a 100 year ARI
fiood event. Halving the height of the weir was found to have a negligible effect on peak flood
levels upstream of Jack Shaw Bridge. While its removal lowered peak flood levels by between
300 - 400 mm downstream of Jack Shaw Bridge, the impact was negligible adjacent to the
Cullavin Street break out.

1t is noted that the adjacent camping area is a popular tourist attraction and the remaval of the
weir would likely not be supported by the community. Inclusion of the works in the FRMP could
therefore not be justified on social and economic grounds.

C4.4 Biala Street Local Drainage Upgrade

Presently there is no piped drainage system that captures runoff from a 9.5 ha catchment that is
bounded by Grovenor Street, Warrataw Street, Yass Street and Nelanglo Street. As a result,
runoff discharges through several properties that are located on the southern side of Biala Street
where it then discharges onto Yass Street via a shallow concrete dish drain which is located
between Nos. 105 and 109 Yass Street.
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A flood mitigation scheme (denoted Scheme GU1) was developed which comprises new kerb and
gutter along the southem side of Biala Street in combination with a series of new kerb inlet pits
connecting to a new 750 mm diameter pipe. The new pipe would extend south through two
properties where it would connect into an existing pit which is located adjacent to No. 105 Yass
Street.

While the scheme would reduce the frequency of nuisance flooding in the area, Figure C4.1
shows that it would only have a minor effect on flooding pattems north (upslope) of Yass Street
for events of 20 and 100 year ARI.

By inspection, the costs associated with the implementation of the drainage scheme would be
significantly larger than the damages prevented. Inclusion of the works in the FRMF could
therefore not be justified on economic grounds.

C4.5 Main Southern Railway Upgrade

Significant depths of inundation are experienced in the urban parts of Gunning during an extreme
flood event, partly as a result of the constrictive effects of the existing railway crossing which is
located downstream of the village. Table C4.1 shows the impact replacing the existing brick arch
structure with a 200 m long bridge would have on peak PMF levels upstream of the railway
corridor. While the upgrade of the Main Southern Railway would result in a reduction in peak
fiood levels of more than 3 m immediately upstream of the railway comidor, its effects are
significantly diminished in the urban parts of the village due to the incised nature of the floodplain
in the vicinity of the Jack Shaw Bridge.

Based on this finding, the significant costs associated with upgrading the railway culvert could not
be justified on economic grounds. It could aiso not be justified on social grounds as it would not

lead to a significant reduction in the depth of fiooding in the urban parts of the village during an
extreme flood event.

TABLE C4.1
IMPACT OF UPGRADING MAIN SOUTHERN RAILWAY CROSSING
ON FLOODING BEHAVIOUR

PMF
Location Impact on Peak PHMF Levels (m)(T

One km downstream of railway corridor I +0.07 _
. Immediately upstream of_ra_ihmy corridor -3.17

Barbour Park Weir -220

Jack Shaw Bridge -1.00
" Existing development on southem side of - -OE

Yass Strest east of Wearrataw Street

Lerida Street Causeway -0.80 ]

1. A positive value Tepresents an increase, and conversely a negetive value represents a reduction in peak flood
levels when compared to pre-upgrade conditions.
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C4.6 Cullavin Street Levee
C4.6.2 GU2 - Cullavin Street Levee Option 1

The Cullavin Street Levee Option 1 scheme consists of a levee which is aimed at preventing the
break out of floodwater from the left bank of Meadow Creek in combination with a channel which
is aimed at diverting the overland flow which discharges through the Gunning Showground into
Meadow Creek upstream of Cullavin Street. Figure C4.2 shows the layout of the Cullavin Street
Levee Option 1 scheme. The key features of the scheme include:

» a 540 m earthen embankment {maximum height approximately1.5 m) along the left bank
of Meadow Creek from a location adjacent to the Gunning Showground to the westem
abutment of Jack Shaw Bridge;

» araised 300 m long section of Warrataw Street (maximum height approximately 1.4 m),
» a 250 m long diversion channel in the Gunning Showground;
> gated 20D mm RCP’s at three locations along the levee; and

» minor improvements to the table drains on either side of Warrataw Street,

Figure C4.2 shows that the scheme reduces peak flood levels east of Warrataw Street by up to
200 mm. While two of the seven dwellings that are presently subject to above-floor inundation
will be rendered flood free, it is not possible to remove flooding from all of the affected properties
due to the continued infiux of overland flow which originates from upslope areas.

As shown in the indicative cost estimates in Table A4 of Annexure A of this Appendix, the cost
of the Cullavin Street Levee Option 1 is estimated to be $1.5 Million. The indicative cost
estimates were based on data compiled as part of the Concept Design of Baradine Town Levee
(L&A, 2016) and includes the following features:

» acquiring an easement along the alignment of the levee through existing privately owned
land;

» construction of the earthen embankment and then raising of Warrataw Street to provide
750 mm freeboard above 100 year ARI peak water levels in Meadow Creek;

¥» construction of a diversion channel through the Gunning Showground;
» piped drainage through the earthen embankment to drain the protected side of the levee;

» geotechnical investigations of foundation conditions and sources of material for the levee
construction and test boring along the route;

allowance for un-estimated contingencies (use 30%); and

» allowance for survey, investigation and design (15%).

C4.6.26U3 - Cullavin Street Leves Option 2

The Cullavin Street Levee Option 2 scheme, the layout of which is shown in Figure C4.3, follows
the same alignment as the Option 1 scheme east of Warrataw Street. However, instead of raising
Warrataw Street, the levee crosses the road and runs in a westerly direction paralle! to the
proposed channel in the Gunning Showground. Cullavin Sireet Levee Option 2 has a similar
effect on peak flood levels to Option 1, reducing levels on the protected side of the levee by up to
200 mm and increasing levels in a localised area on Meadow Creek by up to 20 mm,
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As shown in the indicative cost estimates in Table A5 of Annexure A of this Appendix, the cost
of Cullavin Street Levee Option 2 scheme is estimated to be $1.16 Million.

C4.7 Economic Analysis

As the Cullavin Street Levee Option 2 scheme is $0.34 Miliion cheaper than Option 1, it has been
adopted for undertaking the economic analysis shown in Table C4.2.

Construction of the Cullavin Street Levee Option 2 scheme will prevent $0.17 Million of damages
and remove above-fioor inundation in two residential dwellings. The remaining dwellings are
flooded as a result of local overiand flow which originates from areas upslope of Yass Street and
ponds in the low-lying land between Warrataw Street and Meadow Creek. The benefiticost ratio
of the scheme at a 7 per cent discount rate is therefore only 0.15 and could not be justified on
economic grounds.

While the scheme cannot be justified on economic grounds, it would allow future development to
proceed with reference to the controls that apply to areas affected by Major Overland Flow (refer
Appendix D for further details). While the levee would be considered to have failed from a flood
management perspective during floods larger than a 100 year ARI, it would act to reduce flood
damages for events slightly larger than an event of this frequency, as described by Stanton in his
paper tifled *Flood Levee Design Based on Progressive Failure Probabilty". The likelihood of
itinerate occupants of this area needing to be rescued during a major flood event would also be
reduced.

Despite the potential social benefits of the scheme, its large cost means that it has not been
included in the draft FRMP.

TABLE C4.2
ECONOMIC ANALYSIS — CULLAVIN STREET LEVEE OPTION 2 — GUNNING
ANALYSIS BASED ON DESIGN FLOOD LEVELS

Discount Rate % 4 T 10 |
Present Worth Value of Benefits (Damages Prevented) ($ Million) 0.21 0.17 0.14
Cost of scheme ($ Million) 1.16 1.16 1.16
Benefit/Cost Ratio 0.18 0.15 0.2
FVFRMS_V1_AppC_{Rev 1.2]doc Page C-13 Lyall & Associates

November 2016 Rev. 1.2

Ordinary

Meeting of Council held on 20 April 2017

Page 161



ltem:9.4

Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

The Villages of Crookwell, Gunning, Colector eng Taralga
Froodplain Risk Management Study and Draft Plan
Appendix C - Assassment of Palential Fiood Modification Measures

C5. COLLECTOR
C5.1 General

As discussed in Section 2.4.3 of the main report, the majority of existing development at
Collector is located outside the extent of Main Stream flooding, with the exception of one
commercial building which is located on Murray Street. There are no feasible flood modification
measures which would protect this property, therefore response modification measures are
considered to be more appropriate for managing the existing flood risk at Collector (refer
Section 3.8 of the main report for further details).

The Village of Collector Flood Study results show that the drainage system along the George
Street Overland Flow Path is of limited capacity. Surcharges of the drainage system result in
shallow sheet flow discharging through residential properties that are located in George Street
and Bourke Street. Whilst no above-floor inundation is experienced in these properties,
num erous respondents to the community questionnaire identified this as an issue that should be
investigated as part of the FRMS.

C5.2 George Street Drainage Upgrade

As shown on Figure C5.1, the George Street Drainage Upgrade follows the alignment of the
existing drainage system, and involves increasing the size of the existing culverts and channels in
order to convey the 3.3 m%s which is estimated to discharge from the Federal Highway culvert
during a 100 year ARI| storm event. The road crossings would need to be upgraded to 2 off
1200 mm wide by 800 mm high RCBC’s and the channel would need to have a base width of
4.0 m and a minimum depth of 1.0 m. As Figure C5.1 shows, the shallow sheet flow caused by
the surcharge of the existing drainage system would be removed by implementing this scheme.

€5.3 Collector Bypass Channel

This scheme involves diverting the flow which discharges from the Federal Highway culverts
around the existing development via a channel that runs in a southerly direction along the
highway corridor. Preliminary sizing of the channel showed that it would need to have a minimum
base width of 4.0 m and a minimum depth of 1.2 m. Figure C5.2 shows that shallow sheet flow
which presently discharges through existing development would be removed as & result of the
channel works.

The NSW SES Locai Controller at Collector suggested that an altemative to the above might be
to construct a channel along the eastern side of the highway corridor, as it is believed that the
watercourse was diverted away from its natural course as part of the highway works and into the
village. Further investigation would be required {o define the full scope of any channe! works, as
it is likely that a suitably sized channel would need to extend south to the main arm of Collector
Creek in order for the diverted fiow not to impact flooding conditions in existing properties.

C5.4 Recommendations

While the Collector Bypass Channel scheme would be a significantly cheaper option than the
George Street Drainage Upgrade works, the damages presently caused by flooding in property
located along George Street and Bourke Street is only minor. The damages saved as a result of
the scheme will therefore be negligible. Hence, this scheme has not been included in the draft
FRMP.
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C6. TARALGA
C6.1 General

Existing development in Taralga is not affect by Main Stream flooding which is confined to within
the in-bank area of Corroboree Creek. Local catchment runoff from the hills west of the village is
conveyed to Corroboree Creek via a series of overland flow paths which result in above-fioor
inundation in two residential, one commercial and one public building.

C6.2 Orchard Street Local Drainage Upgrade

At the commencement of the study, Council identified a vacant allotment which is located
downstream of Orchard Street as potential development site. The existing channel which runs
through the site is of very limited capacity, resulting in shallow inundation of the majority of the
allotment. Figure C6.1 shows a culvert and charne! arrangement that would confine the flow
discharging through the allotment to a narrow corridor, thereby increasing the amount of
developable land. The key features of the culvert and channel arrangement include:

» upgrading the culverts under Orchard Street and Macarthur Street to 2 off 2700 mm wide
by 1200 mm high RCBC's;

» raising the western footpath of Orchard Street by up to 500 mm to prevent overland flow
from sheeling across the road by diverting it to the new culvert arangement; and

» enlarging the existing channel so that it is able to convey the estimated 8.7 m¥s which
would be generated by a 100 year AR! storm event.

As there is no existing development affected by flooding, the scheme would not offset any
existing flood damages. Accordingly, the scheme would not be eligible for funding as part of the
NSW Govemments Ficodplain Management Program and has not been included in the draft
FRMP,

FVYFRMS _V1_AppC [Rev 1.2].doc Page C-16 Lyall & Associates
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TABLE A1

INDICATIVE COST OF CULLEN STREET DETENTION BASIN (CR1)

Item Description Unit Rate Quantity Amount
1 Acquisition of Land ha 180,000.00 321% 576,000
2 Geotechnical Investigation and testing Item 15,000.00 1% 15,0008
Site Establishmant and Set out works by
3 registered surveyor ftem 2,500,00 10% 2,500
Erosion Control and Care of Creek during
4 construction ftem 5.000.00 1% 5,000
6  |Strip topsoil (300mm) over basin footprint m? 1.50 24500 | § 36,750
6 Excavete additional earthworks for cut off m3 5.00 450 | g 2250
trench
7 |Proof rell basin foundslion and cutofftrench m2 5.00 24500 | ¢ 122,500
8 IExcavaie storege amea m? 5.00 25,100 § 125489
9 Place end compact embankment fill m? 1800 3,600 $ 64,800
10 |Olspose of surplus excavated material m3 10.00 21500 ($ 214,998
ece topsoil over basin suface, grass 2
11 Ela d and rehabilitate m 5.00 24500 [ $ 122,500
Supply, Lay Joint RCP Low Level Outiet
12 Pipes- 1 % 450 mm, Class 4 m 1.570.00 FIE 42,380
13 IRC Headwalls Low Level Outlets ltem 8.000.00 2|% 16,000
Energy Dissipation at Outlets {300 mm 2
4 |Reno mettress) m 60.00 ) |8 1.200_-
[sub-Tota $ 1,347,388
Unestimated ltems and Contingenciss 30% $ 404,216
|Sub-Total § 1,751,604
Survey, Investigation and Design 5% $ 262,741
Totel $ 2,014,346
14-08-16 JNITAdN - Upper Lachian FRMSEP\CACs\Cost of Scheme\Cost of Crookwell Sthemes s
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TABLE A2
INDICATIVE COST OF GRANGE ROAD DETERTION BASIN (CR2)
Item Description Unit Rate Quantity Amount
1 Acquisition of Land ha 180,000.00 20 360,000
2 G eotachnical Investigation and testing item 16.000.00 1 15,000
Site Establishment and Set out works by
3 registerod surveyor ftem 2,500.00 1 2500
Erosion Control and Care of Creek during
4 L snstruction item 5,000.00 1 5,000
5 Strip topsoeil (300mm) over basin footprint m? 150 16,500 24,750
6 Excavate additional earttwrorks for cut off m? 500 620 3.100
trench
7 Proof roll basin foundation and cutoff trench m? 5.00 16,500 82,500
8 Excavale storage area m? 5.00 14 900 74 500
9 |Place and compact embankment fill m? 18.0¢ 3,600 64 800
10 |Dispose of surplus excavated materiat m* 10.00 11,000 110,000
Place topsoil over basin surface, grass 2
1 ’seed and rehabiftate m .00 16,500 82,500
Supply, Lay Joint RCP Low Leva! Ouliet
12 Pipes: 1x 450 mm, Ciass 4 m 1ST000 i 42,390
13 RC Headwalls Low Level Outlets Item 8,000.00 2 16,000
» Energy Dissipsation at Outlets (300 mm m? 60.00 20 1.200
Reno meattress)
|Sub-Totat 884 240
Unestimated ltems and Contingencies 30% 265,272
|Sub-Total 1.149512
Survey, Investigation and Design 15% 172427
| Total 1,321,939
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INDICATIVE COST OF GOULBURN STREET TRUNK DRAINAGE UPGARDE (CRS5.5)

TABLE A3

Item Description Unit Rate Quantity Amount
1 Establish Easement along alignmert of pipe tem 10,000.00 11% 10,000
2 peotgchnlcgl Investigation and potholing to ftem 5.000.00 ils 5000
identify services
Establishment and Traffic Control in
3 Goulbum Straet Item 5.000.60 1 5,000
4 Services Adjustmert Item 5,000.00 11% 5,000
Demolish pavement in Goulbum Lanse and 2
5 G oulbumn Strest m 2000 125 | % 2500
5 Demuolish exisitng transverse drainage tem 100,000.00 1ls 100,000
|structure
8 Excavete Trench 3000 x 900 RCBC mz 5500 360 | $ 19,800
7 Supply, Lay, Joint and Backfill 3000 x 900 B 4.50000 700 ¢ 315,000
RCBC
8 Provide 1 junclion pit along route of pipeline ftom 10,000.00 1% 10,000
9 RC Headwals &t nlet Item 10,006.00 11% 16,000
Reinstate pavement in Goulbum Lane and 2
M |ooubum Street m 30.00 125 % 3,750
|Sub-Totai $ 486,050
Lnestimated ltems and Contingencies 30% 145815
|sub-Total t 631,865
lSuNey. Investigation and Design 15% $ 94 780
Total $ 726,645
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TABLE A4
INDICATIVE COST OF CULLAVIN STREET LEVEE OPTION 1
ltem Descnption Unit Rate Quantity Amount
1 Establish Easement along alignment of pipe ha 25,000.00 07 % 17,500
Geotechnical Investigation and potholing to
2 igentily services ltern 10,000.00 11% 10,000
|Establishment and Traffic Control in
3 Warrataw Strest Iltem 5,000.00 1% 5.000
4 Services Adjustment Item 5,000.,00 1(% 5,000
Excavated and Construct Earth
[ Embankment Typer Leves belwesn m 800.00 500 | $ 400,000
Warrataw Street and Jack Shew Bridge®™
6  |upgrade Warrataw Street / Park Street® m 1,600.00 280 | 8 448,000
7 Supply, L.ay, Joint and Backfiill 98¢0 RCP m 1,570.00 60| $ 94,200
Diversion Channe! through Gunning
8 Showground m 100.00 240 | ¢ 24,000
Sub-Total $ 1,003,700
|unestimeted tems and Contingencies | so% $ 304,110
|sub-Total $ 1,304,810
|survey. Ivestigztion and Design | 5% $ 195,722
|Total $ 1,600,532

1. Based on average cost per m length of earth embankment as determined in Concept Design of Baradine Town Levee {2016)
2. Based on average cost per m length of upgraded/raised road as detenmined in Concept Design of Baradine Town Levee (2016)
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1.Based on average cost per m length of earth embankment as determined in Concept Design of Baradine Town Levee (2016)
2.Based on average cost per m length of upgraded/fraised road as determined in Concept Design of Baradine Town Levee {2018)

TABLE A5
INDICATIVE COST OF CULLAVIN STREET LEVEE OPTION 2
item Descnption Unit Rate Quantity Amount
1 Establish Easement along alignment of pipe ha 25.000.00 07§ 17.500
Geotechnical Investigation and potholing to
2 identify services ftem 10,000.00 11% 10,000
Establishment and Traffic Control in
3 \Warrataw Strest ftem §,000.00 11% 5,000
4 Services Adjustment item 5,000.00 1% 5,000
Excavated and Construct Eartth
5 Embankment Typer Levee batwesn m 800.00 500 | % 400,000
Warratew Strest and Jack Shaw Bridge™
& Upgrade Warmataw Street / Park Street® m 1,600.00 30|$ 48,000
Excavated and Construct Earth
7 Embankment Tvper Levee betwean m 800.00 220 | 176,000
Warratew Street and Copeland Street®
8 Supply, Lay, Joint and Bacikiill 900 RCP m 1.570.00 60 | $ 94 200
Diversion Channel through Gunning
9 Showground m 100.00 220 | $ 22000
Sub-Totsl $ 777,700
|Unestimated items and Contingencies 30% $ 233,310
|Sub-Total $ 1,011,010
|Survey. Investigation and Design 15% 3 151,652
Total $ 1,162,662
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DRAFT FLOOD POLICY
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Appendix D - Draft Flood Policy
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FIGURES
(BOUND IN VOLUME 2)
D11  Extract of Flood Planning Map Showing Extent of Flood Planning Area at Crookwell
(Sheets 1 and 2)
D1.2  Extract of Flood Planning Map Showing Extent of Flood Planning Area at Gunning
D1.3 Extract of Flood Planning Map Showing Extent of Fiood Planning Area at Collector
Di.4 Extract of Flood Planning Map Showing Extent of Flood Planning Area at Taralga
D1.5 Crookwell Development Controls Matrix Map (Sheets 1 and 2)
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D1.9 Crookwell Flood Hazard Map (Sheets 1 and 2)
01.10 Gunning Flood Hazard Map
D1.11 Collector Flood Hazard Map
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ABBREVIATIONS

AHD Australian Height Datum

ARI Average Recurrence Interval (years)

EP&A Environmental Planning and Assessment

FPL Flood Planning Level {100 year ARI flood level + freeboard)

FPA Flood Planning Area (area inundated at the FPL)

FRMS&DP Floodpiain Risk Management Study and Draft Plan

LEP Local Environmental Plan

MFL Minimum Floor Leve! (100 year AR| flood level + freeboard)

MOF Major Overland Flow

MOF MFL Major Overland Flow Minimum Floor Leve! {100 year AR/ flood level plus 300 mm
freeboard)

MSF Main Stream Flooding

MSMTF MFL Main Stream and Minor Tributary Flooding Minimum Floor Level (100 year AR}
flood level plus 500 mm freeboard)

MTF Minor Tributary Flooding

NSW SES New South Wales State Emergency Service

PMF Probable Maximum Flood
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Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol i

D1. INTRODUCTION

This Flood Palicy has been prepared to provide specific controls to guide development of land in
ficod prone areas in the villages of Crookwell, Gunning, Collector and Taraiga.

The Flood Policy incorporates the findings of The Villages of Crookwell, Gunning, Collector and
Taralga Floodplain Risk Management Study & Draft Plan, 2016 (FRMS&DP) and the procedures
set out in the NSW Floodplain Development Manual (NSWG, 2005).

The FRMSE&DP identified the occurrence of three types of flooding in the four villages:

» Main Stream Flooding (MSF) resulting from overflows of the main channels of the
Crookwell River and Kiamma Creek at Crookwell, Meadows Creek at Gunning, Collector
Creek at Collector and Corroboree Creek at Taralga. These flows may be several metres
deep in the channels and relatively fast moving with velocities up to 2 m/s. For planning
purposes, flooding along the Cullen Street Overland Flow Path at Crookwell has been
assessed in the same way as flow in the channels of the Crookwell River and Kiamma
Creek.

» Minor Tributary Flooding (MTF) resulting from overflows of the minor watercourses
which drain the relatively steep hillsides bordering the aforementioned creeks. While flow
in the inbank area of the minor watercourses is generally greater than 0.5 m, overbank
flow is refatively shallow and slow moving with velocities typically less than 0.5 m/s.

» Major Overland Flow (MOF) is present along several flow paths that run through the
urbanised parts of the four villages. Flows on the MOF paths would typically be up to a
maximum of 300 mm deep, travelling over the surface at velocities less than 0.5 m/s.

The Flood Poficy takes into account the “Guideline on Development Controls on Low Flood Risk
Arsas” and Ministerial Direction No 4.3 issued by the then Department of Planning on 1 July
2009. As a consequence, residential areas within the extent of the Flood Planning Area (FPA)
shown on the Flood Planning Map are subject to flood related development controls in this Flood
Policy. Figures D1.1, D1.2, D1.3 and D1.4 are extracts from the Flood Planning Map showing
the extent of the FPA in the vilages of Crookwell, Gunning, Collector and Taralga respectively.
Within the FPA, the controls over residential development reflect the nature of the flood risk. The
division of the floodplain into hazard areas is shown on the Flood Hazard Map for each village
(refer Figures D1.9, D1.10, D1.11 and D1.12).

The Policy recognises the need for controls over commercial and industrial development within
the FPA to batance the flood risk against the requirement for continuing the long term viability of
this sector in the four villages. The Pclicy alsc recognises that the safety of people and
associated emergency response planning need to be considered and imposes restrictions on
wiinerable development (for example education facilities and aged care facilities) and critical
emergency respense and recovery facilities and infrastructure (evacuation centres, hospitals and
utilities).
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D1.1 What does the Policy do?

The Flood Policy provides information to assist people who want to develop or use land affected
by potential ficoding in Crookwell, Gunning, Collector and Taralga. Development may include,
among other things:

» dwelling construction, including additions to existing dwellings;
* filling land to provide building platforms above flood level;
* commercial and industrial development;

¢ subdividing land.
D1.2 Objectives

The objectives of this Flood Policy are:

(@) To provide detailed fiood related development controls for the assessment of applications
on land affected by floods in accordance with the provisions of Upper Lachtan LEP 2010
and the findings of 7he Villages of Crookwell, Gurning, Collector and Taralga Floodplain
Risk Management Study and Draft Plan, 2016.

{b) To alert the community to the hazard and extent of land affected by floods.

(c) To inform the community of Council's policy in relation to the use and development of
land affected by the potentiai floods in the four villages.

(d) To reduce the risk to human life and damage to property caused by flooding through
controlling development on land affected by floods.

(e) To ensure new development is consistent with the flood response strategies adopted by
the NSW State Emergency Service (NSW SES) and does not impose additional burdens
on, or risk to its personnel during flood emergencies.

Definitions of flood related terms used herein are provided in the Glossary in Section D3 of this
document.

D1.3  Will the Policy affect my Property?

The Policy applies to all development permitted with the consent of Council on land:
i) towhich the Upper Lachlan LEP 2010 applies,

iiy that lies within the extent of the FPA, as shown in Figures D1.1, D1.2, D1.3 and D1.4:
and

iii) that lies on the floodplain but outside the extent of the FPA (refer area identified as “Outer
Floodplain® in Figure D1.1, D1.2, D1.3 and D1.4).
D1.4 How to use this Policy

The Policy provides criteria which Council will use for the determination of development
applications in areas within the extent of the FPA in the four villages. The criteria recognise that
different controls apply to different land uses and levels of potential flood inundation or hazard.
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The procedure Council will apply for determining the specific controls applying to proposed
development within the FPA is set out below. Upon enquiry by a prospective applicant, Council
will make an initial assessment of the fiood affectation and flood levels at the site using the
following procedure:

i) Determine which part of the floodplain the development is located in from Figures D1.1,
D1.2, D1.3 and D1.4.

i) Determine which Development Controls Matrix applies to the development from
Figures D1.5, D1.6, D1.7 and D1.8.

ii) Determine the flood hazard zone(s) that applies to the development from Figures D1.9,
D1.10, D1.11 and D1.12.

iv) Identify the category of the development from Annexure 1: Land Use Category.

v) Determine the flood level at the site using information contained in The Villages of
Crookwell, Gunning, Collector and Taralga Floodpiain Risk Management Study and Draft
Plan, 2016, as well as the appropriate freeboard for defining the Minimum Floor Level
(MFL) and fiood related development controls for the category of development from
Figures D1.5, D4.6, D1.7 and D1.8 and Annexure 2: Development Controls Matrices.

vi) Confinm that the development conforms with the controls in Annexure 2.

With the benefit of this initial information from Council, the Applicant will prepare the
documentation to support the development application according to Annexures 2 and 4.

A survey plan showing natural surface levels over the site will be required as part of the
Development Application documentation. Provision of this plan by the applicant at the initial
enquiry stage will assist Council in providing flood related information relevant to the site.

Further information on fiooding in the four villages and the controls over development imposed by
this Policy are available by discussion with and upon written application to Council.
D1.5 Other Documents Which May Need to be Read in Conjunction with this Policy

¢ New South Wales Government (NSWG) Floodplain Development Manual (NSWG, 2005);
and associated Guideline on Development Controls on Low Flood Risk Areas; and
Ministerial Direction No. 4.3, 1 July 2008,

e Upper Lachlan Local Environmental Pian 2010;

e The Village of Crookwell Flood Study {Lyall & Associates (L&A), 2014a);
e The Village of Gunning Flood Study (L&A, 2014b);

s The Village of Collector Flood Study (L&A, 2014c);

¢ The Village of Taralga Flood Study (L&A, 2014d);

e The Villages of Crookwell, Gunning, Collector and Taralga Floodplain Risk Management
Study and Draft Plan (L&A, 2016); and

* Relevant Council policies, developm ent control plans and specifications.
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D2.  WHAT ARE THE CRITERIA FOR DETERMINING APPLICATIONS?
D2.1 General

Development controls on flood prone land are set out in Annexure 2 of this Flood Policy. The
controls recognise that different controls are applicable to different land uses, the location within
the floodpiain, levels of potential fliood inundation and flood hazard.

The controls applicable to proposed development depend upon:

¥» The type of development.
> The pari(s) of the floodplain where the development is located.
> Peak flood levels at the site of the development.

D2.2 Division of the Floodplain into Hazard Zones

Figures D1.9, D1.10, D1.11 and D1.12 shows the division of the floodplain af the four villages
into a number of flood hazard zones in areas subject to MSF, MTF and MOF.

D2.3 Main Stream Flooding
In the areas subject to MSF:

The Inner Floodplain (Hazard Category 1) zone (shown as a solid red colour) comprises areas
where factors such as the depth and velocity of flow, time of rise, isolation on Low Flood lsiands
and evacuation problems mean that the land is unsuitabie for some types of development. It
includes areas of High and Low Hazard Floodway, Flood Storage, Ficod Fringe, Intermediate
Floodplain and Outer Floodplain areas. Erection of a buildings and camrying out of work not
permitted; use of land, subdivision of land and demalition subject to State Environmental
Planning Policies and Local Environmental Plan provisions are not permitted in the zone.

The Inner Floodplain {Hazard Category 2) zone (shown as a solid yellow calour) comprises Low
Hazard Floodway and Flood Storage areas where development other than Essential Community
Facilities, Critical Utilittes, Schools and Fiood Vulnerable development is pemitted provided it is
capable of withstanding hydraulic forces and sited on the allotment to minimise adverse
redirections of flow towards adjacent properties. Council may require a Fiood Risk Report if it
considers that the proposal has the potential to significantly affect flooding behaviour in adjacent
properties.

The Intarmediate Floodplain for Main Stream flooding (shown as a solid blue colour) is the
remaining land lying outside the extent of the Inner Floodplain zones, but within the FPA (defined
as land which lies below the 100 year ARI fiood level plus 500 mm freeboard). Within this area,
there would only be the requirement for MFL’s to be set at the 100 year AR flood levels plus
500 mm. Land use permissibility would be as specified by State Environmental Planning Policies
or the Local Environmental Plan. However, Essential Community Facilities, Critical Utilities and
Flood Vulnerable development such as schools and housing for aged and disabled persons
would be subject to additional controls, which are identified in subsequent sections and in
Annexure 2.1.

Appentiix D - Draft Fiood Policy
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The Outer Floodplain is the remainder of the flocdplain between the Intermediate Floodplain and
the extent of the Probable Maximum Flood - PMF (that is, the extent of the floodplain) (shown as
a solid cyan colour). This area is outside the extent of the FPA. However, controls on Essential
Community Facilities, Critical Utilities schools and Flood Vulnerable development identified in
Annexure 2.1 would apply in this area.

D2.3 Minor Tributary Flooding
In the areas subject to MTF:

High and Low Hazard Floodway areas are generally confined to the inbank area of the minor
watercourses which drain the relatively steep hillsides bordering the major creek systems which
run through the village area, while Flood Storage areas are generally confined to existing farm
dame. High Hazard Ficodway areas along these minor watercourses have been defined as the
Inner Floodplain (Hazard Category 1) zone (shown as a solid red colour), while Low Hazard
Floodway and Fiood Storage areas have been defined as the Inner Floodplain (Hazard
Category 2) zone (shown as a solid yeliow colour).

Similar to Main Stream Fiooding, some development types in the Inner Floodplain (Hazard
Category 1) zone is not permitted. Similarly, development other than Essential Community
Facilities, Critical Utilities, Schools and Flood Vuinerable development is permitted in the Inner
Floodplain (Hazard Category 2) zone provided it is capable of withstanding hydraulic forces and
sited on the allotment to minimise adverse redirections of flow towards adjacent properties.
Council may require a Flood Risk Report if it considers that the proposal has the potential to
significantly affect flooding behaviour in adjacent properties.

The Intermediate Floodplain for Minor Tributary flooding is the remaining land lying outside the
extent of the Inner Floodplain zones, but where depths of inundation in a 100 year AR flood will
exceed 150 mm (shown as a solid blue colour), Within properties affected by this area, there
would only be the reguirement for MFL's to be set at the 100 year ARI flood levels plus S00 mm.
Land use permissibility would be as specified by State Environmental Planning Policies or the
Local Environmental Plan However, Essential Community Facilities, Critical Utilities, Schools
and Flood Vulnerable development would be subject to additional controls, which are identified in
subsequent sections and in Annexure 2.1.

The Outer Floodplain is the remainder of the floodplain between the Intermediate Floodplain and
the extent of the PMF (shown as a solid cyan colour). This areais outside the extent of the FPA.
However, controls on Essential Community Facilities, Critical Utilities, Schools and Flood
Vulnerable development identified in Annexure 2.1 would apply in this area.

D2.4 Major Overland Flow

MOF is present along several flow paths that run through the developed parts of the four villages.
Flows on the MOF paths would typically be up to a maximum of 300 mm deep in a 100 year ARI
storm event, travelling over the surface at velocities less than 0.5 m/s. These characteristics
result in the flow on the MOF paths typically being of a low hazard nature.
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The Flcodway identifies the zone where significant flows occur and has been subdivided into high
hazard and low hazard areas.' While areas of High Hazard Floodway have been separately
identified (refer High Hazard Floodway zone shown as a solid orange colour), areas of Low
Hazard Floodway have been combined with Flood Storage areas into a single zone (refer Low
Hazard Floodway / Flood Storage zone shown as a solid green colour).

Along the MOF paths, the Intermediate Floodplain is defined by the area outside the Floodway
and Flood Storage areas where depths of flow would exceed 150 mm in a 100 year ARI event
{shown as a solid blue cdlour). The Quter Floodplain is the area cutside the Floodway, Flood
Storage and Intermediate Floodplain areas where depths of flow would exceed 150 mm in a PMF
event (shown as a solid cyan colour).

Flood related controls are specified in Annexure 2.2. Council discourages new residential
development within the High Hazard Floodway portion of the MOF paths, but may pemit
development in the Low Hazard Floodway / Flood Storage zone, provided it is capable of
withstanding hydraulic forces and is sited within the allotment to minimise adverse re-direction of
flow towards adjacent properties. There are restrictions on site filling in this zone to prevent
blockage of flows (ref. Section D2.15). Simiar controls exist for commercial and industriat
development. Council may require a Flood Risk Report for development proposals in this zone
(typically for larger scale commercial or industrial developments).

Minor additions to existing residences and small outbuildings may be permitted by Councit in the
High Hazard Floodway zone, subject to conformance with the controls specified in
Annexure 2.2 and the provision of a satisfactory Flood Risk Report demonstrating that the
development is capable of withstanding hydraulic forces and is sited to minimise adverse re-

directions of flow to adjacent properties. Site filling in this zone will not be pemmitted (refer
Section D2.15).

Controls on Essential Community Facilities, Critical Utilities, Schools and Flood Vulnerable

development identified in Annexure 2.2 would apply to development located in the Outer
Floodplain.

D2.6 Local Drainage

At the lower end of the scale, drainage problems are typically caused by direct surface runoff,
surcharges and overflows from low points in kerbs, or overflows from the smaller pipes in the
stormwater drainage system. They typically involve depths of inundation up to 300 mm. In the
Floodplain Development Manual (NSWG, 2005), these situations are categorised as
Local Drainage.

NSWG, 2005 recognises that Local Drainage prablems are not always amenable to rigorous
analysis and therefore Council is not obliged to convey information on Planning Cerlificates
under Section 149 of the EP&A Act. Local Drainage preblems involve shallow depths of
inundation with generally little danger to persanal safety. Problems due to property inundation
generally arise because of deficiencies in stormwater management controls or building practice
where floor levels are near finished ground levels.

1 Note that in order to maintain connectively between the areas of deeper fiow, the Floodway zone has been
extended in some areas to include areas where the depth of flow is less than 150 mm.
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In the villages of Crookwell, Gunning, Coliector and Taralga, the threshold between MOF and
Local Drainage has been reduced to 150 mm in recognition that depths of flow greater than this
value could result in above-floor inundation if appropriate controls are not imposed on new
development.

D2.7 Land Use Categories and Minimum Floor Leveal Reguirements

Eight land use categories have been adopted. The specific land use in each category is listed in
Annexure 1. The MFL's for the various land use types are:

» For new residential development, the MFL is the peak 100 year ARI flood level at the
particular development site, plus an allowance for freeboard. Within the MSF and MTF
FPA's, the freeboard is 500 mm. For residential allotments in the FPA of the MOF paths,
the freeboard is 300 mm.

» For commercial and industrial development the MFL is the peak 100 year AR! flood leve!
plus freeboard. Within the MSF and MTF FPA’s, the freeboard is 500 mm, For
allotments in the FPA of the MOF paths, the freeboard is 300 mm. Council may at its
discretion allow variation to this MFL, subject to local conditions (refer Section D2.8).

» For Essential Community Facilities and Critical Utilities the MFL is the peak 100 year AR|
flood level plus freeboard. Within the MSF and MTF FPA's, the freeboard is 500 mm. For
allotments in the FPA of the MOF paths, the freeboard is 300 mm. In addition, these uses
are to be designed to be able to continue to function and suffer minimal damage to
structure and valuable contents in the event of a PMF (refer Section D2.9).

» For Schools and Flood Vulnerable Residential Development (nursing homes, aged care
facilities and the like) the MFL is the peak 100 year AR| flood level plus freeboard. Within
the MSF and MTF FPA's, the freeboard is 500 mm. For allotments in the FPA of the MOF
paths, the freeboard is 300 mm. Council will require an area at a higher level (to be
determined by Council) for the storage of valuable equipment and will also reguire the
applicant to demonstrate that there is safe access to and from the site in the event of a
flood emergency (refer Section D2.10).

D2.8 Assessing Commercial and Industrial Develcpment Proposals

The Flood Policy nominates the same MFL as for residential development. However, where it is
not practicable to achieve this leve!, Council may approve a lesser level commensurate with the
local streetscape. In this eventuality, the applicant is to provide an area within the development
for the storage of goods at a minimum leve! equal to the MFL. This area should be at least 20%
of the gross floor area, or as determined by Council.

D2.9 Critical Utilities and Essential Services

The Fiood Policy nominates the same MFL as for residential development. It also recognises that
critical utilities and essential services necessary for emergency management need to be
designed to be capable of operating during extreme flood events and constructed of flood
resistant materials so as to suffer minimal damages at a higher level of flooding than the MFL.
Development proposals are to ensure that valuable equipment necessary for the operation of the
facility is located at or above the PMF, or otherwise protected from extreme flooding. Council will
also require development proposals to provide safe and reliable access to facilities during major
fiooding.
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D2.10Schools and Vuinerable Residential Development

The Flood Policy nominates the same MFL for Schools and Flood Vulnerable Residential
Development (which includes nursing homes, aged care facilities and the like} as for residential
development. The applicant is aisc to ensure that valuable equipment necessary for the
operation of the facility is located above the MFL (at a level determined by Council). Council will
also require development proposals to provide safe and reliable access during major flooding.

D2.11 Minor Additions (Residential)

Council has nominated the floor levels of minor additions to residences to be no lower than the
MFL. However, where it can be demonstrated by the applicant that this is not practicable,
Council at its discretion may allow a reduction in minimum floor levels, provided that the tevel is
at ieast 300 mm above natural ground level, or as ctherwise determined by Council so as to be
above the level of frequent flooding.

D2,12 Checking of Completed Finished Floor Height

After the building has been built to the relevant MFL, Council officers will check compliance with
this requirement at the relevant inspection stage. The applicant is to provide a benchmark on the
site, levelled to Australian Height Datum (AHD). Alternatively, Council officers may require
surveyor’s cetrtification as the finished floor height(s).

D2.13 Fesncing

Any proposed fencing is to be shown on the plans accompanying a development application to
allow Council to assess the likely effect of such fencing on flood behaviour.

In the Inner Floodplain (Hazard Categories 1 and 2), High Hazard Floodway and Low Hazard
Floodway / Flood Storage zones where fiow velocities may be significant, fences which minimise
obstruclions to flow are to be adopted. Where impermeable fences such as Colorbond,
gaivanised metal, timber or brush are proposed, fencing panels should be either:

a) removable so that panels can be laid flat; or

b) horizontally hinged where a portion of at least 1 m high is capable of swinging open to
allow ficodwater to pass. Treesflandscaping and other structures are not to impede the
ability of a hinged fence to open.

D2.14 Other Uses and Works

All other development, building or other works within any of the categories that require Council's
consent will be considered on their merits. In consideration of such applications, Council must
determine that the proposed development is in compliance with the objectives of this Policy.

D2.15 Land Filling and Obstructions to Flow

No filling or alteration of the land surface is permissible in the Inner Floodplain (Hazard
Category 1) and High Hazard Floodway zones due to the potential for filling or obstructions to
fiow to adversely re-direct flows. Any minor extensions or repairs permitted by Council should be
located on piers to minimise obstructions to the passage of flow, with the underside of any
structure supporting the buildings to be above the 100 year AR| flood level.
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Council may permit building pads for residential blocks in the Inner Flocdplain (Hazard
Category 2) and Low Hazard Floodway / Flood Storage zones, provided it is satisfied that the
proposal will not significantly obstruct or adversely re-direct flows fowards adjacent
developments. In order not to significantly obstruct flows, Council may require part of the
development to be located on piers to minimise obstructions to the passage of flow, with the
underside of any structure supporting the buildings to be above the 100 year ARI| flood level.
Sub-surface drainage of building pads is required.

D2.16 Flood Relatad Information to be Submitted to Council
D2.16.1 Survey Details - Existing Site and Proposed Development

A Survey Plan prepared by a Registered Surveyor is required to be lodged with the Development
Application for properties located on flood affected land as shown on the Flood Planning Map.
The Survey Plan will enable Councll to assess the extent and depth of inundation over the site (at
existing natural surface levels) and must indicate the following:

» the location of existing building or structures;
» the floor levels and ceiling heights of ali existing buildings or structures to be retained;

» existing andfor proposed drainage easements and watercourses or other means of
conveying flood flows that are relevant to the flood characteristics of the site;

» 100 year ARI flood ievel(s) over the site (to be provided by Council); and flood extents;
and

» 0.2 metre natural surface contour intervals across the entire property (existing and
proposed). Note: All levels must be relative to AHD.

Annexure 4 outlines requirements for survey data required by Council.

D2.16.2 Evaluation of Development Proposals

The Applicant will nheed to demonstrate, using Council supplied flood information,
that:

1. The development conforms with the requirements of this Policy for the
particular Flood Hazard zone in which it is located.

2. Depending on the nature and extent of the development and its location
within the floodplain, Council may request the Applicant to prepare a Flood
Risk Report to demonstrate that the proposal does not increase the flood
hazard to existing and future occupiers of the floodplain (see Section
D2.16.3).

Council will make its evaluation and confirm requirements regarding the
proposed site development, based on the Survey Plan and accompanying
data on the proposed development (see Annexure 4); and according to the
conformance of the proposal with the performance requirements of the
Development Controls Matrices — Annexures 2.1 and 2.2 and Chapter D2.
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D2.16.3 Flood Risk Report — Inner Floodplain (Hazard Category 2), High
Hazard Floodway and Low Hazard Fioodway / Flood Storage Zones

A. Scope of Work — General

Council will require a Flood Risk Report for any (minor) residential development located in the
High Hazard Floodway zone. Depending on its nature and scale, Council may also require z
Filood Risk Report for a development situated in the inner Fioodplain (Hazard Category 2) and
Low Hazard Floodway / Flood Storage zones where lesser but still significant flow velocities may
be expected and/or where depths of inundation may be significant and a partial filling may restrict
flow.

Typically, such a report may be required for a large commercial or industrial development which
Council considers has the potential to adversely re-direct flows. This report is to be prepared by
@ suitably qualified Consulting Engineer and must address the following:

a) Confirm the MFL for the particular category of development (MFL to be determined
through enquiries of Council).

b) Specify proposed floor levels (and existing floor levels where they are to be retained) of
habitable and non-habitable structures.

c) Include a site-specific fiood assessment that may require flood modelling to demonstrate
that there will be no adverse impact on surrounding properties as a result of the
development, up to the 100 year ARI flood.

d) Propose measures to minimise risk to personal safety of occupants and the risk of
property damage, addressing the flood impacts on the site of the 100 year AR| flood.
These measures shall include but are not limited to the following:

> Types of materials to be used, up to the MFL to ensure the structural integrity for
immersion and impact of velocity and debris.

» Waterproofing methods, including but not limited to electrical equipment, wiring,
fuel lines or any other service pipes and connections.

e) Confirm the structural adequacy of the development, taking inte account the foliowing:

» all piers and all other parts of the siructure which are subject to the force of
flowing waters or debris have been designed to resist the stresses thereby
induced.

> all forces transmitted by supports to the ground can be adequately withstood by
the foundations and ground conditions existing on the site.

> the structure wili be able to withstand stream flow pressure, force exerted by
debris, and buoyancy and sliding forces caused by the full range of flcoding up to
the MFL.

H Alt electrical connections must be located above the MFL. Council will also require all

electrical circuit connections to be automaticaily isolated in the event of flood waters
having the potential to gain access to exposed electrical circuits, either internal or
external of the building (see also Annexure 3A).

g) All materials used in the construction are to be flood compatible to a minimum level
equivalent to the MFL (Annexure 3B).
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B. Additi tems (Commercial and strial Developm

h) For commercial and industrial development (in the Inner Floodplain (Hazard Category 2)
and Low Hazard Floodway / Flood Storage zones), include flood waming signs/depth
indicators far areas that may be inundated, such as open car parking areas.
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D3.

GLOSSARY OF TERMS

Note: For expanded list of definitions, refer fo Glossary contained within the NSW Government Floodplain

Development Manual, 2005.

TERM

Average Recurrence
Interval (ARI)

DEFINITION

The average return period betwesen the occurrence of a particular flood event.
For example, a 100 year ARI flood has an average recurrence interval of 100
yoars,

Australian Helght Datum
(AHD)

Flood Affected Properties

A common national surface level datum corresponding approximately to
mean sea level.

Properties that are either encompassed or intersected by the Flood Planning
Area (FPA).

Floodplain

Area of land which is subject to inundation by floods up to and including the
Probable Maximum Flood {PMF) event, that s, flood prone land,

Flood Planning Area

The area of land that is shown to be in the Flood Planning Area on the Fiood
Planning Map.

Flood Planning Map

The Food Flanning Map refemed to in the Upper Lachian Local
Environmental Plan 2010, extracts of which are shown on Figures D1.1,
D1.2, D1.3and D1.4.

Flood Planning Level

(FPL)
{General Definition)

The combinations of fiood ievels and freeboards seiected for pianning
purposes, as determined in floodplain risk management studies and
incorporeted in floodplain risk management plans.

Fiood Planning Level
(FPL)

For land within the Flood Planning Area subject to Main Stream Flooding
(MSF) in the four villages, the Flood Planning Level (FPL) is the leve! of the
100 year Average Recurrence Interval (ARI) flood event plus 500 mm
fresboard.

For land within the Flood Planning Area subject to Minor Tributary Fioading
(MTF) in the four villages, the FPL is the level of the 100 year ARI flood event
minus 150 mm freeboard.

For land within the Flood Planning Area subject to Major Overland Flow
(MOF) in the four villages, the FPL is the evel of the 100 year ARI ficod
event minus 150 mm freeboard.

For areas outside the Flood Planning Area shown on the Flood Planning
Map, the FPL is the level of the 100 year AR! flood wvent plus 500 mm
freeboard.

Fiood Prone/Flood Liable
Land

Land susceptible to flooding by the PMF. Flood Prone land is synonymous
with Flood Liable land.

Floodway

Those areas of the floodplain where a significant discharge of water accurs
during floods. They are often aligned with naturally defined channels.
Floodways are areas thet, even if only partially blocked, would cause a
significant redistribution of flood flow, or a significant increase in flood |evels.
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TERM

DEFINITION

Flood Storage Area

Those parts of the ficodplain that may be important for the tempom_ry storage
of floodwaters during the passage of a flood. Loss of fiood storage can
increase the severity of flood impacts by reducing natural flood attenuati on.

Freeboard

Provides reasonable certainty that the risk exposure selected in deciding a
particular flood chosen as the basis for the FPL and MFL is actually provided.
It is @ factor of safety typically used in relation to the setting of floor jevels,
levee crest levels, etc. Fresboard is included in the FPL and MFL.

Habitable Room

in a residential situation: a living or working area, such as a lounge room,
dining room, kitchen, bedroom or workroom.

In an industiial or commercial situation: an area used for offices or to store
valuable possessions susceptible to fiood damage in the event of a food.

Inner Floodplain (Hazard
Category 1)

Comprises areas where factors such as the depth and velocity of flow, time of
rise, isolation and evacuation difficulties mean that the land is unsuitable for
some types of development. It includes areas of High and Low Hazard
Fioodway, Flood Storage, Flood Fringe, Intermediate Floodplain and Outer
Floodplain areas. Erection of a buildings and cawmying out of work not
permitted; use of land, subdivision of land and demolition subject to State
Environmental Planning Policies and Local Environmental Plan provisions.

Inner Floodpiain (Hazard
Category 2)

Comprises areas of Low Hazard Floodway and Flood Storage areas where
development other than Essential Community Facilities, Critical Utilities,
Schools and Flood Vulnerable may be permitted provided it is capable of
withstanding hydraulic forces and sited on the allotment to minimise adverse
redirections of flow towards adjacent properties. Council may require & Flood
Risk Report if it considers that the proposal has the potential to significantly
affect flooding behaviour in adjacent properties.

Intermediate Floodplain

For MSF, it is the strip of land between each side of the two Inner Floodplain
zones and the line defining the indicative extent of fiooding resulting from the
occurrence of the 100 year AR flood plus 500 mm (j.e. the FPA).

For MTF, it is the land two Inner Floodplain Zones where the depth of
mnundation during the 100 year AR storm event is greater than 150 mm.

For MOF, it is the land outside the High Hazard Floodway and Low Hazard
Floodway / Flood Storage zones where the depth of inundation during the
100 year ARI storm event is greater than 150 mm.

Local Drainage

Land on an overand flow path where the depth of inundation during the
100 year ARI storm event is less than 150 mm.

Main Stream Flooding

The inundation of normally dry land occurring when water overflows the
netural or artificial banks of a major stream; for the study area, the main
streams are the Crookwell River and Kiamma Creek at Crookwell, Meadow
Creok at Cunning, Collector Creek at Collector and Corrcboree Creek at
Tarslga. For planning purposes, flooding along the Cullen Street Overland
Flow Path at Crookwell has been assessed in the same way as flow in the
channels of the Crookwell River and Kiamma.

Major Overland Flow

(MOF)

Where the depth of overland fiow during the 100 year ARI storm event is
greater than 150 mm.
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TERM

Minimum Floor Level

FL)
(General Definition)

DEFINITION

The combinations of flood levels and freeboards selected for selting the
Minimum Floor Levels (MFL's) of future development located in properties
subject to flood related planning controls.

Mailn Stream and Minor
Tributary Minimum Floor
Level (MSMT MFL)

For properties subject to Main Stroam and Minor Tributary Flooding (MSMTF)
in the four villages, the Minimum Floor Level (MFL) is the level of the
100 year ARI flood event plus 500 mm freeboard.

Note that for areas outside the Flood Planning Area shown on the Flood
Planning Map, the MSMT MFL is the level of the 100 year ARI flood event
plus 500 mm freeboard.

Major Overland Flow
Minimum Floor Level
(MOF MFL)

For properties subject to MOF in the four villages, the MOF MFL is the level
of the 100 year ARI flood event plus 300 mm freeboard.

Note that for areas outside the Fiood Planning Area shown on the Ffood
Planning Map, the MOF MFL is the level ofthe 100 year ARI flood event plus
500 mm freeboard.

Minor Tributary Flooding

The inundation of normally dry land oceurring when water overfiows the
natural or artificial banks of a minor stream. For the study area, these are
typically located in the rural areas which border the four villages.

Quter Floodplain This is defined as the land between the FPA and the extent of the PMF.
Probable Maximum Flood | The largest fiood that could conceivably occur at a particular location.
(PNTF) Generally, it is not physically or economically possible to provide complete

protection against this event. The PMF defines the extent of fiood prone
lend, that is, the floodplain.

For the study area, the extent of the PMF has been trimmed to include depths
greater than 150 mm.
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ANNEXURE 1
LAND USE CATEGORIES
Essential | Business, i :
Critical Utilities and Flood Vulnerable ! Non.Urban and Residential Mirior Additions
Community : Residential Commerciallindustris e

Faciiities Uises Residential & Rural Industry Outbulldings Subdivision {Residential)
Development that Telecommunication Graup home; Housing | Dwelling; Residentlal Bulk Store; Bus depot. Retail nursery; Subdivision of iand An addition to an
may provide an facilities; Public Utilty | for aged or disabled flat building; Bus station; Car repair Rectedtion area; involving the existing dwelling of not
important contribution | Instatiation that may persons; and Units for | Home industry, stations; Club; Roadside stall; creation of new more than 30 m?
to the notification and | cause pollution of aged persons. Boarding house, Commercial premises Cutbuildings aliotmants for {habitabls floor area)
evacuation of the waterways during Professional (other than where {Sheds, Garages) residential
community during flooding, or if affected consuiting rooms; reterred to elsewhere), up 1o 40 m? area. purposes;

flood events;
Hospitals;
Institutions; Child
care centres;
Educational
establishments.

during flood events
would significantly
affect the ability of the
community to retum
to notmal activities
after the tiood events.
Hazardous industry;
Hazardous storage
establishments,

General store; Health
care professional,
Hotel; Imensive
livestock keeping;
Junkyard, Liquid fuel
depot; Motel; Motor
showroom; Place of
Assembly {other than
assential community
facilitios; Pilace of
public worship; Public
building {other than
essential community
facilities). Racreation
facility; Refreshment
room; Road transport
terminal; Rural
industry; Service
station; Shop; Tourist
facilities; Warshouse.

Earthworks or filling
operations covering
10C m2 or more than
0.3 m deep.
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The Vilfages of Crookwell, Gunning, Collector and Taralga
Floodplein Risk Management Study and Draft Plan
Appendix O - Draft Flood Policy

(ltem: 9.4

ANNEXURE 2.1 (CONTD)
DEVELOPMENT CONTROLS MATRIX - MAIN STREAM AND MINOR TRIBUTARY FLOODING

Floor Level
1, Floor levels to be equal to or greater than the Main Stream end Minor Tributary Flooding Minimum Floor Level {MSMTF MFL) (100 yaar ARI flood level ptus 500 mm freeboard ).

Building Components
1. Al structures to have ficod compalible building components below the MSMTF MFL.
2. All structures to have Rood compatible building components below PMF flood leve! {whare PMF level is higher than the MSMTF MFL).

Structural Soundness
1. Structure to be desigried to withstand the forces of loodwater, debris and buoyancy up Lo the MSMTF MFL.
2. Structure to be designed to withstand forces of floodweter, debris and bucyancy up to PMF flcod (whers PMF level is higher than the MSMTF MFL).

Flood Affection In Adjacent Areas
1. A Flood Risk Report may be required to demonstrate that the development will not increase flood hazard (see ltem 7 Management and Design below).
Neote:  When assessing Flood Affectation the following must be considered:
i, Loss of conveyante capacity in the loodway or areas where there is significant fiow velocity.
il Changes in flood levels and flow velocities caused by the alteration of conveyance of loodwaters.

Evacuationf Access
1. Reliable access for padestrians or vehicles requirad in the event of 100 vear ARf food.

Management and Design

Applicant to demonstrate that potential developments as & consequence of a subdivision proposal can be undertaken in accordance with this Policy and the Plan.
Applicant to demonstrate that faciiity is able to continue to funchion in event of PMF.

No external sterage of materials which may cause pollution or be potentially hazardous during PMF.

Where itis not practicable to provide fioor avels to the MSMTF MFL, applicant is to pravide an area to stors goods at that level.

Applicant is to provide en arga to store veluable equipment above the MSMTF MFL (level to be advised by Cound|) - see Section D2.8.

Where it is not practiceble to provide foor levels to the MSMTF MFL, Council may aliow a reduction for minor additions to habitable arsas — see Section D2.11.
Flood Risk Report may be required prior to development of this nature in this area — see Sections D2.16.2 end D2.16.3.

R ol

NOTE: THESE NOTES ARE TO BE READ IN CONJUNCTION WITH REMAINDER OF THE FLOOD POLICY, IN PARTICULAR CHAPTER 2.

FVFRMS_VT_AppD [Rev 1.2]1doc Page D-18 Lyall & Associaies
November 2016 Rev, 1.2
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The Viflages of Crookwel, Gunning, Collector end Taralga
Fioodplain Risk Managemant Study and Draft Plan
Appandix D - Draff Flood Palicy

ANNEXURE 2.2 (CONT'D)
DEVELOPMENT CONTROLS MATRIX - MAJOR OVERLAND FLOW

Floor Level
1. Floor lavels to be aqual to or greater than the MOF MFL {100 year AR| fiood ievel plus 300 mm freseboard).
2. Floor levels to be equal to or greater than the MOF MFL (100 year AR flood level plus 300 mm freeboard) or 300 mm ebove natural surface levels, whichever is the higher.

Bullding Components
1. All structures to have floed compslible building components below MOF MFL.
2. All structures to have floed compatible building components below PMF flood leve! {whers PMF level is higher than MOF MFL).

Structural Soundness
1. Structure to be designed to withstand the forces of foodwater, debris and buoyancy up te MOF MFL.
2. Structure te be designed to withstand forces of floodwater, debris and buoyaney up to PMF flood (where PMF level is higher than MOF MFL).

Flood Affectlon In Adjacent Areas
i Residential development may be "deemed to comply® provided it conforms with the requirements of Section D2.15. A Floed Risk Report may be required to demonstrate that the
development will not increase flood hazard (see ltem 7 Management and Design below)
Note:  When assessing Flood Affectation the following must be considered:
ili. Loss of conveyance capacity in the fioodway or areas whers there is sigruficant flow velocity.
iv, Changes in ftood levels and fiow velocities ceused by the alteration of conveyance of floodwaters.

Evacuation/ Access
1. Reliable access for pedestrians or vehicles required in the event of 100 year AR| fiood,

Management and Design

Applicant lo demonstrate that potential developmerts as a consequence of a subdivision proposal can be undertaken in accordan ce with this Policy and the Plan.
Applicant to demonstrete that facility is able to continue to function in evert of PMF.

No extemal storage of materials which may cause pollution or be potentially hazardous during PMF.

Where it is not practicable to provide foor levels to MOF MFL, applicant is to provide an area to store goods at that level.

Applicant is to provide an area to store valuable equipment above MOF MFL (levsl to be advised by Council) - se¢ Section D2.8,

Where it is not practicable to provids Hoor ievels to MOF MFL, Council rmay allow a reduction for minor additions to habitable areas — see Section D2.11.

Fiood Risk Report may be required prior to deveiopment of this nature in this area — see Sections D2.16.2 and D2.16.3.

N GR LN

NOTE: THESE NOTES ARE TQ BE READ IN CONJUNCTION WITH REMAINDER OF THE FLOOD POLICY, IN PARTICULAR CHAPTER 2.
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Item: 9.4 B Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

The Villages of Crookwsll, Gunning, Colector and Taralga
Fioodpiein Risk Management Study and Draft Plan
Appandix D - Draft Fleod Policy

ANNEXURE 3A

GENERAL BUILDING MATTERS

Electrical and Mechanical Equipment

For dwellings constructed on land to which this policy applies, the slectrical and mechanicai materials,
equipment and installation should conform to the following requirements.

| Main Power Supply

Subject to the approvat of the relevant authority the incoming main commercial power service equipment,
including all metering equipment, shall be located above the MFL. Means shall be available to easily rsclate
the dwelling from the main power supply.

All wiring, power ocutlets, switches, etc, should be, to the maximum extent possible, located above the MFL.
All electrical wiring installed below this level should be suiteble for continuous underwater immersion and
should contain no fibrous components. Earth leakage circuit breakers (core balance relays) must be
instelled. Only submersible type splices should be used below the MFL. All conduits located below the
relevant designated fiood level should be so instelled that they will be seif-draining if subjected to flooding.

Equipment

All equipment instafled below or partially below the MFL should be capable of disconnection by a single plug
and socket assembly.

Reconnection

Should any electrical device and/or part of the wiring be flooded it shouid be thoroughly cleaned or replaced
and checked by an approved electrical contractor before reconnection.

Heating and Air Conditioning Systems

Where viable, heating and air conditioning systems should be installed in areas and spaces of the house
above the MFL. When this is not feasible, every precaution should be taken to minimise the damage
caused by submersion according to the following guidelines:

) Fuel

Heating systems using gas or oif as a fuel should have a manually operated valve located in the fuel supply
line to enable fuel cut-off.

il) (Instaliation

The heating equipment and fue! storage tanks should be mounted on and securely anchored to a foundation
pad of sufficient mass to overcome buoyancy and prevent movement that could damage the fuel supply
line. All storage tanks should be vented to the MFL.

W) Ducting

All ductwork located below the MFL should be provided with openings for drainage and cleaning. Self-
dreining may be achieved by constructing the ductwork on a suitable grade. Where ductwork must pass
through a watertight wall or floor below the relevant fliood level, a closure assembly operated from above the
MFL should protect the ductwork.

Sewer

All sewer eonnections to properties in fiood prone areas are to be fitted with reflux valves.

FVFRMS_V1_AppD_[Rev 1.2]doc Page D-21 Lyall & Associates
November 2016 Rev, 1.2
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Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1 |

The Villages of Crockwell Gunning, Coleclor and Tarelga
Floodplain Risk Menagement Sludy end Draft Plan
Appendix D - Draft Flood Policy

ANNEXURE 3B

FLOOD COMPATIELE MATERIALS

Building Component Flood Compatible Building Component Flood Compatible
Materiat Material
Flooring and Sub Floor |«  Concrete siab-on- Doors Solld pane! with
Structure ground monolith waterprocf adhesives
construction. Nofe: Flush door with
clay filling is not marine ply filled with
permitted beneath closed cell foam
:.::s.i‘::c?lr::m <h Painted material
could be Inundated. conpinudion
Aluminium or
®  Pler and beam galvanised stee!
construction or frame
e  Suspended reinforced
concrele siab
Floor Covering Clay tiles Wall and Celling Brick, face or glazed
Concrete, precast or | LInINgs Clay lile glazed In
in situ waterproof morter
Concrete liles Concrete
Epoxy formed-in-place Concrete block
Mastlic flooring, Steel with waterproof
formed-In-piace applicailons
»  Rubber sheets or thes Stone natural solid or
with chamical set veneer, waterproof
adhesive grout
e  Sllicone fioors formed- Glass blocks
in-plece Glass
®  Vinyl sheets ortlles Piastic sheeling or
with chemical-set wall with waterproof
adhesive adhesive
®  Ceramic tlles, fixed
with mortar or
chemical set adhesive
*  Asphalt tlies, fixed
with water resistani
adhesive
e Removable rubber-
backed carpet
Wall Structure Eolld bmﬂfk, blomm. Insulation Foam or closed cell
reinforced, concrete or types
mass concrele
Windows Aluminium frame with Nails, Bolts, Hinges Galvanised
stalnless steel or brass and Fittings
rollers Removable pin hinges
FYFRMS_V1_AppD_{Rev 1.2].doc Page D-22 Lyall & Associates
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| ltem: 9.4 Attachment 2.: Draft Floodplain Risk Management Plan and Study - Vol 1

The Villages of Crookwell, Gunning, Coflector and Taraliga
Floodplain Risk Management Study and Draft Plan
Appendix D - Dreff Flood Poficy

ANNEXURE 4
DEVELOPMENT APPLICATION REQUIREMENTS

Step 1

Check with Council staff to see whether or not the proposal:

» Is located on Flood Prone Land (Based on initial assessment of the extent of flood
affectation and flood levels {refer from Section D1.4 for details)).

» Is permissible in the Flood Hazard zone and determine the MFL for the particular
category of land use.

» Note: an existing site survey (see Section D2.16.1 of the Policy) is to accompany
development proposals to confirm the flood affectation of the allotment and its location
within the fiood risk zoning system.

Step 2

Plans — A Development Application should include the following plans showing the nature of the
proposed development and its extent within the allotment:
e A locality plan identifying the location of the property.

e Plan of the existing site layout including the site dimensions (in metric), site area,
contours (0.20 m intervals), existing trees, other natural features, existing structures,
north point, location of building on adjoining properties (if development involves a
building), floor plans located on a site plan, roof pian, elevations and sections of the
proposed building, finished levels of floors, paving and landscaped areas, vehicular
access and parking.

o Pians should indicate:

a) The existing ground levels to Australian Height Datum around the perimeter of the
proposed building; and
b) The existing or proposed floor levels to Australian Height Datum.

e Minor additions to an existing dwelling must be accompanied by documentation from a
registered surveyor confirming existing floor levels.

¢ Inthe case of subdivision, four (4) copies of the proposed site layout showing the humber
of lots to be created (numbered as proposed lot 1, 2, 3 etc), the proposed areas of each
lot in square metres, a north point, nearest roads and the like.

Council require plans presented on A3 shests as a minimum
A scale of 1:200 is recommended for site plans

Extent of Cut and Fill - All areas subject to cut and fill require the depths of both to be shown as
well as the measures proposed to retain both. Applications shall be accompanied by a survey
plan (with existing and finished contours at 0.20 m intervals) showing relative levels to Australian
height datum.

Vegetation Clearing — Landscaping details including a description of trees to be removed existing
and proposed planting, retaining walls, detention basins, fences and paving.

Stormwater Drainage — Any existing and all proposed stormwater drainage to be indicated on the
site plan.

FYFRMS_V1_AppD_[Rev 1.2] doc Page D-23 Lyall & Associates
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THE VILLAGES OF CROOKWELL, GUNNING, COLLECTOR AND TARALGA
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TABLE E1
FLOOD DATA FOR INDIVIDUAL ROAD AND PEDESTRIAN CROSSINGS AT THE FOUR VILLAGES
20 year ARY 100 year ARI Extrome Flood “
Crossing Road Level Time to Tima to Maximom Time to | Tumeto Maxinum Time to Time to Maximum
D | e Qi ercoursE Locaticn {mAHD) | Commencement | Flood Peak | Depthof | Commencemont | FloodPeakt | Depthof | Commencement | Flood Peak | Depthof |
of Overtopping Inundation | of Overtopping tnundation | of Overtopping Inundation |
{hr:min) {hr:min) {m {hr:min} {Pr:min} {m) {hr:min) {hramin) m
CR_Xt McDanald Strest §80.6 1:48 445 [iN] 100 315 1.2 018 2:00 41
| I — —
- Brooklands Road . . . ) i ]
GR_X2 Crociowell River Pedustrian Bridge a7s.7 148 445 15 048 1S 1.8 0:1% 2:00 a8
GR_X3 Carington Street 878.0 416 4:45 21 148 R 1] 0.8 0:30 2:00 8.3
GR_X4 Harisy Road 888.3 adi 15 0.1 15 2:00 D4 018 1:.00 23
CR_XS Crapkwsll® Klwma Creok Saleyords Road 9e1.7 2:45 4:30 04 130 200 0.8 0:16 1:15 8
————e . —
CR_X6 Laggan Road 8767 445 200 e 0.3 o020 200 67
CR_X7 Cullgn Straet 803.8 1:30 345 02 1:00 200 0.3 0:16 0:46 13
B Cullen Street . by : .. 5
GR_X8 Gveriand Fi th Wade Sirest 887.5 1:15 346 03 0:30 216 D4 0:15 0:4% 14
CR_X9 Gaulbum Lane 859.6 148 kR 03 930 200 0.6 013 100 29
GU_X1 Hume Highway 566.8 518 4:30 0:45 218 25
GU_x2 Gunningl? Mendow Crask Lerida Streat (Causeway) 6588 1186 5:30 16 045 | 448 2.1 016 2:45 8.0
Yass Sweet | - . =
GU_X3 {Jack Shaw Bridge) 661.9 5:30 446 Qds 245 55
COXi Murray Street 688 5 4:15 7:00 03 2:00 6:00 0.7 0:30 4:15 a4
—_—
co_x2 _ Collectar™ Callector Crask Fedwal Highway 6906 | a0 616 1:30 4:18 11
co X3 Foderal Highway | e8s.8 145 L) 2:00 415 o8
. Tributary of X . | \ . . .
TA_X1 Corroborss Cresk Taralga Road 8734 1:15 316 03 1:.00 148 o4 0:30 1:00 1.0
Teralgat? - B
TA_X2 Cotroborsa Cresk Walsh Strast 9284 330 118 130 0.3 0:15 1:00 _ 256
1. Resler Figures 3.1 and 3.2 for [ocation of roed crossings at Crookwall.
2. Rater Figures 3.3 end ¥.4 for|ocation of roed crossings at Guraing.
3, Refer Figures 3.6 and 3.8 for [acation of road cressings at Collactor.
4. Reter Figurss 3.7 and 3.8 for localion of resd crossings & Taralga.
5.  Timas relate to fime {hrmin) after the onset of heavy rain
6. Timas reund to nearest 15 minutes,
T. Depths roundaed lo nearast 0.1 m.
8. NF = Not Floodad,
FVYFRMS_VZ Fiures_ [Rev 1.2].docx Lyall & Asseciates

November 2016 Rev. 1.2
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1\;'!

The Upper Lachian Shire is located on the top of the Great Dividing Range, within the Southern Tablelands of

Mew South Wales. The Shire covers 7,102km2 and is well known for its wool and potato production, with tourism
emerging as relatively new industry. The Shire is home fo 7193 (2011 ABS) people over ten main towns and
villages; Bigga, Binda, Collector, Crookwell, Daiton, Grabben Gullen, Gunning, Laggan, Taralga and Tuena. Crookwell
is a main urban centre of the Shire which is home to 2,507 of its residents.

The Shire has a high car dependency, with public transport limited to the Gunning rail service and the Crookwell
Bus Service (restricted to around Crookwell, and from Crookwell to Goulburn). School bus services operate across
the major urban areas of the Shire.

Upper Lachlan has a higher percentage of people walking to work in comparison with Regional NSW and Australia,
however a lower percentage of people cydling to work than the averages for regional NSW and Australia.

The Shire has a modest network of footpaths across its larger towns and villages, servicing a number of key
services and destinations. The majority of the existing pathway network within the Shire is ageing, however a
number of recent pathway developments in the towns of Gunning and Crookwell are providing safe and attractive
places for walkers and cyclists. The supporting infrastructure for the pathway network is also evolving, with

the recent addition of seatingand amenities in some locations. The opportunity exists for Council to enhance

the existing network through an ongoing program of footpath maintenance and upgrades, development of new
connections to key destinations, as well as supporting facilities such as signage and seating.

The Upper Lachlan Shire Pedestrian Access Mobility Plan and Bike Plan (the Plan), sets Council's strategic direction
and framework to establish a pedestrian and bicycle friendly envionment within the Local Government Area over .
the next 5 to 10 years. The Plan builds on the Upper Lachlan Shire Council PAMP and Bike Plan (20035), which
proposed a number of actions designed to encourage and support walking and cycling in the Shire.

The PAMP and Bike Plan have been written as a combined document so as to address both the walking and cycling
needs of a wide range of users including school children, seniors, recreational users, commuters, people with 2
disability or limited mobility, as well as visitors to the Shire. The purpose of the PAMP is to ensure thorough planning
for pedestrians occurs via a comprehensive strategic action plan to develop subsequent policies and develop
facilities. The purpose of developing the Bike Plan Is for Council to deliver cycling infrastructure in a coordinated and
strategic manner.

The PAMP and Bike Plan will assist Council in securing funding for the implementation of walkingand cycling
infrastructure, such as the NSW Government's Walking Communities Program, Priority Cycleways, Cycling Towns
and Connecting Centre programs.

The Plan will guide Council in its application for grant funding, allocation of annual funds for maintenance and
capital projects, as well as providing a sound communication tool to the community in its priorities for walking and

cycling.

D,

7.-!}"'-‘-,_‘{' fackior Shire O ncr
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1.1 Upper Lachlan walking and cycling environment

e T ’ il Jﬁ'-u.-

and opportunities

A number of infrastructure and behaviour change opportunities and recommendaticns have been made to improve
connections within each town and to provide more opportunities to walk and cycle as part of every day activity.

Given the limited funds availabie to resource the Plan, it has targeted improvements to those with the greatest
benefit and community support across the Shire.

Strategic directions

ang vliilages Mol g m
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The Upper Lachlan PAMP and Bike Plan aims to provide a framework for the development and coordination of
pedestrian and cycling facilities to meet the needs of the community. The Plan identifies opportunities to improve
the existing network and encourage more people to walk and cycle as part of an active and hea ithy lifestyle.

In order to ensure that the pedestrian and cycle network is relevant for the each town and village, a thorough
process has been undertaken in order to understand the community’s needs:

understanding the community and stakeholders needs

identifying and mapping key destinations

understanding travel behaviours and use pattems

understanding the types of pedestrians and cyclists

audit of the existing network including its legibility, condition, gaps in the network and associated infrastruciure
such as sighage and supporting facilities

0O barriers to pedestrains and Gyclists

The PAMP and Bike Plan addresses the towns of Bigga, Binda, Collector, Crookwell, Dalton, Grabben Gullen,
Gunning, Laggan, Taralga and Tuena. Due to the spatial distribution of each town across the Shire, towns have been
assessed on an individual basis, rather than the Shire as a whole.

oocaa
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—_— e A Sy |
b
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The development of the PAMP and Bike Pian for the Upper Lachlan Shire has been built on a sound understanding
of the local community and their preferences, the local environment indluding the key services and destinations, as
well as the existing pedestrian and cycling network.

The key objectives for the PAMP and Bike Plan are to:

a
O
O
O
(W
O
O

Enhance and improve the pedestrian and cycling network through infrastructure provision that addresses the
needs and abilities of ali types of pedestrians and cyclists

Coliective infrastructure and behavioural initiatives that remove impediments to walking and cycling, particularly
for the youth and aged

entify opportunities for the provision of end-oftrip facilities

Complement existing and proposed tourist attractions throughout the Shire and adjoining local government
areas

identify strategies that raise awareness of the merits/benefits of active transport in the Upper Lachlan Shire
Prioritise improvements which can be realistically implemented with potential sources of funding identified - a
progressive level of investment

Ensure pedestrian and cycling facilities are managed and maintained to high quality standards and in
accordance with Council's asset management plans and service level benchmaris.

S
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r & 3.0 Participation trends

Understanding participation trends at a nationa! Children walking to school
and state level can assist in the future planning of ) , ]
infrastructure, supporting facilities, and programs. According to the National Heart Foundation, the

e e Shrt Foars Of i NSW Health
A 2 P PR LJ— e last 40 years * The Sho port of the ea
3.1 Wa tkin g pa iy patl O schools Physical Activity and Nutrition Survey (SPANS)

conducted in 2004 shows an even greater decrease in

Walking for recreation/exercise both walking and cycling for students in Years 8 and 10
As can be seen from the Australian data for walking for (see betow).
recreation/exercise, there is little difference in trends 230% s —

between 2005-08 and 2011-12. However, the Jatest
survey in 2013-14 reveals a significant decrease in the 26% |

petcentage of people walking for recteation or exercise.
Table ! Walking for recreation/exerdse 20% 1 g\_ T W)
Participation (%. Aus.) 16% B \ — =a-Walk (@)
200506 200910 201112 201314 ) =~ Cxcie (B)
10% { —— TR T eore®
i | — N
165 | 1386 e
l A 7 | wk:ﬁ“'v& "
328 30.0 304 | 24.7 0% I . St P
1510 17 68 | 6.3 63| _| Figure 1. Rates ofYear 8 children walking to schoolin 1985 and
I 108| 104|108 A _
25 to 24 20.7 15.8 16.3 - '
35 10 44 257| 237 235 .| o
ARSI 30.7 302 310 1 s L
55 10 64 3438 34.4 36.3 - 2 ‘f:ig
t i5% —m-Wal
65+ 291| 267| 215 - e Crcelh
okl 2477 229, 236 192] 0% . i B e
Walking for transport S ..~ .. T E—
The table below displays information collected in the o
2006 and 2011 Australian Censuses for walkingas a 0% * 1085 : “2’&‘)4

method of journey 1o work. Analysis of the data shows
that the Upper Lachlan Shire has a higher percentage Figure 2. Rates ofYear 10 children waiking to school in 1985 and
of people walking to work in comparison with Regional 2004 (SPANS)

NSW and Australia, However, the percentage of those

'.“'a |k‘ng to work has fallen between 2006 and 2011, tis ||ke|y that these rates are influenced by an
indicating a preference to use other methods of increase in the distances present for children to
transport (in particular dnving). travel to school (in particular high school), which may

Table 2 Waiking for transport necessitate other modes of transport including driving
: . - - and public transport. However, notwithstanding these

Upper Lachlan  Regional NSV Australia possibilities the figures are conceming and show the

LGA major downward trend of active transport among school
2 20 o) o o students. Lifelong transpert habits can be formed in
SRS e N, SN childhood and encouraging walking and cydling among
students of all ages should be a major consideration for
all poticy and plan makers.

55 47; 471 41’ 40' 37
As time pressures increase in people’s lives, walking
for transport can be a great way to exercise and keep fit
whilst travelling to a destination. I Move it Austraka’s healthy transport options {Natonaf Heart
Foundation Australia 2014)

D) |
— 4 Uppes Taohil o Shire
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5.2 Cycling participation

The Natjonal Cycle Strategy aims to double participation
rates in cycling by Australians between 2011 and 20186,
To measure this performance, a biennial National
Cycling Participation Survey is conducted.

Between 2011 and 2015, cycling participation rates
have been fairly constant at a siate level, however,
changes can be seen in regional NSW*. Rates
decreased significantly in 2013 and have retumed to
being similar fo 2011 levels in 2015,

. 2015

50% l B 2011 2013
33% 3B%

40%

30%

20%
10%
o%

Year

Rgure 3. Cyding pn:ﬂdpaﬂon fates in fegimd NSW by frequemy of
partidpation between 204 1 and 2015

Participation by gender

Censistent with national trends, males in regional NSW
are more likely to cycle than females {see figure below).
The rate of female cydling has increased on 2011 and

2013 levels.
0% 4 |

I B :013

. 2015
Males

Fgure 4. Cyding porsapgtion in regongl NSW by pender

2011
25%
20% -
15%
109%
[

0%

I Anywhere in NSW excluding the Sydney metropokitan area

Participation by age

Trends alse show that cycling participation rates are
much higher among the you and then decrease as
people get older. Gonsidering the activity of cycling

is low impact, in theory, participation rates should
increase in those aged over 60 years who tend to iook
for low impact physical activities,

Cydling participation in regional NSW among almostall
age groups has increased significantly. The cnly age
group where cycling decreased in popularity was in 18
to 29 year olds.

T0% } 2013

60%

50%
40%
0%

| .201.5
o% ‘

20%
10%
Obgyears l.Oto:L? 18!:029 30!949 50plus
years yoars

Rgore 5. C)dngpammm In regional NSW by age cahort for 20!3 m:d
2615

Cycling for transport

The ABS Census coliects information on what mode

of transport respondents use to travel to work. This
information provides an indication on the popularity of
cycling for transport in given areas. In Upper Lachlan,
the level of people cyciing to work on the day of the
Census in 2011 was quite low at 0,3%. This figure is
lower than the averages for regional NSW and Australia
and opportunities exist for encouraging cyclingas a
viable method of transport in the Upper Lachlan Shire.

Toble 3.Cyding for transport

Upper Lachlan 'Reg;ionél NSW
l f.;uH

Australia

2006 2011 2006
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Ordinary Meeting of Council held on 20 April 2017

Page 307



| Item:10.3

Attachment 1.: Pedestrian Access Mobility Plan (PAMP) & Bike Plan {Draf_t] |

Bicycle ownership

The number of bicycles per household in regional NSW tells a similar story to cyding participation comparisons.
Roughly 29% of respondents have access 10 three or more working bicycles, much higher than NSW and Australia.

Toble 4. Boyde nersil

Eeoloid]
none 43% 50% 46%
one 16% 15% 16%
two 11% 12% 15%
three or more 29% 23% 24%

Why should Council invest in walking and cycling?

While walling and cwoling ends &t e Nationz!, State and Regicnal levsl Inditsle 5 decrease n parbicipation
(or remaln steady) itisevident that at & locs! level there 5 geat interes! in walling and cycling lor exacise

recrestion and transpon.

Courcll currantly s over 1Thm of pathways within the Shire: onctuding 15am of footaaths and 2km of shared

p=tns with &n approwima e asset walue of $1 631 Millian

Due 1o the ags and quality of the & sting nativorls. many reskients have indexisa that they wollld wali end

cycle mire often ghvan 8 mhgs of inotoveiienty noliding

mor= (ootpaths and shared paths

direct linla 15 lery destinalions
improved path misinlenancs

wider road shoulders for cycing
safer trantion from read o peth

irmproied scoessibility fob older residiants Shd thoss jth Imohility isslies

Participation barriers are summansed on the following tsge . with thacomniunity engagensent sutcomes

ol ined §n Seczion 4.0 of this Plan
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3.3 Participation barriers
Cycling

Understanding why people choose not to cycle for recreation or transporiation purposes helps Council and other
organisations to develop strategies and programs to eliminate and overcome the perceived barriers.

Safety

The perception that our roads are too dangerous is a major barrier to cycling. Research has found that 'visibility is a
major contributor to crashes involving a bicycle. This includes both bicycle riders not being seen by a driver at 2ll or
in time, or by vehicles not being seen by the bicycle rider at ali or on time 2

Negative image of cydists

There is no debating that there is an ongoing dispute between cyclists, particularly road cydlists, and motor vehicle
drivers about who has the right to the road. Many motor vehicle drivers, some of which are recreation or commuter
cyclists themselves, believe that cars and cyclists do not mix on the road, especially during peak traffic times.

Boredom, lack of motivation

Some non-<cyclists find cycling boring or feel that there is nothing interesting to ook at or worth cycling to in their
area. This is especially true for recreation cyclists. Rural cyclists often reported that they would cycle more if they
lived in a city like Melboumne or Sydney, where there are numerous places of interast o visit and a variety of routes
to key destinations, unlike rural towns, where the number of destinations and routes are limited.?

Infrastructure

A lack of cydling infrastructure, particulatdy off-road cycle paths, is @ major barrier to cycling. On-road bike lanes
often do not provide the type of protection for cyclists that they were intended fo. Intersections and especially
roundabouts pose problems for cyclists in urban areas. Infrastructure such as night lighting, benches, water
bubblers and distance indicators are simple supportive embellishments that can make a ride more comfortable
and enjoyable for cyclists.

Weather and seasonal considerations

In winter, itis often dark in the morning and evenings when people ride between work and home, which can impact
upon their decision 1o ride or not. Additionally, the weather can play a large role in people’s preference to ride, with
hot summers and pericds of rain impacting a riders’ level of comfort and subsequent travel mode preferences.

Convenience

The journey to and from work for many people often involves a number of stops at different destinations. The
convenience of the private motor vehicle is hard to overlook when choosing between the car or bicycle as the
preferred mode of transportation for a trip.

End-of-trip facilities

Many workplaces continue not to have comfortable end-of-trip facilities, such as showers, ironing fagilities, changing
areas, lockers and/or secure bicycle storage areas. The absence of these types of facilities, especially private
showers and change areas, is a common reason for people. particularly women, choosing not to ¢ycle to work or
other destinations.

| Cyding Safety Action Plan 2014-2016
2 Victorian Department of Transport (Walking and Cycling Branch) 2009, Encouraging Walking and Cydling Focus Group (Rng! Reporr)

0
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£d

Community engagement

d

A comprehensive community engagement strategy was adopted during the development of the Plan to gain an
understanding of walking and cycling within the Upper Lachlan Shire community. Community and stakeholder
engagement has underpinned the development of this Plan.

A range of tols were used to engage target groups, stakeholders and the general community, ensuring all
interested people had an opportunity to comment during the development of the Plan.

Engagement with the general community and stakeholders involved the following key methods:

1. Community and stakeholder workshops
—  Crookwell
— Gunning

2. Community and stakeholder survey online and hard copy surveys

— Council received 98 commmunity surveys

~ Council-wide results are included within the Appendix

3. Upper Lachlan Access Committee meetings

4. Interviews with schools (primary and secondary schools) and young people.

P mse Sovs g L
Key issues ~ walking

Below is a summary of the key issues related to
pedestrians and walking that arose from the community
engagement process. Full resuits of the community
survey are contained in the Appendix.

Path surface and maintenance

A consistent issue raised across the Upper Lachlan
Shire was the quality of the existing path surfaces.
lssues raised include uneven surfaces, cracked and
lifting path sections and trip hazards.

fMaintenance was also raised as a common issue,
with respondents listing a lack of maintenance on the
existing path network.

Number of footpaths

Across the Shire, a lack of footpaths linking key
destinations was highlighted as a key issue. Areas with
shops, sporting faciliies and schools were the main
areas raised as requiring footpath linkages.

This was particularly raised by residents from Collector,
who current have no paths.

Accessibility of shops

In the areas of Crookwell, Taralga and Gunning,
residents are concemed with the difficully in accessing
shops and services within the main street. There are
currently three main issues associated with access o
shops; the large step up from the road fo the footpath;
the steps into individual shops, with very limited number
of shops with a ramp: and narrow doorways often
preventing those with mobility devices and prams from
entering,

ey

Provision of lighting

The lack of path lighting was identified as & barrier to
walking in Crookwell, Gunning and Collector.

Kerb ramps

There is a mismatch between the provision of kerb
ramps and disabled car parking spaces within the
main retail precinct of some towns. Additionally, the
kerb ramp is often located in the wrong spot i.e. behind
where the vehidle is parked, resulting in the ramp niot
being usable by those who need it.

Across the Shire, there is an inconsistent provision of
kerb ramps on existing paths, with some non-compliant
and some non-existent.

Road width and condition

In Collector where there are no existing paths, the
narrow roads and steep road-side drains create an issue
for residents (especially school children) as they are
forced to walk on the roads.

Road crossing points

Concemns were raised about the safety of crossing the
street, with limited designated crossing points within the
Shire.

Uppaer Lachisn St it
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improvements that would encourage the community to walk more often

In addition to the key issues raised by respondents in the survey, residents were asked what improvements would
encourage them to walk more often. The resulls are shown in the table below.

Table 5. Imp rovements that woidd encourage walking

Nothing

Social walking groups

Improved sighage

Other>

Respect from road and path users
Provision of seating, shade, water
Safe road crossing points
Improved path lighting

Improved path maintenance
Paths linking to places of interest
More designated footpaths

Examples oﬁ)thgr* include:
improved road and kerb maintenance

wider strests

reduced speetl limits within villages

instali enclosed road-side drainage to increase the amount of flat, walkable surfaces.

ooan

SR o
¥ E——
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Below is a summary of the key issues related to cydling that arose from the community engagement process. Full
results of the community survey are contained in the Appendix.

Designated area for families to ride

It was identified by the community that they would like to see desighated paths and areas for families to ride their
bikes together in a safe, off-road environment. This includes areas for young riders to develop their skills, as well as
a network of off-road shared paths or circuit without the pressures of vehicles.

Number of shared paths or cycle paths

There are few paths within the Shire that allow for cyclists; either shared paths or specific cycle paths.

Under New South Wales road rules, children under 12 years of age can ride on a footpath, as well as an adult
supervising a cyclist under 12.

Bicycle parking

Residents identified the need for the provision of bicycle parking such as bicycle racks in key locations. Main
street’s and retail precingcts, as well as sporting facilities were raised as requiring bicycle storage.

Shared paths connecting key destinations

A common issue identified was the lack of paths that connect key destinations within a number of towns. Common
destinations include schools, shops and main streets and sporting facilities.

Road condition, verge width and vehicle speed

Survey respondents noted that the poor condition of many reads (between towns) as well as the high speed of
vehicles makes it unsafe for cyclists to ride on the road.

Subsequently, the limited road verge as well as the condition of the road verge prohibits cyclists from riding within
the road shoulder. Riders are then forced 1o ride on the road.

Signage and promotion

Signage providing information to local residents and visitors on where to ride was identified as a gap in the existing
bicycle network.

\\)
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Improvements that would encourage the community to take up or cycle more often

In addition to the key issues raised by respondents in the survey, residents were asked what improvements would
encourage them to take up cyaling or cycle more often. The results are shown in the table below.

Tabfe 6. improvements that would encouroge cycling

Cycling groups/social rides i 4.9%
Other* = 4.9%

Improved signage Eae— 7
Nothing

Showers, bike parking

Safe road cressing points
Greater respect from motorists
Improved path maintenance
More designated bicycle paths/lanes |
Increased provision of shared paths
Wider road shoulders for cyclists

44.4%

i—:xamples of Other* include:

0O improved road maintenance
O improved road lighting.

MR
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A detailed walking and cycling environment audit process was undertaken in the development of the Plan. The

outcomes of the audit have shown a range of needs for the network. Three major areas needing improvement have

been identified, and these translate into three key outcome areas for the Plan:

O Pathway maintenance, improvements and new infrastructure - Plan, deliver and maintain a well-connected
pedestrian and cycle network

O Supporting Facilities - Provide supporiing facilities including signage, line marking. lighting and the provision of
end-of-trip facilities

O Behaviour Change Program - Encourage and promote the benefits of walking and cycling.

The outcome areas are described in more detail within the following sections.

The analysis of the existing walking and cycling networks, as well as future networks are provided in the following
order:

O Bigea TN i
B Binda = ) .,I
Collector L e
O Crookwell T ~ e ‘%j
O Grabben Gullen 3 -,
O Gunning fe= o
O Laggan ; Tuena i =
O Taralga Bigga =y { ~ '
O Tuena. , - ;
I y
?‘.? ; o~
1“! -“IL"*-._;
Binda RSN
Laggan VN
g Taralga
. Crookwell T;_\
' Grabben Guilen Sy 0
{ el = N |5
i £ <.
| L L
Dalton * L
Gunning i "
Collector ™
D=y
J :.f

Upper Lachlan Shire Council Area - Viflages

)
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Wallang and cycling user groups

Walking and cycling can be types of active transport as well as recreation and physical activity that can be enjoyed
and participated in by all ages and abilities. The reasons why participants choose to walk and cycle varies among
types of users, as does the needs of each user group.

Each group has their own characteristics and requirements. Identifying the different types of users, allows Council
to plan their pedestrian and cycle network accordingly and ensure the network meets the needs of more than one
type of user.
The main groups of pedestrians and cyclists (or user groups) in Upper Lachian can be categorised as foliows:
Table 7.Waiking ond cydling user groups
TiEoluser  lipciensies ExliientiEat - =
| Cognitive skills may not be fully Off-road shared path or footpath, very low volume

developed, little knowledge of residential street
road rules, require supervision

Skiil level varies, developing Generally use on-road facilities for cycling or off-road
Fponﬁdenoe footpaths and shared paths for wallking where available
Experience, age and skills vary Desire off-road footpaths or shared paths and quiet
Preatly streets, avoid heavily trafficked routes, more experienced

| cyclists will prefer 1o use road system for Igng_joumeys

Vary in ages and fithess, come Some commuter walkers and cyclists prefer paths or
highly skilted and able to handle a | low-stress roads and are willing to take longer to get
variety of traffic conditions to destination. Others (mostly commuter cyclists) want
; quick trips regardless of traffic conditions, primarily
require space to ride and smooth riding surface, speed
maintenance

' Do not currently ride, however This group would generally begin with off-road shared
have the potential to with effective | paths, footpaths (where permitted), very low volume
encouragement residential streets or leam-to-ride circuits (where

' available)

Walk or ride for specific purpose | Not on highly trafficked roads, needs Include
{i.e. shopping), short length trips, | comprehensive end-of-trip facilities and low-stress routes
routes unpredictable

| Long distance journeys, may be | Often route is similar to that of other tourists i . roads

i heavily equipped, some travelling | and long distance paths

in groups
Often in groups, two abreast Travel long distances in training on arterials, may include
occupying left lane, needs are challenging terrain in outer urban or rural aress. Generally
similar to commuters do not use off-road routes because of high speed and
] conflict with other users
ety e resnt | Miohility scooter, wheelchair, Requires a direct-route to key services and destinations

| - walking stick or frame, vision via an ofi-road shared path or footpath, very low volume

impairment, prams residential street. Requires smooth surfaces, good

lighting and each access from the path to the sireat
(i.e. compliant kerb ramps). End-of-trip facilities such as
i | seating are important.

— D
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5.1 Bigga's existing walking ¢
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Bigga had a total population of 296 people in 2011., . A b ,‘J

with a median age of 49. Approximately 4.7% of the . (P iy

population are aged 19 and under, with 24 5% aged 65 2 *; ‘

and over. = ™

.

{

The average motor vehicle per dwellingis 2.1, with ff Bigga o, A 3:

70.2% of househoids having 2 or more vehicles, i k. f’ iv
5 Lty "

Its reported that 44.1% of Bigga's population travel 7 L4
to work by car, truck or motorbike/scooter, with 8.2% "

walking to work. o

The key destinations for pedestrians and cydlists in / 'S
Bigga include: ?

Bigga Memorial Park fr
Bigga War Memornal Hall {
Bigga Uniting Church P "
Hotel, Post Office and local store F S B
Bigga Public School T/ "y e
Bigga Oval, Recreation Grourid and Golf Course L
Police station. e
Bigga currently has limited footpaths, with the asphalt 2
hardstand areas outside of the shops on Binda Street 3 y
providing the only fonmal surface for walking. The e M
asphalt is in need of maintenance and repair. i @

The Bigga Public School and recreation grounds are on
the outskirts of the town centre, with no formal route for
pedestrians and cyclists.

The town centre has a condensed footprint that provides
an opportunity for future connection of key destinations

by pathways.
BIGGA MEMORIAL PARK
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Map |. Biged's current situation
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Sdedod DI 2 Waliing anda Cyaung Network
The proposed future walking and cycling network for Bigga is focussed on improving the connections between key
destinations and the main street (Binda Street). These are detailed in the table below and are not representative of
their priority, as they are prioritised against shire-wide needs in Table 18, Section 6.2.

Table 8. Bigga's future watking and cydiing network
Reference  Project Type Road Name Details

BIGO1 Footpath - Upgrade | Binda Street | Resurface the existing asphait path on Binda Street from
Mulgowrie Street to the existing concrete path on the
| Western side of Bigga Memorial Park.

BIGO2 Footpath - New | Binda Street Construct a new concrete footpath on Binda Street from
the existing concrete section on the Western side of Bigga
Memorial Park to Picker Street.

BIGD3 Recreation Pathway | Grabine Road | Construct an off-road recreational pathway within the road

- New reserve on Grabine Road, from Picker Street o the Binda
Public School. Pathway to be constructed of de-constructed
granite (or similar) to allow pedestrians and cydlist to access

it I g
L4 &G

the school.
BiG0O4 Recreation Pathway | Mulgowrie Gonstruct an off-road recreational pathway within the road
- New Street reserve on Mulgowrie Street, from Binda Street to Tuena

Street and the Bigga Recreation Ground. Pathway to be
constructed of de-constructed granite (or similar) to allow
pedestrians and cyclist to acoess the Recreation Ground,
Oval and Golf Course.

BIGO5 {not | Historical Trail - New | TBD Develop an interpretive trait highlighting the historic piaces
mapped) of interest in Bigga, utilising signage and place markers.
| Route and specific places of interest to be determined.

i —
i [ H Febne- £ e
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Map 2. Biggd's proposed walking and cycling network
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5.2 Binda's existing walking and cy¢
Current situation Upper Lacman ‘Shire Council Areq

Binda had a total population of 211 people in 2011, ] ,fu} n, j
with a median age of 50. Approximately 19.8% of the ST e
Binda population are aged 19 and under, with 22.5% SR
aged 65 and over.

ged
™, - e
The average motor vehicle per dwelling is 2, with 74.8% f ' " L {
of households having 2 or more vehicles. ‘ . s

It is reported that 60.0% of Binda's population travel to
work by car, truck or motorbike/scooter, whilet 3.3% of :
the population walked to work.

5
{
The key destinations for pedestrians and cyclists in j Binda g
Binda include: ,,/

Tennis Courts and playground P i A
Spotts Ground / .
/

L
kf\»y

St James Anglican Church -
Binda Public Scheol oy 5
Binda Memorial Hall RN FLalS
Post Office, Hotel and local store : ' [A
Public toilets A

Rose Cottage L

Binda Mill. ) ;

Binda’s current provision of pathways is limited to S N
the pathway that connects the public toilet to the car Sy @
parking area on Queen Street. Yy ¥

Binda Road and Junction Point Road connect to the
heart of Binda on Queens Street. The speed of the
vehicles on these busy reads can provide & safety
issue for pedestrians wishing to access the shops and
senvices on either side of Queen Streat.

The Binda Public School and Church are on the outskirts
of the town centre, with no formal route for pedestrians
and cydlists.

The town centre has a condensed footprint that provides
an opportunity for future connection of key destinations
for pedestrians and ¢yclists.

goocanoaoo
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The proposed future walking and cycling network for Binda is focussed on improving the connections between
key destinations and the main street (Queen Street}, as well as providing a safer crossing point for pedestrians
on Queen Street. These are detailed in the table below and are not representative of their priority, as they are
prioritised against shire-wide needs in Table 18, Section 6.2.

Toble 9. Binda's firture walking and cyding network
Reference  Project Type Road Name Details

BINO1 Shared Path - New Queen Street Construct a new shared path on the Eastern side of Queen
Street from Bishop Street to Bell Street.

BINOZ2 Pedestrian Refuge- | Queen Street Construct a new pedestrian refuge on Queen Street South
New of the Bishop Street intersection, to provide pedestiians
with access to both sides of Queen Street. Signage and road
markings o be installed to advise motorists on approach
(both Nerth and South). This project will be subject to RMS
approval.

BINO3 Shared Path - New Queen Street Construct a new shared path on the Eastern side of Queen

Street from Bell Street to Duncan Street and the entrance of
the school.

BINO4 Historical Trail - New | TBD Develop an interpretive trail highlighting the historic places

(not of interest in Binda, utilising sighage and place markers.

mapped) Route and specific places of interest to be determined.
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Map 4. Binda's proposed walking and cycling network
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5.3 Collector’s existing wa

Current situction Upper Lachian Shire Council Area

Collector had a total population of 403 people in 2011, e ]

with a median age of 38. Approximately 27.9% of A e

Collector's population are aged 12 and under, with 2.3% p B

aged 65 and over. - "B

The average ownership of motor vehicles per dweliing ( ' Y L
is 2.2, with 76.7% of households having 2 or more - 2 { = b
vehicles. e i, \'

it is reported that 69.8% of Coliector residents travel D L" ‘
to work by car, truck or motorbike/scooter, with 5 5% T I b
walking o work. y RN
The key destinations for pedestrians and cyclists in if \
Collector include: 'y A

O Collector Memorial Hall P 5
O Churech ! . =N
C1 Hotel, Post Office and local store/Cafe f L 5
O Collector Public School i o i S
O Collector Recreation Ground | \“ '\
O Historical monuments. V) il

Collector currently has no footpaths. The town has P ;

namow roads with little-to-no road verge and deep open 8
road-side channels for drainage. '

;
\ _ Collectar N

Collector has a low median age {compared to Upper : ""“} e “’{7 @

Lachlan Shire median of 46) and a low proportion of i

those aged over 65 (compared to the Upper Lachlan

Shire at 21.1%).

The street lighting at Collector is patchy in its provision
and requires some maintenance.
The school is currently without a formal drop-off and

pick-up area and has no identified crossing point for
children and their parents.

Collestor has a lack of seating and rest spots for
pedestrians and cyclists.

A

" e "dl.h'_: T
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Map 5. Collector’s current situation
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The proposed future walking and cycling network for Collector is focussed on improving the connections between

key destinations including the School. These are detailed in the table below and are not representative of their
priority, as they are prioritised against shire-wide needs in Table 18, Section 6.2,

Table 10. Collector’s fitutre walking and cyding network

Reference  Project Type Road '['i?_'a*-iili_f'

CcoLO1 Shared Path - New | Lo Street Construct a new shared path on the Westemn side of Lomn
Street from Church Sireet to Bourke Street.

coLo2 Shared Path - New . Bourke Street | Construct a new shared path on Bourke Street from Lorn

and Surrey Street to Surrey Street, and Surrey Sireet from Bourke Street
Street to Church Street (utilising the small section of unformed
road on Surrey Street).

COLO3 Shared Path - New | Church Street | Construct a new shared path on Church Street from Surrey
Street to Lorn Street. COLOL, COLO2 and COLO3 will create
a town circuit for pedestrians and cyclists.

CoLO4 Footpath - New : Goulbum Street | Constructa new footpath on Goulburn Street, from Lorn -
Street to provide access 1o both the school and the
| | proposed shared path circuit. o
COLOS School drop-off and | Lom Street Design and construct a formal drop-off and pick-up bay at
picl-up bay - New the Collector School to allow the safe access of children to

the school. Develop in partnership with the Collector School
{and/or the NSW Department of Education).

COLOG Historical Trail - New | TBD | Develop an interpretive trail highlighting the historic places
of interest in Collector, utilising signage and place markers.
Route anii spegcific places of interest 10 be determined.

\-1
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Map 6. Collector’s proposed watking and cycling network
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5.4 Crookwell's existing walking and cycling networl
Cw" rent siuation Upper Lachlan Shire Counch' Area

Crookwell had a total population of 2,507 peoplein rfj J! }
2011, with a median age of 48. Approximately 23.6% of  _/ NP j
its population is aged 19 and under, with 26 1% aged : E
65 and over. ;‘3‘
f

The average motor vehicle ownership per dwelling is 1.9,
with 58 .9% of households having 2 or more vehicles.

It is reported that 7.3.3% travel to work by car, truck or "‘f:
motorbike/scooter, with 4.9% walking to work and 0.5% 2
catching a bus.

a.
i
The key destinations for pedestrians and cydlists in ;/ ey
Crookwell include: o ’
The retail and service precinct on Goulburm Street }f" Crookwell d
£

oo

Crookwell Public School

Crookwell High School e .
St Mary's Primary School | 5
Crookwell Memorial Park and Oval b iy
Crookwell Memorial Hall L
Crockwell Showground LN
Willis Park Dog Off Leash Area 4
Golf Course £ 5
Clifton Park Skate Ramp : £ N
Lin Cooper Recreation Area § . H @
Kiamma Park and Creek Ay

Coleman Park and Swimming Pool (Pat Cullen

Reserve)

Cemetery

Preschools

Churches

Police station

Upper Lachlan Shire Council Office

Crockwell Hospital.

Crookwell has a good network of footpaths providing access to a number of key destinations. The footpath network
is ageing however, with a number of sections in need of maintenance and upgrade.

There are a number of missing links in the network and lack of lighting is an issue in some sections.

There is an opportunity to develop a suite of directional signage to promote the existing and proposed pathway
network to both residents and visitors.

Accessibility of the footpath from the road is an issue, as is the access to the majority of retail stores for residents
with limited mobility due to steps and narrow docrways.

O0oooo Oooaoapoooad

-3 et Larnln Siige- {7
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Mob 7. Crookwells current siuation
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The proposed future walking and cycling network

- A X b B RS 1 P, B ¥ ¥ N
for Crookwel! is focussed on improving the connections between

key destinations and creating a safe environment for pedestrians and cyclists. These are detailed in the table below
and are not representative of their priority, as they are prioritised against shire-wide needs in Tabie 18, Section 6.2

Crookwell’s future wolking and cydling network
Reference FPigieet Tjpe

Road 'a m?a

_D_eiai Is

CROO1 Footpath - New Goulbumn Street | Develop a new section of concrete footpath on Goulburn Street
between East Street and Wame Lane to provide a continuous
pedestrian link.

CROO2 Shared Path - New | Saleyards Road | Develop a new concrete shared path on Saleyards Road from
Laggan Road to the existing footpath on Saleyards Road to

. | provide a continuous pedestrian link into Crookwell.

CROO3 Footpath - New Roberts Road Develop a new concrete footpath on Roberts Road - from
Goulburmn Street to Robertson Street, and from Goulburn
Street to Denison Street. This footpath will provide a missing

S | Ponnection in the existing network
CRO04 Shared Path - New | Northcott Develop a new concrete shared path on Northcott Street
Street starting from the existing shared path on Carrington Street to
Apex. Park and then 1o the comer of Brooklands Street. This
| _ recommendation is a carryover from Cquncil’s 2006 PAMP.
CROO5 Shared Path - New | Goulbum Street | Develop a new concrete shared path on Goulburn Street from
the entrance of Lin Cooper Recreation Reserve, to the existing
- ) footpath at the entrance to the showgrounds. ]
CROO6 Shared Path - New | Denison and Develop 2 new de-constructed granite shared path from the
Brooklands existing recreational pathway across the Crookwell River, to
- | __%ts B Brookiands Street and the corner of Northcott Street. |
CROOT Shared Path - New | Brooklands and | Develop a new concrete shared path on Brooklands Street
Tait Street from Holborow Street, and on Tait Stree_tto_AIlamabie Place.
CROOB Recreational Path | Tait Street Develop a new deconstructed granite recreational path on Tait
- New Street from Allamabie Place to McDonald Street.
CRCOS Recreational Path | McDonald Develop a new deconstructed granite recreational path on
- New Street McDeonald Street from Tait Street to the rear entrance to
] L Crookwell Hospital. R =
CRO10 Shared Path - New | McDonald | Develop a new shared path on McDonald Street from the rear
L - Street entrance to the Crookwel! Hospital to Kialla Road.
{ CROO11 Learn-to-Ride Crockwell Investigate the feasibility of developing a children’s learn-to-
Facility - New Showgrounds | ride facility within the Crookwell Showgrounds or other relevant
or other location. Facility to include a cycling track with miniature road
suitable signage and obstacles for children to develop their cycling
) location skills in a safe environment.
CRO12 Kerb Ramp - New | Goulbum Sireet | Develop a number of kerb ramps along the retail precinct on
Goulbumn Street to enhance accessibility from the road to the
5 . footpath. o o
CRO13 Footpath - Goulbumn Street | Replace path surface with concrete from the entrance of the
Upgrade showground, to Showground Lane.
CRO14 Ketb Ramp - Goulburn Street | Upgrade the existing kerb ramp to compliant grade on
Upgrade J | Goulbum Street at the intersection of Showground Lane.
CRO15 Kerb Ramp - Goulbum Street | Upgrade the existing kerb ramp to compliant grade on
Upgrade | Goulburmn Street at the intersection with Pleasant Sireet.
CRO16 Kerb Ramps - New | Denison Street | Install two new kerb ramps on the corners of Denison and
- B Roberts Sireets. .
CROLY Signage - New Roberts Street | Install new promotional sighage on Roberts Street at the

intersection of Denison Street, advising of the path and bridge

to Brooklands Street.

DN
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Reference  Project Type Road Name Petails
CRO18 Signage - New Brooklands | Install new promotional signage on Brooklands Street at the
Street intersection of Short Street, advising of the path and bridge
| leading to Roberts Street. o
CRO1S Footpath - Goulbur and | Replace the existing footpath as it is too narrow, too close to
Upgrade Carrington the road, and in poor condition. Install railing or bollards on
Streets new path for pedestrian safety. 1
CRO20 Footpath - Saleyards Road | Widen the existing footpath to shared path standards from Camr |
Upgrade Street to Marsden Street. These works are currently scheduled
I . for 2018/2015. |
CRO21 Signage -New Spring Street Install new information signage at the entrance 1o the Kiamma
Creek Boardwalk (Pat Cullen Reserve) at the entrance on
| Sprint Street. a |
CRO22 Boardwalk - i Pat Cullen Repair {or replace) the timber boardwalk including the edge-
Upgrade Reserve rails, and widen. These works are currently funded within the
) | 2016/2017 financial year. B
CRO23 Footpath - New Spring Street Extend the existing footpath on Spring Street to Rndhom
Street.
| CRO24 Pedestrian Refuge | Laggan Road Install a pedestrian refuge with associated motorist and
| - New __Pedestrian signage to Clifton Park, |
CRO25 | Kerb Ramp-New | Kialla Road Install a new kerb ramp on Kialla Road at the intersection of
| | Wade Street. ]
| CRO28 | Recreational Pat Cullen Develop a new deconstructed granite recreational path from
Pathway - New Reserve the end of the existing path at the Kiamma Creek Footbridge,
on the Western side of Pat Cullen Reserve, to Laggan Road.
CROZ7 Recreational Clifton Park | Develop a new deconstructed granite recreational ?atﬂ around
Pathway - New [ the extent of Clifton Park.

CRO28  |Bus Sheiter - New Spring Street | Install a new bus shelter on the comer of Spring Street and -
| Goulburn Road adjecent to the existing car park.

: [
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Map 8. Crookwelfs proposad walking and cycling network
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5.5 Dalton’s existing walking and ¢ycling network
Current situation Upper Lachion Shire Council Area
Dalton had a total population of 108 pecple in 2011, d e Yol |
with a median age of 35. Approximately 22.3% areaged . [ ey ]
19 and under, with 16.7% 65 and over. 3 - g

Average motor vehicle per dwellingis 1.9, with 71.8% | _—

of households having 2 or more vehicles. 68.4% travel ; "y LS
to work by car, truck or motorbike/scooter. No one % fio=
reportedly walked to work. ¥ e

Within the town of Dalton, the key destinations for - LR
pedestrians and cyclists include: :
Dalton Public School e
Dalton Uniting Church i .
St Matthews Anglican Church P

Hotel %
Post Office { L
Historical Monument / ‘s it
Dalton Recreation Ground | oo A
Fossil Park. T
Dalton currently has limited footpaths, with the main i Dalton
street providing small sections of concrete path. '
Sections exist in front of the Post Office and hotel.

The Dalton Primary Schoot is not connected to the main G ]
el o, 7 &

oooooooao

3, ~p

il Sk Delen |
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Map 9. Daltor’s current situation
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5.5.1 Dalton’s future walking and cycling network

The proposad future walking and cycling network for Dalton is focussed on filling missing links, as well as improving
the connections between the main street and the School. These are detailed in the table below and are not
representative of their priority, as they are prioritised against shire-wide needs in Table 18, Section 6.2.

Table { 4. Dalton’s future wdking and cydling network

Reference Project Type Road Name Details

DALOL Footpath - New Church Street | Develop a new concrete footpath on the Northem side of
Gunning Street in the vicinity of Chapel Street and Garry
cosgrove Bridge over Oolong Creek, to complete the missing
link in the existing footpath.

DALO2 Footpath - New Jobson Street | Develop a new concrete footpath along Jobson Street, ]
from the entrance to the school and Gunning Street. This
footpath will provide & connestion between the school and

- the Gunning Street.
DALO3 Pedestrian Refuge - | Brownh Street Install a pedestrian refuge with associated motorist and
New pedestrian signage fo Brown Street at Dalton Public School. |
DALO4 Shared Path - New Daiton Develop a new concrete shared path within the Dalten
Recreation Recreation Ground.

Ground

Ty
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Map 10 Datton’s proposed walking and cycling network
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Upper Lachian Shire Council Area

Grabben Gullen had a total population of 476 people in P adhdi) /
2011, with a median age of 44, Approximately 27.2% gl ] e
are aged 192 and under, with 19.6% aged 65 and over. ; ir

The average motor vehicle ownership per dwellingis 2.5, I . = e
with 74.3% of households having 2 or more vehicles. it ¢ (.
is reported that 48.5% of Grabben Gullen's population Y e, / .
travel to work by car, truck or motorbike/scooter, with a e v
further 3.8% walking to work. : 5

Within the town of Grabben Gulien, the key destinations A
for pedestrians and cyclists include: J R
OO Grabben Gulien Hall f '
[] Albion Hotel A -

O WMonument to the Wiradjuri Aboriginal People. / Bl
Grabben Gullen currently has no footpaths. The town - " -
is traversed by the busy Grabben Gullen and Range / Grabben Gulten .~ “7 D
Road's, providing a reduced safety environment for 1'" L e F=e }
pedestrians and cyclists. ] !

There are currently no safe crossing points for R’ i
pedestrians and cyclists within Grabben Gullen. 4 : e,

3

Qravsan Qullan Hall e an Qullay Hes

i N T omenlie Dl dm . T it
Lot Laerilar Sedrey (o i
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Map 1 1. Grabben Gullen's current situation

——
T, ol ol
= pated 1

i —
filormeiars - 203k 1°5.500 ©
1 ; H

Legend

Lacal Store
Fost Oftice
Hotel
Public Toilet
Historicat Museum /Monurmeat

Community Hall
- Park and Recreation Grounds
Education/Child Care
B /c-c Coreretioment
Upper Lachian Shire Council Offices
Dametery

Hospital
Church
RIFS/SES/ Potice/Fire Station

p— Existing Shared Path
1 Shared schodl bus stop

e Existing Footpath
e Existing Recreation Pathway
k|
A\ -
=] b I8
| [ |

ARLENE RV T fn Aoyt B
Page 339

Ordinary Meeting of Council held on 20 April 2017



[ ltem: 10.3 Attachment 1. Pedestrian Access Mobility Plan (PAMP) & Bike Plan (Draft) |

The proposed future walking and cycling network for Grabben Gullen is focussed on providing a safe pedestrian
environment. These are detailed in the table below and are not representative of their priority, as they are
prioritised against shire-wide needs in Table 18, Section 6.2.

Tuble 12, Grabben Gullen's future wdlking and cyding network
Eeference  Rroject Type Road Name
GRAO1 Footpath - New Camp Street

Deialls

Develop a new concrete footpath along Camp Street, from |
Caledonis Sireet to the newly constructed bus stop.

GRAO2 Pedestrian Refuge- | Camp Street
New

Construct a new pedestrian refuge on Camp Street to
provide a safe pedestrian access point to and from the
newly constructed school bus stop. Signage and road
markings 1o be installed to advise motorists on approach
(both sides).

5 R

L.‘;*{ g Lartiage g
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Map '2 Grabben Gullen's proposed walking and cycling network
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5.7 Gunning'’s existing walking and ¢

VCLINE NE

Current situction u;.pef'i;uchsan Shire Councll Amd

Gunning had a total population of 482 people in 2011, A A
with a median age of 45. Approximately 22.3% of the {
Gunning population are aged 12 and under, with 15.5%

aged 65 and over.

The average motor vehicle ownership per dwellingis 1.8,
with 54.3% of households having 2 or more vehicles.

it is reported that 75.7% travel to work by car, truck or k
motorbike/scooter, with 4.5% of the population walked &
to work. i

Within the town of Gunning, the key destinations for J
pedestrians and cyclists include: ’

Barbour Park i
Endevour Park and Showgrounds ¢
Skate Park

Gunning Public Sehool |
Yass Street retail and service precinct

Hotels r’J

N )

Upper Lachian Shire Council Office LD
Church 4
Post Office K :
Gunning Rail Yard. ', Gunning
Gunning has a reasonable network of existing MR
footpaths, however with a number of missing links to /
key destinations, and some maintenance and upgrade

requirements.

Accessibility in Yass Street is an issue with a
considerable step-up from the road to the kerb, as well
as limited kerb ramps for the eldetly and disabled.

The speed of vehicles through town can be an issue for
pedestrians.

oOoOooOooocoa

Disabled car parking bays are reguired with associated
kerb ramps

""J'x1

-~
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Mab |3, Gunning s current situgtion

Legend

‘ Local Store
. Post Office
' Hotel

@  PublicToet

Historical Museum /Monurment
Cormrnunity Hall

Park and Recreation Grounds
Education/Chitd Care

- Aged Care/Retirement

Upper Lachian Stire Council Offices

Cemetery
Hospital
. .1 Bacbour Park
RFS/SES/ Police/Fire Station 2 Endevour Parkand Showgrounds
e Eyisting Shared Path ;3 Gunning Siate Park
e Cxisting Footpath 4 Gunning Public School
5

e £X150i0g Fecreation Pathway Gunning Rail vard ! L '
== == SEL L' 42
_""_","_‘f',‘ b ke AR a0 B o, L —

Ordinary Meeting of Council held on 20 April 2017 Page 343




[ ltem: 10.3 Attachment 1.: Pedestrian Access Mobility Plan (PAMP) & Bike Plan (Draft) |

| : £ ‘ . : . s .

5.7.1 Gunning's future walking and cycling network
The proposed future walking and cycling network for Gunning is focussed on providing a safe network of pathways
to fink key destinations, enhancing pedestrian accessibility to the retail precinct on Yass Street, as well as a greater
recreational cirouit. These are detailed in the table below and are not representative of their priority, as they are
prioritised against shire-wide needs in Table 18, Section 6.2.
Table /3. Gitnnings future waiking and cyding network

Belgisnte Hojesl hvpe Road Name Details

GUNO1 | Footpath - New | Nelanglo Street | Develop a new concrete footpath on Nelanglo Street from

Yass Street to Copeland Street, providing access to the
Gunning Showground Precinct and the existing footpath
network.

GUNOZ2 Kerb Ramps - New Yass Street Develop a number of kerb ramps along the retail precinct
on Yass Street to enhance accessibility from the road to the
footpath.

GUND3 Shared Path - New Hume Street Develop a new concrete shared path on Hume Street from
Bond Street to Grovenor Street. Together with GUNO4 as

well as the existing path on Nelanglo and Warrataw Streets,
this shared path will create a recreational circuit for both
pedestrians and cyclists.

GUNG4 Shared Path - New Grovenor Street | Develop a new concrete shared path on Grovenor Street
from Hume Street to Warrataw Street. Together with GUNO3
and GUNO4 as well as the existing path on Nelanglo and
Warrataw Streets, this shared path will create a recreational
circuit for both pedestrians and cyclists.

| GUNOS Footpath - New Bond Street Develop 2 new concrete footpath on Bond Street from Yass
_ ) | Street to Grovenor Street.
GUNOG Kerb Ramp - New Warrataw and | Develop a kerb ramp on Warrataw Street at the intersection
Copeland with Copeland Street o enhance accessibility from the road
0 Streets to the footpath.
GUNO7? Disabled Carpark Nefanglo Street | Install, line mark and sigh a disabled carpark with
and Kerb Ramp - corresponding kerb ramp to provide disabled access to the
New | Council Offices and the Southem end of town.
GUNDS Footpath - New Wamrataw Develop a new concrete footpath on Warrataw Street from
Street the existing footpath to the intersection with Copeiand
Street.
GUNOS Shared Path - New Saxby Street Develop a new concrete shared path on Saxby Street (and |
part of Warrataw Street) from Grovenor Street (GUNO4) to
- . | | Adam Street. ]
GUN10 Shared Path - New | Adam Street Develop a new concrete shared path on Adam Street from
Saxby Street to Barbour Park.

GUN11 Shared Path - New ' Yass Street Replace the existing footpath surface on Yass Street with
a new concrete shared path from Nelanglo Street to Bond

Street.
GUN12  |Shared Path - New_m?:opela'ﬁ—d Develop a new concrete shared path on?opeland Street
Street from Warrataw Street to Nelanglo Street, at the rear of
Gunning Public School. ]
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5.8 Laggan's existing pe

Current situgtion

Laggan had a total population of 326 pecple in 2041,
with a median age of 48. Approximately 26.4% of the
population are aged 19 and under, with 15.3% aged 65
and over.

The average motor vehicle ownership per dwellingis 2.4,
with 78.7% of households having 2 or more vehides.

It is reported that 50.2% travel to work by car, truck or
motorbike/scooter, and a further 2.8% walked to work

Within the town of Laggan, the key destinations for
pedestrians and cyclists include:

O Laggan Memorial Hall
O Laggan Primary School
O Monthly markets

1 Church

O Hotel

O Park

Laggan currently has no formal pathways with the
exception of the recent access to the public toilets at the
Memorial Hall.

The school is on the outskirts of the town centre, with ho
formalised route for pedestrians or cyclists.

The school is without a formal drop-off and pick-up area.
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Map |15 Laggan’s aurrent situation
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The proposed future walking and cycling network for Laggan is focussed on providing a continuous pedestrian link
within the town centre, as well as improving access to the school. These are detailed in the table below and are not
representative of their priority, as they are prioritised against shire-wide needs in Table 18, Section 6.2.

Table 4. Laggan's future walking and cycling network

Reference (FrojgelivEs Raut] Name Details

LAGOL Footpath - New | taggan Read Develop a new footpath on Laggan Road from the entrance

of the school o the intersection of Laggan-Taralga Road to
provide access from the school 1o the town centre.

LAGO2 Pedestrian Refuge - | Woodhouselee | Construct a new pedestrian refuge on Woodhouselee Road,
New Road South of the intersection with Laggan-Taralga Road. Refuge
1o provide a safe crossing point for pedestrians accessing
the school or Laggan town.

LAGO3 Footpath - New Peclwood Road | Develop a new footpath on Peelwood Road from the
Memorial Hall to LAGO1 at the intersection of Laggan-
Taralga Road to provide a continuous footpath link within

= the centre of Laggan.
LAGO4 School drop-offand | Laggan Road Design and construct a formal drop-off and pick-up bay
pick-up bay at the entrance o the Laggan Public School to allow safe

access for children to the school. Develop in parthership
with the Laggan Public School (and /or the NSW Department
of Education).

=2
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Map 16. Laggan’s proposed walking and cycling network
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5.9 Taralga's existing waliing and cycling ne
Curren situation Upper Lachian Shire Council Area
Taralga had a total population of 285 people in 2011, e N -:
with a median age of 44. Approximately 28.3% of the _ e
population are aged 19 and under, and 25 1% are aged . B~

65 and over. i

The average motor vehicle ownership per dwellingis 1.8, / L .
with 56.3% of households having 2 or more vehidles. " f =

It is reported that 62.2% of Taralga's population travel k
to work by car, truck or motorbike/scooter, with a further »
10.6% who walked 1o work. ¥

Within the town of Taralga, the key destinations for y R
pedestrians and cyclists include: #F .

Taralga Public School Taralga Y
Goodhew Park and Skate Park 7 iy
Tennis Courts / '3 -~
Upper Lachlan Shire Coungil Office |J P

Taralga Shewgrounds ) L’ P 4
Church | < N
Post Office . i
Taralga Memorial Hall
Taralga Histotical Museum
Gray Park

N
Burge Park ’ : ' @
Orchard Street retail and service precinct. i v
Taralga has a reasonable provision of footpaths along
the main street, however has a number of missing links
to key destinations. A number of paths require some
maintenance and upgrades.

There are issues with accessibility within the main
street due to the large step-up from the road to the
street, coupled with a lack of ramps for the elderly and
disabled.

Additicnally, a number of stops are inaccessible, again
due to the large steps to enter, as well as narrow door
ways unsuitable for mobility scooters and wheelchairs.
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Map 17.Taralga’s current situation
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5.9.1 Taralga's future walking and cycling network

The proposed future walking and cycling network for Taralga is focussed on improving the connectivity and
accessibility within Orchard Street, given there are two distinct activity areas of the main street. These are detailed
in the table below and are not representative of their priotity, as they are prioritised against shire-wide needs in
Table 18, Section 6.2.

Table 15. Tardga’s future woiking and cyding network

Project Type

Hoagd Name

Details

TAROL Footpath - New | Orchard Street | Develop a new concrete footpath from the end of the existing
) footpath on Orchard Street to Gray Park.
TARO2 Footpath - New | Bunnaby and Develop a new concrete footpath on Bunnaby and MaCarthur
MaCarthur Streets from Orchard Strest to Walsh Street. The footpath will link
Streets up to the Recreational Pathway TAROG providing access to the
tennis courts and showgrounds.

TARD3 Footpath - New | Orchard Street | Develop a new concrete footpath on Orchard Street from the

school 1o Hillas Street to connect to TARDS and the Early Leaming

- , Centre. |

TARO4 Recreational | Hillas Strest | Construct an off-road recreational pathway within the road
Pathway - New reserve on Hillas Street from Orchard Streetto the Early Leaming

Centre.

TAROS Recreational Walsh Street Construct an off-road recreational pathway within the road

Pathway - New reserve on Walsh Street to provide access to the tennis courts
1 ~ |and showgrounds. R —

TAROB Disabled car Orchard Street | Install, line-mark and sigh a disabled carpark with corresponding
park and kerb kerb ramp to provide disabled access to the Northem end of town.
ramp

TARO7 Disabled car Orchard Street | Install, line-mark and sign a disabled carpark with corresponding
park and kerb kerb ramp to provide disabled access to the centre of town,

| {ramp _ _

TARGS Kerb Ramp - Orchard Street | Install a new kerb ramp, the path exists from the footpath to the
New kerb.

TAROS Disabled car | Orchard Street | Install, line-mark and sign a disabled carpark with comresponding
park and kerb kerb ramp to provide disabled access to the southern end of town.
ramp | B _

TAR1O Footpath - New | Church Street | Develop a new concrete footpath on Church Street from

. MacCarthur Street to Chisolm Street.

St
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Map 18 Taralgd's proposed walking and cycling network
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5.10 Tuena’s exasti
Current situation
Tuena had a total population of 187 people in 2011,
with a median age of 52. Approximately 16.7% of

Tuena's population are aged 19 and under, and 24.9%
are aged 65 and over.

The average motor vehicle ownership per dwellingis 2,

with 71..8% of househelds having 2 or more vehicles.

it is reported that 41.0% of Tuena’s residents trave! to
work by car, truck or motorbike/scooter, with a further
3.3% who walked to work.

Within the town of Tuena, the key destinations for
pedestrians and cyclists include:

Tuena Recreation Ground
Tuena Community Hall
Schodl (not-operational)
Post Office

Local store

Hotel

Church

Cemetery

Police Station

Foothbridge.

Tuena currently has no footpaths, and the school is
currently not-operational.
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Map 19 Tuend’s current situation
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The proposed future walking and cycling network for Tuena is focussed on improving accessibility to key
destinations within the main street, as well as providing a recreational link to the existing footbridge. These are
detailed in the table below and are not representative of their priority, as they are prioritised against shire-wide
needs in Table 18, Section 6.2.

Toble 16. Tuena's walking and cycling network
Helerense Froject fyhi= Road Name Detalls

TUECL | Shared Path - New Bathurst Street | Develop a new concrete shared path along Bathurst
Street from Church Street (Tuena Hall) to Bell Street for

pedestrians and cyclists.

& ! F At
ik BB Mg e W W Nt T

b Ser v od B Nl b R WY OLERD Gl ¥ LA e W

|
| TUEDZ Recreation Pathway | Bell Street Develop a new decomposed granite (or similar) recreational
- New path from the end of the propesed shared path (TUEOL)

to the footbridge to provide pedestrians and cyclists with
access to Cook Street and Bathurst Strest.

' Mab 20 Tuenda’s proposed waﬂoh_g and cycling network
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To assist in the ongoing identification and justification of a prioritised capital works program for pedestrian and
cycling infrastructure, a set of capital works assessment criteria have been developed. The criteria will allow Council
to standardised the process for prioritising its capital works, while being transparent and equitable in its decision
making.

The ctiteria have been developed based on the issues and opportunities identified throughout the development of
the Plan, and are outlined in the Table below.

tEhad\ ftegory has been assigned a total score based on its relative priority within the categories i.e. safety is higher
an demand.

Table | 7. Prisnitisation of works criteria
Category Ciitena Qutcome

Access { Improved Access is improved for residents to key destinations such as /15
‘access Mtaii, services, open space and transport
| Priority Communities with limited access to private vehicles and
' residential public transport are connected to key destinations |
area
Completion of | A footpath, shared path or cycleway is complete and provides '
;alink unbroken access to key destinations
Capacity Increased participation in watking and cyding i e. increase
NS _ | path width to accommodate demand _
| Satety | Identified The environment is safe for pedestrians and cyclists. /15
' : safety issue Identified sites of previous crash incidents should be
| | pricritised |
g[ Demand levels of use | Aroute is evidently well used (including evidence of use | /10
through a desire line)
Identified I key route/improvement is identified during the community '
| community engagement process
e need : | _
fﬁnanclal Funding Council's capacity to fund capital works projects within a /10
| Epacity realistic ime frame
. Eligible for Projects are part-funded or have the capacity to atiract
| granis or external funding
sponsorship | |
| Costbenefit | The cost of developing (and maintaining) infrastructure is
| | comparable to the expected level of use i.e potential demand ]

Scoring

The scoring of the above categories is undertaken considering the allocated criteria and their outcome. Some
criteria and their outcome areas may not be relevant to a project and as such scoring is undertaken at a category
level, considering the relevant criteria. The scale bar below demonstrates the scores 1o be allocated based on how
each project meets the desired cuicomes i.e. a score of one is for projects where the desired outcomes are not

achieved, scores of six 1o ten are for projects that moderately achieve the outcome, and the higher scores up to
fifteen are for projects that best achieve the desired outcome.

The differance in the scores for the four category areas reflects the impartance of the category and their weighted
importance,

1 2 3 4 i 6 7 8 9 10 ii i2 13 14 i3 |
Not achieved Moderately achieved Achieved

A\
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Haintaining the existing network

Council's existing pathway network provides a sound basis to build upon, in the creation of @ more active walking
and cycling community. The existing network is ageing and requires ongoing maintenance to ensure the safety and
accessibility for all path users.

Council’s current investment in pedestrian and cycle facilities is approximately $1.6 Million. It is recommended that
as the first priority of the PAMP and Bike Plan, Council allocate an annual maintenance program for the network of
3% (i e. approximately $50,000.

Estimated costings

The cost estimates provided below have been provided as an indicative rate only. All proposed projects are subject
to detailed feasibility and design processes, and are subject to factors such as the location of existing utilities,
verge suitability ete.

Pathways and read crossing ireatments

In addition to the allocation of an annual maintenance program, the following table provides details of new and
upgraded pathways and road crossing treatments, 1o be undertaken over the next 10 years.

The scoring of individual projects based on the criteria outlined on the previous page is shown in the Table below.
The cost estimate of each project has also been included within the table.

Table 18. Prioritisation and costing of projects

| | : Pric
GUN12  |Copeland Street Shared Path | 201 ~ 22110(44 |1
IAGOL  |Laggan Road N Footpath 88 | 6820042 12
CRO19 | Goulburn Street /Carrington Street | Footpath 248 35.816 |42 E
LAGO2 | Woodhouselee Road | Pedestrian Refuge |- 15,000 | 41 4
LAGD4 | Laggan Road | school Dropoff |- 2500040 |5
and Pick-up Bay _
TARI0 | Church Street | Footpath 420 28512(40 |5
CRO22  |Pat Cullen Reserve Boardwalk - 16,000 |40 5 |
| Upgrade I
CRO24 Laggan Road  Pedestrian Refuge |- 25,000 | 3¢ 8
GUN11 | Yvass Strest | Shared Path 201 22110 |39 '8
COLO5 | Lorn Street | School Drop-off |- 100,000 | 38 10
| | ) ‘and Pick-up Bay ' |
| DALO3 | Brown Street Pedestrian Refuge |- 25,000 | 38 10
COLOL  |Lorn Street Shared Path 335 | 36850 37 (12 |
DALO2 | Jobson Street Footpath 1280 17.160 | 37 12
'GRAD2 | Camp Street ' Pedestrian Refuge | | 25,000 |37 12
TARO3 | Orchard Street Footpath 132 118,800 |37 12
TAROL | Orchard Street Footpath 302 27,060 |36 16
TARO4  |Hilas Street Recreational Path | 259 | 54725(38 16
CRO02 |Saleyards Road Shared Path 124 33,220 |36 16
CROO4 | Carrington and Northcott Streets | Shared Path 100 28,490 | 36 16
CRO258 Pat Cullen Reserve Recreational Path | 205 27,900 | 36 |18
GUNO1 | Nelanglo Street Footpath 199 11,000 | 36 6 |
BINO2  |Queen Street | Pedestrian Refuge |- _25000(35 |22 |
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TARO5 | Walsh Street Recreational Path | 605 90,200 |35 22
GUNO3 Parks, Yass, Cooper/Hume Sireets | Shared Path 598 66,550 | 35 22
GUNO4 | Growenor Strest Shared Path 328 65,780 | 35 22
'BINO3 | Queen Street Shared Path 625 171,875 | 34 26
LAGO3 | Peelwood Road Footpath 229 112,475 | 34 26
CROO3 | Roberts Road Footpath i(ss 33220(34 |26
CRO20 | Ssleyards Road Footpath 69 | 178266(34 |26
GUNO8 | Warrataw Street Footpath 409 7.590 | 34 |26
BINOL | Queen Street Shared Path 284 78100 | 33 31
DALO4 | Dalton Recreation Ground Shared Path 256 138,000 | 33 31
CROO5 | Goulburn Street Shared Path 54 28160 | 33 31
CRO13 | Goulburn Street | Footpath 156 712833 31
GUN10 |Adam Street Shared Path 268 18.700 | 33 31
‘GUNO9 | Saxby Street Shared Path  |170 29,480 |33 A
GRAOL | Camp Street Footpath 376 41,360 | 32 37
TJARD2 Bunnaby and MaCarthur Streets Footpath 403 110,825 |32 ar
CRO11 | Crookwell Showgrounds N II;:a_rlpt;t;Ride 4,700 |32 37
=11
'GUNO5 | Bond Street | Footpatn 403 39160 | 32 37
COLO2 | Bourke Streetand Surrey Street | Shared Path 660 72,600 | 31 a1
COLO3 | Church Street |shared Path 403 | 4433031 s
BIGO1 | Binda Street | Footpath |80 22000(30 |43
DALO1  |Church Street 'Footpath  |118 12,980 | 30 43
CROO1 Goulburn Street Footpath 54 7128 |30 43
|BIGO2 | Binda Street Footpath 205 | 81125|29 46
[CROO6 | Denison and Brookiands Street | Shared Path | 309 | 69,525(28 a1 |
CROD7 | Brooklands and Tait Street Shared Path 404 44,440 |28 a7
CROO8 | Tait Street | Recreational 697 15,6825 | 28 a7
Pathway |
CRO02 | McDonald Street Recreational Path | 949 21,3525 | 28 a7
CRO10 | McDonald Street Shared Path 85 9,350 | 28 47
BIGO3  |Grabine Road Recreational Path | 500 137,500 | 26 52
|CRO23 | Spring Street Footpath 35 4620 | 26 52
CRO27 | Clifton Park Recreational Path | 466 104,850 | 26 52
BIGO4  |Mulgowrie Street | Recreational Path | 214 58850 (25 |55
COLO4 | Goulburn Street | Footpath 211 27,852 | 26 55 |
TUEOL | Bathurst Street Shared Path 243 26,730 | 25 55 |
TUEOZ | Bell Street Recreational Path 23,430 |

=2
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Supiporting
Table 19 Costing of supporting infrasatructure projects
Yo Frebed i e 0 mS ST e
CRO12 | Goulburn Street |Kerbramp 1,700
CRO14 Goulburn Street | Kerb ramp 1,700
|CRO15 | Goulburn Street Kerb ramp 1,700
CRO18 | Denison Strest Kerb ramp - 1,700 |
CRO17 | Roberis Street Signage 8,50
CRO18 | Brooklands Street Signage i 8,50
CRO2L | SpringStreet Signage - 8.50
CRO25 | Kialla Road Kerbramp 1,700
GUNO2 | Yass Street Kerb ramp ' 3,000 |
GUNO7 | Warrataw and Copeland Streets | Kerbramp - 3.000
GUNO8 | Nelanglo Street Kerb ramp _ 3,000
TAROE | Orchard Street Disabled car park and kerb ramp N 3,000
TAROT | Orchard Street Disabled car park and kerb ramp 3,000
TARO8 | Orchard Street | Disabled car park and kerb ramp - 11,700
|TAROS | Orchard Street | Disabled car park and kerb ramp | 1,700
|TAR10 | Orchard Street Kerb ramp 3,000
TAR11 | Orchard Street Disabled car park and kerb ramp | 3,000 |
CRO28 | Spring Street | Bus Sheiter 30,000

== $52.900

-
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In addition to the specific infrastructure recommendations cutlined in Tables 20 and 21, a number of strategic
recommendations are cutlined in the Table below.

Table 20, Strategic recommendations

Recom_r,r_neh_da-tion

D

[ for the development of pathways for pedestrians.

| O identify annual priorities to work towards.

| Provision of modest and realistic baseline facilities that provide the opportunity to
expand and grow with community demand.

Focus on maintaining existing participation levels in walking and cyding through

maintaining the current network, and encourage growth in participation through

promotion of the existing network, development of additional routes including
recreational pathways. and installation of supporting infrastructure.

Allocate an annual program in Council’s financial plan for the maintainance of the
| existing footpath network to assistin the upkeep of the existing network.

| Enhance the existing footpath and shared path network through the development of
supporting infrastructure including: |
O path (or roadside) lighting

O signage. .'
Allocate an annual access improvement program to increase pedestrian accessibility
within towns and villages, including:

O address the mis-alignment of kerb ramps and disabled car parking spaces
0 install safe road crossing points and associated signage
O reduce the step-up from roadside to kerb in identified locations.

Re-develop road-side drainage (i.e covered drainage channels) within Coliector to allow

| Develop a network of new paths as identified within each town and w!lage o connect

_ restdents 1o key destinations. These are prioritised within Table 19.

! Develop_an ‘Accessible Services Guide’ for retail and services to encourage

local businesses to take steps towards enhancing their accessibility to the whole
porlnrgunity. including wheelchairs, the elderly and the vision impaired. Guideline to
include:

Nu appropriate gradients for entry to doorway (i.e. no steps, provision of a ramp,
doorway widths, self-opening deors)

[] footpath signage

O internal stairs

O provision of accessible toilets.

Council to consider allocating a small funding program that could provide 50/50
 funding up to a nominated amount (for example $1,000). Access Committee to lobby
local businesses to improve acesssibility of their services.

Re-invigotate the Access Committee including advertise for new members to represent
each town within the Shire. Things 1o consider:

'O clarify the role of the committee

[0 assigning an elected member as committee chair

O develop terms of reference

O seek their input in new development applications

| 0 encourage the committes 1o lobby local businesses |

Condition new subdivisions to provide basic footpath access in line with the PAMP and
Bike Plan.

Uppeet Lackian Shie O g
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Recommendation Details

Coundil employs a large number of staff from the local community and need to look
internally in order to help promote walking and cycling in the Shire. This includes:
O staff incentives and events

O suppoerting infrastructure at Council offices and depots such as bicyde racks,
showers and irons.

Encoutage, support and partner v;ith schoolsﬁfe?ards o walking and cycling:

walk/ride 1o school program in conjunction with Roads and Maritime Services
education on road rules for cyclists {including a teacher in-service at the
recommended leam-to-ride facitity)

promotion of safe routes to each school

awareness 1o parents on the benefits of walking and cyding

helmet design competition

cycling skills/competency program,

| Develop and distribute promotional material to key community destinations including _-
| Council offices and Visitor Information Centres, including:

{J mapped pedestrian and cyclists routes

{0 keydestinations and sites to visit

O disabled access points around the towns

O distances of key paths and rest points, highlighting supporting facilities available
Promote the brochure on Council's website and distribute to local business,

| accommodation and attractions.

Promote walking and cycling through hosting and supporting community-wide events
and regular programs. Encourage tourism opportunities that link watking and cycling
with local attractions, business and industry.

Promote the requirement for cycling club events and racing calendars to be submitted
| o Council for consent, consistent with the NSW Guidelines for Bicycle Road Races
2004,
I

ooao oo

—— - py
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4 {3 a

8.1 Resources
Resources are crucial to the successiul implementation of the Pian. The following resource initiatives can assist

in the successful implementation of the Plan and will provide a foundation for walking and cycling in the Upper
Lachlan Shire.

Internal Working Group Implementation funding
The Internal Working Group is a Council group Human resources alone will not allow the effective
responsible for the day-to-day delivery of the PAMP imptementation of the PAMP and Bike Plan.

and Bike Plan. The group should consist of key officers

responsible for implementing the many elements of the Council needs to commit to the allocation of funds

in its future budgets to ensure the development

Plan, including ; ey
" : and maintenance of appropriate infrastructure as
O Director of Works and Operations recommended in this E}‘;r‘,’p
O Manager of Works . ) N
O Assets and Risks Coordinator Some possible fu_ndlng opportunities {intemal ar!d
O Director of Environment and Planning (DCPissues  external) are outlined on the following page. but it
only). shouid be noted that they are not exhaustive and further

The group will ideatly meet every three months to opportunities may present themselves in the future.

discuss and report the progress of delivery of the Plan
and discuss any relevant issues or opportunities for
walking and cycling.

The Internal Worldng Group will then report to Council’s
Traffic Committee and subsequently Council’s
Operational Plan/Strategic Plan.

&y e I

A

o

FAT el @ pem g padn T gty i r.
3.4 WeY Dartnel xﬁﬁ??”q
A number of stakeholders are key to the successful implementation of the Plan. These include:
Table 21. Key portnerships

Loca) Govaernment The progra is @ primary avenue for delivering Council's commitment to road safety
Road Seielv Frogmm
Foads and Martime | Funding opportunities, partnership, advocacy and program support

Sefies
Bizycie Mow Funding and advocacy for cycling
P—oho_e_i‘aern-:e Promotion End regulation of road rules, reporting of crash data, education
Locat DUsiness Local Dusinegs can promote existing pedestrian and cycle routes to locals and visitors
Logal schaols Partner with local schools in the provision of education and awareness campaigns. Schools shotE_ ]

be encouraging their students to walk and cyele 10 school and practice safe practices In regards to
walking and cycling to school including the wearing of helmetls and awareness of road rules

Cymiists, prdesinans Users of Council's foolpaths and shared paths are key in the successful delivery of the Plan, thrc;Jg;-

ang other patr users obeying signage and being aware and courteous of other path users
Looal meadia To communicate positive messages to the community in regards 10 promote walking and cycling,
safe cycling practices and road safety
The commuand ;s The general cornmunity can play a role in encouraging postive attitudes towards pedesirians and
cyclists, as well as generally obeying road rules
| Croctwell Business Promotion of existing walking and gycling routes, assocliated infrastructure and events
| (_.‘flam Der

x| -

et echu Shine- sl
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ng opportu

Funding for Council's walking and cycling initiatives can come from within Council, external funding bodies or a
combination of both. included below is a brief summary of existing and potential funding sources.

Internal funding

There may be areas within Council’s
exiting budget where funds can be
sourced o hefp implement some of
the actions within this Plan.

Contributions or funds towards the

pedestrian and bicycle network may
come from projects such as;

Footpath construction pregram
Open space programs

Major local road projects
Council road maintenance and
upgrade programs

Section 94 and/or 944
contributions.

O COoao

State and Federal
Government funding
programs

Funding is available for a variety of
community based and ¢ycling/safety
programs/projects across a range
of State and Federal Departments,
including:
O Transport for NSW/Roads and
Maritime Services
— Active Transport (Walking
and Cycling) Program
- Local Government Road
Safety Program
—~ NSW Bile Week event
funding.
O Australian Government
— Regional Development Fund
(RDAF)
[0 Department of Communities -
Sport and Regreation
— Sport and Recreation
Participation Program:
provides funding to not-for-
profit organisations and
local coundils for projects
designed to increase regular
and ongoing participation
in sport, recreation or
structured physical activity
O Department of Education
O Department of Bealth.

Other

Public/private partnerships:

O Where there are opportunities
for private investment in public
infrastructure.

Community fund raising:

1 Where funds are raised for an
identified service or project.

gy
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8.4 Promotion plan

Promotion of walking and cycling can increase participation by raising awareness of their multiple benefits, such
as a cheap and healthy alternative to car travel. Additionally, promction activities can have a positive effect on
behavioural aspects of interactions between pedestrians and cydists and non-cyclists.

Some of the key outcomes of community and stakeholder consultation included:

O The need for education to improve awareness and respect between cyclists and motorists
O The need for documenting and making available to the community, a guide to watking and cydling in the Shire
O The need for Council to promote walking and cycling in the Shire for tourism benefits,

Marketing

Council should promote walking and cycling within the
Shire through the ongoing publication ¢f brochures/
guides that map walking and cycling routes, list key
destinations and end-of-trip facilities within the Shire.
Such initiatives have been successfully implemenied
in other locations, where maps of popular walking and
cycling routes have been created linking population
centres with tourist destinations. Maps provide details
of tourist spots. water and focd stops, lookouts,
emergancy spares and caution points. Walk/ride length,
estimated travel time and a difficulty rating have also
been assigned {0 each route to encourage grealer
awareness and information for walking and cycling?

Council should continue to participate in and promote
NSW Bike Week, through facilitating local events and
workshops on topics such as bike maintenance and safe
riding habits, in conjunction with local bike retailers.

Education campaign

As walking and cycling participation continues to
increase, a focus on education campaigns will be
needed, such as 1o support the growth in safe cycling
and safe driving around cyclists.

Knowledge and awareness of cycling among cyclists and

non-cyclists is key to:

O Elevating the status of cycling as a major transport
mode

I3 Encouraging safe and courteous behaviour on
shared paths

O Improving confidence among new cyclists

O Encouraging safer driver and ¢yclist behaviours on
roads.

The following bicycle education programs are
recommended to increase the knowledge and
awareness that will address the above outcomes:
O Cydcle skills training

0 Local Discovery Rides

O Driver awareness education.

! How to Prepare a Bike Plan, NSW 2010,

D

Cyde skills training

Improving cycling skills can improve cyclist safety by
boasting confidence of riders and their ability to safely
ride in a range of environments.

Improving the skills of new cyclists can provide the
confidence needed to participate in cycling on a regular
basis. The provision of regular, free cycle training is
recommended. The training would benefit cyclists ofa
range of skill levels covering topics such as:

[0 Road rules

O Commuter cycling

[0 Children's basic training

O Adult beginner/refresher training
O Basic bicycle training

3 Shared path etiquette and safety.

Local Discovery Rides

Bicycle NSW conducts regular discovery rides to enable
local residents to discover local riding facilities and
routes within their community. The rides provide a
number of benefits and are valuable as:

O Local bicycle leaders guide the tours resulting in
great local knowledge

O The rides show participants the best routes to key
attractions including local shops, scheotls, business
centres and community atiractions

O The rides help participants to feel safer riding in
their community and encourage greater cycling
participation.

Local Discovery Rides will be particularly beneficial for

community members who are not sure where they can

cycle in the Upper Lachtan Shire.

Driver awareness education

The vulnerability of cyclists (both on and off the road)
can be forgotten by drivers who benefit from the
protection and comfort offered by their motor vehicle.

Driver awareness of cyclists and cycling issues can be
elevated though:

O Council's road safety campaign

O Council support of relevant campaigns such as the
Amy Gillett Foundation "a metre matters™ campaign

O Iimptementation of waming and other signage as
well as line marking on on-road cyding routes.
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Appendix one

Definitions
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To be provided
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Appendix two

Document review

Ordinary Meeting of Council held on 20 April 2017 Page 369




| ltem: 10.3

Attachment 1.: Pedestrian Access Mobility Plan (PAMP) & Bike Plan (Draft) |

Document review

A thorough literature review has been undertaken to set the scene for walling and cycling in the Upper Lachlan
Shire. The review aims 10 assess current standards and practice for walking and cycling, the legislative framework
within which they sit and new innovations for active transport. A brief summary of each relevant document is
provided in the Literature Review Table below.

Rel

22 literature Review Table

Dosuticnt

Nabonal soitient

Summary

54

Plan 2014-20186

Planning Guidelines

(2004)

[ Transport for NSW
Disability Action Plan
2012-2017

| safety equipment, safe and compliant behaviours and safer bicycles

for Walking and Cycling | professionals to incorporate walking and cycling into their relevant planning

| These could be included in Councii's DCP to encourage cycling

N1 | Walking, Riding and Proposes a hierarchy for urban roads, which prioritises pedestrians and cyclists
Access to Public over private vehicles. The majority of urban roads are suitable to accommedate
Transport - Supporting | pedestrians on footpaths and cyclists on wide bicycle lanes on road or on shared
Active Travel in paths
Australian Communities

_jeety .

N2 |Creating Places for The Urban Desigh Protocol is a joint development of numerous community and
People - An Urban industry organisations, States, Territories, local govemments and the Australian
Design Protocol for Government. To create a liveable place, the protocol provides the “watkable”
Australian Cities principle, which involves “places that are enjoyable and easy to walk and bicycle

| around

N3 | National Cycling The Nationaf Cycling Strategy sets out a number of actions to achieve its vision of
Strategy 2011-2016 doubling cycling participation in Australia over the five years of the Strategy

N4 | Cycling Aspects of The Cycling Aspects of Austroads Guides is a one-stop document, which covers all
Austroads Guides the relevant cycling design guidelines for Australian roads. The document includes

design criteria for on and off-road facilities, intersections, rail crossings and end-
_ | of-trip facilities -

Staie/regional contex 5

51 |NSW Long Term The NSW Long Term Transport Master Plan is an extensive transport planning
Transport Master Plan, |document, which sets the direction for planning of all forms of transport including
2012 walking and cycling. The Pian describes a coordinated approach to transport

planning in NSW, which is integrated with land use planning to develop likely
| _ atiractors and activity generators -

S2 | NSW Bike Plan (2010) | The NSW Bike Plan is a visionary document that aims 1o make NSW “one of the

world's best places to ride a bike.” The Plan contains a number of actions and
| initiatives to support cyding in NSW ]

53 | Cycling Safety Action The Cycling Safety Action Plan acknowledges that safety is a major barrier 1o

cycling in NSW. It attempts to address this issue by developing a number of
actions to improve cycling safety through improved infrastructure, improved use of

The Guidelines were developed in 2004 to assist land-use planners and other

processes, Of particular relevance to the Upper Lachian Shire PAMP and Bike
Plan are the suggested bicycle parking provision rates for different land-use types.

The Disability Action Pian highlights the importance of a well designed pedestrian |
environment, which offers safe and comfortable travel for people with limited
mobility or other disability. There is a heavy focus on providing good access to
public transport as part of the disability action ptan

S6

Development & Active
Living - Designing
Projects for Active Living
(2010)

The Development and Active Living document is targeted at Strategic Planners
preparing Development Control Plans (DCPs), land use and transport strategies |
and other policy documents. The guide contains a number of considerations to be
included in the Development Application (DA) process to address five principies of

active living. This resource is a valuable asset, which should be considered for use

| by the Upper Lachlan Shire Council to integrate into the DCP
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I%f
S7

NSW Guidelines for
Bicycle Road Races
2004

Upper Lachian Shire

Local Environmental
Plan 2010

Section 24A
Development
Contributions Plan
2012

Upper Lachlan
Pevelopment
Contributions Plan
2007, 2010

The guidelines outline the process for obtaining approval to conduct bicycle racing
on roads and highways within New South Wales. These guidelines address bicycle
racing and the bicycle component of multi sport races only, and do not address

| non-competitive bicycle rides such as charity and prometional rides

Counail’s Local Environmental Plan outlines the essential services required to |
be provided within a development. The provision of footpaths and associated

_ infrastructure will be considered in future LEP reviews.

Council's scope of service delivery includes roads and public works, planning,
building control and preservation, parks and environmental conservation,
community services, recreation and culture, and employment access.

Council's future capital works program for delivery of facilities and services, and
the administration of development contributions, is in accordance with Council's
statement of intent.

The Plan is largely silent on the provision of pedestrian and cycling network
infrastructure within the road and public works network.

L4

Upper Lachlan Strategy

Vision 2020, 2009

The Upper Lachlan Shire Strategy Vision 2020 was developed to guide the
ongoing sustainable management of land decisions to 2020. The Strategy
identifies the previous PAMP and Bike Plan and highlights the need to integrate
cyclist and pedestrian finkages and facilities into future road network plans.

Social and Community

Plan 2013-2018

L7 | Footpath Usage Policy

Upper Lachlan Shire
Council Pedestrian
Access Mobility Plan
(PAMP) and Bike Pian
2005

Uppexachlan Ageing
Strategy 2013

| The Sociai and Community Plan is based on the guiding principles of social justice
and sustainability, with the community heavily invelved in its development. The
Flan identifies the interests of a number of target groups. Public transport is
raised for a number of target groups, however is largely silent on active transport
such as walking and cycling

t The Plan focuses on pedestrian and cycling infrastructure by providing guidelines |
for desigh and recommends a number of improvements to the existing network.
The current Pian will build upon the strategies and recommendations made in the
previous PAMP and Bike Plan

Relevant to the PAMP and Bike Plan, the strategy identifies outdoor spaces,
buildings and infrastructure as a priority area; with well maintained pavements,
free of obstructions and reserved for pedestrians; non-slip pavements, that are
wide enough for wheelchairs and provide dropped curbs to road level; pedestrian
crossings are sufficient in number and safe for people with different levels and
types of disability; cycle paths are seperate from pavements and other pedestrian
walkways; buildings are well-signed outside and inside, with sufficient seating and
toilets, accessible elevators, ramps, railings and stairs, and non-slip floors,

2007

The Policy stipulates Coungil's requirements for the use of footpaths for outdoor
dining, commercial and other activities by businesses and organisations. Relevant
objectives of the Policy to the PAMP and Bike Plan are: To allow pedestrians ease

| of access along footpaths; To provide for the safe movement of pedestrians; and
To facilitate businesses o improve disabled access.
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pedix three

Facility trends
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gesign

This section addresses the classification of different cycling péth types and the design standards required for each
path type. In the event of any inconsistencies between the standards identified in this document and Council’s
engineering guidelines, the standards identified in Council’s engineering guidelines prevail.

Twpe of bicycle facity required

The type of bicycle facility required will depend on a number of factors, including the hierarchy of the route and the
type of cyclist likely t Use such a route. However, the mostimportant factor to consider for urban cycling routes is
the characteristics of adjacent motor vehicle traffic. Austroads and RMS suggest that guidelines for deciding on the
type of facility required should be based on the speed of traffic and the number of vehicles present on adjacent

roads. The guide is shown visually below and is based on best-practice studies from the Netheriands and other
sources,

The guide suggests that generally 40kmy/hr streets will be suitable for mixed traffic (except where there is a very
high amount of traffic). 50-80km/hr streets are often suitable for bicycle lanes/shoulders (depending on the traffic
level). Streets that are 80km/hr or higher will usually require separated paths®. These principles are intended as a
guide only and it may not be possible to include the recommended facility in every situation.

Volwne of mator vehidles (vehicles! day)
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Rgure 14.Wype of bicyde fadbty required

{ Austroads. (2014). Cyding Aspects ofAustroads Guides; Roods and Maritime Services. (2005). NSW Bicycle Guidelines.
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On-road facifities
Bicycle lane (exclusive bicycle lane or bicycle shoulder lane)

On-road facilities provide visually separated operating space for the use of cyclists on roads. They are used Yo define
bicycle routes where the prevailing road speed and traffic volume requires a degree of separation. Both exclusive
hicycle lanes and bicycle shoulder lanes share the same recommended path widths and these are provided in the
table below. Bicycle lanes should be provided on both sides of the road where possible.

Exclusive bicycle lanes are generally preferred to shoulder lanes in urban areas, with & higher volume of traffic,
while shoulder lanes are preferred in rural areas where there are lower volumes of traffic. Aside from the speed of
motor traffic. designers should also consider the number of cyclists, the volume of large vehicles, the ability to make
space available and physical and budgetary consiraints when deciding an appropriate lane width.

Table 23. Recommended bicycle fane dimensions’

Enag posted speed vt | Lane vadth (i)

S0 ddy R e 100
Destrable __ ) | 15 20 | 25
sccopablerange | 1.2-25 | 18-27 | 20-30

- fepgpagy ——— = .. .. boctpath

e Chazranee dwhen parkiog i adaconti m‘fthw%;mﬂﬂ&%?orm
r— Breytie fares adjatent o keeldane farikng Shoadder on diis irde of uttkierbed ruraly
[ ;{ Ricyele lanes sdgzeont 1o e ket ing parfong « v l road s ot u;.d ?'l:““ vitules
v Road dans Y ¥ _— Y

i
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Rgure 15, Exclusive Bcyce lane (RMS - NSW bicyde guidefires)

! Austroads. (2014). Cycling Aspeds of Austroads Guides.
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Mixed traffic street (wide kerbside lanes or tight profile)

M_ixed traffic streets are often Gommon‘in urban areas Treatment not reconmended for speeds over 50 knii

with low traffic speeds and volumes. Mixed traffic streets Recommended for use in con;f\wcn with spetd contrel mepsures
- = = < Footpaths

can be wide kerbside lanes which provide room for  Thet uide of the soreec

motorists to safely pass cyclists. It iz preferable to only thewn warh parking

include wide kerbside lanes in traffic speeds of up to e vl he eesc

60km/hr. Roads, which contain higher traffic speeds 1 Towlibnes § |

should generally include bicycle ianes for on-road cydling. ' d + J
Where this is not possible, roads up to 80km/hr may be
uﬁdsfor 1wit;it-z kerbside lanes, with a preferred fane width
of 4.5m,

Mixed traffic streets can also be provided in a narrow

cross section road (tight profile). These are generaliy -
provided for in low speed, low traffic environmenis. In

the narrow cross section roads the speed limit should be
50km/h or less with no room for motorists to overtake
cyclists. Lanes with a critical width of 3.3-3.7m

should not be used in mixed traffic situations as they
encourage dangerous overtaking by motorists. RMS
recommends PS-2 pavement symbols for mixed traffic
streets to be placed every 50m-75m and before and after
intersections ?

Toble 24. Recommended mixed traffic street dimensions®
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l Austroads. (201 4). Cycling Aspeds ofAustroads Guides.
2 Roads and Maritime Services. (2005). NSW Bicycle

Guidelines
3 Austroads. (2014). Cycling Aspects of Austroads Gutides;
Roads and Maritime Services, (2005). NSW
Bicydle Guidefines
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LY I | (oL
Off-road faciiities
Off-road cycling facilities provide routes that are separated from motor vehicle traffic. These can fake the form of:

1 Exglusive bicycle paths

[0 Shared paths

O Separated paths.

The diagram below from Austroads suggests where off-road cycling facilities are appropriate and delivers a method
for selecting the appropriate path type. The majority of routes in Upper Lachlan are expected to be suitable for
shared path use. The level of demand for each route should be assessed separately. However, generally speaking
the demand for each path from pedestrians and cyclists is expected to be moderate enough to allow shared path
implementation with minimal conflict between users.

Strategic bicycle route path
legie bicye pe Is the bicycle Yes | |s the pedestrian Yes

or "| demand low ' 27 | demand low ®-2?
Path to suit local conditions e.g.: No
« for connections 1o strategic routes
« for connectivity in generat
- as an option for cyclists at
‘squeeze points' 1
+ to achieve a shorter route for Is there an
N Yes
cyclists alternative path or e s Exclusive
* to avoid one or severat road roude available? bicycle path
intersections No
+ for recreation (e.g. a connection in
a reservation
+ to achieve safe access to schools
» as an alternative route for child,
recreationat or inexperienced ¥ L J
eyelists, where no satisfactory on. Is the pedestrian Yes | are bicycle speedslow | YeS4
road solution exists demand low .27 {e.g. <20 kmh)?
« to achieve convenient access to N
community facllities such as o No

sporting centres and shopping
centres

+ where no viable on-road solution
exists w4 Separaled path

« 1o assist cyclists to avoid steep or
lengthy grades

No

Shared use path

1 The level of demand can be assessed generally on the basis of the peak periods of & typical day as follows:
a. Low demand: Infrequent use of path (say less than 10 users per hour]
b. High demand: Regular use in both directions of iravel {say more than 50 users per hour).

2 These path volumes are suggested in order to limit the incidence of conflict between users, and are significantly lower than the capacity of the
principal path types.

Source: Austroads (20087 Figure 2.1.

Rgure 1. Selection puide for off road bicyde route types (Rustroods - Cycing Aspects of Austroads Guides)
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Shared path

A path designed for many users including cyclists, people with prams and wheelchairs as well as pedestrians. The
term shared path is used to describe & path that allows both cyclists and pedestrians. Austroads suggests that
shared paths are appropriate where:

[0 Demand exists for both a pedestrian path and a bicycle path but where the intensity of use is not expected to
be sufficiently great to provide separate facilities

O An ;axistiing low-use path can be satisfactorily modified {(e.g. by appropriate width and sighage) to provide for
cyslists.

Shared paths can be provided for in a road reserve with physical separation from motor vehicle traffic by a median

strip, verge or kerb. They can also be provided outside the road reserve in locations such as parks, drainage

easements or reserves. Where the shared path is on a regjonal route, consideration should be given to pricritising

the route over low volume side streets 2 The recommended shared path dimensions are provided in the table below.

Although the minimum recommended width is 2.5m it is noted that a lesser width {(2.0m - 2.5m) may be adopted in

certain circumstances, where volumes and speeds remain low.

Table 25. Recarrmended sharei?uth dirmensions®

| Fath type - 3 PR vl ()
ORI 300RSS pAR || Comaner ety Pocrealonel path |
Desirabie 25 30 i 35
Acceptable rarige 25%-.30 25%-40 1 30*-40
A Iessler width should only be adopted where cyclist volumes and operational speeds will
remain low.

Shared path (padietinans + eyetts

Foagpal:
[—-— Dineeg verp twhiae: parking is sdpseny
Partung langs - — ! Seared

vk oy v
— I

Fehesle nes

A L e - - Re | R4 | P52
-k r b1
T K LI
; SR P3PS
vl ok |
g bt
i - il Y
L I
- 5
‘:-‘.1;*.‘;‘ _ #- W* [
b= & - S'??
] %
Rt | | i
i: F . | ra msa |
voH3 i A i
A B a0 J¥s
Lﬁﬂ}' i ":Hj"r o Hlorso | s [mo2 3
i s B o - e Line ypes -~—n BT SUSs EF
Fgure 19, Shared path in a road reserve (RMS - NSW Boyde gu dofines) Fgure 20 Shared path In o non-rood reserve (RMS - NSW bicycke guicbhines)

! Austroads. (2014). Cycling Aspeds of Austroads Guides.
2 Roads and Maritime Services. (2005} NSW Bicycle Guidelines.
3 Austroads. (201 4). Cycling Aspedts of Austroads Guides.
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Lighting should be provided on paths where there are large number of users in periods of darkness. The

type of lighting used will depend on & number of factors including the number of users expected on the
path, the proximity of residential or other sensitive uses and the presence of wildlife nearby. For all new
lighting installations in the Upper Lachlan Shire, reference should be made to AS 1158.3. 1-2005 for design

standards',

Glow in the dark baths

A new technology is allowing the provision of glow in the dark paths as an alternative to street lights. These
paths negate the need for electricity, and are thought to reduce the impact on native fauna. The footpath
contains minerals which absorb ultraviolet light during the day so a soft glow is emitted at night. The paths

have recently been developed in Gosford and Canberra.

f ASINZS 11583.1:2003 Lighting for Roads and Public Spaces - Pedestrian Area (Category P) Rghting - Performance and Design Requirerents
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End-of-trip facilities

Bicycle parking should be provided for cyclists in key destinations. Approximately 25% of respondents {0 the

community survey cited that a lack of end-cf-trip facilities discouraged them from eycling. Bicycle parking facilities
should be provided within 100m of comimon commuting or recreational destinations. These include schools,
shopping centres, parks and work places. The exact location of parking facilities at each destination is vital and

convenience is the most important factor to consider when choosin

facilities is provided below along with examples of best practice.
Toble 19. Gassificotion of Bcyde porking fackises’

g a location. The classification of bicycle parking

:_“}:l"felh

&
L)

o

Fecunty | Descnoion

- Individual locker
with a high security
locking mechanism

| Salely faatares

Highly visible, publicly
accessible, well it and
close to the modal
change point

'A Secure room

or structure,
protected from the
i weather, containing
: bicyele parking

| devices that allow
ruserstolock the
bicycle frame and
both wheels

Bicycle ralls or
racks to which both
the bicycle frame
and wheels can be
locked

i
i

Typical spalCalions

| 'Busy t_ra_nspon hubs

Direct surveillance
may be necessary to
reduce the level of
theft among users
(e.g CCTV). Should

be located as close to
the entrance/exit as
possible and in well lit
areas where passive
surveillance is likely

| Located in well Iit

areas where passive
surveillance is likely
Facilities should be
located as close as
practicable to the
user's destination

Best pretticos exampie

Destination parking
{nearby towhere a
oyclist works, lives
or studies), all day
parking {workplace,
school, universitys,
transport hubs,
multi-dwelling
developments

Short term parking
only e.g retail,
libraries, gyms,
parks

it is expected that security level C will be the most commonly required bicycle parking facility in the Upper Lachian

Shire. The desigh of this type of facility typically matches that seen in the best practice example above. However,
artistic desighs are encouraged and involving the community in these designs is also beneficial as a great way 1o
encourage community involvement in creating a sense of place in the Shire. This practice of community design
of bicycle parking has been successfully implemented in other towns and could also be successful in the Upper
Lachian Shire. where more bicycle parking is required.

!

AS 2890.3:2015 Porking facilities - Bicycle parking

Ordinary Meeting of Council held on 20 April 2017

Page 379



Attachment 1. Pedestrian Access Mobility Plan (PAMP) & Bike Plan (Draft) |

| ltem: 10.3
LYCiIng ana snareg p 1 CTOSSIHNES
& [l i o &3 =
All of the existing cycling/shared path crossings in the Upper Lachlan Shire are unsignalised crossings. Unsighalised

crossings on low volume streets (less than 3000 vpd) requires no refuge and a straight crossing of the road using
kerb ramps and a suitable terminal treatment is sufficient, In some cases it may be suitable to provide cydlist (and
pedestrian in the case of shared paths) priority. Where a sighificant path that has an important network role crosses
low-volume local streets, vehidle priority can provide an inferior riding experience. In this case an opportunity

exists to provide cyclist/pedestrian priority, while simultaneously providing a traffic control device. An example of
the preferred treatment can be seen below and involves a raised path crossing in conjunction with give way sign

controls to regulate road traffic.

| ROAD
(¥ HEAD
S|+ !
! Allernative position where symbol
: ONLY _on path is obscured due to vertical
b b p, . /" alignment of road
0 = i I
g T B
. —/
| - H_g ¥ w
I < i . nﬂ" | ]
gt e n
Flat top road hump ./ b il q i
ROAD & VionLy
AHEAD | |

Fgare 21. Cycling uad shared poth crossings
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Pedestrian crossings

Part 4 of the Austroads Guide to Road Design provides guidance on the desigh of intersections and crossings, The
type of crossing used depends on the specific conditions present within a street. There are no signalised crossing
options in the Upper Lachian Shire, therefore the best practice research here focuses on non-sighalised crossing
options.

The Austroads guidelines state that pedestrian zebra crossings are usually only suitable in low-speed environments
(less than or equal to 50km/hr) on local residential streets, coliector roads where speeds are constrained, in
shopping centre car parks and multi-level car parks. The zebra type crossing should also be considered at arterial
road roundabouts with high pedestrian usage.

Safety issues with pedestrian zebra crossings can arise as pedestrians assume right of way on the crossing and
take less caution than at cther crossing points. However, it is clear that pedestrian zebra crossings still provide an
important role, particularly for less mobile pedestrians who take longer 1o cross the road.

Ancther important consideration for pedestrian crossings is visibility. Sight distance can be improved through
footpath extensions and lighting for night time. Where visibility is poor, consideration should be given to providing
fiashing yellow lights at & zebra crossing.

Alternatives to pedestrian zebra crossings include traffic islands and pedestrian refuges. There are a range of
desighs of these types of crossings.
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Signage

On-roed sigas
The following tables identify the signage types to be utilised within the bicycle network and provides a
hierarchy of onoad signs based on the application within the network.

Tabe 24 On44 Sgorp N
Regulatory signs _ N 5
Bicycle Lane RrR7-1-4 — | To be used at the baginning of an exclusive bicycle lane and
at extra locations with spacing of the signs not more than
N | [
LANE |
AHEAD 'R7-2 Y Optional advance notice of a bicycle lane 1o be used where
| AHEAD || | required.
'END R7-4 ———ey | To be used atthe end of a bicycle lane. -
END )
BICYCLES | Ro-3 = . | To be used in conjunction with other regulatory si@s?here 1
EXCEPTED | BICYCLES | | the use of bicycles is permitted contrary to the regulatory
’ EXCEPTED irequirement, 2.8 NO ENTRY, No Right (or Left) Tumn.
Waming/guidance signs ___w “opmgees | Bl 5o slS— |
Bicycle Waming | WB-7 Used 1o warn motorists of the presence of bicycles on
; the road where cyclists may be at risk. These can also be
% supplemented with NEXT x km (W8-17-1) plates or NEXT xm
(W8-17-2} plates.
WATCH FE)R G9-57 To be used at road narrowings or other squeeze points
Bicycles WAICH FOR whfeﬁre bicycles may potentially come into conflict with motor
: traffic.
'll | |
ALL BICYCLES G2-60 To be used atany point where it is required to direct cyclists
\ from the road to a particular route or path.
ALL
BICYCLES
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Tobée 21, Offroad signs

| Applica tiar

o
1

To be used on a bicycle path or shared
path where they meet a road crossing.
A give-way line may aiso be used

to reinforce the need to give way 1o
road traffic. A smaller sigh is used on
paths than those used on rcads (see
AS1742.9-2000).

Us;ad on a path designated to cyclists
only.

. To be used to desighate a path for
pedestrians and cyclists.

Signnae  Sighnumber Sigh
Regulatory signs
GIVE WAY R1.2
|
|
iBicycIepatl't ONLY | RS8-1 ‘ ‘“‘\i
||
1 i
'Shared path R8-2 . :
R |
3|
Separated path R8-3 1, ’I
|o®| & |
{omu oy |
Wemng/guidancesigns
Pedestrian warning | W6-1
Bicycle warning we-7
Bicycle/pedestrian | WE-9
waming
ROAD AHEAD we-8
ROAD
AHEAD

To be used to designate a route where
cyclists and pedestrians travel on
separate paths.

| To be used where any path is about

o cross a path used by the relevant
user group, e.g a pedestrian waming
sigh would be used on a shared path
where it is about to cross a pedestrian
footpath.

Used to inform cyclists travelling along
an off-road path that the path is about
to cross or end at a road and the
presence of the road is not obvious,

Ordinary Meeting of Council held on 20 April 2017

Page 383



[ ltem: 10.3 Attachment 1.: Pedestrian Access Mobility Plan (PAMP) & Bike Plan (Draft) |

pyt,g ri€"

Shored path be |
Shared paths carry 1he benefrts of belng able to sefve two
user groups: pedestrians and cyclists. However, conficts
between these two groups can occur, particulary on high

use paths. Behavioural signage is an effective way of
managing these conflicts and educating users of paths to
be aware of other users.

The Department of Transport and Main Roads in
Queenstand has developed a suggested hierarchy for
the imptementation of signage on shared paths, which is
provided below.

-~
N,
KEEP LEFT

(a) Heep Leftsign
(G9-259-1)

-...’
%H&&
\"“

WARN WHEN
APPROACRING

(b) Wam Wnen Approaching
sign (G9-259-2)

Table 22. Shared path behaviourd signoge hierarchy’
| Leve! Level of usage Recommended
millal | | hstaliation
level 1 Basic requirement | Path centre line and
of all shared pavement symbols. /
i paths. Low use See MUTCD* Part 9
i and few reported | for path line marking MOYE OFF PATH CONTROL
| confiicts recommendations _ WHEN STBPPED YOUR DOG
tevel 2 | Moderate path | As for Level 1 plus group (c) Move Off Path When  {d) Control Your Dog sign (G-
i use and number | sighs (Figure (e) or (g), Stopped sign (G9-259-3) 259.4)
of reported right) at key locations
i conflicts and sigh columns
! (Figure (f), right) at min = - s
et 500m spacings | | SHARE THE PATH
Levet 3 ; High path use As for Level 2 plus ‘ -
: and pumber of additional single or : _
| l reported conflicts | grouped behavioural 1akl ‘;At . ,* L
. | sighs according to f A B L |
i the type and level of e i Lusis 11t e 35
i reporied and cbserved
: conflicts L

*Manual of Uniform Traffic Control Devices

It is intended that this hierarchy be implemented from the

(&) Preferred group sign for path entry or major path access

bottom-up. That is, Level 1 signage should be adopted on paints.

the shared path to begin with. Some time after these have

been implemented, observations or feedback from users

should be sought to ascertain the number of conflicts

present. If necessary, Leve! 2 sighage should then be used _ 3, =

and Level 3 measures if required thereafter. o \) ‘ 5llf\RL

— L THE  PATH
£ || tosoee .

mm{t :E.:,.E:E" |- :f M ;:;-“1;
11 L Loy L wili',: Hid ',k ﬂl"ﬂ“llli!
S, ;J t,,

!

Department of Transport and Main Roads (QLD). A guide 10

signing cyde networks, 2009.

s

sl Lhn il
!Jl!l SH" l i 12-.’.!53

I

{f) Level 2sign column  (g) Alternate layout of group sign for

where space is limited

Figure 2 ]. Shared path behaviourd signage
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Pedestrian and bicycle network sighage is an important function that improves connectivity and coherence for
walkers and cyclists. Directional signage for walking and cycling should be totally separate from the road system
signage 1o avoid conflict or confusion. Australian Standard AS1742.9 Manual of Uniform Traffic Control Devices
should be used for guidance on directional signage. The Standards provide requirements and recommendations on
the colour and refiectorization of signs, legend size, directional indication, layout design and the location of sighs.

The NSW Bicycle Guidelines (RMS 2005) also set out desired directional sighage for cycling. The system for
directional signage should be closed, meaning if a location is displayed on a sigh it should be displayed on every
sign thereafter until the destination has been reached. Destinations to include on directional signage include:
[ Cities

1 Towns

[0 Regional centres

O Kentifiable precincts

0O Important recreational destinations (e g major parks, waterways).

Reference should be made to the NSW Bicycle Guidelines for more detailed information on the implementation
of directional signage. This information includes an appropriate measuring system, the selection of appropriate
destinations and visibility of sighage.

An extract of the RMS guidelines is provided on the following page displaying recommended examples of signs to be
used. One important tool that is not displayed in these examples is the use of a brown coloured sign for directions
to tourist facilities or points of tourist interest (a recommendation of the Australian Standard AS1742.9 Manual of
Uniform Traffic Control Devices).

In addition to a network of uniform directicnal signage, opportunity exists for the installation of localised sighage
showcasing local artworks and creative forms. The use of alternate signage ¢an enhance the forma! signage

network through way-finding and providing an interesting visual place marker, useful for both locals and visitors to
an area.
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Rgure 22. Bicycle network route directional signage (RMS. NSW Bicyde Guidelines, 2005)
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-
L]

[OSS

planning

™

recreation
open space
and sport
specialists

ROSS Planning Pty Ltd

ABN 32 508 029 859

Upper floor, 63 Bay Terrace
Wynnum QLD 4178

PO Box 5660
Manly QLD 4179

Telephone: (07) 3201 0730
Fax: (07) 3893 0593
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