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FOREWORD

TheNSW Government’s Flood Policy recognisesthat flood-liablelandisaval uabl e resource and should
not be sterilised by unnecessarily precluding its development. The Policy also recognises the benefits
flowing from the use, occupation and devel opment of floodproneland. Accordingly, the Policy requires
that all development proposals be treated on their merits.

The merit approach requires that flooding issues be considered along with other planning and
environmental factors. Specifically, the merit approach seeksto bal ance social, economic, environmental
and flood risk parameters to ascertain whether a particular development or use of the floodplain is
appropriate and sustainable.

Theprimeresponsibility for local planning and land management restswith local government. The study
areafalls under the administrative responsibility of Upper Hunter Shire Council.

Thefirst Floodplain Management Manual (Ref 1) was released in 1986 and introduced the merit based
approach. Thefirst Floodplain Development Manual created afloodplain management processsimilar to
that shown on Figure C1 in Appendix C, with anumber of subtle differences. Revised versions of the
Floodplain Development Manual in 2001 and 2003 led to the current Floodplain Devel opment Manual
(Ref. 2). Broad changes to the Manual between 1986 and 2005 covered:

- explicit consideration of the full range of floods up to and including the Probable
Maximum Flood (PMF);

- recognition of existing future and continuing flood risks on astrategic basisrather than an
ad-hoc individual basis;

- enabling local Councils to obtain State support to manage local overland flooding in a
manner similar to riverine flooding;

- promotion of the preparation and adoption of local flood plansto addressflood readiness,
response and recovery;

M ore subtle changesin the progression from the 1986 Manual to the 2005 Manual were:

- the introduction of risk management concepts,

- the deletion of “Interim Flood Policies”;

- deletion of an encompassing Flood Standard;

- adoption of Flood Planning Levels (FPLS);

- changes to reflect structural changes in the NSW Government departments with
responsibility for administration of government policy.

TheNew South WalesFloodplain Devel opment Manual (Ref. 2) hasbeen preparedto assist councilsinthe
development of management plans for flood-liable lands. The principal objective of the floodplain

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
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management process is to reduce the impact of flooding and flood liability on individual owners and
occupiers and to reduce private and public losses resulting from floods.

The Floodplain Risk Management process comprises the following activities:

- establishment of a Floodplain Management Committee;

- data collection;

- completion of a Flood Study;

- preparation of a Floodplain Risk Management Study;

- adoption of a Floodplain Risk Management Plan; and

- implementation of the Floodplain Risk Management Plan.

TheFl oodplain Risk Management processispresented schematically on Figure Clin Appendix C, which
has been derived from the Manual.

Upper Hunter Shire Council hasprogressed on the Floodplain M anagement Processabovefor Aberdeen,
with the object of updating their management practices. The first three steps of the Floodplain
Management process (establishment of Committee, data collection, and Flood Study) have been
completed.

Thisreport has been prepared to address thefourth and fifth stepsin the process, namely, the Floodplain
Risk Management Study and preparation of a Floodplain Risk Management Plan.

This report has been prepared by Paterson Consultants Pty Ltd under the direction of the Aberdeen
Floodplain Risk Management Committee, following aformal brief from Upper Hunter Shire Council.

Funding of this report has been provided jointly by Upper Hunter Shire Council and NSW State
Government.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)
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GLOSSARY — Terms and Abbreviations
Note: A more extensive glossary isavailablein the 2005 Floodplain Development Manual. Anextract from
the Glossary of the Floodplain Development Manual, giving afuller description of floodways, flood storages
and flood fringe, appearsin Appendix B.

Floodplain Management

Manual or Floodplain Management Manual: The New South Wales Government publication “Foodplain
Management Manual”, 2005.

Australian Height Datum (AHD): acommon notiona planeof level corresponding approximately to mean sea
level.

Reduced Level (RL): ameasured height above Australian Height Datum.

Full Supply Level (FSL): The level of a water supply storage which corresponds to the full storage
capacity.

Flood Probability

Annual Exceedence Probability (AEP): the probability of an event (say a flood) occurring or being
exceeded in any one year.

Average RecurrenceInterval (ARI): thelong-term average number of years between the occurrence of aflood
as big as or larger than the selected event.

Probable Maximum Precipitation (PMP): therainfall calculated to bethe maximum whichislikely to occur.
Probable Maximum Flood (PMF): the flood resulting from the PMP storm.

Flood Damages

Direct Damage: damage caused by contact with floodwater eg. Structural damage to building, water
damage to furniture or house contents or damage caused by silt and debris.

Indirect Damage: damage caused by flooding though not directly eg. Loss of trade, cost of alternative
accommodation or 10ss of wages.

Tangible Damage: damage that can be quantified in monetary terms, includes direct and indirect damages.

Intangible Damage: damage that occurs but is difficult to quantify eg. Increased stress in the community or
disruption to community life.

Potential Damages: an estimate of the flood damage that represents the maximum damage lossif no action
is taken to reduce the damage.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)
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Actual Damage: an estimate of the flood damage that makes allowance for any action taken to reduce the
damage.

Mean Annual Damage: an estimate of the annual average damage from the full range of floods. It is
obtained by summation of the product of damage and probability over the full range of flooding.

Economic Factors

Capital Cost: total construction cost of project, including land acquisition, survey, investigation and
design.

Amortization: annual interest and redemption payments over the economic life of the project.

Economic Life: period during which aworks item remains in a satisfactory working condition beforebeing
replaced.

Recurrent Cost: annual cost for maintenance and operation eg. Power, fuel, repairs.

Annual Cost: sum of amortization, operation and maintenance cost for a year.

Net Present Value: the annualised value of a project at a point in time comprising of the sum of project
benefits less the sum of project costs.

+

Recurrent Cost /Capital Cost Ratio: reflecting the relativities of capital and recurrent costs of a project.

Benefit-Cost Ratio: ratio of the monetary benefits of a project to the cost of aproject. Thisratio isusually
determined on an annual cost basis.

Relative Cost Effectiveness: the ratio of the benefit-cost ratio for a project to the benefit-cost ratio for the
reference project so that a variety of projects which provide different benefits to be compared.

Emergency Management

emer gency management: arange of measuresto manage risksto communitiesandtheenvironment. Intheflood
context it may include measures to prevent, prepare far, respond to and recover from flooding.

Disaster plan (DISPLAN): a step by step sequence of previously agreed roles, responsibilities, functions,
actions and management arrangements for the conduct of a single or series of connected emergency
operations, with the object of ensuring the coordinated response by al agencies having responsibilities and
functionsin emergencies.

Flood plan (local): A sub-plan of adisaster plan that deals specifically with flooding. They can exist at state,
divison and local levels. Local flood plans are prepared under the leadership of the SES.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)
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Flood awareness: Awareness is an appreciation of the likely effects of flooding and knowledge of the
relevant flood warning, response and evacuation procedures.

Flood readiness: Readinessis an ability to react within the effective warning time.

Minor, moderate and major flooding: both the SES and the BoM use the following definitions in flood
warningsto give ageneral indication of the types of problems expected with aflood:

minor flooding: causesinconveniencesuch asclosingof minor roadsand the submergenceof low level bridges.
Thelower limit of this class of flooding on the reference gaugeistheinitial flood level at which landholders
and townspeople begin to be flooded.

Moderateflooding: low-lyingareasareinundated requiring removal of stock and/or evacuation of some houses.
Main traffic routes may be covered.

Major flooding: appreciable urban areas are flooded and/or extensive rural areas are flooded. Properties,
villages and towns can be isolated.

Flood Behaviour

flood proneland: land susceptibleto flooding by the PMF event. Flood proneland issynonymouswith flood
liable land.

Floodrisk: potential danger to personal safety and potential damageto property resulting fromflooding. The
degree of risk varies with circumstances across the full range of floods. Flood risk in the Floodplain
Management Manual is divided into 3 types, existing, future and continuing risks as below:

existing flood risk: therisk acommunity isexposed to asaresult of itslocation on the floodplain.

Futureflood risk: therisk acommunity may be exposed to asaresult of new development on the floodplain.

Continuing flood risk: the risk a community is exposed to after floodplain risk management measures
have been implemented.

Floodway areas. those areas of the floodplain where asignificant discharge of water occurs during floods.

Flood storage areas. those parts of the floodplain that are important for the temporary storage of
floodwaters during the passage of aflood.

Flood fringeareas. theremaining areaof flood proneland after floodway and flood storage areas have been
defined.

Discharge: therateof flow of water measured in terms of volume per unit time, for example, cubic metres per
second (cu m/sec).

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)
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probable maximum precipitation: the PMP is the greatest depth of precipitation for a given duration
meteorol ogically possible over agiven size storm areaat a particular location at aparticular time of the year,
with no allowance made for long-term climatic trends (World Meteorological Organisation, 1986). It is the
primary input to PMF estimation.

Probable maximumflood: the PMF isthelargest flood that could conceivably occur at a particular location,
usually estimated from probable maximum precipitation, and where applicable, snow melt, coupled with the
worst flood producing catchment conditions.

Sage: equivaent to water level (both measured with reference to a specified datum).

Sage hydrograph: agraph that shows how thewater level at a particular location changeswithtimeduring a
flood. It must be referenced to a particular datum.

Devel opment

Development: isdefined in Part 4 of the EP& A Act.

Development Type for This Plan

Infill development: refers to the development of vacant blocks of land that are generally surrounded by
devel oped properties and is permissible under the current zoning of the land.

New development: refersto development of acompletely different nature to that associated with theformer
land use.

Redevelopment: refersto rebuilding in an area as urban areas age.

Flood planning levels. arethe combinations of flood levels (derived from significant historical flood events
or floods of specific AEPs) and freeboards sel ected for floodplain risk management purposes, as determined
in management studies and incorporated in management plans. FPLs supersede the “standard flood event” in
the 1986 manual .

Freeboard: provides reasonable certainty that the risk exposure selected in deciding on a particular flood
chosen as the basis for the FPL is actually provided.

flood planning area: the areaof land below the FPL and thus subject to flood rel ated devel opment controls.
The concept of flood planning area generally supersedes the “flood liable land” concept in the
1986 Manual.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)
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Gover nment Agencies:

DECCW  Department of Environment Climate Change and Water
DLWC Department of Land and Water Conservation
DWE Department of Water and Energy DWR
Department of Water Resources OEH
Office of Environment and Heritage
SES State Emergency Service
WC&IC Water Conservation and Irrigation Commission

WRC Water Resources Commission

Legislation

DCP Development Control Plan

EP&A Act  Environmental Protection and Assessment Act
LEP Loca Environment Plan

LGA Loca Government Area

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)
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SUMMARY

Thisreport outlinesthework undertaken to compl ete the Aberdeen Floodplain Risk Management Study and
the preparation of adraft Floodplain Risk Management Plan for Aberdeen.

The Floodplain Risk Management Plan representsthe fourth stepinasix step processthat isoutlinedin the
New South Wales Government’sFloodplain Devel opment Manua . Theprocess, historically, hasbeen shown
to produce achievable outcomes for floodplain management.

The NSW Local Government Act provides protection for Councils and their agents with regard to
floodplain management, provided the processes in the Floodplain Management Manual are followed.

Upper Hunter Shire Council has recently published the Aberdeen Flood Study which was adopted by
Council on its meeting of 22 July 2013. The Flood Study predicts flood behavior, flood levels and flood
extentsover arangeof varioussized floodsfromaoncein 10 year averagerecurrenceinterva (ARI) upto the
probable maximum flood (PMF).

Upper Hunter Shire Council has gazetted the Local Environmental Plan (LEP) which provides a statutory
backdrop to the land-use zoning through their local government area. The Council has recently adopted a
Development Control Plan (DCP) which provides guidance for appropriate development and devel opment
standards within the land-use zoning as designated in the LEP.

The Aberdeen Flood Study indicates that parts of Aberdeen areflood liable, aswell asalarge areaaround
Aberdeen, wheretheland liesonthefloodplainsof the Hunter River and anumber of smaller tributariesto the
Hunter River (Kingdon Ponds, Middle Brook and Dart Brook) which join the Hunter River near Aberdeen.

Figure 1 of thisreport showstheapproximate extent of theoncein 100 year ARI flood ontheHunter River and
itsfloodplaininrelationto Aberdeen, whileFigure2 showsthe predicted flood extentsfor theoncein 100 year
ARI flood in Aberdeen itself. The principal area of concern for floodplain risk management relates to
residential development sited on flood liable land to the east of the New England Highway crossing of the
Hunter River and its floodplain.

The bulk of Aberdeen itself is sited on high land above the PMF. There is, however, residential
development sited on the Hunter River floodplain, between the higher land in Aberdeen and the Hunter
River itself. Thus, the floodplain management issues can be seen as arising from:

very old subdivision of flood liable land beside the Hunter River;

residential development on that land;

the changed community perception, which now treats flooding asasignificant risk and the cause of
substantial damage to both the individuals and the community.

Magjor floods have occurred at Aberdeen in the past, notably in 1955, 1971, 1976 and 2000.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)
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Some protection from flooding on the Hunter River at Aberdeen is provided by Glenbawn Dam, which
controls about 38% of the Hunter River catchment at Aberdeen. The dam was completed in 1958. The
occurrence of significant floods in 1971, 1976 and 2000 (which all had very small outflows from
Glenbawn Dam) show that the other tributaries to the Hunter River at Aberdeen, namely Pages River, Isis
River, Rouchel Brook, Kingdon Ponds, Mill Brook and Dart Brook, have the potential to create significant
floods at Aberdeen without any contribution from the Hunter River at Glenbawn Dam.

Flood level records at Aberdeen are sparse, given that the OEH gauge, titled *“Station 210056, “Hunter
River @ Aberdeen”, was installed in 1959 but was not operational over the period 1978 to 1998. Some
flood level information has been derived by research into old WC&IC records.

The adopted ranking of historical flood levelsat Station 210056, “Hunter River @ Aberdeen” for usein this
study is:

1955 Peak level RL 169.3 m AHD
1971 Peak level RL 168.75 m AHD
2000 Peak level RL 160.35 m AHD
1976 Peak level RL 167.8 m AHD

The 1955 flood hasbeen generally accepted asthe highest flood in recent memory withintheHunter River at
Aberdeen.

In response to the 1955 and 1971 floods, the WC&IC constructed a levee aong the Hunter River bank at
Aberdeen to protect the low lying areas. The levee was constructed circa 1976 and has been quoted as
having adesign crest level set at the recorded 1971 flood level s plus approximately 900 millimetres (3 feet
imperial).

TheAberdeen Flood Study, giventhelack of extensivehistorical recordsat Aberdeen, approacheditsbrief to
identify flood behaviour at Aberdeen by:

use of an hydrologic model to convert “design” rainfall to create “design” flood hydrographs;
use of atwo-dimensional hydrodynamic model to predict design flood behaviour (including flood
levels and flow velocities) from design flood hydrographs within the area of interest.

The Flood Study indicates:

design once in 100 year ARI (1% AEP) flood levels that are in excess of the 1955 flood levels
adjacent to the constructed levee;

that the existing levee does not provide protection up to the design 1% AEP flood level with0.5m
freeboard, which would be the minimum level generally currently applying for the levee
construction;

the levee provides protection up to approximately the oncein 50 year ARI level with no freeboard.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)
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Considerable effort in this study has been expended to identify historical flood levels and to compare
historical flood levels against the design once in 100 year ARI flood levels as predicted in the Aberdeen

Flood Study.

Throughout the genera rural area around or downstream of Aberdeen, the Flood Study gives areasonable
comparison between the design oncein 100 year ARI event and the 1955 flood levels. Theexceptionsare:

upstream of the New England Highway and adjacent to the areas protected by the levee;

at the downstream end of the flood study model areawhere arelationship between flood level and
flood discharge has been adopted. Thisassumption represents current practice; given theflood study
was directed essentially to Aberdeen itself.

The increased levels upstream of the New England Highway are seen as possibly:

afunction of construction of the levee itself, which has closed off an important floodway on the
Hunter River floodplain;

works to raise the embankments and pavements of the New England Highway and the probable
raising of rail levelsalong the Main Northern Railway, as compared to thelevel sthat existed before

these important hydraulic controlsin 1955.

The issues at the downstream end of the Flood Study model can be easily rectified by using data from the
recently completed Muswellbrook Flood Model. Until an update of the Aberdeen Flood Moddl is
completed, it isrecommended that the 1955 recorded flood level s should be used (in the downstream end of
the Aberdeen Flood Study model only).

Changesto design flood levels do occur with advancesin:

definition of topography (for example, LIDAR aerial survey);

changes in flood models (for example, the move from one dimensional hydraulic models to two
dimensional hydraulic models);

the availability of more flood data (which occurs as floods occur).

On balance, addressing the question of the fitness for purpose of the Aberdeen Flood Study for use in the
Aberdeen floodplain management plan, it is considered that:

the Aberdeen flood study is adequate for setting house floor levels through the rural areas around

Aberdeen with the exception of the areawithin 3 km of the downstream extent of the mode!;
immediately upstream of the New England highway, themodel might predict flood level sgreater than

the “true” value; and

if the“true” design flood levelsfor the oncein 100 year flood level s (1% AEP flood) are higher than
the 1955 flood but lower thanthe 1% AEPflood level sindicated in flood study, the net effect will be
similar to setting a higher design flood level, thus requiring larger mitigation measures and
consequently attracting larger benefits by reduction of flood damages.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
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The Aberdeen Flood Study also estimated potential flood damages at Aberdeen using a standard technique
involving:

survey of floor levels of each building;

assessment of inundation above floor level for the range of floods tested,;

estimation of the damage for each building using inundation depths;

summation of the flood damage for each recurrence interval at each building to provide an
estimated average annual damage.

The Aberdeen Flood Study deals with estimates of damage caused by flood waters directly to buildings
(including contents). It does not include:

indirect damage that occurs but not as aresult of contact with floodwater;
intangible damages (such as social costs);
public sector damage (such as post flood cleanup).

The floor level survey of the buildings is provided through a floor level database comprising 143
dwellings, whichincludes43 dwellingsas“manufactured homes” withinthe*“Willow Grove” devel opment.
Thefloor level database doesnot includeall the dwellingsin theflood liablerura areasaround Aberdeen.

Inaoncein 100 year ARI flood, 85 dwelling units are predicted to be flooded abovefloor level, while an
additional 27 properties will be inundated but not above floor level. Seven dwellings of the 85 inundated
abovefloor level arelocated on rural land outside of Aberdeen (that is, north of the Hunter River).

The average annual flood damage for Aberdeen is $216,000 which includes the seven dwellings located
north of the Hunter River. The manufactured homes within the “Willow Grove” devel opment contribute
19% of the total flood damages at Aberdeen.

The de-facto floodplain risk management measures in place in Aberdeen relate to:

the existing leveg,
the floor level controls,
flood emergency management planning and flood warning.

It was noted above that the existing levee was constructed circa 1976 and provides protection up to the once
in50year flood level without freeboard. A leveeinspectionwasundertaken aspart of thisstudy (see A ppendix
A of thisreport) and anumber of issuesidentified, which should berectified if full confidenceisto be had in
the levee for floods up to its crest height. The deficiencies indicated by the levee inspection were:

inadequate crest width and crest surface to allow wet weather access;

ageneral lack of adequate grass cover;

trees have been allowed to grow in the levee which creates along-term risks of levee failure;
fences across the levee which limit access along the levee;

the degree of compaction within the existing levee materia has been raised asanissuewiththeloca
residents.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
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It is noted that the levee easements were not taken over the land where the levee has been constructed,
though securing of easements was not common practice at the time of levee construction. The lack of
easements has created issues such asthe residents planting trees and shrubs on the levee or placing various
“developments” (such as garden sheds and the like) directly adjacent to the levee.

Upper Hunter Shire Council was formed by amalgamation of Scone Shire Council with the adjacent
Murrurundi Shireand Merriwa Shire. It appearsthat floor level controls based on the 1955 flood level have
been used in some instancesto fix floor levelsfor new buildings. However, within the flood liable area of
Aberdeen, the presence of new buildingswith avariety of floor levels suggeststhat thefloor level controls
have not been rigidly applied.

Emergency management and appropriate evacuation measures are important issues, given the number of
properties that are flood liable at Aberdeen. If the evacuation of the flood liable areas in Aberdeen is
required, it is expected that up to 240 people may well require evacuation.

However, the high set nature of many of the buildings suggests that the residents would probably opt to
remain in place rather than evacuate, even if warned to evacuate by the SES.

The SES, under the Emergency Services Act, has a statutory role of coordination of the New South Wales
government agenciesin response to flooding. The SES has extensive flood plansfor NSW. The SESflood
plans are very general in nature and tend to cover broad command structure for the SES and include a
series of tasks to be undertaken by various government agencies. Aberdeen is identified under the SES
Local Sub Plan. The Sub Plan addressesthe flood hazard issues at Aberdeen, which are generally consistent
with the information provided in the Aberdeen Flood Study.

Theissue of flood evacuation at Aberdeen gives riseto significant and immediate concerns. It appearsthat
thereisno dedicated flash flood warning system for Aberdeen and thelocal SES endeavour to usean ad- hoc
review of water level gaugeson PagesRiver, Rouchel Brook and Kingdon Pondstoidentify if magjor flooding
IS imminent.

The potential evacuation in Aberdeen is a magjor concern, given the total number of persons involved
(possibly 250), the “high hazard” potential of the floodways that cross the evacuation routes to flood free
land, and “high hazard” flooding through the areathat is partly protected by the Aberdeen levee.

The “Willow Grove” development creates concern, given it appears to be partly directed to “retirement
living” and thus the residents can be expected to have health, mobility and other age rel ated i ssues, should
evacuation be required. The evacuation paths from “Willow Grove” (and the surrounding areas of Hall
Street, Nandowra Street and Gundebri Street) pass through “high hazard floodways” before high ground is
reached in Aberdeen itself.

The New South Walesfloodplain devel opment manual outlinesarange of measuresthat might beusedfor a
floodplain risk management plan. Strategies involve:

“structural measures” that is, physical works; and
“nonstructural measures”, such as land use planning and provision of emergency services.
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Thisstudy has concentrated on measures considered as*“practical” for Aberdeen to reduceexisting flood risk,
future flood risk and any residual flood risk remaining after implementation of floodplain management
measures.

The management options considered “practical” within the Aberdeen scenario are:

maintenance of the status quo, implying existing flood damages and costs will continueto accrue;
modifications to the existing levee system; and
house raising program.

A voluntary purchase system has also been included to demonstrate the cost of such measures. The
management options have been prepared on the basis of:

financial tests that can be quantified;
non-financial tests that are based on a qualitative assessment; and
environmental impact based on a qualitative assessment.

Inthefinancial test, scheme costs have been derived for variousworks on the basis of the estimated quantities
involved and unit cost rates for those quantities. Benefits from works are derived from areduction in flood
damages, which aretotaled over aproject life span to provide atotal value of flood damages saved (treated as
the benefit).

Within the floodplain management plan, in the consultants view, it is self-evident that land use planning
(through the LEP and DCP) and emergency management measures (chiefly improvement of flood warning for
evacuation) need to be included in any floodplain management plan, irrespective of whether other worksand
measures are included.

The available works and measures are compared in Chapter 8 of this report. The minor levee works
(“McAdam levee”) show very high benefit/cost ratio (2.7) demonstrating cost efficiency in the works.

Conversely, houseraising and voluntary purchase have avery |low economic efficiency, represented by alow
benefit cost ratio.

Increasing the height of the existing levee a so shows areasonabl e economic efficiency. Although the benefit
cost ratio is shown as less than one, it would be normal to consider these works as “attractive” given the
benefits assessed are probably an underestimate in that they do not include some direct flood damages,
indirect flood damages and intangible benefits.

The option of acomplete ring levee system has not been fully explored because thereisinsufficient volume
within the protected areato storelocal run-off from astorm if such astorm should occur during a flood.

A draft floodplain management plan is included in this report. The intent is that the draft floodplain
management plan will remain as part of the Floodplain Risk Management Study and that the final Floodplain
Management Plan will be published as a separate document once it has been adopted by Upper Hunter Shire
Council.
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1 INTRODUCTION

The Aberdeen Floodplain Risk Management Study and Plan have been prepared by the Upper Hunter
Shire Council with the expressed purpose of managing flood risk at Aberdeen.

Themanagement of flood risk usesamerit approachthat seekstobaancesocia, economic, environmenta and
flood risk parameters to determine whether aparticular use of the floodplainisappropriate and sustainabl e.

The Study and Plan have been prepared following the principles outlined in the New South Wales
Government’sF oodplain Devel opment Manua (Reference 1) which outlinesthe policy andtheprocessto be
followed in the management of flood prone land.

The primary objectives of the New South Wales flood prone land policy are:

to reduce the impact of flooding and flood liability on individual owners and occupiers of flood
prone land and property;

to reduce private and public losses resulting from floods using ecologically positive methods
wherever possible.

The management of flood prone land is primarily the responsibility of local councils. At Aberdeen, the
appropriate Council isthe Upper Hunter Shire Council.

The Floodplain Development Manual outlines a process for moving towards an acceptable floodplain
management system. Essentially the process covers:

establishment of a floodplain risk management committee;

compilation of aflood study;

compilation of aflood risk management study;

completion of the floodplain risk management plan;

implementation of the floodplain risk management plan;

periodic review of the above inputs to the floodplain risk management plan.

TheUpper Hunter Shire Council hascompl eted theflood study at Aberdeen, which hasbeen published asthe
“Aberdeen Flood Study” (Reference 2). The study wasformally adopted by the Upper Hunter Shire Council
at its meeting on 22 July 2013.

The Aberdeen Flood Study (Reference 2) has illustrated the flood extents for a range of flood sizes in
Aberdeen and its surrounding areas. Figure 1 illustrates the flood extent of flood liable land near Aberdeen.
Figure 2 illustrates the extent of flood liable land within Aberdeen itself, and the location of the existing
earth levee.

It isinteresting to note that the topography along the Hunter River changes at Aberdeen. The areawest of
Aberdeen is dominated by a very large floodplain created at the confluence of the Hunter River at
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Aberdeen (which flows from east to west) and a series of smaller watercourses flowing from north to south
(Dart Brook, Middle Brook and Kingdon Ponds). The catchment of the Hunter River at Aberdeen
(measured at theNew England Highway crossing) issignificantly larger than the combined catchmentsof Dart
Brook, Middle Brook and Kingdon Ponds to the north.

The current study, as detailed in this report, covers:

the compl etion of afloodplain management study;

preparation of a draft floodplain management plan on the basis of the results of the floodplain
management study.

The final Floodplain Management Plan will need adoption by the Upper Hunter Shire Council after a
community consultation process.

The Aberdeen Floodplain Risk Management Study and Plan hasbeen prepared asatwo volume set. Thefirst
volume (Volume One) covers the floodplain risk management study and details the investigations and
conclusions leading to Volume Two, the draft Floodplain Risk Management Plan. This approach then
allows for readers, who are solely interested in the contents of the Plan, to concentrate on Volume Two
whilethose personsseekingto clarify why particul ar decisionsweretaken andinclus onsmadetothePlan can
reference Volume One.

A Scope of Work (the Brief) for the Aberdeen Floodplain Risk Management Study and Plan has been
prepared by Upper Hunter Shire Council. Thefloodplain management study isdirected tofloodissuesintwo
principa areas namely:

the area of Aberdeen that is flood liable and is partially protected by an earthen levee along the
Hunter River bank;

the genera rural areas surrounding Aberdeen, which are affected by flooding from the Hunter
River.

The Aberdeen Floodplain Risk Management Study and Plan has been prepared under the auspi ces of the Upper
Hunter Shire floodplain management committee. The Study and Plan for Aberdeen have been funded by the
Upper Hunter Shire Council with financial and technical assistancefromtheNSW Officeof Environment and
Heritage.
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2. FLOODING AT ABERDEEN
2.1 Oveview

The Hunter River at Aberdeen suffers flooding at somewhat irregular intervals, similar to most NSW
coastal and inland rivers.

Official water level records for the Hunter River at Aberdeen with regard to flooding are sparse.

The WC & IC installed a staff gauge (Station No. 210056, “Hunter River at Aberdeen”) in 1959 and the
stationisstill current. Thestaff gaugeissited onthenorthern bank (ri ght-hand bank) of the Hunter River, some
450 metres downstream of the New England Highway crossing of the Hunter River.

With respect to the flood records available from Station No. 210056, “Hunter River at Aberdeen”, it
should be noted that:

the gauge was installed originally as adaily read staff gauge;

the station was converted to an instrumented station in 1998;

although the period of record availablefor the site, asreportedin “Pinneena” (Ref. 4), stretchesfrom
1959 to current day, the period of record is not continuous, as noted below;

The gauge was lowered in 1970 by 5 feet, and thus some care is required in converting historical
records to current day flood levels.

Whilst Pinneenaimpliesthat Station 210056 was continuous from 1959 to current date, Station 210056 has
two separate periods of record, namely:

March 1959 to October 1978;
March 1998 to current day.

The station documentation file is available for the post 1998 period, though the documentation file is
“missing” for theperiod 1959t0 1978. Searchesof both DPI hydrography officesand State Archiveshave not
revealed the missing file.

The station documentation fileindicates that significant survey was undertaken in 1998, which showed that
the bench mark near the site had moved (rendering its elevation to m AHD asincorrect). It should be noted
that the changes in bench mark value did not change the gauge zero.

Careisrequired in conversion of gauge readings to flood levels (in m AHD) given:

the difference between WC & IC datum and AHD datum;
the lowering of the gauge zero in 1970;
implied changes to the record given the incorrect bench mark values near the gauge.
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The preliminary listing of the highest recorded floods at Aberdeen, for the period since 1950, is givenin
Table 1 below.

Tablel

Preliminary Listing of High Floods, Hunter River at Aberdeen
Station: 210056 “Hunter River @ Aberdeen”

Y ear Peak Ga(l:%e Heght | Peak (Vr:l/?;\ﬁ [I)—|)e| ght Comment on Sour ce

1955 nr 169.3 WC&IC, Flood Study

1971 9.94 168.75 Reliable record, Gauge Reader Card
1976 8.99 167.8

1992 9.20 Backwater?, DLWC

1996 8.20 167.01 Reliable, DLWC

1998 8.17 166.98 Reliable record, Pinneena

2000 9.54 168.35 Reliable record, Pinneena

Note: Current gaugezero RL 158.81 m AHD

With respect to the historical flood levels quoted in Table 1, it is noted:

the 1955 flood level to m AHD is derived from OEH information. The origina field survey

(whichwould have been inimperial measure to WC&IC datum) has not been able to be located;

the 1971 flood level is derived from the actual gauge readers card;

- the 1976 flood was not recorded on the gauge reader’s card, which contains the notation “gauge
washed away”.

Comparison against the flood record at Station 210002, “Hunter River at Muswellbrook” suggests that the
possible peak floods occurring at Aberdeen during the period of missing record for Station 210056 would be
January 1984 and February 1992.

Perusal of theflood flow estimatesfor therecorded floodsat both Aberdeen and Muswellbrook suggeststhat a
good correlation between thesetwo stationsdoes not exist and thusthe gauge correl ation approach has not been
pursued to complete the flood record at Aberdeen. Similarly, there arelonger periods of record available for
the lower Hunter River; however these are of minimal use, given that the mgor tributaries of the Goulburn
River and Wollombi Brook join the Hunter River downstream of Denman.

The catchment area of the Hunter River at Aberdeen (Station 21056) is approximately 3089 sg. km with the
major sub catchments as:

Hunter River at Glenbawn Dam: 1307 sg. km
Pages River at its confluence with the Hunter River: 1177 sg. km
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Rouchel Brook at its confluence with the Hunter River: 433 sq. km
Inter-station areas below the above sub catchments: 82 sg. km

The above sub-catchments are shown on Figure 4.

Glenbawn Dam wascompletedin 1958 (Source: Aberdeen Flood Study, Section 2.2.1). Thedam controls only
38 percent of the Hunter River catchment at Aberdeen. The occurrence of major floodsat Aberdeenin 1971,
1976, 1996 and 2000 (all of which exhibited major flood flows down the Pages River), showsthat Glenbawn
Dam, initself, does not prevent flooding at Aberdeen.

Several residents haveindicated to the consultant that flood levelsin the Hunter River at Aberdeenriseand fall
quickly and that flooding only exists for some 24 hours. This flood behaviour is demonstrated on Figure 5
whichillustratesthe water levelsrecorded at Station 210056 for the 1971, 1976, 1998 and 2000 flood events.
With respect to Figure 5, it is noted that:

the 1971 and 1976 flood events indicate the record is from Pinneena. Figure5 also showstherecord
from the gauge readers’ cards, which is dightly different to the Pinneenarecord. Thereason for this
discrepancy is unknown.

the 1998 and 2000 flood plans were derived from the current instrument at Station 210056;
Rates of rise and fall of 0.4 and 0.3 metres per hour respectively.

The reliable records of historical flood heights for Station 210056 are considered “sparse” and have
insufficient flood records to enable an adequate statistical anaysis to be completed.

Table 2 shows aranking (from highest to lowest) of the four largest floods using flood datafrom Table 1.
Table?

Ranking of Floods, Station 210056, “Hunter River @ Aberdeen”

Rank Y ear Peak Level (m AHD)
1 1955 169.3
2 1971 168.75
3 2000 168.35
4 1976 167.8

It is generally accepted in the community that the 1955 flood was the largest event since, say, 1900.

Further, theranking is expected to include al major floods over the period 1959 to 2015. A crude anadysis
suggeststherefore that the ranking givenin Table 2 isapplicable over the past 55 years and possibly the last
105 years. A plot of the four ranked floods (in Table 2) against return period is given on Figure 6.
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Figure 6 suggests that Aberdeen Flood Study (which was based on a computer modelling approach)
appears to reproduce the 1% AEP flood levels at Station 210056 “Hunter River @ Aberdeen” quite well.
However, the Flood Study appears to over-estimate flood levels for lesser magnitude floods.

2.2 Aberdeen Flood Study

Flood Behaviour

The Aberdeen Flood Study was completed for Upper Hunter Shire Council by WMA Water (Consulting
Engineers) and published in July 2013. The study was funded jointly by NSW Government (through
OEH) and by Upper Hunter Shire Council.

Theobj

ect of the Aberdeen Flood Study wasto identify flood behaviour for avariety of floodswith return

periods of:

once in five year Average Recurrence Interval (ARI)
once in ten year AR

oncein 20 year ARI

once in 50 year ARI

once in 100 year AR

once in 200 year AR

oncein 500 year ARI

probable maximum flood (PMF)

Theflood study addresses the sparse flood record by adopting an approach to prediction of flood levelsby:

use of an hydrologic model (Watershed Bounded Network Model, WBNM) using design rainfall to
predict design flood hydrographs,

use of atwo-dimensional hydrodynamic model (TUFLOW) to predict design flood levels from
design hydrographs from the hydrologic model.

The results of the flood study are presented in the forms of:

awater surface profile along the Hunter river;
awater surface profile along the Dart Brook representing the combined floodplain of Dart Brook,
Kingdon Ponds and Middle Brook;
overlaystotheaeria photographsindicating flood depthsand flood surface contoursfor theoncein
fiveyear, 10 year, 20 year, 50 year, 100 year, 200 year and 500 year ARI flood events plusthe PMF;
provisional flood hazards into categories of “low hazard” and “high hazard” for the design events
listed above;
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categorisation of thefloodplain into categoriesof “floodway”, “flood storage” and “flood fringe” for
the once in 20 year and once in 100 year ARI floods plus the PMF.

Table 3 below shows peak flood level at Station 210056 “Hunter River at Aberdeen” versusreturn period.
The peak flood levels were derived from the Flood Study model data files. Table 3 shows that, once
overbank flooding occurs, there are only small differencesin flood height over the frequency range of 5%
AEP 10 0.2% AEP.

Table3

Flood Height vs Frequency

Frequency Leve
%AEP | ARI (mAHD)

10 10 168.45
5 20 169.00
50 169.15
100 169.25
0.5 200 169.39
0.2 500 169.47
NA PMF 171.39

Itisnoted that the “top of bank” at Station 210056 “Hunter River @ Aberdeen” isapproximately RL 169.4 m
AHD and, giventherangeof floodlevelsgivenin Table 3 above, “top of bank” isnot auseful measure of the
magnitude.

The flood study indicates flood behaviour in Aberdeen as featuring:

backwater flooding movinginto Aberdeen fromtheHunter River over theNew England Highway in
aoncein 10 year ARI flood;
backwater flooding and some overtopping at the most northern end of the Aberdeenleveeinaoncein
20 year event,;
the general overtopping of the Aberdeen levee between the Main Northern Rail Line and McAdam
Street in aonce in 50 year event with some overtopping immediately downstream of the Main
Northern Railway Line;
overtopping of the Aberdeen levee over the whole of its length in the once in 100 year flood. This
indicatesthat the levee does not provide aoncein 100 year protection within the so-called protected
aregq,
100 properties are listed on the floor level data base;
7 included properties lie north of the Hunter River and thus are not strictly within Aberdeen;
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72 properties are noted as “protected by Aberdeen levee” with the balance (28) either in Aberdeen
itself or north of the Hunter River.

A number of aspectsof the Flood Study have been examined to determinethe “fitnessfor purpose” for the use
of the Flood Study in preparation of this Floodplain Management Plan. The review isdetailed in Section
2.3 of thisreport.

Figures 1 and 2 of the Aberdeen Flood Study show the predicted once in 100 year flood extent. Figure 1
illustratesthe general Aberdeen areawhile Figure 2 isdirected specifically to Aberdeenitself. Appendix D
reproduces the diagrams from the Aberdeen Flood Study for the design 1% AEP flood in terms of flood
levels, flood hazard and flood categories.

This report deals chiefly with the once in 100 year ARI flood (1% AEP flood) given that Upper Hunter
Shire Council have adopted a Flood Planning Level of the oncein 100 year ARI flood plus 0.5 m.

Flood Damages

The Aberdeen Flood Study estimated potential flood damages for the Aberdeen area, principally withinthe
developed area of Aberdeen, using standard techniques endorsed by OEH.

Flood damages were estimated by a process utilising:

survey of the floor levels of buildings that have the potential for flood inundation;

assessment of flood levels over arange of floodswith recurrenceinterval s between onceinfiveyear
ARI and once in 500 year ARI events and the PMF flood level at each surveyed building;
estimation of the damage for each flood at each building using a standardised inundation depths
(above floor level) versus flood damage in monetary terms;

summation of the flood damage for each recurrence interva flood to provide an estimated Average
Annua Damage (AAD).

In assessment of flood damages, normal practice isto divide flood damage into:

tangible flood damage;
intangible flood damage.

Tangible flood damage represents the flood damage that can be quantified in financial terms (that is, a
monetary value can be assigned to the damage suffered). Typical items for tangible flood damage are:

structural damage to buildings, particularly building linings and foundations;

damage to possessions;

damage to furniture;

damage to fittings and fixtures in the building;

damage external to the individual dwelling such as motor vehicles, garages, workshops and the
like;
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loss of wages and income because of the disruption caused by flooding;
emergency accommodation costs;
other items such as clean-up costs.

Intangible damage represents damage that occurs but which cannot easily be quantified to a monetary
value. Such damagesincludethe cost of community disruption, health coststhrough additional stressand the
anxiety caused by the flood, increased risk to loss of life and the like.

The tangible damages can be further divided into:

direct damage, that is where the damage is caused by flood water being in contact with a particular
building. Such direct damages are listed above.

indirect damage that occurs but not as the result of contact with floodwaters. Such indirect
damages include:

o lossof wages and income during a cleanup;
o the cost of alternative accommodation and support services after aflood;
0 genera cleanup activities after aflood.

Analysis of flood damage is an important criterion in the evaluation of any floodplain management plan.
Floodplain management issues need to be compared against a variety of criteria including economic
performance (that is to say, are the project works and measures justified in terms of costs and benefits) and
financia capacity of the proponents to fund the floodplain management plan.

It should be noted, in the assessment of floodplain management programs, that:

benefits received from a program are usually measured by flood damages saved and accrue to the
community in general;

costs of the program accrue to the proponent of the Floodplain Management Plan, usually
government (Federal, State or local) with occasional resident contribution.

Within the Aberdeen Flood Study the principal conclusions were:

143 dwellings were listed on the floor level database, noting there are some properties with
multiple dwelling units, notably “Willow Grove”;

inaoncein 100 year flood, 85 dwelling unitswere inundated abovefloor level, whilean additional 27
properties were inundated but not above floor level;

the total 85 dwelling units inundated in the once in 100 year event include 43 manufactured homes
within the “Willow Grove” devel opment;

7 dwelling units within the 85 buildings inundated above floor level are located outside of
Aberdeen (north of the Hunter River);

the number of commercia buildings within the flood prone areas is quite small and accordingly a
simple approach of treating the commercial activitiesasaresidential damage rel ationship was adopted
for smplicity;
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the average annua flood damage for Aberdeen was $216,000;

the average annual flood damage at “Willow Grove” ($41,161) comprises 19 percent of the total
flood damage at Aberdeen;

theflood damagesindicated within the Flood Study are potential direct damagesto residential and
commercia buildings;

the Flood Study does not include indirect damages, intangible damages or direct flood damageto
public infrastructure.

Figure 7 shows design flood level, number of buildings flooded and predicted flood damages for various
magnitude floods, identified by return period. Figure 7 shows how flood damages increase with flood
magnitude, though the more frequent floods contribute a proportionally greater amount to the average
annual flood damage because of their increased chance of occurrence.

In situations where a reasonable period of flood warning is available, residents, on receipt of the flood
warning, can move goods and possessions to high ground (such as moving motor vehicles) and lift high
valued possessions to above flood level (for example, placing high-value items on the tops of cupboards or
bench tops/ tabletops), subject to thelikely inundation of buildings. However, thisactivity needsareactiontime
created by theflood warning and createsasituation where potential flood damages can bereducedto alower
value (identified by the term, “actual flood damage”). In the Aberdeen situation, floods rise relatively
quickly in the Hunter River and hence limited flood warning time would be available. No reduction in
“potential flood damages” is warranted as part of further consideration of “actual flood damages”.

2.3 Fitnessfor Purpose

Examination of theresults of the Aberdeen Flood Study for the Hunter River inthevicinity of Aberdeen has
raised the issue of the “fitness for purpose” for use of the Flood Study results to complete the Floodplain
Risk Management Study and Plan.

Figure 8 illustrates a long section of the Hunter River at Aberdeen, upstream of the New England
Highway, for:

the design oncein 20 year, once in 50 year, and once in 100 year ARI floods;

the existing levee profile, as defined by ground survey;

the recorded 1955 flood levels, as reproduced in the Flood Study;

estimated flood levels for the design once in 100 year ARI floods prior to construction of the
Aberdeen Levese;

thelevee height required to satisfy acondition such that the crest level isat thedesign oncein 100 year
ARI flood level plus 0.5 m freeboard.

The Flood Study model topography was modified to simulate the situation prior to construction of the
Aberdeen levee. The approach taken was simply to remove the levee embankment as created within the
model. However, other areas that could critically affect the model results (namely the New England
Highway and the Main Northern Railway) were not modified and no attempt has been made to create a
topography set where these two features are set at the best estimate of their level as existed in 1955.
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With respect to Figure 8, it is noted that:

the design oncein 50 year and oncein 100 year ARI floods exceed the recorded 1955 levels over the
length of Hunter River plotted;

the design once in 20 year ARI flood exceeds the recorded 1955 levels upstream of the Main
Northern Raillway and is less than the recorded 1955 flood level s downstream of the Main Northern
Railway;

the railway openings and bridges at the time of the 1955 flood event would have been essentialy as
currently exist;

anincreaseintheheight of the existing levee of up to 900 mmwill berequired to meet thelikely design
crest level for any new levee matching the Flood Planning Level within Upper Hunter Shire;
themodel resultsfor the current topography, but without the Aberdeen | evee (asan estimateof the 1955
conditions), produces flood levels that are in excess of the recorded 1955 flood levels;

the recorded 1955 flood levels would appear not to have recorded any head loss through the Main
Northern Railway openingsor the bridging for the New England Highway. There are also someissues
raised regarding:

the flood height versus frequency plot shown in Figure 6, which showsthe Flood Study resultsversus
an approximateflood frequency derived from availablerecords. Figure6indicatestheflood study results
are considerably higher than the estimated historical eventsfor the frequent floods, though theresults
approach the recorded events for the once in 100 year ARI event.

discrepanciesintheestimated total flood flowsin Hunter River between the Aberdeen Flood Study and
the more downstream Muswellbrook Flood Study.

In this study, additional datafrom the 1971 and 1955 floods have been sought from:

Hydrography Branch, Department of Primary Industriesfor the origina gauge reader cards for Station
210056 “Hunter River @ Aberdeen”;

Office of Environment and Heritage for the origina survey of the 1955 flood levels, which were
plotted on the cadastral maps as existed at that time;

Roads and Maritime Services for any flood levels noted during investigations for the bridge
crossing of the Hunter River;

Australian Rail & Track Corporation, asthe lessee of the New South Wales railway network for the
original floodlevelsnotedfor therail crossings. It appearsthat, through the number of changes of office
and responsibility, the origina Working Plans for the railway have been lost.

The Aberdeen Leveewasreportedly constructed to the 1971 flood |evel splusafreeboard. Thefreeboard was
presumably 3foot (910 mm) giventhegeneral standard applied by WC& IC at that time. Comparison between
the available 1971 flood levels and the surveyed crest shows that the actual levee crest is at or higher than
the level specified for construction.
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Comparison between the model results for the pre-levee conditions and current day conditions shows:

The pre-levee predicted flood levels show as:

0 350 mm above the 1955 flood levels and 250 mm above the recorded 1955 flood levels
upstream of the Main Northern Railway and downstream of the Main Northern Railway
respectively;

o Differencesbetween the pre-levee design oncein 100 year flood and the current design once
in 100 year flood of up to 350 mm upstream of the Railway Line and 110 mm downstream
of the Railway Line.

The levee has increased flood levels by up to 350 mm.

Themost significant increaseinflood levelsisupstream of theMain Northern Railway Linewherethe
levee has closed a floodway that would have passed from the north eastern corner of the currently
protected areato the south western corner of the protected area.

Theincrease in flood level s downstream of the Main Northern Railway Line may in fact be masked
because the design flood levels are higher than the recorded flood levels.

The“Top of Bank” at Station 210056 “Hunter River @ Aberdeen” isapproximately RL 169.4 m AHD and
hencethebank at thispoint hasnot been overtopped in any of therecorded floodsbut may havebeen closeto
overtopping in the 1955 event. Consequently, “Top of Bank” at Station 210056 is not an appropriate
measure for the magnitude of flood events.

Figure 9 shows a comparison between the model results for the 1% AEP flood as predicted by the
Aberdeen Flood Study and the 1955 flood levels as recorded by the WC&IC survey after the 1955 flood.
Review of Figure 9 illustrates:

In the area within 3 km upstream of the downstream limit of the model, the model predicts flood
levels in the order of 0.7 m above the 1955 flood levels. This result is not unexpected given the
model flood levels are controlled by an assumed flood level versus discharge relationship at its
downstream level. This approach is standard practice given that the model was essentially
established for prediction of flood levels at Aberdeen.

Upstream of theNew England Highway at Aberdeen, intheareainfluenced by the Aberdeenlevee, the
model results are about 0.5 m above the 1955 flood levels;

In the remainder of the model area, the average of the differences between the recorded 1955 flood
levelsand the model resultsisapproximately zero. Thereis, however, ascatter betweenthemodd and
recorded 1955 levels.

there is not a consistent height difference between the model and the 1955 flood levels.

The scatter of results is expected given the uncertainty of the nature of the 1955 flood levels that were
surveyed. No records exist that give a description of the flood marks that were surveyed after the 1955
flood. The passage of time since 1955 means that it is virtually impossible to trace back to review the
veracity of those flood levels. Accordingly, some scatter between the 1955 and model results should be
expected.

In addressing the question of fitness of purpose for the use of the Aberdeen Flood Study for a floodplain
management plan and given the information above, it is concluded that:
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the Aberdeen Flood Study is generally adequate for setting of house floor levels through the rural
areas around Aberdeen;

the exception to the general statement isin the areawithin 3 km of the downstream extent of the
model, where model flood levels are controlled by an assumed rel ationship between flood level and
flood discharge;

the assumed relationship at the downstream end of the model can be adjusted to examineif abetter
comparison can be made regarding the design 1% AEP flood and the historical 1955 flood.

the general increase in flood levels aong the Hunter River immediately upstream of the New
England Highway could be a function of the construction of the Aberdeen Levee combined with
increases in height of both the New England Highway and the Main Northern Railway across the
Hunter River floodplain at Aberdeen;

if thetruesituationfor designflood levelsat Aberdeenishigher thanthe1955flood but lower than the
1% AEPflood levels asindicated by the Flood Study, the net effect, from afloodplain management
perspective, will be similar to setting of a higher design flood level and thus dictate larger than
required mitigation measures, which will attract a larger benefits by reduction in flooding.

2.4 Flood Hazard

The NSW Floodplain Development Manual requires an assessment of “flood hazard”. The concept of
“flood hazard” is based on the numerical product of flood depth and velocity.

FigureL.1 and L2 of the Floodplain Manual divideflood hazard at asiteinto categoriesof Low Hazard, High
Hazard, and atransition zone (identified as “medium” hazard in this report) between high hazard and low
hazard. In reality, the boundaries between the flood hazard categories are not precise and relateto general
safety of able bodied adults for wading in flood waters and limited damage to typical building construction
types. Aberdeen Flood Study has produced a“provisiona flood hazard” inmapformfor the 5% AEP and 1%
AEP events. Figure 3 of this report, Flood Hazard, presents “provisiona flood hazard” for the 1% AEP
flood at Aberdeen.

Figure 3 indicates the residential areas, north of the New England Highway and west of Hall Street, as
“provisional low hazard”. The areacovered includesthe Willow Grove” development. The “low hazard”
area does present significant flood evacuation issues, given that evacuation will be required aong the New
England Highway to reach high ground (and any evacueereception centres). TheNew England Highway will
be overtopped with “high hazard” areas either side of it. In thisinstance, given the evacuation difficulties
and thelikelihood of |evee overtopping, the “low hazard” area should be changed to a“high hazard” area”.

The changed flood hazard categories are shown on Figure 3 as “Adopted Flood Hazard”.

25 Climate Change

Climate change and associated impacts of increased sealevels and changesto rainfall patternsis avexed
guestion for Floodplain Management Plans.

The general consensusisthat sealevelswill rise, but the possible changesinrainfall patterns, particularly
short duration intense rainfall, isless clear.
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The NSW Government does not offer any guidance to local government on this matter and suggests local
government sets “local” standards. Aberdeen is simply too high above mean sea level to be affected by
predicted sealevel changes

The most recent publication dealing with changesto rainfall as aresult of climate change appearsto bea
presentation by Bates et alia (Reference 5) at the 2015 Floodplain Management Association National
Conference in Brisbane. The presentation includes a number of broad statements indicating the lack of
research and lack of information on possible changes to intense rainfall events. Such statements are:

“Across Australia there has been little detailed analysis of the implications of climate change for
the intensity, frequency and duration characteristics of heavy rainfall events.”

“In the absence of robust research results or national guidance, a number of states and
organisations have developed approaches for assessment of the impacts of climate change on
“extreme” rainfall.”

It is noted that the CSIRO and Bureau of Meteorology investigations on simulated increases in the
magnitude of the wettest day rainfall suggested that increases were present even when therewas astrong
simulated decrease in the mean rainfall. The projected changes for these rainfall statistics, isa2% to 8%
increase in intense rainfall per degree centigrade rise in global average temperature.

The CSIRO and Bureau of Meteorology have prepared a website tool for assessing climate change,
although the website appearsto have little dataon projected changesto extremerainfal for the general area
of the Upper Hunter region.

The consensus of the global climate models (identified by the CSIRO website) suggests that the Upper
Hunter region will display temperature increases up to 3 degrees in maximum average temperature. The
change in maximum average temperatures will produce little change in rainfall. It is noted that the past
increases in average temperatures appear to be on average 0.11 degrees per decade. On the basis of the
information provided by the Bates presentation (Reference 5), it is concluded that the best estimate of
increases in heavy rainfall due to climate change over the next 100 yearsis likely to be about 5 percent
increase on current values.

The Aberdeen Flood Study has addressed the potential increasein flood level s at Aberdeen by addressing:
potential flood level changes resulting from increases in the design rainfall of 10, 20 and 30%;

the differences in flood levels between the Flood Planning Level (based on the design 1% AEP
flood) and flood levelsfrom the 0.5% AEPflood and 0.2% AEP flood (oncein 200 year and oncein
500 year ARI events respectively).

Inthisinstance, guidanceistaken fromthedifferenceinflood level sat Aberdeen betweenthedesign 1% AEP
flood and the sensitivity testing using a 10% increase in rainfal. It is noted that the adopted 10% increase
in rainfall is above the average 5% increase in rainfall projected by the Bates presentation. The Aberdeen
flood model indicates the increasesin flood levels along the Hunter River channel at Aberdeen are in the
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range of 0.1 to 0.2 m. Such increases in flood levels aong the Hunter River will overtop the levee and
cause flood level increases up to between 0.2 and 0.3 m within the protected area.

Given that the Flood Planning Level is based on the design 1% AEP flood level plus 0.5 m freeboard, the
impact of climate change can beseen ascausingagradual continuingreductioninthefreeboard available each
year such that, in 100 years, the freeboard will have effectively reduced from 0.5 m to 0.2 m within the
protected area. The changein design flood levelsis expected to be relatively slow.

At New South Wales statute level, it is noted, that if Council wished to vary the Flood Planning Level
fromthedesign 1% AEPfloodlevel plus0.5m, Council will needto applytothe Department of Planning for a
special exemption to be incorporated into their LEP to alow for this variation to the New South Wales
template LEP.

Giventhat the Bates paper identifiesthat climate change scienceis currently dynamic and that “the most up-
to-date data” is being varied frequently, an appropriate response is:

to adopt the current design 1% AEP flood level s as applying within atime window of the next five
years,

at the end of the initia five year window, to review climate change and rainfall data projections
available at that time and to modify the Flood Planning Levels if required by projected intense
rainfall changes.

This approach is viewed as an adaptive management technique and is appropriate, given the anticipated
development isprincipally seen asreplacement of existing housing stock and limited new dwellingsintherural
floodplain areas.
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3. CURRENT FLOODPLAIN MANAGEMENT PRACTICES

Following the 1955 flood, a variety of floodplain risk management measures have been gradually
developed for Aberdeen.

The four broad areas of risk management measures cover:

physical works;

land use and development controls,
flood emergency management;
flood warning.

Each broad area of risk management is outlined below and has been devel oped by avariety of government
agencies as.

Physical Works: Department of Environment, Climate Change and Water (DECCW) principally its
predecessors WRC, DWR and DNR), Upper Hunter Council and Roads and Traffic Authority;

Land use planning and development controls: Upper Hunter Council;

Flood emergency management: local SES committee;

Flood warning, Planning and Provision: Bureau of Meteorology and NSW Flood Warning
Consultative Committee.

3.1 Physical Works

The flood liable area of Aberdeen is partially protected by a levee along the left hand bank (looking
downstream) of the Hunter River.

The levee location is shown on Figure 10 together with chainages (distances) that are used solely for
reference purposes.

Thelevee preventsthe breakout of water from theHunter River running acrossthefloodplainto the south west
and through parts of Aberdeen, including Nandowra Street, Gundebri Street, Hall Street, McAdam Street and
the New England Highway. It also partly protects the manufactured home site known as “Willow Grove”.
The levee does not prevent floodwater “backing up” over the New England Highway.

The levee was constructed circa 1976 by the then Water Resources Commission and Soil Conservation
Service.

The leveeis a compacted earth levee with dimensions as:

crest width: approximately 2 m

side slopes on theriver side of the levee: 3to 1 (horizontal to vertical)
side slopes on the protected side:  2.5to 1 (horizontal to vertical)

the average height of the leveeisabout 1.4 to 1.5 m.

Upper Hunter Shire Council
Aberdeen Floodplain Risk Management Study and Draft Plan
Final Report - November 2015 (Adopted By Upper Hunter Shire Council 23 November 2015)

R90\14016.V4



Pater son Consultants Pty Limited 35

Asnoted, theleveeis compacted earth and it isthought that the material for the levee was sourced from the
floodplain adjacent to the Hunter River at the site.

Therearethree setsof drainage pi pesbeneath thelevee, which drainfrom theprotected sideof theleveeto the
river side of thelevee. Each pipe drainage pipe has aflap gatefitted to prevent backflow up the pipe during
floods. The drainage pipes are located at (refer Figure 10):

Chainage: 252 m
Chainage: 573 m
Chainage: 636 m

Given that the levee was constructed by NSW Government agencies using government funds, the logical
conclusion isthat the asset (the levee) is owned by the New South Wales Government.

Maintenance on the levee appears to be split. Mowing and repair of damage is undertaken by the New
South Wales Government using funding through the Hunter River Flood Mitigation program. However, this
mai ntenance work appears to occur only on theriver side of the levee. There appears to be no maintenance
ontheprotected sideof theleveebetweenthe Main Northern Raillway (Chainage: 371 m) to the New England
Highway (Chainage: 718).

The Aberdeen Flood Study indicates that the levee provides only partial protection to Aberdeen. In the
design 1%flood at Aberdeen (equivalent to theoncein 100 year ARI event for the purposeof thisstudy), the
leveeis predicted to be overtopped, while backwater flooding crossing the New England Highway into Hall
Street and the surrounding areas is expected.

The levee has been inspected at regular intervals and it is interesting to note that all the inspections have
noted the same issues with the levee. Thelast levee inspection was undertaken by Paterson Consultantsin
October 2014. Theleveeinspectionwasavisual inspection of thelevee, partly asfamiliarisationexercisefor
the Aberdeen Floodplain Management Study. Therewereanumber of i ssuesrel atedtotheleveenoted during
the ingpection. The issues were classified as:

thecrest width and crest surfacewas considered inadequateto all ow wet weather accessalongthe crest
of the levee for inspection and emergency works,

the levee was generally lacking adequate grass cover;

trees and fences within the levee were viewed as a major concern between the Main Northern
Railway Line and the New England Highway;

The degree of compaction of the materia in the levee was also raised by the residents as a concern;
however these concerns can easily be addressed by a series of geotechnical teststo indicate thelevel
of compaction actually achieved during construction.

It appearsthat easementswere not taken over theleveeroute during or after construction. Thus, theleveeis
sited on privately owned land, which has the potential to restrict access should maintenance or emergency
works to the levee be required.
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Thefailure to take easements for levees is not uncommon in that:

levees are quite often constructed soon after major floods and, as a consequence, landowners are
happy for the levee works to proceed, given the flood protection they will receive;

the acquisition of easements can be along and very expensive process and, as such, government
agencies seek to avoid taking easements unless absolutely necessary.

local government seeks, where possible, to avoid compulsory acquisition process given the
disruption, anxiousness and ill-feeling that compulsory acquisition process creates within the
community.

3.2 Land UsePlanning

Upper Hunter Shire Council wasformed in 2004 by amal gamation of Scone Shirewith Murrurundi Shireand
MerriwaShire. Recent devel opmentswithintheflood liable areas appear to beabovethe 1955flood levels.
However, corporate knowledgeof floor level control sappliedto new building appearstohavebeen lostinthe
amalgamation and subsequent staff changes. The loss of such corporate knowledge is not seen as a
significant issue, given that Upper Hunter Shire Council are actively developing a DCP with specific
reference to flooding, while adequate flood behaviour datais given in the Aberdeen Flood Study.

3.3 Emergency Management
Emergency management is an integral part of current floodplain risk management practice.

The State Emergency Service (SES) has a statutory role for coordination of New South Wales government
agenciesin responseto flooding. The statutory roleisdefined by the State Emergency Service Act, 1989.

The SES, in fulfilling their statutory obligations, relies on:

a headquarters/head office based in Wollongong;
division of the state into 17 regions with separate regional headquarters;

local emergency committees based in each local government areg;
individual units reporting to the local emergency committee. Aberdeen falls within the SES Hunter
region.

The SES documentstheir expectationsin responseto flooding for various New South Walesagenciesin the
Upper Hunter Shire viaa public document titled “Upper Hunter Shire Flood Emergency Sub-plan”, which
forms part of the “Upper Hunter Shire Emergency Management Plan”.

The Upper Hunter Shire Flood Emergency Sub-Plan hastwo volumes. Volume 1 identifiesthe various New
South Wales agenciesthat are affected or required to contribute, whileV olume 2 detailsknown and proven
flood risk at various centres in the Upper Hunter Shire.
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In general, SES practice isto divide the flood emergency response into three phases, paraphrased as.

preparedness for flood events,

response to flood events;

recovery from flood events. Under the Sub-plan:

the SES maintain an SES unit at Aberdeen under a unit controller;

theunit activitiesare asdirected by the SES Upper Hunter Local Incident Controller, whoisbased in

Scone;

the identified tasks of the SES Aberdeen unit relate to flood response tasks including:
o0 collection of flood information;

flood rescue and evacuation;

provision of immediate welfare for evacuated persons;

delivery of warnings and flood information;

levee monitoring;

sandbagging;

lifting and removal of possessions and commercia stock;

assistance for repair and improvement of levees,

assistance in road closures,

assistance in flood event preparedness activities;

undertaking training for flood and storm response and operations.

O O OO0 OO0 o o o o

Within the Sub-plan, tasks that are identified for the New South Wales government agencies cover, inter
dia

Office of Environment and Heritage relate to:
o0 provision of specialist policy, engineering and scientific advice to Upper Hunter Shire
Councils at
o provision of speciaist advice regarding flooding to the SES;
0 provision of relevant flood studies to the SES;
o collection of flood data after the event.

Office of Water is tasked essentially with:
0 collection of the hydrographic information;
o provision of the hydrographic datato the SES and to the Bureau of Meteorol ogy.

The responsibilities of the Upper Hunter Shire Council are identified, and those tasks related to
“Preparedness for flooding” and “Response to Flooding” are summarised as.

“Preparedness for flooding™:
0 establish and maintain floodplain risk management committees;
o provideflood studies, levee studies and the like to the SES;
0 provideinformation on the consequences of dam failure to the SES.
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“Response to Flooding™:
0 deploy personnel and resources as requested by the Upper Hunter Shire Local Incident
Controller;
open and close roads;
provide sandbags;
assist removal of caravans;
provide backup radio communications;
assist in making facilities available for companion animals.

© O O O O

Under the sub-section of Volume2, “Part2 - Preparedness” SES contributionsareidentified, and among other
things, include:

the SES may establish atotal flood warning system in the areas affected by flooding requiring:
o identification of potential users of such aflood warning system;
0 presentation of available information of estimated impacts of flooding;
o identification of required actions and time available for such action;
0 appropriate means for dissemination of warnings.

Under the sub-section of Volume 2, “Part3 - Response”, the Flood Sub-plan notes:

flood response operations within the SES will begin:
0 on receipt of a Preliminary Flood Warning, Flood Warning, Flood Watch, Severe
Thunderstorm Warning or Severe Weather Warning from the Bureau of Meteorology; or
0 onreceipt of adam fallure dert; or
0 when other evidence indicates an expectation of flooding.

floodsinthe Upper Hunter Shireareinitially to be managed by the Upper Shirelncident Controller in
Scone.

Volume 2 of the Upper Hunter Shire Local Flood Sub-plan addresses known flood hazard and risk in
variousareas of the Upper Hunter Shire. With respect to Aberdeen, theflood hazard clausesinVolume?2 are
generally consistent with the information provided in the Aberdeen Flood Study.

It should be noted that the above presents an overview of the Upper Hunter Shire Flood Emergency Sub- plan
and that readers should consult the original document (Reference 3) for further detail.

Given that the Upper Hunter Shire Flood Emergency Sub-plan details their interpretation of their statutory
obligations, it is apparent that the objectives of a Floodplain Risk Management Plan lie within the SES
“Preparedness for Flooding” phase.

The Aberdeen Flood Study provides available flood data, both from known events and predicted flood
events, by way of computer model.
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It is clear from comparison of the objectives of the Floodplain Risk Management Plan (broadly to reduce
public and privatelossesfrom flooding) and the statutory obligationsfor the SES, asenunciated through their
Upper Hunter Shire Flood Emergency Sub-plan, there is an expectation that the floodplain management
plan is directed towards providing information for the SES’s “Phase 1, Preparedness of flooding”. Itisalso
interpreted that the Floodplain Risk Management Plan can contain a series of works and measuresthat not
only reducepublicand privatel ossesfrom flooding but a so reducetherequirements on the SES for evacuation
and accommodation of evacuees who are affected by flooding.

Discussions between the consultant and the SES Unit controller at Aberdeen indicate:

there is no flood warning system for Aberdeen;

the Bureau of Meteorol ogy has advised that the catchment responseto rainfall istoo fast to alow an
effective flood warning system;

The Aberdeen SES Unit is thus forced to use volunteers to monitor flood gauges on Pages River,
Glenbawn Dam and Rouchel Brook plus Kingdon Pondsto assesslikely flood height at Aberdeen;
there are no gauges on the Hunter River downstream of its confluence with Pages River;

the principal station at Aberdeen (Station 210056, “Hunter River @ Aberdeen”) is located on the
steep outer bank, slightly downstream of the New England Highway. Thusthegaugeissited such that
itisvirtually impossibleto obtain manual gauge readingsin floods up to “top of bank” and accessis
cut once overbank flooding occurs.

Analysis of the house floor level data used in the Aberdeen flood study indicates that at least 105 houses
within Aberdeen would be identified for evacuation of their residentsin aoncein 100 year ARI flood event.

The manufactured home facility known as “Willow Grove”, located immediately upstream of the New
England Highway and partly protected by the Aberdeen levee, contains some 48 individual units.
Accordingly, it can be expected that some 60 to 90 people would need to be evacuated from thisfacility.

The conversion of the “Willow Grove” facility from a caravan park to a manufactured home park has
created considerable issues for the SES in that:

the residents have changed from a partly transient population to a fixed resident population;

although manufactured homes are transportabl e, they would not be able to be moved as quickly as
caravans would have been able to be evacuated.

the creation of amanufactured home area has probably increased the average age of theresidentsand
thus health, mobility and other age-related issues would be more apparent during a flood
evacuation.

The evacuation of residents from the area protected by the Aberdeen leveeis problematic.
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The residents in Nandowra Street, Gundebri Street, Hall Street and the “Willow Grove” facility (refer
Figure 10 for street locations) need to pass through a High Hazard Flood way to reach higher ground within
Aberdeenitself. Thefloodwayiscreated by thedepressionthat runsfromtheHunter River, southof Hall Street.

The residents in Macadam Street do have access to high ground directly, although they would need to pass
through flood water if they sought to access Aberdeen where emergency accommodation is planned to be
available.

TheSESLocal Flood Sub planindicatesthat there could be some80 residentsrequiring flood evacuation from
the rural areas surrounding Aberdeen.

In assessment of houseraising (apotential measureintherural areas), thenumber of likely housesaffected has
been quantified as 72 residences (requiring raising to satisfy minimum floor levels at or above the Flood
Planning Level). It is suspected that the number of residents requiring evacuation from therural areascould
exceed the 80 residents listed in the SES Local Flood Sub Plan.

It is clear that a better flood warning system is required for Aberdeen to ensure that evacuations can be
adequately planned and executed. The need for a flash flood warning system is exacerbated by the
historically recorded rapid rise of flood levelsin the Hunter River at Aberdeen.

Given the above:

the Floodplain Risk Management Plan should make the Bureau of Meteorology aware of the
magnitude of flood evacuation issuesthat exist in Aberdeen and should pressfor aflash flood warning
system as has been undertaken for scone;

aproceduremanual should bedevel oped so that thelocal SES caninterpret Bureau of M eteorol ogy flood
warnings such that the local emergency management measures can be implemented in a timely
fashion.
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4, LANDUSE PL ANNING AND DEVEL OPMENT CONTROL
41 Overview

Within New South Wales, land use planning and devel opment followsahierarchy, in decreasing order, as:
- Environmental Planning and Assessment Act (EPA Act)
- State Environmental Planning Policies (SEPP)
- Local Environmental Plans (LEPS)
- Development Control Plans (DCPs)

Broadly, LEPsdeal with land use zoning with permissibleand prohibited devel opment, while DCPsdea with
more specific detail for particular aress.

The documents of specific interest to this study are:

Upper Hunter Local Environmental Plan (2013), currently in force;
Upper Hunter Draft DCP (2014).

The specific provisionsof these documents are addressed bel ow, together with the practical consequences of
past implementation of these planning documents.

4.2 Upper Hunter Local Environment Plan (2013)

The Upper Hunter LEP, gazetted in 2013, appliesto thewhole Upper Hunter administrative area(including
Aberdeen). The LEP follows the NSW Government standard template for LEP applying to Local
Government.

Flooding issues and development of floodplain land is addressed in:

Clause 2(e) of “Aims of Plan”;
Clause 6.2 under Part 6 “Additional Loca Provisions”.

The relevant clauses are reproduced below. The LEP provisions are:

1.2 Aimsof Plan

(1) ThisPlan aimsto make local environmental planning provisions for land in the Upper Hunter in
accor dance with the relevant standard environmental planning instrument under section 33A of the
Act.

(2) The particular aims of this Plan are as follows:

(a) to encourage the proper management, development and conser vation of natural and human- made
resources in the Upper Hunter by protecting, enhancing and conserving the following:

(i) important agricultural resources,

(i) timber, minerals, soil, water and other natural resources,

(iii) the environmental, scenic and cultural heritage of the Upper Hunter,
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(b) to protect and conserve:

() soil stability by controlling development in accordance with land capability, and

(i) remnant native vegetation, and

(iii) water resources, water quality and wetland areas, natural flow patternsand their catchmentsand
buffer areas,

(c) to establish a pattern of broad devel opment zonesasa meansof: (i) separating incompatible uses,

and

(i) minimising the cost and environmental impact of a development, and

(i) maximising efficiency in the provision of utility, transport, retail and other services, (d) to manage
the urban areas of the Upper Hunter by strengthening retail centresand employment opportunities,
promoting appropriate tourism devel opment, guiding affordable urban formand providing for the
protection of heritage items and precincts,

(e) to promote ecologically sustainable urban and rural development and control the devel opment of
flood liable land,

(f) to secureafuturefor agriculture by expanding the Upper Hunter’s economic base and minimising
the loss or fragmentation of productive agricultural land,

(g) to protect, enhance and provide for biological diversity, including native threatened species,
populations and ecological communities, by long-term management and by identifying and
protecting habitat corridors and links throughout the Upper Hunter.

Part 6 Additional Local Provisions

6.2 Flood planning

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

(a) to minimisethe flood risk to 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 adver seimpacts on flood behaviour and the environment. (2) Thisclauseappliesto

land at or below the flood planning level.

(3) Development consent must not be granted to devel opment on land to which this clause applies unless
the consent authority is satisfied that the devel opment:

(a) iscompatible with the flood hazard of the land, and

(b) will not significantly adver sely affect flood behaviour resulting in detrimental increasesin the potential
flood affectation of other development or properties, and

(c) incorporates appropriate measures to manage risk to life fromflood, and

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

(e) isnot likely to result in unsustainable social and economic costs to the community as a consegquence of
flooding.

(4) Aword or expression used in this clause has the same meaning as it hasin the Floodplain
Development Manual (I1SBN 0 7347 5476 0) published by the NSW Government in April 2005,
unlessit is otherwise defined in this clause.
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(5) Inthisclause:
flood planning level meansthe level of a 1:100 year ARI (average recurrent interval) flood event plus
0.5 metre freeboard.

The LEP contains clauses relating to minimum lot sizes for subdivision of rura areas. In the consultant’s
interpretation, the LEP allows for subdivision and lot sizes less than 40 ha however the LEP precludes
subdivision less than 40 ha for either development of a residential building or creation of a housing
entitlement.

Figure 11 reproduces the land use zoning map from the Upper Hunter LEP 2013, which covers Aberdeen.
Figure 11 also shows (asan overlay), the extent of theinundation of the design 1% AEP flood and the extent
of land where the Flood Planning Level (the design 1% AEP flood level plus 0.5 m freeboard) should be

applied.

Thezoning of Aberdeenisconsistent withitsflood liability, with the exception of theareaof residential land
(Zone RU1) and land zoned as “privaterecreation” for the*“Willow Grove” development (Zoned RE2).

In Aberdeen, thereisnot asubstantial difference between theinundation extent and theland where theflood
planning level s should be applied. The small difference between the areaof application of building controls
(through the Flood Planning Levels) and the inundation extent for the design 1% flood at Aberdeenisa
function of thetopography. Thetopography of Aberdeenfeaturesarelativelyflat floodplain while, outsidethe
floodplain, land rises quite steeply to the higher parts in the centre of Aberdeen. Accordingly, the land
between the inundation extents and the area of application for building control s through the Flood Planning
Levelsis quite small.

In other parts of the flood liable area of the rural land surrounding Aberdeen, the differences between the
inundation extent for the design 1% AEP flood and the flood planning level application areaflood planning
level may be substantial if thereis a gentle topographical rise between the two extents.

4.3 Upper Hunter Development Control Plan (Draft, August 2014)

Upper Hunter Council is developing a devel opment control plan (DCP) for their local administrative area.
Flooding is addressed under “Part 10 Natural Hazards”. The DCP indicates that the intent of Part 10 isto
specify outcomes, design guidelines and other requirements relating to the management of natural hazards.
Flooding is addressed within Part 10 under a separate section (“Section 10A™).

Under Section 10A, flooding and development is addressed as a sequence following:

Types of development requiring consent and land to which those types of development are
applicable

The requirements for the supporting plans and documentation
The outcomes to be achieved with regard to general flood considerations

The requirements for supporting documentation (such as survey requirements, flood reports)
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The outcomes to be achieved, principaly:
0 compatibility of development with flood hazard
o0 habitable (residential) buildings
= ¢electrical and mechanical equipment
= heating and air conditioning
= dterations and additions to habitable buildings
0 non-residential development
0 rural development
o flood proofing requirements for buildings on flood liable land

The draft DCP follows the common format used in New South Wales and covers most of the flood related
issueswithindividual developments. Intheconsultant’sview, itemsthat need further considerationinthe draft
DCPrelateto:

the quotation of flood levels on the plan of flood prone land at Aberdeen;
the alowable afflux caused by individual developments at the property boundaries.

4.4 Concluding Comments

The LEP, through its minimum lot sizes, is expected to limit further growth of residential housing or
commercia/industrial development on the flood liable land in the rural areas around Aberdeen.

The draft DCP can be improved by:

inclusion of aplan showing the extent of the Flood Planning Level as opposed to the extent of the
design 1% AEP flood;

guantification of the allowable afflux (anincreaseinthedesign flood level) caused by devel opment
on the properties surrounding that development.

A plan showing the extent of the Flood Planning Level isrequired becausetherewill be areasthat areoutside
the design 1% AEP flood extent but which will be below the Flood Planning Level. In these areas, flood
planning levels will need to be applied and thus the plan is required to avoid confusion on the part of the
community as to why flood planning controls are applied outside the extent of the design 1% AEP flood.
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5. DEVELOPMENT OF A FLOODPLAIN RISK MANAGEMENT PLAN
51 Oveview

TheNew South Wales Government has published the Floodplain Development Manua with the objective of
the management of flood liable land. Whilst the government’s flood prone land policy is outlined in the
Manual, it is expected that local government councilswill be the lead agency for the management of flood
prone land through their primary responsibilities of land use planning.

The New South Wales Government provides financial assistance to local government for works and
measures and technical assistance to assist responsible floodplain management decisions within local
government.

The primary objective of the New South Wales Floodprone Land Policy is directed to reduction of the
impact of flooding and flood liability on individual owners and occupiers of flood prone land and to reduce
private and public losses resulting from floods.

Intheformulation of the Floodplain Devel opment M anual, thegovernment hasrecogni sed that flood proneland
isaresourcethat should not be unnecessarily sterilised and that devel opment applications and proposalsfor
flood prone land should not be measured against rigid and prescriptive criteria. Accordingly the Floodplain
Development Manual outlines a set of steps leading to the creation of afloodplain management plan for an
area. A “merit” approach is envisaged such that a variety of factors are considered during devel opment of
afloodplain management plan, including theeconomicand socia and ecological factorsaswell as assessment
of flooding behaviour.

The Local Government Act (Section 733) providesalegal indemnity for councils, government agenciesand
their staff against claims relating to flooding, providing that the steps within the Floodplain Devel opment
Manual have been followed.

5.2 Broad Floodplain Risk Management Principlesfor Aberdeen

The Aberdeen Flood Study hasindicated the nature of flood risk at Aberdeenanditsimmediatesurrounds. The
flood liable areas of Aberdeen are partly protected by a constructed levee aong the left bank of the Hunter
River, upstream of the New England Highway.

The Floodplain Development Manual identifies possible floodplain management strategies as:
“structural measures” (that is physical works);
“non-structural measures” (such as application of land use planning principles, provision of

emergency services).

The Floodplain Development Manual outlines a series of possible floodplain development works and
measures that might be implemented as part as a of a floodplain management plan.
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However, giventhenature of flooding at Aberdeen and theflood damagesaccruingat Aberdeen, itisclear that
not all of the options quoted in the Floodplain Devel opment Manual are “practical” in addressing the flood
issues at Aberdeen.

This report concentrates on the “practical” measures that might be applied at Aberdeen and the
surrounding area for the development of a suitable floodplain management plan for the area.

Anoverview of the existing devel opment at Aberdeen in relation to flood behaviour and flood risks suggests
the area can be divided into two broad-scale areas of focus, namely:

the existing residential and commercia devel opment within Aberdeen itself, wherethe devel opment
is concentrated over asmall area as afunction of the urban subdivision;

theareasurrounding Aberdeen, whichischaracterised asagenera rura areaand notingthat therearea
significant number of dwellings in the rural area that serve as either dwellings associated with an
agricultural enterprise or dwellings for those residents seeking arural lifestyle.

In devel opment of afloodplain risk management plan, it isworthwhile noting that the overall floodplain risk
can be divided into the categories of:

Within

“existing flood risk”, which flows from existing devel opment within flood liable areas,

“future flood risk” flowing from flood risk that would be created by new development, changesto
existing development or possible future changes to climate affecting rainfall;

“residual flood risk”, identified as the risk (principaly from existing risk) which will continue
following implementation of floodplain management works and measures that would reduce but not
totally eliminate existing flood risk.

the Aberdeen scenario, the “practical” floodplain risk management options available for a

floodplain risk management plan are:

maintenance of the status quo (implying existing flood damages will continue to accrue);
ageneral house raising program;

implementation of land use planning measures providing explicit recognition of theflood issues;
modification of the existing levee system;

complete upgrading of the existing levee system.

One object of this study isto proceed on the basis of:

proposal of practical floodplain management options,
comparison of available options;
selection of appropriate works and measures to comprise the floodplain risk management plan.

Given the nature of flooding at Aberdeen and the practical floodplain risk management works and
measures, the appropriate criteriafor the comparison of variousfloodplain risk management initiativesare:

fi

nancial tests (which can be quantified);
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non-financial tests, which need to be addressed on the basis of a qualitative assessment. Under
financial tests, the items for consideration have been identified as:

the cost of works,

the benefits of works (as measured by flood damages saved);

the benefit cost ratio (as a measure of economic efficiency of works or measures).

Other numerical measures (that are not financial) for consideration are:
number of properties affected;
the population affected, by implication, directly related to the number of properties affected.

Under non-financia tests, items for consideration are:
general community acceptance of works and measures;
environmental improvement opportunities;
environmental cost implications.

With respect to the financial tests, it should be noted that:

the benefits of works or measures (as measured by areduction in flood damages) accrue generally to
individuals and enterprises in flood liable aress;

costs of works or measures, giving general government financial assistance (with some personal
contributions in particular cases) accrue to the community as represented by government;

the total benefits created are measured as an accrual of the damages saved each year;

the present value of benefitsis discounted for future years using the compound interest formula
the total benefits (identified as Net Present Value) are a summation of the stream of yearly benefits
accruing;

one result of the application of the compound interest formulais that the current value of future
benefits decreases as the number of years into the future increases;

the total value of benefits depends on the discount rate (similar to interest rate) used and the
number of years used for the summation of benefits.

Inthisstudy, adiscount rate of 4% per annum has been used over aduration of 30 yearsfor the summation of
the total Net Present Value of benefits.

Thenet present value of theannual benefit accruingin 30 yearstime (at adiscount rate of 4% per annum) isonly
4% of the current value. Thus, extension of the period of accruing benefits does not significantly increasethe
net present value of the benefit stream.
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6. FLOODPLAIN RISK MANAGEMENT — RURAL AREAS
6.1 Overview

Theflood liablerural areas surrounding Aberdeen are quite extensive. Thearealiableinthedesign 1% AEP
flood, asdefined by the Aberdeen Flood Study, coverssome 32.5 sq. kilometresand isindicated on Figure 9.

Therural areas are identified as flood-liable on Figure 9 include:

the Hunter River floodplain;
the floodplain of Dart Brook, Middle Brook and Kingdon Ponds.

It should be noted that there will be other areas of flood liable land outside the area covered by the
Aberdeen Flood Study.

The topography of the floodplain areas is quite flat and features wide floodplain with several incised
waterways.

Thefloodplain appearsto have been sub-divided into quite small land holdings and as aconsequence, there
are a considerable number of residences scattered over the floodplain areas. Historically, the number of
residences is seen as being tied to the small scale agricultural enterprise on fertile floodplain soils.

Clearly, works such as levees or bypass channels are not appropriate, given the high cost of such worksto
protect the widespread distribution of the existing residences.

6.2 Existing Development

In relation to protection of the existing development, there are redistically only three options available
namely:

maintain the status quo, which essentially means existing flood damages will continue to accrue;
undertaking a house raising program to elevate the floor levels of individual residences;
provision of emergency services.

With regard to future development, the realistic options relate to:

subdivision control to limit the number of future buildings that may be constructed on the
floodplain;

building controls to specify minimum floor levels for new buildings and to specify flood
compatible materials to be used for building below a Flood Planning Level.

With regard to future development, it is noted that Upper Hunter Shire’s latest DCP for development
includes items covering minimum floor levels and the use of flood compatible materialsin buildings.
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Site inspection indicates that:

there are some 72 residentia buildings within the flood liable rural areg;

the bulk of the residenceshavetheir floor levels elevated between 0.5 mto 1 m abovetheground
level. Thisis most probably aresponse to historically recorded floods.

Two of the 72 residences are elevated and thus not candidates for house raising;

Fifteen (15) residences were classed as “not raisable” because of their construction (for example,
having brick cladding, slab on ground construction or numerous brick chimneys);

Fifty-five (55) residences were classed as “raisable”.

At this point, floor level data and building type data for the residences within the rural areas are not
avail ableand hencethe normal method of cal cul ating flood damages asthebasi sof inundation abovefloor
level over arange of flood magnitudes is not possible.

However, the flood damages estimates within the Aberdeen Flood Study provide average annual flood
damagesfor eight residences|ocated north of the Hunter River intherural area. Thefloor levelstothese
buildingsrangefrom theorder of “slab on ground” to 1 maboveground level. Theaverageannua damage
per buildingis$1927 whichincludesan averageannual damageof $418for damage created by inundation of
the property below floor levels.

A simplified financial analysis of a house raising program within the rural areas can be undertaken as
follows:

Benefits

o Annua Flood Damage saved: 55 residences at $1509 per building $ 83,000

0 Net present value of benefits: $969,400
Cost

0 Cost of raising: 55 residences at $80,000 per residence $4,400,000
Benefit Cost Ratio 0.22

It is noted that house raising does have some adverse impacts which are covered in further detail in the
following chapter dealing with house raising within Aberdeen itself.

Giventhelow benefit cost ratio of the houseraising proposal for therural areas, thereislittleto be gained
by further exploration of this option.

6.3 Future Development

It can be anticipated that there will be a continuing pressure on Upper Hunter Shire Council to allow
further residential development on the flood liable rural land surrounding Aberdeen, as community
members seek residenceswith arural outlook, or ahobby farm, or asmall-scal e agricultural operation or
simply children wishing to build residences adjacent to their parents or family home.
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Suchformsof devel opment simply exacerbatestheissuesof floodplain management andisnot consistent
with theview that appropriate devel opment on flood liablelandsare devel opmentsthat limit or reducethe
flood damages and flood risk to both the community and individuals.

Construction of dwellings with elevated floor levels does not provide a complete solution in that:

ancillary buildingsareusually not el evated and thusthe building and contents can suffer significant
flood damage;

elevated dwellings only increase the evacuation and other serviceissuesfaced by the SES, even
though the affected dwellings were well elevated above design flood levels;

often the land holdings are not large enough to have adequate refuges for livestock and thus
evacuation of livestock becomesasignificant issue. Evacuation of livestock can becomeatrauma
issuefor stockowners, particularly if thereare small livestock numbersthat aretreated asfamily
pets.

Appropriate floodplain management measuresfor future devel opment on theflood liablerural landsare
available through the Council’s LEP and DCP provisions.

The clauses of the gazetted LEP restrict:

the creation of new lots by subdivision by way of a40 ha minimum lot size;
the ability to create new dwelling entitlements on existing lots;

the creation of “rural workers” housing by way of a narrow definition of the object of “rural
workers” housing as housing associated with and necessary to an adjacent agricultural enterprise.
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7. FLOODPLAIN MANAGEMENT - ABERDEEN
7.1 Overview

This section addressesanumber of “practical options” of floodplain management withintheurban areasof
Aberdeen. Asnoted earlier inthisreport, effort hasbeen concentrated on measuresidentified as*practical”
rather than expended on measures identified as “not practical”.

The work and measures considered “practical” at Aberdeen comprise:

ahouse raising program;
levee works involving:

0 minor levee worksto the existing levee;

0 magjor levee works to the existing levee system;

o completion of acomplete ring levee system for Aberdeen.
avoluntary purchase scheme for flood affected properties.

This section examines the above works and measures as options in further detail.
Two measuresthat are considered as*“self-evident” for afloodplain risk management plan at Aberdeen are:

improvement to emergency management measures; and
use of land use controls to ensure only appropriate devel opment occurs on flood liable lands.

Accordingly, these self-evident measures have not been addressed as options and have been transferred
directly to the draft Floodplain Management Plan.

7.2 HouseRaising

“House raising” can be an effective way of reducing risk of flood damages potential for flood liable
properties.

Literally the process of house raising involves:

placing beams underneath the house to support the structure;
elevating the whole house structure evenly;
replacing the footings and support structure under the house.

Clearly, houseraisingisnot practical for all buildings. Buildings considered impractical toraiseinclude:

slab on ground construction;

full brick and/or masonry buildings;

brick clad or masonry clad buildings;

buildings with a brick or masonry attachment such as a fireplace.
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Whilst house raising has some advantages, it also has a number of disadvantages namely:

theraising, if substantial, can significantly increasethedifficulty of accessingthebuildingaswell
as creating inconvenience,

the raising creates a requirement for additional stairs, ramps or lifts;

the additional elevation to main living areas can be an almost insurmountable issue for the aged
and those with physical disabilities;

house raising affects the “streetscape” and this may be viewed as a significant negative
environmental impact;

houseraising of individual buildingscan createissuesof overshadowing of adjacent buildingsthat
have not been raised;

depending on the height raised, owners, in thelonger term, may turn the space created below the
main floor level into habitabl e areas and thus negate the objectives of the houseraising program;
whilst buildingfloor level shave beenraised, residual flood damageswill continueto exist asflood
damages accrue once floodwaters enter a property but may not have exceeded the floor level.
the creation of high-set houses may encourage the inhabitants to remain in place during aflood
evacuation emergency rather than evacuation. This practice is generally frowned upon by
emergency service providers.

house raising will reduce the flood damage suffered on individual properties but does not
completely exclude flood damages.

It should also be noted that, under current government financial guidelines, contribution to the house
raising is expected from the property owner, given the benefit they are receiving from a government-
sponsored program.

A major houseraising program is possible within theresidential areas of Aberdeen that are protected by
the existing levee. An objective of the program would be to raise the lower floor level of al buildings
wherethe lower floor level islessthan the design 1% AEP flood level plusa0.5 m freeboard (that is, to
raiseal floor levelsthat are currently bel ow the Flood Planning Level to anew level equal to or abovethe
Flood Planning Level).

Useof thehousefloor level databasefor Aberdeenindicatesthat, inthefloodliablearea, there 65 potential
candidatesfor raising of floor levels. However withinthetotal number of 65 candidatesfor houseraising,
it is noted that:

Twenty one (21) houses are considered not “raisable” by virtue of their construction;

Fifteen (15) houses are shown on Upper Hunter Shire’s databases as “heritage listed” and thus
could not be raised whilst maintaining their heritage status;

accordingly, thirty two (32) houses only are considered as “raisable”.

The house raising candidates above do not include the manufactured homes within “Willow Grove”.
“Willow Grove” is listed variously as a manufactured home park, a self-contained community for
permanent residentsonly or ason optionfor “retirementliving”. The45 dwelingsin“Willow Grove” have
not been considered for houseraising principally on the basi sthat, whil st the buildingsthemsel vesmay be
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raised, raising of thebuildingswould cause significant accessdifficultiesconsidering theapparently ol der
age distribution of the population of “Willow Grove”.

Current (2014) costs for house raising are in the order of $70,000 to $80,000 per house. The financia
cost of ahouse raising program can be itemised as.

Cost

Raising Houses: 32 houses at $80,000 per house $2.56 million

Benefits
Current, Average Annual Flood Damage (AAD) $200,842
After House raising, Average Annual Flood Damage $163,600
Benefit (Damages saved as AAD) $ 37,219
NPV of Benefits $434,700

Benefit Cost Ratio 0.17

It isnoted that the benefit cost ratio for the houseraising program aboveisquitelow, which followsfrom
the low benefitsthat are achieved. The benefits achieved by the program follow the existing house floor
levelsof the 32 candidatesfor houseraising. Thehousefloor level database showsthat 17 of the 32 house
raising candidates have floor levels that are above the design 1% AEP flood level but below the Flood
Planning Level. Further, two houses have floor levelswithin 200 mm of thedesign 1% AEPflood level.
Accordingly, these 19 propertiesrecord low damagesin the design 1% AEP flood or smaller magnitude
events and hence the benefits from excluding floods from these buildings are not large.

7.3 LeveeWorks
The earlier work in this report has indicated that:

the existing levee at Aberdeen has been constructed to the design level as specified at thetime of
construction.
the Aberdeen Flood Study has indicated that the levee does not provide protection up to be
design1% AEP flood level. Whilst the Flood Study levels may overestimate the design flood
level, it is suitable to use flood levels for the consideration of various floodplain management
options.

Thereisno inherent need identifying that the levee should be on constructed to thedesign 1% AEPflood
plusfreeboard other than aleveeto thisheight woul d be consi stent with the Flood Planning Level that has
been set within the Upper Hunter Shire Council’s draft DCP.

TheFood Study indicatesthat, for thedesign flood, theleveeisexpected to commenceovertoppingat its
upstream end.. This breakout floods McAdam Street and contributes floodwater to a larger breakouts
further downstream both upstream or downstream of the Main Northern Railway line.
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Thesurvey of thelevee showsanumber of small depressionsinthe crest of thelevee, whichwill break out
prior tothegeneral overtopping of thelevee. Itisnot clear whether thesedepressionsexistinredityorarea
reflection of the ground survey, which may not have been briefed to identify significant flood breakout
points.

Therearetwo major optionsdealing with the Aberdeen | eveethat would reduceflooding and thuscreatea
benefit. The two options have been identified as:

“minor levee” works which involve construction of a small levee to link the existing levee to
McAdam Street and thus close off theinitial breakout point; and

“major levee” works as a complete upgrade of the levee to design levels as specified by the 1%
AEP design flood level from the Aberdeen Flood Study plus 0.5 m freeboard.

Completion of aring levee around the flood liable area of Aberdeen by undertaking the “major levee”
works as identified above plus completion of alevee on the western side of the New England Highway
would prevent backwater flooding entering the protected area from downstream.

The “minor levee” works would also create a consistent profile for the existing levee such that the crest
matches the gradient demonstrated by a flood surface from the Aberdeen Flood Study.

Figure 12 illustrates the location of the works for both the “major” and “minor” levee works.
7.3.1 “Minor Levee” Works

The*minor levee” worksidentified abovewould essentially raisetheexistingleveeto provide protection
against the 2% AEP flood (aonce in 50 year ARI flood) but with no freeboard.

The principal works are construction of the small levee at the northern end of McAdam Street to close a
potential breakout around the north eastern end of the existing levee.

Theleveeworksarenotedinthisreport asthe“McAdam Levee” whichisused simply asanidentification
of the work.

The levee will reduce flooding within the area currently protected by the existing Aberdeen levee. It is
emphasi sed that these works do not prevent flooding within the protected areabecause, inthedesign 1%
AEP flood:

overtopping of the levee will occur;
backwater flooding across the New England Highway from further downstream will still occur.

Figure 13illustratesthe extent of flooding predicted for thedesign 1% AEPflood after construction of the
McAdam levee
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Comparison between Figure 13 and existing conditions (Figure 2) shows that the McAdam levee:

prevents inundation of 20 properties aong McAdam Street;
preventsinundation of 7 propertieswithinthe Nandowra Street/Gundebri Street/Hall Street area.

The Aberdeen Flood Study model shows that the McAdam levee and topping up the low spots in the
existing levee cause anincreasein flood level supstream of the Main Northern Railway of about 125 mm
(12 cm). Thisincreasein flood hei ght extends north al ong the Main Northern Railway andisvindication of
theimportance of theflood way that existed through Aberdeen prior to construction of theexisting levee.

The financial costs of “McAdam levee” program can be itemised as:

Cost

Cost of works (assessment as reproduced in Appendix B) $309,000

Benefits
Current average annual damage (AAD) $200,842
After “McAdam levee”, Average Annua Flood Damage  $129,339
Benefit (damages saved as AAD) $ 71,503
NPV of benefits $835,155
Benefit cost ratio 2.70

In consideration of the financial analysis above, pertinent points to be made are:

the benefit cost ratio of 2.7 isvery high and indicates an efficient financial investment given that,
typically, the floodplain management works create a benefit cost ratio of less than one.

the cost of works estimate includes a large contingency which essentially is derived from the
consultantsexperiencedealing with similar projectsand giventhelevel of detail, thelack of survey
and the lack of a complete Schedule of Quantities available at this stage of project;
withinthe“after McAdam levee” averageannual flood damage, the“Willow Grove” development
contributes some 30% of the damages for the whole area. This indicates the significance of
adequate flood evacuation planning for this development will continue even after the works are
constructed.

the levee works themsel ves do not remove the existing flood way that passes east of Hall Street
and thus the evacuation difficulties within the Gundebri Street to Hall Street areas will remain.
Theprincipal benefit from thework isthe reduction of flooding along McAdam Street, wherethe
bulk of the dwellings are heritage listed.

the dis-benefits of the work relate to the increased flood levels on the Hunter River floodplain
generally and the potential increase in flood risk at a number of dwellings. The dwellings and
businesses affected do not appear on the floor level survey and accordingly it is not possible to
devel op an appreciation of the changesto flood liability that will affect these properties, givena
predicted increase of 0.125 m.
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7.3.2 “Major Levee” Works

The*major levee” worksidentified abovewould essentially raisethe existing leveeto provide protection
against the 1% AEP flood (aonce in 100 year ARI flood) plus 0.50m freeboard.

Theleveeworksarenoted inthisreport asthe“UpgradeLevee” whichisused s mply asanidentification of
the work.

From aconstruction perspective, increasing the height of the existing |evee between M cAdam Street and
theMain Northern Railway isarelatively simple project, assuming compacted earthisused. Theexisting
levee passesover land that isused for grazing and which isun-encumbered by land owner improvements
along itsroute. Thus, space is availableto raise the levee.

Constructionin upgrading thelevee between the Main Northern Railway and theNew England highwayis
significantly more difficult than upstream. The difficulties are created by:

land ownership;

limited available space for works;

the lack of suitable crest width on the existing levese;

landowners’ improvements within their land on and adjacent to the levee itself;
the proximity of houses to the existing levee.

In the section from the Main Northern Railway to the New England Highway, there are two optionsto
increase the height of the levee, either:

toincreasetheheight of thelevee by wideningtheleveeontheriver sideof theexistingleveesuch
that the height is increased and that appropriate crest width is established along the top of the
levee; or

by use of aconcreteblock wall onthe protected side of theleveeto increasethe height of thelevee
and provide additional crest width on the levee.

With either option for increasing the levee height between the Main Northern Railway and the New
England Highway, good engineering practice dictates that the existing trees and vegetation be removed
(including their root zones) and compacted material used to restore the levee.

Theexisting batter slope on the protected side of theleveeisvery steep and virtually impossibleto mow as
maintenance. It would be prudent to fl atten the protected sidel eveed opeto alow better maintenanceif the
option of increasing the height of the levee using earth fill on the river side of the levee is adopted.

It isexpected that the concretewall option on the protected side of theleveewill bemoreexpensivethan
earthfill ontheriver sideof thelevee. However it would createaclear dividinglinebetweentheleveeand
land in private ownership beside the levee.
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The proposal to upgrade the existing levee to the design 1% AEP flood plus 0.5 m freeboard does not
render all of the existing flood liable areas in Aberdeen to aflood free situation. Figure 14 shows the
predicted inundation extentsfor the 1% AEPflood after upgrading of thelevee. It will benotedthat, inthe
upgraded leveesituation, it isassumed that McAdam leveewill be constructed between the north eastern
end of the current levee and McAdam Street such that a breakout depression is closed.

Figure 14 illustrates that the upgrading of the levee will render:

McAdam Street as protected (viz “not flooded”) in adesign 1% AEP flood,;

the land to the west of Hall Street (including Nandowra Street and Gundebri Street) and the
Willow Grove development will become flood freg;

the land to the east of Hall Street generally remains flood liable;

theexistenceof flooding alongthe old floodway east of Hall Street, (whichiscaused by backwater
flooding over the New England Highway from downstream) meansthat theevacuation difficulties
from Nandowra Street, Gundebri Street and thewestern side of Hall Street plusthe Willow Grove
devel opment still facethe sameevacuation i ssuesinthat any evacuation route passesthroughflood
watersto get to higher ground in the central part of Aberdeen. Inthissituation, it can be expected
that the residents in Nandowra Street, Gundebri Street and the western side of Hall Street will
expect to remain in the residencesrather than evacuate, even though levee overtopping might be
predicted and the New England Highway escape route is closed.

The financial costs of “Upgrade levee” program can be itemised as:
Option 1: Earthworks construction

Cost

Cost of works (assessment as reproduced in Appendix B)  $1.446 million

Benefits
Current average annual damage (AAD) $200,842
After “Upgrade” levee, Average Annual Flood Damage  $ 96,025
Benefit (damages saved as AAD) $104,817
NPV of benefits $1.26 million
Benefit cost ratio 0.87

Option 2: Earthworks and Concrete block-work construction

Cost

Cost of works (assessment as reproduced in Appendix B)  $2.420 million
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Benefits
Current average annual damage (AAD) $200,842
After “Upgrade” levee, Average Annua Flood Damage  $ 96,025
Benefit (damages saved as AAD) $104,817
NPV of benefits $1.26 million
Benefit cost ratio: 0.52

7.3.3 Ring L evee Construction

Figure 14 shows the inundation extent after an upgrade of the existing levee to provide acrest level at
0.5 mabovethepredicted design 1% AEPflood. Itisnoted (from Figure 14) that backwater flooding, from
downstream, over the New England Highway will still occur even after the levee upgrade works.

The construction of alevee on thedownstream side of the New England Highway could beused to prevent
the backwater flooding however. The total cost of such worksis expected to be in the order of the $2.2
million.

However, the current vertical profile of the New England Highway and the exi sting drai nage beneath the
Highway shows that thereis not sufficient volume within the protected areato store local run-off from
rainfall should sufficient rainfall occur during aflood similar to the design flood. Theissues of drainage
areal so exacerbated by the shape of the actual flood. For example, thedesign flood hydrographisasingle
peak event however double peak events can occur (asin the 2000 flood), which follow from the rainfall
patterns over the catchment. A double peak flood would worsen the local drainage issues

It appearsthat the pavement of the New England Highway has been rai sed several timesbut without major
improvement to the drainage underneath the highway. Simply, drainage from the eastern side of the
highway (in the protected area) relies on pipe drainage below the New England Highway. Thereisno
surcharge path available once the capacity of the drainage is reached. Accordingly, ponding will occur
even inlocal rainfall events on the eastern side of the New England Highway.

Clearly, the drainage issues at the New England Highway need to be addressed before extension into a
Floodplain Risk Management program for Aberdeen.

7.4 Future Development

The land use zoning at Aberdeen (as shown on Figure 11) indicates that land zoned for residential use
whichisalso flood liableis essentially confined within the areabounded by the Hunter River, McAdam
Street and the New England Highway (including streets such as McAdam Street, Hall Street, Gundebri
Street, Nandowra Street and Dart Street plus the New England Highway).

The Aberdeen Flood Study showsthe flood liable areaas comprising low flood hazard a ong the bank of
the Hunter River but with aHigh Hazard Floodway running from the north-east to the south-west across
the flood liable land to the south of Hall Street.
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The bulk of the existing subdivided lots in this area are approximately 1000 sg. m in area. There are,
however, six lots whose areas range from 1.5 hato 2.85 ha.

Upper Hunter Shire Council can anticipate applicationsfor threeforms of devel opment within theflood
liable areaindicated above. These are:

new building development as a replacement of existing building stock;
extensions to existing building stock;
new subdivisions.

TheUpper Hunter LEP clause on minimum ot sizesfor land zoned asR1 “Residential” alow aminimum
area of 600 sg. m. However, the LEP a so contains provision for dua occupancy housing and the like,
whichwould allow subdivision of thelotsdown to 300 sg. m. Thus, the LEP provisionshavethe potential
to allow further development within the flood liable area of Aberdeen.

The Upper Hunter Shire Council Development Control Plan (under Section 10a, “Natural Hazards”)
contains suggested development conditions for new buildings and extensions to existing buildings.

Itisunrealisticto expect that replacement of existing building stock or extensionto existing building stock
can beprevented, giventhat theareahaslimited flood protection provided by theexisting Aberdeenlevee.
Theclausesinthe DCP should ensurethat futureflood damagesarereduced following new devel opment,
given that increased floor level heights and building material types should be able to be enforced.
Nonethel ess, the severe evacuation difficultiesin theareawill remain and, if new devel opment provides
significantly increased habitable space, such new development will create further evacuation and
emergency accommodation difficulties for the SES.

In regard to the potential subdivision of the existing large lots within the flood liable area or the
subdivision of thesmaller lotsfor dual occupancy, such approva swould simplyincreasethe population at
risk of flooding, exacerbate the evacuation difficulties aready faced by the SES and will lead to an
increase in flood damages suffered by both the community and individual occupiers.

The opportunities to mitigate against future subdivision are:

to back zone the existing large lots to rural land use zoning such that further subdivision is not
permissible under the LEP;

to utilisethe clauses of the LEP and DCP relating to theflood hazard to limit the opportunitiesfor
future subdivision.

7.5 Voluntary Purchase

Voluntary purchase schemesare occasionally used for propertiesthat aresitedin “high hazard floodways”
andthuscreateasignificant risk of lossof lifeshould mgor floodsoccur. Such programsare“voluntary” in
that government funding may be available for the purchase and demolition of properties where the
property owner or user of the property iswilling to participate in the program.
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Nonethel ess, voluntary purchase schemes tend to show a very low economic efficiency and are usually
undertaken only when the social needs (reduction of the threat to life) is considered to outweigh the
economic efficiency.

The economic efficiency of voluntary purchase schemes is demonstrated below for potential schemes
involving:

Acquisition of the area protected by the Aberdeen levee;
Acquisition of the flood liable area remaining after the upgrade of the Aberdeen levee (as
illustrated on Figure 14) representing a “partial” voluntary purchase scheme.

In the cost estimates below, the values of properties are being assumed as.

General overall properties $250,000 per property
Dwellings within “Willow Grove” $ 85,000 per building
Land at “Willow Grove” $2.5million

Theabovevaluesare solely used for the purposes of demonstrating the economi c efficiency of avoluntary
purchase scheme. They do not represent a“valuation” on the properties nor do they represent what sale
prices might be achieved if the properties were available on the market.

The economic analysis of atotal voluntary purchase schemeis:

Purchase of the properties 62 properties @ $250,000  $15.5 million

Purchase “Willow Grove”

Dwellings 45 dwellings @ $85,000 $3.83 million

Development other than dwellings $2.25 million

Demolition & clean-up 62 properties @ $50,000 $3.10 million

Total Cost $24.68 million

Benefits

Current Average Annual Flood Damage (AAD) $200,842

After voluntary acquisition, Average Annua Flood Damage Assume no damage

Benefits (Damages saved as AAD) $200,842

NPV of Benefits $2.41 million
Benefit/Cost Ratio 0.10

The economic analysis of a partial voluntary purchase schemeis:

Costs
Purchase of the properties 21 properties @ $250,000  $15.5 million
Demoalitions 21 properties@ $50,000  $1.05million
Levee works (See Section 7.3.2) $1.45 million

Total Cost $18 million
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Benefits
Current Average Annual Flood Damage (AAD) $200,842
After voluntary acquisition, Average Annual Flood Damage Assume no damage
Benefits (Damages saved as AAD) $ 200,842
NPV of Benefits $2.41 million
Benefit/Cost Ratio 0.13

With respect to voluntary purchase schemes, it should be noted that:

voluntary purchaseschemesareonly effectiveif all thelandownerswithintheaffected areaagreed
to participate. Giventhenumber of propertieswithintheflood liableareaof Aberdeen, agreement
to participate over the full population of the areawould seem unlikely;

known flood liable house properties tend to have market values towards the lower end of values
within the particular area. Thus, while a voluntary purchase arrangement may provide
compensation to the market value of the property, there ssmply may not be replacement
accommodation within the surrounding areathat can beacquired at the paid compensation val ue.

voluntary acquisition does cause disruption to the community, particularly for residentswho have
lived within the target area for a considerable period of time.

Within the “partial” voluntary purchase scheme outlined above (combined with levee works), the
evacuation difficulties for “Willow Grove” and the general development in Gundebri Street, Nandowra
Street and Hall Street will still have the same evacuation difficulties and risks. The levee works and
voluntary purchase arrangements may create afal sesenseof security for personslivinginthearea, which the
post-worksinundation extentswoul d indicate asflood freebut would beat severerisk if theleveewereto be
overtopped
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8. COMPARISON OF OPTIONS
8.1 Oveview

Theprevious sections of thisreport have outlined avariety of optionsfor improvement of floodplain risk
management, bothin Aberdeenitself and the surroundingareas. Theobject of floodplainrisk management is
to reduce potential flood liability and to reduce the damages accruing to both the community and
individual s through flooding.

It is self-evident, from Chapter 3, Section 3.3, that the emergency management, in particular the flood
warning system available for Aberdeen, needs improvement given:

thelack of aflood warning system or even arudimentary flood magnitude assessment system for
Aberdeen;
the limited protection provided by the Aberdeen levee;
the number of dwellings that would require evacuation;

the occurrence of backwater flooding over the New England Highway into Aberdeen, which
would possibly require evacuation;

the evacuation difficulties are created by the nature of flooding, which features a“high
hazard floodway” between the lower hazard areas along the bank of the Hunter River and the
flood free higher land to the south, where the bulk of Aberdeen islocated and where emergency
accommodation would be located.

Accordingly, the emergency management improvement has not been included in this comparison of
options.

Similarly land-use planning has not beenincluded in thiscomparison. Thelatest Upper Hunter ShireLEP
and therecently adopted DCP addressthe bulk of the land use planningissuesasthey relatetofloodplain
risk management. In essence the land use planning documents seek to all ow appropriate devel opment on
the flood liable areas and seek to discourage inappropriate development (that isresidential housing and
commercia and industrial development) on theflood liableareasin and around Aberdeen. Accordingly,
land use planning documents have not been included in the comparison of options.

8.2 Available Options

Theavailablefloodplain management options (excluding emergency management and |and useplanning)
are shown in atabular format in Table 4 below. Table 4 includes:

economic factors which are treated in dollar terms;

social factors that have been addressed in a numerical system ranging from “Best” as
+5 to “Worst” as -5 and “Neutral” as 0. The assessment is based on the consultant’s perception
of the social factors.
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environmental factors are based on the consultant’s perception of the importance of those
factors using a numerical system from +5 “Best” to -5 “Worst”.

It should be noted that, in the areaswhere physical worksare envisaged, the natural environment hasbeen
highly modified from that which would have existed prior to European settlement. The land has been
cleared, subdivided and utilised for residential building. Thus, theenvironmental factorsaddressedrelateto
the impact of the works on the surrounding land noting that natural environment features that require
mitigating allowances would rate between “very limited” to “non-existent”.

Review of the options given in Table 4 below suggests that house raising is not an effective means of
reducing flood damages. Within the urban area, the environmental impact of the house raising has been
shown as “- 2” given that:

house raising requires al of the buildings to be raised, thus requiring the acceptance of
all the community;

some buildings already have elevated floor level s, hence the process of raising only some
of the houses will have an impact on the streetscapes through the areg;

current subsidy arrangements through government allow only a part subsidy of the house
raising with the property owner expected to contribute the bal ance of the funds required.

The minor levee works (the “McAdam levee”) show a very attractive benefit cost ratio. However the
environmental issues have been shown as“- 1” given that the Flood Study model predictsan increasein
flood levels for surrounding properties, both adjacent to the levee and north of the Hunter River. These
impacts require further quantification before proceeding with construction.

The*upgraded levee” option al so shows areasonabl e benefit cost ratio. However, it a so showsincreased
flood levels north of the Hunter River. It has the additional disadvantage (by the “- 2” ranking of
environmental issues) that it will tend to promote acommunity expectation that theleveewill render the
areasflood freeinall floods, and thusthe community will bereluctant to undertakeany evacuationseven if
the levee is threatened to overtop.

The“ringlevee” option hasnot been pursued further becausetheredoesnot appear to besufficient volume
availablefor the storage of local run-off (that could occur during aflood) inthe protected area. Similarly,
the New England Highway itself and provision for drainage under the roadway will promote ponding on
the eastern side of the Highway. Thisissue needsto beresolved to ensurethat aleveefurther downstream
can be effective.

Both in the urban areas of Aberdeen and the rural areas surrounding Aberdeen, the land use zoning and
building controls (as scheduled in the DCP) should act to limit the development of theflood liableareasto
those developments considered as having “merit” under the Floodplain Management Manual. In those
cases, the building controlsin the DCP of set minimum floor levels and use of flood compatible building
construction will not prevent all flood damage but will act to reduce potential flood damage.
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Table4

Comparison of Floodplain Management Options

Options Financial Non-Financial Environmental
Capital Cost D?:rg;ge Benefit | b efit/Cost Ere(r)ugreirttilri B:negf?tlieng Community
% (SAAD) ($NPV) Support

Existing — Urban Areas
1. Status Quo NA $201,000 NA NA 0 0 +0 +0
2 “McAdam” Levee 0.31 million $129,500 835,250 2.7 85 210 +1 -1
3. “Upgrade” Levee $1.45 million $96,000 | $1.26 million 0.87 85 210 -1 -2
4. Ring Levee $2.2 million
5. House Raising $2.56 million $163,600 $434,700 0.17 32 190 -1 -2
6. Voluntary Purchase - Tota $24.7 million AssumeO | $2.41 million 0.10 85 210 -5 +1

Voluntary Purchase— Partial | $15.5 million AssumeO | $2.41 million 0.13 85 210 -5 +1
Existing— Rural Areas
1. Status Quo NA $138,800 NA NA - - +0 +0
2. House Raising $4.4 million $55,800 969,400 0.22 55 135 +0 -1

Notes. AAD = Average annual flood damage
NPV = Net present value
NE = Not estimated
NA = Not applicable
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9. DRAFTFLOODPLAIN RISK MANAGEMENT PLAN
9.1 Overview
Low lying parts of Aberdeen and the surrounding rural areas are flood liable.

Inthedesign oncein 100 yearsAverage Recurrencenterval (ARI) flood (equivaenttoal% AEPflood), it
IS predicted that some 85 propertiesin Aberdeen will beinundated with some 69 housesinundated above
floor levels.

The Aberdeen Flood Study hasbeen completed (adopted by Council on 22 July 2013) and showsthat areas of
High Hazard Floodway will exist through the low lying areas of Aberdeen. Such floodwaysincreasethe
flood risk to the persons and the properties within those floodways and severely hamper evacuation
operations from other flood liable areas, even though those flood liable areas might have alower flood
hazard.

The object of the draft Aberdeen Floodplain Risk Management Plan is to provide Upper Hunter Shire
Council with apathway to achieving the New South Wales Government objectivesin thefloodplain risk
management manual, that is:

to creation of areduction in flood damages accruing both to the community and to individuals
occupying the floodplain;

to promote sustainable devel opment of floodplain.

Thisdraft Floodplain Risk Management Plan is not intended to be afirmly fixed document, but one that
canbereviewed at regular interval sand adj usted according to both theworks and measuresthat havebeen
implemented and the experience derived from such implementation.

Withinthe Aberdeen Floodplain Risk Management Study, improvementsto theflood evacuation planning
and the implementation of the Upper Hunter Local Environmental Plan (LEP) and the recently adopted
Development Control Plan (DCP) are self-evident inclusionswithin any floodpl ain management planfor
Aberdeen.

Similarly, the consultant’sperceptionisthat thegenera community withinthelow lying areasof Aberdeen
may not be generally aware of the flood risk, nor are they prepared for any evacuations.

Thedraft Floodplain Risk Management Plan outlined bel ow lists floodpl ain management i ssues and the
actions to be taken. A tableisincluded outlining priorities and costings.
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9.2 Componentsof the Draft Floodplain Risk Management Plan
Issue: Flood warning and preparation for evacuation

It appears that there is no flash flood warning system for Aberdeen and, at this point, the SES rely on
volunteersusingtheriver level gaugesonthe PagesRiver, Rouchel Brook and Kingdon Pondsto estimate
the magnitude of the flood.

Given thedemonstrated rapid rise of Hunter River at Aberdeen and the number of people and properties
likely to be affected, it is clear that there is a need for a better flood warning system, preferably a two-
stage approach using:

aflash flood warning system through the Bureau of Meteorol ogy;
a written procedure for the SES locally that can be followed as a backup to the Bureau
of Meteorology system.

The “Willow Grove” development represents the largest concentration of persons within the areas that
would require evacuation. A “temporary measure” to assist evacuation would be:

- topping of the levee with an all-weather surface between the north-eastern corner of
“Willow Grove” and the existing New England Highway bridge over the Hunter River;

- creation of steps to give access from “Willow Grove” to the top of the levee;

- closure of the access to the New England Highway using alockable gate with keys to be
held by the SES and on-site management of “Willow Grove”.

The object of these minor works is to provide an emergency access for the residents of “Willow Grove” to
ahigher area. Whilst thiswork isnot ideal, it would be better than current arrangements.

Action:

Upper Hunter Shire Council to pressthe Bureau of Meteorol ogy to devel op aflash flood warning system
for Aberdeen, given the magnitude of the flood issues and the rapid rate of rise of the Hunter River at
Aberdeen, and noting that a flash flood warning system is aready in place for Scone.

Upper Hunter Shire Council towork with the SEStoinvestigateasimple procedureto usingtheavailable
river gauges, to predict as an approximate predictor of likely flood height, and times of flood arrival, at
Aberdeen.

Upper Hunter Shire Council work conjointly with SES and “Willow Grove” to develop an evacuation plan
for “Willow Grove” and incorporate an all-weather access for pedestrian evacuation from “Willow Grove”
to the New England Highway bridge.

Issue: Community flood awar eness

The low lying areas of Aberdeen were flooded in 1955 and 1971 and possibly in 1976 (subject to the
precise construction completion of the Aberdeen levee at the time of the 1976 flood).
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The Aberdeen Flood Study indicatesthat the Aberdeen | evee does not provide protection up tothedesign
oncein 100 year flood event, or larger events, and only provides protection up to theoncein 50 year ARI
event but with no freeboard.

The consultant’s perceptionisthat the general community within thelow lying areasof Aberdeen may not
be generally aware of the flood risk, nor are they prepared for any evacuations.

Action:

Upper Hunter Shire Council and the SES will need to undertake a locally specific public information
program to inform the residents of:

the flood liability of the lower lying areas of Aberdeen and the hazard attendant to flooding;
the potential need for evacuations from the area.

Issue: Land useplanning

The latest Upper Hunter Shire LEP and the recently adopted DCP include a variety of clauses and
measures which will act to attain the objectives of any floodplain risk management plan in reduction of
flood damages.

There are minor amendmentsthat can be madeto the DCP and it is suggested that an annual review of the
DCP be undertaken, rather than Council seeking to occlude amendments as soon as the need of those
amendments becomes evident.

Action:

Upper Hunter Shire Council undertake annual review of the DCPto incorporate amendmentsasrequired.
Issue: Future Development

There are areas of low lying, flood-liable land within Aberdeen and around Aberdeen that have the
potential to attract interest for residential or commercial /industrial devel opment. Such usesof floodplains
are discouraged generally under the merit approach as enunciated by the New South Wales Floodplain
Development Manual.

The provisions of the LEP and the DCP should act to:

direct development of flood liable lands away from residential, commercial and industrial
devel opment;

provide alevel of flood protection to dwellings by enforcement of minimum floor levels (at the
Flood Planning Level or above) and by enforcement of the use of flood compatible material sbel ow
the Flood Planning Level in buildings.
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Additional residential development on the flood liable lands will only exacerbate the flood risk to
propertiesand lifeand will only exacerbatetheissuesfacingthe SESintermsof emergency management in
the area.

There are a number of vacant large blocks within the lower parts of Aberdeen that are zoned as “R1
General Residential” which potentially could attract interest for further development. It issuggested that
these large lots be “back zoned” to rural zoning such as “RU1 Primary Production” or “RU4 Primary
Production, Small Lots” such that the provisionsfor therural land devel opment would then apply to these.

Action:

“Back zone” the large vacant lots currently zoned as “R1 General Residential” in the lower parts of
Aberdeen as “RU1 Primary Production” or “RU4 Primary Production, Small Lots”.

Issue: Leveeworks
The minor levee works (“McAdam levee”) have useful economic return on the works costs.

There are, however, several issues that should be addressed prior to a decision to proceed with
construction. These issues are:

theimpact of theleveeworkson the surrounding propertiesneedsbetter quantification (suchasviaa
Review of Environmental Factors) to identify the preciseimpact of any changesto flood levels,

survey and design of the proposed |eveeworksisrequired with the object of accurately quantifying
the works cost.

The Aberdeen Flood Study hydrodynamic model does require some additional work to identify if the
increasesin design flood levels above the 1955 flood level's, upstream of the New England Highway are
due to:

changesin the road and rail embankments post 1955;
the model assumptions used to generate head |osses through the bridges (verification that the
model does not overestimated such |osses).

Preparation of aReview of Environmental Factors (REF) isrequired to quantify the actual impact of any
increased flood levels on the properties surrounding the flood liable area of Aberdeen. The object of the
REF would be provision of sufficient information such that Upper Hunter Shire Council can make a
considered decision on whether to proceed with the works.

A more detailed cost estimate needs to be derived from a Schedule of Quantities, which would be
produced by the design process. Given the design process should cost less than 10% of the total works
cogt, it isprudent to complete an accurate cost estimate before adecision to proceed with constructionis
made.
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Action:

Further detailed review of parts of the hydrodynamic model used inthe Aberdeen Flood Study to confirm
its veracity in prediction of increased flood levels.

Preparation of an REFfor theminor leveeworksto quantify theactual impact of any increasedflood levels
on the properties surrounding the flood liable area of Aberdeen.

Subject totheresults of the REF, proceed with survey and design of theminor leveeworkswiththeobject of
producing arefined cost estimate for the works.

Issue. New England Highway

It appearsthat the raised carriageways on the New England Highway will create pondinginlocal run-off
on the eastern side of the Highway itself. Rectification will probably require further drainage works
underneath the Highway to resolve the situation.

Nonetheless, it appearsthat thereisinsufficient storagevolumefor local run-off withinthe protected area,
such that a ring levee system (comprising upgrades of the existing levee plus closure levee along the
western side of the New England Highway) may not provide the flood protection expected.

Theprovision of additional drainage beneath the New England Highway will al so probably requirefitting
floodgates to the new drainage structures such that backwater flooding from downstream of the New
England Highway does not enter into the protected area.

Action:

Upper Hunter Shire Council approach RMS regarding the joint investigation to rectify the drainage
beneath the New England Highway at Aberdeen.

Issue: Limited voluntary acquisition or houseraising

Itisnoted that thereare 11 dwellingslocated on the eastern side of the New England Highway intheflood
liable area of Aberdeen that have floor levels that are less than the once in 20 year flood event.

Eight of the buildings are suitableto be rai sed, however heritage considerations may prevent such works
on three buildings.

Following resol ution of the drainageissues created by the New England Highway, consideration should be
given to ether raising these houses or a voluntary acquisition program to provide a better level of
protection. It isunlikely that these works will show areasonable benefit cost ratio and thus the program
would need to be undertaken under a “social obligation” consideration.
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Action:

Consideration of alimited voluntary acquisition or house raising program for the 5 housesthat currently
have floor levels below oncein 20 year flood level.

Tableb

Draft Floodplain Risk Management Plan Summary

or house raising

| ssue Action Priority Cost
Flood warning and preparation 1. Press Bureau of Meteorology for flash .
for evacuation flood warning Immediate
2. With SES develop alocal flood warning
check Short term $20,000
3. Provide all-weather pedestrian access
from “Willow Grove” to the New England .
Highway with alockable gate closure of thg  Immediate $10,000
route. Gate keys to be held by SES and
“Willow Grove” on-site management.
Community flood awareness | 1. Undertake a community awareness
program for flood liable areas of Aberdeen | Immediate| $15,000
Land use planning 1. Complete an annual review of DCP _ $5.000
to incorporate amendments On-going ’
Future development 1. Back zonelargevacant lotsinflood liablg .
areas Medium
Levee works 1. Review impact of increased flood levels
Short term | $25,000
2. REF for minor levee works Shortterm | $25,000
3. Design of minor levee works Medium $35,000
4. REF for major levee works Longterm |  $30,000
New England Highway 1. Liaise with RMS re upgrade of drainage .
under New England Highway Medium | $30,000
2. Fit gate to drains under New .
England Highway Medium | $30,000
Limited voluntary Acquisition 1. Raise5lowest housesin Aberdeen Long term $400,000
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APPENDIX A

LEVEE INSPECTION - OCTOBER 2014

1 Background, Aberdeen Levee

Parts of Aberdeen are protected by an earthen levee. The earth levee was reportedly constructed by
the Water Resources Commission in 1976. The design crest level was set at the recorded 1971 flood
levels plus 1 m freeboard, athough some sources indicate the freeboard was 0.9 metres, which would
be consistent with the WRC practice at the time of using 3 foot freeboard.

The levee comprises of a compacted earth bank with design side slopes of 3:1 (horizontal to vertical)
ontheriversideand 2 :1 (H:V) on the protected side.

A number of levee inspections have been undertaken in the past.

During the October 2014 levee inspection, discussions with the local landowners indicated their
concerns regarding the degree of compaction in the levee and the foundation material. Whilst these
items are somewhat technical in nature, it is queried whether such concerns have been raised by the
residents through their own investigation or aternatively are merely a repetition issues raised in
earlier levee reports.

2. Overview, October 2014 L evee I nspection

A visual inspection of the levee was undertaken by Mr K W Paterson on the 24 October 2014. The
inspection comprised of a “walk-over” of the levee with a series of photographs taken to record the
condition of the levee.

Figure 1 illustrates the location of the levee and a notional control line set near the crest of the levee
with chainages. The object of the chainages used is to alow a correlation to be made between the
levee photographs and their location on the ground.

Figures 2 to 6 inclusive illustrate the photographs taken on the levee inspection.
3. L evee Conditions, Ch 0.0to Ch 371

The section of levee between Chainage 0 and Chainage 371, (McAdam Street to the Main Northern
Railway Line), is unencumbered with structures.

A Council drainage pipe (with a flap gate) at Ch 240 serves a drainage channel from near the
intersection of Nandowra Street and Hall Street to the Hunter River.

The levee appears to start approximately at Chainage 50 where it ties to a higher bank of land
running from the north-east to the south-west. Between Ch. 0 and Ch. 50, the ground levels are lower
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than the levee crest. However, the levee is contiguous with higher ground to the south-west of the
control line. At this point, survey is not available to confirm the actual high point of ground from Ch
50 to the eastern side of McAdam Street, which would effectively form the levee.

In the section of levee between Chainage 0 and Chainage 371, there are no significant breaks in the
levee.

There has been some repair of the levee at approximately Chainage 180. The levee has been repaired
using asilt type material that has a small amount of angular gravel within it.

Over this section of the levee area (Chainage 0 and Chainage 371) there is inadequate topsoil to
promote the growth of a healthy grass cover.

The levee appears to have been mown on the “River side” but not on the “Protected side”.

The flap gate on the Council drainage line at approximately Chainage219 has a considerable amount
of grass and weed growth around it and thus it has the potential to become blocked “open” during a
flood. The surrounds of the flap gate should be cleared and the vegetation removed so that the gate
can swing freely from “closed” position to “open” position and from “open” position to “closed”
position.

Some rabbit scrapings were observed around to Chainagel50, though no burrows was seen close to
the levee at this point. It was noted that rabbit burrows were in evidence near the outlet of the
Council drainage line (approximately Chainage 219) but there did not appear to be evidence of
recent activity. There is a risk that the rabbit burrows may go under the levee system. In this
situation, the rabbit burrows should be “grubbed” out and replaced with compacted material.

4, L evee Conditions, Chainage 371 to Chainage 718

This section of the levee is a compacted earth levee with the crest width of approximately 2.5 m or
less with side slopes of approximately 3:1 (horizontal to vertical) on the “river” side and 2.5:1
(horizontal to vertical) on the “protected” side.

There is some grassing aong the levee, though the grass cover is not good. The levee appears to lack
topsoil to enable a healthy grass cover to be grown, while in other parts the levee has been grazed by
stock up to the crest on the “river” side.

The major concern in this section of the levee is the planting of trees and growth of trees on and near
the levee, plus fence lines being constructed along the levee over this section.
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At the time of construction of the levee, the levee footprint had been subdivided into residential lots.
It is also apparent that easements were not taken over the levee route and thus the residents have
planted or allowed treesto grow in the levee. Similarly there are numerous fence posts and fences cut
into the levee, which restricts easy maintenance of the levee

The failure to take easements over the levee footprint is not an uncommon practice, particularly
when the levee has been constructed after recent floods. In general, the residents will tend to be in
favour of the levee construction but are unwilling to relinquish any property rights with the
construction of such alevee.

The successful operation of an earth levee requires a complete compacted fill volume below the
levee surface. Trees threaten the structure of the levee through their roots both:
in the growing stage, when the tree roots push through the compacted material and are likely
to break up the fill structure; and
on the death of the tree, the roots die leaving tunnels within the levee cross-section.

The trees and their root structures should be “grubbed” out of the levee and the void created replaced
with select compacted material.

Access along the levee in this section is severely restricted by:

- fences across the levee;
- lack of crest width;
- poor surface material on the crest.

During wet periods, it would be virtually impossible to access the levee, should emergency works or
repairs to the levee be required.

It is clear that easement acquisition may well be required. It is appreciated that this action will most
probably not receive the approval of the local residents. Nonethel ess achievement of the engineering
requirements for the levee may necessitate acquisition of easements so that Council has control over
the compl ete levee to ensure its ongoing structural efficiency.

5. Implicationsfor the Aberdeen Floodplain Risk Management Plan

At this point, there appear to be three possible outcomes for Aberdeen levee within the Aberdeen
Floodplain Risk Management Plan. These outcomes are:
maintain the current conditions with ownership of the levee remaining in private ownership
and maintenance being undertaken by the New South Wales State government and the
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landowners. This implies acceptance of the current level of protection and acceptance of the
current risk of failure;

removal of trees and vegetation from along the levee followed by topsoil and re-grassing with
the levee at the same height. This action will probably require the acquisition of easements.
Increasing the height of the levee to the level of protection consistent with the Aberdeen
Flood Study, which will require raising of the crest, acquisition of easements, remova of
vegetation followed by topsoil and re-grassing.

The issues of resident concerns relating to the materials used in the levee, the degree of compaction
in the levee, and the foundations, can be addressed through a geotechnical investigation involving:
a number of test bores through the levee down to the foundations and below to indicate the
materials that arein the levee and below the levee
aseries of test pits to confirm the degree of compaction of the materia in the levee.

It should be noted that, in general, levees are constructed to a compaction level of 95% Standard
Compaction Test given that:
- flood levelstend to rise and fal relatively quickly;
levees are not structures for retention of water in the long-term;

the rate of rise and fall of flood levels does not create a situation where the pore water
pressures within the levee have sufficient time to build up;
provided adequate side slopes are used, sSlumping of the levee banks is quite rare.
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Project: Mcadam Levee adjustment
Item no Description units Qty Rate Value
(%) (%)
1 |Site Establishment Is 1 7500.00 7500.00
2| |Site Clearing sg. m 1500 2.00 3000.00
3 |Earth works
3.1 | Strip & Stockpile topsoil sq.m 1500 2.50 3750.00
3.2/ | Transport, spread and compact fill cu. m. 1600 25.00  40000.00
3.3| | Spread topsoil sg. m 1500 3.50 5250.00
3.4/ | Hydro-mulch and Grass sg. m 1750 1.10 1925.00
3.5/ |Crest & access tracks cu. m. 150 94.00 14100.00
3.6/ Top up existing levee
3.6.1) |Strip & Stockpile topsoil sg.m 1200 2.50 3000.00
3.6.2 | Transport, spread and compact fill cu. m. 500 25.00 12500.00
3.6.3| |Spread topsoil sg. m 1200 3.50 4200.00
3.6.4 | Hydro-mulch and Grass sg. m 1200 1.10 1320.00
3.6.5/ Crest & access tracks cu. m. 0 94.00 0.00
4| Road works
4.1 | Pavement cu. M 45 94.00 4230.00
4.2| Bitumen seal sgm 125 50.00 6250.00
5 | Concrete works
5.1 | Blinding stabs na
5.2/ In-situ foundations na
5.3| In-situ walls na
5.4/ | Blockwork na
5.5 |Cut_off walls na
6 | Culvert
6.1 | Supply & install culverts lin. M 25 175.00 4375.00
6.2 |Install culverts lin.M 25 20.00 500.00
6.2 Headwalls no 2 500.00 1000.00
6.3  Flap gates no 1 500.00 500.00
7 | Grass maintenance sgm 400 0.50 200.00
8  Dispersal Is 1 5000.00 5000.00
Sub_total 118600.00
9 Contratcors Profit 11860.00
Sub_total 130460.00
10, Off site activities
10.1 |Survey, Investigation & Design 11860.00
10.2) Project management, testing 11860.00
Sub_total 154180.00
11 |Contingency 1 154180.00
Total 308360.00
say 309000.00




Project: Upgrade_earth_levee
Part 1 Extend Existing Levee
Item no Description units Qty Rate Value
(%) (%)
1 Site Establishment Is 1 10000.00 10000.00
2 Site Clearing sg. m 9500 2.00 19000.00
3 Earth works
3.1 Strip & Stockpile topsoil sq.m 9500 250  23750.00
3.2 Transport, spread and compact fill cu. M 9000 30.00 270000.00
3.3 Spread topsoil sg. m 9500 3.50  33250.00
3.4 Hydro-mulch and Grass sg. m 10000 1.10 11000.00
35 Crest & access tracks cu. m. 648 94.00 60912.00
4 Road works
4.1 Pavement cu. M 0 94.00 0.00
4.2 Bitumen seal sgm 0 50.00 0.00
5 Concrete works
5.1 Blinding stabs na
5.2 In-situ foundations na
5.3 In-situ walls na
5.4 Blockwork na
55 Cut_off walls na
6 Culvert
6.1 Supply & install culverts lin.M 0 175.00 0.00
6.2 Install culverts lin. M 0 20.00 0.00
6.2 Headwalls no 0 500.00 0.00
6.3 Flap gates no 0 500.00 0.00
7 Fencing
7.1 Fence m 675 20.00 13500.00
7.2 gates no 9 690.00 6210.00
8 Grass maintenance sgm 10000 1.00 10000.00
9 Dispersal Is 1 5000.00 5000.00
Sub_total 462622.00
Part 2 McAdam levee
Item no Description units Qty Rate Value
%) %)
1 Site Establishment Is 0 7500.00 0.00
2 Site Clearing sg. m 1500 2.00 3000.00
3 Earth works
3.1 Strip & Stockpile topsoil sg.m 1500 2.50 3750.00
3.2 Transport, spread and compact fill cu. M 1600 25.00  40000.00
3.3 Spread topsoil sg. m 1500 3.50 5250.00
3.4 Hydro-mulch and Grass sg. m 1750 1.10 1925.00
3.5 Crest & access tracks cu. m. 150 94.00 14100.00




4 Road works
4.1 Pavement cu. M 45 94.00 4230.00
4.2 Bitumen seal sgm 125 50.00 6250.00
5 Concrete works
5.1 Blinding stabs na
5.2 In-situ foundations na
5.3 In-situ walls na
5.4 Blockwork na
55 Cut_off walls na
6 Culvert
6.1 Supply & install culverts lin.M 25 175.00 4375.00
6.2 Install culverts lin. M 25 20.00 500.00
6.2 Headwalls no 2 500.00 1000.00
6.3 Flap gates no 1 500.00 500.00
7 Grass maintenance sgm 400 0.50 200.00
8 Dispersal Is 5000.00 0.00
Sub_total 85080.00
Parts 1 & 2 Sub_total 547702.00
9 Contratcors Profit 54770.20
Sub_total 602472.20
10 Off site activities
10.1 Survey, Investigation & Design 60247.22
10.2 Project management, testing 60247.22
Sub_total 722966.64
11 Contingency 1 722966.64
Total 1445933.28
say 1446000.00




Project: Upgrade_earth_levee
Part 1 Extend Existing Levee
Iltem no Description units Qty Rate Value
(%) (%)
1 Site Establishment Is 1 10000.00 10000.00
2 Site Clearing sg. m 9500 2.00 19000.00
3 Earth works
3.1 Strip & Stockpile topsoil sq.m 5200 2,50  13000.00
3.2 Transport, spread and compact fill cum 5500 30.00 165000.00
3.3 Spread topsoil sg. m 9500 3.50  33250.00
3.4 Hydro-mulch and Grass sg. m 6000 1.10 6600.00
35 Crest & access tracks cu. m. 270 94.00 25380.00
4 Road works
4.1 Pavement cum 0 94.00 0.00
4.2 Bitumen seal sgm 0 50.00 0.00
5 Concrete works
5.1 Blinding stabs cum 30 360.00  10800.00
5.2 In-situ foundations cum 250 586.00 146500.00
5.3 In-situ walls cum 0 0.00
5.4 Blockwork sqm 469 610.00 286090.00
5.5 Cut_off walls 949.00 0.00
5.6 Backfill by hand cum 450 90.00  40500.00
6 Landscaping
6.1 Turf sg. m 1200 21.00  25200.00
6.2 Handrail lin.M 320 91.00 29120.00
7 Fencing
7.1 Fence m 225 20.00 4500.00
7.2 gates no 9 690.00 6210.00
8 Grass maintenance sqm 5200 1.00 5200.00
9 Dispersal Is 1 5000.00 5000.00
Sub_total 831350.00
Part 2 McAdam levee
Iltem no Description units Qty Rate Value
(%) (%)
1 Site Establishment Is 0 7500.00 0.00
2 Site Clearing sg. m 1500 2.00 3000.00
3 Earth works
3.1 Strip & Stockpile topsoil sq.m 1500 2.50 3750.00
3.2 Transport, spread and compact fill cu. M 1600 25.00  40000.00
3.3 Spread topsoil sg. m 1500 3.50 5250.00
3.4 Hydro-mulch and Grass sg. m 1750 1.10 1925.00
3.5 Crest & access tracks cu. m. 150 94.00 14100.00




4 Road works
4.1 Pavement cu. M 45 94.00 4230.00
4.2 Bitumen seal sgm 125 50.00 6250.00
5 Concrete works
5.1 Blinding stabs na
5.2 In-situ foundations na
5.3 In-situ walls na
5.4 Blockwork na
55 Cut_off walls na
6 Culvert
6.1 Supply & install culverts lin.M 25 175.00 4375.00
6.2 Install culverts lin. M 25 20.00 500.00
6.2 Headwalls no 2 500.00 1000.00
6.3 Flap gates no 1 500.00 500.00
7 Grass maintenance sgm 400 0.50 200.00
8 Dispersal Is 5000.00 0.00
Sub_total 85080.00
Parts 1 & 2 Sub_total 916430.00
9 Contratcors Profit 91643.00
Sub_total 1008073.00
10 Off site activities
10.1 Survey, Investigation & Design 100807.30
10.2 Project management, testing 100807.30
Sub_total 1209687.60
11 Contingency 1 1209687.60
Total 2419375.20
say 2420000.00




Project: Upgrade_earth_levee plus New England
Part 1 Extend Existing Levee
Item no Description units Qty Rate Value
$) %
1 Site Establishment Is 1 10000.00 10000.00
2| Site Clearing sq. m 9500 2.00 19000.00
3 Earth works
3.1 |Strip & Stockpile topsoil sg.m 9500 2.50 23750.00
3.2| Transport, spread and compact fill cu. M 9000 30.00 270000.00
3.3| |Spread topsoil sg. m 9500 3.50 33250.00
3.4| Hydro-mulch and Grass sg. m 10000 1.10  11000.00
3.5 |Crest & access tracks cu. m. 648 94.00 60912.00
4 Road works
4.1 |Pavement cu. M 0 94.00 0.00
4.2/ |Bitumen seal sqm 0 50.00 0.00
5 Concrete works
5.1 |Blinding stabs na
5.2 |In-situ foundations na
5.3 | In-situ walls na
5.4/ |Blockwork na
5.5/ Cut_off walls na
6 Culvert
6.1 Supply & install culverts lin. M 0 175.00 0.00
6.2 | Install culverts lin.M 0 20.00 0.00
6.2 Headwalls no 0 500.00 0.00
6.3| Flap gates no 0 500.00 0.00
7| |Fencing
7.1 Fence m 675 20.00 13500.00
7.2 |gates no 9 690.00 6210.00
8 Grass maintenance sgm 10000 1.00 10000.00
9/ Dispersal Is 1 5000.00 5000.00
Sub_total 462622.00
Part 2 McAdam levee
Item no Description units Qty Rate Value
$) %
1 Site Establishment Is 0 7500.00 0.00
2| Site Clearing sq. m 1500 2.00 3000.00
3 Earth works
3.1 |Strip & Stockpile topsoil sg.m 1500 2.50 3750.00
3.2| Transport, spread and compact fill cu. M 1600 25.00  40000.00
3.3| |Spread topsoil sg. m 1500 3.50 5250.00
3.4 Hydro-mulch and Grass sg. m 1750 1.10 1925.00
3.5 |Crest & access tracks cu. m. 150 94.00 14100.00




4| 'Road works
4.1 Pavement cu. M 45 94.00 4230.00
4.2| Bitumen seal sgm 125 50.00 6250.00
5 Concrete works
5.1] Blinding stabs na
5.2 |In-situ foundations na
5.3/ In-situ walls na
5.4 Blockwork na
5.5/ Cut_off walls na
6 Culvert
6.1| Supply & install culverts lin. M 25 175.00 4375.00
6.2 Install culverts lin.M 25 20.00 500.00
6.2 Headwalls no 2 500.00 1000.00
6.3 | Flap gates no 1 500.00 500.00
7 Grass maintenance sgm 400 0.50 200.00
8 Dispersal Is 5000.00 0.00
Sub_total 85080.00
Part 3 New England Levee
Item no Description units Qty Rate Value
(%) (%)
1 Site Establishment Is 1 5000.00 5000.00
2| Site Clearing sq. m 3000 2.00 6000.00
3 Earth works
3.1 |Strip & Stockpile topsoil sg.m 2950 2.50 7375.00
3.2| Transport, spread and compact fill cu. M 2600 35.00 91000.00
3.3| |Spread topsoil sg. m 2950 3.50 10325.00
3.4 Hydro-mulch and Grass sg. m 3000 1.10 3300.00
3.5/ Crest & access tracks cu. m. 189 94.00 17766.00
4| 'Road works
4.1 Pavement cu. M 110 94.00 10340.00
4.2/ |Bitumen seal sqm 360 50.00 18000.00
5 Concrete works
5.1 |Blinding stabs na
5.2 |In-situ foundations na
5.3 In-situ walls na
5.4 Blockwork na
5.5/ |Cut_off walls na
6 Culvert
6.1| Supply & install culverts lin. M 0 175.00 0.00
6.2 Install culverts lin.M 0 20.00 0.00
6.2| Headwalls no 0 500.00 0.00
6.3 | Flap gates no 0 500.00 0.00




7 Fencing

7.1/ Fence m 500 20.00 10000.00
7.2 gates no 3 690.00 2070.00
8 Grass maintenance sgm 3000 1.00 3000.00
9/ Dispersal Is 1 5000.00 5000.00
Sub_total 189176.00
Parts1& 2 &3 Sub_total 836878.00
10 | Contratcors Profit 83687.80
Sub_total 920565.80

11 | Off site activities
11.1) Survey, Investigation & Design 92056.58
11.2) | Project management, testing 92056.58
Sub_total 1104678.96
12 | Contingency 1 1104678.96
Total 2209357.92
say 2210000.00
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FLOODPLAIN MANAGEMENT PROCESS
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APPENDIX D
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FIGURE 30
1% AEP (100 YR ARI)
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FIGURE 33
1% AEP (100 YR ARI)
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