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65.8 N5SW Integrated Water Cycle Management Guidelines

Integrated Water Cycle Management (IWCM) is a way for localwater utilities to better manage
their water systems to maximise benefits to the community and environment. It also achieves
improved communication and sharing with otherwater users and managers. Itis a key
camponent of the Department of Water and Energy's(how DECCW) Best Practice Management
of Water Supply and Sewerage Guidelines.

Whilst preparation of an MYC M is not compulsory for utilities, it is required for eligibility for
Country Towns YWater Supply and Sewerage Program funding towards any capital warks. NSC
has recently initiated a Draft WO M Strategy for the LGA. Details of which are addressed in
Section 1.5.1.

6.6 Local Government Policy

66.1 Draft WCM Strategy

Mambucca Shire's water supply, sewerage and stormwater infrastructure requires upgrading to
meet population growth, legislative and best practice standards. Therefare to address the
current and emerging issueswithin a catchment contex, it was decided to halistically review
and evaluate how the urban water cycle in Mambucca Shire could be improved. Thus this draft
strateqgy iz to be used to demanstrate that improved manage ment of the ‘urban footprint' can
help achieve NSC's strateqgic business objectives, State resource policy objectives and
cammunity expectations for natural resource management. Importantly, the draft [YWCRM
Strategy is:

# Driven by the local community and has whole of government suppaort;

b Holistic and comprehensive,

b Longterminits haorizon, (30 years), but would be reviewed every b years;
#  Flexible to accommodate future uncertainties;

b Economically, environmentally and socially responsible.

A copy of the draft WO M Strategy is available on M3SC's website. The Proposal is an integral
camponent of the draft YWCM Strategy in securing a sustainable water supply to meet
population growth, legislative and best practice standards.

6.7 Commonwealth Government Policy

6.7.1 Hational Water Initiative

The MationalWater Initiative (W1 follows an fram the Commonwealth Crganisation of
Australian Governments (COAG) agreement and pravides a blueprint for national water refarm,
which takes effect through an Intergovemmental Agreement signed by the States, Territories
and Australian Governments in June 2005 {with W& and Tasmania signing in April 2008).

The objective of the MW is to achieve a nationally compatible market, regulatory and planning
based system of managing surface and groundwater resources for rural and urban use that
optimises econamic, social and enviranmental outcomes,
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Full implementation of the NYWl is expected to achieve:

b Clear and nationally compatible characteristics for secure water access entitlements;
b Transparent, statutory-based water planning;

b Statutory provision for environmental and other public benefit outcomes, and improved
environmental management practices;

b Thereturn of all currently over allocated or overused systems to environmentally sustainable
levels of extraction;

b The progressive removal of barriers to trade in water and the meeting of other requirements
to facilitate the broadening and deepening of the water market to achieve an open trading
rarket;

b A clear assignment of the risk arising fram future changes in the availability of water for
consurmption;

P Water accounting to meet the information needs of different water systems in terms of
planning, monitoring, trading, environmental management and on-farm management;

b Paolicy settings that facilitate water use efficiency and innovation in urban and rural areas;

P Hesponses to future adjustment issues that may have an impact on water users and
cormrmunities; and

p Recognition of the connectivity between surface and groundwater resources with connected
systems managed as a single resource.

The MWW includes objectives, outcames and agreed actions to be undertaken by governments
across eight inter-related elements of water management which relevantly include:

Integrated management of water far enviranmental and other public benefit autcomes;

b ldentify within water resource planning framewarks the environmental and other public
benefit outcomes sought for water systerns and develop and implement management
practices and institutional arrange ments that would achieve those outcomes.

b Urban water reform: Ensure healthy, safe and reliable water supplies; increase water use
efficiency in domestic and commercial settings, encourage the re-use and recycling of
wastewater; facilitate water trading between and within the urban and rural sectors;
encourage innovation in water supply sourcing, treatment, storage and discharge; and
achieve improved pricing for metropolitan water,

In relation to urban water reform, the MWl provides that Proposals for investment in new or
refurbished water infrastructure continue to be assessed as economically viable and
ecologically sustainable prior to the investment occurring.

Schedule D of the Agreement states agreed principles for requlatory approvals for water use
andworks. It requires, among other things that approvals be consistent with relevant water
legislation and water plans and takes into account environmental, social and economic impacts
of use, including on downstream users.
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This EIS addresses the principles espoused in the Agreement, and in particular Schedule D by
praviding an assessment of the enviranmental, social and econamic impacts of the Proposal in
accordance with the MY,

6.8

The Proposalis permissible without development consent in accordance with the provisions of
the SEPP Infrastructure and the EF&A MP. The Froposal has been assessed under Part 5 of

Summary of approval process and legislation requirem ents

the EP&A Act. NSC is the proponent for the activity and also a determining authority.

Tahle B-1 summarises the approvals and notification requirements af the Proposal,

Table6-1 Summary of approvals and notification requirements
Act Approval / requirements Authority
Environmental b Part o Activity' Approval. MSC and others
Flanning and
Assessment Act
979
Hertage Act 7977 v Notification of intention to impact the MSWY Heritage NSO
forestry stump, site MWYSHT, inweriting to
the Directar of the MWW Heritage Office.
Mationa! FParks and » Section 87 permit to carry out sub-surface MWW Department of
Villd life Act 7974 investigations within the identified PAD, Erwiranment, Climate
b Should any items of significance be chgrarggﬁ aBdEg‘-fg]ter
identified as part of the sub-surface ¥
investigations, a Section 890 consent to
destroy would be required.
Frotection of the » Environment Protection Licence for the MWW Department of
Ernviranment excavation of material fram on-site borrow Environment, Climate
Cperations Act areas, Change and Water
1997 b Environment Protection Licence for water (formerly DECC)
releases from the starage that may poliute
the environment.
Vater Act 1972 b Licence to construct bares under Section MWW Department of
112, Environment, Climate
. Change and Water
b Section 167 flood control work approval. (formerly DWE)
Water Wanagement » A controlled activity approval would be MW Departrment of

Act 2000

required for the Proposal for water access.

Erwironment, Climate
Change and YWater
(formerly DWWE)
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Act Approval / requirements Authority
Flsherles b Section 200 approval for dredging and MWy Department of
Wanagerment Act reclamation Industry and
1994 b Section 218(5) notification to Minister 'S‘F’,fftmem (farmerly
b Section 219 permit in relation to the
canstruction of fish passage at existing
pipeline crossing of Mambucca River,
Forestns Act 19716 b The acquisition approval process required MYy Department of
under the Foreans Act butwould not take Industry and
place until it is known whether the Proposal  Investment (formerly
has been approved and NSC begins land DRI
acquisition priorto commencement of
construction.
Local Government v Approval under s60 of the Local MYy Department of
Act 7993 Government Act 1993 to construct the off- Environment, Climate
river starage. Change and Water
(formerly DVWWE)
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7 Air Quality and Climate

7.1 Introduction

This Chapter identifies the potential air quality impacts associated with the Froposal and the
management measuresto reduce any impacts. Table 7-1 outlines the Director-General's and
other statutory authority requirements and where they have been addressed.

Table¥-1 EIS Requirements

Statutory Authority EIS Requirements Where

Addressed
Director-General's b Likelihood of air, noise or water pollution Section 7.3
reguirements (DoF) atising from the development or activity.

b Analysis of construction impacts including:
pollution contrals.

Department of p A baseline conditions, assess impacts Section 7.2 73,
Environment, Climate and describe management and mitigation  and 7.4

Change and YWater measures,

(DECCW)

7.2 Existing Climate Conditions

2.1 Temperature and Rainfall

The clirmate in the location of the Proposal is generally described as subtropical with warm, wet
surmmers and dry, mild winters. The Bureau of Meteorology (BOM) weather station that was
considered to be most representative of the location of the Proposal in terms of distance fram
the coast, elevation and most up to date data was Kempsey. Kempsey is located
approximately B0 km south of Bowraville, As shown in Table 7-2, based on mean temperature
recards, the warmest month is January and the coolest month is duly. February receives the
greatest rainfall and September the least.

Tahle 7-3 provides some additional climate characteristics that have been pravided by CSIRO
(2007 far various locations on the North Coast of NSVW. The current average of these
characteristics also reflects the relatively mild climate experienced on the North Coast of NSWW,
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Table 7-2 Climate Statistics from Kempsey BOM Station

I P P PP P 2 P PR PP A R P

hean Max
Termp )

282 288 278 255 Z2AE 200 187 1.3 240 256 271 286

hearn Mirn

Ternp °C) 176 1748 165 132 487 70 56 A2 89 148 143 16845

il e an
Rairfall 1340 1857 1822 1150 923 954 671 625 4966 Y34 9345 109.0
iy

Table 7-3 Climate Statistics for Locations on the North Coast of HNSW (CSIRO, 2007)

|swtisic | curontiverage

Days helow 0°C at Yamba ]
Diays ahove 35°C at Yamba 1
Droughts per Decade 2
Fire Days at Coffs Harbour 4

iz2.z2 Local Wind Climate

The nearest known source of suitable hourly or better, wind data is the Coffs Harbour
Meteoralogical Office (MO Automatic Weather Station (AWS) operated by the BoM. The
AWV site is about 43 km northeast of the Proposal. The wind patterns are likely to be slightly
different at Bowraville, but the prevailing wind patterns are considered to be sufficiently
representative for the purposes of this assessment.

Figure 7-1 shows the annual wind rose for Coffs Harbour. The annualwind climate in the area
iz dominated by flows fram the narth, northeast and southwest. Winds fram the east have the
lowest frequency of accurrence. Low wind speeds are most camman fram the east to south-
east, while higher wind speeds, which can be associated with dust lift-off, are from the north,
northeast, south and southwest.
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Figure 7-1 Annual Wind Rose — Coffs Harbour

723 Sensitive Receptors

Figure 7-2 shows sensitive receptors that have been included in this air quality impact
assessment. During construction of the Proposal, specifically the pipeline, residential
receptors may be located within close proximity (i.e. less than S0m) to construction activities.
Typically, the potential for air quality impact is greatest at receptors located nearest to the
Proposal, with the level of impact decreasing with distance from the canstruction area. In
general, sensitive land uses located less than approximately 500 metres would be
considered, with particular attention given to receptors located within approximately 300
metres of the Proposal.

7.3 Impact Assessment

.34 Construction

Construction Emissions Inventory

The main components of the construction phase of the Proposalwould be the preparation of
the off-river storage area and construction of the storage embankment as well astrenching
activities associated with pipe-laying.

The types of emissions to air during the construction processwould primarily consist of:

¥ Dust emissions from baoth the mechanical disturbance and wind erosion of soil;
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amoke emissions as a result of any burning off of cleared vegetation; and

Exhaust emissions from the range of motor vehicle and mobile plant reguired for the
Froposal

Activities that have been identified as possible sources of dust emissions are:

Clearance of vegetation, rock and soil material;
Material handling e.g. excavation, bulldozer;
Yehicle induced dust emissions on haul routes; and
FPrneumatic rock-breaking, where required;

Loading and dumping of cleared material,

Levelling and grading of disturbed soil surfaces;

Fassage of construction and administrative vehicles over unsealed sections of road or

localised unconsolidated soil sufaces; and

Wwind erosion of all unstablefuncovered stockpiles and other unconsolidated surfaces.

Whilst most vegetation would be harvested aor mulched as part of the Proposal, some burning

of cleared vegetation may be required and would have the potential to impact an local air

guality. Should burning activities be reguired, they would be of a shart-term nature and would

be undertaken within the proposed storage area via high temperature pits to limit smoke

eMmigsions.

“ehicle exhaust emissions during the construction phase of the Proposal also have the
potential to impact on local air quality. Howewver the impact is likely to be neqgligible given the
relative isolation of the Proposal, limited number of sensitive receivers within close proximity
to the Proposal and the implementation of identified mitigation measures.
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Dust Fmissions

The dominant sources of dust emissions during the construction warks are likely to be from
machinery such as dozers, graders, excavators and haultrucks. If not managed
appropriately, construction dust emissions have the potential to cause loss of amenity and
health impacts, particularly to nearby receivers.

Storage

The greatest potential for dust-generation is likely to ocour within the proposed storage area
due to the large guantities of material to be excavated. At this location, the nearest sensitive
receivers are between 200 and 440 metres respectively. It is considered that a high
proporion of the coarse particulate matter emissions are likely to be deposited within 200 to
500 metres of the construction actwity, reducing the potential impact at sensitive receivers
when construction activity is at further distances. The naturaltopography and native
vegetation to be retained around the storage would also actto reduce the impact on sensitive
receivers.

Borefield and Transfer Pipeline

Limited dust is expected to be generated as a result of the borefield and transfer pipeline
construction as trenching and installation af infrastructure would occur almost simultaneously
thereby minimising the time disturbed sail is exposed. The closest receivers to the borefield
collection system are between 200 and 250 metres respectively. Given that these works are
lineal, there would only be a short period of time when construction activities would be in
close proximity to the receivers.

Hawl Roads

Haul roads have the potential to generate a significant amount of dust during construction. A
substantial part of the materials required to construct the storage embankment are expected
to be sourced from site. It has been estimated that approximately 32 000 m? of materials are
expected to be imported to the site from supply quarries for the construction works The
access facilities required far the construction phases of the Proposal are expected to be
satistied by Valla Hoad and Bobo Road. Only a short section at the southern end of Yalla
Foad is sealed whilst the narthern partion and Bobo Road is unsealed. As a result, there is
potential for adverse dust impact at receptors located along Yalla Road, caused by dust
generated from haul trucks passing over the unconsolidated road surface. Given that only
several recemers are located in close proximity to the road, dust suppression can be targeted
at these locations.

Measures for dust mitigation are outlined in Section 7.4 of this assessment.

Smoke Emissions

The type of emissions during burning of vegetation have been sourced fram the DEC CW's Air
guality guidance note Agricwitural Stubble Burning and from the DECCW Regulation of open
burning in MN3W, 4n enmvironmental guideline for 505, fire management authariies and
lahdowhers.

The area of vegetation burned, meteorological conditions, soil moisture content and the type
of vegetation burned would influence the composition and intensity of smoke produced from
the burning vegetation. This smoke generally contains a range of chemical constituents as the
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result of both the complete and the incomplete combustion of the biomass, including carbon
monoxide and respirable fine particulates of varying composition,

The impact of the smoke emissions are heightened if the burning is conducted during periods
when the prevailing weather is conducive to poor dispersion (and hence dilution) of the
smoke. Pooar dispersion typically occurs during the night time , with 10w wind speeds and
stable atmaspheric conditions. However, these conditions can also oceur during the daytime
for certain combinations of meteorological conditions in combination with cerain terrain types
(such as=flat plains, valleys, undulating ranges, etc).

ammoke fram burning of vegetation has the potentialto cause adverse air quality impacts on
nearby receivers. In light of these impacts, any burning would be undertaken in high
temperature pits under supervision and in consultation with the MSYW Rural Fire Service to
reduce smoke emissions. Measures for control and minimisation of smaoke impacts are
outlined in Section 7.4,

732 Operation

Itis not anticipated that a significant amount of trafficwould be generated by the proposed
storage following construction. Bobo Road would however be sealed during the construction
phase of the Propasal and would be maintained upan completion of the storage. As such,
dust emissions from vehicles travelling over this road would be significantly reduced.

Air emissions during the operation phase of the Proposal are therefare anticipated to be
negligible and are not expected to have adverse impacts on sensitive receptors.

7.4 Mitigation Measures

Managing air pollution at the source through management practices and mitigation measures
would be as follows:

4.1 Dust Emissions from Construction

p Bobo Road, as the primary access road to the main storage area, be sealed prior to the
construction phase to minimise dust generation from haul trucks.

b Watertrucks be used on Valla Road during heavy use to minimise dust generation from
haul frucks.

b Pre-water construction areas and stockpiles before they are disturbed and continue
watering during any activities where fugitive dust may be produced,

b Where practicable, storage piles would be located in areas away from traffic areas,
protected from the wind and away from public vantage points;

b Soil sufaces exposed for long periods of time would be covered with mulches or covers to
stahbilise soil;

b Limit cleared areas of land and clear anly when necessary;

b With the exception of the inundation area, retain existing vegetation where possible and
re-vegetate cleared areas and stockpiles with fast growing species for rapid coverage to
temporatily or permanently stabilise sail;

b Control on-site traffic by designating specific route s for haulage and access;
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Alltrucks hauling dirt, sand, sail or other loose materials along public roads would be
covered;

p Material spillage on roads and pathways would be cleaned up at regular intarvals;

b Wheelwasherswould be installed where vehicles enter and exit unpaved roads onta
paved roads, orwash off trucks and any equipment leaving the site each trip to remove
dirt, mud or debris from tyres; and

b Establish real-time dust (PMWyp) maonitaring at receptor to the southwest of the storage site.

742 Smoke Emissions from Burning

Considerations for smoke control measures have been sourced from the DECCW's Air quality
guidance note Agricutural Stubbike Burning and from the DECCW Regulation of open burning
in MSW An emvironmental guideling for NSTs, fire management authorities and landowners.

Control technologies and methods for managing smaoke emissions fram wegetation burning
are provided below:

b High termperature pit burning would be used over at-ground or stockpiled fires;
b Burning vegetation would be extinguished to stap or contral impacts due to emissians;
b The use of fuels ar fire accelerants is not proposed,

B The areato be lit and supervision is one way of managing or contralling the potential
extent of impacts, by limiting the volumes of smoke produced and the dimensions of the
ensuing smoke plume;

b Burning would only accurwhen prevailing wind direction is blowing away from town and
nearby residents. Burning would not be conducted when prevailing winds are in the
direction of nearby residences or when meteorological conditions do not allow proper
dispersal of smaoke;

b Burning would not be scheduled after rain,

b Acommunication strategy for keeping the community informed about when vegetation
burning is scheduled would be implemented;

b Priorto any burning, the NSWW Rural Fire Service would be consulted; and

b Allburning operations would be supervised.
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8 Soils, Landform Stability and Erosion Hazard

8.1 Introduction

This Chapter considers the impacts of the Proposal on soil erosion and sedimentation and river
bed and bank stability. It discusses existing baseline conditions at the study area, assesses the
impacts and describes management and mitigation measures.

Tahle 8-1 outlines the Directar-General's and other statutory authority requirements and where
they have been addressed.

Table8-1 EIS Reguirements

Statutory Authority EIS Requirements Where Addressed
Director-General's b Assessment of the impacts of the activity Sections 3.4 .2
reguirements (DoF) (both construction and operation) on

geamorphology.

¥ Details of impacts of proposed works on
soil erosion and sedimentation, including Section 3.3.1
mitigation measures during construction
through to permanent site stabilisation and
any revegetation. section 8.3.1

b Assessment of soil quality, in particular

potential disturbance and subseguent
management of Azid Sulfate Soils (ASS) or
potential ASS during construction.

b The effect of the development or activity on
soil erosion and the silting up of rivers ar

lakes.
MEW Departrment of b Asthe project involves clearing of a Section 3.5.1.
Industry and considerable area of land, the EIS would
Investment (D& nheed to address methods to be emploved
(formerly DOFI) to contain sediment, nutrients, and other

materials associated with the works and
prevent them affecting Bowra Creek.

Department of b Soils and Contamination; baseline Sectionsd 2.2,
Environment, Climate conditions, assess impacts and describe 9.4.3,854
Change and Water management and mitigation measures.

(DECCW) (farmerly

DECC)

g.2 Methodology

82.1 Geomorphology

oite assessmentswere undertaken at a number of key locations within the study area. Sites
were chosen to provide a good overview of the character and condition of the different reach
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types evident within the study area from aerial imagery. Two geomaorphologists completed the
site investigations and took note of the following factors:

b Channel confinement and planform;
b Channel geometry,;

P Instream deposits;

» Bankshape;

P Channel stahility,

b “egetation associations; and

¥ Landuse.

82.2 Contaminated Land
The following scope of work was undertaken by GHD as part of the EIS. The scope of this
Preliminary Site Investigation (F=1) did not include soil ar groundwater sampling or analysis.

Desk-top Study and Site Inspection
P Areview of aerial photographs from 1956, 1967, 1980, 1991, 1897 and 2003,

b Review of Department of Industry and Investment (D& recards, DEC CWY Significant Risk of
Harm register and MSC recards;

b Heview of gealogy, DECCW groundwater bore database, hydrology and topagraphy
information for the site;

P Aninspection of the sites of concern identified and surrounding land-uses documenting site
features; confirming features documented in the deskiop review and inspecting for signs of
contamination ar potential contamination activities; and

b Preparation of a report summarising the results of the site investigation and provision of
recommendations for further investigations (if required) during detailed design.

The P=lwas carried out in general accordance with:

b Mational Environment Pratection Measure (Assessment of Site Contamination) (WEPC,
1999,

P Contaminated Sites: Guidelines for Assessing Service Station Sites (N3YY EPA, 1934);
P Contaminated Sites: Sampling Design Guidelines (M3WW EPA, 18995); and
P Guidelines for Consultants Reporting on Contaminated Sites (NSW ERPA, 1597,

8.3 Existing Conditions

83.1 General Study Area

Geology and Landforms

The Dorrigo-Coffs Harbour 1:250 000 Geological Series Sheet SHSE-11, shows that the study
area is undetlain by the Lower Permian aged metasediments of the Mambucca Beds, typically
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comptising of slate, phyllite, schistose sandstone, schistose conglomerate and basic volcanics.
The observed soil cover includes recent alluvium in the valley floodplain areas and caolluvium
and residual soil on the valley side slopes and ridges.

Topography

The broader catchment area rises abruptly from 50 to 150 m Australian Height Datum (AHD]),
with especially steep slopesto the west of the study area. The majority of the Bowra Creek
catchment ranges fram 20 to B0 m AHD with numerous moderately steep gullies and slopesin
the upstream catchment The area between Bowra Creek and the Nambucca River is
undulating with average elevations of 10 — 20 m AHD. The Mambucea River floodplain and
south Creek are low lying with elevations in the order of 10 m AHD.

Soil Types

Based on Eddie (2000}, six (B) soil landscapes occur across the study area. These are mapped
in Figure 8-1 and their characteristics are summarised in Table 8-2.

Table 8-2 Soil Landscapes in the Study Area

Soil Landscape

Hambucca River

Description

Lo relief alluvial loodplain and ]

terrace surfaces (slopes =5%:)

consisting of unconsalidated b
sandy loams and gravels.

Erosion Risk

Lowy to moderate risk of sheet erosion on
terraces;

Hih risk of rill erosion on exposed banks;
and

Hih risk of gully erosion on unstable
surfaces.

Warrell Creek

Gently undulating alluial »

terraces (slopes 3 — 159%)

consisting of red ferrosols. ]

Lowy to madetate erasion risk due ta
moderate erodibifty and low slopes; and

Lowy susceptibility to gully erosion.

Bowra Creek

Lo relief alluvial fans and »

footslopes (slopes 1 — 5%:)

consisting of alluvial soils
detived from upslope erosional [
metasediment landscapes.

Lowy surface relief and high organic matter
content results in lovy erosion risk for surface
=0ils;

Dizpersible subsoils have a moderate to high
erodibility when exposed.

Die Happy Steep, dissected hills landscape  »  Severe sheet erosion risks due to high
with slopes of 33 — 50%, erodibility and steep slopes;
consisting of stony kurosaols ¥ High risk of gully erogion where drainage is
developed on metasediments. concentrated.

Pine Cragk Rolling hills with slopes of 20- b Moderate to high sheet erosion rsk of top
33%. consisting of stony s0ilswhen ground cover has been remaved
e developed on due to steep gradients and friable soils;
metasediments. b Moderate to high risk of gully erosion where

drainage is concentrated.
My Undulating rises and hills (slopes  *  Moderate to high rill erasion risk of top soils

A — 10%), with brown kurosols
developed on metasediments. ]

when ground cover has been removed;

Hih risk of gully erosion where drainage is
concentrated.
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Acid Sulfate Soils

Given the general elevation and the sail types within the study area, no acid sulfate soils were
identified within the study area (refer to Figure 8-2 Contaminated Land and Acid Sulfate Soil).
Mo further assessment has therefore been undertaken in relation to cid sulphate soils.

Contaminated Land

Figure 8-2 Contaminated Land and Acid Sulfate Soillsummarises the areas of potential
enviranmental concern (AEC) based on the results of the desk-top review, interviews and site

inspectian.

Tahle8-3

Outcomes of Desk-top Review

Description

RationaleDetails

Potentia Contamination

Fill M aterial b Imported fill used to construct access roads within FPAHs, TPH, BTEX, heawy
the storage area and along the pipeline. metals, OCPs, OFPPs,
¥ Imported fill may have also been used in the pliglicle, esiEsos i
construction of some ofthe dwellings within the PCBs
site.
Agricutural » Herbicides andror pesticides may have heen used TPH, BTEX, heawy metals,
land on the agricultural land. QCPs, OFPPs, phenols and
¥ Fuels, oils, greases and agricuttural chemicals PEEE.
¥ Buried waste
Crelling s » Herbicides andfor pesticides may have heen used Lead, arsenic, PAHS,
around celling s within the site. QCPs, OFFPs and ashestos
¥ Asbestos and lead paint may have also been used
in the construction of the dwellings within the site.
lllegal ¥ There iz a potential for indiscriminate ilegal PAHs, TPH, BTEX, heawy
durrping dumping to have occurred within the study area. metals, OCPs, OFPPs,

phenals, ashestos and
PBs

The PSlwas undertaken to establish potential past site usage and identify and locate any
potential past contaminating activities at the site.

The study area is primarily used for agricultural and forestry purposes. The agricultural
purposes are predominately beef and dairy cattle.

GHD identified the following past and current activities as having occurred on or adjacent to the
site as having the potential to contribute to on-site sail and groundwater contamination:

b Fill material used in the construction of roads and residential dwellings;

b Previous and current agricultural activities;

p Potential asbestos bearing materials and lead-based paint in dwellings; and
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Potential indiscriminate illegal dumping around Maonitoring Bore 7. YWater quality sampling
was undertaken by Hydroilex (2009) fram select monitoring bores along the Mambucca
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River. The resultsin Table 14 from Hydroilex report, for Monitoring Bore 7 fwithin Lot 1941, DP
529142), showed extremely high results for many parameters when compared to the Australian
Orinking Water Guidelines (ADWG) 2004 including lead - dissolved (7 1pgfL), aluminiurm -
dissobed (45000 pgl), manganese - dissolved (4,300 pgA). Parameters such as pH, turbidity,
total suspended solids and electrical conductivity also returned higher than expected readings
above the ADWG 2004, Whilst this was a one-off sample, further sampling at this location would
be undertaken to confirm the above results.

83.2 HNambucca River

The Mambucca River is characterised by a moderately sinuous channel planfarm with an
approximate slope of 0.002 mdn. The channel flows thraugh a valley approximately 200 to 300
metres wide. This wider valley setting means floodplains are often present on both sides of the
channel. The channelthrough this reach is approximately 30 to 50 metres wide on straight
sections and 50 to 50 metres wide on bend apexes. The channel exhibits steep banks and is
characterised by a series of deep pools (~0.5 = 1.5m deep) separated by vegetated riffle zones.
Cobbles and gravels have been deposited within the channels, particularly within the riffle
Zones.

Hydroilex (2003) undertook a geomorphic process study and risk assessment of the lower
Mambucca River and South Creek as part of a borefields investigation. The key findings of this
study are summarised as:

b The river has undergone significant alteration since European settlernent through channel
entrenchment (bed lowering) and widening, increasing the flow capacity of the channel,

P The riveris susceptible to ongoing lateral instability through channel widening, meander cut-
offs and meander migration. Key locations subject to these processes within the study area
were identified by Hydroilex (2008];

b The river has the potential for future bed instability through the formation and upstream
migration of knick points. Knick point farmation can develop through changes in sediment
andfor flow regimes, direct channel impacts (eg vegetation clearing, removal of woody debris,
crossing constructions) ar changes in the channel planform (shortening of channel length
through meander cut-off processes leading to a steepening of the bed profile); and

b Severallowerlying floodplain surfaces exist along the channel and are prone to potential
floodplain stripping during moderate to high flow events (i.e. =5 year ARl

Site Investigations

Based on the review of Hydroilex 2008), potential infrastructure locations and aerial imagery, a
number of key sites along the Nambucca River and South Creek were selected for field
investigations. These sites are described below,

b Site 1 -Mambucea River (Lot 8 DPZ53386) — The channel of the Mambuceca River at this paint
has defined bed and banks, continuous flow and a riparian zone dominated by Camphaor
Laurel. There was no evidence of any infrastructure within the channel zone or any stability
works. On the outside of each meander bend, there is mass bank failure of a significant
degree. The outside banks are approximately 10m in height with the eroding sections
between 10 to 15m in length.
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P Site 2 - Mambucca River (Lot 326 DPYY707 4) — At this location, the existing borefield pipe
crosses the Nambucea River. Due to its pastioning within the river and concrete casing,
large amounts of bed load debris, mainly gravel and some woody, have been trapped against
the pipe. It now acts as a weir with water pooling upstream of the pipe and a deeper hale
immediately downstream. Water depth immediately upstream is approximately 1.5m deep.
The inside bank of the meander, immediately upstream of the pipe crossing the river banks
are high (approximately 2-3m) and steep with stabilization works, in the form of medium to
large loose boulders lining the banks. Atthe paint where the pipe crosses, rock gabion
baskets have been placed to prevent bank erosion and downstream of the crossing point,
mare loose boulders have been placed which may be mitigating the
underminingfundercutting of banks.

b Site 3 - Mambucca River (Lot 4 DP7EE358) — At this point along the river a flood channel
appears on the right hand side of a large meander bend. This feature has been created by
means of high velocity flood flows scouring & more direct path through the flood plain. In the
aerial photo, this feature is devoid of vegetation. However the field investigation revealed that
there has been recent mitigation works undertaken at this point. The works consist of native
plant revegetation throughaout the flood channel, fill material within the re-entry end of the
channel to a height consistent with the flood plain and bank stabilisation works (coarse
debris) in the Mambucca River throughout the meander bend.

P Site 4 - Mambucca River (Lot 463 DPY10439) — At this point of the channel there iz a
canfluence with an ephemeral gully. The natural flows of this feature have been modified by
the presence of a large dam, reducing all but high flow events utilising this drainage line. At
the entry pointthere is an area of instability in the form of lateral erasion of approximately &m
in length , with no evidence of any bank pratection warks in place. The riparian zone at this
point consists largely of dense Lantana.

b Site 5- South Creek (Lot 3 DFS12962) — There is potential for the proposed borefield
pipeline to cross South Creek at this point. The channel currently showed poorly defined bed
and banks with a low, discontinuous flow, camphoar laurel, lantana and privet throughout the
riparian zone and no infrastructure works. There was evidence of channel instability in the
form of undercutting resulting in wvegetation collap se within the channel zone.

These site investigations confirm the findings of Hydrailex (2008) that the lower Mambucea
River and South Creek have undergone significant post-European settlernent change and are
still experiencing adjustments, largely through lateral migration of outside bends. Howewer,
there are also risks of potential meander cut-offs and bed lowering.

83.3 BowraCreek

At the confluence with the Mambucca River, Bowra Creek has a catchment area of
approximately 775 hectares. The catchment area at the proposed storage embankment is
approximately 235 hectares. Upstream of the proposed storage embankment, the catchment of
Bowra Creekis largely well vegetated and supports forestry operations. The creek channel is
largely confined within the valley sides and has limited capacity for lateral and verical
adjustments.

Mambucza District Wigter Supply Augmentation 5.9
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Downstream of the proposed storage embankment, Bowra Creek can be characterised as a
partly confined, bedrock controlled fine grained system. This reach is characterised by a
relatively straight channel planform with an approximate slope of 0.005 mfm. The valley is
generally less than 50 m wide and is dominated by bedrock. Thiswider valley setting has
allowed floodplains to develop such that the channelis generally bounded by bedrock on one
bank and alluvial deposits on the other. As a result the channel has some potential to adjust
laterally via expansion through erosion of the alluvial channel margin,

Instream geomaorphic features consist largely of pools separated by channel sections where a
srall low flow channel is inset within the broader channel by vegetated bar/bench features.
Bars and banks typically consist of fine grained cohesive sediments, however, on some
e¥posed banks, lenses of sand and gravel are present.

Riparian vegetation along the creek is generally continuous, albeit relatively narrow and, in
places, dominated by the exotic Camphor Laurel.

At the location of the proposed transfer pipeline crossing, the channel is approximately 2m wide
and 05-1m deep, low lying, has defined bed and banks, slow continuous flow and & continuous
riparian zone consisting largely of Camphor laurel The eastern bank at this point has sections
of undercutting, adjacent to the Camphor laurels, resulting in ane larger tree being uprooted.
Further downstrearn , the western bank steepenswith undercutting and bank slipferosion was
observed.

84 ImpactAssessment

The assessment of potential impacts af the Froposal on landscapes, gealogy, soils,
groundwater and soil contamination have been divided into impacts that could potentially occur
during the construction and operational phases of the Proposal.

FPotential construction phase impacts to landscapes, geology and soils are those that could
occur during the construction of the proposed transfer pipeline, borefield and collection system,
storage embankment and associated infrastructure. Mitigation measures would be
implemented to minimise the potential construction impacts.

Fotential operational phase impacts to landscapes, geology, soils, groundwater and soil
contamination are, in general, likely to be minimal as mitigation measures to address these
impacts have been incorporated into the design of the Proposal.

84.1 Geology and Soils Impacts

Bores, Borefield Pipelines and Power Supply

Bores would be installed at identified locations adjacent to the Mambucca River and South
Creek to a depth of between 10 and 15 metres. Ta link the barefield s with the existing
headworks and the storage transfer pipeline, a borefields collection pipeline would be
constructed. Thiswould involve excavation of a trench within the alluvial soils to average depths
of approximately 3 m below ground level. Itis expected that the excavation of soils could be
undertaken using conventional earthmoving equipment and /or trench excavating equipment.
Excavated soils would likely be tempararily stackpiled and reused for backfilling and
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landscaping of the pipeline trench to pre-existing ground levels. The backfilled trench would be
immediately stabilised, rehabilitated and revegetated.

The existing local area power supply would be extended to provide power to the bare pumps.
The arrangement would involve:

p PFlacement of two additional transformers to supply power to the proposed bares along the
Mambucca River; and

b Placement of two additional transformers to supply power to the proposed bores along
South Creek.

The transfarmers would be placed on poles and connected to the existing power grid via
overhead lines. Underground cabling would link the transformers to the each of the individual
bore pumps. Cables would be at a minimurm depth of 300 mrm. This would involve excavation of
trenches of up to 1 metre wide and 0.7 metres deep. Excavated soilswould likely be tempararily
stockpiled and reused for backfilling and landscaping of the trenches to pre-existing ground
levels. The backfilled trench would be immediately stabilised, rehabilitated and revegetated.

Transfer Pipeline

The construction of the transfer pipeline would invalve soil excavations, stockpiling of soils, and
significant wehicle traffic along the pipeline route and land access points. Excavated soils would
likely be temporarily stockpiled and reused for backfilling and rehabilitation of the pipeline
trench. Where possible and appropriate, excess spoil would be reused on the allotments in
areas impacted by erosion. Excavating and stockpiling of soils potentially exposes the soilsto
increased risks of wind and water erosion.

The transfer pipeline traverses the Warrell Creek and Bowra Creek soil landscapes. As detailed
in Table 8-2, baoth Bowra Creek and Warrell Creek =oil landscapes generally have |low erosian
risks largely due to the limited relief in these landscapes. As a result, there is a low potential far
soil erosion and sedimentation of suface water and gully erosion to occur as a result of ground
excavations and disturbance with this option. Hence, if the proposed mitigation measures are
implemented, then the potential impacts wauld be minimised.

Access Roads

Accessto the Headworks and Borefieif

The current borefield is located in an area approximately Y00m x 400m alang Mambucca River
approximately 1 km narth of Bowraville. The borefield straddles bath sides of the river.

“Yehicular access to the eastern side isvia Bellingen Hoad to a laneway 750m narth of High
otreet and the headwarks is 200m west toward the river. The headworks is adjacent to the
existing baorefield.

Accessto the western side of the borefield is via High Street, Morth Arm Road and Borefield
Foad. Five additional borefield localities have been identified to augment the supply to the
Proposal. One is located partly on the eastern side of the existing borefield. Access to the
enlarged borefield area would be via existing routes.

Two are located within 1.5 km naorth of the existing borefield on Mambucca Rwer and would be
accessed via Bellingen Hoad. If a permanent access ta the northern area is proposed off
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Bellingen Road the access point on Bellingen Road would be assessed for sight distances in
accardance with AS 285901 asfor a property access,

Two borefields are located within 1.6 km south of the existing borefield along South Creek.
Accessto the southern borefield would be via High Street and Morth Arm Road to the western
side of South Creek. A new access off Morth Arm Road is also expected to be required and
would need to meet sight distance requirements noted above.

Froposed Acceas Route to the Storage

Itis proposed to gain accessto the storage via Walla and Bobo Hoads. Bobo Hoad would be
upgraded to provide for better construction vehicle access to the storage and once operational,
would also provide for wisitars to the storage. It is proposed that Bobo Road be upgradedto ab
metre wide formation with a 3 metre wide bitumen seal. The vegetation clearing and associated
earthworks associated with this upgrade has the potential to leave large areas of disturbed sol
exposed to wet weather. Thisin turn could resultin erosion of those areas together with the
generation of sediment laden stormwater runoff. Measures to divert clean water and direct
sedirment laden water into sediment control devices are detailed in Section 8.5, .

Storage

Key activities involved in the construction of the storage that are likely to have impacts on soils
and landfarms include:

The bulk of the starage construction activities are located an steep slopes (10 to 15%) within the
Fine Creek soil landscape. From Table 8-2, this soil landscape has a moderate to high risk of
sheet erosion where ground cover has been removed and a moderate to high risk of gully
erosion where drainage is concentrated. Hence, given that the canstruction activities of the
starage would be undertaken on and adjacent to Bowra Creek, there is a high risk of erosion
within the disturbed area during rainfall events and the subsequent transport of sediments into
the downstream creek environment. Mitigation of this impact would require careful planning and
design of construction staging, creek flow detention and diversion structures and erasion and
sediment control measures and practices. Stringent adherence to the erosion and sediment
contral plan and regular monitaring of erosion and sediment control measures and practices
wauld be required during the construction phase.

Clearing of the vegetation within the inundation area is proposed. Again, much of this area is
located within the Pine Creek =oil landscape on moderate to steep slopes. Hence, disturbance
of the graund cover in the inundation area carries a high risk of soil erosion during rainfall
events and the subseguent transport of sediments into the downstrearn creek environment. To
mitigate the risk of this impact, it is proposed that clearing of the immediate riparian areas within
the inundation area be undertaken anly ance the coffer dams have been constructed. This
would allow the coffer damsto act as a flow detention and sediment trap in the event of a
significant rainfall event.

842 Geomorphology Impacts

Borefields and River Stabilizsation Works

several barefield layout options were considered based an different configurations of bare
locations within the floodplains of the Mambucca River and South Creek. The praposed
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borefield layout involves construction of 15 additional bores along the Mambucca River and 3
bares along South Creek.

The constructed bores would have limited surface expression, involving & concrete bore head
and pump housing covered with a steel lid at ground level. As a result, the constructed bores
would not alter localised flood flow hydraulics and are therefore not expected to increase the

propensity for the scour of floodplain soils during flood flows.

In respect to the river stability risks as detailed in Hydroilex (20081 and contained in Appendix B,
most bares along the Mambucca River are proposed to be located on higher floodplain surfaces
and generally at a distance of at least 50 metres fraom the channel banks. This limits the risk of
darmage to or loss of bores due to future channel adjustments. As a result channel stabilisation
waorks are not currently required to protect bores from future channel [ateral adjustments.
Monitoring of Nambucca River channel adjustments and assessment of erosion risks to bores
following large floods is proposed, especially along the true right (e astern) bank in the vicinity of
Bores 16 and 17 and the concave true left bank ta the south of Bare 4.

Along South Creek several bores, namely bores 7724 and 725, are located within 20 metres of
the bank. YWhile these areas were not considered by Hydroilex (Z003) to be at risk of potential
river instability, it is proposed that this be reassessed during the detailed design phase and
stabilisation works be designed and implemented if required in these locations in line with the
design concepts developed by Hydroilex and documented in Appendix B.

EBorefield Operation and River Geomorphology Impacts

The abstraction of water fram the alluvial aguifer through the operation of the borefields has the
paotential to impact on river flow quantities within the lower Nambucca River and South Creek,
The adopted environmental flow rules together with the implementation of an adaptive
management framewoaork would enhance the management of environmental flows. From a
geomarphic perspective, the abstraction of water is expected to have a limited to negligible
impact an sediment transfer and bank stahility as the abstraction quantities are small compared
to the flows required to maintain fluvial transport and channel form particularly given adopted
erviranmental flow rules. Whilst bank slumping can result from rapid drawdown of groundwater
levels, maximum pumping regimes would occur when there are higher river flows and therefare
extraction rates would be miniscule cormpared to the replenishment flows.

Typically, flows that maintain channel form are those that exceed at least half the bank full
height of the channel. Along the Mambucca River such flows are equivalent to approximately
the 1in 1 Annual Return Interval (AR events with peak discharges in the order of 100 to 200
/5. In compatison, the extended borefield would have a maximum capacity to abstract up to
57 ML/day, an instantaneous draw of 065 mfs. This indicates borefield operation would have
negligible impact on sediment transport and channel form.

oite assessment observations confirm the findings of Hydroilex that the lower Mambucea River
and South Arm have undergone significant post-European settlement change and are still
ex¥periencing adjustments, largely through lateral migration of outside bends. However, there
are also risks of potential meander cutoffs and bed lowering. It is therefore proposed to
undertake river stabilisation woarks at those locations identified in Figure 8-3 to ensure the
borefields are protected fram any future lateral movement ar instability through channel
widening, meander cutoffs and meander migration,
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Exiting Borefield and R ivar Crossings

The existing bores located an the true right bank floodplain are linked ta the existing headwaorks
via a bed level pipeline crossing. Some of the baores within the existing borefield are located
within 20 metres of the channel bank and have the potential to be impacted by future flood
events. Bank erosion is also evident adjacent to the existing pipeline crossing. This structure
comprises a concrete encased pipe with loose rock placed on the downstream side to restrict
scour (Figure 8-3). Avertical drop of approximately 1 to 1.5 metres is exhibited across the
overall structure. As a result, the structure acts as a key bed control, maintaining the level of the
channel bed in the immediate upstream reach. Hence, given the propensity for the channel to
undergo vwertical adjustments (Hydroilex, 2008), it is proposed that the crossing be retained.

However, in its current form the structure presents a significant impediment to fish passage,
such that during low flows the upstream pool level is considerably lower than the crest of the
structure (Hydroilex, 20087, It is considered that making the structure more impermeahble to
allow low flows to overtop the structure is unlikely to imprave this situation, as flows within the
upstream pool are likely to be diverted laterally to the broad alluvial aguifer.

Instead, to improve fish passage, it is proposed that a fish passage structure and bank
revetment works be installed an the true left fwestern) bank to allow fish to bypass the existing
pipeline crossing obstruction in line with the concepts developed by Hydroilex and detailed in
Appendix B. Further development of the design foar a fish passage and bank revetment would be
undertaken in conjunction with the river stabilisation design during the detailed design phase of
the Proposal.

Consultation would be undertaken with Department of Industry and Investment, Morthern Rivers
Catchment Management Autharity and Mambuceca Walley Landcare during the design of the
proposed fish passage and bank revetment.

e T TR [

Figurefi-4 Existing Pipeline Crossing
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The borefields collection pipeline would cross the Mambucca River at two locations and would
be constructed using trenchless techniques. To enable the trenchless crossing, twa 5 metre
diametar shafts would need to be excavated either side of the river channel for both the launch
and the receival of a closed face tunnel boring machine. Spoil generated would be returned
thraugh slurry pipelines to the surface and then to settlement tanks. Following installation of the
pipeline, the launch and receival pits would be backfilled to pre-existing ground lev els with
appropriate soil materials.

Excess sail material would also be generated through drilling for bore placement and excavation
of the launch and return pits for the directional drilling of the waterway crossings for the
borefields collection pipeline.

The baorefields collection pipeline would also cross several smaller waterways, Here, standard
open trenching would be employed.

The above excavations and construction activities are located within the low erosion risk
Mambucca River soil landscape and there is a low risk for soils and sediments to be transparted
off ste during narmal flow conditions. However, there is the risk of transport of addition al
sediment downstream from disturbed sites during flood events. Hence, careful management
during the construction phase would be required to ensure that soils are exposed for the
shortest time practical and no materials are stockpiled within the influence of flooding. In this
case, the construction of the additional borefields, power supply infrastructure and the collection
pipeline would only have temporary and mitigable impact on soils, landforms and waterways.

B owra Creek

Fipeline Crossing

The transfer pipeline would cross Bowra Creek via the existing vehicle access crossing.
Wwhether the pipe is attached to the side of the bridge, laid in the road with cancrete encasement
orwould pass under the culverts would be determined in detail design. In any case, the impact
on Bowra Creek would be termporary and limited to minor disturbance of the creek banks. Such
impacts can be easily mitigated using standard erosion and sediment control practices during
construction and appropriate reinstaternent and rehabilitation of ereek banks following
construction. Hence, the impact on Bowra Creek is considered of low significance and short
duration.

Downstream Storage Impacts

The following potential impacts associated with the operation of the storage on the downstream
marpholagy of Bowra Creek have been identified:

b Altered hydrological and sediment regimes;

P Channel scour immediately downstream of the outflow due to flow jet from outlet pipe.

These resulting impacts associated with the above are discussed in the following sections.

Altered Hydrological and Sediment Regimes

Consgtruction of the storage would impede the transfer of flow and sediment alony Bowra Creek
In respect to flows, it is proposed for the storage to transparently pass all flows derived from the
upstream catchment. However, infrastructure constraints would limit the ability to pass flaod
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flows transparently such that events have a natural hydrograph. The current proposed
outletfinlet pipeline to the storage is estimated to have a maximum outlet capacity of 3.47 m¥/s.
In comparison, the peak discharge within Bowra Creek at the storage embankment for the 1 in 1
year natural flow event has been estimated to be 68 m/s using the Probabilistic Rational
hethod. In addition to these transparent flows, two additional annual releases are proposed to
lirmit the potential for vegetation encroachment and sedimentation within the pool environments
of the creek. Releases would occur during the higher rainfall seasons to ensure that there are
no ecological impacts on downstream aguatic fauna. Further details regarding potential impacts
on aguatic fauna are documented in Chapter 9 — Aquatic and Terrestrial Flora and Fauna.

The storage would trap all sediment derived from the upstream catchment, reducing the long
term sediment yield to the Mambucca River. However, as Bowra Creek is essentially a fine
grained systern and the affected area (238 hectares) is small compared to the overall catchrment
of the Marmbucca River, the impact of the reduced sediment load on the Nambuceca River would
be negligible.

Channe! Scowr Downstream of Qutlet and Spillway

Channel scour may be experienced immediately downstream of the storage as a result of high
velocity flows fram the outlet and during spillway operation. This would result in morphological
channel changes and release of sediment to downstream reaches. Thisimpact can be mitigated
through placement of flow dissipation structures and channel protection works.

843 Contaminated Land Impacts

GHD has identified that past and current activities within the study area have the potential to
cantribute to on-site soil and groundwater contamination. Generally these relate to the use of
pesticides and insecticides associated with agricultural practices. Consideration would need to
be given to the remowval and relocation of excavated =oil fram one place to another to avoid
spreading potentially contaminated soil. Of particular concern are the results of the water
sampling at Monitoring Bore 7. Whilst this was a one-off sample, it may suggest indiscriminate
illegal dumping at this location and therefore further sampling would be undertaken to confirm
the Hydroilex results.

8.5 Mitigation Measures

85.1 General

Appropriate measures can be adopted to minimise or eliminate potential imp acts associated
with the geological and soil conditions at the sites of the pipeline routes, storage, borefields,
access roads and associated infrastructure. These measures are outlined in the following
sections and are to be incorporated into an EMP for the Proposal.

Sediment and Erosion Control Plan

A site Sediment and Erosion Contral Plan would be prepared (and incorporated into a
Construction Ervironmental Managerment Flan). The Sediment and Erosion Control Plan would
be developed in accordance with the requirements of the 'Blue Boak' (Managing Starmwater:
Utban Sails and Construction, MSW De partment of Housing).
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The Sediment and Erosion Control Plan would have the following structure:

b Site characteristics — including existing contours, limitations of the site's soiltype and climatic
data including rainfall;

b Clearing and disturbance of the site — nature and extent of proposed ground disturbance,
final contours and location of any temporary soil stockpiles and visual screening mounds;

b Ewxisting and proposed drainage patterns — including existing surface water drainage paths
and proposed drainage design;

b Erosion control practices — including the location and design of erosion control measures
and the monitoring and maintenance of these control structures. Erosion praotection
measureswould be implemented to minimise the potential for erosion of soils from the
proposed development. Provided these measures are adeguately implemented and
maintained it is unlikely that any significant erasion would occur following excavation of sails
and disturbance of ground areas. Contrals would be implemented befare any construction
commences and inspected regularly paricularly after a rainfall event,

b Sediment control practices - including the location and design of sediment control measures
and the monitoring and maintenance of these control structures. Caontrols would be
implemented before any construction commences and inspected regulaty particularly after a
rainfall event; and

b Rehabiltation program — including the revegetation of landscaped areas and visual mounds,

Erosion and Sediment Control Practices

sediment and erosion control practices and measures would include;

b The location of site compounds would consist of existing cleared areas and, where possible,
on the right of way in order to minimise disturbance;

b All cut and fill batters would be protected from run-off and stabilised immediately following
construction;

P Permanent drainage structures would be installed with sediment traps at completion of initial
earthworks;

b Where possible 'clean’ surface water would be directed away from disturbed areas to stable
or stahilised discharge paints;

b Upstream diversion drains and downstream sediment traps would be used to carry run-off
away from disturbed areas;

b Where creation of sediment laden runoft cannot be prevented or where extracted
groundwater cannot be discharged to existing surface waters, temparary sediment contral
pondswould be constructed to intercept sediment laden run-off and to trap and retain
sediment; and

P Sedimenttraps would be placed in drainage lines to prevent sediment transport via surface
water flows.
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Soils and Spoil Management

The following management measures are made in regard to the management of sails and spail
during construction:

b Construction excavation activities would be limited to the ariginal construction design to
minimise the influence to geology and soils.

b The extent of exposed and unprotected areas would be limited by preserving existing
groundcaver,

b Construction practices would aimto eliminate the generation of excess topsoil (i.e. all top=oil
would be used ta rehabilitate the near surface ground following backfilling of the pipeline
trench);

P Topsoilwould be held in storage (preferably piled to one side of the trench) for the minimum
possible time before being re-used directly an-site, preferably being replaced in its ariginal
location;

b Top soil would be seeded for the duration of storage, and silt barriers used whilst seeding is

ectablishing;

p Where possible, topsoil would be recovered through the reuse of materials for remediation
purposes. Thiswould invaolve being spread evenly over the backfill material to reflect the
final backfill contours;

P General spoilwould be remaoved from the site and adequately covered during transportation
to avoid wastage,

b Spoil would be stored stock-piled material with the appropriate covering and | if required,
additional wind protection;

p Topsail and spoil would be stockpiled separately to eliminate contamination thraugh mixing,;

p Stockpiles would not be placed in high water flow areas and would be protected by sediment
contral barriers or diversion drains;

b Where possible, spoil would be recovered through the reuse of materials for remediation
purposes. Feinstaterment would accur priar to hydrostatic testing of the installed pipeline,
where practical;

b Following backfilling of the pipeline trench all disturbed areas would be seeded to pramote
stabilisation through revegetation, as soon as possible,

b Excess spoil materials would be utilized at other locations along the pipeline for remediation
purposes, or utilised by landaowners ar NSC; and

b Disposal of spoil material, where inappropriate for reuse as an example, would be

undertaken as a last reson.

Stabilis ed Access Point and Site Traffic
The following management measures are made in regard to the management of sails for site
traffic and at site access points:

b The number of access pointswould be limited to one entryfexit point where paossible;
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All access roadswould be controlled on the site and vehicles and plantwould be kept to well
defined haul roads to minimise ground disturbance and compaction;

Where there is more significant and heavier traffic, the use of a grid ar vehicle wash bay
would be considered to remove excess soil and dust before leaving the site. The grid or
vehicle wash bay would be lifted and cleared out periodically, and

il ar fuel leakage s framwehicles and equipment through regular maintenance would be
minimised. Refuelling of vehicle s would only oceur in designated areas where spill
containment and control equipment is stored.

Storage Construction and Clearing of Inundation Area

Given the high risk of soil erosion and the subseguent transport of sediment into Bowra Creek
associated with the construction of the storage embankment and clearing of the inundation
area, the following additional measures are provided to reduce this impact:

Clearing of riparian vegetation within the inundation area would nottake place until the coffer
dams are camplete to reduce the risk of transport of sediments into the downstream
environment of Bowra Creek;

Prior to construction, establish and stabilise ternporary surface drainage, erosion protection
and ongoing water quality management across the site through measures such as:

— creek flow diversion structures, autfall protection and upstream and downstream
detention ponds

— temporary runoff barriers

— sedimentation ponds

— progressive rehabilitation as work stages are completed.

Make pravision for safety and site stability in the event the upstream detention basin is aver-

topped and the site is flooded,

Regularly manitar turbidity lev els within detention ponds;

Ensure releases from the detention basins do not exceed set limits; and

Ensure permanent surface drainage systemn avoids drainage concentration over disturbed
areas. Inthe event this is not feasible, adequate permanent erosion protection and flow
detention in the form of sedimentation pondswould be required.

Monitoring

As part of the Erosion and Sediment Control Plan, monitoring measures would be implemented
and include:

b Fegular montoring on the effectiveness of sedimentation and erosion controls measures

after significant rainfall;

p Regular manitoring on the effectiveness of erosion contrals during construction waould
include inspection of sediment traps to ensure sediments are not transported off site;

b Hegularwater sampling of sedimentation ponds;

P Ensuring suspended sediments in released waters do not exceed set limits; and
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P Monitoring of turbidity downstream of construction sites,

852 HNambucca River Mitigation Measures

The following sections outline mitigation measures to limit the identified impacts on =oils,
landfarms and waterways fromthe construction and aperation of the additional borefields,
power supply infrastructure and the borefields collection pipeline.

Design and Construction Impact Mitigation
The following measures are made to mitigate identified impacts on sails and landforms along
the Mambucca River and South Creek in respect to the design and construction of the Proposal;

P Awnid heavy vehicle movements across the floodplains soils following rainfall events;

p “ehicle access routes across the floodplain soilswould avoid lower lying areas where watar
tmay pond for extended periods;

P Avoid ar minimise disturbance of lood channel areas. Where soils within floodplain
channels require disturbance, ensure the duration of construction activities are minimised
asfar as practical and rehabilitate the disturbed area as soon as possible after construction
activities have ceased in the aresq;

p Limitthe duration that trenches that run parallel to river flow are apen;

P Soil material generated from bore placement, trenching and waterway crossing excavations
would be transported to a storage area outside of the effects of flooding along the
Mambucca River and South Creek;

P Avoid any disturbance or removal of riparian vegetation along the Nambucca River and
south Creel;

¥  Awoid disturbance to the banks and bed of the Mambucca River and South Creek; and
b Implement appropriate erosion and sediment contral practices and measures during
construction as outlined in Section 2.4.

Operational Impact Mitigation

The following measures are made to mitigate identified impacts on soils and landforms along
the Mambucca River and South Creek in respectto the aperation of the Proposal;

b Implement identified stabilisation works in conjunction with DI&I, NRCAM and Mambucca
Yalley Landcare (see Appendix B,

b Maintain the existing pipeline crossing across the Mambucca River and retrofit to provide fish
passage;

p Manitar fish passage and stabilisation woarks through visual inspections following flood
events equivalent to the 1 in 1 year ARl or greater.

85.3 Bowra Creek Mitigation Measures

The following measures are made to mitigate the identified operational impacts of the storage
on the downstream geomorphology of Bowra Creek:
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¥

To avoid scour immediately downstream of the proposed outlet, placement of a flow
dissipation structure and channel protection works may be required,

To limit the potential for vegetation encroachment and sedimentation within poal
environments of Bowra Creek, it is proposed that maximum capacity outflowes with durations
of several hours be released fram the storage twice yearly during the flood seasan. The
success of otherwise of this measure is difficult to predict as the potential channel
adjustments are dependant on a range of vanables that cannot be readily quantified.
Hence, it is proposed that an adaptive management framewaork be implemented ta infarm
the management of flow releases based an a monitoring pragram that includes:

— Manitaring of pool depths;
— Manitaring of the bed and bank stability of the waterway, and

— Maonitaring of changes in the distribution of vegetation colonisation within the channel,

A Contaminated Land

Itis proposed that further sampling be undertaken to confirm the Hydroilex results at
Moanitoring Bare 7 to confirm the results obtained from Hydroiles

Excavated soil proposed to be moved from one place to anotherwould be verified to confirm
it is not contaminated.

The Enviranmental Management Plan (EMP) for the Proposal would need to detail appropriate

pro

cedures for the handling, stockpiling and assessment of potentially contaminated fill and

materials during the construction phase.

g-22
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9 Terrestrial and Aquatic Ecology

The information In this Chapter is talen from ‘Bowravile OF-River Storage and Associated
Works, Aquatic and Terrestrial Flora and Fauna Assesament, prepared by GHD Py Lid, March
2009, An wnabridged version of the report s provided in Appendix C, Volume 2 respechively,

9.1 Introduction

This Chapter identifies the potential terrestrial, aquatic and riparian flora and fauna impacts
associated with the Proposal and the management measures to reduce these impacts. Table
9-1 outlines the Director-General's and other statutory authority requirements and where they
have been addressed.

Table9-1 Agency Reguirements

Statutory ElS Requirements YWhere Addressed
Authority

Directar- ¥ Assessment of flora and fauna impacts including a Sections 8.7 and 9.8
General's detailed description of land to be cleared for storage

requirerments inundation area and any other proposed clearing of

(DoF lands. The assessment must take into consideration

impacts on any threatened species, population,
ecological communities, amye critical habitat, impacts an
any groundwater dependent ecosystems (GDE) and the
establishment and dispersal of environmental weeds.
This assessment shall justify the need for any clearing of
native vegetation andfor habitat features and would
identify the need for am clearing of nati e vegetation
and I ar hakitat features and would identify proposal for
any compensating habitat! biodiversity pratection areas.

Department of ¥ Assessment ofthe impact ofthe altered flow regime an Sections 9.8.3 and
Erwironment, the health of the upper estuary. Development of a 984

Climate Change manitoring strategy that would detect chanoesto in-

and Water streamvegetation and £ or salinity in the upper estuary.

et il DE) ¥ Assessment ofthe impact ofthe altered flow regime on

the maovement of native fish, in padicular Australian
Bass.

» GDE Dot point 5.
b Impacts on Bowra creek instream values.

The above are specific assessment requiremerts there are
also general EIS guidelines attached wwhich identify other
issues to be addressed with respect to flora and fauna eg
vegetation clearing and management of retained vegetation,
threatened species impact assessment ete.

Marthern Rivers b Nathve lYegetation: unless the vegetation being cleared is Section 9.8.8

Catchment an EEC arin an over cleared Mitchell Landscape, the
il anacemert Nathve Fagetation Act (MYA) assessment process

At hority requires offsets depending on the classification of

(R A vegetation. Asthe proposal is considered under Part &

of the EPA Act as meets the criteria of 525000 and () of
the MYWA, BVA approval may not be required hiowwewer,
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Statutony ElS Requirements Where Addressed

Authority

the provision of compensatory areas are recomimended.

S ¥ Requiraments for actiities that Biock fsf purpose and Sections 9.4, 9.6,
Department of type of works proposed, timing, duration and manner of 9659845 and
[ndustry and proposed blockage, methods to be uszed to avoid 986

[ estiment stranding fish and any remediation warks

ety B p  Requirarments for activities that damage marine

vagetation type of marine vegetation to be harmed,
amount of marine vegetation to be harmed — map
distribution noting percentage densities of species of
marine vegetation; reasons for harming marine
vegetation, methods of harming marine vegetation,
construction details including proposed drainane,
durationfdiming of warks, measures for minimising harm
to marine vegetation, environmental measured to be
employed and method and location of transplanting
activities or disposal.

y  Requirarments for Activibies that Cowief fimpact on
Threaterned Specles or Contribute o Key Threatening
Processas statement about the presence of threatened
species, consideration of hahitat tvpes, discussion of
condition of hahitat within the area, assess potential
impacts on threatened species via the 'Eight-Part T est'
and consult with MSW Fisheries prior to finalising the
ElS, where a significant impact is ikely, a Species
Impact Statement must be prepared and note the
penalties under the Fisheries Management Act 1994

» ldentification of threatened species likely to occur in the
area or be affected by the proposal.

¥ How damaoe to marine weget ation and other fish
hahitats would be minimized.

¥ Whether dredging, reclamation or activities that obstroct
fizh passage are proposed and if do, how impacts would
he minimised

¥ Ashambucca River contains impaortant hahitat for many
specieswith commercial and recreational values, the
ElS must address methads used to minimise
disturbance and impacts to fish habitat within [ower
Bowra Creek and the Mambucca River

¥ Asthe proposal imvolves pipeline infrastructure crossing
Bowra Creek, the EIS would need to address methods
for minimising harmto dparian vegetation and aguatic
hahitat associated with any crossing and detail dredge
and reclamation works within the water land of Bowra
Creek as defined hy the Fisheras Wanagerment Act
TQ0,

¥ The EIS would need to addressthe extent to which fish
passage is impacted upon by the construction of the
pipeline crossing and design methods for constructing
crossings and strategies for ensuring onooing fish
passage.

¥ The EIS would need to address the extent to which fish
passade isimpacted upon by the construction of the
storage embankment including oppartunities for works
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Statutony
Authority

ElS Requirements Where Addressed

Department of
Ervirontment,
Climate Change
and Water
fformetly DECC)

23141 33 37N

providing connectivity between the starage and Bowra
Creak.

Flora Sections 9.5, 9.4, 8.8
An assessment of veogetation on the site must include: L)
¥ A comprehensive description of the vegetation on the

gite. Thizwould include an assessment of the condition

of the plart communities present, including the

designation of consendation significance at a local,

regional and State level, and an assessment of the likely

occurrence of any threatened species, populations or

ecological communities listed under Schedules 1 or 2 of

the "Threatened Species Conseryation Act 1995" and

any Rare or Threatened Australian Plant (ROTAF)

Species.

¥ A plan showing the distribiution of any threatened or
ROTAP species and the vegetation communities an the
site, and the extent of vegetation proposed to be
cleared. This planwauld be atthe same scale asthe
plan of the area subject to development in order to assist
in the assessment of the impact of the proposal on the
exigting vegetation.

b A staterment ahout the degree of corfarmanc & with the
DECC guidelines, "T hreatened Biodiversity Survey and
Aszsessment: Guidelines for Development and Activities
—Warking Draft 2004" and "Threatened Species
Assessment Guidelines — The Assessment of
Significance” (DECC August 20071 for sureys
completed. This would include the adequacy and
limitations of the survey efforts, timing and technigues
u=ed in determining results, in order to establish an
appropriate level of confidence in the conclusions draw.

¥ ‘Where the assessment concludes that threatened
species, populations or ecological communities, or their
hahitats, exist an or in proximity to the subject land, the
effect of the proposed development would be
determined in accardance with the Assessment of
Significance described in Section 88 of the
"Ervironmental Planning and Assessment Act 1979 An
assessment of the impact of the development on the
plant communities andfor ROTAP specieswould also be
provided.

¥ A description of the measures proposed to mitigate
andiar ameliorate the impact of the development on the
plant communities, threatened and ROTAP species.

Fauna i
Sections 8.5, 9.4, 4.8

An assessment of fauna on site must include: and 9.9

b A fauna survey to identify the distribution and abundance
of fauna species known ar likely to utilise the site,
incuding a description of available fauna habitats and an
assessment of the conservation status of each of the
faunal components at a local, regional and State level.

¥ A plan showing the results of the above survey. This
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Statutony
Authority

ElS Requirements Where Addressed

94

planwould be at the same scale asthe plan ofthe area
subject to development to assist in the assessment of
the impact of the proposal on fauna.

A staterment about the degree of conformanc e with the
DECC guidelines, "T hreatened Biodiversity Survey and
Asgsessiment: Guidelines for Development and Activities
—'Working Draft 2004" and "Threatened Species
Aszessment Guidelines — The Assessment of
Significance” (DECC August 20071 for surveys
completed. This would include the adequacy and
limtations of the survey efforts, timing and technigues
U=ed in determining results, in order to establish an
appropriate level of confidence in the conclusions drawn.

An assessment of the impact of the development an the
identified fauna.

An assessment of the existence or likely occurrence of
threatened species, populations or ecolodical
communities, or their habitats on the subject land.
Where the assessment conclldes that threatened
species, populations or ecological communities, or their
hahitats exist on orin progimity to the subject land, the
effect of the proposed development would be
determined in accardance with the Assessment of
Significance described in Section 88 of the
"Ervironmental Planning and Assessment Act 1979"

A description ofthe measures proposed to mitigate
andfor ameliorate the impact of the development an
fauna.

Sumveys & Assessments

Sections 9.5 94 9.3
Surveys and assesaments would be underttaken by and 949 o

suitably gqualified persons and the qualifications and
experience of the persons undertaking the worl detailed.

Dates, site locations, design, methodology, analysis
technigues, and weather conditions at the time ofthe
assessments and suney s must be described. The
limtations of surveyswould be identified and the results
interpreted accordingly.

Conclusions drawen in surveys and assessments would
he substantiated by evidence resulting from those
surveys and assessments. The document being
supported by the surveys and assessments would reflect
these conclusions and clearly state where
recommendations of the survey and assessments have
heen incarparated inthe proposal.

DECC's Estuary Management Policy encour ages
integrated, balanced, responsible and sustainatble use of
State estuaries. In light of this Mambucca MSC has
developed an Estuary Management Plan (EMP)
covering Estuary Health, Climate Chanoe and Riparian
Land Management. The key points in the EMP are:

Implications of altered freshwater flow regimes on
extensive plant bedsin the upper estuary and their rale
as critical hahitat;
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Statutony ElS Requirements Where Addressed

Authority

¥ Imiestigate implications of changed flow redimes an
salinity patterns and its ecology;

¥ Intensification of droughts and sea level rise and
resultant chanoes in the flushing and salinity regimes
must be discussed in response to the tidal limit moving
further upstream and patential implications on surface
groundwater interactions and ecology; and

¥ ldentify how riparian land isto be managed within the
study area to improve ov erall riverbank condition
including riparian hahitats an all of the catchments
steams.

92 ScopeofAssessment and Approach

Detailed terrestrial ecology and aguatic ecalogy surveys (including macrainvertebrate and fish
surveys) were undertaken for the Proposal. The survey effort for this EIS comprised the
following:

b Literature review of recent ecological assessments.

b Deskiop database searches to identify potential threatened species and matters of Mational
Environmental Significance in the locality.

b Field surveys of flora and fauna species, both terrestrial and aguatic, targeting threatened
species known or likely to occur in the study area and their hahitats,

P Thefindings of previous ecological assessments with updated database reviews were
ground-truthed using various survey technigques appropriate to the ecological values
identified in the searches and previous assessments.

All field investigation was undertaken with technique s which broadly follow DEC CW's Draft
Threatened Blodiversity Survey and Assessment guidelines (DEC 2004). Figure 3-1 shows the
locations of the flara and fauna survey locations. The methods used are detailed in the Ecology
report.

Forthe purpose of this assessment, the study area consisted of the proposed off-river storage
inundation area, the riparian zones of three potentially impacted waterways (Nambucca River
and, South and Bowra Creeks), the pipeline route, the existing and proposed borefields and
Walla Road.

9.3 Terrestrial Flora

YWhere applicable, vegetation communities have been classified with reference to Morth Eas
Mew South Wales Fleld Key to Forest Ecosyaems (DECCYY, 2004). Communities that don't fit
these classifications have been classified based aon dominant canopy species and flaristic
structure {i.e. riparian vegetation dominated by Camphor Laurel and Small-leaf Privet). The
survey locations in the inundation area were based upaon covering the different vegetation
cammunities, as depicted in Biosis's Figure 3 Vegetation comemunities present in the study ares
(Biosis, 2005). The survey locations of the current study are shown in Figure 5-1,
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The vegetation communities recorded are summarised in Table 9-2, whilst the survey locations
are shown in Figure 9-1 abave and details pertaining to each community are described belaow,
Additionally Table 9-2 summarises the dominant canopy species, approximate areas to be
impacted and condition assessment scoring for each vegetation community identified in the
study area.

Table9-2 Summary of Terrestrial Flora Survey Results

Approzimate Condition
Dominant Species Area {haj th at Assessment
may he Impacted Scoring

Veygetation

Community Type

Flooded Gurn, Blackbutt and

Broad-leaved Mahogany 2785 oy

Hardwood Flantation

Flooded Gurmwith Tallowwood,
Dunn's White Gurm, Pink 20.02 Moderate
Bloodwood and T urpentine.

Wyt Flooded Gum —
T allowwiood Forest

Maorthern Yet Tallowewood and Sydney Blue

Tallowwiood — Blue Gum with Brush Box, Blackbuott 7.85 Moderate
Gum Farest and Turpentine

Foothills Grey Gum — Small-Fruited Grey Gum,

Broad-leaved Broad-leaved Mahogany, Gray 7.6 Moderate
Mahogany Forest [ronbark and Turpentine

Wyet Bloodwood — Fink Bloodwood, Tallowwood,

Tallowwood Farest small-Fruited Grey Gum and 0.64 hModerate

(Temperate Rainfarest]  Blackbutt

Fastureland Commaon Paspalum and kikuyu 13.55 Foar

Carmphor Lauarel, Small-leaf
Riparian Yegetation Frivet and Lantana with 3.79 Foor
scattered native canopy species

931 Inundation Area

The inundation area consists of remnant native forest an the upper slopes with managed
plantation forest on the lower slopes and flatter ground associated with Bowra Creek.
Descriptions of each forest community identified in the inundation area, aswell as the plantation
forest, are provided below.

Wet Flooded Gum — Talowwood Foresi

This community is classified as Ecosystern 154 Wat Flooded Gum - T allowwoaood (DECCWY,
2004) and is consistent with Farest Type 48 as described in Farestry Commission (1985). Vet
Flooded Gurm - Tallowwood Forest ocours along the upper southerm facing slopes of the Bowra
Creek catchment. This tall open forest had a canopy up to approximately 35 m in height.
Approximately 20.02 ha of this vegetation community would be remaved from the inundation
area, as shown in Figure 3-2.
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The dominant canopy species was Flooded Gum (Eucalgptus grandis), with Tallowwood (£
ricrocanss), Dunn's White Gum (£ dunni), Pink Bloodwood {(Conrmbia intermedia), and
Turpentine (Syncarpliz glormulifera) making up the rermainder of the canopy. The understorey
included trees such as Blackwood [(Acacia melanoxylon), Green Wattle (Acacia frrorata),
Coachwood (Cerafopetalum apetalur) and Large Mock-Olive (Motefzea fongfola), shrubs such
as Mative Peach (Trema tormentosa var, wiridis), Breynia [ Braynia oblongifolis) Veiny Wilkiea
(Wilkiea huegeliana) and Marrow-Leaved FPalm Lily [Cordline stricta), and climbers such as
Twining Guinea Flower (Hibbeia dentatz) and Five-Leaf Water Wine [Cissus hypoglauca).

Weed species included Lantana (Lantana camara), Camphor Laurel (Cinnamomurn camphors)
and Small-leaf Privet (Ligustrum ainenss), which were present throughout the understorey. This
vegetation was considered to be in moderate condition, because the understorey and
groundcover was infested with weeds.

Morthern Wet Tallowwood - Bilue Gum Forest

This community is classified as Ecosystern 104 Morthern WWet T allowwood — Blue Gum
(DECCYY, 2004) and is consistent with Forest Type 47 (Forestry Commission, 1989). Narthern
YWet Tallowwood — Blue Gum forest occurs on west and north-facing slopes of the Bowra Creek
catchment. This tall open forest had a canopy up to approximately 35 m in height.
Approximately 7.85 ha of this vegetation community would be removed from the inundation
area, as shown in Figure 9-2.

The dominant canopy specieswere Tallowwood and Sydney Blue Gum (Evcaliptus saligna)
with Brush Box (Lophostermon confertus), Blackbutt and Turpentine making up the remainder of
the canopy. The understorey included trees such as Forest Oak (Alocaswaring torwlosa), Scrub
Turpentine (Rhodamniz rwbescens), Bangalow Palm (Archontophoent cunninghanmil) |
Jackwood [(Cryptocanys glaucescens), Guioa (Guiog semiglauca) and Hough Treefern (Cyathes
gustralis) and climbers such as Five-Leaf Water Vine (Tissus hypoglauca), Anchor Yine
(Falmena scandens) and Water Yine. Groundcovers included Grigtle Fern { Blechnum
cartiaginewrs), Marrow-Leaved Palm Lily and Spiny-Headed Mat-Rush (Lomandra fongifolia).

YWeed species included Lantana, Camphor Laurel and Small-leaf Privet, which were present
throughout the understarey. This vegetation community is considered to be in relatively
moderate condition, however the understarey and groundcover was infested with weeds.

Foothills Grey Gum — Broad-feaved Mahogany Forest

This community most closely fits the DECCYW classification of Ecosystem 55 Foathills Grey
Gum — Spotted Gum (DECCWY, 2004, however no Spotted Gums were observed only co-
dominants such as Broad-Leaved Mahogany and Grey lronbark. Therefore the naming of this
community has been modified to Foothills Grey Gum — Broad-Leaved Mahogany to make it
applicable to the site. This community is consistent with Forest Type B2 (Farestry Commission
1989). Foothills Grey Gum — Broad-Leaved Mahogany primarily ocours on the outer perimeter
upper slopes of the Bowra Creek catchment. This tall open forest had a canopy up to
approximately 35 min height. Approximately 4.14 ha of this vegetation community would be
removed from the inundation area, as shown in Figure 9-2.

The dominant canapy species included small-Fruited Grey Gum [ Eucalptus propringus),
Broad-Leaved Mahogany (E. carnes), Grey Ironbark (E. siderophiois) and Turpentine.
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Understorey trees included Forest Oak, White Dogwood (Ozothamaus dioamifolius), Maiden's
Wattle (Acaciz maideni, Blackwood, Blueberry Ash (Elaeocarpus reficuiztus), and Elderberry
Fanax (Polyscias sarmbuccioliz) associated with climbers such as Twining Guinea Flower and
Green-Leaved Bramble (Rubus nebwiosws). Groundcovers included grasses such as Blady
Grass (Imperata cylindricall and Kangaroo Grass (Themeda australs),

Weed species including Lantana were present throughout the understarey. This vegetation
community is considered to be in moderate condition.

Wet Bloodwood — Talfowwood Forest {Temperate Dry Rainforest)

This community most closely fits the DECCW classification of Ecosystem 152 Wet Bloodwood —
Tallowwood (DECCW, 2004) and is consistent with Forest Type 23 (Forestry Commission
1959, Yt Bloodwood — Tallowwood (Temperate Ory Rainforest) is found on the upper west-
facing slopes appearing as narrow strips in close proximity to drainage lines. This tall open
forest had a canopy up to approximately 35 min height. Approximately 064 ha of this
vegetation community would be removed fram the inundation area, as shown in Figure 9-2.

The dominant canopy species included Pink Bloodwood, Tallowwood, Small-Fruited Grey Gum
and Blackbutt. The midstorey (approximately 20 m in height) was relatively dense and included
Brush Box (Lophostemon confertus), Farest Oak, Black Wattle (Calicoma sanratifolia),
Blueberry Ash, Creek Sandpaper Fig (Ficus coronata), and (Rhodamnia ribescens) with
Epiphytes such as Elkhorn {(Flatycerivm Bifurcatum). The understorey included Citriobatus
pauciflora, Marrow-Leaved Palm Lily and Burrawang (Lepidozamia peraffsiiana) with numerous
vines such as Sarsaparilla (Swilax australis), YWater Vine and Five-Leaf Water Vine.

The vegetation at one of the survey locations for this community was in good condition with a
healthy tall canopy with & diverse understarey and groundcover, whilst the vegetation at the
other survey location was in poorer condition due to past disturbances and encroaching weeds
(Lantana) around the perimeter. YWeed species identified included Camphor Laurel, Small-leaf
Privet, Lantana and Broad-Leaf Privet (Liguarnim lucidivm) that were scattered throughout this
vegetation community in low numbers. This vegetation community is considered to be in
moderate condition.

Hardwood Plantation Forest

The most dominant vegetation class in the inundation area (25.94 ha) is hardwood plantation
forest primarily dominated by Flooded Gum in association with Blackbutt and Broad-Leaved
Mahogany. The plantation forest was dominated by either Blackbutt or Broad-Leaved
Mahogany with Flooded Gum as a minar component. The trees are on average 180 - 250 mm
diameter at breast height (DBH) and 20-25 m high. Approximately 25.94 ha of this vegetation
community would be removed from the inundation area, as shown in Figure 9-2.

The plantation forest has been logged severaltimes since being managed as harvestable forest
resulting in a disturbed understorey and groundcover, with very few emergent trees greater than
25 mtall. The understarey and groundcover consisted mainly of Camphoar Laurel, Lantana and
small-leaf Privet especially on the lower slopes and along drainage lines. Mative understorey
species included YWhite Dogwood, Maiden's Wattle, Blackwood and Breynia.

Femnant and cleared vegetation across the inundation area maintains good connectivity with
vegetated areas to the north, including areas of Viewmont State Forest (890 ha) and Bollonolla
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Mature Reserve (666 ha) which connect with Mewry State Forest towards the coast and
Gladstone State Forest towards the interior of the State. The degree of Lantana infestation
creates a high level of competition for native flara that may be introaduced into the plantation
area by means of native fauna, wind or surface water runoff. The plantation forest resembles a
maonoculture and as a resultwould have reduced ecological function and conservatian
significance due to a lack of species diversity and simplified floristic structure typically
associated with forestry managed land. This vegetation was considered to be in poor condition
due to heavy weed infestation and past disturbances.

This vegetation community also occurs in the form of a small plantation forest located at the off-
river storage dam embankment footprint and would be partially cleared to make way for the off-
river starage dam embankment and access road.

Pastureland

The floodplain of the Mambucca River, to the west and south of Viewmont State Forest,
consisted largely of agricultural land that has been cleared of native vegetation. Approximately

10.54 ha of this vegetation community would be removed from the inundation area, as shown in
Figure 9-2.

This vegetation community was daminated by introduced grass species such as Comman
Faspalum [Paspalim dilatztum) and Kikoyy (Pennisetum clandestinue), and was infeste d with
agricultural weed species such as Tall Fleabane (Conyza atbida), Dandelion [ Taraxacum
officinale) and Purpletop (Verbena bonarensis). A few scattered native species weare present,
including Star Cudweed (Euchiton involucratus) and Blown Grass (Lachnagrostis filiformis). This
vegetation community was in poor condition.

Riparian \fegetation

The riparian areas along Nambucca River, Bowra Creek and South Creek paotentially impacted
by the Proposal were surveyed for terrestrial and agquatic flora and fauna. VWater quality te sting
was carried out at these same locations. Riparian zones along the Mambucca River, Bowraville
Creek and South Creekwould have originally been comprised of undisturbed native vegetation
typical of coastal floodplaing Eucalypt forest that may have once resembled something similar to
the listed River-flat Eucalpt Fored on Coagal Floodpiain EEC and would have been
substantially wider then what is currently present. At present the riparian zones are typically 0 ta
25 mwide with some locations =40 m. All of the riparian vegetation surveyed was highly
disturbed due to logging and land clearing for agricultural purposes and is now dominated by
exotic plant species. Approximately 1.5 ha of riparian vegetation would be removed would be
removed from the inundation area.

The Mambucca River and South Creek are permanent streams whilst Bowra Creek is
ephemeral. The daminant species along all of the surveyed streams were exotic species,
generally comprising Camphor Laurel, Small-leaf Privet and Lantana. Although, there were a
number of large scattered native trees, including Forest Red Gum (Evcalypius tersticarnmis),
Weeping Lilly Pilly (Waterhousaa flonbunds), Strangling Fig (Fleus watiinsizna) and Swamp
Dak (Caswaring glauca) that may provide resources for a number of native bird species. There
were also moderate amounts of leaf litter and large woody debris (LWWD) in the riparian areas.
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The riparian vegetation along Bowra Creek upstream of the proposed off-river storage dam
embankment generally consisted of dense stands of plantation Flooded Gum in association with
the exotic Camphor Laurel. The understarey was dominated by Lantana and Small-leaf Privet
with native vines such as Morinda (Morinda jasminoides) and Snake Yine (Stephania faponica)
and scattered emergent rainfarest seedlings. This vegetation was considered to be in moderate
to poor condition.

The riparian vegetation along Bowra Creek where it emerges into pastureland from the
plantation forest and downstream of the proposed off-river storage embankment to the
confluence with the Mambucca River at Rapid Appraisal of Riparian Condition (RARC) survey
locations generally consisted of dense stands of the exotic Camphor Laurel with scattered
Flooded Gum and Forest Red Gum and the naturalised YWeeping Willow [ Salix babylonica). The
understorey was generally sparse and dominated by Lantana and Small-leaf Privet with
scattered native species such as Grey Myrle [ Backhowsia rmyrifolia), Rainbow Fern
(Calochizena dubia), Large-Leaf Hop-Bush (Dodonaea friquetra) and Large Mock-Olive. Native
vines such as Morinda and Snake Vine were also present in the understorey. Exotic
understorey species such as Paddy's Lucerne (Sida rhombifoliz) and Wandering Jew

( Tradescantia aibifiora) weare frequently recorded. This vegetation was considered to be in poor
condition.

93.2 Bank Stahilisation Works

The riparian vegetation along the Nambucca River and South Creek would be removed aor
disturbed as part of proposed riverbank stabilisation warks. These works are designed to
ensure that the unstable riverbanks identified in the study area are modified to ensure their
long-term stabilisation. The impacted area along the riparian zones, where riverbank
stabilisation is proposed to take place, comprises of the area between the waters edge and the
immediate river bank approximately & mwide at separate designated locations totalling
approximately 2970 m. Therefore the total area to be impacted by proposed bank stabilisation
waorks is approximately 1.49 ha

The riparian wegetation at the proposed release and pump points along the Mambucca River
and South Creek, where some of the proposed riverbank stabilisation works are to take place,
consisted of highly degraded native wegetation with scattered remnant trees, including the
native Swamp Cak (Gaswanna giauca) and Forest Hed Gum (Eucalptus terelicarnis) and the
exotic Camphor Laurel {Cinnamomurn camphora). Mative understorey species included shrubs,
grasses and ferns such as Rough Maidenhair (Adiantum fispiduive Water Gum (T Hstzniopsis
lauring), Spiny-Headed Mat-Rush (Lamandra longifalia) and Oplsmenus imbecilius, Exotic
understorey species included Tall Fleabane (Conyza a/bida), Lantana (Lantana camars) and
smalk-leaf Privet { Ligustrum sinense) and Wild Tobacco (Salgnum mauntianum). There were
numerous wine species present, including the native Water Wine (Cissus antarchica) and the
exotic Moth Yine (Araufia siricifera) and Japanese Honeysuckle [Lonicers faponica). This
vegetation was considered to be in poor condition.
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B orefield/ Transfer Pipeline Route

The majority of the vegetation associated with the barefield and transfer pipeline options is open
pastureland and is considered to be of low ecological value due to previous land clearing and
present grazing activities.

The final borefield and transfer pipeline routes was primarily selected on the basis of
engineering constraints and associated costs of establishment. Therefore the proposed options
are the most cost effective and logical chaice in regards to engineering simplicity and
effectiveness. In regards to environmental impact, the establishment of the proposed pipeline
routes are considered to have minimal environmental impacts, because the only vegetation to
be impacted is pastureland.

Mo riparian vegetation is to be impacted 'removed’ by the canstruction of the propaosed pipeline
routes. Underboring of the Mambucca River for the installation of the borefield pipeline would
nat impact upon riparian vegetation and isto ocour within pastureland. The transfer pipeline
would also not impact upon any riparian vegetation as the exitsting culvert across Bowra Creek
would be used to attach the transfer pipeline.

The two proposed minor trenched creek crossings for the borefield pipeline are to occur an
creeks that run through farmland and no riparian vegetation is to be directly ar indirectly
impacted at these sites.

The riparian vegetation that is located adjacent to ar in close proximity to the pipeline route is
dominated by the noxious weed species Camphor Laurel, Lantana and Small-leaf Privet with
scatterad small clusters of native trees such as Flooded Gurms and Forest Red Gums. Minimal
amounts of native understorey and groundcovers were present due to livestock grazing and
maintained residential gardens.

COwverall the riparian vegetation is in poor condition and any potential impacts associated with
the riverbank stabilisation warks are considered minimal.

B orefield Sites and Headworks

The existing borefields and headworks are located adjacent to the Mambucca River upstream
from South Creek. There iz a small weir next to the existing borefield, which has been created
by an accumulation of debris behind the existing pipeline crossing.

The proposed borefields are located north of the existing borefield along the Nambucca River,
The barefield sites typically consist of grazing land and a thin riparian zone. The riparian
vegetation in these locations is disturbed and in poor condition comprising Camphar Laurel and
River Oak [Caswaring cunningharmiana subsp, cunningharmiana) with an understorey dominated
by Lantana and introduced pasture grasses. The vegetation associated with the existing and
proposed borefields and headwarks is highly disturbed and considered to be in poor conditian.

The thin strip of riparian vegetation would not be impacted 'removed' at these locations as the
infrastructure associated with the borefield sites are located within pastureland beyond the
riparian vegetation. The existing headwarks are to be upgraded to accommodate the increased
volume of water to be delivered to the storage and are also located within pastureland beyond
the riparian wvegetation and as such no riparian vegetation is to be impacted by the proposed
upgrading activities.
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933 Bobho Road Upgrade

Bobo Road runs through the Viewmont State Forest This section of road was vegetated on
both sides with varying compositions of dominant canopy trees such as Flooded Gum,
Tallowwood, Smal-Fruited Grey Gum, Fink Bloodwaood, Dunn's White Gum, Grey Ironbark,
Broad-Leaved Mahogany, Blackbutt, Turpentine, Forest Hed Gum, Sydney Blue Gum, Brush
Box, Forest Oak, Blackwood, Elack Wattle and Turpentine. The composition of the canopy
changed asthe road traversed ridges and gullies, different soil types and increased in elevation.

The understorey was primatily infested with weeds from approximately a 2 to 10 m depth from
the roadside along the majority of the section of road surveyed, extending =100 min one gully.
The density of Lantana decreased with distance fram the road edge into the forest. The overall
candition of the canopy along either side of Bobo Road was considered to be good, whilst the
understorey was considered to be poor because of heavy weed 'Lantana’ infestation. In
consideration of the different ratings for canopy and understorey, a resulting rating of moderate
has been used to describe the overall condition of this vegetation.

Itis proposed that Bobo Road provide accessto the storage area and would be upgraded to
accommodate construction traffic and to ensure public safety. The upgrade waould invalve
approximately 2 km of road being widened to a B metre formation with a 3 metre wide bitumen
seal. The sumvey effort examined 5 m either side of Bobo Road identifying canopy tree species
and the presence of weeds,

Approximately 4.04 ha of vegetation may be removed as part of road upgrade activities. Of
which 1.39 ha is Hardwood Plantation Farest and 265 ha is Foothills Grey Gum — Broad-leaved
White Mahogany Forest dominated by the exotic plant species Camphar Laurel.

The vegetation communities described above are shown in Figure 3-2.
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934 Terrestrial Flora of Conservation Significance

T hreatened Flora Species

The Commonwealth Protected Matters Online Search Tool and the DECCW Wildlife database
were used to identify a preliminary suite of flora species of conservation significance that occur,
or are predicted to occur (based on known distributions and habitat assessment) within the
study area. Table 3-3 presents a list of these species, and identifies their conservation status, if
they were detected during the surveys or if not, and their likelihood of occurrence in the study
area hased on hahitat requirements.

Twelve Commanwealth andfor State listed flora species were identified an the databases, of
which none were recorded during the current surveys and the results of previous studies that
were undertaken in relation to the same proposal;

b Mewry Gaolden Wattle (Acacia chnssotricha);

b Rusty Plum (Amormhospermum whita);

P Hairy-joint Grass (Arthraxon higoidus),

b Leafless Tongue-orchid (Cryptostylis hunteriana);
b White-flowered Wiax Plant (Cynanchum elegans);
b Monkey Mut (Hicksbeachia pinnatifolia),

b Clear Milk Vine (Marsdeniz longlioba),

b Cuassiz sp Moonee Creek U King s 0 T944)

b Milky Silkpod (Parsonsia dorrigoen sis),

b Minute Orchid (Taeniopfillum e lier];

b Auctral Toadflax (Thesum sustrzi), and

b Tylophara woollsi,

Four of these species are considered likely to accur (the Rusty Plum, Twiophorz woollsiy,
Leafless Tongue-orchid and Minute Orchid), therefore an assessment of significance has been
undertaken for these species and is summarised in Table 9-11. The Mewry Golden Ywattle is the
only other speciesthat has the potential to occur in the study area. Biosis undertook a five-day
targeted search for the Mewry Golden Wattle in 2005 and recorded no individuals in the study
area ar surrounding lands (Biosis, 2005). This specieswas alzo not recarded during this survey
effart.
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Table9-3 Summary of the Likelihood of Occurrence of Threatened Flora Species

Scientific Name

Common Name

Likelihood of Occurrence

Acacla chiysotricha

Mewy Golden Wattle

Unlikely. Ursuitable habitat found on ste
dueto loggng and weed infedation.

Amahospermdin whrel Rusty Plum Possible. Sutable habitat found on ste.
Unlikely. Little to no suitakble hakitat found

Artheaxon hispicus Hairy-joint Grass on site. Competitive grass species ocour
where auitable habita exists.

Cryptostylis bunterang Leafless Tongue-orchid Pozsible. Suitable habitat found within the

inundation area

Oy pahchimm elegans

Wihite-flownered Wiax Plant

M. Unsuitakle haoitat found on site.

Unlikely. Unsuitakble hakitat found on site

Hicksbeachia pinhatinlia Monk ey Mut dueto loggng and weed infestations

induding Lantana.

!_Inlikel\g. Due to loogging and weed
Marsdenia langioba Clear Milk “ine infestations.

Unlikely. Due to looding and weed
FParsohsad dorgoensis ilk e il koo infestations induding Lantana, as well a2

unzuitable zail type found on ste.

QuaasiE s,

Moonee Guassia

Ma. The study area does not contain
approptiate habitat. Mot known from the
immediste locality.

Taenkgby i myelers

Minute Orchidd

Possible. Sutable habitat found within the
inundation area.

Thesivm australe

Austrd Toadflax

Ma. This spedes hakitd was not recorded
wrthin the: gtudy ares.

Trhophors woolisl

Tophora

P ossible. Sutable habitat found on site.

Endangered Ecological Communities

The riparian vegetation in the study area has been substantially altered (both structurally and
flaristically) and degraded as a result of previous land management activities (logging, clearing
and grazing) and is dominated by Camphor Laurel, Privet and Lantana with scattered native
canopy trees. Areas of this vegetation along the Mambucca River, South Creek and lower
reaches of Bowra Creek contain some elements possibly representative of the River-fiat
Fucalpt Forest on Coastal Floodplains EEC listed under the TSC Act. However, the riparian
vegetation inthese areasis not considered to constitute this EEC given:

P Thewvegetation, including canopy, understorey and groundcover strata, is dominated by

exotic species;

b Mative species, potentially indicative of the EEC | including Forest Red Gum and Flooded
Gum, are only present as scattered and isolated individuals. The majarity of the understorey
was clear of vegetation due to livestock grazing and the remainder was comprised of exatic
species, whilst no native understorey species typically associated with this EEC were

present; and

xn413anET
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P The study areais located well beyond the identified northern-most ocourrence of the
community in the Port Stephens LGA (Scientific Committee Determination, (DEC, 2004).

YWhilst the riparian vegetation of the Mambucca River and South Creek is not considered to
comptrise the River-flat Eucalypt Forest on Coastal Floodplaing EEC as determined by the
scientific Committee , a precautionary approach has been taken and an assessment of
significance has been prepared with respect to this community (refer to Appendix C). Given the
relatively small area along the Mambucca River and South Creek of highly modified and
disturbed riparian vegetation to be impacted (approximately 1.49 ha), a significant impact on the
cammunity is cansidered highly unlikely even if it does occur in some areas.

A sirnilar riparian community was also recorded atvarious locations on the upper slopes of
Bowra Creek catchment. These areas of vegetation are not considered to constitute 'floodplain’
ecosystemns and hence are not considered to constitute this EEC.

Mo other EECs listed under the TSC or EPBC Acts were recorded in the study area.

93.5 MHNozious and Environ mental Weeds

The noxious weed policy of the Mambucca Shire MSC isto meet the requirements as outlined in
the MWW Act. Acting as the Local Contral Authority (LCA), MSC has a responsibility to ensure that
all plants declared as Moxious within the Shire are controlled according to their classification.
Moxious Weeds are currently classified from Class 1 to Class 5, with differing contral
requirerments according to their Class. Currently there are approximately 100 plants that are
declared as Noxious Weeds within the Shire, There are many other plants within the Shire that
are considered Environmental Weeds (NSC, 2009

Weeds that pose a threat to lands within the Shire include Groundsel Bush (Baccharis
halimifoliz), Lantana (Lantana spp.) and various invasive aguatic weeds such as Salvinia
(Sahiniz molestz) and Water Hyacinth (Eichhomia crassipes) (NSC, 2009). There are no legal
requirerments to remove environmental weeds fram your land unless they are declared noxious
weeds (NCWAC 2003).

Figure 3-3 below depicts the degree of Lantana infestation encountered in the inundation area.

Figure 9-4 depicts Camphor Laurel infestation along the lower reaches of Bowra Creek
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Figure 9.3 Degree of Lantana infestation within the inundation area

Figure9-4 Degree of Camphor Laurel infestation along the lower reaches of Bowra
Creek

9.4 Riparian and Aquatic Flora

94.1 Rapid Apprais al of Riparian Condition (RARC)

The florigtic and species composition of the riparian vegetation dermonstrated significant
varighility. This v ariability was related to four major elements:

b Weed infestation;

¥ Erosion
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b Degree of flood exposure; and
b Cattle access.

All four of the above variables contributed extensively to the degree of canopy coverage, the
nature and type of ground cover present, and degree of exotic species (weed) or native
dominance, and intensity and type of erosion evident on the bank and riverbed.

The condition of the riparian wegetation for each of the surveyed locations is summarised in
Table 9-4 and photographs of each survey location is available in Appendix 0. Armaximum
score of 50 out of 30 is indicative of intact riparian vegetation where:

b All layers of native wegetation are present and provide good coverage,

b The vegetation is free of introduced weed species;

b Thereisa good layer of mulch present; and

b Fauna habitatis present in the form of fallen logs, branches and hollow bearing trees.
A low score below 20 out of 50 is indicative of degraded vegetation where:

b Layers of native wegetation are missing, in low numbers, fragmented and provide poor
coverage,

b There is high content of introduced weed species;
b Thereiswery little mulch present to stabilise surface =oils;

p Fauna habitat in the form of fallen logs, branches and hollow bearing trees is absent or
minimal.

Table9-4 Summary of BARC Survey Results

Stream
Name & Dominant Species  RARC Scoring (score out of)
Location

Habitat <Cover Hatives Debris

17 12 g T

Encalyptos grandis and
Cinhanarmin carphara
Bowra Creek WEh Linnstrae shepss,
Fl Wpper Catchment [ antana camara and 11 1045 G.25 G 325 37
hative speckes
Lhderstorey
Biovnra Creek
Dfﬂmr:SEL aff ClnBarnokmilin carphors
Rz RO - wih Ligustrum sivense 775 8.5 15 35 125 225
river storage
dam understorey
embank ment
Eaumm;ztfer:rik o Exntic grasseswith
ronoEed Off- Cinhamomiin carphora,
RS ﬁwﬁ gl Eucalyptus grandis and 55 7.25 5 575 075 22,25
dam 4 Lignstrum shense
embank ment understorey
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As indicated in Table 9-4 the average condition score for the riparian vegetation assessed was
20.36 which is indicative of past disturbances associated with grazing in the pastural land and
logging within the inundation area. However the highe st condition score of 37 was located at R1
in the upper reaches of Bowra Creek within the inundation area where less disturbance
owvertime has occurred, which is in contrast to B2 located further downstream scaring 225
where the hardwood plantation is located.

The lowest condition scorewas 11.75 at R11 located along the Nambucca River where very
little riparian wegetation is present due to agricultural grazing activities. The remainder of
condition scores are reflective of this same scenario where agricultural landuse has reduced the
arnount of riparian vegetation and encouraged the invasion of weeds.

Riparian and Aguatic Flora of Conservation Significance

The Commonwealth Protected Matters Online Search Tool and the DECCW Wildlife database
were used to identify a preliminary suite of flara species of conservation significance that oceur,
or have the potential to occur (based on habitat assessment) within the study area. Appendix C
presents a list of these species, their conseryation status, and their detection during the surveys
and likelihood of onsite occurrence in relation to the habitat present in the study area. Mo
additional threatened aguatic flara species appeared in the database searches, therefore all
relevant threatened flora species have been discussed in Section 3.3.4,

Hozious and Environ mental Weeds

oix noxious weeds listed under the NW Act for the Mambucca LCA were recorded in the riparian
veyetation assessed whilst undertaking RARC surveys. These were Camphor Laurel
(Cinnamoamumm camphara), Giant Parramatta Grass (Sporobolfusfertiis), Lantana (Lantana
camata), small-Leaf Privet (Ligustrum sinense) and Weeping Willow (Salix babyionica).

Lantana and Weeping Willow are listed as Weeds of Mational Significance in Australia Aguatic
Weeds.

One aguatic enviranmental weed Parrat's Feather (Wyriopfuiue aguaticum) | listed by the

Mambucca LCAwas recorded in a waterbody adjacent to riparian vegetation whilst undertaking
RARC surveys,

9.5 Terrestrial Fauna

951 Terrestrial Fauna Hahitat

The fauna hahitats recorded during the current assessment are described below. Far the
purpose of this assessment, the study area consisted of the inundation area, a section of three
patentially impacted watenways (Mambucca River and, South and Bowra Creeks), the pipeline
route, the existing and proposed borefields and Valla Road. The above mentioned areas are
shown on Figure 3-2 and described below.

Inundation Area

The inundation area consists of 53,59 ha of both managed plantation forest and remnant native
forest, as described below.
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Native Forest Hahitat {32.65 ha)

The non-plantation forest habitat comprise s of four different wvegetation communitie s of varying
extent and were typically found on the upper slopes of the inundation area. In general these
areaswere characterised by larger trees (up to 35 m high) and provided some small hollows
and stags potentially used by a variety of bird, mammal and reptile species. Howeaver the
hollows observed were small and unsuitable for larger forest fauna. The majority of hollows
were recorded in the higher elevations of the study area above the inundation area and were of
a small to medium size whilst some larger more developed hollow-bearing trees and stags wera
recaorded along the upper section of Walla Road.

Dominant canopy species included Flooded Gum, Tallowwood, Blackbutt and Sydney Blue
Gum. The understorey consisted of sapling trees and groundcover typically comprising ferns
and grasses. Smaller sections of rainfore st habitat with dense vegetation were also present in
gullies,

There was an abundant groundcover of fallen debris and leaf litter {approximately 10 %), which
would provide suitable foraging and shelter habitat for bird, mammal, frog and reptile species.
The larger debris mainly comprised of fallen branches and small trees,

Good connectivity remains with surrounding habitats of greater habitat value whilst the native
forest within the inundation area is considered to be of low to moderate habitat value to native
fauna, due to a shortage of large hollow bearing trees, a high level of noxious weed infestation
and a low level of floristic diversity in the understarey.

Hardwood Plantation Forest Hahitat (25.94 ha)

A large proportion of the inundation area is Flooded Gurm and Blackbutt hardwaood plantation
forest. The trees are on average 200 =350 mm diameter at breast height (DEH) and 20-25 m
high. Due to this area being histarically logged, there were no haollows in this area identified that
would provide shelter and breeding habiat for hollow dependant forest fauna such as microbats
and owls, however some small hollows and fissures in trees may provide roosting habitat for
microbats. The understarey and groundcover consisted mainly of Camphoar laurel and Lantana
especially on the lower slopes and along drainage lines. These species are both considered
noxiousweeds but are providing shelter and foraging resources for a number of species.

There was also typically an abundant groundcover of fallen debris and leaf litter (approximately
20 %), which would provide suitable foraging and shelter habitat for bird, mammal, frog and
reptile species, however no large logs with hollows were identified as present as most debris
was farm thin small trees and fallen branches.

Femnant and cleared wegetation across the inundation area maintains good connectivity with
vegetated areas to the north including areas of Wiewmont State Forest (890 ha), Bowraville
Mature Reserve (80 ha) and Bollonolla Mature Reserve (BEE ha) which connect with Mewry
otate Forest towards the coast and Gladstone State Forest (7,200 ha) toward s the Great
Dividing Range. The plantation forest was considered to have low fauna habitat value. The
conservation significance of this vegetation community is considered low due to decreased
species diversity and structural modification due to human management.
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RiparianHabitat

The riparian habitat was a mixture of hardwood plantation forest and native farest. This habitat
was primatly dominated by Flooded Gurn and Blackbutt that averaged 180 =250 mm diameter
at breast height (DBH) and were in the range of 20-25 m high. This native canopy was
associated with the weed Camphor Laurel and had an understorey primarily infested with the
weeds Lantana and Small-leaf Privet. Due to this area being historically logged | there were little
to no hollows in this area that would provide shelter and breeding habitat for hollow dependant
forest fauna such as microbats and owls, however some small hollows and fissures in trees may
provide roosting habitat for microbats. The weed species occurring in the riparian habitat may
provide shelter and foraging resources for a number of species.

There was also typically an abundant groundcover of fallen debris and leaf litter, which would
provide suitable faraging and shelter habitat far bird, mammal, frog and reptile species, however
this debris and leaf liter would become disturbed and unavailable in the advent of flood events.
Good connectivity remains with surrounding habitats and this area was thought to be
representative of moderate to low fauna habitat due to a lack of hollow bearing trees, a high
level of noxious weed infestation and structural modification resulting in a low level of floristic
diversity in the understorey.

Pastureland

The pastureland associated with the location of proposed access roads, pipeline route and off
river starage storage embankment infrastructure has been used to graze livestock and grow
fodder crops. The habitat values in these areas far native fauna are considered low because
most flora species are introduced and freguently grazed by lvestock,

Connectivity of Inundation Area with Wildife Corridors

The study area is80.09 ha and is situated in the southern-most portion of the Viewmont State
Forest WSF), which covers an area of approximately 820 ha. Directly north of %3F is the
Bollonolla Mature Reserve (B50 ha), which connects to the northern portion of WSF. Further to
the northwest WsF is adjacent to Bowraville Mature Reserve (B0 ha) and is contiguous with the
large Gladstone State Forest (approximately 7 200 ha). Agricultural land occurs to the south
and west of the inundation area. Additionally it is proposed that NSC obtain 122.58 ha of
vegetation that surrounds the inundation area from D1&| as a protection area to the Proposal to
be conserved and protected from logging over the long-term.

95.2 Riparian Corridor Hahitat

Riparian areas along the Nambucca River, South Creek and below the inundation area forest
along Bowra Creekwere typically thin and structurally maodified ar cleared due to agriculture and
other anthropogenic activities.

The Mambucca River is a permanent flowing river while Bowra Creek is ephemeral. The
dominant species alang all waterways surveyed were exotic species, Camphor Laurel, Small-
leaf Privet and Lantana. Although, there were a number of large scattered isolated native trees
including Flooded Gurn, Forest Red Gurn and River Oak that would provide resources for a
number of native bird species. There were also sections of the waterways with moderate
arnounts of leaf litter and large woody debris (LYWD) in the thin riparian areas. The riparian
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corridors were considered to be of low habitat value due to their minimal width and the
prevalence of exotic species in the canopy and understorey.

The relative local and regional value of these riparian corridors is considered low because of
land clearing and agricultural land use that has resulted in riparian corridors that are structurally
modified ,weed infested, fragmented and of reduced habitat value. This is the case with a vast
arnount of the riparian corridors in the Mambucca catchrment. The availability of better riparian
habitats is minimal and restricted to the upper reaches of the catchment that are steeper,
unsuitable for agriculture and are primarily owned and managed by DI&L

Pipeline Route

The pipeline route transects agricultural and urban lands adjacent to Bowra Creek and existing
roads. The pipeline raute runs south along Bawra Creek and veers west toward the existing
borefields. These areas adjacent to the riparian zone were considered to be of reduced hahitat
value due to previous and present clearing and grazing activities resulting in structurally
madified vegetation communitie s.

There would be three under bores created for the pipeline at two locations along the Nambucca
River and at one location along Bowra Creek. The underboring process would not impede
mavement in either the river arthe creek and is considered to minimally impact the surrounding
ernvironment once construction is completed.

Borefields and Headworks

The existing borefields and pumping station are located adjacent to the Mambuecca River
upstream from South Creek. There is a small weir next to the existing borefield, which has
been formed due to accumulation of debris behind the existing pipeline crassing.

The proposed borefields are located north of the existing borefield along the Nambucca and
adjacentto the west bank of South Creek. The borefield sites typically consist of grazing land
and a thin riparian zane. These areas adjacent to the riparian vegetation were considered to be
of low fauna habitat value due to previous clearing and existing grazing activities.

Bobo Road

Bobo Road, which runs to the west of %alla Road to the inundation area, would need to be
upgraded due to improve construction access. The upgrade would involve approximately 2.0
krn of road being widened approximately 3 metres.

Bobo Road was considered moderate quality fauna habitat due to several large stags’ hollow-
bearing trees and abundant ground debris and leaf litter, however there is a high level of
noxious weed infestation and a low level of floristic diversity in the structurally modified
understarey.

95.3 Fauna Habitat Discussion

The inundation area, dam embankment footprint, pipeline routes and access roads are all
considered to possess low to moderate habitat values in comparison to the surrounding lands
associated with the greater Viewmant State Forest because;
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P The open forest vegetation within the study area has limited native food resources due to
structural modification resulting from past logging activities and subsequent weed invasion;

b The understorey and groundcaver of the study area is heavily infested with inv asive noxious
weeds, making the vegetation somewhat unsutable for most predatory birds such as owls
and mavy restrict the movement of larger native mammals;

P The study area contains forested land, although structurally modified, that makes up a small
portion of an extensive tract of native vegetation that is comprised of a large expanse of
State Forests and Mature Reserves Wiewront State Forest 830 ha, Bollonolla Mature
Feserve 550 ha and Bowraville Mature Reserve 80 ha). The study area is located at the
southern extent of this wildlife corridaor;

P The presence of noxious weeds in the study area has modified the floristic structure and
reduced diversity in the understarey. This is even more so along the ephemeral creek lines
and riparian corridors;

b Therewere no hollow bearing trees recorded in the inundation area that would typically
provide habitat for threatened species such as forest owls and colonies of microchiropteran
bats. These trees are more prevalent in the steeperf elevated areas (ridgelines) abave the
inundation area associated with the greater Viewmont State Forest, where logging activities
appearto have been less frequent; and

P Theinundation area contains a variety of preferred koala feed trees (e.g. Grey Gum,
Flaoded Gum, Blackbutt and Tallowwood), however this habitat is not considered care Koala
habitat, because the study area is located in DI&I land and therefore SEFPP 44 does not
apply and the one listed feed tree species (Tallowwood) does not accur in densitie s within
the study area greater than 15 %, therefore the study area is only considered potential Koala
habitat. However the presence of these trees would provide foraging resources for a
population of Koalas. In light of this finding in combination with the recarding of one male
Koala during a call playback session indicates that the study area may be part of a larger
home range and therefore the Assessment of Significance has been undertaken for this
species (see Appendix C).

954 Surrounding Habitat & Habhitat Links Wildlife Corridors

The study area is situated on the southern edge of an extensive wildlife corridar at this lacality
that links with east-we st regional corridors. The habitats in the inundation area are considered
to be of moderate to low value given its spatial context within the surrounding landscape. This
wildlife corridor is comprised of YWiewmont State Forest (3590 ha), Bollonolla Nature Heserve (B50
ha), Bowraville Mature Reserve (B0 ha) and the large Gladstone State Forest (approximately

7 200 ha). The wildlife corndor connected to the study area is vast and provides ideal
connectivity to the study area to allow the ease of passage of native fauna.

Yisualinspections of the vegetation along driving transects in the surrounding lands associated
with the greater Yiewmont State Forest indicated a greater abundance of native food resources
than that of the study area with and understorey that is less structurally modified.

The abundance foraging resources provides viable foraging habitat for forest and woodland
avifauna such asthe Wompoo Fruit Dove (Ptitnopus magnificus), Glossy Black Cockatoo
(Calgptorhynchus lathami) and Brown Treecreeper (Giimactens plcumnus) and bat species such
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asthe Grey-headed Flying-fox (Fleropus polocephains , Golden-tipped Bat (Kerivoula
papuenss), Little Bentwing Bat (Winiopterys australis) and Eastern Long-eared Bat (Myctophius
bifax), frogs such as Green and Golden Bell Frog (Lioria surea), Giant Barred Frog [ Mixophyes
iteratus) and Southern Barred Frog (Mixophyes balbus) and invertebrate species.

FPotential nest sites for passerine birds are present throughaout the forest communities of the
study area, including dead branches, smalltree-hollows, open cavities, and patches of dense
undergrowth that was primarily comprised of Lantana and was structurally modified as a result.
A number of large tree-hollows in the more elevated areas of the study area and surrounding
lands provide potential nesting sites for forest owls such as the Barking Owl (Minox Connivens)
Masked Owl [ Tirto novaehollzndiae) and Sooty Owl (Tito tenebricoss) and parrots such as the
Glossy Black-Cockatoo and high branch perches and stable branch or trunk nest platfarms are
present which are used by ather non-passerine bird species.

The majority of hollows recorded in the higher elevations of the study area above the inundation
area and associated with the proposed access roads were of a smallto medium size ideal for
most hollow dependant fauna apart from large forest owls and large arboreal mammals (Y ellowe-
bellied Glider). Some larger more developed hollow-bearing trees and stags were recorded
along the upper section of Walla Road that may potentially provide hallows large enough far
large forest owls and large arboreal mammals,

The open forestwithin the study area and an surrounding land provides some resources for
arbareal herbivarous and sap feeding mammals such as the Koala (Phascolarctos cinerens)
and Sugar Glider (Petaurus breviceps) , browsing carnivores such as the Spotte d-tail Quall
(Dasyurus macwlatus) and nectarivorous birds such asthe Regent Honeyeater (Nanthomyzon
phrygia). However the wegetation in adjacent lands is considered of greater habitat value due
having undergone a decreased frequency of logging.

Most of the microchiropteran bats recorded apart from the Golden-tipped Bat are likely to forage
widely throughout the areas of open forest in the inundation area preying upon insects above
and within the canopy and along the ecotones between creek lines, forest stands and open
areas. The Golden-tipped Bat prefersto forage inthe more elevated areas on upper-slopes,
however its roosting sites would be located in the riparian areas of the inundation area in
abandoned Yellow-throated Scrub-wren and Brown Gerygone hanging bird nests.

The structurally modified understorey (primarily comprised of noxious weeds) and groundcover
would provide same shelter and foraging habitat for certain species, including arboareal and
terrectrial mammals, reptiles and passerine and non-passerine bird species. The moderate leaf
litter layer provide s suitable foraging habitat for some small ground-dwelling mammals as well
as small reptiles and foraging birds. Moreover, the fallen timber and hollow logs in some areas
tay provide suitable denning, sheltering and foraging habitat for a range of fauna such as the
Long-nosed Potoroo (Potorows thidactylus , Hastings River Mouse (Paswdomys oralis),
spotted—tail Cuoll, Southern Barred Frog and Giant Barred Frag, non of which were recarded.
However the vegetation in adjacent lands is considered of greater habitat value due having
undergone a decreased frequency of logging.

Larger terrestrial mammals (Long-nosed Potoroo and Koala) may seek diurnal refuge in the
dense gully vegetation and may be more likely to forage on vegetation in surrounding lands that
potentially provide a greater range of resources because this vegetation is not as structurally
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modified. It is possible that the Spotted-tail Quoll, which requires large areas of forest and
waoodland habitat to meetits home range requirements, also occurs in the study area and
adjacent lands on a transient basis. This species was not recorded during the recent survey.

The Wet Bloodwood - Tallowwood Forest (Temperate Rainforest) located in the upper reaches
of the inundation area is likely to provide habitat for the Southern Barred frog, Giant Barred Frog
and YWompoo Frut-dove. This rainforest vegetation could be considered degraded because of
past structural modification associated with logging practices and weed infestation. This
vegetation is in the early stages of successional development with a canopy dominated by
Tallowwood with very few large rainforest trees favourable to the Koala and VWormpoo Fruit-
dove. Additionally these areas may easily become dry due the canopy being fragmented and
nat entirely closed potentially making it seasonally unsuitable for the Southern Barred Frog and
Siant Barred Frog.

The Bowra Creek riparian habitat in the inundation area is structurally modified reducing habitat
values for the Southern Barred Frog and Giant Barred Frog, however these species were still
considered likely to occur. Additionally Bowra Creek is ephemeral in nature and can remain dry
for varying periods of time such as during the recent drought period.

Hollow Bearing Trees and Logs

As mentioned earlier there is a shortage of hollow bearing trees present within the inundation
area of the study area, of which only small hollows are present. This could be expected due to
past logging practices having removed trees large enough to become hollow bearing.

Mone of the hollow bearing trees identified had hollows large enough to accommodate
threatened large forest owls, arboreal mammals ar microbat colonies. There were same small
hallow fallen logs identified that may provide denning sites for common small ground dwelling
marnmals, however none were identified as being large enough for the threatened Spotted-tail
Cluoll or Long-nosed Potaroo.

955 Fauna of Conservation Significance

The Commonwealth Protected Matters Online Search Tool and the DECCWY Threatened
opecies database were used to identify a preliminary suite of fauna species of conservation
significance that occur, or have the potential to occur (based on habitat assessment) within the
study area. Forty-two Commonwealth andfor State listed fauna species were identified an the
databases.

seven threatened species were recorded in the present study and another seven threatened
specieswere considered likely to occur based on this assessment. Assessment of Significance
(A0S) of impacts on these species are pravided in detailed in Appendix D. These species and
their EPBC Act and TSC Act status are detailed in Table 9-5 Conservation Status of Threatened
opecies Recarded or Considered Likely to Oceur,
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Table9.5 Conservation Status of Threatened Species Recorded or Considered Likely

to Occur

Species Recorded EPBC Act Status TSC Act Status
Batking Chad Mot Ligted Yulnerakle
M asked S Mot Listed Yulnetakle
Sooty Ol Mot Listed Yulnerakle
Hioala Mot Listed Wulnerahle
Golden-tipped bat Mot Listed Wulnerahle
Little Bentwing-bat Mot Listed Wulnerahle
Eagtern Bentying-bat Mot Ligted Yulnerakle
Species Considered Likely to Ocour EPBC Act Status TSC Act Status
SpottedHail Guall Endangered Yulnerakle
Greyheaded Flying-fox Yulnerakle Yulnerakle
Pomesfuil Crng Mot Listed Wulnerahle
Wiompoo F iit-dove Mot Ligted Yulnerakle
Glozzy Black Cockatoo Mot Ligted Yulnerakle
Southern Barred Frog Yulnerakle Endangered
Giant Barred Frog Endangered Endangered

9.6 Aquatic Fauna

96.1 Aquatic Fauna H abhitat

Hambucca River

The Mambucca River is a moderate sized lowland river (observed width ranging from 5-20 m
within study area) surrounded by floodplain that is used for grazing livestack., The river is
characterised by low to moderate flows (generally between 1-25 m/fsec) and water is generally
clearindicated by low turbidity (NTU &) Itis typically 10-15 mowide and 1-2 m deep and
exhibits riffle run and pool habitats along its length. The substrate consists of sand and gravel
and has regularly exposed sandbars.

Large woody debris and overhanging vegetation is abundant and provides habitat for aguatic
fauna. The banks are typically steep and wvegetated with Camphar Laurel and some Sahx
babylonica (WMWeeping Willow). Mative species including Eucalsptus terehicornis (Forest Red
Gum) and Caswaring glauca (Dwamp Oak) are interspersed throughout the canopy. Riparian
vaegetation within the study area ranges from 3-7m inwidth due to clearing for agricultural
purposes. The river provides potential habitat for at least 18 native species.
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B owra Creek

Bowra Creek is displays characteristics of both an ephemeral creek, in the upper to mid
reaches, and a permanent/semi-permanent creek in the mid to lower reaches. [t flows
southwest through the middle of the Plantation habitat and discharges into the Mambucca River.
The habitat along the length of the creek transitions from its headwaters to the confluence with
Mambucca River. The headwaters (BC1) consist of a tall open forest system with a continuous
mixture of native and exotic riparian vegetation comprized of Flooded Gum, Blackbutt and
Camphor Laurel with an understarey of Lantana camara and Small-leaf Privet.

The lower reaches of Bawra Creek, within the cleared agricultural sites (BC2, BC3 and BC4),
are an open system of semi-permanent pools with scattered exotic tree and understarey
species. Banks are gradual and undisturbed in the upper reaches and become steep and
highly disturbed in the agricultural areas. The substrate mostly consists of sand, silt and clay
sized particles which released odorous gasseswhen disturbed, suggesting anoxic conditions.
The upper reaches and small feeder drainage lines that supply Bowra Creek are ephemeral and
only flow intermittently during rain events.

There was minimal in-stream wegetation at site s within the upper reaches of the creek These
sites did have an abundance of woody debris and leaf liter, which provide potential habitat for
crayfish, frogsftadpoles and aguatic inverebrates. The striped marsh frog (Limpodynastes
perondl was noted calling and numerous tadpoles were obsernved at BC-1. Mumerous mosquito
fish (Gambuaiz hokbrookl), an exotic pest, were observed at BC2.

Riparan vegetation on the lower reaches within the agriculbural region typically consisted of a
narrow strip of Camphor laurel (<5 m) with and understorey of =aplings and Privet.
Approximately 20% of the creek was devoid of any canopy ar understorey vegetation due to
clearing for pastoral land. Emergent vegetation was abundant in the lower reaches, which
appeared to provide habitat for common frog species such as Crnia sgnfera that was noted
calling during the survey.

The creek was not fenced and livestock has had a major impact along most of the lower
reaches. Several farm dams located adjacent to the creek could potentially provide habitat for
frogs and turtles. These dams are typically unconnected to the creek system, making them
unlikely refuge for common creek dwelling animals. These dams did not have riparian
vegetation and contained approximately 30% surface cover of both emergent and floating
vegetation.

South Creek

south Creek iz a moderate sized creek (ohserved width ranging from 7-15mwithin the study
area) that flows notheast into the Mambucca River. The creek has a moderate (4-20 m wide)
riparian corridor dominated by Camphor laurel with 5-10% interspersed native species and an
understorey of Privet and Camphor laurel saplings. The entire length of the creek is surrounded
by agricultural and residential land. The substrate consists of sand and gravel and has regularly
exposed sandbars. There was abundant large woody debris in areas and the banks are
typically steep and undercut. The confluence of South Creek and Mambucca Riveris in
Bowraville and has been historically used for recreational purposes including swimming and is
alzo a Departrment of Industry and Investment survey site.
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96.2 Fish
There are 20 known species of fre shwater fish in the Nambucea catchment including two exotic
species. Thirteen of these species have been recorded at the MN3W Fisheries Survey Site at the

Bowraville Gauging Station on the Mambucca River,

Atotal 216 individual fish |, representing two species were netted during the survey. Of the twa
species, the Empire Gudgeon (Hypssleotris compresss) dominated samples (164 individuals) at
sites 3C1, SC2 and MNE4. All fish caught at SC1 and SC2 were assumed to be near mature and
tanged fram 50 to 70 mm in length. Individuals caught at NRE4 were assumed to be juvenile and
allwere approximately 35 mm in length.

Pacific Blue-eye (Fseudomugil signifer) wasthe second most abundant species sampled (52
individuals) at sites SC1 and SCZ Al individuals were approximately 35 mm in length, which is
close to their maximurm size of 40 mm, and thus they were assumed to be mature based on
size.

seven species of fish were recorded during the survey, as identified in Table -6 Threatened
and Recorded Fish of the Study Area.

Table9.-6 Threatened and Recorded Fish of the Study Area
Common  Scientific Family Name HNative’ EPBC TSC Location Location
Name Name Exotic status status n etted o hserved
during during
this this
S urvey S urvey
Longfinned Arguing - . Least .
el ey Anguillidae Mative FEET Mat lizted  MNotrecorded  Not recorded
Empire Flyp seleottls . . Least ) SC, 502
gudoeon compressa Electridae Mative S Mot listed and MR MR3, MRS
S GODOMIPANS  E\ogtridee Mative oo Motlisted  Motrecorded Mot recorded
gudoeon australis CONCEI
Cox's GobamoRhis ] n Least n
gudoean e Electridas Mative S Mot li sted Mot recorded Mot recorded
Firetail ) " i . Least i
gudoeon Flepseleotis gall  Electridae Mative S Mat li ged Mot recorded Mot recorded
) . . Least f
Gudgeon Fynsekatts s, Eledtridae Mative FEET Mat li ged Mot recorded Mot recorded
Flathead FPhidspnodon ] n Least n
gutoeon grandicens Electridas Mative COmCET Mot i sted Mot recorded Mot recorded
Cigye Megaips . . Least '
herring cypringokies M egalopidae Mative S Mat li gted Mot recorded MFES, MR
Crimsore .
spotted giﬁﬂff”” Melanotaenidae  Mative iﬁim Motliged  Motrecorded Mot recorded
rainbowizh ¥
Freshweater ] - . Least )
mulet My=ns petardi mugilidae Mative S Mat li ted Mot recorded ME2, MR
] - . Least .
Sea mullet Mugil cephalls Mugiliclze Mative COmCET Mot listed Mot recorded MRE2, MR
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Common  Scientific Family Name MNative’ EPBC TSC Location  Location

Hame Name Exotic status status h etted ohserved
during during
this this

sunvey sunvey

Frestinater Tandans . . Least A
catfish tandanus Plotozsidas Mative S Mat li gted Mot recorded ME2, MRS
. Garmbusia - ) Least )
Gambusia holbno ki Poecilidas Exotic S Mt li ged Mot recaorded BC2
. ] Least
Padfchle-  Psewdamugll  pog donugiidae Native  “N%M pgtliged  SC1,SC2 Mot recordsd
=i sinfer
Bullrout Motz edize Sromaenidae Native ~ =oet Motlisted Mot recarded Mot recorded
rofusta CONCEI
Yellondin Acanthopagris . . Least A
bream australis Scarides Mative S Mat li ted Mot recorded MRE4

96.3 Reptiles

One species of threatened reptile (Bellinger River Emydura (Ermydure signata)) was listed by
the EPBC as'species or species habitat may occur within area’, however no indwiduals of this
specieswere observed or captured during the survey. A total of 17 individuals of the eastern
long neck turtle [Cheloding Jongicaolis) were captured during the field survey, as shown in Table
9-7 Threatened and Recorded Aquatic Reptiles fram the Study Area.

Table9-7 Threatened and Recorded Aquatic Reptiles from the Study Area

Scientific Hame Hative'exotic EPBC status TSCstatus Location

Bellinger R iver Emydfira maoquatii

Emydura signata Chelicae M ative Yulrerakle Yulnerakle Mot recorded
Eastern long-neck Lesst =0,

Chelbding longkoliiz Chelicae M ative Mot listed Upstream of
turtle CONCE BC4

964 Mammals

The Mambucca River is suitable habitat for one aguatic mammal, the Platypus (Omihorbynchu s
gnatinus). Historically, based on local resident's reports, Platypuses have been observed in the
Mambucca River. Sightings occurred along the Mambucca River during GHD's survey. Mo
platypuses weare observed at these sites, or any other, during the survey as shown in Table 3-8
Fecorded Aquatic Mammals of the Study Area.

The platypus is widespread in eastern Australia, ranging from tropical lowlands to sub-alpine
areas. Although the platypus is a strong swimmer they prefer slow flawing streams. Platypuses
live in burrows that they dig on the banks of fresh water rivers, lakes or streams. Burrows are
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usually 4.5 to 3 min length, oval shaped and are constructed just above the water line, often
ohscured by vegetation. This habitat was readily awvailable alang the Mambucca River at the
tirme of the survey.

This species is listed on the International Union for the Conservation of Nature (IUCMN) Red List
as 'near threatened’ but is not currently listed asthreatened under NEW ar Commonwealth
legislation.

Mo threatened aguatic mammals were recorded in the study area.

Table9-8 Recorded Aguatic Mammals of the Study Area

Cormmon Scientific IUCH

hame name status Location

F amily name Hatire'exotic

Qnithorfench  Ornithortwnchid — Mative Least Mear [

Platypus us anatinus a8 CONCEF threstened recorded

96.5 Macroinvertebrates

An estimated 24 168 individuals from 47 families of macroineertebrates were collected from the
eleven survey sites. The community composition for the family taxa of macroinvertebrates
recorded at each site. The five more dominant families across all the sites combined were:

p Diptera, chironomidae (Mon-biting Midge);

— Chironomidae can be simple detritivares, amnivares ar camivaores that feed on a mixture
of alyae and bacteria in soft sediments. They are found in a variety of water sources and
most genera are relatively tolerant to pollution. This family is the third most species family
of diptera.

b lsopoda, sphaeromatidae (Water Slater);

— Sphaeromatidae are generally limited to saline waters within estuaries, they are mostly
detritivores and shredders of leaves and other organic material. Some genera of the
family are known to be parasitic on freshwater fish.

b Ephemeroptera, caenidae (Mayfly);

— Caenidae inhibit slow-flowing streams and are often found on bark, logs and rocks in
streams, wetlands and poals. They are detritivores and herbivares. Most mayflies are
pollution intolerant and are frequently used as an indicator group for environmental
manitoring programs (Dean and Suter 1996).

b Coleoptera, elmidae (Riffle Eeetle); and

— Elmidae adults and larvae are aquatic. They are herbivorous feeding an decaying
vegetation and algae. They are found on log and stone surfaces of well oxygenated
streams and rivers.

b Diptera, tanypodinae (Man-biting Midge).

— Tanypodinae are predators but feed on some algae, bacteria and diatoms in their early
larral stages.
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Hambucca River

oites NRZR (riffle), NR2E (edge), NRE3 (edge) and MRE4 (edge) displayed similar patterns of
order dominance between sites. The most dominant orders were diptera (flies), coleoptera
(beetles) and ephemeroptera (mayflies). The dominant families in the groups are those
associated with slow flowing low-land rivers and the associated riffles and paols along the
length of the rivers. Coleopters elridae are usually found in the riffles of fast following sections
of the creeks. The high number of individuals captured indicates that water in this section of the
Mambucca River is well oxygenated as indicated by the dissolved oxygen (DO) results for
sample locations NR1 to MRS that ranged between 77 and 921 % saturation.

MRS (edge) was exceptionally depauprate in terms of overall numbers of animals in comparison
to the other sites from the Mambucea River. This site was dominated by two families — isopoda
sphaeromatidae (water slater) and amphipoda paramelitidae (side swimmers). The isopod is
usually associated with high electrical conductivity ar salinity and is generally faund in the
estuaries, asindicated by the electrical conductivity results for sample location MRS of 117.4
usdcm. Many genera of amphipods are associated with saline waters. This family is known to
occur throughout south-eastern Australia and are grazed upon by other aguatic invertebrates.

South Creek

The South Creek stes had a high level of variation between the two sites {i.e. 3C1T and SC2)
but similarity betwe en the twao sampling habitats at each site {i.e. edge and riffle). SC1M (riffle)
was dominated by ephemeroptera (mayflies) with sub-dominance by diptera (flies) and
coleoptera (beetles). SCZ (riffle) was dominated by orders of diptera (flies), isopoda (water
slaters) and coleoptera (beetles). The major diference between the two riffle sites is the greater
abundance of isopods at SC2.

The edge sites SC1E and SC2E were dominated by isopoda (water slaters). Both sites
recorded low numbers of five other arders,

south Creek and MRS (Mambucea River) were the anly sites to be dominated by the isopoda
(water slaters). The EC (usfom) was higher at South Creek sites than at any other site sampled
and can explain the presence of the isopods, a family generally associated with the marine
enviranment, although it is uncertain how they moved sao far upstream from a marine
ernvironment. The MRS site had a much lower EC and it is unusual for this family of isopods to
be captured in a freshwater environment.

B owra Creek

The Bowra Creek sites are widely distributed from the creek headwaters in the Viewmont State
Forrest, south west to its confluence with the Mambucca River, within the agricultural district of
Bowraville. The most upstream site (BC1 (edge)) was dominated by emphemeraptera
(mayflies). BCZ approximately 0.75 km downstream was dominated by coleoptera (beetles),
diptera (flieg) and hemiptera ({true bugs). The two most downstream sites (BC3 (edge) and
BCAE and M (edge and riffle)) were dominated by diptera (flies).

The Bowra Creek sites recorded the highe st turbidity, the lowest percentage of dissolved
oxygen and the lowe st pH of all the sites sampled. The most upstream site (BC1) recarded
slightly less harsh physiochemical conditions than the 3 downstream locations. The presence
and dominance of mayflies at BC1 and absence from all other sites is an indicator that water
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guality is poor and the habitat likely to have been degraded downstream from BC1. The
physiochemical conditions are likely to have contributed to the low diversity of pollution talerant
animals recorded at the lower sites. Less tolerant species are unlikely to survive in these harsh
enviranmental conditions.

966 Aquatic Species of Conservation Significance

Threatened Fish Species

The FM Act lists threatened aguatic species, populations and endangered ecological
communities for marine and freshwater habitats. Mone of the Fi Act listed fish species are
known to occur in the study area and no listed species or preferred habitatwas recorded during
the survey.

Threatened Reptiles

COne threatened species listed under the EPBC Act may potentially oceur in the study area, the
Bellinger River Emydura. Mo members of this species were recorded during the survey. This
species distribution is restricted to the upper Bellinger River abave Thara and therefore is
unlikely to accur in the Mambucea catchment.

Threatened Mammals

Mo threatened aquatic mammals were recorded in the study area.

96.7 Groundwater Dependent Ecosystems

A groundwater dependent ecosystem is an ecosystem where the species composition and
natural ecological processes are determined by groundwater (Department of Land and Water
Conseryation, 20021, and istherefore reliant on groundwater for at least some of its water
requirements. Examples of groundwater dependent ecosystems include wetlands and red gum
forests, some terrestrial vegetation communities, ecosystems in streams fed by groundwater,
limestone cave systems, springs, and hanging valleys and swamps. For such ecosystems,
access to groundwater can be critically important to the maintenance of ecosystem viability and
biodiversity.

surface groundwater dependent ecosysterms can be considered in two classes. The first class
iz reliant on the surface expression of groundwater and includes swamps, wetlands and rivers,
while the secand class relies on the availability of groundwater below the surface but within the
rooting depth of the wvegetation (Eamus, 2009). The riparian vegetation along Mambucca River,
south Creek and Bowra Creek could be considered as being first class dependant ecosystems.

The dependency upon groundwater of these ecosystems varies, with obligate and facultative
dependent ecosystems recognised. For an obligate groundwater dependent ecosystem,
groundwater forms a critically important water source in the hydrological regime of the
ecosystern. However the term 'obligate’ does not mean that the ecosystem is totally dependent
upon, or requiring of, continuous access to groundwater (Howe and Prichard, 2007).

Facultative groundwater dependence refers to an ecosystem where the presence or absence of
groundwater is not crucial to the presence of species within an ecosystern. For facultative
groundwater dependent ecosystems, other erwironmental factors such as landscape position,
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geology, hydrology, and climate, are of greater importance to the species composition of the
ecosystem.

With respect to obligate and facultative groundwater dependent ecosystems, surface
ecosysterns, such as those ecological communities in the inundation area, generally have
dynamic water requirements with some dependence on surface water and sail water and are
not often totally dependent upon groundwater (Howe and Prichard, 2007). On this basis it can
be inferred that any groundwater dependent ecosystems occurring within the inundation area
would anly be partially dependent upon groundwater (or facultative groundwater dependent
ecosysterns’) with groundwater supplementing water gained from soil water.

Figure 9-5 below depicts the facultative groundwater dependant ecosysterns of the study area.
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9.7 ImpactAssessment

97.1 Owverview of Potential Ecological Imp acts

The assessment of potential ecological impacts arising from the proposed Bowravile starage
was based on:

b Field surveys targeting terrestrial vegetation communities and habitats;

P GIS mapping to determine the areas of terrestrial vegetation and habitats to be inundated
andfor rermoyved;

b Compilation of broad aguatic habitat descriptions drawn from Bishop (2005);
b Review of Bishop (2005) to ascertain potential impacts an fish communities;

b Heview of profiles on threatened species and endangered ecological communities recorded,
or considerad likely to occur, within the study area;

P Knowledge of species’ life cycle requirements, distribution and current threats; and

b Heview of various other ecological studies previously conducted on the Bowraville site,
including Biosis 20057 and Connell Wagner (1937

The study area provides resources and habitat features for threatened and commaon native
terrestrial and aquatic flora and fauna. Consequently, some of these species are likely to be
adversely affected by the Proposal. The potential short and long term impacts of the Proposal to
the terrestrial and aguatic flora and fauna values of the study area are discussed below.

It is unlikely that the threatened species known from the study area would be significantly
impacted by the proposed activities. The significance of these impacts is discussed in Section
876

Forthe purpose of addressing the potential ecological impacts, the proposed works area
includes the construction of the storage embankment, inundation area, access roads, pipelines
routes and other water supply infrastructure.

Potential Short Term Impacts

shortterm impacts are primarily related to the immediate construction and post construction
period of the storage. There exists a likelihood of fauna mortality over the short-term in relation
to wegetation clearing activities. The time that it may take to clear the storage area is dependent
on climatic conditions, and this in turn would determine the immediacy of the impacts, and
potentially the degree of impact. Impacts are likely to be less severe if the storage is cleared
over alongertime, as terrestrial fauna populations may be able to more readily disperse with
the gradual clearing of the storage. By comparison, the rapid clearing of the inundation area
would have a greater impact on species and populations.

Long term impacts

Longer-term impacts are associated with the ongoing maintenance and operation of the
starage. These primarily invalve impacts an population dynamics and river marphalogical
processes. The potential long-term effects are described below.
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9.7.2 Terrestrial Flora and Fauna
Removal and modification of terrestrial vegetation and habitat

The construction of the storage embankment, construction and maintenance of access roads,
and water supply infrastructure would require the immediate clearing of vegetation for this and
other associated infrastructure. The extent af vegetation clearing and hahitat types is depicted
in Table 3-9 below and shown in Figure 3-6.

“Yegetation and associated habitat within the inundation area would be cleared prior to
inundation. As previously identified, this may be undertaken in two stages. However, it would
seem more logical that the clearing be a continuous operation considering the cost associated
wth locating heavy machinery to site and accessissues getting to selective trees only. The
approximate extent of vegetation clearing for the Proposal and the habitat types are depicted in
Table 3-9.

Substantial earthworks would also be required and there is a high risk of erosion and
sedimentation if erosion and sediment control measures are not put into place. The highest
tisks would be concentrated at the construction site of the storage embankment, however
access road upgrades throughout the area during construction would also reguire vegetation
removal and erosion and sediment control measures putin place.

The maximum armount of riparian vegetation to be removed is along the Nambucca River and
South Creek where riverbank stabilisation works are proposed to occur and along Bowra Creek
where pastureland meets farest vegetation of the inundation area to just beyond the starage
ermbankment where the proposed access road isto be located as shown in Figure 5-6. The taotal
area of riparian vegetation to be removed from the study area is3.79 ha.

This riparian vegetation has undergone past disturbances due to land clearance for agriculture
and is mainly comprised of exotic plant species, such as Camphor Laurel. Where the pipeline
traverses pastureland, pasture would be re-established and measures would be taken in
accardance with a weed management plan to minimise the invasion of the noxious weed Giant
Farramatta Grass.
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Table 9.9 Extent of Removal of Terrestrial Yegetation and Associated Fauna Habitat
within the Study Area

Veqgetation to be removed

Storage Hative _ Boho Hi\.-'e[ __ Tota
Embankment Vegetation Road Stahilisation
Footprint {(Ha) within Access  Works
Inundation {Ha)
Area (Haj

Yegetation Community /
Removed

from Study
Area (Haj

Habitat Type

Hardwood Plantation

Forest n1z 25,594 1.348 1] 2745
VWet Flooded Gurm—

Tallowwood Forest 0 20,02 0 0 20.02
Forthern Wet Tallowswood

—Blue GumForest 0 .83 0 L £.83
Foothills Grey Gum—

Broad-leaved Mahogary 1] 414 265 1] 6.70

Forest

Wit Bloodwood —
Tallpwawood Forest 0 0.64 I} 1] 0.64
(Temperate Rainforest)

Pastureland 3.01 1054 1] 0 13.55
Fiparian Yegetation ne 1.5 1 1.449 370
Totals 3.93 fil 63 404 149 g0.09
Total Storage

Embankment F ootprint 4 56

and Inundation Area (Ha)

Fauna displcement

The degree of impact would vary depending on the rate at which the staged clearing of
vegetation and associated habitat would occur and the rate of which the storage fills.
Threatened fauna and camman native flora and fauna would be displaced andfor removed as a
result of the Proposal from the study area as a proportion of vegetation and hahbitat would be
permanently removed and modified. Removal of vegetation and habitat and the inundation
process would ultimately, disrupt the lifecycle of species that currently utilise the proposed
works area.

In the short term, fauna may be subject to mortality and would be displaced by immediate naoise,
construction and other human activity, and through the initial clearing of the inundation area
over a 3 moanth time period. Displaced terrestrial fauna are likely to move into the surrounding
vegetation of greater habtatvalue increasing pressures on adjacent populations through
territorial disputes, and competition for the resources.

Displacement of fauna is likely to be progressive across the life of the Proposal depending on
the species. The activity is likely to result in reducing the local populations of some species (e.y.
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plants, resident fauna species and less mobile fauna species including reptiles and amphibians)
inthe proposed works area that may be subject to martality.

Disrupt the breeding cycle, dormancy period, foraging and roosting behaviour

The breeding cycle, dormancy period, roosting and foraging behaviour of fauna species and
flowering and breeding periods of flara species is likely to be affected by the Proposal,
particularly for those individuals which are resident within the proposed inundation area.

The Proposal is likely to disrupt the breeding cycle of resident species through the direct
removal of breeding habitat (e.q. hollow trees for birds and microchiropteran bats) along Bobo
and Walla Roads where road upgrade activities are proposed to take place. Although the level of
impact is difficult to gauge, it is not expected to be significant given that hollow-bearing tree s are
nat abundant in the majaority of the proposed inundation area and that relevant threatened
species, including forest owls and microbats, are highly mobile. Furthermore, the proposed
clearing activities are likely to be undertaken throughout the year during the breeding seasons
of all species that utilise the study area; however the clearing methodologies and pre-clearance
surveys would prevent significant impacts during these breeding seasons

The Proposal could disrupt the roosting behaviour of many native fauna (e.g. forest owls) by
directly remaving habitat including diurnal roosting sites through the study area (e.g. hahbitat
trees, fallen timber), but given the extent of surrounding vegetation and similar habitats the
impacts are not expected to be significant.

All of these habitat resources would be permanently removed from the proposed inundation
area and other related infrastructure areas (proposed storage embankment, access roads and
riverbank stabilisation works along Mambucea River and South Creek) over the life of the
Proposal. Removal of these habitats would reduce the averall availability of harbaurage within
the study area.

There would be some disruption or alteration of foraging behavior for all species, but would
mostly effect those species that are less mobile andfar have smaller home ranges i.e. impacts
are likely to be greater on the Koala if the inundation area forms a large proportion of its hame
range whereas highly mobile forest owls that occupy much more extensive home ranges would
be less impacted.

fmpacts on Migration and Dispersal Ahility

The impact upon the migration and dispersal ability of native flora and fauna like most of the
other impacts is species specific. Species, which are less mohile (e.g. reptiles and amphibians),
residents (e.g. some hirds) or species whereby the habitat forms an important component of the
overall habitat area andfor important habitat linkages are those that would most likely be
impacted.

The size and shape of existing vegetation and habitats within the study area would be altered.
Aside from the direct impacts of the inundation area the construction of roads and additional
infrastructure (e.g. power) is likely to create or exacerbate internalwegetation and habitat
fragmentation and edye effects.

The inundation of the storage would reduce the opportunities for movement of wildlife alang and
across Bowra Creek. Itis unlikely that & similar riparian ecosystem woauld be re-established

g2 Mambucza District Wigter Supply Augmentation 22 433G
Bowraville OffRiver Storage and Associate d Works
Ermirenmental impact Satement



p—
I—

below the inundation area as the environmental flow characteristics of the inundation area, and
the seasonal fluctuation in water levels would not facilitate a similar riparian ecology as pre-
inundation.

Connectivity of vegetation immediately surrounding the inundation area and existing links and
connectivity with more extensive wvegetation in State Forests and Conservation Areasin the
wider locality would be maintained. It is also unlikely to impose a significant barrier to more
mobile species such as microbats and forest owls,

Disruption of Pollination Cycle and Seed DEpersion

The dispersal ability, pollination cycle and seed bank of the native flara of the praposed
inundation area would be reduced through the direct removal of vegetation and inundation. The
Proposal would disrupt the recruitment of native plant species within the proposed inundation
area. Furthermoare , excessive dust from the proposed activities could patentially disrupt the
pollination cycle and ability of native plantsto regenerate (i.e. germination, revegetation and re-
colanisation of existing plants). Mitigation measures to suppress excessive dust are referred in
section 9.8.5

Introduction of Weeds and Feral Pest Species

The Praposal has the potential to create favourable conditions for introduced weed species
within the study area, which could potentially lead to an increase of existing weed populations. It
iz alsa likely that the Proposal could exacerbate existing impacts relating to feral animals. This
mavy potentially occur where increased grassland habitats at the storage embankment that may
be favourahble to Rabbits. Also the areas around the storage that may become more apen as
seasonalvariations dictate the maximum and minimurm water levels of the storage this may
provide open areas that could make predation of natwe fauna by Foxes ar feral Dogs easier.

Weed control measures would primarily focus on preventing the spread of the noxious weed
Giant Parramatta Grass (Sporobolus indicus) and to a lesser extent the environmental weed
Fireweed (Senecio madagascarienss) along private property access roads, access tracks
through paddocks and along the pipeline route where surface soils are disturbed in paddocks
through the installation of the pipeline and groundwater bores.

A detailed weed audit (see Appendix C) was undertaken to determine the extent and type of
existing weed infestations across the private and NSC owned properties where proposed works
such as pipeline infrastructure and access roads are likely to be located. The YWeed Audit would
be instrumental in establishing noxious, environmental and agricultural weed control measures
prior to and after the proposed activities, as it provides details on the types of weeds identified
and their location in regards to allocated property numbers and Lot numbers,

The potentially cleared land adjoining the upper limit of the inundation area, aswell as areas
associated with infrastructure such asthe storage embankment, access roads, pipeline routes
and borefields, would potentially provide bare soil and make conditions favourable for invasive
noxiousweeds such as Lantana, Smalkleaf Privet, Camphaor Laurel and Giant Parramatta
Grass. YWhere practical these weedswould be removed fram site or controlled by means of
herbicide applications to help prevent or minimise their re-occurrence.

Revegetation of this zone would be required as so0on as possible after land clearing and
infrastructure activities to reduce sail erosion. It would be important to re-establish groundcover
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in the form of native grasses, so asto provide competition against invasive noxious weeds. This
would also provide some foraging habitat for native fauna.

The increased perimeter of the inundation area and the large variance between the maximum
fill level of the storage and dry season condition fill levelwould create conditions favourable to
feral animals, such as Foxes and feral Dogs that may lay in waiting for native fauna accessing
the waters edge through open exposed areas. The greater availability of permanent water in the
area would alzo favour feral species, such as Foxes and feral Dogs that rely on water more so
then same native species and may begin become permanent residents in the vegetation
surrounding the inundation area. As previously noted, the opportunities created in the short
term for other pest species, notably Gambusia would expand and would continue to do so over
the life cycle of the starage. However it must be noted that Gambusia was not identified in
Bowra Creek and the storage is to be filled with groundwater fram the borefield, thus
significantly reducing the likelihood of Gambusia establishing? migrating in the storage.

Other impacis

Moise pollution as a result of vehicles, machinery and blasting may deter native fauna from
utilising the study area and immediate surrounding areas as habitat. The Proposal could affect
the migration and dispersal ability of native fauna particularly in relation to noise and vehicular
mavements. The Proposal may result in increased noise pollution which has the potential to
distupt the breeding cycle and the foraging and roosting behaviour of some native fauna
species.

97.3 Instream environment and aguatic flora and fauna

Barrier to Aquatic Fauna

The storage embankment would affect fish and turtle passage along Bowra Creek during
periods of high rainfall. The species most affected would be those with migratory ar highly
mahile characteristics. Whilst barriers ta fish and turtle movement can have major impacts on
communities by dividing populations (upstrearm and downstream) and disrupting migration and
life cycle stages, the location of the embankment an an empheralwaterway is unlikely to result
inthese impacts. Given the characteristics of Bowra Creek, the provision of a fish ladder is not
considered necessary.

Itis not envisaged that any additional obstructions would be installed as part of construction
activities thatwould typically limit the passage of native fauna.

The existing obstruction to aguatic fauna where the existing pipeline river crossing is located
along the Mambucca River would be alleviated through the provision of a fish ladder, thus
allowing the migration of aguatic fauna species above and below the existing abstruction.

fmpacts of Groundwater Extraction on the Upper Estuary

The assessment of potential impacts of increased groundwater extraction on the upper estuary
has been proceeding for several years.

This process included initial collabaration between a number of Gavernment agencies, the
former NSW Departrment of Commerce as project manager, Mambucca Shire Council and
Bishop (consultant) to prepare and evaluate a wide range of scenarios. Thisin turn lead to
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agreement in principle on a scenario for flow rules that protects iconicfindicator species. The
understanding was that an adaptive management process would need to link with these rules.

Councilthen engaged Bishop to undertake ongoing aguatic ecology (baseling) monitoring. This
monitoring raised some potential concerns with the flow rules, primarily premised on salt
intolerant aguatic flora (plant beds). These findings recommended that some specific hydraulic
modelling was required to better understand the impacts that the flow extraction regime may
have on salt movements up and down the system. Council engaged a second consultant
(Manly Hydraulics Laboratories) to undertake this modelling.

Bishop subsequently reviewed the modelling report and found that there may be some
reduction in key plant bed areas downstreamn, but also a possible stabilisation in plant bed areas
inthe upper reaches. His analysis indicated that percentile flow limits may perfarm badly in
protecting plant beds (i.e. no protection would be provided by the 95%ile flows, and only two
months would be protected with the 90%ile flows). The extent of potential impacts that would
occur when extractions continue into the percentile period would be positively related to the
volume of water extracted. Bishop went on to say that cease to pump limits based on monthly
B0%ile flows would perform better than those based on monthly 30 and 95%ile flows and that
additional modelling would be required to better understand these impacts. He noted that, in his
opinion, the model had significant limitations and sugge sted that an adaptive management
approach would be appropriate and would be "likely to succesd”.

The environmental flow rules developed subsequent to Bishop's woark were agreed to in-
principle by the then DPl and DIFME.

In recognition of Bishop investigations, it is proposed that 'cease to pump limits' be based on
manthly 35 %ile flows with on-gaing adaptive management monitoring of river levels, flow rates,
macrophytes and macroinvertebrates undertaken during the detailed design phase to ensure
that changes to the downstream riparian and aguatic ecosystern are minimised, managed and
do not impact on their current habitat values. Site specific assessment criteria, based on the 950
percentile levels fram available histarical data, can be used as early warning triggers that there
may be impacts to the riparian vegetation. If statistical trend analysis suggests that there are
upward trends in concentrations of toxicants and stressors, modifications would be made to the
scheme andfor flow rules.

The implementation of an Adaptive Management Framework has been described in Chapter 4
and the associated monitoring is provided in Chapter 24 of the EIS. The potential impact of not
having enviranmental flow rules would be the reduction of aquatic habitats for native flora and
fauna, akterations to temperature regimes, restrictions to fauna migration and subsequent
distuptions to breeding cycles of both aguatic flora and fauna and increased potential for
martality.

Inundation Area Ha bitat Alteration

The inundation area would provide an extensive aguatic habitat and thereby logically increase
the availability of averall aguatic habitat. This habitat would retain very little of the characteristics
of the existing environment. The primary impact within the inundation area would be the change
in enviranmental flow regime fram a high energy, high flow environment with high seasonal
variability in flow and valume  to a low energy relatively still waterbody with seasanal variability
limited to inundation levels, The alteration of the environmental flows would result in a relatively
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rapid (immediately following the construction and finalization of the storage darm embankment)
impact on these habitat values. The alteration to existing aquatic habitats within the inundation
area would be irrevocable whilst the storage remains.

Changes in Water Quality

The water quality of the Mambucca River and Bowra Creek are currently largely within
ANIECC/ARMCAMZ (2000) Guidelines for Freshwater Aquatic ecosystern health. This has
paotentialto change in the inundation waters with increased depth due to stratification. Reduced
flows downstream have the potential to greatly increase the impacts of nutrient enrichment of
Bowra Creek. Changes in downstream water guality from an storage typically include increases
inwater temperature, nutrient load, turbidity, dissolved gases, and concentration of heavy
metals and minerals (including those that are naturally occurring). An increased frequency of
discharges of water containing toxic algae may affect the fish and aguatic invertebrate
community downstream of the storage.

Cold water pollution may also be an issue for same fauna. While platypuses are well adapted
to cold conditions, they require a greater intake of food to regulate their body temperature in
cold water and low water temperatures may also affect macroinvertebrate productivity.
Furthermare , water temperature is a reproductive cue far fish with breeding occurring at a
particular termperature or within a particular range. Many native fish would not breed in colder
water.

Low oxygen water from the storage releases can be toxic to benthic macroinvertebrates an
which the platypus feeds. Bishop and Harris (1990} suggested that the raising of the starage
could result in such toxic effects downstream, possibly including fish kills.

The construction of the storage embankment would cause an increase in nutrient loads within
the storage. One of the potential ecological impacts associated with poorwater quality within
water bodies is the occurrence of algal bloom s (cyanobacteria). This potentially toxic alya could
be released to the Mambucca River downstream of the storage. The potential causes of algal
blaoms relate the following:

b Depth and stratification of the storage;
b Water clarity,

b Accumulation of nutrients fram both natural sources such as leaf litter and adjoining land
uses such as livestock grazing; and

b Low abundance of macrophytes, which would otherwise compete with the algae for
nutrients.

Potential ecological impacts associated with blue-green algal blooms include toxic poisoning of
aquatic biota such aswaterbirds and fish, and adverse impacts on aguatic vegetation and
racroinvertebrate s,

There is alzo the possibility of an increase in trace metals in the lower levels of the storage and
the possibility of these being transferred downstream. A study undertaken in Tasmania (Munday
gt al 20027, found elevated levels of persistent pesticide residues and PCBs (polychlorinated
biphenyls) in platypuses but not at levels, which have produced reproductive or immune system
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depression in other species. It is known, however, that trace metals can affect the reproductive
success of fish and can bio-accumulate in macroinv ertebrate communities.

The implementation of an Adaptive Management Framewaork has been described in Chapter of
4 and the associated monitoring is provided in Chapter 24 of the EIS.

fncreased Invasion by Pest Species

Gambusia has been identified in Bowra Creek and is an immediate and severe threat to aguatic
habitats in the area. This species prefers lakes and slow moving streams thus the inundation
would create conditions conducive to the establishment of populations of Gambusia. However it
tust be noted that Gambusia was identified in Bowra Creek and because the storage is to be
filled with groundwater from the borefield and the construction of the storage embankment
creating a physical barrier, the likelihood of Gambusia migrating into and establishing in the
starage is significantly reduced. Appropriate mitigation measures associated with monitoring the
potential impacts of this species are provided in Section 9.8.7.

Siltation

Increases in silt load and turbidity in Bowra Creek downstream of the starage are likely to ocour
as a result of construction work. This could potentially result in a reduced food supply and loss
of large-particle substrates and deep-water hahitats for fish, as well as effects of suspended
solids on native fish. The benthic substrates of Bowra Creek and its tributaries are largely
coarse sand and fine gravel, which are re-suspended during flow events. Sediment released
during construction anddor operation of the storage could result in the filling of interstitial spaces
in the raugh substrates (gravel, cobbles and boulders) in which macroiny ertebrate food species
are found.

The inundation area would to a large degree prevent the re-suspension of sediments below the
starage embankment under normal seasonal conditions (non-flood events) consequently having
an adverse impact on the benthic substrates and their dependent macroiny ertebrate
communities. The lack of significant flows immediately below the inundation area would result
in sediments settling out of suspension (or not being suspended at all) resulting in increased
sediment deposition and changes in channel morphology, These impacts lessen with distance
from the storage embankment and may be ameliorated through controlled releases from the
inundation area during low flow periods.

Turbidity can also aftect the light availability to macrophytes resulting in reduced productivity
and supply of organic material to the stream food web.

Changes in Downs tream Mo rphology of Riverbed and Banks

The storage would reduce the magnitude and frequency of flood events and a likely impact of
this would be the reduction of channel width of Bawra Creek downstream of the inundation
area. This hasthe potential to provide habitat favourable to invasive flara (Parrots Feather) and
fauna (Garmbusia) and would compromise the habitat potential for native aguatic species as
environmental conditions change.

Potential Changes to Habitats in the storage as a Result of Water Level Fluctuations

The rise and fall in water level resulting from water extraction can influence the physical nature
of the substrate within the littoral zone of the storage. For example, storage near full storage
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level may contain a high proportion of rocky substrate or woody debris, whilst substrate at a
lower level may be predominantly sand or silt. Thus, aswater levels fallthe habitat changes
from rock to silt, a change that may well result in shifts in species assemblages as mobile
species migrate to areas closer to being their preferred habitat.

fnundation of Riffle Habiats

Inundation of the headwater of Bowra Creek would result in the loss of shallow riffles and run
zones that occur periodically alang this ephemeral creek. These zones are regions of high
productivity, which are lostwhen a waterbody is impounded. Many types of macrainvertebrates
and microscopic arganisms are confined to riffles, and these are highly productive areas
praviding a food supply for other components of the aguatic system.

Reduced flood events

The flora and fauna populations of the catchrment are adapted to annual flood events. The
construction of the storage would not only alter flows but also reduce the magnitude and
frequency of these flood events. These impacts lessen with distance from the storage dam
embankment as tributaries contribute to flood events.

[ ong-term Flow Alteration below Inundation Area

Flow variations are important to the lifecycles of resident fish and turtle populations. Flow
variation can result in exposed sand banks becoming available far turtle nesting and alter water
temperature — a key trigger in the promation of harmaonal changes far fish prior to breeding. The
area's communities are adapted to the seasonal flows of the catchment and changes to the
existing regime would impact on the abundance and diversity of fauna populations. The
incarporation of & controlled release program fram the storage to maintain enviranmental flows
would be the key element in mitigating long-term impacts on the river environment below the
storage.

Further details of the environmental flow rules in regards to impacts below the storage are
available in Chapter 4 of the EIS.

Changes in Flooding and Flow Regime Downs tream of the storage

River regulation produces a much mare constant flow of water. This constancy has had
ecological impacts such as aiding the spread of non-native fish species. The practice of
capturing water in winter and releasing it in summer has overturned the normal flow pattern in
southern regulated rivers. Seasaonal patterns in flow and water temperature are key factors
influencing several native fish species to mature and spawn, and are critical for their growth.
Flow and temperature patterns also control the diversity of aguatic invertebrate animals and
other fauna.

This impactwould also result in a change in the distribution of riparian vegetation along the
banks of Bowra Creek below the storage. This change in vegetation community distribution
would occur gradually in response to the new flooding and flow regimes. However, changes
may be parly offset by increased visitation to the storage by fauna species that prefer storage
and lagoon conditions.

Additionally if starage releases are not appropriately controlled and sudden high volume
releases were to ocour bank instability and erosion along Bowra Creek below the storage would
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be likely, especially if the structural characteristics of riparian vegetation were to change due to
changed flow conditions. Monitoring of the transparent operation of the storage would ensure
that this does not ocour or is minimised.

Groundwater Extraction and PotentialImpacits on Riparian Vegetation Structural
Characteristics and Bank Stability

The extraction of groundwater fram the aguifer associated with the borefields have the paotential
in the long-term to reduce flow rates and surface water levels and increase groundwater depths
inthe Mambucca River and South Creek. This may potentially lead to the gradual change in the
structural characteristics of riparian vegetation communities,

It must be noted that the majarity of riparian vegetation is comprised of introduced species such
as Camphor Laurel, Small-leaf Privet and Lantana, which are expected to be tolerant of reduced
flow rates and surface water levels and increased groundwater depths.

fnterrelations hip between Groundwater, Streamiflow and the Aguatic and Riparian
Environment

There exists the potential for imbalances between the interrelationships between groundwater,
streamflow and the aguatic and riparian environment characteristics, due to the extraction of
groundwater from the borefield reducing the aguifer and thus altering this interrelationship. The
environmental flow rules designed for the extraction of groundwater and the transparent
operation of the starage would maintain the interrelationships balance between groundwater,
streamflow and the aguatic and riparian environment to a level clase to what is presently
ococurting naturally. Therefore potential impacts upon these characteristics are minimal and are
unlikely to have adverse effects upon the existing ecology.

Further details of the environmental flow rules in regards to impacts below the storage are
available in Chapter 4 of the EIS.

Likely Changes and Impacts on Flora and Fauna adjacent to the Stored Waterbody

Wwhen the starage is filled with water, the ground surrounding the perimeter of the stored
waterbody would become laidened with incre ased amounts of groundwater. This would
patentially impact upon the floristic characteristics of existing vegetation communities, where
some species may perish and others may begin to appear or dominate. Also the water level of
the inundation area would fluctuate and only those species tolerant of such fluctuations are
likely to persist ower the long-term.

The primary risk associated with increased groundwater would be the potential forweeds ar
tatives that may be more tolerant of such conditions becoming invasive. This may then
potentially impact on the diversity of flora species where water levels may fluctuate throughout
the seasons and alter the habitat values for native fauna, due to a reduced level of biodiversity,
however the extent of this occurring may only be limited to this thin area around the perimetre of
the storage.

Seasonal Clearing of Vegetation
Ifvegetation were to be cleared during period s of wet weather soll erosion and sedimentation of

watenways is likely. The clearing of vegetation in all areas would be responsive to wet weather
during the wetter months of the year between March and May. During the remainder of the year
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erosion and sediment contral measures would alleviate soil erosion and sedimentation of
wiaterways.

Disparsion Capacity of Local Clays

The clay sails of the inundation area are moderately dispersive and can be appropriately
managed to minimise dispersion and potential impacts upon agquatic flara and fauna
downstreamn of the storage embankment. Potential impacts may be associated with increased
suspension of fine sediments in the lower reaches of Bowra Creek restricting light penetration
and reducing water quality that may potentially impact upon the photasynthesis of aguatic flora
and make conditions unfavourable to aguatic fauna.

These impacts can be minimised through applications of gypsum where these sail types are
exposed and the installation of sediment traps and coffer dams.

974 Groundwater Dependent Ecosystems

Although it is not possible with the available information to confidently determine the degree of
dependence of the vegetation communities in the inundation area upon groundwater, such that
a relationship between the community and the groundwater can be established, potential
impacts of the Proposal upon vegetation communities (ecosystems) likely to be at least partially
dependent upon groundwater are inferred from the literature as well as the existing groundwater
erviranment and likely impacts upon groundwater as described in the EIS.

In general, the recagnised threats to groundwater dependent ecosystems (Sinclair Knight Merz,
20017 include:;

P Groundwater resource development;

p Changesin land use — particularly from native vegetation to agriculture or agriculture ar
native vegetation to plantation fore stry,

b Activation of acid sulphate soils in coastal areas by drainage, dredging or groundwater
extraction;

b Dewatering or water resource development associated with mining; and
b Commercial, urban ar recreational developments.

Key potential impacts to groundwater dependant ecosystemns related to these threats include
alteration of the water regime experienced by groundwater dependent ecosystems resulting in
changes in the structure, function andfar composition of the ecaosystem (Sinclair Knight Merz,
2001) aswell as the potential far detrimental changes to the groundwater quality to impact upon
the vegetation. It is noted that impacts associated with lowered water tables upon groundwater
dependant ecosystems can take place over an extended time and can lead to decline in growth
recruitrment and enable invasion by exatic species (Eamus, 20039).

The activities (beside s clearing) that could have potential impacts upon groundwater dependent
ecosystems include:

b Cutting through areas of higher elevation;
b Construction of embankments over low-lying areas; and

b Potential ricks associated with construction activity including fuel spills.
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Impacts associated with these include:

¥  Groundwater drawdown;

P Groundwater impedance; and

b Groundwater quality impacts, including groundwater acidification ar contamination.

“Yegetation dieback may be the potential impact upon groundwater dependant ecosystems and
would became apparent over the long-term as the storage is operating and as the
erviranmental flow rules are applied.

The environmental flow rules would alleviate any potential impacts upon groundwater
dependant ecosysterns of the study area in padicular riparian vegetation. Any noticeable
impacts upon groundwater dependant ecosystems in the study area would be reflected in the
operation of the enviranmental flow rules and changes could be made accardingly.

G roundwater Dawdown

Despite the operation of flow rules, the extraction of groundwater from the aguifer associated
with the barefields may over the long-term reduce flow rates and surface water levels and
increase groundwater depths in the Mambucca River and South Creek This may potentially
lead to the gradual change in the flaristic characteristics of riparian vegetation communities,
This may then lead to riverbank instability if same riparian species were to begin to die off.

It must be noted that the majority of riparian vegetation is comprised of introduced species such
as Camphaor Laurel, Small-leaf Privet and Lantana, which are expected to be tolerant of reduced
flow rates and surface water levels and increased groundwater depths.

Cngoing rmonitoring of river levels and flow rateswould be necessary to ensure that changes to
the riparian vegetation are minimal, manageable and do not impact on their current habitat
values Thiswould be most important if extraction regimes are to change.

Excavation within the inundation area could also contribute to localised drawdown through
drainage of groundwater from within the storage and from the altered recharge regime.
However asthese areas are within the upper part of the catchment where the groundwater is at
depth, it is not expected that groundwater dependent ecosysterns would be impacted as a result
of this activity.

Orawdown of the alluvial aguifers may also occur along the floodplain areas as part of the
baorefield collection pipeline syster. This could occur as a result of dewatering during trenching
construction. The potential for groundwater drawdown to the degree that the groundwater table
iz significantly lowered is considerad to be minor. As such floodplain, wetland, riparian and
aguatic cammunities are not likely to be impacted. In addition, as these vegetation communitie s
are unlikely to be solely dependant upon groundwater for their environmentalwater
requirements, any temparary or localised impacts associated with dewatering are not likely to
result in any lang term impacts to these communities.

Groundwater Impedance

Constructing hard compacted surfaces across the Bowra Creek could potentially result in
localised impedance to shallow groundwater flow. This may result in localised higher water table
on the up-gradient side of the embankment, and lower an the other. With respect to
groundwater dependent ecosystems, this could increase the availability of water on the side
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where flows are impounded, while a reduction of groundwater availability may occur on the side
where groundwater has been impeded. This is anly likely to be a localised effect, and anly likely
to ocour where groundwater flow occurs within a few metres of ground surface, and would be
adequately catered for by typical drainage facilities associated with construction. Again, as the
communities are unlikely to be salely dependant upon groundwater for environmental water
requirements, then minimal impact is expected. It is also of note that much of the Bowra Creek
catchrment has been subject to clearing through forest operations and agriculture and is likely to
have been previously subjected to groundwater changes.

Groundwater Quality Impacts

Potential impacts associated with groundwater quality could result from activation of =saline
waters due to drawdown of groundwater in the floadplain, or from fuel or chemical spills that
could occur during construction.

b Inrelation to activation of saline waters, it is considered that only minar impacts to the
groundwater level would result from the Proposal, this is unlikely.

b Localized fuel or chemical spills, while having potential for impacts upon groundwater and
riparian systems, may be mitigated. As such they are considered unlikely to significantly
impact upon groundwater dependent ecosystems.

Chapter 10 — Surface and Groundwater discusses the existing groundwater environment in the
study area, identifies likely impacts as a result of the Proposal, and proposes management
measures to reduce these impacts.

975 HKeyThreatening Processes relevant to Proposal

A threatening process is defined under the FM Act and TSC Act as 'a process that threatens, ar
that may threaten, the survival or evolutionary development of a species, population or
ecological community'. Threatening processes that adversely affect threatened species,
populations ar ecological communities, or possibly cause others that are not currently
threatened; to becaome threatened are listed as key threatening processes (KTFs) under the
T2C, FMand EFPBC Acts. KT Ps relevant to the Proposal are discussed in Table 9-10 Key
Threatening Processe s Relevant to the Proposal.

The proposed mitigation measures ta minimise the potential of exacerbating each of the KTPs
include:

p WWeed controlin particular Lantana;

¥ Environmental Flow Rules;

b Provision of a protection area;

b Placement of rermoved hollow trees and logs into protection ares;

b The provision of fish passage where applicable.
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Table9-10 HKey Threatening Process es Helevant to the Proposal

HKey Threatening
Process

Imvazion of native plant
communities by exotic

perennial grasses

Relevance to propos al

There exists the potential for the spread of Giant Parramatta
Grass (Sporobolus fertilis] along the pipeline route | borefields,
upgraded roadsides and the storage embankment. This species
has been already recorded within the study area.

Imvaszion, egtablizhinent and
spread of Lantana cam ara

There exists the potential for the spread of Lantana (Lantana
camars) along the pipeline route, upgraded roadsides, the
gtorage embankment and around the perimeter of the
inundation ares. This species has been already recorde d within
the study area.

Alteration to the natural
flow regirmes of rivers,

Sreams, floodplains &
wetl and s.

The storage would inundate the upper reaches of Bowra Creek
resulting in that portion of the creek becoming an artificial lake.
Transforming this ephemeral first order stream into a stationary
water hody. The lower reach of Bowra Creek would have
reduced flows as a result of the starage's construction. The
groundwater thatwould be extracted from the proposed
borefields would impact on the flow rates of the NMambucca
River and South Creek,

Clearing of native
veyetation

Anproximately B5.05 ha of native vegetation is to removed from
within the inundation area, embankment footprint and upgraded
access roads, and 1.49 ha from the location of proposed
riverbank stabilisation works. Atotal of BE 54 ha from within the
study area.

Los=z of Hollowebearing Trees

Some hollow bearing trees would be removed from the
proposed works area at specific locations as part of proposed
road upgrade woarks along Yalla and Bobo Roadsto allow
access for large vehicles into the study area. The majority of
road upgrade activities would be occurring in association with
tight comers. It is at these locations where the removal of hollow
bearing trees is inevitable as part of cut and fill road
construction practices.

Femoval of dead wood and
dead trees

Dead wood and debriswould not be removed as such; it would
gither be left where it lies or rulched and then inundated as the
starage fills to capacity. Much of this debris would be |eft behind
with the initial harvesting and clearing activities within the
inundation area.

Installation and operation
of ingtrearm structures and
other mechanisms that
alter natural flow regimes
of rivers and streams

Bowra Creek would have a substantial permanent instream
gtructure constructed that would permanently inundate the
upper reach of the creek and would result in permanently
altering the natural flow regimes of the creek.
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Key Threatening Relevance to propos al

Process

Degradation of native The riparian vegetation along Bowra Creek, Mambucca River

riparian vegetation along  and South Cree isin poor to moderate condition. All are already

MEW water courses considered degraded in regards to healthy viable native riparian
vegetation. The upper reach of Bowra Creek would be
permanently inundated and altered. Some of the riparian
vegetation along Mambucca River and South Creek isto be
tinitnally impacted as part of riverbank restoration works and
may benefit the long-term persistence of this vegetation and
thus reducing the impact of this KTP.

Remaval of large woody Large woody debris would be inundated in the upper reach of

debris from Mew South Bowra Creek and it is not anticipated that any large woody

Wiales rivers and streams  debris would be removed along the Mambocca River or South
Creek in association with proposed pipeline routes.

976 Significance of Potential Impacts

NSW Threatened Species and Endangered Ecological Communities

Section 54 of the EP&A Act lists seven factors that must be taken into account in the
determination of the significance of potential impacts of a proposed development an 'threatened
species, populations or ecological communities (ar their habitats)' listed under the TSC Act. The
Assessment of Significance (AoS) W-part test' is used to determine whether a proposed
development is 'likely' to cause 'a significant effect’ on threatened biota and thus whether a
species Impact Statement (315) is required to accompany the DA,

The AoS isto be applied to each species, population and ecological community that was
recorded during the survey within the study area oris likely to exist or utilise habitat within the
study area.

Flora

The findings of the 8-part tests undertaken by Connell Wagner and Biosis in regards to
threatened flara species that may potentially occur in the locality determined that no significant
impacts upon threatened flora were considered likely in regards to the proposed activities.

Mo threatened flora was identified during the current survey, however 7-part tests have been
undertaken for four threatened species that could potentially occur based on known distributions
and the habitats present within the study area.

A summary of the potential impacts and proposed mitigative measures for relevant threatened
species and the conclusions of the Y-part tests is provided in Table 9-11. The detailed
assessments of significance (7-part tests) are provided in Appendix C. 1t is unlikely that the
FProposal would result in "a significant impact' on any threatened flora species in light of the
mitigation measures provided in Section 8.8,

Fauna
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The findings of the 8-part tests undertaken by Connell Wagner and Biosis in regards to
threatened fauna species that may potentially occur in the locality determined that no significant
impacts upon threatened fauna were considered likely in regards to the proposed activities.

An A0S was completed for the 14 threatened fauna species identified in Table 3-12, seven of
which were recarded and seven that were considered likely to occur. See Appendix D for the
completed Ao5. It is unlikely that the proposal would result in "a significant impact' on any
threatened fauna species in light of the mitigation measures provided in Section 9.8
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Endangered Ecological Communitias

As detailed in Section 3.3 .4 the riparian vegetation of the Nambuceca River and South Creek is
not considered to comprise the River-flat Eucalypt Forest on Coastal Floodplaing EEC as
determined by the Scientific Committee. However, a precautionary approach has been taken

and an assessment of significance has been prepared with respect to this community (refer ta
Appendix 0.

A similar riparian community was also recaorded at warious locations on the upper slopes of
Bowra Creek catchment. These areas of vegetation are not considered to constitute 'floodplain’
ecosysterns and hence are not considered to constitute this EEC.

Mo aother EECs listed under the TSC or EPBC Acts were recarded in the study area.

Assessment under EPBC Act Significance Guidelines

The assessments of significance were carried out in accordance with EPBC Act guideline s,

In January 2007, the Commonwealth and NEYW governments signed a Bilateral Agreement
which allows DEVWHA to accredit the assessment regimes under Part 3A, Part 4 and Part 5 of
the EP&A Act for assessment purposes under the EPBC Act. The Bilateral Agreement applies
only to proposals that the Commonwealth Environment Minister has determined are controlled
actions under the EPBC Act, with the exception of nuclear actions (DoP 2007

A number of EFBEC Act listed threatened species have previously been recorded or are
predicted to occur in the locality. The MEWW Wildlife Atlas (DECC, 2008) also revealed recards of
EPEC Act listed threatened species previously recarded in the locality. EPBC Act listed
threatened species are discussed above, along with TSC Act listed biota, and described in
detail in Appendix C.

The matters of national environmental significance (NES) listed under the EPBC Act of patential
relevance to the study area are;

P Threatened fauna species (e.g. Spotted-tail Quall, Giant Barred Frog),
b Threatened flara species (e.q. Minute Crchid, Tylaphora); and
b Migratory species (e.g. Rufous Fantail, Cattle Egret).

Mo world heritage properties, national heritage places, Ramsar sites or threatened ecological
communities are relevant to the study area.

Potential impacts on Mationally Listed Threatened Species

Mo threatened flara species listed under the EFBC Act were recorded at the site; howewver ten
threatened species are known or predicted to accur in the locality. These species are presented
in Appendix C, along with an assessment of their habitat requirements and likelihood of
occurring at the site. The likelihood of occurrence revealed that three species might possibly
occurin the study area, Leafless Tongue Orchid, Minute Orchid and Tylophora. Targeted
surveys of the inundation area did not locate any individuals of these species, nor any evidence
that impartant habitat occurs at the site (Biosis, 2005). T herefore the Proposalis unlikely to
have a significant impact on any EPBC Act listed flora species as was determined whilst
undertaking the 7-part tests for each of these species.

Mambucza District Wigter Supply Augmentation 9.1
Bowraville OffRiver Storage and Associate d Works
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Mo threatened fauna species listed under the EPBEC Act was recorded at the site during the
current study. Fourteen species have been previously recorded in the locality of which six may
utilise habitat at the site (refer Appendix C). Based on the results of this and other assessments
four EPBC Act listed fauna species are likely to occur at the site and potentially be affected by
the Proposal:

b Spotted-tail Cluoll

b Giant Barred Frog;

b Southern Barred Frog; and
P Grey-headed Flying-fox.

The outcome of the EPBC Act A0S is that the proposed development is nat likely to have a
significant impact on any nationally listed thre atened species, which may occur at the site in
concurrence with the proposed management measures listed in Section 9.8,

Potential Impacts on Migratory Specles

The study area provides habitat for a number of EFBC Act listed migratory bird species
including the Rufous Fantail and Cattle Egret, which were observed during field surveys. Mative
vegetation and aquatic habitat at the site are likely to be used by a range of terrestrial, wetland
and marine migratory species on a periodic basis.

The habitat to be removed is80.09 ha in total, inclusive of open grasslands and riparian
vegetation associated with access roads and storage embankment infrastructure. Therefare the
habitats to be rermoved are not considered to constitute critical or important habitat for any listed
species under the migratory bird provisions of the EFBC Act, because the habitat values of
these vegetation communities is considered moderate to poor in relation to surrounding lands
and any migratory species that may potentially use the study area as a habitat resource may
only do s0 on a transient basis,

Further, modification of the habitat through inundation is unlikely to make it unsuitable far
occupation by the majority of migratory species. Migratory waterbirds are likely to occupy the
site during inundation periods, such asthe White-bellied Sea Eagle. The Proposal is also
unlikely to create a barrier to migration, increase the risk of injury or mortality or otherwise
impact on migratory species. Therefore the Proposal is unlikely to impose "a significant effect”
on any of the listed migratary fauna species, which could passibly occur in the study area an
occasion, in particular the Rufous Fantail and Cattle Egret.

9.8 Mitigation Measures

The following mitigation measures would be implemented:

p Mitigation measures to be undertaken prior to commencement of Proposal (e.g. pre-
clearance surveys),

b Mitigation measures to be undertaken during the Proposal (e.q. clearly marking areas to be
cleared); and

p Mitigation measures to be undertaken after the Proposal has been completed (e.g. the
provision of a pratection area and environmental maonitaring of the study area).

g5 Mambucza District Wigter Supply Augmentation 22 433G
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These measures would be implemented to ensure that any unforeseen potential impacts that
may occur upon any threatened hiota that are known to occur or may potentially occur, ar their
hahbitats that are known to occur or could potentially occur within the study area. These
measures would also ensure that the impacts upon other native flora and fauna and the general
enviranment of the study area would also be minimised.

98.1 Mitigation Measures prior to commencement of Proposal

Preparation of Environmental Management Plans

A CEMP would be prepared for the Proposal and would include:

p An Erosion and Sediment and Control Plan (ESCF) would be developed and implemented
befare, during and after the works to protect soils and prevent erosion after rainfall events
and wind erosion, particularly for works along the steeper slopes and where moderately
dispersive soils are identified. Sediment and erosion caontral structures, which confarm with
the relevant guidelines, would be installed in stages asvegetation is cleared and
appropriately installed where major infrastructure isto be located e.g. dam embankment and
access roads;

b AWeed Management Plan (WMWP) would be developed in the design stage of the storage
and initiated prior to works commencing for implementation before, during and after the
warks are completed to prevent the spread of introduced species and declared noxious
plants recarded within the study area. The WMP would encompass the areas where
infrastructure isto be upgraded or developed along the pipeline route, borefield locations,
accessroad upgrades and the dam embankment. Due to under riverbed baring far the
pipeline being undertaken, it is not envisaged that riparian vegetation alang Nambucca River
or South Creek would be adversely impacted. Therefore revegetation and rehabilitation
warks for these areas iz not necessary;

P AFlora and Fauna Management Plan (FFMP) comprising of sub-plans to provide
protocols/management strategie s to minimise adverse impacts on retained native vegetation
and habitat and resident fauna (e.g. pre-clearing and clearing surveys), these are described
in more detail below:

987 Protocols to Protect Wegetation prior to Clearing

b Areas of native vegetation that needs to be cleared would be clearly marked on maps and
identified with parawebbing or flagging tape in the field to ensure that clearing does not ocour
beyond the area necessary for the Proposal, and

b Locating the construction compounds and materials stockpiles in areas that are currently
cleared or disturbed wherever possible. This would reduce the need to clear additional areas
of natural vegetation.

Mambucza District Wigter Supply Augmentation q.F3
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98.3 Protocols to Protect Fauna prior to Clearing

Pre-clearance Sunrey

Itis recommended that a pre-clearance sunvey be conducted prior to the commencement of any
of the proposed activities to identify and flag Koala habitat trees, hollow bearing trees, stags,
rocky outcrops, large hollow logs and hanging bird nests, preferably by a qualified ecologist.

A two staged approach would be used to undertake for the pre-clearance surveys as specifie d
below.

Stage T- prior to commencement of clearing

Inspection of clearing areas to identify and mark habitat features (large trees with obvious
hollows, rocky outcrops, large logs, hanging bird nests etc.) that would need special attention
during clearing and to identify features suitable for placement into the protection area to
maintain habitat resources (e.q. large rocks and logs).

Stage 2 — surreys during clearing

b Inspection for Koalas and follow protocols relating to Koalas if one is found;

p Banging of habitat trees, careful felling and inspection of hollows once felled {protocals for
this are described below);

b Inspection of hanging bird nests for Gaolden-tipped bats;

b Adhere to protocols for removing fauna e.g. bats, temporarily holding and releasing at dusk
to be developed in consultation with DECCWY and detailed in fauna management sub-plan of
CEMP,

b Inspection of other habitat features ahead of clearing e.g. rocky outcrops and large haollow
logs for Spotted-tail Quolls or other denning fauna; and

p Make sure that any fauna that is disturbed are encouraged to move into areas of retained
hahitat, dealing with injured animals if required in accordance with injured animal protocols.

Habitat inspaction and refocation

Habitat inspection of the clearance zone to identify any logs, rocks or other fauna habitats
considered suitable for relocation into nearby habitat areas. Habitat suitable for relocation
marked with paint to be relocated to protection area. Any felled trees and limbs that were
considered suitable for habitat relocation including limb s with hallows, cracks and fissures and
shedding bark. Other limbs with out the se attributes currently may also be used for hahitat
relocation, as fissures would form in time as these felled limbs decay.

984 Protocols to Protect Fauna during clearing

A suitably gualified ecologist must be on site during the removal of Koala habitat trees, hollow
bearing trees, stags, rocky outcrops, large hollow logs, hanging bird nests and other significant
habitat components (as identified in the pre-clearance surveys), to ensure all items are
checked. Any injured fauna as a result of the clearing activitie s must be attended to by a
member of WIRES or by a local wveterinarian. Protocols relating to certain species are outlined in
the following sections.
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Vegetation Clearing Protocok

The vegetation clearing protocals would include:

b Hollow logs, leaf litter and woody debris and large boulders that provide refuge for native
fauna identified during the pre-clearing surveyswould be removed during construction would
be redistributed into the praotection area. Thiswould minimise the removal of dead wood from
the locality, which has been listed on the TSC Act as a key threatening process;

b Each stage of vegetation clearing undertaken by DI&I and then the contractor to NSC would
commence fromthe storage embankment and woark upslope through the inundation area;

b Treeswould be felled away from retained vegetation where possible ta reduce the incidence
of unnecessary impacts to adjacent vegetation;

b Fallen timber in the form of hollow bearing trees or stags would be gently lowered during
felling and carefully placed into the edge of adjacent forest that is to be retained, whilst
avoiding access by heavy machinery into this 'no go' area (i.e. area beyond the cleared
storage perimeter). This practice would ensure that additional habitat is provided or
maintained for any threatened fauna potentially relocating. This wauld be campleted under
supetvision by an ecologist ar appropriately gqualified persan;

b Ensure an experienced ecologist or wildlife handler is presentto manage and retrieve any
displaced wildlife during clearing activities. The handling protocols are detailed below for
uninjured and injured fauna;

b Relocating displaced fauna to similar habitat atthe closest available secure location; and

b Exposed surface soil would be stabilised as soon as possible to avoid potential erosion (hy
mulching, covering or replanting with native grass species where appropriate).

Fauna monitoring during clearing

Yegetation or other habitat features identified as potentially harbouring fauna would be
manitored by an ecologist during clearing activities.

Removal of Hollow-bearing Habitat Trees and Large Hollow Logs

Faricular attention would be given to those tree s with substantial hollows or large hollow logs
identified during the initial pre-clearing site investigation as potential habitat for native fauna.
Adjacent non-habitat trees and other surrounding vegetation would be rermoved 24 hrs prior to
habitat tree rermoval providing fauna with an opportunity to exit the tree to minimise the potential
for unnecessary mortality or injury during tree felling activities and stress associated with
handling.

The following steps would be taken before clearing of vegetation surrounding identified habitat
trees and logs:

b Surrounding vegetation would be inspected by an ecologist for the presence of native fauna,
including searches for Koalas;

b Where a Koala is detected a temporary vegetation clearing exclusion zone of a minimum of
30 m radius must be established around it, until the Koala vacates the tree;
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b Where other fauna are encountered they would be captured and released into adjoining
secure habitat or gently encouraged to leave the construction area and directed into
adjoining habitat; and

b Where no fauna species are detected clearing of vegetation surrounding habitat trees and
logs can proceed. The clearing activities would be maonitored by an ecologist to detect any
fauna observed to be at risk.

The following protocols would be implemented for the removal of identified hollow-bearing trees
and hollow logs:

» Hollow-bearing trees ar trees thought to harbour fauna would be felled, and large haollow logs
rermoved, under the supervision of two wildlife specialists. These specialists would have
appropriate permits and animal-handling equipment. The local veterinarian would also be
contacted and infarmed of the impending clearing activities;

b Priorto felling or remoav al, clearing machinery would be used to gently shake or 'bang' the
habitat tree orlog for a period of 2-3 minutes ([dependant on tree health and structural
integrity) to encourage any resident fauna to vacate hollows. Sticks, paoles or other similar
hand-held objects would alsa be used to hit the trunk of the tree or log atvarious paoints, to
encourage animals to vacate the treeflog. The tree or log would be observed for at least &
minutes priar to completing the next action; and

b After the observation period, each tree would be felled at the base. Once it has been
deermed safe to inspect each tree by the excavator operator, hollows in felled trees would be
inspected for fauna that may be present (uninjured, injured or deceased).

fnspection of Rocky Quicrops

FRocky outcrops identified during the pre-clearing surveys would be inspected prior to clearing
by a wildlife specialist for the presence of sheltering fauna. Any fauna detected would be
captured and released in adjoining areas of suitable habitat or encouraged to vacate the
construction area and directed into adjoining habtats.

Uninjured captured individua ks
Uninjured captured individuals would either be:

b Heleased immediately into adjoining retained habitat outside of the Construction Area,
particularly for diurnal species (e.g. <150 m away); or

p Tempararily retained in captivity until dusk, then released at the nearest suitable location
away from the area being cleared (e.g. <150 m away), particularly for nocturnal species.

fnjured and deceased individuak

Ifinjured or deceased animals are found, then the local veterinarian or WIRES representative
would contacted.

Stockpiling of hollow logs and branches and rocks

Haollow-bearing branches, logs, tree trunks and large racks identified during the pre-clearing
surveys would be stockpiled for placement in the protection area.
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98.5 Mitigation Measures during construction of the Proposal

b Anyinfrastructure and machinery reguired for the proposed activities would be positioned to
avoid retained native vegetation (e.g. adjacent vegetation outside designated clearing
areas),

b "Moxious and environmental weeds waould be contralled through a WMF included in the
CEMP,

b Drainage and runoff would be controlled in such a way as that no foreign substrates or
rmaterials leave the site;

b Exposed surface soil would be stabilised as soon as possible to avoid patential erosion (by
mulching, covering or replanting with native species);

b Excessive dustwould be suppressed via watering dust generating soil or stock piles; and

p “The avoidance of soil disturbance in aor near remnants, such as ripping planting lines and
road grading.

* - Mitigation measures to be also undertaken after the proposed works are complete.

98.6 Timing of Clearing

The colder months of the year represent a time when fauna may be in torpor, less active and
less willing to relocate.

In general, for all species, and particularly hollow dependent species, they are generally less
likely to survive if you move them in winter because same are in torpor and for others it may be
more difficult to find foraging resources and new territory or roosting habitat,

Key times to avoid where possible would be breeding times for Owls, however the only large
hallow bearing trees or stags are located along “alla and Bobo Roads and protocols have been
provided to reduce the possibility of any potential impacts upon these trees that would be
marked during the pre-clearance survey.

The Bentwing-bats breed in caves or similar areas so clearing is unlikely to significantly impact
their breeding colonies. Additionally protocols have been provided to reduce the possibility of
any potential impacts upon any Bentwing-bats that may be roosting in stags or hollow bearing
trees that would be marked during the pre-clearance survey.

The mitigation measures and protocols prescribed above would reduce the potential impact
upon any of the threatened fauna species that have been recarded ar are considered likely to
occur, aswell as any non-threatened fauna species that may be present when clearing takes
place.

Table 3-13 depicts the seasonal flowering or breeding periods of the threatened flora and fauna
species recorded or considered likely to occur in the study area.
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Table9-13 Flowering or Breeding Periods of Threatened Species Occurring or likely to
Occur in the Study Area.

Seasonal Flowering or Breeding Penods

Jan Febh Mar Apr May Jun Jul Aug Sep Ot Hov Dec

Barking Owd

M asked Cuwl

Sooty Ol

Povwerful Crnd

Gloszy Black Cockatoo

Wiarmpoo Fruit-dove

Kaoala

Golden-tipped Bat

Little Bentwing-bat

Eastern Bertwing bat

Spotted-tail Quoll

Grey-headed Flying-fox

Southern Barred Frog

Giant Barred Frog

Rusty Flum

Tylophara

Mingte Crehid

Leafless Tongue Orchid * * # * * * * * * # # *

* Indicates unknown floweering period of species

Green indicates the flowering! breeding periods for the threatened flora and fauna species occurring ar
likel to occur in the study area.

98.7 Mitigation Measures Post Propos al Construction

The amelioration measures to be undertaken after the proposed develapment include:

P Exposed surface soil would be stabilised progressively as soon as possible to avoid potential
erosion (by mulching, cavering or replanting with native grass species); and

b Thetransparently operated storage as specified in the YWater Quality Report component of
the ElS would be implemented through a spillway system and controlled release of water to
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ensure ecological processes are sustained and that adeguate flows to maintain habitat for
aguatic biota is provided along Bowra Creek;

b [Initial detailed monitoring assessments of the transparently operated storage would be
conducted for the downstream sections of Bowra Creek below the inundation area. These
assessments would serve as a benchmark for determining the lang-term effectiveness of the
transparent release of water from the off-river starage to sustain the enviranmental flow
below the inundation area;

P Monitor aguatic weeds, particularly Parrots Feather Myriophylum aguaticurn, and develop a
removal management plan to ensure the ongoing control of aguatic weed species that may
be introduced by waterbirds or humans; and

b Monitor for Gambusia and develop a removal management plan if the species if identified.

98.8 Provision of Protection Area

There is the potential for direct and indirect impacts on biodiversity values as a conseguence of
the proposed development. While many of these impacts can be adequately mitigated ar
managed, there are impacts associated with certain aspects of the proposed development
where measures to avoid and mitigate are not possible. These impacts are called residual
impacts. The primary residual impact associated with the proposed development would be the
loss of native vegetation in the inundation area, including known and potential hahbitat for
threatened flora and fauna species listed under the TSC and EFBC Acts.

To address the residual impacts of the Proposal, M3C have nominated a potential prote ction
area that would be conserved in perpetuity and contribute to the long term conservation of
biodiversity in the locality. The proposed protection area has been devised in cooperation with
the existing landowner (Forests M3W) and comprises 122 .55 ha of native wvegetation above and
surrounding the proposed inundation area where current logging activities would cease. 1t
contains vegetation communitie s representative of those that are to be removed from the
inundation area and provides for an offset ratio of approximately 1.88 . 1 as detailed in Table 9-
14

The protection area is designed to account for any potential direct, indirect or residual impacts
upon threatened species that may be associated with the Proposal that may naot be adequately
cantrolled through the proposed mitigation measures. The proposed protection area aims to
offzet the vegetation to be removed, as a whole, and is not able to offset each vegetation
community at the same ratio that the whole protection area does. To achieve such outcome,
carresponding vegetation communities of the right size to accommodate the same ratio would
need to be identified further a field and purchased by NSC. This could be considered
impractical, expensive and difficult to manage.

The protection area has not been designed to offset each vegetation community to be removed
atthe same ratio asisto be retained (i.e. 1:1). The emphasis is on the long-term protection of
habitat for threatened and non-threatened species and the removal of the vegetation clearing
KTP, associated with logging practices, from the vegetation to be retained. This is not
considered to be significant regard s to the vegetation communities identified being only able to
suppart certain threatened or nan-threatened species.
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The structurally modified state of each vegetation community to be cleared is unlikely to be
considered species specific hahitat. The species recorded ar considered likely to occur or may
possibly occur in the vegetation to be cleared are considered likely to breed, forage and/or roost
in all of the vegetation communities identified. This then applies to the vegetation communities
associated with the proposed protection area.

Table9-14 Protection Area including retained native vegetation

Total area
Native vegetation Native vegetation ILE RGN T Total area
communities to be cleared communities to he retained retained as {haj to he
in the inundation area in land acquired from DI&I protection cleared
area
¥ Foothills Grey Gum—Broad | ¥ Foothills Grey Gurm — Broad
Leaved Mahogany; Leaved Mahogany;
» Morthern Wet Tallowswood— | ¥ Morthern Wet Tallowvawood —
Blue Gurr; Blue Gurm,
» Wet Bloodwood — ¥ Wet Bloodwood —
122.48 G5.04
Tallewwood (Temperate Tallowwood (Temperate
Rainforest); Fainforest);
» Wet Flooded Gum— ¥ Wet Flooded Gum —
Tallowawood; and Tallowwood, and
» Hardwood Plantation. ¥ Hardwaood Plantation.
RATIO of Cleared Yegetation to Retained Yegetation 1.88: 1

Mote: all figures determined through G1S analysis based upon overstorey wegetation cover.

The protection areais at a ratio of approximately 1.88: 1 as detailed in Table 3-14. In the
protection area, fallen limbs, leaf liter and dead trees would be retained insitu for habitat
puUrposes.

Firebreaks must be located outside the protection area wherever possible ar along existing fire
trails within the inundation area, as shown in Figure 3-7. The way in which fuel loads are to be
managed in the protection area is dependant an the use and approval of fuel reduction.
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10 Surface Water and Groundwater

10.1 Introduction

This Chapter identifies the potential surface water and groundwater impacts associated with the
Froposal and the management measures to reduce these impacts. Table 10-1 outlines the

Director-General's and other statutory authority requirements and where they have been
addressed.

Table 10-1 EIS Reqguirements

Statutory Authority EIS Requirements Where Addressed
Director-General's ¥ Assessment ofthe impacts of the activity (hoth Sections 10.2,
requirements (0o Construction and operation on surface water 10.2.5,10.3 and

and groundweater, including hydralody and Chapter 11

peomorphology, water quality and quantity.

¥ Assessment of impact on watenway s

Department of ¥  Asgsessment of the impact ofthe altered flow Sections 10.2, 10.3
Ervironment, Climate regirme an the health of the upper estuary. and 10.4

Change and Water Development of & monitaring strategy that

(DECCWY) farmerly wiould detect changes to in stream vegetation

DECC and DVWWE) and [ ar salinity in the upper estuary.

¥  Assessment of the impact on Bowra Creek, its
in streamvalues and down stream stock and
domestic users

» Water baseline conditions, assess impacts and
describe management and mitigation
measures.

10.2 Existing Conditions

10.21 Hambucca Biver

The Mambucea River and its major tributaries have a total catchrment area of 1 330 k2
upstream of the mouth of the river. Within the study area the Mambucca River is characterized
by a moderately sinuous channel planformwith an approximate slope of 0.002 mim. The
channel flows through a valley approximately 200 to 300 metres wide. This wider walley setting
means floodplains are often present on both sides of the channel The channel through this
reach is approximately 30 to A0 metres wide on straight sections and A0 to 80 metres wide on
bend apexes. The channel exhibits steep banks and is characterised by a series of deep pools
(~0.5—1.5m deep) separated by vegetated riffle zones. Cobbles and gravels have been
deposited within the channels, particularly within the riffle zones.

DECCWY (farmerly OWWE) operates a gauge station at Bowraville. This river station reports river
height gauging data from 197 2 to current day. It recorded a maximum historic peak flood lavel
of 10.42man 17 February 2009,
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Hamhucca River Flows
Marmbucca River flows are not monitored on a consistent basis, however the river level
monitoring gauge at Bowraville (Station 1D 205006) does provide a close approximation of river

flows. The relatively shart duration of peak river flows from storm events (or flooding) between
January 2004 and June 2009 (Ref Boh) can be seen in Figure 10-1 below,

Rver Cepth M02-2008

phm

Figure 101 Nambucca River Levels

River flows were collected between January and May 2008 and the carrelation between river
level and volumetric flow (Ref BoM) is detailed in Figure 10-2 below.
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Figure 102 River Levels vs Flows

Nambucca River Flooding

Consideration has been given to definition of the 100-yr Average Recurrence Intery al (AR
flood levels and extent of inundation to inform the design of the expanded borefield within the
Mambucca River floodplain using MIKE 11 and RAFTS modelling and available existing
documentation.

Flood markers surveyed after the 17 Febroary 2009 event within the study area revealed that
the flood peak at the Bowraville gauge was 2 130m3fs. The flood markers were identified with
the assistance of local residents, and the level of accuracy could at best be within 0.5mto 1.0 m
of the actual flood elevation. The flood marker in close proximity to the Bowraville gauge, was
surveyed as 11.37 m AHD.
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Maximum annual flood peaks were extracted from 1972 to 2009 available data. These flood
peaks, were used in a flood frequency analysis. The analysis results show that the February
2009 flood event is estimated as a1 in 40 to 50 year event. Furthermore the analysis revealed
that the 100-year ARl eventwould likely be in the order of 2 500 m3/s to 2,700 m3/s. The extent
of flooding of the Mambucca River within the study area is shown in Figure 10-3.

Comparing the Mambuceca River Flood Study (1994) estimate of the 100-year event to the flood
frequency analysis undertaken as part of the current assessment, shows that the 100-year AR
flood peak adopted in the 1994 study appears to be low,

A number of amendments were made to the RAFT S modelwhich generally follows the
recommendations of the Australian Rainfall and Runoff, and the resultant lood peak at the
Bowraville gauge was simulated as 2 070m3/ s, which compares favourably to the observed
peak of 2,130 m3/s for the February 2009 event. The 100-year 48-hr intensity rainfall was
simulated and the resultant flood peak at the Bowraville gauge was 2,430 m3/s, which
compares favourably to the range of peaks expected for the 100-year event from the flood
frequency analysis.

10.2.2 Bowra Creek

At the confluence with the Mambucca Rwver, Bowra Creek has a catchment area of
approximately 775 hectares. The catchment area at the proposed storage embankment is
approximately 238 hectares. Upstream of the proposed storage embankment, the catchment of
Bowra Creekis largely well vegetated and supports forestry operations. The channel here is
largely confined within the valley sides and has limited capacity for lateral and verical
adjustments.

Downstream of the proposed storage embankment, Bowra Creek can be characterised as a
partly confined, bedrock controlled fine grained system. This reach is characterised by a
relatively straight channel planform with an approximate slope of 0.005 mim. The valley is
generally less than 50 m wide and is dominated by bedrock. Thiswider valley setting has
allowed floodplains to develop such that the channelis generally bounded by bedrock on one
bank and alluvial deposits on the other. As a result the channel has some potential to adjust
laterally via expansion through erosion of the alluvial channel margin.

Instream geomorphic features consist largely of pools separated by channel sections where a
small low floww channel is inset within the broader channel by wegetated bar/bench features.
Bars and banks typically consist of fine grained cohesive sediments, however, on same
exposed banks, lenses of sand and gravel are present.

Riparian vegetation along the creek is generally continuous, albeit relatively narrow and, in
places, daminated by the exotic Camphor Laurel.
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Bowra Creek Floo ding

A RAFTS model was simulated for a range of events and durations up to the PMF for Bawra
Creek catchment as part of the dam break analysis for the storage. A selection of flood peaks
for the critical duration within the Bowra Creek catchment for the 10-yr, 100-yr ARl and PMF
events are summarised in Table 10-2.

Table 102 Flood Peaks at the Storage

L ocation Inflow Flood Peak (m3/5)
10-yr ARI 100-yr ARI PMF

ostarage Inflow 20.91 332 1267

storage Cutflow 8.01 156 57 B

Peak Flow VYalidation against the Probabhilistic Rational Method

The Probabilistic Rational Method is developed for use in eastern Mew South Wales, Australia,
and is based on data from at least 300 gauged catchments. It is therefore an appropriate
method to underake an independent check of the RAFTS results. Table 10-3 shows the
comparison of the 100-year ARI RAFTS results and the Rational Method.

The results listed in Tahle 10-3, show reasonable agreement of the flaod peaks calculated using
RAFTS compared with the Rational Method for the 100-year ARl event.

Table 103 Comparisons of 100-yr ARI RAFTS and Rational Method Res ults

Catchment RAFTS Peak Flow (m3/s]) Rational Method Peak Flow

{m3d/s)
Bowra Creek Catchment 44 4 40.4

10.2.3 Groundwater

The alluvial aguifer system adjacent to Mambucca River and South Creek has been extensively
researched as part of the current and historical assessments of the Shire water supply. A
detailed summary of the historical reports and recent detailed geophysical survey of the alluvial
deposits is presented in the Hydroilex repart titled "Aeport on Groundwater Wodel Flan and
Contextual Evaluation” dated September 2008,

The report concludes that “the alluwial avstem largely comprises a relatively uniform clayey sitt
to silhy clay top layer from 4 to 6 m thick overleing heterogeneous sands sandy gravels, coarse
gravellenses, clayey gravels and gravelly sands of varable extent and thickness to 9 - 11T m"
Assessments of the geology of the alluvial aguifer have focused largely on the Nambucca River,
thus the gealogy of the alluvial aguifer adjacent to South Creek is not as well understood as it is
adjacent to the Mambucca River. Available data suggest that the clayey alluvium is more
comman in the South Creek alluvium.

The September 2003 Hydrailex repart states that the extent geophysical survey data indicate
the alluvial aguifer upstream from Bowraville is less extensive laterally than previously thought.
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The modelling work conducted by Hydroilex incorporated this new, revised aquifer extent in all
simulations.

This is consistent with the data summarised on Geological Survey of New South Yales Map
Sheets 56-10 and 56-11 (Dorigo and Coffs Harbour), which indicate the quaternary alluvial
deposits an all waterways upstream of Bowraville are not sufficiently extensive ta merit
tapping.

The alluvial deposits are underlain by undulating Permian metamorphic bedrock and volcanic
deposits. Mo significant faulting ar fracturing of the basement rock is noted an the Geolagical
survey of NSW maps sheets, however a geological cross-section presented in the September
2008 Hydroilex report suggests that fault and shear zones may be presentin the bedrock
underlying the alluvial valley. Significant weathering of the upper bedrack surface is expected,
producing afine grained soil of variable thickness.

Existing Groundwater Bores

GHD conducted a search of the OWWE groundwater bore database on the 17 October 2008 for
all registered wells within the study area. The search showed that 42 registered groundwater
wells exist within the study area. Table 10-4 presents a summary of information for each of the
wells within the study area. Figure 10-4 illustrates the location of existing groundwater bores,

Table 104 Summary of Groundwater Database Search

Bore ID and Use D epth SWilL Yield Morthing E asting
{m) Lis) Coordinates Coordinates
GYWO3928T (towen supp iy 12.3 6.10 33.34 6611107 485703
GYWO53459 (toven sUppiyd 11.70 4.60 31.60 6610707 485810
GWWO53453 (town supply 9.40 3.00 26.80 6610553 485757
GW053457 ftovwn supply) 1210 = = 6610738 425730
GYWOS3456 (foven sUppiy) 13.10 = = 6610330 485624
GYWOBED34 (domestic stock) - 18.00 1.00 66107949 485464
GVWWOBED25 (domestic) - 14.00 0.50 6611107 485454
GWW3I02963 domestic stock) = = = B6034182 424314
GYW301531 (domestic) 26.00 = 1.26 6603702 48417
GYW3A03336 (domestic stock) - - - EEO03934 484915
GVWIN46T3 (town supp iy 158.20 8.73 - EE09458 485179
GYW300442 (recreation) 27.00 = 227 BE09323 485414
GYWWID4BES (foven suppiyd 12.00 - BEO9GES 4856493
GYWWA0223T (domestic stock) 22.00 2.80 1.48 B610153 485772
GWO307 7Y (exploration) 0.00 .50 34.48 6610307 4859497
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Bore ID and Use Depth SWilL Yield Morthing E asting

(mj (mj (Lis) Coordinates Coordinates
GYW304436 (domestic stock) 36.00 21.00 2.53 6610671 486320
GYW300443 (domestic) 27.00 - 1.26 6610518 486377
GYYA00352 (domestic) 24.40 - 0.a5° 6610536 486500
GYWO30T T4 (exploration) 11.00 5.90 18.85 6611138 485310
GYWO39289 (toven supplyd 12.00 5.80 30,78 66110145 4857457
GYWWOS34E0 (foven supp iy 11.10 3.30 31.60 6610954 485263
GYWOA3 454 itowen supphy 10.00 4.30 4500 66109454 485943
GYWO53455(exploration) 7.90 1.20 33.80 6610361 485390
GYWOS3 496 exploration) 14.30 5.90 - 6610300 485996
GYWO53453town SUppk 16.60 6.10 41.68 B610707 485917
GYWOA3 459 own supphy 11.70 4.60 31.60 6610707 485210
GYW301930 (domestic stock) 4.00 - - 6612374 483904
GYWOBEIAL (domestic stock) 18.00 6.00 0.38 485562 485568
GYWWOBE233 (domestic stock) 21.00 8.00 0.60 66119649 485702
GAWW3I02082 (rrigation) 3.00 = = 6611547 484666
GYWWI013TE (stock) 42.00 6.00 0.63 6611122 484355
GYW3A04540 (domestic stock) 43.00 21.00 013 6610348 486535
21.00 0.25
GYW3A00300 (dormestic stock) 42.00 12.00 4.55 661 0RER 487248
GYWA00549 (domestic) 30.00 - 3.78 6610312 486953
G021 44 fdomestic stock) 42.00 12.00 227 6610307 48712

Current Recharyg e Water Sources

Wwater extracted under the current and proposed groundwater supply schemes ariginates from
the large quantity of precipitation falling in the catchments feeding Nambucca River and South
Creek, and directly on the waterways themselves. Given the geography and geology in the
region of the current and proposed borefields, recharge water for the alluvial aguifer near
Bowraville is almost entirely derived from inflaws from the Mambucca River and South Creek,
with no significant groundwater recharge to the alluvial aguifer expected from ather regional
groundwater aquifers. Given the small area of the alluvial aguifer, recharge from infiltrating
precipitation is also expected to be minimal compared to the recharge from the local waterways.

Due to the nature of agricultural activities (grazing) minimal irigation is conducted in the study
area, 0 agquifer recharge by excess irrigation water is expected to be localized and of little
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significance to the overall groundwater recharge in the catchments, particularly in light of the
low permeability of the soils underlying much of the farmland near the alluvial aguifer.

YWhile norain data are available for the study area, the proximity of Mambucca River, South
Creek, and Bowra Creek to the ocean (the source of much of the moisture that ultimately falls
as precipitation) and the limited industrial development in the region suggest that the quality of
precipitation falling inthe study area is good. This is supported by chemical analyses of water
samples, presented in a Piper plot in the Hydroilex 2008 report, indicating that groundwater in
the alluvial aguifer is generally of an MaCl type, with low EC and total dissolved salid
concentrations. This suggests that the general chemistry of the groundwater in the alluvial
aguifer is largely dictated by rainwater quality, with the minor differences in observed water
guality due to natural heterogeneity andfor localised interactions between groundwater and
surrounding soils/bedrock.

10.2.4 Surface Water / Groundwater Connectivity

Due to the unconfined nature of the alluvial aguifer, shallow groundwater levels, and the
connectivity observed between the alluvial aguifer and Mambucca River and South Creek, there
iz @ high degree of surface water and groundwater interaction within the proposed borefield
area. While less data are available for the proposed storage area, a comparable degree of
connectivity is expected between surface water and shallow groundwater resources.

Frecipitation falling in the catchments of Nambucca River and South Creek is highly likely to
form run-off, as the headwaters of the catchments are quite steep and the surficial soils
downstrearn are comprised of low-permeability fine-grained sediments. As there is minimal
development in the catchments, run-off from roads, buildings, and other man-made structures is
not expected to contribute significant quantities to the total run-off in the catchments. During the
period of overland flow, surface water may interact with natural or anthropogenic substances on
the land surface (dust, sail, fertiliser, contaminants, etc) altering the quality of the run-off water.
some of the run-off may travel far enough to reach tributaries and channels in the catchments,
while sorme may fill depressions in the land surface forming termporary pools as the water
infiltrates or evaporates.

The rate of infitration is variable across the catchment, and also between precipitation events
as infiltration rates are controlled by the properties of the local soils such as permeability and
antecedent moisture content Infiltrating water can mix with existing soil maisture in the
unsaturated zone, and can react with the various soils it contacts, resulting in changes to water
guality. Infiltrating water may ultimately reach the water table and recharge the local aguifer,
mixing with the local groundwater and influencing water quality down-gradient.

Frecipitation falling in the catchments that feed Nambucea River and South Creek is subject to
significant evapotranspiration as precipitation is heaviest during the summer season, and any
water an the soil surface ar retained in shallow soils is likely to evaporate guite readily.
Evaporation leads to an increase in concentration of substances dissolved ar suspended in the
residual water. However, the replacement of deep-rooting native vegetation with shallower-
rooting forage crops (such as lucerne) has decreased the total potential transpiration for the
catchments, increasing the potential recharge to the underlying aguifer.

The current groundwater extraction scheme operates as an infarmal riverbank filtration system,
whereby pumping fram abstraction bores installed close to the Nambucca River induces river
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water to recharge the aguifer through the permeable soils between the river channel and the
barefield.

10.3 Impact Assessment

10.3.1  Impacts on Flooding
Construction

Expanded Borefla ki

The new bores and borefield collection pipeline would traverse the Nambucca River floodplain
via trenching (borefield collection pipelines and cabling) and trenchless technigques (Mambucca
River crossings). spoil generated during both trench and trenchless technigques would be
backfilled to pre-existing ground levels and appropriately stabilised.

Any excess soil material as a result of the construction process would be reused where possible
or adequately disposed. The excavations and construction activities are lbcated within the low
erosion risk Mambucca River soil landscape and there is a relatively low risk for soils and
sediments to be transported off site during normal flow conditions. However, there is the risk of
transpont of additional sediment downstream from disturbed stes during flood events. The risk
would be exacerbated at times of heavy rainfall and river/ creek flows.

Hence, careful management during the construction phase would be required to ensure that
soils are exposed for the shortest time practical and no materials are stockpiled within the
influence of flooding. Impacts associated with soil erosion have been further addressed in
Chapter 8 — Soils Landfarm Stability and Erosion Hazard.

FProposed Storage

During construction of the storage, appropriately sized temporary coffer dams would need to be
constructed to collect stormwater run-off fram storm and flood events whilst the storage
embankment is being constructed. The proposed sequencing of works for the storage
canstruction is further detailed in Chapter 4 — Description of the Proposal. Again, careful
managerment during the construction phase would be required to ensure that soils are stabilised
@ gsoon as possible and no materials are stockpiled within the influence of flooding.

Operation

Expanded Boreffe k!

The proposed expanded borefield involves construction of 15 additional bares along the
Mambucca River and 3 bores along South Creek. The constructed bores would have limited
surface expression, involving & concrete bore head and pump housing covered with a steel lid
at ground lewel. The transformerswould be placed on poles and connected to the existing
power grid via overhead lines. As a result, the constructed boreswould not alter localised flood
flow hydraulics and are not expected to increase the propensity for the scour of floodplain soils
during flood flows,
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Proposed Storage

The open channel spilhway for the storage would be designed with a width of 16 metres far a
maximum peak discharge from the storage during a Probable Maximum Precipitation of
58 m’fs.

The outlet of the spillway would be lacated at RL 35.1 m on the right hand bank, discharging
through a stilling basin into a gully at the downstream toe | leading back to Bowra Creek. Further

impacts as a result of flooding causing dam break are outlined in Chapter 18 — Hazards and
Fisks.

10.3.2  Water Availability

Expanded Borefield

The proposed boarefield design and operation provides for increased abstraction in a cyclical
pattern that pramotes recovery, while meeting the criteria of alluvium system protection. 1t has
been designed to produce evenness in drawdown, limit migration of saltwater upstream, whilst
maintaining practical locations of the bores. The system is planned to have a pumping capacity
of up to 40MLMay to the storage in addition to the 17ML/MAay required for the future Mambucca
and District Water Supply demand. Hydroilex (2008) modelling indicated that up to S7YMLA™ay
can be extracted from the proposed borefield when the pumps are operated for two Bhr
pumping cycles per day.

Fumping in this mannerwould cause the 1.0 m groundwater head in layer 2 (bottom of the
alluwial system) to form-up toward s the lower end of the Mambucca River below Lane's Bridge.
This is considered to be the 'safety area’to satisfactorily protect the system from the likely
impacts of saline intrusion from the Mambucca River Estuary and the effects of increasing sea
level change. Simulation results show that the baseflow in the alluvial system remains
satisfactary at alltimes, delivering minimal inflows of the order of 20 ML/day ta the Mambucca
River Estuary under this cyclic pumping regimen, There are not expected to be any adverse
impacts upon downstream existing users ar aquatic habitats as the identified Adaptive
Management Framewark is proposed by which agreed environmental flaw rules are considered
in borefield management. Further details of the Adaptive Management Framework are outlined
in Chapter 4.

There is potential that increased abstraction , without appropriate management, would result in a
net decrease of suface water and groundwater discharged downgradient from the expanded
barefield, decreasing the amount of water available far meeting enviranmental and cultural flow
requirements downstream from Bowraville. However compliance with the agreed environmental
flow rules and implementation of the identified adaptive management framework [AMF) would
ensure water is available far meeting environmental and cultural flow requirements down stream
from Baowraville. Far further details of the Adaptive Management Framewaork refer to Chapter 4.

Proposed Storage

In orderto store some of the groundwater abstracted from the expanded barefield, a storage is
proposed, to be situated within the Bowra Creek catchment on land to be acquired by NSC in
Yiewmont State Forest. It is important to note that the proposed storage would be a transparent
system filled by abstracted groundwater only, with no proposed net contributions fram the
catchrment upstream of the storage. To ensure this balance, a volume of water equal to the
guantity of surface water entering the storage from the upstream catchment would be
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discharged from the storage for durations of several hours twice yearly (during normal flood
seasons) to the tailwater receiving environment thereby replenishing surface water and
underlying groundwater and reducing any impacts on the existing terrestrial and aguatic
ecosystem.

The proposed storage would be situated to the north-east of the expanded borefield, and would
have the capacity to store at leastS 500 ML of abstracted groundwater. The creation of an
inundation area would have impacts on the hydrology and hydrogeology of the catchment
upgradient fram the storage, with the stored water causing a rise in groundwater elevations
around the perimeter of the inundation area. Shallow groundwater, particularly in regions of
fine-grained soils, presents a risk for zones of salinisation forming around the perimeter of the
starage.

The storage would also impact the flow regime downgradient from the storage, although the
planned water discharges from the storage would help to mitigate these impacts.

10.3.3 Recharge Water Sources

The Proposal does not call for any developments that would affect the recharge regime
upstream from the current or proposed borefields, and development projections for the
Mambucca River and South Creek catchments predict land use to rermain consistent, with no
plans for any substantial developments upstream of the proposed borefields. Thus groundwater
abstracted from the proposed barefield expansion would continue to be recharged
predominantly by flows from Nambucca River and South Creek, with minor contributions from
localinfitration through the clay unit overlying the alluvial aguifer.

10.3.4  Climate Change

“arability in precipitation due to both natural cycles and climate change presents the greatest
uncertainty regarding long-term water supply far the Proposal. This variability has been
accounted forin both the wark undertaken within the WYC M Strategy by N3V Water Solutions
and Hydrailex (2008). Data from river gauge # 205015 an the Mambucca River upstream of the
existing borefield indicated that there were nao linear relationships between river stage and
monthly and daily rainfall.

=ea level rise agssociated with climate change has the potential to increase sea levelsin the
Mambucca Heads region by 0.9 m aver the next century. Further details on climate change are
contained in Chapter 22 — Climate Change and Greenhouse Gas Emissions. This increase in
sea level could result in an up-stream advance of the fresh water /brackish water interface in
the Mambucca River, driving the interface further inland and closer to the capture zone of the
expanded borefield. In this event, the potential for induced saline water recharge of the lower
reachesis increased. Consideration of saltwater intrusion has beed taken into account in the
design of the expanded barefield.

10.4 Mitigation Measures

10.4.1  Flooding Mitigation Measures

b Works within the floodplain of the Mambucca River and South Creek would not be
undertaken during high rainfall seasons.
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P Temporary coffer dams are to be designed and constructed to accommodate the 1 in 10
year flood event,

10.4.2 Environmental Flow Measures

Implement the proposed manage ment strategy to a process and logic control (PLCY farmat as
part of the detailed design phase. Issues that would feed into the management strategy are as
follows:

b Extraction protocols in accordance with the Mambucca River environmental flaw rules and
the adaptive management framewaork following sign-oft from relevant government agencies;

b Extraction protocols governing bore water quality parameters;
b Initial filling and normal operation reguirements to maintain water quality in the storage; and

p Environmental releases and transparency fram the storage.
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11 Water Quality

11.1 Introduction

This Chapter identifies the potential water quality impacts associated with the Proposal and the
management measuresto reduce these impacts. Table 11-1 autlines the Director-General's and

other statutory authority requirements and where they have been addressed.

Table 11-1 Statutory Regquirements

Statutory Authority

Director-General's
requirermerts (0o

Department of
Ermvironment, Climate
Change and Water
[(DECCW (formerly
CECC and DWE)

morthern Rivers
Catchiment Management
Authority (MRECHAY

MW Health Department:

MHorth Coast Area Health
Service (MCAHS

23141 33 37N

EIS Requirements

¥ Assessment ofthe impacts ofthe activity {both
construction and operation) an groundwater,
inciuding bydrology and geormorpholoo, water
ruality and guantity.

¥ Assessment of impact on watenway s,

¥  Assessment of the impact ofthe altered flow
regime an the health of the upper estuary.
Development of a monitaring strategy that
wiolld detect changes to in stream vegetation
and [ ar salinity in the upper estuarny.

¥ Assessment of the impact of increased
groundwater extraction an any knawn
groundwater dependent ecosystem

¥ Assessment of the impact of increased
groundwater extraction an the risk of salt water
from the estuary intruding into the aguifer during
extended drought periods.

¥ Assessment of contamination risk of increased
groundwater extraction.

¥ Assessment of impacts on other groundwater
USETS.

¥  Water, baseline conditions, assess impacts and
describe management and mitigation
measures.

y  Aivarine Manaogerent: it has heen identified
that the ground water source is highly
cannected to the Mambucca River surface
water systermn. The CWA recommend the
proposal guantity the threats to the groundwater
gy sterm due to possible chanoges to the river
gystem. Integrate recommendations emanating
from the recent G eomorphic Assessment of
Bowrawille borefield

A weater quality policy must address all elements of
the frarmework including:

¥ LUndertaking a comprehensive risk assessment
of the water supply system.

¥ The design ofthe system to apply mutiple
harriers against contamination of the water
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Chapter 10

Sections 11.2, 11.3
and 11.3.2

Chapter 4

Sections 11.3 and
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Sections 11.3 and
11.3.2

Sections 11.2, 11.3
and 11.3.2

Sections 11.2, 11.3
and 11.3.2
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Statutory Authority EIS Requirements Where Addressed
supplied to consumers.

¥  Comprehensiy e water quality monitoring plan.

» Protocol for responding to incidents that
threatens (or could threaten) water quality,
public health ar safety.

¥ NWeans toimvestigate and manage complaints of
water quality.

¥ Flanto provide repaorts of water quality to
CONSUMErs

¥ Processfor manitaring and auditing
implementation ofthe F ramewaork

Recreational and Agricuiural Consloar ations:

» Fublic access for recreational use waould be
prohibited to ensure high water quality

¥ Livestock would be prohibited fromin and
around the storadge area to ensure no risk of
contamination.

Pubilic Heaith Act

¥ ElISwould need to consider the MW Dirinking
Wiater Maonitaring Program

¥ Results needto reported to the MEWY Health via
internet based MW Health Drinking Water
Database.

11.2 Existing Conditions

11.2.1 Borefield Testing

Hydroilex Sampling

samples from monitoring bores MB1 to MBS were collected by Hydroilex over a three day
period in June, and fram TB1 to TE3 in September, 2008 with samples fram EPB1 and EPB2
callected in January and February, 2003, The water quality parameters from the limited
sampling, was seen to vary broadly across each bore and between bores.

The range in water quality as sampled by Hydroilex is summarised in Table 11-2 below.

Table 11-2 Hydroilex Bore Water Qu ality

ADWG 2004
Units Health Aesthetic i min
Total Suspended Solids mgfl - - 15 5.0 o8
Turbidity MTL - 50 236 0.5 44
pH pH units - - 549 5.5 b.4
Total dissolyed solids mgfl - - 176 50 470
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[ron - total mafL - - 23 ooz 949
Manganese-dissobed pafl a00 100 52 0.3 13
Aluminium-dissolyed pafl - 200 247 10 ata)
Bicarbonate Alk as CaC O, mafL - - 3.3 13 73
Electrical Conductivity H3ftm - - 202 85 A80
Total Kjeldahl Mitragen mafL - - 03 0.1 0.5
Total Phosphorus mafL - - 0z 0.1 0.5

In an endeawour to predict an average water guality from the borefield the sampling results from

Monitoring Bore ¥ were discarded along with the widely varying results from TB3. An average

water quality was then assessed from the remaining results. With the exception of turbidity and

phosphorus the results are seen to fall mare or less within the Water Quality Guidelines.

similar testing by Hunter YWater Australia in March of 2003 following an extended dry spell

produced a water quality as detailed in Table 11-3 below.

Table 113 Selected B owraville Raw Water Quality

Table 2-1 - Selected Bowraville Eaw Water Quality Besults (March 2003)

Parameter Tnit Bowraville Raw ADWE 1906
Alkaliniry (a5 Cal0y) | mel 168 No value sat
Alvminnoe mpl 0.01 0.2 (Asstheric)
Calcimm mglL 3.65 Wo value set
Chlonde mgl 206 150 (Aesthenc)
Fliande el 0.1 1.5 (Hagith)
Iren myl 0.01 03 {Asstheric)
pE 65 63-83
Magoesmme mgl 34 Ko wvajue st
Mangznese mel 0.005 0.5 (Hanith) 0.1 (Asstheric)
Potassivm Myl 14 Mo valus st
Sodum myl 10 180 {Aruthenc)
sulfate mgl 13.5 500 (Health)
150 (Apsthenc)
TDS mrl 65 500 mp/L is reperdad 3 pood qualiy
Towml FHardoess {as |mepl 1P 200 =z /L as Cal0, (Assthanic)
CaC03)
Calcom Eardoess (s | mpl 9.1
CaCiD3)
Turbidity NIU 02 3 WNIU (Health)
=l KIU desmsble for effectve
cimfechon
True Colour HU 1.0 15 Eazen Unsts (Assthenc)

et Takle 241 Selected Boveavlle RawiAtater CQuality Results (March 20030 - Hurter Water Australia Report March

2003 "Bowrav i Baretlekf Angmentaion — Water Qnalfy Assessiment Report D00 382"

The barefield water guality as sampled by Hunter Water was seen to fall within the Orinking
Water Guideline values, although the low hardness level and low calcium carbanate levels
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indicate an aggressive water that does need post-treatment conditioning (with lime & carbon
dioxide).

N5C Sampling

Grab samples of river and borefield water quality collected by NSC in early 2008 and again in
garly 2009 shows on average an impravement in water turbidity values although nutrient
nitragen and phosphorus values are seen to deteriorate.

Although the turbidity values in the river are seen to exceed the maximum recommended
Orinking Water Guideline value of & NTL during storm events aquifer is seen to be effective in
reducing turbidity to below the Guideline walue s for starm events of less than one week
duration.

A maximum turbidity walue of 1.0 MTL is narmally recommended for effective disinfection when
using chlarine.

A summary of recent grab sampling values collected during variable river flow conditions is
detailed in Figure 11-1 and Figure 11-2 below:.

MBS Bampling - Rlver W2 2008
30 120
5 ri00
E Z0 +20 o
£ 3
E s lsn E
£ El
B 4n b+ :
.
os 20
- oo
13dn 254 +Ffeb 3 feh 15Feh Z-feb il Bl 15y Zla Ela A 12284 1BApr Z5Apr Hilay THEEy -y
[k
Figure 11-1 Water Quality Sampling — River
HECHampling -Bore 222 Wk
30 a0
] =0
g 20 +0
H 2
g 15 :u:lg
E 4n zng
os J—r—— 1o
_.—.—'—'—'_'_'_‘—‘—--—\_.___
R ——Aa———— oo
12-Jan 25t 1-Feb  EFeb 15 Feb ZEFeb 1 Sl 15-I.IH'I:HE,-I.B Tl Soapr 1Z-0pr 1Bapr 35-0pr 3MeEy 0y iT-May
Figure 11-2 Water Quality Sampling — Bores 2 &8
The recent sampling by WSC provides some indication of the potential improvement in water
guality achievahle by drawing river water through the agquifer, however the limited number of
test samples and inconsistent results limit the ability to predict any trends from these results,
11 -4 Mambucza District Wigter Supply Augmentation 22 433G

Bowraville OffRiver Storage and Associate d Works
Ermirenmental impact Satement




11.2.2  Water Quality Guidelines

The Australian and Mew Zealand Guidelines for Fresh and Marine YWater Quality

(AMZEC CARMCANL, 20007 provide "trigger values" for water guality, that if exceeded would
indicate potential environmental problems. Table 11-4 shows the guideline trigger values far

south-east Australia for slightly disturbed lowland rivers and freshwater lakes and reservoirs.

Table 114 ANZECC/ARMCANZ (2000) Guidelines

ANFECCARMCANY (2000) Guideline trigger values

Fres hwater Lakes

Water Quality Indicator Lowland Rivers ‘Reservoirs
Turbidity BOMTL 20MTU
[ran 0.3 mgdl” 0.3 mogil”
hManganese 1.9 mgiL 1.9 mgil
Dxidised Mitragen (NOx) 0.04 mgfl 001 mgfl
Ammonia (MH4) 0.02 mgfl 001 mgfl
Total Kjeldahl Mitrogen (TN 0.5 mgiL 0.35 mgfL
Filterable Reactive Phosphorus

(FRF 0.0Z muoflL 0005 mgl
Total Phosphorus (TF) 0.05 mgfL 0.01 mgs?

Maote:  * The tigger value given in AMZECCARMC AN Z (20007 for iron iz an interdm walue due to insuficient data.
# The currert limit of detection at local lshoratoies iz 003 moil.

11.2.3 Current Risks to Water Quality

Due to the high degree of connectivity between abstracted water and river water, the greatest
source of risk to water quality under the current abstraction scheme is variation in precipitation
ohserved seasonally, and particularly during drought periods. In addition to decreasing water
levels in the channels, drought can be associated with a general deteriaration of the water
guality, particularly water temperature, major element concentrations, and heavy metals
concentrations. Such a decline inwater quality can also result in eutrophication of the channel,
resulting in favourable conditions for algal bloom development.

Conversely, high flood flows in the rivers would result in higher levels of suspended solids in
both river waters and neighbouring aguifers. Given the short residence times of groundwater
abstracted fromthe alluvial aguifer, sufficient time and flow distance may not be allowed far
beneficial filtration processes within the aguifer to decrease turbidity, resulting in elevated
analyte concentrations reported for several samples with high T3S collected by Hydroilesx
(20081, The short residence time is of particular concern far pathogen removal, with many
regulators suggesting an aguifer residence time in excess of 50 days to ensure complete
pathogen rernoval prior to groundwater abstraction. Under the current groundwater abstraction
regime, the potential benefits of a river bank filtration appraach are likely not being realised
because of the proximity of the abstraction bores to the river channel.

While the surficial soils averlying the alluwial aguifer have a low permeability, the shallow depth
of groundwater resource s in the aquifer makes them vulnerahble to impacts fram overlying land
use. Contamination from agricultural land use (e.g. fertilizers, animal waste, and septic fields)
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and urban land use (e.g. spils and leaks) present a risk to surface water and groundwater
guality.

Fecent studies have indicated that the zane of brackish river water can extend as far upstream
as the southern boundary of Bowraville during high, high (so-called "king") tide events. Under
the current water abstraction scheme there is a buffer of mare than 1.5 km between the up-river
freshwaterbrackish water interface and the stretch of the river adjacent to the borefield, which is
far beyond the capture zone of the nearest abstraction bore. Thus there is very low risk of salt
water impacts to the portion of the alluvial aguifer used for groundwater abstraction resulting
from pumping-induced salinisation.

Under current conditions, water quality in the Nambucca River and the alluvial aguifer is
predominantly determined by natural processes such as rain water quantity and quality, with
secondary effects fram waterrock interactions and evaparation. Minor, localised variability in
observed water quality resulting from land use upstream is possible, but is not reflected in
analytical data for groundwater being abstracted under the current water supply scheme. Mo
evidence of salt water intrusion into the alluvial aguifer narth of Bowraville is apparent in
available data.

11.2.4  BRecent Investigations

Inv e stigations by Hydroilex in October 2008 comparing groundwater quality across different
bores confirmed a variable water quality from alternative bares and was instrumental in
developing the preferred location for the new proposed additional bores,

The location of the new bores was expected to be above the saltintrusion zone and in a pan of
the aguifer that could produce an improved water quality over that of the river. Hydroilex (2008}
also developed a Fiper diagram detailing the ionic make-up of water recovered from the various
bores as detailed in Figure 11-3.
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Figure 11-3 Piper Diagram

Modelling (revised early in 2009) was seen to match yield predictions and dermonstrated the link
between river recharge and the borefield.

11.3 Impact Assessment

11.3.1 Predicted Water Quality

B orefield Water Quality

The requirements far the expanded barefield call far the installation of up to 24 new bores inthe
alluvial aguifer, increasing the potential barefield yield up to 57 MLMay. Apoartion of the
abstracted groundwater would be diverted to the proposed storage when flow conditions in the
river are appropriate,

In addition to increasing the quantity of water abstracted fram the Nambucca River reach of the
alluvial aquifer, several of the proposed borefield designs call for groundwater abstractions fram
the South Creek portion of the aguifer which would result in up to 40% of groundwater
abstracted being derived from the South Creek catchment. Due to quality differences between
Mambucca River and South Creek river water, this may result in a varation in overall abstracted
water quality.

The water quality results obtained from sampling and testing of the borefield throughout its
development and from the Mambucca River during periods of low and high river flow have
indicated a broad range of water qualities that vary substantially depending on the season and
the length of dry periods experienced prior to sampling.
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Given good weather conditions and a healthy river flow, the water quality available from the
barefield is seen to be of an acceptable quality with a "low risk” associated with the need for
further treatment.

As seenin Figure 11-1 and Figure 11-2, the borefield aquifer does show an improvement on
riverwater qualty, however under severe weather events a number of water quality measures
are seen to fall outside of the Drinking Water Guidelines.

Should drought conditions prevail and rainfall again fall below the average for an extended
period, then the riverwater quality could be expected to deteriorate leading to a need to utilise
stored water andfor possible future treatrment to meet accepted Australian Drinking YWater
Guideline values.

The proposed boarefield design and operation provides for increased abstraction in a cyclical
pattern that promotes recovery, while meeting the criteria of alluvium systerm protection. 1t has
been designed to produce evenness in drawdown, limit migration of the 1.0m head away from
the Mambucca River exit, whilst maintaining practical locations of the wellz. The system is
planned to have a pumping capacity of up to 40MLM ay to the storage in addition to the
17MLMay required for the future Mambucca and District Water Supply demand. Hydroilex
(20081 madelling indicated that up to 57MLMay can be extracted fraom the proposed borefield
when the pumps are operated for two Bhr pumping cycles per day.

Greater abstraction from the alluvial aquifer would likely result in a drawdown of the watertable
within the aguifer, increasing the potential for oxidation and acidification of aguifer soils and
groundwater. However, groundwater analytical results do not suggest this is a likely scenario
for the alluvial aguifer as moderate levels of dissolved oxygen are currently present in
groundwater, redox measurements indicate mildly oxidising conditions in the aquifer, and
sulfate concentrations are low in groundwater samples analysed, suggesting that little oxidation
of reduced sulfate compounds is ocourring despite favourable conditions.

Decreased water lavels in the aguifer have the potentialto result in a corresponding decrease in
the level of water in Nambucca River and South Creek, resulting in decreases in water quality
consistent with those caused by droughts (increased element and nutrient concentrations,
eutrophication, etc). Furthermaore, increased groundwater abstraction rates may decrease the
already low residence times of groundwater in the alluvial aguifer, increasing turbidity and
increasing the likelihood of pathogens being present in abstracted groundwater, resulting in
potential increases to future water treatment costs.

Decreased water levels in the alluvial aguifer combined with the installation of abstraction bores
closer to the fresh water / brackish water interface in Mambucca River presents the potential for
inducing saline water recharge of the lower reaches of the alluvial aguifer,

In addition to increasing the quantity of water abstracted from the Mambucca River reach of the
alluvial aquifer, several of the proposed borefield designs call for groundwater abstractions fram
the South Creek portion of the aguiferwhich would result in up to 40% of groundwater
abstracted being derived from the South Creek catchment. Due to differences between
Mambucca River and South Creek water quality, this may result in a variation in overall
abstracted water quality.
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Salwater Intrusion

Cne of the mare comprehensive water quality evaluations was prepared by Water Studies in
2002 who reported the salt-fresh interface as being east of Lanes Bridge and that anly in the
extreme situation of extended pumping during low river-flow conditions was the interface likely
to migrate upstream to the South Creek confluence.

Manly Hydraulics Laboratory in their 2008 study of Salinity Dispersion in the Nambucca River
Estuary determined the upper tidal limit (king tide) to be at about Lanes Bridge. If this
phenomenan occurred during a low river flow candition then it was considered likely that a
saline wedge could be pushed upstream along the base of the aguifer. In such circumstances,
continued abstraction farm bores close to the river-creek confluence could be affected.

saltwater intrusion can result in long-lasting aesthetic andfor human health concems,
potentially requiring that one or more bores be deactivated for an extended period while natural
processes displace the salt water. To minimise any potential saline water recharge of the lower
reaches of the alluvial aguifer, a buffer zone has been proposed within which no new bores
would be located.

As such and with the proposed bore locations some distance upstream from Lanes Bridge the
patential risk of salinity intrusion is considered law.

simulation results show that the baseflow in the alluvial systern remains satisfactory at all times,
delwering minimal inflows of the order of 20 ML/Mday to the Mambucca River Estuary under the
proposed cyclic pumping regimen.

I and Use

Land use activities within the extraction area have the paotential to contaminate both the river
and groundwater. Water quality sampling results for both the river and groundwater suggest that
current land uses are not adversely impacting water quality.

Motwith standing the abave, the Bowraville Borefield Well Head Protection Plan developed by
Hunter WWater in June 2003 would need to be updated to include the expanded barefield and to
control land use practice s within the well recharge area. Consideration would also be given to
including within the draft Mambucca LEP, an overlay provision to ensure land uses do not
impact upan the water quality within the expanded borefield (refar to Chapter 217,

Stored Water Quality

With higher quality bore water collected far storage, the turbidity of the stored water would be
better than the turbidity of the Mambucea River during a storm event. The turbidity of the stored
water may be marginally higher than the levels normally seen from the borefield during normal
riverflow s, howewer this marginally increased level of turbidity would be well below the peak
turbidity levels that are experienced from the river ar borefield during extended flood events.

Daring low river flow conditions, the "apparent colour” of the stored water would be below that
recovered fram the borefield due to a larger propoartion of the water being transferred to the
starage when the river was in a pristine condition. A marginal increase in colour may be seenin
the storage following a storm event, however the normal level of colour would remain below that
of water sourced from the barefield. The pH of water drawn fram the borefield generally satisfies
the requirements of the Australian Drinking Water Guidelines. A similar pH can be expected
from water contained in the storage as long as algal growth is controlled.
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Disparsive Soils
Geotechnical information within the proposed catchment area and the storage is detailed in the

Bowraville Off-River Storage Factual Geotechnical Report (Doc#85169) and notes the soil
making up the majonty of the starage is "moderately” dispersive.

Preliminary settling tests have been conducted on sail samples mixed with water from various
locations across the storage. The turbidity of the soil Avater mixture was monitored at regular
intervals with photos highlighting the change in turbidity owver time as the (fully mixed)
suspended solids were allowed to settle.

The turbidity of the soil’water mixture (without chermical dosing) remained relatively high for
some hours before it was seen to decline. After 30 hours the turbidity of the soilfwater mixture
was judged to be around 100 MTU. After 48 hours the turbidity was seen to improve to around
B-10 MTLL

Elue Green Algae

The likelihaod of an algal bloom is highest during droughts when there is the greatest need to
extract water from the storage. Few of the North Coast water supply storages experience toxic
or blue-green algal prablems including Karangiand Rocky Creek. Armidale does hmwever have
potentially toxic blue green algal problems.

Taste and odour are generally caused by the presence of alyae inwater. There is a higher
patential for algal growth in the storage than from contaminated water drawn from the barefield
when the Mambucca River is experiencing an algal bloom. The "aggressiveness” of the stored
water would (like water drawn from the borefield) need to be adjusted with ongoaing treatment
with lime and carbon dioxide daosing.

Fotential ecological impacts associated with blue-green algal blaoms include toxic poisoning of
aguatic biota such aswaterbirds and fish, and adverse impacts on aguatic vegetation and
macroinvertebrates. Further information on the Proposal's impacts on aguatic flora and fauna is
contained in Chapter 9.

Computer modelling indicates that the storage would not experience significant water quality
izsues as long as effective destratification measures are implemented.

If blue-green algae are suspected of being present in the storage or are seen to be on the
increase in the normal collected water sarmples, then the procedures in the Blue-Green Algae
Management Protocols would be followed.

The Mational Health and Medical Research N3C (MHMRC) is presently reviewing a new
"Nationz! Protocol for the monitoring of Cyanobacteria and their toxins in sudace Fresh Waters"
(Birch et al). This document is due to be published soan. The alert levels in this document may
be different from those presently used as listed in the Clueensland issued Blue-Green Algae
Management Protocols. The Mational Protocol is expected to be adopted by most water supply
authorities.

If elevated algae levels are detected at an early stage in & shallow area of the storage, then
using a boom to isolate the problem area and selectively pump-out the algae laden water may
need to be considerad. For a severe infestation, it may be necessary to obtain approval from
the Department of Enviranment, Climate Change and Water (DEC CW) far the use of an
appropriate algaecide to kill excess algae,
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First Flush Water

With the first flush of water there is a rigk that there could be taste and odour problems from any
decaying organic matter and from any water that has been caught in the dead-ends of the pipe
collection and transfer netwoark. This is expected to be a small quantity of water and can be
diluted with other water fram coffer dams to reduce any persistent odour problems priar to
further treatment at the headworks.

Seepage

The most significant caoncern to surface water / groundwater interactions posed by the
construction of the proposed storage is in relation to the quality of water inthe storage, and the
paotential for stored water to act as a recharge source for aguifers around the inundation area.
seepage of groundwater under the storage can provide a continuous source of water to the
downstream receiving environment, and low guality seepage water (low dissolved oxygen, high
nutrients, pathogens) can have adverse effects an the ecology of the receiving environment.
However, the Praposal has incorporated mitigation measures to minimise the potential for
seepage, and given the shallow, impermeable bedrock in the proposed storage area, poor
water quality from seepage iz not considered to be anissue,

D ownstream Water Quality

Feduced flows downstream of the storage have the potential to greatly increase the impacts of
runoff and nutrient enrichment of Bowra Creek. Changes in down stream water quality fram a
water storage typically include increases inwater ternperature, nutrient load, turbidity, dissolved
gases, and concentration of heavy metals and minerals (including those that are naturally
occurring). An increased frequency of discharges of water cantaining toxic algae may affect fish
and aguatic invertebrate communities downstream of the storage also.

Cold water pollution may also be an issue for some fauna, While platypuses are well adapted
to cold conditions, they require a greater intake of food to regulate their body termperature in
cald water and low water temperatures may also affect macroinvertebrate praductivity.
Furthermore , water temperature is a reproductive cue for fish with breeding occurring at a
particular temperature orwithin a particular range. bany native fish would naot breed in colder
water.

Low oxygen water from the storage releases can be toxic to benthic macroinvertebrates on
which the platypus feeds,

There is alsa the possibility of an increase in trace metals in the lower levels of the starage and
the possibility of these being transferred downstream. A study in Tasmania (Munday et al.
2002, found elevated levels of persistent pesticide residues and PCEBs (polychlorinated
biphenyls) in platypuses but not at levels which have produced reproductive ar immune system
depression in other species. It is known, however, that trace metals can aftect the reproductive
success of fish and can bic-accumulate in macrainvertebrate communities.

The Praposalwould include a destratification system, a dual-level offtake and regular seasanal
environmental releases to address downstream water quality.

Destratification typically contrals blue-green algal blooms in two ways, by deepening the surface
mixed layer and reducing the amount of light available to algal cells, and by reducing the
arnount of dissobed nutrients, especially phosphorus, in the water column. Destratification can
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also avoid the discharge of cold water streams from the lower lavers of the storage if the
storage is stratified during the summer period.

The dual-level offtake tower provide s a water quality contral measure for water drawn from the
storage. YWater would generally be drawn from the outlet nearer the surface, where the best
guality water is generally available. In the event that the water in the surface layer is
contaminated with algae, the destratification system compre ssor would be turned off and water
drawn fram a lower level. Temporary stoppage of the air compre ssor may be effective in
suppressing an algal bloom.

Tuo lirnit the potential for vegetation encroachment and sedimentation within poal environments
of Bowra Creek downstream of the starage, it is proposed that maximum capacity outflows of
3.7 s with durations of several hours be released from the storage twice yearly during normal
flood seasans.

11.3.2  Water Quality Risk Assessment

In orderto better understand the likely risks associated with future water quality, a preliminary
risk assessment was undertaken of the key known risk areas associated with development of
the barefield, construction of the storage and a qualified projection of the likely water quality in
the river aver the next 25 years.

The risks associated with the water quality drawn from the borefield are probably better
understood than athers and with careful selection of the duty aperational bares, the risk of poar
guality water can to some degree be mitigated. The water quality in the river is strangly related
to river flow conditions, which is directly influenced by future weather events and the likely
timing for delwery of any future water treatment facility.

Given good weather conditions and healthy river flows, the water quality available frorm river or
borefield extraction is considered to be of a reasonable guality with a low risk associated with
the need for further treatment. However would drought conditions prevail and rainfall again fall
below the annual average for an extended period of time | then the water quality in the river
would get progressively worse | leading to a growing need for an increased level of treatment.

Itis also considered that the water guality in the storage would vary with time , with the risk of

turbidity from dispersive clays on initial filling and the potential far blue-green algae blooms after
an extended period of warm water storage. The extended period to initially fill this storage (up to
24 manths) would also add to the uncertainty associated with the water quality from the storage.

Inwiew of the above, a preliminary risk assessmentwas prepared to try and identify the key risk
areas associated with delivery of water in conformity with the Australian Water Quality
Guidelines, and to try and make a qualified prediction of the likely water quality on initial filling
and after an extended period in the storage.

Potential Risks

Likely risks associated with providing incre ased security of the water distribution system
typically include:

b Security of borefield collection system (security of pump operation following flooding, drawe-
down of the water table (adjacent to each bare or across the barefield, risk of collection pipe
failure, river bank erosion, power failure);
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b Likelyweather conditions leading to high or low river flows — i e. risk of flooding (and river

changing course) or risk of drought (stagnant or toxic water),

b Likelywater quality in the river {i.e. high turbidity levels during flooding, nutrient run off
during normal river flows, salinity incursion during low river flows raised TDS values from
miscellaneous bores);

b Likelywater quality in the storage — i.e. onintial filling (turbidity from dispersive clays], in
summer after extended storage with warm water conditions (hlue-green algae blaams), in
winter following potential inversion of the storage (inorganic complexes);

P Security of pumped transfer system (pipe or pump failure to or from storage); and

¥ Miscellaneous other risks.

11.4 Mitigation Measures

Construction of the proposed storage would provide improved security against poar
groundwater quality at times of low river flow, however the stored water quality may vary
depending on seasonal conditions, the degree of nutrient runoff and the potential disperswe
characterictics of the earthen starage. Following the review of numerous reports and
investigations, there is reasonable potential for significant algal blooms to occur during warm
water storage conditions.

11.4.1  Water Quality Management

In order for the Proposal to meet DECCWY water quality risk management framework guidelines,
the twelve key elements of the framework would need to be considered. These elements
include:

P A commitment to water gquality management;
b Assessment of the supply system;

b Preventative measures for quality management;
b Operational procedures and process control;
b “erification of water quality;

P  Management of incidents and emergencies;
» Employee awareness and training;

P Community awareness and training;

b Hesearch and development;

b Documentation and reparting;

¥ Ewaluation & audit; and

P FReview & continual improvement.

To meet the objectives of the new guidelines, NSC would need to integrate the twelve key
elements of the guidelines into a Water Cluality Risk Management Plan.
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Water Quality Management Plan
A Wvater Quality Management Plan has been prepared for the Proposal that develops the Watar

Clualty Management Strategies WWOAMS) for operation of the storage. The objective of the

WWEIMS isto ensure MWSC as the operational authority of the storage, can extract acceptable
guality water from either the borefield ar storage, and in turn to maximise the quality of water
transferred to the potable water distribution system.

A water quality manitaring program is proposed for implementation during filling and for angoing
operation of the starage. The overall objective is to manitor, maintain and manage water quality
generally in the storage during filling and storage and withdrawal operations. The storage is

designed for supply of acceptable guality water when water guality frorm the borefield falls below

an acceptable leveal,

Borefield Monitoring

Itis proposed that reqular monitoring of the borefields be undertaken to ensure the best quality
water is recovered fram the best performing bares.

The key parameters that would be rmonitored regularly from each bore include turbidity,
conductivity and pH. Monitaring of nutrient lewels in the separate collection headers across the
borefield would also be undertaken (which would be in the form of weekly grab samples).

Regulartesting of a broad range of parameters frorm each bore would also be completed on a
regular basis to identify any trends in water quality that may be extracted from poarar

performing bares. These parameters are detailed in Table 11-5 below.

Table 115 Bore Quality Parameters

Parameters

¥  Sample Time ¥  Sulphate, 504 Mitrite as M in water
¥  Temperature ¥  Chioride (titratkion Mitrate as M in water
d  Dissolved Oxygen b Arsenic-Dissoled Armmonia as M in water
»  Electrical Conductivity »  CadmiumDissolved Total kjeldahl Mitrogen
» pH ¥  ChromiumDissoled Phosphate as P inwater
¥ Redox (ORF) ¥ Copper-Dissolved Phosphorus Tatal
»  Tuthidity b LeadDissalved Total suspended solids
»  Calium- Dissalved ¥ Mercury-Dissolved Total dissolved solids
»  Potassium - Dissolved b MickekDissolved Iron - dissolved
»  Sodium- Dissoled b Finc-Dissolved Iron - total
»  Magnesium - Dissolved b AluminiumeDissolied Fluoride, F
» Bicarbonate as CaC03 ¥  Manganese-Dissolved Total Cyanide
¥ Carbonate as Caco3d ¥  Sulphide
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Mon#toring of Transfer Water Quality

Following the initial filling of the storage, limits on the angoing quality of water transferred to the
storage would need to be set to ensure the best quality water is maintained in the storage. This
would require limits on phospharus, nitrogen and turbidity as a minimum.

Monitoring of Storage Water Quality

Itis proposed that regular monitoring of the storage is undertaken to ensure the best quality
water is available forwhen the groundwater quality has deteriorated.

The key parameters that would be monitored include temperature and dissolved oxygen levels
(at various locations and depths), turbidity, conductivity, pH and the nutrient parameters of
nitrogen and phosphorus. Mutrient monitoring again being in the form of weekly grab samples.

A summary of these parameters is detailed in Tahle 11-5 below.

Table 1146 Storage Quality Parameters

Parameters

¥  Sample Time ¥ ManganeseDissohied » Phosphate as P inwater
¥  Temperature ¥ Sulphide » Phosphorus Total

d  Dissolved Oxygen b Mitrite as M inwater ¥ Total suspended solids
¥  Electrical Conductivity ¥ Mitrate as M inwater ¥  Total dissolved solids

» pH ¥ Ammaonia as M in water ¥ Iron- dissolved

¥ Turbidity ¥ Total Kjeldahl Mitrogen ¥ Iron-total

In regard ta lang termwater quality management, it is proposed that:

b "Exceedance limits" are nominated to mitigate the risks posed by elevated turbidities or
salinity fram the borefield when pumped transfer from the borefield ta the storage would
cease. The target criteria for these exceedance limits would be re-assessed after the water
gqualty in the storage has had time to stabilise and operational experience allows further
refinement of the quality limits far transfer to the storage and far return of stared water to the
distribution system.

b Dispersive claysin the storage would be stabilised with lime or gypsum to mitigate the
impact from this material on stored water quality.

b A dualklevel off-take would be provided to allow operational flexibility for withdrawal of better
quality water far environmental release or for supply of water back to the distribution system.

b Aeration and mixing equipment would be installed to assist destratfication of the storage to
help mitigate the impact from algal blooms or elevated iron and manganese levels caused by
an inversion of the storage. The bubble plume destratification system is proposed as a
minirmum on the basis of proven effectiveness and reliability in numerous Australian
reservoirs. However, a combination of bubble plume and mechanical aeration with a
potential energy saving would be considered fram a reduced operational period during the
lower risk seasons of the year. The capital cost of a bubble plume system is typically lower,
however operational costs (power, maintenance, operator visits) are usually greater.
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P Sampling of the river water quality by N3C would continue, with additional sampling provided
during extreme weather events such as flooding or low-river flows, WWater quality monitoring
of groundwater inputs into the storage would also be collected regularly {i.e. on a monthly to
gquarterly basis) to allow improved estimates of current loads into the storage.

b In-storage and withdrawalwater quality monitaring would also be undertaken to assessthe
petfarmance of management strategies and to track the long-term behaviour of the storage.

Determination of langer term trigger values for changing the supply from the borefield to the
distribution systern or from the storage to the distribution system would be confirmed after the
storage has had time to reach a seasonal equilibrium and MZC has the operational experience
to ensure acceptable quality water is available for the consumer.
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12 Noise and Vibration

The information in this Chapter is talen from ‘Bowraville Off:-Hiver Storage & Associated Works,
Congruction and Operationa! Nolse and Vibration Impact Asse sament’ prepared by GHI,
Februans 2009 An unabridged veraion of the report is provided in Appendix 0, Volume 2.

12.1 Introduction

This assessment has been conducted with consideration to the MNSW Department of
Environment, Climate Change and Water's [DECC) New Souwth Walss Construction Molss
Guidelines Draft for conaultaztion, (August 2008) (CHGY, Industizl Moise Falicy (INFY (EPA,
2000y and Asssasing Vikration: a technical guideline (February 2008).

Table 12-1 outlines the Director-General's and other statutory authority requirements and where
they have been addressed.

Table 12-1 Statutory Requirements

Statutory Authority ElS Requirements Where Addressed

Director-General's b Likelihood aof air, noise orwater pollution arising Section 12.4
requirermerts (0o fram the development or actheity

¥ Analysisof construction impacts including:
noize and vibration.

Department of Moise and Yibration: a Moise Impact Assessment Sections 12.2, 12.4
Ervironment, Climate (1A for the proposal must be conducted by a and 12.4

Change and Water gualified acoustics consultant, and must address

[(DECCW) haseline conditions, assess impacts and describe

management and mitigation measures.

The assessment(s) must take into account the
following guidelines as relevant:

y inciustrial Noise Police (ERA, 20000

¥ Environmental Criteria for Rogd Traffic Nolse
(EFA, 1599

¥ Technkal Basis for Guicelings o Minimise
Annoyance due to Blasting Dveraressure and
G rowhe! 1A ibration (ANZECC, 1990

12.2  Assessment Methodology and Criteria

12.21 Assessment methodology

A noise and vibration assessment was undertaken for the Proposal and took into account the
guidelines listed in the Director-Generals environmental assessment reguirements [where
relevant) as follows:

b The former Environment Protection Aothority (EPA) (20000 fndustrial Moise Policy (NS
[MNF) —in regard to potential impacts of the quarry operations on nearby residents.
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P The former Environment Protection Authority (EPA) (1933 Exvironmental Criteria for Road
Traffic Moise (ECRETHMN) — in regard to road traffic noise assessment criteria and assessment
of barrier heights and noise monitaring and modelling methods.

P The ANZECC (1930) Technical Basis for Guidelines to Winimise Annoyance Due to Blasting
Chveprassure and Sround Vibration — for guidance on airblast overpressure and wibration
criteria.

The assessment identified sensitive locations and assessed potential noise and wvibration
impacts against noise and vibration criteria developed by the DECCYW. The methodology for the
assessment of noise impacts included quantifying the existing acoustic environment thraugh
noise monitoring, establishing project-specific noise criteria, and establishing noise models for
the construction and operation phases. The results of the noise models were assessed and
recommendations developed to reduce noise impacts where they are predicted to occur. An
assessment of potential vibration during construction was also undertaken to determine
potential impacts on sensitive receivers and infrastructure.

Noise Monitoring

Long-term unattended noise monitaring was undertaken between 18 September and 26
September 2008, Monitoring was undertaken at four residential properties surrounding the
project area. Short-term attended noise monitaring was also undertaken at the same locatians.
Figure 12-1 shows an aerial image of the noise logger locations and the project site,

12.2.2 Criteria

Construction Noke

This assessment has been undertaken with consideration to the Department of Enviranment,

Climate Change and Water (DECCW) New Souwth Waks Congruchon Nolse Guidelnes Draft
for consultation, August 2008 The DECC guidelines recommend a qualitative assessment be
undertaken for large infrastructure activities.

This guideline recommends standard hours for construction activity as follows:
p NMlondayto Friday. ¥ amto B pm;

P Saturday:8amtol pm; and

b Mowork on Sundays or Public Halidays.

Construction hours would be limited to between 7 am and b pm during weekdays, and the
recommended hours on weekends.

The DECCYWY construction noise guidelines provides noise management levels for canstruction
noise at residential receivers. These management levels are to be calculated based an the
adopted rating background level (RBL) at nearby residential locations. Table 12-2 details the
adopted construction noise goals for the proposed project.

The lowest measured daytime RBL af 31 dB(&) was recorded at Logger 3 (53 Borefield Road).
GHD has conservatively adopted this daytime RBL for all noise receivers surrounding the
project area. The lowest measured night time RBL was also adopted from Logger 3 and as
previously mentioned, was increased to 30 dB(A) with consideration ta the NSV INP.
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Table 122 HSW DECCW Construction Hoise Goals

Time period Management Level Measured RBL Lyyy Adopted Noise
Loaqiisming dB{A) iperiod) AB (&) Goal Loeq 15 min
dBi{A)
Recommended Moise affected RBL + 31 41
standard hours: 10 dBA)

Monday to Friday:
damtoB pm

Saturday: 8 am to 1 Highly noise affected  N/A 75
fm 75 dB(A)

Mo work on Sundays
or Public Holidays

Qutside Moise affected RBL + 30 35
recommended 5 dB(A)
standard hours

(11 The DECCW's NSW NP, states that where the RBL iz lessthan 30 cBrA), thenit is set to 30 dBCA).

Ba=ed on the proposed construction times, this assessment would be based an the daytime
construction noise goal of 41 dBiA) Laeg 5 minae

Operational Noise

The operational noise goals have been set with consideration to the NZW INP. The INP
guidelines include both Intrusive and Amenity criteria that are designed to protect receivers from
noise significantly louder than the background level, and to limit the total noise level from all
SOUICES Near a receiver.

Intrusive naoise limits set by the IMF contral the relative audibility of aperational noise compared
to the background level. The Amenity criteria limit the total level of extraneous noise. Both sets
of criteria are calculated and the moare stringent of the two in each time period applies.

The Amenity criteria are determined based on the overall acoustic characteristics of the receiver
area and the existing level of noise, excluding other noises that are uncharacteristic of the usual
noise environment. Besidential receiver areas are characterised into 'urban', 'suburban’, ‘rural’
or other categaries based on land uses and the existing level of noise from industry, commerce,
and road traffic.

Rating background noise levels have been taken from Logger 3 (53 Borefield Road), as itwas
believed that the noise levels recarded at this location were a valid representation of the
surrounding areas and were not influenced by traffic noise or other extraneous noise.
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The project specific noise criteria during operation of the proposed project at residential
receivers are provided in Table 12-3.

Table 123 Project Specific Noise Levels — Residential Receivers, dB{A)

Bowraville Off-River Storage

Criterion Day Evening 6 pm  Night
famtob pm to 10 pm 10 pm to ¥ am

A2 Rating Background Level I Lacoamy 30" eqeuenrgy 30 ¥ L ssairighi

B: Intrusiveness Criteria (& +5dB) 35 Largismirg 35 Laeqiisming 35 Laeqg 15 mirg

C: Rural Amenity Criteria (INP Table 2-1) 50 L peniaa 45 L pegiewring 40 L pegrrignig

0: Amenity Criteria: (INP Table 2-2 Adjusted)  MA A, A,

FrﬂjECt SpECiﬁC Moise Level [Fg 21 INP] 36 L opgris min 35 L apqi 16 min 35 L seq 18 min

(17 Nighttime RBL adopted due to high recorded noise levels during the evening period; and
(21 The DECCW's NEW MNP, gatesthat whete the RBL iz lessthan 30 dBIA), then it iz set to 30 dBlA).

The NSW IMNP requires that the noise level at residences be assessed at the most affected point
on or within the residential boundary or, if thisis more than 30 m from the residence, at the
mast affected paint within 30 m of the residence.

Road Traffic Hoise Criteria

Due to the potential for the Proposalto create additional traffic levels during the construction
phase, road traffic noise criteria may apply. GHOD understand that Valla Road would be used as
the rnain access road for the construction of the storage area and embankment.

Foad traffic noise criteria are sourced fraom the DECCY's ECRTM. The ECETHM contains a
number of criteria applied to residential receivers near roads, depending an the situation and
the road classification. Situation Category 13 in the ECRTN appliesto land use developments
with potential to create additional traffic on local roads, and as such is applicable to the
proposed development.

The ECETN states that in assessing noise levels at residences, the noise level isto be
determined at 1m from the most exposed fagade at a height of 1.5m. This criterion include s an
allowance for noise reflected fram the fagade of the building (fagade caorrection). When
measuring in a free-field location a correction factor of 2.5 dB{A) would be added to the
measured value.

Category 13 of the ECRTM's is provided in Table 12-4.
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Table 124 ECRTHN Road Traffic Noise Criteria L.,

Situation Day

Where Criteria are Already Exceeded

Hight

{1? I]a;:?n; {10pm -

dB{A) Jam) dB{A)
13. Land use L reqiitey 55 L feqiths 50 Where feasible and reasonable, noise
developments with levels from existing roads would be
potential to create mitigated to meet the noise criteria.
additional traffic Examples of applicable strategies include
on localroads appropriate location of private access

roads; regulating times of use; using
clustering; using 'quiet' vehicle; and using
barriers and acoustic treatments.

In all cases, traffic arising from the
development would not lead to an
increase in existing noise levels of more
than 2 dB.

Sleep Disturbance

The DECCW publication Noise Guide for Local Government (INGLG) provides consideration for
sleep arousal levels. It states that noise controlwould be applied with the general intent to
protect people from sleep arousal. The DECCW's ECRTMN pravides further clarnfication on sleep
disturbance.

The purpose of sleep arousal guidelines is to address short high-level noise likely to cause
awakening during the night time period 10:00 pm to 7:00 am (500 am on Sundays and Public
Haolidays). To achieve this, the Lago secondsy O Lamae N0i52 level of any specific noise source
would not exceed the background noise level (Lam) by more than 15 dB(A) when measured
externally Tmfrom a bedroom window. This criterion takes into account the emergence of noise
events but does not directly limit the number of such events or their peak level, which are also
found to affect sleep disturbance.

Tahle 12-5 shows the Largy noise criteria levels at receiver locations.

Table 125 EHNCM Sleep Disturbance Criteria Lo, dBi{A)

Location Project-Specific Criteria Lyp,a,

All sensitive receivers 45

Due to the proximity of noise receivers to the proposed site, some nighttime operations may
have the potential to exceed the sleep disturbance criteria. Therefore, recommendations for
noise contral have been made in Section 5 of this report.

Vibration

Yibration during construction activity is expected to primarily originate from haultrucks and
heawy machinery during earth maving stages of construction. GHD also understand that
blasting may occur during the construction phase.
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Human Exposure

“ibration goals during the construction phase were sourced from the DECCWY's Assesaing
Vibration: a technical guideline, which is based on guidelines contained in British Standard (BS)
B4A7 21992, Evaluation of human expoayre to wibration in buildings [1-80 Hz).

Intermittent wibration is assessed using the vibration dose value (WD), fully described in BS
B472 — 18992 Acceptable values of vibration dose are presented in Table 12-B.

Table 126 Acceptable Vibration Dose Values for Intermittent Vibration [mfs”ﬁ]

Location Daytime ' Nighttime "

haximum value

Critical areas * 0.10 020 0.10 020
Fesidences 0.20 040 0.13 026
Office s, schoals, 0.40 0.a0 0.40 0.a0
educational

institutions and
places of warship

YWorkshops 0.50 160 0.30 160

1  Dasditne is 700 t0 2200 and nighttime iz 22:00 to 7:00; and

2  Examplesinclude hospital operating thestres and predsion laboratories where sensitive operations are ocouring.
These criteria are only indicative, and there may be needto azsess internittert values againg the continuous or

impulsive ditera or oritical areas.
Building Damage

Currently, there iz no Australian Standard that sets the criteria for the assessment of building
damage caused by vibration. Guidance of limiting vibration values is attained from reference to
the following International Standards and Guidelines:

b British Standard B37385.2 - 1993 Evalustion and Measurement for Vibration in Buiiding s,
Fart2 - Guide to damage levels from ground barne vibration; and

¥  German Standard DIN 4150-3: 1999-02 Structural Vibration — Part 3: Effects of vibration on
Structures.

BS7355.2 — 1993 is utlized in this case in the assessment of potential building damage
resulting from ground borme vibration produced by the proposed construction activity.

The recommended Peak Particle Yelocity (PPY) guidelines for the possibility of vibration
induced building damage are derived from the minimum vibration levels abowve which any
damage has previously been encountered, and are presented in Table 12-7.
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Table 127 Transient Vibration Guideline Values for Potential Building - Cosmetic
Damage

Peak component particle wvelocity in frequency
Building Type range of predominant pulse

4 Hz to 15 Hz 15 Hz and ahowve

Reinforced or framed structures.

Industrial and heavy commercial 80 mmis at 4 Hz and abave

building s

Unreinforced aor light framed structures. 15 mm/fs at 4 Hz 20 mmis at 15 Hz
Residential ar light commercial type increasing to 20 mmis increasing to 50 mm/s
buildings. at15 Hz at 40 Hz and abave

1 “aluesreferred to are at the base ofthe bulding, and
2 Fortransient wibration effecting unreinforced or light framed strudures st fequendes belowd Hz, & maximum

displacement of 0.6 mm (zeroto peak ) would not be exceeded.

Blasting

The DECCYW's Assessing Vibration: a technical guideline requires that wibration and
overpressure from blasting be assessed against the levels in the Australian and Mew Zealand
Environment N3C [ANZEC) Technica! Basis for Guidelines to Minimise Annoyance Due to
Biaging Overpressure and Ground Vibration, 18990,

The recommended maximurm level of airblast averpressure during blasting is 115 dBIL) peak.
The noise level of 115 dB(L) may be exceeded on up to 5% of the total number of blasts aver a
period of 12 manths though not exceed 120 dB(L).

The recommended maximum level for ground vibration is 5 mm/sec peak particle velocity (ppv).
The ppv level of 5 mmiésec may be exceeded on up to 5% of the total number of blasts over a
period of 12 manths though not exceed 10 mmisec at any time.

Blasting would generally only be permitted between the hours of 9:00 am and 500 prm Maonday
to Saturday, and would not occur at any time on Sunday or Public Holidays. Blasting would
generally only take place once per day.

12.3 Existing Conditions

12.31 Hoise Receivers

As construction of the Proposal covers a significant area in the vicinity of Bowraville, with a
variety of activities, there are a number of residential receivers that may be affected by noise.
Moise receiversin the area have been identified as being primarily isolated rural dwellings as
well as dwellings within the main township of Bowraville.

12.3.2 Ezisting Noise Environment

Attended and unattended noise monitoring was conducted by GHD in the area surrounding the
proposed storage and borefields The purpose of noise monitaring wa s to determine the existing
noise levels inthe area, which would assist in setting construction and operational noise goals
for the Proposal
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An environmental weather station was set-up at one of the noise monitoring locations to capture
localweather conditions. The weather station was programmed to record wind speed, wind
direction and rainfall on 15-minute intervals for the entire monitaring period.

12.3.3 Hoise Monitoring Results

Unattended noise monitoring was undertaken using four Acoustic Research Laboratories (ARL)
EL 215 enwvironmental noise loggers. These loggers are capable of measuring continuous
sound pressure levels and are able to record Legn, Laso, Leeq and Lagey noise descriptors. The
instruments were programmed to accurmulate environmental noise data continuously aver
sampling periods of 15 minutes for the entire manitaring period.

Priar to deployment, the loggers were calibrated with a sound pressure level of 94 dB at TkHz
using a Bruel and Kjaer Type 4231 sound level Calibratar (serial number 2542101). At
completion of the monitaring period, the loggers were retrieved and calibration was rechecked.
The data collected by the loggerswas downloaded and analysed, and any invalid data
removed. Invalid data generally refers to periods of time where average wind speeds were
greater than 5 m/s, when rainfall occurred, or for when anomalous noise levels occurred. Table
12-8 displays the detail of each noise logger and Figure 12-5 present a summary of the long-
term noise maonitaoring data.

Table 128 Unattended Hoise Logger Details

Noise Logger Logger 1 Logger2 Logger3 Logger 4
Monitoring L ocation 1549 v alla Boad 122532?9% a3 ER%r:£E|d 42 NRDErlt:dArm
Logger Serial Ho. 194803 1945349 194637 194638
Measurement Started 18709520083 18/09¢2003 18/059/2008 18/08/2008
14:00 15:00 1700 1730
Measurement 2670952003 26092003 260592008 26092008
Ceased 0a:30 0330 11:00 11:30
E:i't']':ﬁ'r‘]’““"’m 04.2 dB(A) 938 dB(A) 53,7 dBiA) 936 dBEA)
Freq. Weighting A A A A
Time response Fast Fast Fast Fast

Table 129 Summary of Noise Monitoring Results

Background Las, dB{A}) Ambient L s, q dB{A)

Logger D ay Evening Hight Day Evening Hight
(famto (& pmto10 M0pmto (Famtob 6 pmto10 (10 pmto 7
6 prmy pmy} T amj P} pmy} amj

Logger 1 dB{A)

Thursday-18-Sep-08 - 42 249 - 1 49
Friday-135ep-03 33 44 34 47 53 a0
Mambucza District Wigter Supply Augmentation 12-9
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Saturday-20-Sep-08 33 40 36 47 44 51
Sunday-21-Sep-08 34 45 36 48 53 a1
M onday-22-Sep-08 34 43 34 51 532 a0
Tuesday-23-5ep08 32 44 - 43 49 -
Wednesday-24-5ep-08 - - - - - -
Thursday-25-Sep-08 - - - - - -
RBL and Lag Cverall 33 ot 24 48 a3 a0
Logger 2 dB{A)
Thursday-18-Sep-08 - 36 30 - 38 41
Friday-1%5ep-08 3z ar a0 44 40 437
Saturday-20-Sep-08 31 a7 35 43 41 -
Sunday-21-Sep-08 3z 40 A 52 51 42
f onday-22-Sep-08 33 45 a2 44 a1 43
Tuesday-23-5ep-08 3z 44 34 a0 54 45
Wednesday-24-Sep-08 34 35 i 43 43 42
Thursday-25-Sep-08 34 35 29 48 43 42
RBL and Leg Ovieralf 32 ar 3 48 Eva) 43
Logger 3 dB{A)
Thursday-18-Sep-08 - a1 28 - 43 39
Friday-1%5ep-08 31 45 24 42 52 42
Saturday-20-Sep-08 31 43 33 41 a1 47
Sunday-21-Sep-03 31 45 24 45 55 41
M onday-22-Sep-08 3z 45 24 43 50 45
Tuesday-23-Sep-08 an 45 i 45 53 44
Wednesday-24-Sep-08 31 a0 29 42 45 36
Thursday-25-Sep-08 3z 35 28 43 45 36
REL and L.q Cverall 31 44 24 43 51 43
Logger 4 dB{A)
Thursday-18-Sep-08 - 44 28 - a0 437
Friday-1%5ep-08 3z 45 28 44 44 44
Saturday-20-Sep-08 31 45 A 45 48 -
Sunday-21-Sep-03 31 47 29 44 51 43
h onday-22-Sep-08 34 50 30 47 53 43
1210 Mambucea District Water Supply Augmentation 231 413313741
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Tuesday-23-Sep-08 33 45 €| 44 - 50
Wednesday-24-Sep-08 32 H 28 49 42 41
Thursday-25-Sep-08 35 40 27 48 43 40
FBL and Leq Cverall 32 46 249 47 51 45

Figure 12-2 to Figure 12-5 show the location of each logger.

S Ty PICEE Wk o o T o g

Figure 123 Logger 2 - 122 Bellingen Road
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Figure 125 Loggerd - 42 North Arm Road
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Attended noise monitoring was conducted over 15-minute periods at each of the long term
manitoring locations. Attended measurements were undertaken using a Bruel and Kjaer 2250
sound level meter (SLM) (serial number 2506887). This SLM is capable of measuring
continuous sound pressure levels and is able to record Lagin, Leso, Lago, Lamac @and Leeg noise
descriptors. On-site calibration conducted immediately befare and after the measurements
showed negligible variation. Details of the existing noise environment were also made during
these monitaring periods. The results of attended monitoring are shown in Table 12-10.

Table 12-10 15 -Minute Attended Hoise Monitoring Results

Monitoring L aso. 15 L a10. 1 Comments on Noise Environment

Location and m Lt minuts
Description

Logoer 1 —15449 L] 3z 45 Typical aral ervironment with local animals and

Yalla Road nearby insects influencing the ambient noise. Mo
i traffic or mechanical noise was audible during

260972008 0815 ronitaring,

Logoer 2 —122 ar 30 39 Typical maral emvironment with local animals and

Bellingen Road insects influencing the ambient noise. Moise from

distart farm animals was audible. Traffic noise on

26/09/2008 09:15 Belingen Road was harely audible and intermittent

in nature.
Logger 3—53 46 28 38 Typical raral erwironment with local animals and
Borefield Road insects influencing the ambient noise. Traffic noise

aon Maorth Arm R oad was barely audible and

26/03/2008 10:30 intermittent in nature.

Logoer 4 —472 4 31 44 Typical aral ervironment with local animals and
Mlarth Arm Road. insects influencing the ambient noise. Audible but

) interrrittent traffic an Marth Arm Boad was removed
26/08/2008 11:30 from measurements (4 car pass-ty'sin 19 minutes).

Long-term and attended noise monitoring and site observations indicate the following:

p The ambient noise environment at each of the manitoring locations was influenced by typical
tural noizes, such asinsects, birds and wildlife;

b Background Ly noise levelswere generally low during the day and night periods at all
logging locations. As per the DECCYWY MEWY Industrial Moise Policy (INFY, where the rating
background level isless than 30 dB(A), then it is set to 30 dB(A); and

b Monitoring results showed that evening background noise levels were generally higher than
the daytime and night time levels. These situations can often arise due to increased insect or
bird naoise during the evening in the warmer manths (or due to temperature inversion
conditions during winter). Therefore | in determining the Proposal-specific noise levels, the
night tirme rating background level for each monitoring location would be adopted for the
evening time period, with consideration to INF Application Mates.

Mambucza District Wigter Supply Augmentation 1213
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12.4 Impact Assessment

1241 Construction

Construction Noks e Results and Dis cussion

Construction noise impacts associated with the Proposalwere conservatively estimated using
the well-known distance attenuation relationship described in Equation (17

SFPL=5WEL-20lag (&) +10Lag(( - 11 Equation (1)

Where d = distance [m) between sowce and recelver;
0 = Directivily Index (2 for & flat surface],
SPL = sound pressure level at the distance d from the source; and
SWL = sound power level of the sowrce.

Typical noise levels produced by the types of construction plants anticipated to be used were
sourced from Australian Stand ard AS 2436 1981 Guide to Nolse Control on Construction,
Waintenance and Demoliton Sitesand from GHD's internal database. These represent the
loudest construction noise sources expected to be found an site and are summarised in Table
12-11.

Tahle 12-11 Predicted Plant hem Noise Levels, dB{A)

Plant Estimated L.,.dB{A) Estimated SPL dB{A) at Distance {mj
50 100 200 400 GO0 1200 2400
Crane 104 62 56 a0 44 40 34 28
Dozer 1048 B3 57 51 45 41 35 24
Excavatar 100 58 52 45 40 36 30 24
Back Hoe g7 54 49 43 ar 33 i |
Compactar 108 3] B0 54 48 44 38 32
Loader 104 2 56 a0 44 40 34 28
Roller 102 1] 54 45 42 38 32 26
Durmnp Truck 102 B0 54 44 42 3a 32 26
Heawy Wehicle 103 61 55 44 43 34 33 T
Campressar 26 44 33 32 26 22 16 10
Concrete Truck 103 61 55 44 43 39 33 27
Cancrete Saw 118 TE Ta G4 58 54 45 42
Chainsan 111 E4 B3 57 51 47 11 35
Rock Breaker 120 74 72 A B0 Y] 50 44
YWelding 101 549 53 47 41 ar 3 25
1214 Mambucea District Water Supply Augmentation 231 413313741
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The magnitude of off-site noise impact associated with construction would be dependent upon a
number of factors:

b The intensity of construction activities;
¥ The location of construction activities;
P The type of equipment used,

b Existing local noise sources;

» Intervening terrain; and

b The prevailing weather conditions.

In addition, construction machinery would likely move about the study area, variously altering
the directivity of the noise source with respect to individual receivers. During any given period,
the machinery items to be used in the study area would operate at maximum sound power
levels for only brief stages. At other times, the machinery may produce lower sound levels while
carrying out activities not requiring full power. Itis highly unlikely that all construction eguiprment
would be aperating at their maximum sound power levels at any one time. Finally, certain types
of construction machinery would be present in the study area for anly brief periods during
construction.

Construction activities would primarily be undertaken between ¥ amand B pm Monday to
Friday, and 7 amto 1 pm Saturdays, and construction noise impacts may exceed the 41 dBA)

construction noise goal at nearby residential receivers based on the canservative estimates
made in Table 12-11.

Given the mohile nature of construction activities, it i1s expected that noise receivers would anly
be exposed to elevated noise levels for relatively short periods.

Construction Vibration Impacis

Geners! Construction

Yibration impacts discussed in this section essentially focus on potential structural damage to
properties in close proximity to the study area andfor potentially affected by construction
activities.

Construction wibration may be perceived at times at local sensitive receivers; however, the level
of annoyance would depend on individuals Such issues are practically best managed by site
manitoring. Circumstances where vibration monitoring would be undertaken are outlined in the
construction-related recommendations.

The distance between the potentially impacted receivers and site construction activities would in
most cases be well in excess of 100 metres. However, itis possible that pipeline construction
works be carried out at distances closer to residences. Table 12-12 outlines typical vibration
levels for different plant activities sourced from the NSW RTA Publication Environmental Nolse
Wanagement WManual
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Table 12-12 Typical Vibration Levels — Construction Equipment

_ Peak Particle Yelocity at 10m {mm/s]

Loader -2
15 Tanne Compactar i-a
Faller 56
Dozer 254
Backhoe 1

Building darmage 15 mm/s lower limit is normally not exceeded by general construction activities
at distances greater than 10 m.

GHD believe that with the generaltype of construction operations and the typical separation
distance to nearby receivers, vibration impacts from general construction activity would be
negligible. However, blasting, if it occurs is expected to generate the most significant vibrations
levels and may cause vibration impacts at nearby receivers.

Elasting

Estimations for ground vibration and airblast overpressure during blasting have been made with
consideration to Australian Standard AS2187 2-2006 Explosives — Storage and use — Uss of
explosives,

Airblast levels have been estimated using the following cube root sealing formula:

R a
P:Kﬂ(ﬁ] Equation {2)

Table 12-13 summarises the constants in Equation (2) and the values that have been assumed
to estimate airblast levels in this assessment.

ASZ2187 22000 states that for confined blasthole charges, which would most likely be the case
for blasting associated with construction of the proposed off-river storage area, a good
ectimation may be obtained by using a site exponent (a) of —=1.45 with the site constant (kKg)
commaonly in the range of 10 — 100,

Table 12-13 Airhlast Parameters and Assumptions

F Pressure (kPa) P,

o Explosive charge mass (kg) 100 t

K Distance from charge {m) Range: 200 to 1000 metres
kg Site congtant 50 @

a Site exponent -1.45

(11 Charge mass has been calculated baszed on a tywical hole diameaer of 89 mm, column height of 13 metres and a
charge mass of 7.5 kg/meter (spedific grandty 1 27, and

(27 A zite congart value (K4 of 50 has been assumed forthe zake ofthiz assessment.
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Factors that affect the level of ground vibration arriving at a point from a blast typically include:
P Charge massfired per hole;
¥ Distance; and

¥ Ground transmission characteristics.

As many site factors would effect the transmission of vibration through the ground, the most
accurate prediction of ground vibration from a site would be from vibration measurements taken
on-site. However, in the absence of such site data, ground vibration levels have been estimated
using the following farmula:

-2
R :
V:KE(FJ Equation (3)

Table 12-14 summarises the constants in Equation (3) and the values that have been assumed
to estimate ground vibration levels in this assessment.

ASZ2187 22000 states that when blasting is carried out to a free face in average field
conditions, the mean vector peak particle velocity may be estimated by assuming the values of
g and Bin Table 12-14.

Table 1214 Ground Vibration Parameters and Assumptions

W Ground vibration in vector peak  RIA
particle velociy ¢ pped (mis)

R Distance from charge () Range: 20010 1000 metres
o] W airmum charge mass (k) 100 ™
kg B Constants related to site and Kg= 1140

rock properties for estimation B=16

puUrposes -

Charge mass has been calculated based an a hole diameter of 89 mm, column height of 13
metres and a charge mass of 7.5 kg/meter (specific gravity 1.2). Figure 12-B displays a graph of
the estimated airblast overpressure and ground vibration levels against the distance from the
blast.
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Figure 126 Airblast and Ground Vibration Predictions

e Whr AN N sse—grb| 25| QUETRFIESSSE

gl I ann
=11] 1 = uln)

1 N
A
*

an

50 =n
+0 00
an o
] jraln]
i0 ion
oo I imn

an am «{m =0 [ 1] Tm = =m oo 11 @0 Om W =
Dictanoe (m)

Estimations of airblast overpressure indicates that the recommended peak noise level of 114
dBIL) may be reached at up to 1500 metres from the blast location. However, as attenuation
loss from screening of localterrain features has not been taken into account, these estimations
are considered to be conservative.

Estimations of ground vibration levels indicates that the 5 mm/sec recommended limit may be
reached at up to 300 metres from the blast location,

12.4.2 Operational

Industriai Noise
GHD understand that the sources of noise during the operation of the Proposalwould be:

b Proposed borefields and associated pumping stations (headworks); and
P Maintenance and visitar traffic an “allaf Bobo Roads,

Given the relative isalation of the proposed barefields and the limited number of traffic
movements expected during the operation of the Proposal, operational noise modelling has
focused on the predicted noise likely to be generated from the proposed headworks building.

For continuous operation of twa pumps within the headwaorks building, predicted contribution
based on modelling at the nearest residential boundary would be approximately 12 dBIA) under
neutral conditions. Table 12-9 documents the results of the modelling whilst Figure 12-7
illustrates the proximity of the nearest residential dwelling to the existing and proposed
headworks building.
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Table 12-15 Predicted Noise Modelling

Source Partial Level D ay

Marme 0 Feceiver 1 Heceiver 2 Mearest
Heceiver
Louwvre Louvre -14.3 -21.3 E.1
Pump house Roof NE 127 -16.8 4.5
Furmp house Roof SE -12.5 -16B 4.5
Pump house ME Embankment -16.5 -207 3B
Fump house oE Embankment  -20.4 -245 0
Furmp house oY -21.4 278 -2
Embankment
Pump house W 246 -33.2 -4.8
Ermbankment
Roller doar Fall Doaor -25.2 -34 9 -6.9
Door 40 -33.7 -d3 B -138
I.t fa fiaian Gpters God el gl
[1=¥ y
Sais
!I.
q_ =17
F1E
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Figure 127 Operational Noise Assessment
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The operational criteria for the Proposal would be 36dB for day & 35dE for evening & night and
therefore 12dB would likely be inaudible. The main contributor to the increase in noise would be
the proposed non-acoustic louvre (2m % 1m) on southern side of headworks building followed by
the corrugated steel roof with insulation/sarking and then the proposed brick embankments of
the building. The raller door (sheet steel) is a lower contributar due to its location an the
southern side of the building.

Road Traffic Noka

Itis expected that road traffic following the construction of the Proposal would primarily accur
during daytime hours and would not be of a significantvolurme. Therefare it is not expected that
road traffic noise from the Proposalwould be an issue.

12.5 Mitigation Measures

Mitigation measures have been provided below to assist with noise and vibration control during
the construction and aperation phases of the Proposal and would be incorporated into a
Construction EMP.

12.5.1 Construction

Work Ethics / Community Relations
b All site workers would be sensitised to the potential for noise impacts onto local residents

and encouraged to take all practical and reasonable measures to minimise naise during the
courge of their activities; and

b The site manager (as appropriate) would establish contact with the local residents and
communicate the construction program and progress on a regular basis, particularly when
noisy activities are planned.

General Recommendations

As far as practicable, the following general noise control measures would be incorporated inthe
Construction EMP:

P Aim to minimise movements of equipment and personnel during noise sensitive periods,
such as night time; and

b Staff arriving or leaving the construction wark areas before ¥ am or after B pm would be
made aware of the potential for noise impacts at nearby receivers;

b Al work would be kept within the working hours prescribed by the DECCW CNG. This
includes trucks not arriving on construction work areas before 700 am. Should works out of
these hours be needed, the work methods and noise goals of the DECCW's CMG would be
considered;

P Al equipment used on site would be in good condition and good working order;
b Us=e equipment, which isfit far the required tasks in terms of power requirements;
b Al engine covers would be kept closed while equipment is operating;

b All cambustion engine plant, such as generators, compressors and welders would be
checked to ensure they produce minimal noise with particular attention to residential grade
exhaust silencers;
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b “ehicleswould be kept properly serviced and fitted with appropriate mufflers. The use of

exhaust brakeswould be avoided, where practicable;

b Where practical, machines would be aperated at low speed or power and would be switched
off when not being used rather than left idling for prolonged periods;

b Machinesfound to produce excessive noise would be removed from the construction work
areas or stood down until repairs or modifications can be made; and

b Should blasting be required an construction work areas, the activity would be subject ta
vibration controls stipulated in the Construction EMP.

12.5.2 Operation

General Recommendations

The following general noise control measureswould be incarporated in the design of
operational noise sources, such as pumping stations:

b Al external noise sources would be located so asto avoid direct line of sight with noise
(=T =T =T

b If possible, wventilation or exhaust openings would not face noise receivers;
b Staff arriving or leaving the site for maintenance before 7 am or after 6 pm would be aware

of the potential for noise impact at nearby receivers.

Mechanical Plant — General Advice

b Investigate the operational requirements for the mechanical systems and where practical,
optimise the required operational time with consideration to potentially noise sensitive time
periods, such as night;

b Equipment would be kept properly serviced;

b Where practical, machines would be operated at low speed or power and would be switched
off when not being used rather than left idling for prolonged periods;

b Mechanical plant would be fully enclosed to minimise noise propagation; and

b All equipment would be vibration isolated , with consideration to manufacturers reguire ments.
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13 Indigenous Heritage

The information in this Chapter is talien from 'Nambuccs District Water Supply Environmental
frmpact Asae asment Lultural Heritage Asseasment of Ancillary Areas’ prepared by Nawin Officer,
Februans 2009 An unabridged veraion of the report is provided in Appendix 0, Volume 2.

13.1 Introduction

This Chapter identifies the potential indigenous heritage impacts associated with the Proposal
and the management measuresto reduce these impacts. Table 13-1 outlines the Director-
General's and other statutory authority requirements and where they have been addressed.

Table 13-1 Statutory Requirements

Statutory Authority ElS Requirements Where Addressed

Director-General's ¥ The effectof the development or activity onthe  Section 13.3.2

requirerments (Do cultural and heritage significance of the land

Department of ¥ Assessment of the impact ofthe altered flow Sections 13.3,

Ervironment, Climate redime an Abariginal cultural wvalues. 13.3.2and13.4

gé'g%‘fﬂg”g;”ma;ﬁ; b DECCW notes the existence of 16-registered

Ahoriginal sites in the immediate locality. The
BEGE it DRE) ElS would need to consider any potertial
impacts on the traditional aboriginal custodians
and any relationship that may exist hetiveen
these sites and any aboriginal cultural values.

¥ The EIS would also addressthe development in
relation to the requirements of Section 54 of the
EFP&A Act and determine whether a permitto
disturh Abariginal obhjects under Fart 6, 5 87 ar
whether a licence to destroy, deface or damange
Ahoriginal ohjects mayhe required under Part &,
=90 ofthe NMationa! Parks and Wildife Act.

¥ The EIS would address and document
information requirements set out in DEC Cy
pguidelines, include surveys by sutabl qualified
architects, identify nature and extent of impacts,
significance of the sites, actionsto mitigate
impacts and demonstrate the effective
communication with Aboriginal communities.

13.2 Assessment Methodology

A key aspect of the Aboriginal heritage assessment was consultation with the local Aboriginal
community via the establishment of an Aboriginal Liaison Committee. Details of the consultation
process are provided in Chapter B — Consultation and in the Cultural Heritage Assessment -
Appendix D, Volume 2.

The Abariginal heritage assessment identified known and potential Abariginal heritage sites and
objects and addressed Aboriginal cultural, social heritage and archaeological values. Key tasks
undertaken as part of the assessment included:

P Areview of relevant heritage registers and background literature.
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P Consultation with the Bowraville Local Aboriginal Land MSC (BLALC), Elders groups and
other knowledge-holders,

b Field survey assisted by naminated Aboriginal representatives.

b ldentify material evidence of Aboriginal occupation as revealed by surface artefacts and
areas of archaeological potential unassociated with surface artefacts. Potential recordings
fall into two broad categories: sites and potential archaeological deposits.

b Assessment of the potential impacts of the Proposal interms of traditional and contemporary
Aboriginal cultural and socialvalues,

P The provision of management recommendations and impact management strategies
appropriate to the significance and extent of Aboriginal heritage values.

13.3 Existing Conditions

13.3.1 BRegional Context

Tribal and linguistic boundaries, traditional lifestyles, the impact of European settlement, a
regional overview and a summary of previous archaealogical research in the Nambucca area
have been provided in the 20058 report by Mavin Officer Heritage Consultant's Mambucca
District Water Supply Storage Dam Site 28 and Anciliary Works Areas Cultural Hertage
Assesament (pp 12-14).

13.3.2 Previous Hambucca District Water Supply Studies

Garman (1996 undertook a cultural heritage assessment of dam site 2', which included both
Options 2a and 2b. Mo Aboriginal archaealogical sites were identified in the course of Gorman's
study.

Garman provided an extensive review of Gumbaingirn ethnohistaric information and some
generalinfarmation an local family affilistions. Garman also documented infarmation about
‘dangerous, mythological and a possible ancestral camping place' (Gorman 1996:34) that was
told to her by members of the Abariginal community,

Mare rigaraus requirements for reporting archaeological assessments were implemented
subsequent to Gorman's 1996 assessment (refer NPWS Standards and Guidelines 1937,
correspondence: Liam Dagg to M3W Department of Commerce, 13 August 20047, Taking
account of this factor, the Department of Commerce commissioned a review and update of the
1996 archaeology study to meet current requirements.

This review was conducted in 2004 by Mavin Officer Heritage Consultants and included a
review of relevant heritage literature and databases, Abariginal consultation and field
inspections. The scope of the field inspections was defined in part by property access
information and the available plans for the Water Supply Project, and thus concentrated on the
proposed dam site Zb inundation area, the storage embankment area and access roads. Areas
such asthe pipeline routes, the pump site and release point on the Nambucca River, and Bowra
Creek downstream of the storage were not subject to archaeological survey. These areas were
viewed from nearby vantage points and an assessment made of their archaeological
senstivity/potential.
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Field survey involyed the field team walking most roads and fore stry tracks in the inundation
area,inspecting the storage embankment area and walking the proposed accessroad. The
Bowra Creek riparian zone was surveyed upstream of the storage embankment for
approximately 750 m. Survey in the thickly vegetated upper reaches of Bowra Creek was
opportunistic and limited to areas that were accessible.

An Aboriginal Liaison Committee (ALC) was set up in 2007 by the NSW Departrment of
Commerce to facilitate and encourage participation of the local community in the design and

construction of the Proposal Mo additional sites to those identified in the 2004 field survey have
been highlighted by the ALC.

In December 2007, M3C and the Department of Commerce conducted a ‘walk-through' of the
barefield areas with Abariginal community elders. This walk-through identified and mapped
three areas of significance to the local Aboriginal cormmunity in the borefields investigation
areas (pers comm Tim Alexander [Dept of Commerce] 2008).

In Cctober 2005, WOHC undertook a desktop review and update of previous cultural heritage
assessments undertaken for the Mambuceca District Water Supply project. The review defined
the further works necessary to meet statutory and policy requirerments in relation to the project.

13.3.3 Aboriginal Archaeological Sites

Gaorman conducted a field sunvey within the 1996 "Site 2' dam option, concentrating on creek
lines and farestry tracks. She noted that visibility along the creek was 0% and that the gully
slopes within the Viewrmont State Forestwere steep, with vegetation thick to the point of being
impenetrable (Gorman 1996:37). Visibility was also poor in the cleared pasture lands where
effective survey was limited creek lines, cattle tracks and small discrete ground surface
exposures. There is no data in the report that indicates where Gorman actually surveyed. Mo
Aboriginal sites or artefacts were identified in the course of Gorman's 1996 survey.

Cne possible Abariginal object (M=W1) was found approximately 50 m from the proposed
inundation maximum storage levelin the course of the 2004 field surveys. This itern, a
manuport, was a dark grey/brown, fine-grained volcanic alluvial cobble with a light grev/green
patina. (A manuportis an object or fragment of an object carried by human agency to the
lacality inwhich it is found, but which may not display any other features of past use). Itis not
certain that the manuport had an Aboriginal origin, however most non-Aboriginal explanation s,
such as a hearth stone, road or construction material were largely discounted.

A review of the Departrment of Environment and Climate Change's Aboriginal Heritage
Information Management System (AHIMS) for the 2008 study area indicate s that there are no
additional Abariginal site s within the study area.

13.3.4 Sites ldentified by Aboriginal Informants

The following sites were identified by local informants to Alice Gorman in 1996, The full
verbatim from Gorman's report can be found in the Cultural Heritage Assessment - Appendix D,
“olume 2.

b Burial grounds
b Dangerous places

P Ceremonial grounds
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b Camping Places

Although it is clear that the landscape around Bowraville contains many areas of significance to
the local Abariginal community, none are located directly on Site 2 [note that in 19596 site 2
included both Options 24 and 2B], and during consultation no concerns were raised about the
construction of the dam at this location (Garman 1996:38-40). As noted in her conclusions,
none of the sites/locations would be directly impacted by the proposed dam and associated
infrastructure.

An area referred to as 'The Rocks' burial ground near the Nambucca River was identified to the
cansultants in the course of the 2004 study as being of particular significance to the local
Aboriginal community. The site is situated on the Nambucca River approximately ane kilometre
upstream of Bowraville,

Three areas were identified as a result of the 2007 ‘walkthraugh'"

b A corroboree ground on the flat area on the inside of the bend in the Mambucca River on the
=W corner of property no. 13,

p Burial grounds adjacent to the river on both sides - up to 30 m from the edge of the river - as
shown hatched on properties S, 10,11, 12 and 13.

b A Mythological Area adjacent to South Creek- up to 30m from the edge of the river - as
show hatched on properties 24, 25,26, 27 28

Two of these areas, the corroboree and the burial ground are a part of 'The Rocks' area.

13.4 Impact Assessment

13.4.1 Assessment Criteria

The Burra Charter of Australia defines cultural significance as 'aesthetic, historical, scientific or
social value for past, present and future generations' (Aust. ICOMOS 1987). The assessment of
the cultural significance of a place is based an this definition but often waries in the precise
criteria used according to the analytical discipline and the nature of the site, object or place.

In general, Aboriginal archaeological sites are assessed using five potential categories of
significance:

b significance to contemporary abariginal people;

b =cientific ar archaeological significance;

p aestheticvalue;

b representativeness; and

» value as an educational andfor recreational resource.

Many sites would be significant according to several categaries and the exact criteria used
would vary according to the nature and purpose of the evaluation. Cultural significance is a
relative walue based on variable references within social and scientific practice. The cultural
significance of a place is therefare not a fixed assessment and may vary with changes in
knowledge and social perceptions.
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Aboriginal significance can be defined as the culturalvalues of a place held by and manife st
within the local and wider contemporary Abariginal community. Places of significance may be
landscape features as well as archaeologically definable trace s of past human activity. The
significance of a place can be the result of several factors including: continuity of tradition,
occupation or action; historical association; custodianship or concern for the protection and
taintenance of places; and the value of sites as tangible and meaningful links with the lifestyle
and values of community ancestors. Aboriginal cultural significance may or may not parallel the
archaeological significance of a site.

scientific significance can be defined as the present and future research potential of the

artefactual material occurring within a place or site. This is also known as archaeological
significance.

There are two major criteria used in assessing scientific significan ce:

1. The potential of a place to provide information , which is of value in scientific analysis and the
resolution of potential research questions. Sites may fall into this category because they:
contain undisturbed artefactual material, occur within a context which enables the testing of
certain propositions, are very old or contain significant time depth, contain large artefactual
assemblages or material diversity, have unusual characteristics, are of good preservation, ar
are a constituent of a larger significant structure such as a site complesx

2. The representativeness of a place. Representativeness is a measure of the degree to which
a place is characteristic of other places of its type, content, context ar location. Under this
criteria a place may be significant because it is very rare or because it provides a
characteristic example or reference.

The value of an Abariginal place as an educational resource is dependent an: the potential for
interpretation to a general visitor audience, compatible Abaoriginal values, a resistant site fabric,
and feasible site access and management resources,

The principal aim of cultural resource management is the conservation of a representative
sample of site types and variation from differing social and environmental contexts. Sites with
inherently unigue features, or which are poorly represented elsewhere in similar environment
types, are considered to have relatively high cultural significance.

The cultural significance of a place can be usefully classified according to a comparative scale
which combines a relative value with a geographic context. In this way a site can be of low,
moderate or high significance within a local, regional or national context. This system provides a
tmeans of caomparison, between and across places. However it does not necessarily imply that a
place with a limited sphere of significance is of lesser value than one of greater reference.

13.4.2 Assessment

The following assessments are made with full reference to the scientific, aesthetic,
representative and educational criteria outlined above. Reference to Abariginal culturalwalues
has alzo been made where these values have been communicated to the consultants. 1t would
be noted that Aboriginal cultural significance can only be determined by the Aboriginal
cammunity, and that confirmation of this significance component is dependent an written
submissions by the appropriate representative organisations. The inventory of identified sites
and PAD are tabulated in Table 13-2.
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Table 132 Inventory of Site and PAD Locations and Potential Impact

Recording Type GDA Reference Potential Impact
Code

Fossible Aboriginal MWYS 4873596 BB12417 Located within S0rm of
Manuport FSL of storage
Abariginal PAD HWWYRAD 486800 6611480 to Proposed transfer

486400 5610650 pipeline route

Aboriginal burial ground The Hocks Mo impact
and corroboree area

hythological Site 1S Mo impact

One possible Aboriginal manuport, one area of potential Archaeological Deposit (PAD) and two
areas of Aboriginal cultural value were identified in the study area. These sites are illustrated in
Figure 13-1 and have been described below.

Possible Aboriginal Manuport — HNambucca Water Supply 1 (NWS1)

This item, recarded in 2004 | is & dark grey/brown, fine-grained volcanic alluvial cobble with a
light grey/green patina. The manupoart is located 50 m from the full storage leveland as such
would not be impacted, however to ensure there is no impact it is proposed to relocate the site
nearto its find location outside of any potential impact zone.

A manuportis an object or fragment of an abject carried by human agency ta the locality in
which it is found, but which may not display any other features of past use. Itis not certain that
the manuport has an Aboriginal arigin, howey er most non-Abariginal explanations, such as a
hearth stone, road or construction material can be largely discounted.

There remains a possibility that it represents randorm loss from heavy machinery, an open
vehicle or a tray back Fred Walker explained that he thought it was likely that the manupart was
a broken hatchet head or hand axe. Exposure incidence in the area was 30% and visibility in
the exposure was about 95%.

An Abariginal arigin cannot be definitely ascribed to the isolated manuport MYWS1, based salely
on the archaeological evidence. The Aboriginal representatives present during the survey
however were more confident of its origin, based on their own cultural interpretations.
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Manuports of this nature in disturbed contexts are not usually considered to have archaeological
significance based on any of the criteria defined above. However, this tem is likely to have a
degree of Aboriginal cultural significance based an the interpretations of local Aboriginal
community representative s,

Nambucca Water Supply PAD1 (NWSPAD1)

This was recorded in the course of the 2003 field survey. This potential archaeological deposit
comprizes creek flats and basal slopes associated with Bowra Creek (refer to Figure 13-1).

The proposed transfer pipeline route runs parallel to Bowra Creek and through NWWSPADT (from
the already formed vehicle tracks to Bellingen Road).

Sites of Cultural Value

Twa areas of Aboriginal cultural walue, the burial ground [the rocks] and carroboree area, and a
mythological site, was identfied by Aboriginal informants.

The Rocks islocated on the Mambucca River and a buffer zone of 30 m ether side af the river
has been identified by Aboriginal representatives. The mythological site is located on South
Creek. The Proposal hastaken into account the cultural sites and has been modified such that
the propos=ed barefield and associated collection pipe system is outside the 30 buffer identified
by Aboriginal informants.

The Mambucca River has over time been used for various cultural pursuits including swimming,
fishing and as a food resource. As environmental flows in the river would be protected as part of
the Proposal there would be no impact an this aspect of the study area.

13.5 Mitigation Measures

One possible Aboriginal manuport (NSW1) has been previously identified approximately 50 m
from the proposed full storage levelin the course of the 2004 survey of the storage area. Site

NWS1 would not be inundated when the storage is full. No Aboariginal sites were located in the
course of the 2003 survey of ancilary areas.

Cne area of Potential Archaeological Depoasit (NYWPAD 1) was identified in the course of the
2008 survey. The proposed transfer pipeline traverses the PAD area.

several areas of cultural significance have been identified by the local Aboriginal community
including a burial ground [the rocks] and corrobaree area near the Mambucca River and a
mythalogical site near South Creek. Meither would be impacted by the Proposal

The proposed management measures are outlined below:

b That the possible Aboariginal manuport (MYY31) be re-positioned near to its find location
outside of any impact zone by local Abariginal representatives and archaeolagists prior to
construction cammencing within the storage area.

P As the MWPADT isto be impacted by the installation of the transfer pipeline, a program of
archaeological subsurface investigation (and Section 87 permit under the NPWW Act) would
be undertaken with the aim of determining the nature, extent and significance of any
subsurface archaeological deposit present within the area.

P To minimise potential delays in construction resulting from the identification of unidentified
Abariginal sites, it is proposed that after initial v egetation clearance within the storage,
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Aboriginal representatives and archaeologists would undertake an inspection of the storage
area. Thiswould provide an opportunity to locate and collect any sites that may not have

been able to be seen during the field surveys A section 87 permit would be required from
DECCYto collect any identified sites.
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14  Non-indigenous Heritage

The information In this Chapter is talien from ‘Nambucca District Water Supply

Environmental impact Asseasment Gultural Hertage Assessment of Ancillany Areas’ prepared
b N awin Officer, Februans 2009, An unabridged version of the report is provided in Appendic O,
Valume 2.

14.1 Introduction

This Chapter identifies the potential non - indigenous heritage impacts associated with the
Proposal and the management measures to reduce these impacts. Table 14-1 outlines the
Director-General's requirements and where they have been addressed.

Table 14-1 Statutory Requirements

Statutory Authority EIS Requirements Where Addressed
Director-General's The effect of the development ar activity an Sections 1.2, 1.3, 1.4
reguirements (DoF} the cultural and heritage significance of the

land

14.2  Assessment Methodology

Details of the assessment methodology are provided inthe Cultural Heritage Assessment —
located in Appendix D. The assessment included the following key tasks:

b Searching listings of the Australian Heritage Commission's (AHC) Register of the Mational
Estate, NSV State Heritage Inventory, Mational Trust of Australia (NSW), and relevant
local and regional environmental planning instruments and heritage studies,

P  Reviewing available literature applicable to the study area.

b Field survey.

b Identify histarical sites and features (as described below in further detail).
b Preliminary assessment of potential effects resulting from the proposal

P Providing initial recommendations on the need to avoid, minimise or mitigate any potential
effects and the need to undertake further detailed studies.

b Obtaining information on the statutory requirements relating to non-indigenous heritage
IssUe s,

Historical stes ahd features: Historical archaeology refers to the ‘post-contact' period and
includes: domestic, commercial and industrial sites aswell as most maritime sites. It isthe study
of the past using physical evidence in conjunction with historical sources. The two primary types
of places or iterns that may form part of the terrestrial historical archaeology context include:

p Below ground evidence, including building foundations, occupation deposits, features and
artefacts; and abave ground evidence, including buildings, works, industrial structures and

telics that are intact or ruined; and

b Areas of land that display evidence of human activity or occupation.
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YWithin these broad parameters, an historical archaeological site may include:
p Topographical features and evidence of past environments;

p Evidence of site formation, evaolution, redundancy and abandaonment (that is, features and
materials associated with land reclamation, sequences of structural development,
demaolition/de construction, and renewal);

p Evidence of function and activities according to historical themeds represented (for example,
an industrial site may contain diagnostic evidence of process, products and by-products),

b Evidence associated with domestic occupation including household iterms and consumahbles,
ormaments, personal effects and toys;

p Evidence of diet including animal and fish bones, and plant residues;

p Evidence of pastimes and occupations including tools of trade and the often fragmentary
signatures of these activities and processes;

b Methods of waste disposal and sanitation, including the waste itself which may contain
discarded elements from all classes of artefact as well as indicators of diet and pathalogy,
and

B Any surviving physical evidence of the interplay between site environment and people.

The information found in historical archaeological sites is often part of a bigger picture which
offers opportunities to campare and contrast results between sites. The most comman
camparisans are made atthe local level, however, due to advances in research and the
increasing sophistication and standardisation of methods of data collection, the capacity for
wider reference (nationally and, occasionally, internationally) exists and places added emphasis
on identification and conservation of histarical archaeological resources.

14.3 Existing Conditions

14.3.1  Previous Nambucca District Water Sup ply Studies

Gorman (1996) undertook a cultural heritage assessment of storage site 2", which included
bath Options 2a and 2b.

Garman conducted an historic heritage assessment of Site 2 (Options 2a and 2b) as part of her
archaeological assessment. Her study included consultation with local landowners, review of
information held at the Eliza and Joseph Mewman F olk Museum in Bowraville and some field
survey. Gorman was shown the site of a charcoal kiln by land owner, Mr Ussher.

More rigorous requirements for reporting archaeological assessments were implemented
subsequent to Gorman's 19596 assessment (refar NPYWS Standards and Guidelines 1997,
carrespondence: Liam Dagg to NSW Department of Commerce, 13 August 2004). Taking
account of this factor, the Department of Commerce commissioned a review and update of the
1996 archaeology study to meet current requirements.

This review was conducted in 2004 by Navin Officer Heritage Consultants and included a
review of relevant heritage literature and databases, consultation and field inspections. The
scope of the field inspections was defined in part by property access information and the
available plans for the Water Supply Project, and thus concentrated on the proposed storage
site Zb inundation area, the storage embankment area and access roads. Areas such as the
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pipeline routes, the pump site and release point on the Mambucca River, and Bowra Creek
downstream to the storage were not subject to archaeological suwey. These areas were viewed
from nearby vantage points and an assessment made of their archaeological
sensiivity/potential.

Field survey involved the field team walking most roads and forestry tracks in the inundation
area, inspecting the storage embankment area and walking the proposed accessroad. The
Bowra Creek riparian zone was surveyed upstream of the storage embankment for
approximately 780 m. Survey in the thickly vegetated upper reaches of Bowra Creek was
opportunistic and limited to areas that were accessible.

In October 2008, NOHC undertook a desktop review and update of previous cultural heritage
assessments undertaken for the Mambucca District Water Supply project. The review defined
the further waorks necessary to meet statutory and palicy requirerents in relation to the
Froposal.

14.3.2  Sites in and near the Study Area

Two European heritage items were identified in the course of the 2004 field surveys for the
Mambucca District Water Supply project. These comprise a forestry tree stump with springboard
holes, and the rermains of a charcoal kiln (as identified by Gorman in 1998).

14.3.3 Description and assessment of significance of id entified sites

Two European heritage items, a forestry tree stump with springboard holes and the remains of a
charcoal kiln, were recorded in 2004, Mo European heritage siteswere located in the context of
the 20085 field survey. These sites are ilustrated in Figure 1-1 in Chapter 13- Indigenaus
Heritage and have been allocated an identifier in the descriptions below.

The forestry tree stump (NWSH1)

This is located approximately 100 m northeast of the cleared paddock edge of the eastern
boundary of portion 152 (Ussher's farm) and within the proposed storage area. This site
consists of a large standing tree stump with springboard slots, and a fallen section of the sawn
and felled tree trunk (refer to Figure 14-1). The stump is 4.7 m in circumference (at breast
height) and is located on the creek (west) side of an overgrown vehicle track that is
approximately 100 m northeast of the cleared paddock edge of the eastern boundary of portion
152 (Ussher's farm).

The tree has been felled with a cross-cut saw and cut approximately 2.4 m abaove the ground. A
springboard slot, 16 emwide, 7 cm high and 12 cm deep is situated 1.6 m above the ground on
the eastern face of the stump. Several shallow axe slots occur below this, at 1.4 and 1.5 m
above the ground. A step, B0 crm wide and inset 20 crmoand B0 cm high has been cut below the
shallow axe marks, at 1 m above the ground. Another springboard slot, 16 crm wide, 5 cm high
and B cm deep has been cut on the southern stump face, approximately 1.7 mabaowe the
ground , with a shallow axe mark also placed next to it 40 cmto the left. Some 20 cm above the
slot is cut bench, 50 cm wide and 20 crm deep. A long section of now rotten tree trunk is
situated 15 m away fram the stump.
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Figure 14 -1 HWSH1 - Forestry stump and felled trunk, with detail of springboard slot.

The charcoal kiln (NWSH2)

This is located on the crest of a sputline shoulder, at the edge of a stmall farest remnant within
dairy farm grasslands to the west {and outside of) the storage area.

The charcoal kilnwas operated by Alec Graham during WWoarld War Il Charcoal was used to run
gas producers that were an alternative source afvehicle fuel during the war. The operation
consisted of one earth kiln and one brick lined kiln, dug into the ground nextto each other. A fire
wasg lit and the wood put into the earth kiln to burn to charcoal. [twas then doused with water,
dug out and transferred to the brick kiln, which could attain a higher temperature. Any unburnt
wood would be consumed in this kiln and the process finished. After a second dousing the
charcoalwould be bagged and taken to Macksville for sale (Gorman 1996:40, 41).

The site now comprises a shallow rectangular and elongated earthen pit with approximate
dimensions 3.4 mlong and 1.2 mwide. Low spoil mounds are located on the eastern side of the
pit and cover an area of 3 x 2.6 m. The pit iz aligned at right angles to the spurline (3187, and is
situated 2 m from a vehicle track that traverses the spurline (refer to Figure 14-2).

The track follows a fence line and cuts off a small bend in a presumably older but better
benched track, situated just down slope of the fence line track. The pit is now 55 cm deep but
has clearly filled with farest litter and sediment since its abandonment. Mo evidence for bricks ar
a former brick lining was evident in or around the pit.
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Approximately 70 m southwest along the track from the pit, a small scatter of brick fragments
was encountered, These may be traces of the bricks used in the reported brick kiln, and which
were presumably later rermoved and reused. Two of the three fragments appearto be hand
moulded sandstock bricks with a coarse aggregate and no frog (105 cm wide and 7.7 cm
deep). The other fragment is clearly later in age, being machine moulded and with a rectangular
frog (7.7 cm deep). If all of these fragments relate to the charcoal kilns, then its suggests that
bricks for the kiln were collected frorm a number of sources, including probable nineteenth
century former structures.

Figure 142 General view of location of charcoal pit - NWSH? (right, next to 2 s cale),
looking southwest

14.4 Impact Assessment

1441 Assessment Criteria

The NEW Heritage Office has defined a methodology and set of criteria for the assessment of
cultural heritage significance for items and places, where these do not include Aboriginal
heritage from the pre-contact period (NSVW Heritage Office & DUAR 1995, NSV Heritage Office

2000y, The assessments provided in this report follow the Heritage Office methodology.

The following heritage assessment criteria are those set out for Listing on the State Heritage
Register. In many cases items would be significant under only one or two criteria. The State
Heritage Registerwas established under Part 34 of the Heritage Act (as amended in 1999) far
listing of iterns of environmental heritage that are of state hertage significance. Environmental
heritage means those places, buildings, works, relics, moveable objects, and precincts, of state
or local heritage significance (Section 4, Heritage Act 15977,

An item would be considered to be of State (or local) heritage significance if, in the opinion of
the Heritage MSC of NSW, it meets one or more of the following criteria:

Criterion {a) anitem isimportantin the course, or pattern, of M3Ws cultural ar natural
history {or the cultural or natural history of the local area);
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Criterion (b}

Criterion (c)
Criterion (d)

Criterion (g}

Criterion (f)

Criterion (g)

an iterm has strong or special association with the life or works of a person, or
group of persons, of importance in NSYW's cultural or natural histary (or the
cultural or natural history of the local area);

an iterm is important in demonstrating aesthetic characteristics and/for a high
degree of creative ortechnical achievement in MSWY (or the local areal;

an itern has strong or special association with a particular community or cultural
group in MSW (or the local area) for social, cultural or spiritual reasons;

an item has potential to yield information that would contribute to an
understanding of NSW's cultural ar natural histary (or the cultural or natural
history of the local area);

an item possesses uncaommaon, rare or endangered aspects of NSW's cultural
ot natural history (or the cultural or natural history of the local area);

an itern is important in demonstrating the principal characteristics of a class of
NSV s

1.Tcultural or natural places; or

1.2cultural or natural environments (or a class of the local area's)

1.3cultural or natural places; or

1.4{cultural ar natural enviranments.)

Anitem iz not to be excluded from the Register on the ground that items with similar
characterigtics have already been listed an the Register. Only particularly complex items or
places would be significant under all criteria.

In using these criteria it is important t0 assess the values first, then the local or State contest in
which they may be significant.

Different components of a place may make a different relative contribution to its hertage value.
Forexample, loss of integrity or condition may diminish significance. In some casesitis
constructive to note the relative cantribution of an item ar its components. Table 14-2. provides
a guide to ascribing relative value.

Tabhle 142 Guide to ascribing relative heritage value

Justicaron Saus

Exceptional

High

hModerate

14-6

Rare ar outstanding itern of local or State significance. Fulfils criteria for
local ar State
High degree of intactness listing.

ltem can be interpreted relatively easily.

High degree of ariginal fabric, Fulfils criteria for
local or State
Demonstrates a key element of the item's significance. listing.

Alterations do not detract from significance.

Altered or modified elements. Fulfils criteria for
local or State
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Justifcarion Status

Elements with little heritage value, but which cantnbute to listing.
the overall significance of the item.

Little Alterations detract fram significance. Does not fulfil
criteria for local or
Difficult to interpret. otate listing.
Justifcaton .
Intrusive Damaging to the item's heritage significance. Does not fulfil
criteria for lacal or
otate listing.

14.4.2 Assessment

Table 14-3 summarises the inventory of site locations and the potential Impact upon therm as a
result of the Proposal.

Table 143 Inventory of Site Locations and Potential Impact

Recording Type Recording Code  GDA Reference Potential Impact
forestry stump MYYSH 1 487337 66127 Storage inundation
remains of charcoal kiln HAYYHSZ 48664 3.6612172 Mo impact

Forestry Stump and Felled Trunk - Nambucca Water Supply Historic 1 (NWSH1)

The farestry stump and felled trunk NSWH1 is demoanstrative of a past forestry harvesting
method no longer practiced. It contains a range of surface features that relate to the technigue
of manually felling a large tree with axes and a cross cut saw. The site is however in relatively
poor condition, with wood rat and termite activity widespread throughout the internaltissues of
the sturnp and felled trunk. The site is also situated in a location poorly suited for public
interpretation, being difficult to access and now surrounded by a tree plantation and regrowth.
This site is typical of many such stumps, which still remain within the current and former forest
areas subject to tree harvesting.

Bas=ed on its relatively poar condition, modified cantext, and lack of rarity, this site is assessed
as having little heritage significance and is not considered to fulfil the criteria for local ar State
listing.

Remains of Charcoal Kiln - Nambucca Water Supply Historic 2 (NWSH2)

The reported charcoal pit N5WH2 has been substantially modified and survives as an
archaeological site only, with low ground relief providing the anly above ground evidence, Apart
from smalltraces of brick, there are no traces of the reported additional brick kiln. The site is
now difficult to interpret and without the aid of aral histary, would not be distinguishable fram
other indeterminate and supericial agricultural ground works. As a consequence, this site is
assessed as having little heritage value and is not considered to fulfilthe criteria for local or
otate listing. |t would not be affected by the Proposal.
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14.4.3 Mitigation Measures

The proposed management measures are discussed below:

b Motification of the intention to impact the forestry sturnp, site NWSH1, would be provided in
writing to the Directar of the MW Heritage Office with a request that a determination be
made astowhether the intended impact falls under an existing exemption to section 139
permit provisions,

P Noimpact can occur until this advice is received and acted upon. This procedure is
necessary because this site falls under the definition of a relic {as defined by the Heritage
Act 1977, but has notbeen assessed as having local or a greater level of significance.
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15  Traffic

The information in this Chapter is talen from ‘Bowraville Off:-Hiver Storage & Associated Works,
Traffic lrmpact Assessment prepared by GHO, Februany 2008, An unabridged version of the

report s provided in Apoendx F, Valume 2,

15.1 Introduction

This Chapter considers the existing local and regional road network surrounding the study area,
assesses the likely traffic generation of the Proposal and determines the impacts during

construction and operation.

Table 15-1 outlines the Director-General's requirements and where they have been addressed.

Table 15-1 Statutory Requirements

Statutory Authority ElS Requirements Where Addressed
Director-General's ¥ Analysisof construction impacts including: road  Sections 15.2 - 154
requirements (0o closures and §ar traffic diversions and locations

and design of any accesstracks or roads.

¥ The impact ofthe development ar activity an
traffic in the neighbourhood of the development

ar activity.

15.2 Existing Conditions

The key roads relevant to the Proposal are shown in Figure 15-1 and Figure 15-2.
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Figure 152 Local Access Roads

The available roads to provide access to the borefields and storage site comprize:

p  Pacific Highway, linking to major centres north and south along the eastern coastline;

b Wilson Road linking Macksville to Bowraville essentially along the southern side of
Mambucca River;
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# Rodeo Drive, providing access from the highway to the works area at Bowraville;

b Wirrimbi Road and Old Coast Road providing a link from Rodea Drive to Mambucca Heads
and Pacific Highway, and

b Yalla Hoad providing access to the storage site from Bowraville.

Itis anticipated that all major plant and equipment deliveries to the borefield and storage would
be brought to the site via the Pacific Highway to Maorth Macksville, then along Rodea Drive (MR
118) and “alla Road to the starage site.

An alternative route exists between Macksville and Bowraville, being Wilson Road. It is not
anticipated that Wilson Road would be used for access to the site, as traffic would need to pass
through the cammercial and residential centres of both Macksville and Bowraville.

The Pacific Highway is the major east coast link road providing access between coastal centres
between Sydney and Brisbane. [t carries a high proportion of heavy wehicles through the centre
of Macksville and would be the route along which any heavy equipment far construction and
operation of the water supply would be brought into the region. The highway is fully funded and
maintained by the NSWW State Government through the Roads and Traffic Authority.

15.2.1 Rodeo Drive (MR 118)

Fodeo Drive is a two-lane two-way rural road that connects Pacific Highway at Macksville with
the Bowraville region. [tis classified as a "Regional Hoad" over its full length.

The road has the following characteristics:

P Acircuitous winding alignment for most of the length apart fram =ections adjacent to the
Fiver;

b Mostcurves not being signposted with advisory speed signs;

b Total length of approximately 12.4 km to Yalla Road intersection;

P Two lane, two way sealed pavement with centreline marked full length;

b Approximately 80% of the length is marked with double barrier lines prahibiting overtaking;

p Mostroad shoulders and verges are thickly grassed which in combination with few
guideposts provides poar delineation of the road side limits;

P The pavementis currently in fair to good condition visually with fewe major failures;

P The bulk of the length is marked with speed de-restriction signs, except for the urban areas
at bath ends and a section of 70 km/h each side of the Wirrimbi Road intersection.
Consequently, the state default speed limit of 100 km/h is generally applicable to the road,

P Mo signposted load limit for any bridge or culvert,
b Railway overbridge and two underpasses at three locations;
P A number of "curve intersection” and "Schoaol Bus Stop Ahead” signs have been installed.

Ifit is assumed that all traffic passing the count station at Macksville continues to Bowraville
then the 2011 AADT of 2,200 translates to 220 vph (vehicles per hour) as the peak houtly
count.
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Fodeo Drive isthe major link road between Macksville and Bowraville. It would be the route
used to transport any heavy equipment to the storage site and the associated bore field and
transfer facilities etc. It would also be the main route expected to be used by warkmen and

visitors travelling to and from the site from outside the local area.

The Marth Coast Raihway line crosses Rodeo Drive at 3 locations.

b AL 7E0m from Pacific Highway Rodeo Drive passes beneath a rail overbridge. On the river
side there isvirtually no road shoulder and there is a hole adjacent to the bridge pier. The
narrowing road width is not warned to motorists with advance signs and a number of chevron
type width marking signs have been lost. Signage would be rectified to comply with AS
1742, The vetical clearance is 4 Bm.

b At 285 km atimber overbridge carries Hodeo Drive aver the railway. The small radius
bends on both sides of the bridge result in long loads crossing the road centreline. There is
no signposted load limit, though same non standard advisory signs indicate that caution
would be exercised in regard to long loads and that a 10 kmdh speed limit would be adhered
to. Signage would be rectified to comply with A5 1742,

b At 3.85 kmthe road descends into a cutting and turns 90° under the second rail underpass.
The bridge piers are behind the road shoulders. The general arrangement appears to be
satisfactory. The vertical clearance is approximately 6.7m. The clearance is not signposted
as the height exceeds the highest level requiring signposting, which is 5.0m.

15.2.2 Wil on Road

An alternative route from Macksyille to Bowraville is Wilson Road. This route generally follows
the southern side of Nambucea River intially through the commercial centre and residential
area of Macksville directly to the residential area of Bowraville. Due to the connectivity of the
residential areas, it may have a higher traffic count than Rodeo Drive, even though it has a
lower road classification status.

From Macksville the route would be via the traffic signal controlled interse ction into
Embankmentace Street, along the main shopping centre, turn right into Princess Street, then
left into Mckay Street, cross the railway level crossing before the bridge over Tilly Wouldy
Creek, then along Joffre Street, and over the high level bridge over Taylors Arm to the start of
Wilson Hoad.

Crossing of the rallway level crossing may prove to be problematic for wide and heavy low
loaders with large construction plant. The use of this route would be discouraged for such
traffic.

Between Macksville and Bowraville, Wilson Road is constructed as aninterurban connector
route with a sealed surface, linemarking and some advisory speed signs and curve warning
signs for lower than average curve ralll&l. Curveswere noted being marked with 45 and 55
krnsh advisory signs. The sealed road width was noted as being B.4m.

The distance to the intersection of Rodeo Dr and High Street at Bowraville from Macksville is
almost identical to the distance via Rodeo Drive at approximately 13.5km. However, the use of
Wilson Hoad is not favoured due to the need to pass through the commercial centres of
Macksvile and Bowraville aswell asthe surrounding residential areas. There were nao load
limits noted an any of the bridges on this route.

15-4 Mambucza District Wigter Supply Augmentation 22 433G
Bowraville OffRiver Storage and Associate d Works
Ermirenmental impact Satement



p—
I—

To the start of Valla Road, the Wilson Road route would be about 1.2km longer than the Rodeo
Orive route.

15.2.3 Wirrimbi Road

Wirrimbi Road joins to the Old Coast Foad and provides a link from Rodea Drive at Macksyille
to Mambucea Heads. It is constructed to a similar standard and alignment as Wilson Road and
Rodeo Drive. It would be suitable as an access route to the starage site in canjunction with Old
Coast Foad to Nambucca Heads.

15.2.4 Horth Arm Road and Borefield Road

Maorth Arm Hoad is a secondary link road connecting the town of Bowraville with rural districts to
the west and along the southern side of Nambucca River. The road commences at High Street
Bowraville and crosses Sauth Creek approximately 100m fram High Street.

South Creek Borefield

The South Creek borefield is located south of Morth Arm Road and on the western side of South
Creek. Access to the borefield would be via High Street and then 200m alang Morth Arm Road
to the western side of South Creek. This location is within the 50 km/h town speed zone. The
zone changesto 100 kmdh 180m west of the proposed new access location. Ay ailable sight
distance from the new access lacation is 200m easterly to High Street and approximately 280m
west. Therefore | the indicated new access location has satisfactory sight distance in both
directions. The access location could be easily adjusted by moving the access westward to
reduce the access earthworks, without compromising sight distance.

15.2.5 Intersection of Horth Arm Road with Borefield Road

Accessto Borefield A and the west bank companents of the existing barefield would be gained
via Marth Armm Road and Borefield Road. At the intersection of Marth Arm Road and Borefield
Foad, Maorth Arm Road has a sealed width of 7 Om and is linemarked. Borefield Road is not
sealed and has a gravel pavement width of 4 Am to 4 .8m. The intersection forms an angle of
approximately 67 degrees, which favours the major traffic movements to and fram Bowraville. A
stock grid 3.2m wide is located atthe end of Borefield Road, 370m from North Arm Road. The
existing private gravel road beyond the end of Borefield Road continues in a similar form and
standard to Borefield Road.

The available sight distance atthe intersection of Borefield Road with Morth Arm Hoad is
approximately S00m easterly toward Bowraville and 178mwest, between two vehicles, aver a
curving crest. The ae™ percentile approach speed was assessed at this location at 92 k. For
the intersection of two existing public roads the desirable ASD with 2.5 sec reaction time | in
accardance with the Austroads guide to Intersections at Grade is 170m. The desirable SIS0 is
215m for the intersection. SIS0 is the usual minimum design criteria for the intersection of twa
public roads. Whilst the deficiency is noted, the combination of most turning movements being
to and from Bowraville, plus the sufficiency of the ASD, it is considered that the intersection
would continue to operate adequately for most routine requirerments with smallto medium
vehicles. For large and heavy loads accessing the borefields via Borefield Road during
construction warks the construction contractor would assess tumning conditions and provide
traffic management as required.
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15.2.6 Bellingen Road

Bellingen Road is a bitumen sealed two-lane two-way road connecting the towns of Bellingen
with Bowraville and surrounding areas. It is also classified as a "Hegional Road" over its full
length.

Bellingen Road intersects with Rodeo Drive to the south of the site and passesto the west of
the storage site. Bellingen Road would be used for access to the headworks, borefield and
pipelines that would provide interconnection between the Mambucca River and the starage.

Traffic count data received from NSC indicates that the road has an AADT of 779 in September
2005 at the southern end near Bowraville, Assuming a conservative growth rate of 3% the 2011
AADT would be 931, The count infarmation indicates a considerable reduction in traffic density
with increasing distance from Bowraville. At 455 km from Bawraville the extrapalated 2011
AADT would be 466, Assuming a linear reduction in traffic with distance from Bowraville would
be conservative as there is a concentration of population in the first kilometre however, on this
basis the approximate AADT at 2.5 km from Rodeo Drwould be B30

Comparison of the NSC traffic count data with the histaric RTA data does not indicate any
obwious inconsistencies.

Access to Headworks from Bellingen Road

Accessto the existing headworks is from the western side of Bellingen Road approximately
780m north of High Street. The entryisvia a sealed one-way lane adjacent to the western side
of Mo 75 Bellingen Hoad. The access is just beyond a right hand curve travelling north and is
approximately 20m inside the end of the B0 km/h speed zone leaving Bowraville.

Itis apparent that a busy dairy business operates approximately 250m further north along
Bellingen Road. Flashing lights and additional signage have been installed at the dairy location
to assist with traffic management. There is also a "B0 krmdh AHEAD" warning sign installed
approximately 300m west of the speed zone to assist with reducing the speed of approaching
traffic. The sign would assist with reducing the approach speed at the headworks entrance.

Advice from NS is that the access is part ROC and part public lane. The number of vehicles
accessing the headwaorks site on a daily basis would generally be limited to one ar two wehicles,
Consumable materials are usually delivered on a monthly basis, which would increase the daily
movements on those days. On ococasions when significant maintenance works are being
carried out, the daily movements would increase over the period of warks accardingly.

As the access has limited width and appears to provide access to the headworks anly it may be
reasonable to assess the available sight distance in accordance with AS 2890.1 -2004 Parking
Facilties — Off Street Car Parking. For B0 km/h design speed and a domestic drivewsay the
minirumm sight distance is55m. For other access driveways the desirable and minimum sight
distances are 83m and Bom respectively. Ifitis assumed that the approach speed from the
west past the dairy is 80 kmh then the desirable Stopping Sight Distance is111m.

Awailable sight distances were measured an site. The actual sight distances compared with
relevant criteria are summarised in Table 15-2.
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Table 152 Sight Distances at Headworks Access

Design Speed Available Sight Sight Distance Sight Distance for Other than
Distance (m) for Domestic Domestic Driveways (mj)
property (mj
Available Desirable Desirable 9s gap  Minimum
S50
B0 krmdh 190rn Morth A5m 83m BAm
SIS0
1817 Morth
ASD
114m South
80 kmh 190m Morth H5m 111m 105m
SIS0
1817 Morth
ASD
114m South

Generally the available sight distance to the north considerably exceeds the sight distance
requirements far an approach speed of 80 kmih. To the south, where vehicle speeds would not
be greater than B0 km/ the sight distance also meets the 80 kmh requirement even though the
sight line is restricted by vegetation on the inside of a curve. With minor clearing an extra 30m
of sight distance would be attainable. Figure 15-3 shows the headwoarks access whilst Figure
15-4 illustrates the sight distance towards Bowraville frorm the access.

Figure 15-3 Access lane to Headworks
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Figure 154 Headworks access sight line toward Bowraville

Access to Northern Proposed B orefield

The proposed access to the narthern proposed borefield is located approximately 1.15km
northwest of the headworks access. Sight distances at the access point have been assessed in
accordance with AS 283901 asfor a property access. The access islocated within a 100 km/h
speed zone. Tahle 15-3 below is indicative of applicable required sight distances.

Table 153 Sight Distances for Level Grade (AS 2890.1:2004)

Design Speed Sight Distance Regquirement Domestic property access
other than domestic
Desirable Mlinimum 330

40 krndh B5m 3am 30m

80 kmih B9 m 45m 40m

80 krndh 1 1m 105m 85m

100 kmh 139m 160m Use adjacentvalues

The available sight distance from wvehicle to vehicle at the access to the southeast exceeds
210, which is significantly greater than the minimum S50 per A3 2890,

The available sight distance from vehicle to vehicle at the accessto the northwest was
measured at 113m which is less than the desirable sight distance requirement for the speed
zone. However, an assessment of the environmental approach speed produced an geih
percentile approach speed of 31 km/'h for which the minirmum S50 is 105m. Therefore, the
available sight distances in both directions at the proposed access point are considered to be
satisfactary for the assessed speed environment under normal conditions with light vehicles.
Forlarge and heavy loads accessing the borefield during construction works the construction
contractor would assess turning conditions and provide traffic management as required.

At the northern proposed access point Belingen Road is sealed 5.8m wide, linemarked with
barrier lines and has grassed shoulders approximately 1m wide. Entry to the property is aver a
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stock grid 4mwide and 9mfrom the edge of the seal An accessto Mo 188 Bellingen Road is
located directly opposite,

15.2.7 Intersection of Valla Road with Rodeo Drive

“alla Road is a secondary rural road used for property access and to access forestry areas. |t
also connects to the Valla district north of Mambucca Heads, Valla Road intersects with Rodeo
Drive 12,4 km from Macksville and 1.1 km before the High Street intersection at Bowraville.
Figure 15-5 shows the current condition of the intersectian,

Yalla Hoad currently provides the most readily accessible route to the storage site. ltforms a T-
junction with Rodeo Drive opposite the Bowraville Showground. A photo of the intersection is
shown below. The sealed pavement ends just beyond the crest shown in the photo below, 70m
from Hodeo Drive. "Turning Trucks" and a "Gravel Road with Loose Surface” sighage indicates
the conditions that may be encountered further along Valla Road.

Figure 155 Current condition of the inters ection of Valla Road with Rodeo Drive

The Yalla Road intersection is located on & sweeping curve in Rodeo Drive. Characteristics of
the intersection are as noted below;

b Angle of intersection of roads approximately 90" with the inclusion of a 25m long approach
horizontal curve in Yalla Road;

p Rodeo Drive grade approximately level,
b “alla Hoad grade approximately 6% falling to the intersection;

b Hodeo Drive seal width B.5m with 1.2m to 1.5m shoulder width and centreline painted
linemarking,

P Valla Foad has no Give Way signage or centreline marking approachinig the intersection;
b “alla Hoad sealwidth 7 8mwith minimal shoulders approximately 25m fram the intersection;

b A large sawmill operates from land on the eastern side of Valla Road at the intersection.
Primary access appears to be from Balance Tank Hoad just beyond the crest in Figure 15-5 .
The gravel access track on the eastern (right) side of “alla Road in Figure 15-5 appears to
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be an occasional exit path. Given the low traffic volume in the area there would seemto be a
lowr probability of traffic interaction by use of the exit.

b Intersection sight board located opposite the Yalla Hoad approach ta the intersection. Mate
that the sight board has been erected inverted;

b The default speed limit of 100 km/ appliesto the area of the intersection;

p The Bowraville 60 ki speed zone commences 220m north west of the intersection along
Rodeo Drive;

b There is nointersection lighting pravided;

b A ADm long left turn deceleration and turning lane is located in Rodeo Drive on the
Bowraville side of the intersection.

b Awailable sight distance approximately 340m southeast toward Macksville;
b Awailable sight distance 160m narthwest toward Bawraville before being limited by a crest.

The available sight distance of 340m toward Macksville is considerably in excess of the
desirable Safe Intersection Sight Distance (S150) of 253m for & design speed of 100 k.

Given that wvehicles approaching from Bowraville enter the available sight distance 60m after
exiting the B0 km/h urban speed zone, the design approach speed could be considered to be
say 80 kmdh. For 80 km/h the minimum SI3000s 170m and the desirable ASD is114m.

Therefare, it is considered that the intersection would provide satisfactory accessto the storage
site via this route for light vehicles. The increased usage of the intersection would warrant the
installation of intersection warming signs on both approaches in Rodeo Drive. Figure 15-6,
Figure 15-7 and Figure 15-8 illustrate the approaches ta the intersection fram “alla Road, from
Macksville and from Bowraville respectively.
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Figure 157 Walla Road intersection sight line toward Macksville
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Figure 158 Valla Road Intersection sight line toward Bowraville

15.2.8 Valla Road

Yalla Road is a narrow two-way graveltoad. The pavementis unsealed and has a loose gravel
surface and is corrugated in sections. The roadway is not delineated with guideposts and has
hurmerous cloge trees, which would be hazardous to errant vehicles. There are no curve
warning or advisary speed signs in the length from Rodeo Drive to the intersection with the
eastern end of Bobo Road, which is 2.5 km from Rodeo Drive.

standard advisory signage located near Rodeo Drive warns drivers of turning trucks and the
gravel road with loose surface. Other signage advises caution due to log trucks using the road.

M=C did not have any traffic count data available for Yalla Hoad however, there are wery few
houses in the few kilometres at the southern end of Yalla Hoad and it appears that most traffic
from the rural enterprise s surrounding the northern half of the road would travel via the
connection to Pacific Highway which is sealed for approximately 3.2 km. The southem end of
“alla Hoad may have an AADT considerably lower than 2000 The peak hourly volume for an
AADT of 200 would be 20 vph. A count of dwelling houses in the vicinity located from aerial
photography indicates 5 to 10 dwellings mavy utilise the southern section of Valla Road. Most of
these dwellings are located close to Rodeo Drive. Residential dwellings usually generate 8 to 10
vehicle trips per day. Therefore, an assumed AADT of 200 would be conservative.

Advice fram MESC is that the use of Walla Road for the cartage of construction materials south of
Marriott's Cluarry is not permitted. Figure 15-8 shows the typical pavement and roadside
conditions along Valla Road.
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Figure 159 Valla Road - typical view of pavement and roadside conditions

The intersection of Bobo Road with “alla Road has been assessed in the same manner as for
Bellingen Road. Characteristics of the intersection are as follows:

b Angle of intersection approximately 90" located on the outside of a sweeping bend;

b “alla Hoad grade approximately 3% rising from the south to the intersection, then level ta the
hatth;

b Valla Hoad gravel pavement width approximately 4.5m with 1.2 to 1.5m shoulder width;

b Available sight distance approximately 55m south limited by the road curvature and a high
cutting;

b Awailable sight distance approximately 85m narth befare being limited by a curve and cutting.

Turning mavements into and out of Bobo Hoad would be a left turn inta the road fram “alla
Foad and a right turn out of Bobo Road into Valla Road.

A potential conflict arising from vehicles turning right out of Bobo Road across the path of
vehicles approaching from both directions would be considered. The available sight distance is
55m and 85m. Due to the immediately adjacent curves, the generally winding alignment and
the rizing southern approach it is considered that the approach speed would not exceed 40
kmih, Far 80 kmi'h the minimum approach sight distance (AZ0) is 47 m and the desirable ASD
is 5dm. A satety margin can then be assurmed to be available to apply against the longer
braking distance applicable far the gravel pavement.

Therefare, it is considered that the intersection would provide satisfactory accessto the storage
site via this route for light vehicles. The increased usage of the intersection would warrant the
installation of intersection warning signs on both approaches in Yalla Road.

The use of the Bobo Road to enable heavy vehicles and long loads to access the storage site
would require the implementation of traffic control measures during the work period to ensure
that conflicts do not arise when the intersection is abstructed by large turning vehicles. [t would
be expected that the implementation of traffic contrals would be an integral part of the worksite
Traffic Management Plan for the project. Figure 15-10 and Figure 12-11 illustrate the sight lines
available from the Boba/ %alla Foad intersection.
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Figure 15-11 Sight line south along Valla Road

1529 Bobho Road

Mapping of the ares indicates that Bobo Road is aligned approximately east towest and runs
between %alla Road and Bellingen Road. It runs approximately through the centre of the
starage area, near the storage embankment, and has the potential to be used to access the
storage construction area from both the east and west sides. The road is currently used to
access adjoining private properties and forestry operations in the Yiewmont State Forest. The
storage area would be located within the current state forest in an area being purchased by
MSC

The eastern leg of the road, which connects to Valla Road is currently being used to access the
starage site for geolagical and environmental studies of the area. Only the section near %alla
Foad is currently formed and gravelled far vehicular traffic. A short distance from™alla Road
the road condition reverts to an earth track. Inspection of the road indicates that accessto a
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private property is regularly travelled 1.0 ki from Yalla Road. The track is typically not less
than 3.6mwide, not graded and with no provision for drainage. There are five (&) sharp crests
which limit sight distance.

In its current form the track would not be suitable for site access for either workmen or for
deliweries of plant and materials, Figure 15-12 shows the current condition of Bobo Road.

It is anticipated the preferred site access would be via this link road from Valla Hoad. To be
suitable for access during construction Bobo Road would need to be upgraded to a B metre
forrmation with 3 metre wide bitumen seal. NSC's current standards for such works, as
contained in Development Control Plan Mo 4 — Subdivision, are expected to be suitable for
upgrading of the road to suit construction traffic and for the occasional post construction visitors
to the storage.

Figure 15-12 Eastern end of Bobo Road looking from Yalla Road

Inters ection of Ferry Street/ Rodeo Drwith Pacific Highway

Fodeo Drive intersects with Pacific Highway at a T-junction immediately adjacent to the steel
truss bridge over the Marmbucca River. The speed zoning for both roads in the locality is S0
kmih., Immediately north of the intersection the highway curves through 90" to align wiith the
tiver. The curve has a crash barrier on the outside together with numerous fluorescent CAM's
and combination oversize truck tilting and curve advisory speed signs.

The safe intersection site distance (ZI50) at the intersection was assessed for a vehicle turning
left and right from Rodeo Drive. The available sight distance naorth was 115m across the chaord
of the curve and a “filtered” sight distance of 120m was available onto the bridge superstructure
to wehicles approaching from Macksville. Zome obstruction to the line of sight was presented
by bridge railings and guard fencing. For a design speed of 50 km/h the minimurm and desirable
SIS0 is 83m and 36m respectively on level approaches. Therefore, the intersection is expected
to wark satisfactorily from a safety perspective under most traffic conditions. Due to the high
traffic volumes encountered on Pacific Highway, especially during haoliday periods it is likely that
the limited entering oppoartunity may result in drivers attempting to enter the highway traffic
stream when presented with less than recommended gap times.
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River and Creek Crossings
There does not appearto be any restriction to access to the storage site, the headworks ar any

of the existing or proposed borefield areas due to narrow width of bridges or reduced load
capacity. The following bridges have been reviewed as part of this assessment;

b Bridge over Mambucca River at Bowraville on High St. A2 lane timber bridge with wide
pedestrian path on the upstrearn side and timber hand rail on the downstream side.

b Mottleys Bridge over Bowra Creek on Rodeo Drive. A2 lane concrete decked bridge with VWY
beam guardfence both sides and pedestrian footpath on the upstream side.

» Brouggys Bridge over South Creek on Morth Arm Road. Alow level 2 lane plus pedestrian
path bridge with VYW bearm guardfence both sides.

P Unnamed timber bridge over minor creek on Morth Arm Road approximately 250m west of
Brouggys Bridge between South Creek and Borefield Hoad. Low lewel timber railing bath
sides with no pedestrian pathway.

Mone of the bridges noted above has signposting for narrow width or load limit re striction s,

Signs and Delineation

Frevious sections have identified particular deficiencies in signage at certain locations. Itwas
generally found that the standard of signage is consistent with ather similar local government
areas.

The provision of roadside delineation is also quite varied. Mare significant road s such as Rodeo
Orive, YWison Hoad and Bellingen Road have intermittent guideposting, whereas, Yalla Road
has wirtually no guideposting. Again, the situation is probably consistent with ather authorities.

There were na locations identified where the linemarking of road centrelines was considered to
be incarrect however, a comprehensive audit of linerarking would normally be required to
identify such requirements. Generally, sealed roads were linemarked with a centreline in fair
canditian.

15.2.10 Hetwork Performance

Trafficvalume count data is available fram the RT A for sites on Pacific Highway at Macksville
and also on MR 118, Rodeo Drive at Macksville and at Bowraville. The latest count year is
2004, The count data has been extended to 2011 as the base year assuming a compound
annual rate of growth determined from analysis of the historic data. The base year of 2011 is
the anticipated year of construction based upon current estimates,

The site descriptions are as follows:

b 09244 — SH10 Pacific Highway - Macksville at Nambucca River Bridge, 512.6 km (southermn
side of river).

P 09231 - SH10 Pacific Highway - Macksville — N of MR 118 Ferry Street, 512.9 km.

P 09347 - MR Mo 118 Macksville — Bellingen, Macksville — W of SH10, Pacific Highway, 0.1
k.

b 09349 - MR Mo 118 Macksville — Belingen, Bowraville — S of MR118 (Branch), 13.0 km.

P 09350 - MR Mo 118 Macksville — Bellingen, Bowraville — M of MR118, Macksvile Road,
13.4 km.
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The two sites on Pacific Highway are only 300m apart vet indicate growth rates of 3.1% and
4. 2%. The higher growth rate is from a site with almast half the number of count readings and
the most recent being taken in 1998, The alternate site has almost twice as many counts and
the rmost recent being in 2004, Consequently, there is doubt over the validity of the higher
growth rate. | Adoption of the site with more counts including the most recent counts, results in
an extrapolated 2011 annual average daily traffic (RADT) of 21 2200

The count sites on MR 118 at Bowraville exhibit growth rates of 2.5% and 2.7% and a declining
rate of nearly 2% far the site north of High Street (Station 09.350) based upon counts in 1982
and 1986, Itis unlikely thatthe old counts are representative of actual current traffic conditions.
Therefore, it has been assumed that all sites near Bowraville have a growth rate of 3% and that
the site north of High Street is B7 % of the count south of High Street. This action would result in
a conservative assessment being made. A summary of the extrapolated 2004 and 2011 base
year count AADTs is contained in Table 15-4.

Table 154 Traffic Count Stations and Yolumes up to 2011

Station Location AADT 2004 AADT 2011

09244 and 09.213 Facific Highway Macksvile 17,140 21220

09 347 Fodeno Orive Macksville 1 800 2,200

09.349 Bellingen Road south of High 1,400 1,700
Street

09 350 Bellingen Road north of High G950 1,150
otreet

The existing road network performance has been assessed based on known and assumed
traffic data atthe three (3) key intersections within the study area as listed below:

¥ Intersection of Rodeo Drive and %alla Road;
¥ Intersection of Valla Road and Road A; and
P Intersection of Bellingen Road and Hoad B.

The performance of the intersection of Rodea Orive (MR113) with Pacific Highway would not be
considered further as the traffic contribution to the overall operation of the intersection is
considered to be negligible both for the construction and operation phases of the project when
considered in relation to the projected volumes on Pacific Highway. Any requirement for
upgrading of the intersection is expected to result from natural growth in the region, and would
be expected to be fully funded by the RTA  The construction of a bypass of Macksvile by the
highway may well occur befare further highway intersection upgrading occurs.

Road Network

The performance of the existing road network surrounding the development site has been
assessed interms of Level of Service (LOS). The LOS criteria below is based on peak hour
flows per direction for urban roads and peak hour flows on two (2] lane two way roads, with
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design speed of 100 kv, for rural roads as defined in RTA's Guide to Traffic Generating
Developments and detailed in Table 15-5 and Table 15-6 respectively.

Table 155 Urban road peak hour flows per direction

Level of Service One Lane (wvpd)

A, 200
B 380
= BO0
0] 800
E 1400

Source: RTA Gude to Trafic Generating Developments, Odober 2002, WVersion 2.2

Table 156 Peak hour flow on two {2) lane rural road {vph)

Level of Service Yeh/hr

B 530
© 870
0] 1410
E 2290

Source: RTA Gude to Traffic Generating Developments, Odober 2002, Version 2.2 Table 4.5
The LOS criteria in Table 15-6 is based on the following assumptions:

b Design speed of 100 kph;

b Terrain levelwith 20% no overtaking;

P Anaverage of 15% heavy vehicles;

¥ 3.7 metre traffic lane widths;, and

b BOMO directional split of traffic.

Assuming that the peak hourly twa way flow is 10% of the AADT then it is clear that current
traffic densty iswell short of the hourly counts in the two tables above,

On Rodeo Drive atYalla Road the sum of localtraffic plus peak construction traffic is unlikely to
be higher than 170 +72 =242 vph. The peak hourly site generated traffic has been taken as
being for the example the first hour of work each day when B0 staff arrive, there are 2 support
trips and 10 material delivery trips. At other times during the day the site generated traffic could
beaslowas5to 10wph.

COn Bellingen Road the sum of local traffic plus peak construction traffic may be 115 +72 =187
vph at Bowraville. Both peakvolumes are 45% to 35% of the limiting volume for LOZ B fora 2
lane rural road in accardance with the criteria above.
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The number of vehicles expected to access the site during the construction phase would
increase marginally at timeswhen materials are being imported to site. Such co-incidence of
operations is expected to accur for less than perhaps 50% of the construction period. At these
times heavy vehicles may account for up to 15% of the peak traffic volume.

The current level of service for the key roads surrounding the site, being Rodeo Drive, Bellingen
Foad and Valla Hoad are expected to remain at LOS Ato B for the foreseeable future.

Inters ection Performance

The three (3] key intersections surrounding the site were investigated, based on the anticipated
volumes in year in 2011 and 2021,

The expected traffic volurmes on local roads during years 2011 and 2021 resulting from current
activities in the area and anticipated natural growth are given in Table 15-7 below.

Tahle 157 Traffic Flows

Estimated Traffic Estimated Traffic

2011 {vph) 2021 (wph)
Fodeao Drive at %alla Hoad 170 230
“alla Hoad at Bobo Road = 20 <27
Bellingen Road at Bobo Hoad ate 1

The traffic loading on the intersections with construction traffic is expected to be in accordance
with the flows indicated belaw.

Tahle 158 Intersection Traffic Flows

Estimated Traffic Estimated Traffic Estimated Traffic

2011 (wph) 2011 (vph) plus 2021 {vph)
Construction
Fodea Drive 170 242 230
“alla Road 20 82 27
“alla Road 20 92 27
Link Road a 72 A#
Bellingen Road ot 140 21
Link Road a 72 a#

# Maminal Allowance for mairtenance and toursm.

Comparison of Table 15-8 with Table 15-9 below confirms that a detailed analysis of each of the
intersections is unnecessary due to the low flow volumes expected even with construction traffic
included.
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15.2.11 Intersection Capacity

The intersecting traffic volurmes at Rodeo Drive and “alla Road and Bellingen Road at full
development in 2021 are estimated to be;

P 2300 vwpd Rodeo Drive and 270 vpd %alla Road. This carresponds to a two-way peak flow
of about 230 vph and 27 vph.

b D10vpd Bellingen Road. This corresponds to a two-way peak flow of about 91 vph.

Forthese low combinations of flows, the busier roads can comfortably absorb the minor road
traffic at a good level of service. These combinations of flows are well below the threshaold
values where intersection capacity analysis is normally required as shown below.

Table 159 Intersection Volumes below which Capacity Analysis is Unnecess ary

Type of Road Light Cross & Turning Volumes

Maximum Design Hour Yolumes
vehicles per hour {two way)

Two lane major road 400 500 B0
Cross road 250 200 100
Four lane major road 1000 1 500 2 000
Cross road 100 50 25

Source: Austroads Part 2, Table 8.1 Roadway Capacity

15.2.12 Existing Crash History

The RTAhas provided crash history for the period beginning July 2003 to June 2003 for the
following roads;

b Facific Highway within the Mambucca Shire;

P MR 118 Macksville to Bellingen which includes Ferry Street, Rodeo Drive and Bellingen
Road and;

» Fulllength of %alla Road.

A plan of recorded crashes is pravided in Appendix C for each of the road sections noted
above. The five-year crash history provided by the RTA has been reviewed to identify any
featureswhich may be relevant to this study. The review has been performed for:

b Intersection of Rodea Drive/Ferry Street and Pacific Highway,
b The length of Rodeo Drive from Pacific Highway to Valla Hoad,
¥ Intersection of Rodeo Drive and %alla Road;

A general review of the available crash data indicated no obvious anomalie s which would
warrant further investigation of the crash data that may point to particular road characteristics
thatwould warrant further attention or corrective actions.

The Crash data is provided in Appendix C, and is summarised in Table 15-10.
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Table 15-10 Crash Analysis Summary

Location No. of No. of Total & M ajority of crashes
injury non numbher numher
crashes  injury of of
crashes crashes injuries
Intersection of 5 2 7 5} Includes all crashesin the
Fac Highway vicinity of the intersection,
& Rodeo Drive both in lane and turning types.
Fodeno Drive 15 12 27 17 E0% of all crashes were
fram Pac associated with off road on
Highweay to cumve types.
High St
Bowraville
Intersection of 0O 0 0 0 Mo crashes recorded in the
“alla Boad & database.
Fodeno DOrive
Bellingen 1 1 2 1 The injury crash was an off-
Road from road on-curve in close
High Stto proximity to Bobo Foad
Blackherry intersection.
Lane
“Walla Boad full 2 3 ] i E0% single vehicle off-road
length types, 40% 2 vehicle head-on
type.

The key points relating to each of the above locations are:

b The high propaortion of single vehicle off road on curve type crashes is indicative of the
winding hilly terrain and the general lack of adeguate delineation of the road alignment;

¥ Mo crasheswere recorded at the intersection of Rodeo Drive and “alla Road;

p The crashesrecorded in the vicinity of Rodeo Drive and Pacific Highway are not unexpected
given the high traffic density at particular times. [t does notindicate a particular problem in
this area when considered in relation to the highway nearby;

p The map of crashes on MR118 indicates a number of groups of crash sites predominating.
This appearsto indicate that site specific local factors may be influencing the crash data;

b Mone of the key intersections investigated in this repart figured in the crash statistics apart
from Rodeo Drive and Pacific Highway;

P Therewere no recarded crashes invalving pedal cyclists with Pacific Highway excluded.

15.2.13 Public Transport

Public bus services in the area are provided by Busways Morth Coast Pty Lid. Busways
operatesfrom a depot at Macksville.

The Busways timetable indicates that 2 moring and 2 evening buses follow a loop route
utilising both WWilsan Drive and Rodea Drive between Macksville and Bowraville an weekdays,
They then continue onto Mambucca Heads and Coffs Harbour. A service also operates along
Bellingen Road asfar as Tallowood School 2.2 km from High Street.
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15.2.14 School Bus Services
schools in the Bowraville area are:
b Bowraville Central School — 19 High Street Bowraville;
p  Gumbangirri Preschoaol — Bowraville,
p John FPaulCollege — 2 Carbin Street Bowraville, and
P Tallowood School - 220 Bellingen Road, Bowraville,

Bowraville Central School also operates a school farm off the end of Borefield Road from Marth
Arm Road.

achoal bus services use Rodea Orive and Bellingen Road in arder to access pick up and drop
off locations at strategic intervals. There is no school bus traffic along Valla Road. Parents
drive their children along “alla Road to a pick up point on Rodeo Drive.

senvices are provided by Baldwins Bus Service fram their premises at 53 Borefield Road and
Chezmar Bus Services.

The project is not expected to have any significant impact on public transport services in the
area.

15.2.15 Pedestrians and Cyclists

All of the roads surrounding the storage site and associated with the bare field are outside the
urban area of Bowraville. Consequently, they do not provide footpaths for pedestrians.

Mone of the roads provide either on road or off road cycleways. Both pedestrians and cyclists
must share the road pavement or verge with motar vehicles and other road users.

Itis considered thatthe absence of specific facilities is appropriate given the expected low
dernand for services and the limited ability of NSC to provide such facilitie s.

15.2.16 Parking

There is a potential for parked workers'vehicles to create an access nuisance to local residents
and motarists if there is not adequate provision for parking within each works site area. N3C
can require all construction workers and operational vehicles to be accommaodated within the
works site by the inclusion of an appropriate condition in the Development Approval.

Preliminary design details have been prepared for a recreation area and on site parking and
turning area as part of public facilities, which may be constructed for the completed public
viewing area. The indicative recreation area is approximately 120m x 25m and is expected to
be more than sufficient for expected demand for construction parking. In addition a separate
parking and turning area would provide 14 parking spaces on completion of construction.

15.3 Impact Assessment

15.3.1 Construction Impacts

A Traffic Impact Assessment for a development proposal normally is focussed an the ongoing
impact of the additional traffic generation due to the development in concert with the natural
growth of traffic in the locality after 10 years of operation. In this case it is difficult to quantify the
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long term impacts asthey are expected to be extrermely low in comparison with the current
background traffic and the natural growth of local traffic indicated to occur in the next 10 years.
Therefore, this report has emphasised the possible construction impacts in order to fully
appreciate the potential short term impacts,

Large construction equipment would be used on site. Any oversize loads would require travel
permits and escorts in accordance with the current permit systerm. Such transport movements
are expected to work quite satisfactorily outside of the development approval system applying to
the canstruction of the storage and the barefield enhancement etc.

Muost materials to be delivered to the Proposal site and for construction of pipelines and the
borefields are expected to be delivered in a range of trucks up to semi-trailer size or truck and
dog combinations. Such vehicles can be adequately catered for by the existing road netwark,

If all construction accessis to be via Yalla Road then the estimated current AADT at Bobo Road
intersection may increase from say 200 to 390, Whilst this is a relatively significant imp act over
the current base, as the base traffic is extremely low the potential adverse impact on other
totorists ar surrounding properties is also quite small.

In regard to the potential impact upon Rodeo Drive, assuming that all traffic travels east of Yalla
Foad then the AADT 2011) may increase from 1,700 to 1 590, This is an increase of 11%. By
camparisan, f the natural traffic growth in the area is 3% then natural growth would produce a
similar increase without the canstruction traffic in 3 years,

Itis clearthen, that the construction period impacts for Rodeo Drive are relatively low in
camparison with existing traffic levels and equate to relatively short periods of natural traffic
growth. The construction impact for Bellingen Road and Morth Arm Road is more pronounced
asthe existing traffic levels are much lower.

A large proportion of the overall works would take place in areas away from public roads.
Activities which may impinge on the availability of public road s for use by other motorists would
include:

b Construction of the transfer pipeline, either by underboring or trenching, from the headwarks
to the storage site across Bellingen Road, and;

P Crossing of Morth Arm Road, either by underboring or trenching, far the borefield collectian
pipeline.

Both of these activities would require the implementation of approved Tratfic Management
Flans for the safe working of the construction activities whilst under traffic. As mentioned
previously, the movement of oversize construction plant on public roads would also require the
implernentation of traffic management procedures which would impinge on the availability of the
public thoroughfare,

15.3.2 Operational Impacts

Activities that are anticipated once the Proposal becomes operational would include:

b  Maintenance of pumps and pumping facilities associated with each individual borefield
pump station.

¥ Maintenance of the borefield headworks facilities.
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Maintenance of the rising main and delivery main connecting the headworks with the
storage.

Routine maintenance works associated with the Propasal.

security inspections of the facilities.

Itis expected that the storage would not be available for recreational usage in order to protect
water quality. A viewing area would be provided far public access, but visitor numbers would be
expected to be very low and the scenic value is not expected to be high.

Interms of daily traffic movements associated with the range of activities listed above, there
may be0tob perday and the frequency of days may be irreqular. Therefare, operational
impacts are difficult to quantify but relatively insignificant.

15.4 Mitigation Measures

Itis proposed that the following mitigation measures be adopted as part of the Proposal:

b That a comprehensive traffic management plan be prepared and submitted ta the consent
autharity for approval detailing canstruction period transport activities, site access, parking
and stockpile areas for the duration of the works,

b That MR 118 Rodeo Drive from Macksville to Bowraville would be the principal access route
to the site from Facific Highway and from areas to the south of Macksville.

b That the route from Mambucca Heads via Old Coast Road and Wirtimbi Road with an
alternate route for heavy vehicles via Siding Hoad , to the Proposal site is an acceptable
access route, subject to the development of an acceptable Traffic Management Plan.

b That if Wirrimbi Road is used as a materials supply route, that the signposted load ratings of
the rail bridge be confirrmed for the paricular class of vehicle to be used.

b Thatthe rail bridge and approaches on Siding Road be signposted in accordance with A3
17422

P The design of the existing headwaoarks access road to Bellngen Road would be upgraded to
current standards.

b That the section of Bobo Road off Walla Road be used for access to the starage site, and be
upgraded to a B metre formation with 3 metre wide bitumen seal.

p Thatvehicular access to Lot 2 DP 1076377 be maintained as part of any changes to road
status and access routes associated with the acquisition of the storage site area by NSC.

b That NSC undertakes improvements to the delineation and signposting of the two railway
crossings on MR 118

b That the unsealed length of %alla Road be regularly maintained during the course of the
works in accordance with a Traffic Management Plan including dust contral, maintenance
and intervention strategy approved by MNSC.
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16 Visual Amenity

16.1 Introduction

This Chapter reviews the existing visual character of the study area and its surrounds, the
expected impacts of the Proposal on the exigting visual character of nearby existing residences
and publicly accessible locations such as local roads in the vicinity of the Proposal.

The visual assessment considered the following:

b Assessment of the existing visual amenity of the surrounding area, taking into account
current land use patterns;

p The sensitivity of the landscape to alteration by the proposal;

# Thevwvisual character and extent of the Proposal; and

b Wiewer sensitivity to alteration of the environment by the proposal.

In addition to assessing potential views from affected properties to the Proposal, this Chapter
makes recommendations to mitigate any potential visual impacts.

16.1.1 Methodology

A gualitative assessment of visual impact has been undertaken for the Proposal. The visual
impact of the Proposal has been primarily evaluated on the basis of the following visual
management objectives:

P To protect and maintain the landscape character,

p To assessthe wisual impact where the Proposal is visible from the key wiewpaints or a
primary road,

b To maintain existing good quality native vegetation where possible; and

P To ensure existing vegetation removal and construction is undertaken carefully to minimise
visual impact.

Therefare the following process has been adopted for the visual assessment of the Proposal;

Understanding the Propos al

The visual assessment invalved the review of relev ant documentation far the Proposal
Documentation reviewed included design plans, elevations, the location of associated roads,
borefields, power supply and other built elements.

L ands cape Character

The landscape character was identified in a deskiop and field assessment and the viewing
experience of each character was confirmed. The landscape character was assessed by
describing the components of the existing landscape in detail such as its topography, land use,
vegetation, water form, settlerment patterns and other features. The landscape character is
relevant to human interaction and experience as there is a high degree of cerainty that some
landscapes are valued mare highly than others, for example Mational Parks.

Ornce the character is defined, an assessment can then be made of the overall effect which the
Froposal would have on the character and value of the landscape. The extent to which a
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landscape can absorb change varies with: the existing land use; the pattern and scale of the
landscape; the visual enclosure and distribution of visual receptars; the scope for mitigation
which would be in character with the existing landscape; and the value placed on the
landscape.

D efining the Visual Catchment — Viewshed Analysis Tool

Yisualimpacts relate to changes in views experienced by people in the landscape. To define
the wisual catchment, the extent of visibility of the Proposal has also been assessed and takes
into account local screening from wegetation and the surrounding topography. This has been
undertaken using a viewshed analysis.

Yiewshed Analysis is a tool performed using 30 analyst in ArcGlS that calculates visible areas
from an observation point. A view shed is useful in determining how visible objects might be as
the shape of a terrain suface affects what parts of the surface an observer standing at a given
point can see. This is calculated from a set of user-defined parameters such as height of
ohservaer, height of target, extent of the viewing area and a contour surface. In this case the
visual baseline included 20 points along the top of the storage embankment The degree to
which the storage can viewed from any particular location is ranked according to the number of
the 20 points that can be seen along the storage.

The view shed analysis would be interpreted as a conceptual approach only for large
infrastructure such as storage embankments, and is best complemented by graund truthing. It
would be nated that the viewshed analysis undertaken for the Proposal considered anly the
impacts of the storage embankment and not the potential imp acts of the proposed access
roads, borefields and associated transformers. These issueswee considered separately.

Site Analysis

The view-shed analysis identified any properies or public locations likely to have views affected
by the Proposal. These locations have been illustrated on a map including the study area and
surrounds. Photographs from the properties identified in the previous stage as having views
potentially affected by the Proposal would be utilised to illustrate the potential impacts.

Visual Analysis

The landscape character, view shed and site analysis were used to determine the visual
impacts of the Proposal on affected public locations and properties. The extent of the impact
was assessed objectively according to the sensitivity of the receptor, taking into account any
mitigation measures.

To measure the potential impact on each view to the Proposal, standard desirable outcomes
were used. The following desirable outcomes were used to pravide a standard against which to
measure the potential impact for each possible view to the Proposal. These desirable outcomes
represent a best-case scenario, where there is minimal visual impact. The desirable outcomes
are as follows:

1. The Proposalwould not be viewed with the sky as a backdrap.

2. The Proposalwould not interrupt the view from any public location or nearby property to any
landscape feature.

3. The Proposalwould not detract from the visual amenity of an impartant visual ar cultural
elerment or landscape.
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