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SUMMARY
Biosis Research Pty. Ltd. was commissioned by VicRoads to prepare a detailed
conservation management plan for L. raniformis during the construction and
operational phases of the Pakenham bypass project.  The document provides a
detailed plan for the management of L. raniformis issues arising from the
proposed Pakenham Bypass, as requested by the Department of Sustainability
and Environment (Victoria) and the Department of the Environment and Heritage
(Commonwealth).

The plan forms part of VicRoads ongoing commitment to ensure the road
construction does not have a significant impact on the species and its habitats.

The proposed Pakenham bypass follows one main route alignment, from the
eastern end of the existing freeway (between Beaconsfield and Officer),
continuing eastwards on the southern side of Pakenham, then returning to the
existing freeway to the north of Nar Nar Goon.

Current Issue

Based on the known distribution and habitat requirements of L. raniformis in the
vicinity of the proposed Pakenham bypass, populations may be adversely
affected by the proposed development.  The bypass construction may have an
impact on L. raniformis populations, either directly through actual road
mortality, or indirectly by changes to habitat conditions adjacent to the road,
fragmentation of suitable habitats, and increased pollutants, noise and predation.

Conservation Management Plan

A number of protection measures are proposed, principally the construction of
underpasses and culverts strategically located along the bypass.  If designed
appropriately fauna underpasses are likely to increase road permeability, by
facilitating frog movement under the road pavement and minimising isolation of
suitable habitats and frog populations.

Although underpass structures are likely to allow for frog dispersal, which is
likely to be important for meta-population maintenance, it is unclear whether this
will be sufficient enough to prevent local population declines in the future,
therefore habitat enhancement requirements, primarily the provision of several
wetlands as compensatory habitat has been proposed.

The plan is divided into three main sections, with detailed management
requirements outlined in each.
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Pre-construction: habitat protection and enhancement requirements

A number of pre-construction habitat protection and enhancement requirements,
including the provision of suitably designed underpasses, culverts, and created
wetlands have been proposed.  The main objective of these measures is to
minimise the impacts on L. raniformis populations and habitats associated with
the bypass, and provide suitable habitat for the species in the future.

During construction: management recommendations

Measures to ensure frogs are not negatively affected prior, and during
construction, including salvage and translocation of frogs are discussed.  A
detailed salvage and translocation protocol is also proposed.

Post-construction: monitoring and management

Post-construction monitoring and management procedures of underpasses,
culverts and created wetlands are recommended.  Monitoring of habitats and
populations would be undertaken by a qualified zoologist, in consultation with
VicRoads, the successful road contractor and DSE, with the primary objective
being to identify and, where possible, address potentially threatening processes,
and to ensure habitats and dispersal opportunities for L. raniformis are not
compromised.  Population and habitat monitoring should follow the monitoring
protocol detailed in this plan.

Review

It is intended that this plan, along with the habitat protection and enhancement
requirements it details, will be implemented over the next five years, and will be
reviewed after this time.  However, changes to monitoring and management
recommendations may be required if new information on the species distribution
in the vicinity of the bypass, and/or habitat requirements comes to light.
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1.0 INTRODUCTION

1.1 Project Background
Biosis Research Pty. Ltd. was commissioned by VicRoads to prepare a detailed
conservation management plan for the Growling Grass Frog Litoria raniformis
(hereafter referred to as L. raniformis) during the construction and operational
phases of the Pakenham bypass project (Figure 1).  The following document
provides a detailed plan for the management of L. raniformis issues arising from
the proposed Pakenham Bypass, as requested by the Department of Sustainability
and Environment (Victoria), and the Department of the Environment and
Heritage (Commonwealth).  There is a requirement for the development of the
plan and implementation as required by EES, EPBC Act etc

The plan builds upon recent ecological research conducted on the species over
the past two breeding seasons along, and in the vicinity of, the proposed freeway
alignment (Costello et al. 2003; Timewell, 2003; Organ 2004a).  It also forms
part of VicRoads ongoing commitment to ensure the road construction does not
have a significant impact on the species and its habitats, and that populations of
this nationally significant species persist in the future.  A number of measures are
proposed including the provision of fauna underpasses and culverts, and the
establishment of compensatory habitat (i.e. artificial waterbodies) to mitigate
against potential adverse impacts caused by the road.

1.2 Study Area
The proposed Pakenham Bypass follows one main route alignment, from the
eastern end of the existing freeway (between Beaconsfield and Officer),
continuing eastwards on the southern side of Pakenham, then returning to the
existing freeway to the north of Nar Nar Goon (Figure 1).  This covers a distance
of approximately 20 kilometres.

Most of the study area has been wholly or substantially modified since European
settlement, and largely consists of agricultural land, primarily used for cattle
grazing.  Increasingly large areas around Pakenham are also being converted to
residential subdivisions and other associated activities (e.g. parks, sports grounds,
shops) and currently there are at least four developments either in the process of
been developed or are proposed to be developed.  A number of proposed
developments adjacent the Bypass include:

• Residential development between Officer South Road and Cardinia Road,
both north and south of the bypass (VicUrban);

•  Blue Hills Estate located between Toomuc Creek and McGregor Road, north
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of the bypass;

• Green Hills Estate located between McGregor Road and Koo Wee Rup Road,
located north of the bypass;

• Proposed industrial development south of the bypass between McGregor Rd
and Koo Wee Rup Road; and

• Other land holdings which are not currently being developed but may be in
the future including areas (on the north side) between Koo Wee Rup and Bald
Hill Roads and Bald Hill and Ryan Roads, north of the bypass.
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1.3 Growling Grass Frog Litoria raniformis
Nomenclature

The Growling Grass Frog can often cause confusion as it is known by at least
five common names, including the Growling Grass Frog, Warty Bell Frog,
Southern Bell Frog, Warty Swamp Frog and Green and Golden Frog.  Within this
report it is referred to as L. raniformis.

Status

L. raniformis is a species of national conservation significance and has declined
markedly across much of its former range.

Table 1. Conservation status of L. raniformis.

Source Status

Australia-wide

Environment Protection and Biodiversity Conservation  Act 1999 Vulnerable

Action Plan for Australian Frogs (Tyler 1997) Vulnerable

IUCN Red List 2002 Endangered

Victoria-wide

Advisory List of Threatened Vertebrate Fauna in Victoria 2002
(DSE 2003)

Endangered

Flora and Fauna Guarantee Act 1988 Listed

An ‘Action Statement’ under the Flora and fauna Guarantee Act 1988 has
recently been developed for this species, which outlines the current threats to the
species, and provides specific actions to protect and, where possible, increase
populations in the future (DSE in prep).

Distribution

Findings from recent surveys for L. raniformis throughout the local area have
revealed that a number of suitable breeding sites and important populations of L.
raniformis exist in close proximity to the bypass (Timewell 2003; Organ 2004a).

Historically, L. raniformis has been recorded from most regions of Victoria, with
the exception of Mallee and Alpine areas (Littlejohn 1963, 1982; Hero et al.
1991).  The known range of this frog has contracted dramatically over the past
two decades and in many areas, particularly in south and central Victoria,
populations have experienced serious declines and local extinctions (AVW;
Organ pers obs).
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Over recent years the species has received a lot of attention, primarily due to its
national significance rating, and a number of populations throughout the greater
Melbourne region have been extensively studied (Williams 2001, 2002; Organ
2002a, 2002b, 2003a, 2003b, Robertson et al. 2002; Heard et al. 2004a).

Habitat requirements

Based on previous investigations, it is apparent that a number of key habitat
features must exist at a given waterbody for L. raniformis to occur.  L. raniformis
is predominantly associated with permanent or largely-permanent still or slow
flowing waterbodies (i.e. streams, lagoons, farm dams and old quarry sites) (Hero
et al. 1991; Barker et al. 1995; Cogger 1996; Ashworth 1998), frogs can also
utilise temporarily inundated waterbodies for breeding purposes as long as they
contain water for at least three to four months (Organ 2003a).

Another key habitat variable important for L. raniformis at a particular
waterbody is the presence, and extent of submerged and floating vegetation
cover.  For example, recent investigations throughout the Merri Creek catchment
and Pakenham area have found a positive relationship between site occupancy by
L. raniformis and a high percentage of submerged and floating vegetation cover,
with a mean cover of 42.9% (range 1-90) and 48.4% (range 0-95) at those sites
respectively (Heard et al. 2004a; Organ 2004a).  Similarly, the total cover of
emergent fringing vegetation is another important structural habitat variable
influencing the presence of L. raniformis (Organ 2004a).  A diversity of aquatic
or semi-aquatic species around the banks would be used regularly by frogs, as
submerged vegetation provides suitable calling stages for male frogs, and
breeding (amplecting) and oviposition sites.  Terrestrial vegetation (grasses,
sedges) surrounding a particular waterbody also provides foraging, dispersal and
over-wintering sites for frogs.

Spatial orientation of waterbodies has also been found to influence the likely
occupation of habitat.  For example, studies have shown there is a positive
correlation between the presence of L. raniformis and the distance of
freestanding waterbodies (farm dams) to another occupied site (Robertson et al.
2002; Heard et al. 2004a, 2004b; Organ 2004a).  That is, waterbodies supporting
likely habitat features (e.g. submerged, emergent and floating vegetation, and
refuge sites) located within at least 500 metres of each other are more likely to
support a population of L. raniformis, than isolated sites lacking important
habitat features.  The positive correlation between the spatial orientation of
waterbodies and the presence of L. raniformis is comparable with the spatial
dynamics of many amphibian populations, including the closely related Green
and Golden Bell Frog Litoria aurea (Hamer et al. 2002).

Uninterrupted movement between and within waterbodies is also likely to be
important for L. raniformis on a spatial and temporal scale and would be
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important for the long-term viability of populations throughout the Pakenham
area.

While investigations throughout the Merri Creek catchment found that road
density had a negative relationship with site occupancy by L. raniformis, the
distance to the nearest road did not influence habitat use (Heard et al. 2004a).
Furthermore, on average the distance from a site occupied by L. raniformis and
distance to a road was 457 metres (Organ 2004a).  Further information is
required to accurately determine the relationship between site occupancy by L.
ranifmoris, road density and distance to nearest road.

A detailed review of the current information on the ecology and biology of L.
raniformis have been provided by Pyke (2002), Robertson et al. (2002) and
Organ (2004a).

1.4 Known populations and habitats associated with
the bypass
Populations

Until recently, the status of L. raniformis within the vicinity of the Pakenham
Bypass was unknown; however, over the past two breeding periods (i.e.
November – March of 2002/03 and 2003/04) the species has been recorded from
a large number of waterbodies throughout the local area (Costello et al. 2003;
Timewell, 2003; Organ 2004a).  During the 2003/04 breeding season the species
was detected from 43 sites (11 sites north, 32 sites south of bypass), with a
number of large populations (>20 specimens) recorded from permanent
waterbodies (Figure 2).  Although, the species was not detected from waterbodies
or terrestrial habitats along the proposed alignment, it is probable that suitable
sites along the alignment, particularly those situated near currently occupied
sites, would be used by the species.

During the 2002/03 and 2003/04 breeding seasons frogs were recorded either
singly, or in small to large aggregations comprising more than 30 individuals.
Further information on population sizes and their locations in the vicinity of the
proposed alignment are provided by Timewell (2003) and Organ (2004a).  The
results clearly show the scattered nature of populations throughout the study area,
and it appears that at least four potentially discrete areas exist where the species
has been recorded (Organ 2004a).

Based on the known spatial distribution, current population sizes at occupied
sites (i.e. one of the largest concentrated population in Victoria and possibly in
Australia), and the nationally threatened status of the species it is considered that
the population/s within the vicinity of the bypass are of national conservation
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significance for the long-term viability of the species in the wild.

Habitat

As outlined by Timewell (2003) and Organ (2004a) a number of key habitat
attributes were identified as being important for L. raniformis in the vicinity of
the Pakenham Bypass.  These are:

• Several large permanent waterbodies supporting a complexity of habitat
features important for breeding and recruitment, particularly extensive areas
of fringing, emergent and submerged vegetation;

• Relatively low water turbidity and presence of suitable refuge sites adjacent
to occupied sites.

• A high density of suitable waterbodies and terrestrial habitats in close
proximity to each other (i.e. <500 metres);

• The presence of suitable wetlands located adjacent to drainage lines, creeks,
drains and water channels which are suitable for dispersal between sites;

• No apparent barriers to dispersal.  For example, the majority of the roads
throughout the study area are unsealed and would experience low traffic
volumes, particularly at night; and

• Absence or relatively low numbers of predators e.g. Gambusia holbrooki.

1.5 Critical Knowledge Gaps
The recommendations presented in the plan are based on the current knowledge
of habitat attributes and ecological requirements of L. raniformis within the
vicinity of the bypass.  However, there are currently a number of uncertainties in
relation to habitat use by the species within the vicinity of the bypass.

For example, although L. raniformis is known to move large distances between
breeding and foraging sites at night, typically during, or immediately after rain
(Barker et al. 1995; Organ 2003a, 2003b), there is currently little information on
the extent to which frogs move within and between sites, and the relative use of
habitats on spatial and temporal scales in the vicinity of the bypass.  Therefore
the importance of each individual and/or a series of waterbodies for the long-
term maintenance of a population is currently unknown.

There is also limited evidence on the relative use of over-wintering sites by this
species in the vicinity of the bypass, particularly in relation to movements
between over-wintering and breeding sites.

Information on frog movement between and within waterbodies, and movement
between over-wintering and breeding sites is important for future management of
habitats and maintenance of populations.  This could be obtained through
detailed mark-recapture surveys or telemetry (radio-tracking).  While
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there have been previous fish investigations throughout the Pakenham area
largely along the major creeks and tributaries (McGuckin 2001) there is limited
information on the fish species, including predatory fish inhabiting farm dams
surveyed during the present survey.  In addition, water chemistry variables at
waterbodies in the vicinity of the Pakenham Bypass are also limited.

The extent to which L. raniformis uses underpasses and the degree in which
underpasses may mitigate against the impacts associated with habitat
fragmentation is currently unknown.  While there are a number of underpasses
and culverts which have either been installed or are planned along proposed road
developments around Melbourne (e.g. Craigieburn Bypass, Edgars Road
extension), there is currently no information on the relative use of these
structures by L. raniformis and the degree in which they mitigate against habitat
fragmentation.  Therefore, continued research is required to determine the
effectiveness of these structures for the ongoing maintenance of populations.

1.6 Current issue
Based on the known distribution and habitat requirements of L. raniformis in the
vicinity of the proposed Pakenham bypass, populations may be adversely
affected by the proposed development (Costello et al. 2003; Timewell, 2003;
Organ 2004a).  The bypass construction may have an impact on L. raniformis
populations, either directly through actual road mortality, or indirectly by
changes to habitat conditions adjacent to the road, fragmentation of suitable
habitats, and increased exposure to pollutants, noise and predation.  While
consequences of these potential effects upon L. raniformis population may not be
evident for many years, they may potentially reduce the long-term viability of
populations in the vicinity of the bypass.  Proposed developments surrounding
the bypass would also place pressures on frog populations and associated
habitats.  Therefore, without adequate mitigation measures such as the provision
of underpasses, culverts and creation of wetlands, the proposed road
development is likely to adversely impact the species.

The impacts on amphibians and other fauna species associated with roads has
been extensively studied (Van Gelder 1973; Mader 1984; Andrews 1990; Mader
et al 1990; Bennett 1991; Fahrig et al. 1995; Daly 1996; Reed et al. 1996; Vos
and Chardon 1998; DeMaynadier and Hunter 2000; Carr and Fahrig 2001; Hels
and Buchwald 2001).  The major threats that are identified as been particularly
important to frogs are outlined below.

1.6.1 Direct impacts

Ehmann and Cogger (1985) conservatively estimated that 5,480,000 reptiles and
frogs are killed annually by traffic in Australia, and evidence has shown
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that roads are regularly a source of amphibian mortality (Fahrig et al. 1995; Daly
1996; Vos and Chardon 1998; Organ pers obs).  As the bypass is likely to
fragment existing breeding sites, and potentially intercept dispersal corridors,
mortality of frogs as a result of roadkill may occur.  If the measures provided in
this report are not implemented then it is not unreasonable to assume that up to
100% frog mortality could occur with the anticipated traffic volumes on the
Pakenham Bypass.

Mortality may also occur during construction.  While a number of waterbodies
within the bypass alignment will be lost during construction, L. raniformis was
only detected from one of these sites during previous surveys (Timewell 2003).
At least one other suitable waterbody likely to be used by L. raniformis is located
at the interchange area immediately north of Lecky Road and west of Cardinia
Road (Timewell 2003).  Although L. raniformis may occupy waterbodies within
the bypass alignment in the future if habitat conditions were to improve,
presently they do not constitute high quality breeding habitat for L. raniformis.

1.6.2 Indirect impacts

Fragmentation and isolation

A likely indirect impact caused by the bypass is the fragmentation of populations
and habitats.  Fragmentation may lead to isolation of populations which may
result in reduced population sizes and an increase in stochastic risk of extinction
(Hels and Buchwald 2001).  Fragmentation may also lead to an increase in the
required dispersal distance between waterbodies which may be beyond the
distance typically travelled by dispersing frogs and, therefore the exchange of
frogs between sites may not occur.  It is apparent that a number of suitable
waterbodies, with no obvious barriers to dispersal (e.g. roads), need to exist
within at least 500 metres of each other for long-term population persistence
(refer to habitat requirements above).

The bypass may also generate a ‘barrier effect’ which would restrict frog
movement across the road.  There are two main ensuing adverse consequences as
a result of these barriers and subsequent isolation of populations.  These are
primarily associated with increased risk of local extinctions due to:

• Susceptibility to catastrophic events if L. raniformis is unable to recolonise
waterbodies; and

• Frog populations located in close proximity to roads may demonstrate a high
level of genetic distancing, and could potentially be exposed to inbreeding
much more than non-isolated populations (Reh 1989; Hitchings and Beebee
1996, 1998).
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Depending upon habitat conditions at a given waterbody, the overall network of
populations in the vicinity of the bypass are likely to persist if there are
opportunities for periodic recolonisation of waterbodies by frogs.

Pollution

The bypass may result in an increase in sedimentation and deterioration of water
quality (road pollutants) in streams and waterbodies as a result of road run-off .
This may render habitats unsuitable for L. raniformis.

Noise

Although very few studies have been conducted to determine the impact of noise
associated with roads, acoustic communication is imperative for frogs.  Therefore
noise from traffic may disrupt important elements of social interaction.
Disruption of calling males in response to traffic noise has been documented,
along with changes in spaces of calling males (Robertson 2002).  Ultimately
these disturbances may limit breeding success.  However, this species is known
to inhabit and successfully breed at sites located close to roads experiencing
heavy traffic (Heard et al 2004b).
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2.0 CONSERVATION MANAGEMENT PLAN

2.1 Objectives
The purpose of this conservation management plan is to provide detailed
measures to ensure the bypass development does not have a significant impact on
L .raniformis populations and its habitats.  The plan provides detailed
management requirements necessary for ongoing protection and maintenance of
L. raniformis populations and associated habitats in the future, and covers three
key stages:

• Provision of detailed habitat protection and enhancement guidelines during
the design process (pre-construction);

• Inclusion of detailed management specifications required during
construction;

• Inclusion of a detailed salvage protocol; and

• Monitoring and maintenance requirements after the construction period.

The implementation of the plan will require the collaboration of all relevant
stakeholders and coordination from DSE and DEH.

2.2 Timeframe
The plan will be implemented over a number years, until at least two years after
opening of the bypass to traffic.  However, management and monitoring
recommendations may need to change depending upon new information or if it is
found that measures are not adequate for the long term maintenance of L.
raniformis populations.  While components of the plan will be implemented at
least two years afterwards, some aspects such as cleaning of culverts, monitoring
and repair of drift fences will be ongoing.  The monitoring regime would also be
reviewed after two years to determine whether continued monitoring of habitats,
frog populations, and frog movements is required.  Should the results suggest
that monitoring is no longer required, monitoring would then cease subject to
agreement from the DEH and DSE.

The plan will be reviewed by an appropriate qualified zoologist in conjunction
with DSE and VicRoads to determine if further monitoring or alterations to
existing plan are required.  A schedule for implementation is provided in
Appendix 1.
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2.3 Responsibility for implementation
The Project Manager for the Pakenham Bypass has the ultimate responsibility for
the implementation of this plan.  The requirements outlined in the plan will be
incorporated into the contract specifications for the road development and this
responsibility would reside with the Delivery Manager – Pakenham Bypass.
Adherence to contract clauses would be ensured by the Contract Administrators
assigned to each specific contract.  On-going liaison between the VicRoads, the
successful road contractor, the relevant referral authorities (e.g DSE), and a
suitable qualified zoologist with experience in relation to L. raniformis is also
required to ensure that the measures provided in the report are implemented.
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2.4 Pre-construction: habitat protection and
enhancement requirements
The following section covers a number of habitat protection and enhancement
requirements for sites currently occupied by L. raniformis or those sites which
may become suitable in the future.

2.4.1 Underpasses and culverts

Road crossings, including underpasses and culverts designed specifically to
increase the permeability of roads, can be a corrective measure for barrier effects
and have been described by various authors (Erickson et al. 1978; Langton 1986;
Mansergh and Scotts 1989; ABMS 2000; Robertson 2002).  Many studies,
primarily from overseas, have discussed the effectiveness of crossing structures
to mitigate against adverse affects of roads upon amphibian population (Langton
1989a, 1989b; Van Leeuwen 1982).  Evidence indicates the closer the
underpasses are to existing populations, the more readily accepted they are by
frogs (Brehm 1989).  Another oversees example showed that embankments (size
unknown) adjacent to the road surface were a sufficient barrier to frog dispersal
(Podloucky 1989).  Furthermore, a number of proposed road developments
around Melbourne (e.g. Craigieburn Bypass, Edgars Road extension) have
underpasses planned to mitigate against likely impacts upon L. raniformis
populations (Robertson 2002; Organ pers obs.).

The main objectives for underpass installation is as follows:

• To allow for dispersal of frogs between and within breeding, foraging and
over-wintering sites;

• Provide for migrating and emigrating frogs after metamorphosis; and

• Ongoing exchange of individuals between waterbodies both north and south
of the bypass.

If designed appropriately frog underpasses along the Pakenham Bypass should
aid in the facilitation of frog movement between existing populations north and
south of the alignment, and to reduce the risk of road mortality.  Underpasses
may also allow for frog dispersal and increase the likelihood of long-term
persistence (viability) of populations in the immediate area.  Although, frogs are
likely use underpasses if these structures are constructed appropriately, it must be
stressed that there has been no documented evidence to show that these structures
alone would mitigate against isolation affects caused by roads.  Therefore the
efficacy of frog underpasses for this species must be viewed with caution.
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Culverts for drainage should be installed separately (Yanes et al. 1995).  Fences
along either side of underpasses and culverts should be designed so that they do
not impede frog movement under the road (i.e. block the entrance), and they
should funnel frogs towards the underpass.  This funnelling effect can be
augmented by artificially increasing the vegetation cover (low growing sedges
and grasses) at and towards and opening, and through the construction of
wetlands (see below) within 5-20 metres from each underpass entrance.
Additional wetlands are likely to be an effective method of increasing the
permeability of the bypass, thus lessoning the barrier effect and providing
dispersal opportunities for frogs.  A suitably qualified zoologist or ecologist must
be appointed by VicRoads or by the successful contractor during construction to
ensure that underpasses are appropriately constructed.

A total of nine frog underpasses and four bridge structures are proposed along
the bypass (Figure 2).  All of these structures are located in areas which will
increase the potential for frog movement under the road and between suitable
waterbodies.  Hydraulic analysis has shown that culverts (either single or a
series) are also required along the bypass, and may occur at the same locations as
underpasses.  Where this is the case culvert design should be consistent with the
design specifications provided below.  Bridges will also be designed to allow for
frog movement under the road.

2.4.1.1 Key design requirements

Frog underpasses and culverts should be designed and constructed in a way that
maximises their potential to facilitating frog movement under the road.  An
overseas design of a frog underpass which has successfully been used by frogs
(Brehm 1989) is proposed (Plate 1).  Each underpass and bridge location has
been individually numbered for identification purposes.  These are shown in
Figures 2a-2d).  The following design requirements are provided below:

Underpasses

• Strategically located in areas (as shown in Figure 2a – 2d) which will clearly
link up existing areas of suitable habitat, and should be as short as possible;

• Entrances of the underpasses should support areas of suitable wetland habitat,
comprising a variety of indigenous aquatic and semi-aquatic vegetation, and
extensive areas of rock (see section 3.3.3);

• Light or air slots in the top of the underpass must be considered for aeration
and temperature equilibrium.  A suitably sized grated heavy duty pit lid
openings within the central median at each frog underpass is recommended to
allow light to enter the underpass.  The grate should 50 millimetres x 50
millimetres in size and;
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• Smooth surface along the base of the underpass (the underpass should also be
easy to maintain), and flat bottom rather than curved;

• Relatively open areas leading to the entrances of underpasses. Clear access in
and out of the underpass is required, while openings along the underpass
length are to be such that they do not enable fauna to access the road surface;

• Vehicle and foot access should be kept to a minimum close to the underpass
(frog habitat) and along frog fences.

• Artificial lighting at entrances should be discouraged as this may reduce their
effectiveness to facilitate frog movement;

• The dimensions of underpasses and culverts is considered as one of the most
important variables in the design of crossings for vertebrates.  For example,
an overseas study indicated that the size of underpasses only appeared to
affect the crossing index of small mammals, while other fauna groups were
affected to a greater extent by other variables (such as length, internal
conditions) (Yanes et al. 1995).  Additionally, studies overseas have revealed
that underpasses or frog tunnels are most effective if the diameter of one
metre is used, and those smaller in size were used less (Brehm 1989; Plate 1).
Therefore it is recommended that proposed underpasses along the bypass be
rectangular in cross section with minimum dimensions of 1.0 metres high x
1.5 metres wide at ground level;

• Straight as possible (no bends), running perpendicular to the road and not
diagonal;

• No obstructions such as rocks or logs should be placed within the
underpasses, and there should be visibility from one end of the underpass to
the other;

• Constructed wetlands at underpass entrances should be 20 metres x 5-10
metres in diameter, up to one metre in depth, and contain sufficient
vegetation cover and refuge sites;

• Should not to act as a drain, and flowing water or significant road run off
must not be directed into the underpass;

• Where possible, underpass inverts should match the level of adjacent land on
each side of the road;

• Lockable, movable gates should be provided at each end of the underpass to
exclude rabbits, foxes and cats.  Gates should be steel hinged and galvanised
with grids 90 ± 10 millimetres square.  The gates should be fitted in a frame,
with the frame bolted to the underpass end.  A minimum gauge on the gate
wire should be 2.5 millimetres, and gates should be padlocked to the frame;

• Incorporate a longitudinal grade that avoids the creation of a low point in the
underpass (maximum grade of 1 in 50);
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• Underpasses should not be permanently inundated and should be constructed
to receive water periodically.  Where possible, conditions (temperature,
relative humidity) inside of the underpass should be similar to conditions
outside;

• Ideally, batters no steeper than 3:1 above underpass wingwalls with frog
containment barriers should be constructed, flaring at underpass entry points
should be adopted; and

• Monitoring devices such as PIT (passive implanted transponder) sensor and
data logger at each end of underpasses shall be considered as a way for
monitoring frog usage of underpasses.  Alternatively motion sensitive
cameras, should be used within tunnels (Heard et al. 2004b).  The purpose of
these devices is investigate the effectiveness of underpasses in facilitating
movement of L. raniformis and other species under the road.  Measures for
post construction monitoring are provided in 2.5.2.1.

Culverts

The following design aspects of culverts may function as crossings for L.
raniformis are provided below:

• Located in low lying areas (e.g. creeks, drainage lines) which will clearly link
up existing areas of suitable habitat;

• Either single culverts or a series/chain of culverts may be used along sections
of the road;

• No access to the road surface within the vicinity of the culverts.  Drift
fencing should be used to prevent frog access to the road pavement.

• Short as possible with a smooth surface along the base and flat bottom rather
than curved;

• Where possible, should be rectangular in cross section with minimum
dimensions of 1.0 metres high x 1.5 metres wide at ground level;

• Benching along one or both sides of the culvert (remain dry in 1 in 5 year
flood events), which would allow frogs to move through the culvert during
high flow (Plate 2);

• Permanent two-way access with no major impediments to frogs movement;

• Provision of constructed wetlands near culvert entrances up to 20-100 metres
from creeks and drainage lines.  Wetlands should be 20 metres x 5-10 metres
in diameter, up to one metre in depth, and contain sufficient vegetation cover
and refuge sites;

• Disturbance at culvert entrances and frog fences should be prevented during
and after construction.  Artificial lighting at entrances should also be
discouraged as this may reduce their effectiveness to facilitate frog
movement;
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• Monitoring devices such as PIT (passive implanted transponder) sensor and
data logger at each end of tunnel shall be considered as a way for monitoring
frog usage of culverts.  Alternatively motion sensitive cameras, should be
used within tunnels.

2.4.2 Drift Fencing

Overseas studies in relation to use of underpasses or tunnels by frogs have shown
that frogs have difficulty in finding these structures if drift fences are not
installed, while that frogs generally find underpass entrances easily when drift
fence is installed (Brehm 1989).  Drift fencing should be used along both ends of
all proposed underpasses and culverts, and should be designed to prevent frogs
entering the road surface by guiding frogs towards underpasses and culverts.
Location of drift fencing is shown on Figure 2.

2.4.2.1 Key design requirements

The following design aspects for drift fencing are recommended:

• Either a solid (preferred) or a mesh structure could be used.  The solid
structure could be a constructed with concrete or other material, while
durable mesh is commercially available;

• Should be installed both sides of the underpass/culvert and along both sides
of the road.  The length of the drift fencing will vary and will be consistent
with the locations shown on Figure 2;

• Erected along the edge (10 metres) of wetlands either running parallel, or at a
45 degree angle to the road verge to prevent frogs entering the road
pavement.  Fences should not be at right angles to the road as this is unlikely
to guide frogs into the underpass;

• A device such as the ‘shallowtail’ barrier (Plate 1) should be installed to
force frogs to either return or pass through an underpass.  This barrier should
act as a guide (right angles of the underpass), and extend from the underpass
entrance to created wetlands.  The purpose of the ‘shallowtail’ is to intercept
any frogs moving parallel to the road and funnel frogs towards underpasses
or culverts.

• Acoustic fencing may be used to act as a barrier to frog movement onto the
road; however, they should not impede frog movement at entrances of
underpasses and culverts;

• One metre high with an additional 0.2 metres below ground and a 0.2 metre
section at the top angled outwards (away from the road) and downward from
horizontal;

• Rock and other debris such as course woody debris may be placed at least
one metre away from the fence, along likely dispersal routes to provide
temporary shelter sites; and
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• Vegetation within 0.5 metres of the drift fencing should be less than 0.5
metres high.

2.4.3 Created Wetlands

A total of 29 separate wetlands are recommended as part of the proposed
development, to mitigate against likely habitat fragmentation associated with the
road development and to provide additional dispersal opportunities under the
road.  Of these 24 wetlands are proposed at either end of nine underpasses and
three culverts, while five wetlands (four north and one south) are proposed
immediately adjacent to the bypass (Figure 2).

Regardless of the presence of key habitat characteristics at a particular
waterbody, previous research on L. raniformis and a closely related species L.
aurea have shown that a landscape-based approach to habitat creation and
management is required  (Robertson et al. 2002; Hamer et al. 2002).  For
example, is has been shown that the likelihood of frogs occupying a particular
waterbody is largely dependent upon the distance to a nearby occupied site.
Therefore, the provision of additional habitat close to existing populations would
provide opportunities for recolonisation, particularly if currently occupied sites
become unsuitable (e.g. environmental stochasticity such as drought).

The main reason for the provision of additional waterbodies is to partially
alleviate the likely affect of habitat isolation both north and south of the bypass,
and reduce the likelihood of local population extinctions.  For example, the
impact of a relatively large barrier to frog populations and habitats may, at best,
only partially be mitigated by the installation of an underpass or culvert.
Currently it is unknown to what extent frogs will use underpasses and culverts,
and if so how successful they will be in the maintenance of populations in the
future.  As such, the creation of additional wetlands will provide future
opportunities for the species, thus ensuring future viability of populations.

L. raniformis is a highly dispersive species and has the ability to colonise newly
created habitats, and there are a number of examples where this species has
readily colonised, and subsequently bred in newly created waterbodies around
Melbourne (Wilson 2003, Organ pers obs).

The creation of frog habitat, in conjunction with the installation of underpasses
and culverts has successfully been used oversees to protect frog populations from
the affects of road developments (Brehm 1989; Podloucky 1989).   The findings
of these investigations have advocated the development of substitute breeding
habitat in conjunction with frog underpasses, with the latter only functioning
satisfactorily in very few cases.
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2.4.3.1 Key design requirements

The following briefly describes ways in which wetlands can be appropriately
designed to incorporate key habitat variables suitable for L. raniformis.  The
‘Constructed Wetland Systems Design Guidelines for Developers’ produced by
Melbourne Water (2002) should also be referred to during all phases of wetland
design and construction, and a suitably qualified wetland revegetation contractor,
in consultation with a qualified zoologist should be commissioned either through
VicRoads or the successful contractor.

The design and construction should be in accordance with VicRoads ‘Urban
Stormwater Best Practice Environmental Management Guidelines’ (1999).

Locations

The spatial location of waterbodies is important to ensure that frogs are able to
move freely between sites when habitat conditions either become suitable or
unsuitable.  Wetlands are proposed at the entrances of underpasses and culverts
on either side of the bypass (Figure 2).  Wetlands are proposed within at least
500 metres from another suitable waterbody, ideally near sites currently occupied
by L. raniformis.  They should also be located in areas which receive catchment
run-off.  Smaller, ephemeral waterbodies, or seasonally inundated depressions,
should also be constructed adjacent to larger wetlands.  If constructed
appropriately, these sites may provide additional breeding opportunities for L.
raniformis.  Future development (e.g. residential, other roads and infrastructure)
near created wetlands should also be sensitive to L. raniformis habitat
requirements.

Bank design

Wetland banks should vary in the degree of slope, from areas of gentle
undulation (which is preferable) to steep banks that drop off sharply.  A variety
of edge types and the provision of different microhabitats such as rocks and
vegetation will also create a diversity of habitats for L. raniformis.

Shape and size

Wetlands should preferably be long and narrow, ideally 20 metres x 5-10 metres
in diameter at underpass and culvert entrances, and no less than 40 metres x 10
metres in diameter at other proposed wetlands adjacent to the road.  The long
rectangular shape of wetlands means that they will have a high edge to area ratio,
and smaller areas of open water.  This configuration will maximise the refuge
area around the waterbody for frogs.  A stormwater inlet vegetation strip to
reduce gross levels of surfactants entering the main waterbody should also be
included.
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Vegetation

Vegetation floristics, composition and structural characteristics and plant
orientation within and around created wetlands should replicate habitat used by
L. raniformis elsewhere.  A relatively open design is proposed, with a dense
cover and diversity of emergent vegetation around and within wetlands (for day
refuge and basking) and dense cover of submerged and floating vegetation in
deeper water (for calling and breeding) (Plates 3, 4 & 7).  Vegetation plantings
have been separated into three distinct zones, that are consistent with planting
regimes at other constructed or proposed wetlands specifically designed for L.
raniformis (Heard et al. 2004b) and include:

• Zone 1 – Shallow verge located adjacent to wetland bank.

• Zone 2 – Macrophyte planting inundated to 0.5 metres dominated by
emergent aquatic or semi-aquatic ringing vegetation; and

• Zone 3 – Submerged and floating vegetation zone inundated up to 1.2 metres.

Vegetation should be floristically and structurally diverse, and areas around the
perimeter of wetlands should be planted with Common Spike-sedge Eleocharis
acuta, Poa spp. and Juncus spp.  Dense aquatic and semi aquatic plants such as
Tall Spike-rush Eleocharis sphacelata, Water Ribbon Triglochin procerum,
Water plantain Alisma platago-aquatica, and submerged or floating aquatic
vegetation including Floating Pondweed Potamogeton tricarinatus, Nardoo
Marsilea drummondii, and White Purslane Neobassia proceriflora should also be
planting in wetlands.  A full list of plants required for wetland establishment is
provided in Appendix 2.

A density of six semi aquatic and terrestrial plants per square metre is desirable,
while a density of three plants per square metre for aquatic species (e.g. Water
Ribbon) will provide a dense cover across wetlands.  Dense plantings of trees or
large shrubs should be discouraged in close proximity to created wetlands,
because, when established, this vegetation may shade out wetlands, thus
rendering them unsuitable for L. raniformis.  As such, plant species should be
site indigenous and low growing to a maximum height of 1.5 metres tall.

Refuge and shelter sites

Refuge sites provide perennial diurnal and non-breeding shelter sites for frogs
and other fauna.  Suitable refuge sites such as rock piles, large woody debris
should be provided around the edges of wetlands.  Dense areas of rocks and logs
should preferably be located along the banks of waterbodies, and extend at least
5 metres from the water’s edge, and 1-2 metres below maximum water level.
The spaces between refugia and their orientation should vary to optimise habitat
variability.
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Basalt boulders and rock matrixes (large number of small rocks 3-5 basalt
boulders per square metre) should be placed within landscaping areas (on the
surface and not imbedded) immediately adjacent to wetlands.  In addition, larger
concave shaped rocks should be placed along wetland banks and vary in size
between 300mm and 1500mm in diameter (Plates 5 & 6).  Depending upon,
between should be installed adjacent to wetlands.  Boulders and rock matrixes
should cover approximately 50% and 20% of bank area respectively.  All soil
debris from the rock should be removed prior to installation.  Rock sizes and
placement shall be approved by a qualified zoologist prior to installation.

Water

Although water quality tolerances and preferences of L. raniformis is currently
poorly understood, recent studies have revealed that, while adult frogs are likely
to be tolerant to a range of water conditions (Ashworth 1998; Hamer et al. 2002;
Pyke et al. 2002), frogs prefer waterbodies possessing low levels of for nutrients
and salinity levels for successful breeding and recruitment to occur (Ashworth
1998, Organ 2003a, 2003b, 2004b).  As such, the physio-chemistry properties of
wetlands should be within ranges known at sites occupied by L. raniformis.

Wetlands should be designed to ensure that there is low water turbidity
(suspended particles).  This would be achieved by planting dense areas of aquatic
plants (suspended particles will adhere to the plants), and by using a loam or
sand substrate instead of clay.  Low water turbidity is particularly important for
tadpole development.

Waterbodies should be still or slow flowing, and have low nitrate, ammonia,
nutrient and salinity levels.  Water would be treated from water sensitive road
design processes such as vegetation strips to perform the function of slowing and
treated water rather than gross pollutant traps.

Depth of the waterbodies should vary from 0.5 metres up to 2 metres.  They
should contain shallower areas which would dry out periodically, and deeper
sections which will hold water permanently.  It is imperative that wetlands
contain permanent water; if they are to dry out then this should only occur for
short periods of time.

Wetlands should be at full water level (FWL), within at least six months to a year
after construction to provide breeding opportunities for frogs.

Other considerations
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A number of other factors should be considered in the design and construction of
wetlands.  For example:

• Wetlands should be free of introduced fish, especially Plague Minnow
Gambusia holbrooki.  In the event of predatory fish or pollution entering
wetlands, the entire waterbody should be pumped dry.  However, before any
waterbodies are drained frog habitat requirements (e.g. larval development)
would need to be considered;

• Mowing of long grasses around constructed waterbodies should also be
minimised as these areas are often used by frogs e.g. refuge and foraging
sites;

• The use of herbicides and pesticides within, or surrounding wetlands should
be avoided; and

• A qualified zoologist experienced in the design of artificial wetlands and an
understanding of L. raniformis requirements should be consulted regularly by
VicRoads and the successful contractor.

2.4.3.2 Summary of key design requirements for created wetlands

The following is a summary of the habitat requirements for constructed
wetlands:

• Locate wetlands at underpass and culvert entrances, and within 500 metres of
currently occupied sites and potentially suitable waterbodies in the vicinity of
the bypass;

• Wetlands at the underpass and culvert entrances should be 20 metres x 5-10
metres in diameter.  Other proposed wetlands adjacent to the road should be
larger no less than 40 metres x 10 metres in diameter;

• Water from the road surface should not be directed into any of the wetlands;

• Provision of a variety of edge types and the of different microhabitats at
created wetlands;

• Have low water turbidity, be still, or slow flowing, and have low nitrate,
ammonia, nutrient and salinity levels.  Vegetation sediment filters/strips
should be used.

• Be permanent with water depth between 0.5 metres and two metres;

• Inclusion of rock piles, rock matrixes and large woody debris around
wetlands - 50% cover of rocks/boulders and 20% cover of rock matrixes;

• Planting of dense cover and diversity of emergent, submerged and floating
vegetation separated into three distinct zones; Zone 1 – shallow verge located
adjacent to wetland bank, Zone 2 – macrophyte planting inundated to 0.5
metres, and Zone 3 – submerged and floating vegetation zone inundated up to
1.2 metres;

• Access tracks, roads, houses and other infrastructure should not be located
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near created wetlands, and there should be no apparent barriers to dispersal
between suitable waterbodies;

• When wetlands become established (approximately 1-2 years) disturbance to,
or near wetlands should be kept to a minimum;

• Be free of introduced fish (e.g. Plague Minnow Gambusia holbrooki); and

• The use of herbicides or pesticides should be avoided.
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2.5 During construction: management
recommendations
L. raniformis has previously been recorded from a number of sites within the
vicinity of the bypass, including one waterbody within the proposed alignment
(Figure 2).  This species has been known to use a variety of both aquatic and
terrestrial habitats, therefore, the potential for frogs to occupy habitats along the
alignment during the construction period cannot be discounted.

As such, a number of measures are required to ensure that frogs are not impacted
during the construction phase, or in construction areas in the vicinity of the
bypass.

2.5.1 Frog salvage and translocation protocol

Over recent years salvage operations specifically for L. raniformis have been
recommended and/or undertaken as part of a number of road and infrastructure
developments (Robertson 2001a, 2001b; Organ 2001, 2003b, 2003c, 2004a;
Williams et al. 2002; Heard et al. 2004b; Wilson 2003).

Salvage and translocation involves locating and capturing frogs in pre
determined areas along the bypass alignment and relocating specimens to
appropriate sites nearby.  Salvage is recommended in four key areas (Figure 3).
While salvage should help prevent direct mortality of frogs along the alignment,
some individuals may ultimately be lost during construction.  However, based on
the highly modified condition of habitats along the proposed alignment, and the
lack of suitable breeding habitat, the likelihood that large numbers of frogs being
recovered is considered low.

Translocation involves some risk to the translocated frogs as the current state of
knowledge on the succuss of translocation operations for L. raniformis is limited.
Therefore on-going survival of translocated frogs cannot be assured.
Consequently, translocation operations would need to consider subsequent
monitoring requirements to determine the success of translocation.

2.5.1.1 Salvage requirements

Salvage will be in accordance with the following salvage protocol:

• Salvage would need to be undertaken by qualified zoologists, or someone
who has knowledge and experience with handling and transporting frogs;

• Prior to any salvage operations an appropriate wildlife permit from DSE is
required;

• Salvage operations should take place prior to site disturbance but as close as
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possible to the construction periods along the four key areas (Figure 3).  A
longer intervening period may mean frogs have moved back into the area;

• Salvage should take into consideration seasonal activity patterns.  For
example, if construction coincides with the active period (i.e. between
September and April) of L. raniformis then two observers should spend at
least two nights spotlighting along key areas prior to any works.  However, if
construction is planned during the inactive period of L. raniformis (between
May and August) nocturnal survey would not be required, and at least one
day should be spent searching for frogs under hard litter such as rocks and
other debris prior to disturbance;

• If a frog(s) are detected during salvage operations prior to construction, or if
it is considered the species could be using habitats within the alignment then
salvage during construction should be conducted.  This would involve at least
two persons actively searching soil, vegetation and other ground debris for
frogs immediately prior to, and during excavation;

• Footwear will be washed in disinfectant at the beginning and end of each
salvage period to prevent the introduction and/or spread of any diseases;

• If suitably qualified zoologist/ecologists are not present during construction,
contractors will be required to contact a nominated person immediately
should any frogs be located.  However, in the event that a zoologist is not
available then any specimens should be stored in an appropriate container
until someone arrives.  A L. raniformis identification sheet is provided in
Appendix 3;

• Adult and metamorph frogs will be captured by hand;

• Latex surgical gloves should be worn at all times when handling frog(s).
Gloves would need to be changed after each frog if more than one frog is to
be handled;

• Frogs should be transported in suitable capture bags, preferably plastic, and a
one frog one bag approach is required to minimise disease transmission; and

• Salvage procedures along the bypass should be conducted in accordance with
the hygiene protocol for the control of disease in frogs (National Parks and
Wildlife Service 2001).  This should help prevent the spread of the lethal
chytrid fungus Batrachochytrium dendrobatidis, and thus reduced frog
mortality.

2.5.1.2 Translocation requirements

The following translocation requirements should be followed if any frogs are
located:

• Suitable sites for frog translocation would need to be determined by a
zoologist, and agreed upon by VicRoads and DSE.  Any translocation
operations would need to consider the potential spread of diseases (Chytrid
fungus), and impacts upon L. raniformis and other frog populations at the
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translocation site;

• Where possible, frogs will be translocated no greater than 500 metres from
the initial capture point, to a site considered suitable for the long-term
viability of the species.  For example, frogs should be translocated to
waterbodies of high and/or moderate habitat quality for L. raniformis;

• After a translocation site has been chosen, frogs should be released into
favourable micro-habitats (e.g. rocks or dense vegetation where there is
sufficient cover);

• Frogs should be released at sites as soon as practicable after capture;

• Any sick, dying and/or visibly diseased specimens should not be translocated,
and should be kept for further analysis;

• Monitoring of any translocated frogs should be undertaken to determine
translocation success.  This can be achieved by marking frogs prior to
release, either by attachment of radio transmitters or by subcutaneous
injection of a passive integrated transponder (PIT).  Marking of frogs,
through telemetry (radio tracking) and PIT tags has successfully been used to
monitor frog populations, including L. raniformis.  For example, radio-
tracking of L. raniformis (several frogs) has recently been undertaken at
newly created wetlands, Botanic Park, Bundoora (Wilson 2003), and
Werribee Zoo (Robertson pers. comm.).  Similarly, PIT tags have
successfully been used during monitoring of the closely related Green and
Golden Bell Frog Litoria aurea at Homebush, NSW.  Again, the likelihood
of locating frogs prior, or during construction is considered low, therefore
translocation measures may not be warranted; and

• Any marking of frogs should be undertaken by personnel who have
experience with these monitoring techniques.

Further details with respect to marking and monitoring of frogs is presented in
Wilson (2003) and Heard (2004b).

2.5.1.3 Required approvals and permits

A permit from DSE to ‘live capture, collect and relocate’ L. raniformis during
construction operations will be required.  Prior to any marking of frogs a DSE
‘Management Authorisation’ would also be required under the Victorian Wildlife
Act 1975, and any marking of animals would need to be in accordance with DSE
ethics approval.

2.5.2 Other management considerations during construction

With the exception of possible off-site impacts (e.g. sedimentation of creeks and
drainage lines, changes in hydrology) there are few additional impacts upon L.
raniformis populations and habitats which need to be addressed.  Best practice
sedimentation measures should be adopted during construction, and these
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measures must be devised by a suitably qualified hydrological engineer in
accordance with Melbourne Water Corporation guidelines.
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2.6 Post-construction: management and monitoring
VicRoads is responsible for ongoing management of the bypass, including
monitoring and management of underpasses and created wetlands following
construction.  This must be undertaken in consultation with a suitably qualified
zoologist and in conjunction with other relevant authorities (e.g. DSE,
Melbourne Water Corporation), to ensure that these features are suitable for L.
raniformis and remain so in the future.

The purpose of monitoring and maintenance is to identify and address potentially
threatening processes, and to ensure habitats and dispersal opportunities are not
compromised.  Additionally, post construction monitoring of any translocated
frogs is essential to ascertain the success of these operations.

2.6.1 Management and Maintenance

2.6.1.1 Underpasses and culverts

Continued monitoring and maintenance of frog underpasses is important to 1)
ensure these structures are suitable to facilitate movement of frogs under the
road, and 2) to assess the overall effects on frog populations in the vicinity of the
bypass.

The following post construction requirements for underpasses and culverts
include:

• Periodic pressure clearing the inside of underpasses and culverts to ensure
there are no barriers to dispersal.  A smooth surface along the base of the
underpass should be maintained by using a high pressure hose to clear out the
structure.  This would need to be undertaken periodically particularly after
heavy rain or flood;

• Removal of rubbish which may impede frog movement;

• Removal of weeds and vegetation above one metre at underpass and culvert
entrances.  Vegetation can either be manually removed and/or selectively
sprayed using non residual herbicide (Roundup Bi-active), which is believed
to be ‘frog friendly’;

• Provision of additional low-growing vegetation (grasses, sedges) or
placement of shelter near underpass and culvert entrances may be required;

• Periodic cleaning of any air slots in the top of the underpasses or culverts;
and

• Immediate repair of damaged predator proof gates or locks at underpass and
culvert entrances, or replacement if necessary.
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2.6.1.2 Drift Fencing

Continual post-construction monitoring and management of drift fencing is
essential to ensure that dispersing frogs are appropriately funnelled into
underpasses and culvert entrances.  Monitoring and maintenance
recommendations include:

• Immediate repair any gaps in, or under, drift or acoustic fencing.  All fences
should be checked by a qualified zoologist after construction prior to the
active period of L. raniformis (i.e. September-April).  Exclusion fencing
should be checked every four to six months to ensure that they continue to
function as intended.

• Ensuring Fences should be clear of vegetation and other material within one
metre to prevent frogs crossing over them.  Rubbish and other material which
may impede movement along fences should also be removed as soon as
detected;

• Avoiding the use of herbicide near drift fences; and

• Locating additional vegetation or shelter sites more than one metre from drift
fencing, if required.

2.6.1.3 Created Wetlands

Continual monitoring and management of newly created wetlands is essential,
particularly over the first two years after establishment, and should focus on the
following:

Vegetation

• During the first two years after construction, vegetation condition at created
wetlands should be monitored every three months.  The suitability of
vegetation for L. raniformis should also be determined and supplementary
plantings (terrestrial and aquatic vegetation) should be undertaken by a
qualified wetland practitioner, if required;

• Removal of any weeds or flora species (terrestrial or aquatic) considered
undesirable for L. raniformis.  While physical removal of weeds should be
the primary control method, herbicides may be used selectively and would
need to be sensitive to frogs and their habitats (e.g. Roundup Bi-active).  The
use of herbicides within, or in close proximity to, wetlands, shelter sites and
likely dispersal areas should be discouraged;

• Rubbish and other unwanted materials within or surrounding wetlands should
be removed from wetlands.  This is particularly pertinent for wetlands located
near areas proposed to be developed (e.g. residential), as these areas are a
regular source of litter (e.g. plastic, polystyrene);

• Preventing damage to aquatic vegetation by waterfowl, particularly
immediately after planting (e.g. protective netting);
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• Discourage the inadvertent removal of rock around wetlands for landscaping,
and the use of wetlands for recreational purposes; and

• A suitably qualified zoologist or wetland ecologist, VicRoads and the
successful contractor would need to discuss all vegetation monitoring and
management actions prior to these measures occurring.

Refuge and shelter sites

• Monitoring the suitability of refuge and shelter sites around the perimeter of
created wetlands every six months for the first two years after wetland
construction to ensure these sites remain suitable for frogs;

• Provision of additional refuge sites for frogs if the extent of shelter and
refugia is considered inadequate as a result of monitoring work; and

• Monitoring of vegetation for its suitability to provide protection from
predators is required, with supplementary plantings undertaken if deemed
necessary (see above).

Water quality and hydrology

• Monitoring water quality.  This is considered a crucial component of habitat
management to ensure that wetlands are suitable for reproduction, tadpole
development and recruitment (see section 2.6.4).  Water monitoring should
occur at least every three months for the first two years after wetland
construction to ensure that it is suitable for breeding and recruitment.  The
requirement for water quality monitoring should be reviewed after two years.
Sampling methods should be consistent with EPA guidelines for water
quality; and

• Periodic checks of gross pollutant traps and/or sediment filters and
subsequent cleaning, particularly after heavy rain or storm events;

• Ensuring wetlands are devoid of gross pollutants such as heavy metals,
petroleum products, herbicides, pesticides and solvents.  The use of
chemicals either within, or in the vicinity of wetlands should be discouraged.
In the event of a chemical spill or water contamination wetlands may need to
be drained;

• Ensuring wetlands are at full water level (FWL), within at least six months to
a year after construction.  If wetlands have not naturally reached FWL during
this period then measures to artificially fill wetlands should be adopted.

• Wetlands should contain permanent water, particularly during the core
breeding period (October-February).  Periodic (i.e. one in five years) drying
of wetlands may occur for short periods of time (i.e. no longer than six
months);

• Manual removal of any aquatic weeds.  Herbicide application in, or close to
wetlands should be prevented.
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2.6.1.4 Other considerations

A number of other post-construction monitoring and management requirements
should be considered.  These include:

• Assisting reintroduction of L. raniformis from nearby source populations into
created wetlands.  This should only occur if the species has not naturally
colonised wetlands after two years, and if wetlands are considered suitable
for long-term persistence of the species (e.g. breeding and recruitment); and

• Ensuring that wetlands are not stocked with fish considered potential
predators of L. raniformis eggs and tadpoles (e.g. Gambusia, European
Carp).  Wetlands should be pumped dry in the event of predatory fish
occurring in the wetland.  Similarly, wetlands may need to be drained if
pollutants enter the waterbody.  However, the implications of draining
wetlands on frogs and tadpoles would need to be considered prior to any
drainage activities.

2.6.2 Monitoring

2.6.2.1 Underpasses and culverts

Monitoring underpasses and culverts to determine relative use by L. raniformis,
and to ensure they are functioning as intended.  This could either be achieved by
the use of telemetry (radio transmitters) or by injection of a passive integrated
transponder (PIT).  A data logger should be installed at both ends of several
underpass and culvert entrances as a way for monitoring frog usage of
underpasses and culverts.  Motion sensitive cameras may also be used for
monitoring frog movements and should be checked regularly (i.e. two to three
times a week) during the active period of L. raniformis.  While inspections
during the active period of the frog and during warm nights during or
immediately after rain may be undertaken to determine the use of these structures
by frogs, it is unlikely to be as effective as other monitoring techniques mention
above.

A monitoring protocol needs to be developed in-conjunction with DSE.  It is
essential to monitor the crossings to determine whether they are functioning as
intended, thus enabling identification of any required modifications and guiding
design changes for future projects.  Such monitoring should include not only
studies of movements through the crossings, but must also involve intensive frog
populations studies in the vicinity of the crossings to determine if successful.

2.6.2.2 Created Wetlands

Monitoring of created wetlands will assist in determining whether L. raniformis
has successfully colonised these created habitats and would ensure that habitats
become, and remain suitable for the species in the future.  A protocol for
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the monitoring of any L. raniformis populations at created wetlands is outlined in
section 2.6.

2.6.2.3 Translocated frogs

Post release monitoring of frogs salvaged and subsequently translocated during
construction is required to determine the success of translocation operations.
Monitoring of either PIT tagged frogs or frogs with radio-transmitters attached
should occur for at least 5-10 weeks post translocation to determine movement
patterns and habitat use, and should only be undertaken by personnel experienced
with these procedures.
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2.7 Ongoing population monitoring protocol
A number of monitoring projects on L. raniformis populations and habitats have
recently been proposed or are currently been undertaken, either as part of
proposed developments, or actions which may have an impact on the species
(Williams 2002; Conole et al. 2003; Organ 2003a, 2003c, 2004a, 2004b; Heard et
al. 2004b).

Continual monitoring of frog populations in the vicinity of the bypass is essential
to ensure the proposed road development does not have a significant impact on
the species.  There is a need for further investigation into the spatial distribution
of waterbodies currently inhabited by L. raniformis, to determine the importance
of each waterbody for long-term maintenance of populations.  In particular,
movement patterns between and within waterbodies is a key consideration which
should be investigated to understand the relative use of these habitats by L.
raniformis over a number of years.

Furthermore, the purpose of monitoring is to determine the suitability of habitats
and use by L. raniformis, and should continue prior, during and at least two years
after the road is opened to traffic.  Key areas in the vicinity of the bypass where
the species has previously been recorded (Timewell 2003; Organ 2004a) would
be monitored.  The minimum monitoring intensity for sites currently occupied by
L. raniformis and proposed wetlands along the bypass is once a month over the
active period of the species (i.e. from late September to March ).

Survey methodology during monitoring at created and retained habitats is as
follows:

2.7.1 Diurnal survey

Frequency:  All known sites occupied by L. raniformis and created wetlands (at
underpasses and culverts, and other created wetlands) should be surveyed at least
once during the day over the active season of the frog (i.e. from late September
to March ), and once during the non-breeding period for up to two years after the
bypass is opened to traffic.  Further monitoring after this period may be required
if deemed necessary.

Method:  Diurnal survey should be conducted at suitable waterbodies by at least
one experienced zoologist.  During diurnal survey, activity (basking and/or
calling) displayed by L. raniformis, and a population estimate at each site should
be noted.  The presence of other frog species should also be recorded.  Observers
would walk around the perimeter of wetlands to listen for frogs entering the
water when alarmed.  Active searching should also be conducted during diurnal
surveys, which would involve examination of ground-level habitat such
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as beneath surface rocks and boulders, in the base of grass tussocks, beneath hard
litter (e.g. fallen timber, corrugated iron, fence posts) during a prescribed search
period.

Site-specific habitat variables should also be investigated should include:

• Vegetation species present, structure, composition and cover;
• Wetland hydrology (flow, permanency);
• Shelter and potential over-wintering sites;
• Presence of any fish species, particularly Gambusia holbrooki; and
• Water quality (see below).

A photo (at the same location) of each survey site should be taken so that
comparisons of habitat conditions over time can be made.

2.7.2 Nocturnal survey

Frequency: All known occupied waterbodies and constructed wetlands should be
surveyed once a month over the core breeding period of L. raniformis for up to
two years after the bypass is opened to traffic.  Further monitoring may need to
be undertaken after this period.

Method:  Nocturnal surveys would be conducted by at least one experienced
zoologist with a field assistant.

Ideally, field work should be conducted on calm warm nights, when air
temperatures exceed 13 oC, and preferably after rain.  An initial period of 5-10
minutes will be spent recording any calling frogs (all species) within or adjacent
to wetlands.  Also during this period, the observers will record air and water
temperature, relative humidity and weather conditions prior to searching for L.
raniformis.  A systematic search for frogs should then be undertaken using
spotlights or headtorches.  Vegetation around the margins, and within
waterbodies would be scanned, and morphological data (sex, size, weight,
breeding condition) of specimens caught should be taken.  Furthermore, the
location (AMG co-ordinates), behaviour and microhabitat conditions at sites
where frogs are captured will be noted.

Consideration also needs to be given to minimising the potential spread of
diseases between populations, and all equipment, footwear and, if deemed
necessary, vehicles will be treated with an appropriate biodegradable
disinfectant.  This should occur prior to surveys been conducted and between
each site.  Sick or visibly distressed frogs should be taken from the site for
further analysis.
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2.7.3 Tadpole and metamorph sampling

Sites where breeding activity (e.g. calling males) is observed should be searched
for tadpoles using nets and fish traps.  Fish traps baited with meat or florescent
glow sticks should be set for a number of nights (up to four nights) at each site.
Active searching for metamorphs should also be conducted at sites where
breeding activity is observed and/or tadpoles caught.  The optimal time for
metamorph detection is during January and February, and this can usually be
undertaken either during the day or at night.

2.7.4 Water sampling

Water sampling should be conducted at sites occupied by L. raniformis and at
sites where the species has not been detected.  Water sampling at created
wetlands located at either end of underpasses and culverts should also be
monitored.

A number of water chemistry parameters should be investigated including
turbidity, pH, dissolved oxygen, electrical conductivity, nitrate, nitride, total
phosphorus, chloride, and anionic/nonionic concentrations.  At least one sample
will should be taken at waterbodies where frogs are detected during that breeding
season.  Therefore, a comparison of water chemistry between occupied and
unoccupied sites can be undertaken.

2.7.5 Additional information

There is also an opportunity to obtain further information on the ecological
requirements and habitat use by L. raniformis, by either conducting detailed
mark-recapture surveys, telemetry (radio-tracking), or using PIT.  These
monitoring techniques would provide information on the use of wetlands by
frogs on a temporal and spatial scale, and investigate dispersal behaviour
between and within habitats.  Telemetry would also provide information on the
use, and relative importance of over-wintering sites by frog within the vicinity of
the Pakenham bypass.

2.7.6 Review and reporting

Upon completion of each monitoring period the results will be provided to DEH
and DSE for review.  After which, any variations that are required to the
monitoring program would be discussed and modified accordingly.  Furthermore,
ongoing monitoring may be required after the two year period to identify any
changes in management actions, and to ensure that habitats remain suitable and
that frog populations persist in the future.
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2.8 Relevant Stakeholders
The implementation of the plan will require the collaboration of all relevant
stakeholders and coordination from DSE.  The following organisations will be
responsible for, or may potentially become involved in the implementation and
support of the plan:

2.8.1 Direct involvement

• VicRoads – required to adhere to the recommendations of the plan during the
design, construction and post-construction monitoring of the road
development, including construction, management and future monitoring of
created wetlands, frog underpasses and culverts.

• Successful road development contractor - required to adhere to the
recommendations of the plan during the construction of the road, particularly
in relation to the construction of frog underpasses, culverts, drift fences, and
wetlands.  Any proposed changes to the location or design of these features
would need to be discussed with VicRoads, a suitably qualified zoologist and
DSE.  The contractor would also be required to commission a zoologist
during salvage operations, and notify VicRoads immediately should L.
raniformis be found during construction.

• Victorian Department of Sustainability and Environment (DSE) – will
oversee the implementation of the plan, and is responsible for issuing all
permits and approvals required prior to the construction.  DSE would also
assess the suitability of the plan under the FFG Act 1988, particularly the
requirements specified in the action plan developed for the species.

• Biosis Research Pty. Ltd. – authors of the initial detailed flora and fauna
assessment and subsequent L. raniformis surveys for the proposed Pakenham
Bypass, and preparation of the conservation management plan.

• Experienced zoologist (particularly in relation to L. raniformis) – will be
involved during the construction the implementation of the plan, including
monitoring of populations and habitats prior, during and after the
development to ensure habitats and dispersal opportunities between habitats
remain suitable.
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2.8.2 Encouraged involvement

• Melbourne Water Corporation – may provide funding for the construction,
maintenance and future monitoring of created waterbodies associated with
the bypass.

• Cardinia Shire Council and City of Casey– responsible for assessing the
suitability of future developments (e.g. residential, industrial) in the vicinity
of the bypass, and would need to consider the implications of these proposals
upon L. raniformis populations and habitats.  Local authorities are also
encouraged to provide assistance in the implementation of the plan,
particularly in relation to the future monitoring and management of L.
raniformis populations, habitats and fauna underpasses/culverts.  A strategic,
broad scale approach in the management of suitable waterbodies, dispersal
corridors and frog populations need to be considered during the planning
process.  Community education with regard to the importance of L.
raniformis populations and associated habitats is also encouraged.

• Developers (e.g. residential, industrial) - proponents would need to ensure
that L. raniformis populations and suitable habitats are protected and
dispersal opportunities (habitat connectivity) are not compromised.
Proposals may need to be assessed under relevant State and Commonwealth
environmental legislation and policy, and should be consistent to the
requirements provided in this plan.
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FIGURES
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Figure 1: Location of the Study Area.
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Figure 2a: Locations of L. raniformis populations recorded within the vicinity of the
study area, and recommended frog underpass and wetland locations along the
Pakenham Bypass.
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Figure 2b: Locations of L. raniformis populations recorded within the vicinity of the
study area, and recommended frog underpass and wetland locations along the
Pakenham Bypass.
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Figure 2c: Locations of L. raniformis populations recorded within the vicinity of the
study area, and recommended frog underpass and wetland locations along the
Pakenham Bypass.
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Figure 2d: Locations of L. raniformis populations recorded within the vicinity of the
study area, and recommended frog underpass and wetland locations along the
Pakenham Bypass.
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Figure 3: Proposed L. raniformis salvage locations immediately prior and during
construction.
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APPENDICES
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APPENDIX 1
Implementation schedule

A number of key steps are required to ensure that created wetlands are suitable for L. raniformis, and to
encourage natural colonisation and ongoing use of habitats in the future.  The following steps for the
implementation of the plan are outlined below:

Pre-construction Phase (immediate)
- Letter of support for the L. raniformis conservation management plan (all relevant stakeholders).
- Prepare road contract specifications including design requirements for L. raniformis.
- Obtain relevant permits from DSE for salvage and translocation operations.
- Salvage and translocate frogs prior to construction in the four areas identified and in accordance with the

salvage and translocation protocol.

Construction and establishment
- Wetland construction.
- Appointment of a ‘frog friendly’ wetland developer who has had previous experience on L. raniformis

habitat creation.
- Excavation of wetland and construction of frog underpasses.
- Planting and establishment of vegetation.
- Installation of wetland drainage valve.
- Provision of rocks, logs and other refuge.
- Installation of protective netting over vegetation where needed.
- Underpass and culvert construction.
- Appoint a suitably qualified person to construct the frog underpasses;

- Zoologist must be consulted by the successful road contractor to ensure that habitat features are
appropriately constructed

- Provision of refuge sites – rock and logs
- Vegetation establishment
- Installation of locatable grid over entrances

- Monitoring of salvaged and translocated frogs.

- Relocation (assisted movement) of frogs into wetlands if required.

Post-construction (ongoing)

- Monitoring and maintenance and created wetlands in accordance with section 2.5.
- Provision of additional plants and refugia (rocks, logs) where necessary.
- Pumping wetlands dry if pollutants or predatory fish are present.
- Weed control, rubbish removal.

- Monitoring and maintenance of underpasses, culverts and drift fencing (section 2.5)
- Provision of additional plants and refuge (rocks, logs) near entrances where necessary;
- Periodical clearing of underpasses and tunnels.
- Monitoring and maintenance of underpasses, culverts and drift fencing.
- Weed control rubbish removal and vegetation removal/maintenance along fences

- Monitoring of L. raniformis populations and habitats (section 2.6)
- Populations – distribution, sizes, morphological data, breeding and recruitment.
- Habitats – vegetation suitability (type, cover, structure), hydrology (flow, permanency), shelter

and over-wintering sites (rocks, vegetation), water quality, and introduced fish.
- Movement patterns within and between sites, including under the bypass/road (ie. consider

monitoring frogs with PIT and/or radio transmitters, and possibly the use of motion cameras).
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APPENDIX 2
Recommended revegetation list

The following is a preliminary guide to indigenous species useful for the recreation of
habitat within a landscaped environment.  It is not a detailed specification and other
locally indigenous plants could also be used.

Table A2.1 : Wetland Indigenous planting list

Scientific name Common name
Zone 1
Acaena novae-zelandiae Bidgee-widgee
Agrostis avenacea Common Blown-grass
Agrostis punicia Gilgai Blown-grass
Calystegis sepium Large Bindweed
Carex appressa Tall Sedge
Carex fasicularis Tassel Sedge
Epilobium billardierianum Smooth Willow-herb
Juncus amabilis Hollow Rush
Juncus flavidus Yellow Rush
Juncus holoschoenus Joint-leaf Rush
Juncus proverus Tall Rush
Lomandra longifolia Spiny-headed Mat-rush
Microlaena stipoides var. stipoides Weeping Grass
Poa ensiformis Sword Tussock-grass
Poa labillardierei Common Tussock-grass
Zone 2
Amphibromus nervosus Common Swamp Wallaby-grass
Craspedia paludicola Swamp Billy-buttons
Crassula helmsii Swamp Crassula
Eleocharis acuta Common Spike-sedge
Eleocharis pusilla Small Spike-sedge
Eryngium vesiculosum Prickfoot
Glyceria australis Australian Sweet-grass
Lobelia pratiodes Poison Lobelia
Lycopus australis Gypsywort
Neopaxia australasica White Purslane
Myriophyllum crispatum Upright Water-milfoil
Myriophyllum simulans Amphibious Water-milfoil
Persicaria praetermissa Spotted Knotweed
Persicaria decipiens Slender Knotweed
Ranunculus inundatus River Buttercup
Stellaria angustifolia Swamp Starwort
Zone 3
Eleocharis sphacelata Tall Spike-sedge
Glyceria australis Australian Sweet-grass
Marsilea drummondii Common Nardoo
Myriophyllum caput-medusea Coarse Water-milfoil
Potamogeton tricarinatus Floating Pondweed
Potamogeton ochreatus Blunt Pondweed
Schoenoplectus tabernaemontani River Club-sedge
Triglochin procerum Common Water-ribbons
Villisneria americana Ribbon-weed
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APPENDIX 3
Growling Grass Frog identification sheet
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APPENDIX 4
Contract specifications



Specification Extracts – Section 2                                                                                     Environmental Management

Pakenham Bypass

1200 ENVIRONMENT PROTECTION

1200.01 INTRODUCTION

The Contractor shall undertake works under the Contract in such a manner that impacts on the environment are
mitigated.  The Contractor shall ensure that the environmental objectives and attainment measures outlined in the
relevant State Environmental Protection Policies and all other relevant State and Commonwealth legislation are
complied with at all times.  Where different objectives are nominated, the more stringent requirement shall be
adopted.

The Environmental Management Strategy shall be prepared by the Contractor to provide an overview of the
management of environmental protection during the various phases of work under the Contract, and demonstrate
the environmental protection methodology.  The Environmental Management Strategy is the overarching parent
document from which individual Environmental Management Plans are prepared.

Environmental Management Plans are details of the Contractor’s proposals for the management of individual
stages of work that impact on the environment.

The Contractor shall prepare an Environmental Management Strategy and Environmental Management Plans for
the management of activities that impact on the environment in accordance with the requirements of Section 2060
and this Section 1200.

Environmental Management Plans shall address the impacts of activities on elements of the environment
including, but not limited to:

 Water Quality

 Groundwater Quality

 Air Quality

 Soil Conservation

 Contaminated Soils and Materials

 Waste Management

 Fuels and Chemicals

 Noise and Vibration

 Flora and Fauna

 Cultural Heritage

1200.02 PERFORMANCE REQUIREMENTS

All work under the Contract shall comply with the following requirements:

(a) Water Quality

All water runoff from the Site discharged both directly and indirectly into any surrounding waterway and/or
drainage network, shall meet the water quality performance criteria in Table 1200.021.
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***
Table 1200.021
Parameter / Indicator Criteria / Objective
Range of flow events to be treated all events up to and including the 1 in 2 year ARI
Total dissolved solids < 500 mg/L
Suspended Solids – Median < 20 mg/L
Suspended Solids – 75th Percentile < 30 mg/L
Turbidity – Median < 15 NTU
Turbidity – 75th Percentile < 25 NTU
PH 6.5-9
Aesthetic Characteristics (including oils,
greases and litter)

No visible floating oil, grease, scum, litter or other
objectionable matter, or odours or colours in water.

Other pollutants (specifics for each
contract):

Limit the application, generation and migration of toxic
substances to the maximum extent practicable

Dissolved oxygen > 80%
Water flow No adverse impact
Aquatic life No adverse impact

Note:  Where the measured background levels are above the objectives stipulated in the above Table
1200.021, the background levels shall become the objective for each individual parameter.

(b) Groundwater Quality

(i) Any change to groundwater quality, quantity and levels shall comply with State Environment
Protection Policy (Groundwaters of Victoria) and shall not affect any beneficial uses.

(ii) Use, recycling, treatment and/or disposal of groundwater shall be in accordance with relevant
legislation and State Environment Protection Policies.

(c) Air Quality

(i) Operations shall comply with the requirements of State Environment Protection Policy (Air Quality
Management).

(ii) Dust shall not create a hazard or nuisance/inconvenience to the public, shall not disperse from the Site
or across roadways, nor interfere with crops, stock or dust-sensitive activities.

(iii) Total solids from any air quality monitoring station, as measured in accordance with the requirements
of Australian Standards AS 3580.10.1 shall not exceed the limits in Table 1200.022:

***
Table 1200.022
Period Total Solids (Max) **
November to March 4 grams/square metre, for any 14 day consecutive period
April to October 4 grams/square metre, for any 30 day consecutive period

** Figures for total solids (max) are exclusive of background dust (dust unrelated to the
construction works).

(iv) Emissions of visible smoke to the atmosphere from construction plant and equipment shall be for
periods no greater than the periods shown in Table 1200.023:

Table 1200.023
Construction Plant And Equipment Type Maximum Period For Visible Smoke
Plant not registered for use on public roads 15 consecutive seconds
Plant registered for use on public roads 10 consecutive seconds
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(v) Emissions of odorous substances or particulates shall not create or be likely to create objectionable
conditions for the public.

(vi) Materials of any type shall not be disposed of through burning.

(vii) Generation of greenhouse gases shall be avoided where practicable. Where emissions cannot be
avoided, use of plant and equipment shall be undertaken to minimise greenhouse gas generation.

(d) Soil Conservation

All surfaces shall be free of scour or erosion.

(e) Contaminated Soils and Materials

(i) Soils or materials shall not be contaminated as a consequence of work under the Contract.

(ii) Use, treatment, transport and/or disposal of contaminated soils or materials shall be in accordance with
relevant legislation and State Environment Protection Policies, or by a method agreed with the
Environment Protection Authority (EPA).

(f) Waste and Material Management

(i) Waste and litter shall not be released into the environment or incorporated into fill areas.

(ii) Waste disposal, eg concrete washings, chemicals, oils, fuels shall be at an approved recycling facility
or to an offsite location, in accordance with the requirements of relevant legislation.

(iii) Generation of waste material shall be minimised and materials recovered or recycled where possible.

(g) Fuels and Chemicals

(i)  Storage of fuels and chemicals on Site shall be in accordance with relevant EPA Technical Guidelines.

(ii)  No leakage or spillage on Site of any fuels or chemicals is permitted.

(h) Noise and Vibration

(i)  Off-site noise levels shall not exceed limits in relevant EPA Technical Guidelines.

(ii)  Buildings, structures and services shall not be damaged due to vibration associated with works under
the Contract.

(i) Flora and Fauna

(i) Vegetation/habitat sites and areas of significance listed in Table 1200.024, or flora/fauna sites or
habitat discovered during works under the Contract shall not be damaged, disturbed or otherwise
adversely impacted.

***
Table 1200.024
Vegetation/Habitat Site Chainage/AMG grid reference/location
Various sites containing Growling
Grass Frog Litoria raniformis,
outside of the road reservation

Refer to sites in report “Pakenham Bypass: Growling Grass
Frog Litoria raniformis 2003/04 survey, Pakenham and
surrounds Victoria” Biosis, June 2004 (included in Volume 5 –
Information for Tenderers)
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Any sites identified in the report, “Pakenham Bypass:  Growling Grass Frog Litoria raniformis
2003/04 survey, Pakenham and surrounds, Victoria”  within the freeway reserve shall be treated in
accordance with the Frog Salvage and Translocation Protocol detailed in the report, “Pakenham
Bypass:  Conservation Management Plan for the Growling Grass Frog Litoria raniformis, Pakenham,
Victoria” included in the Appendices.

(ii) Vegetation removal shall be restricted to the minimum necessary to construct the Works.

(iii) Weeds and fungal infestations shall not be introduced to the Site, nor spread through the Site as a
consequence of work under the Contract.

(iv) No injury to fauna.

(j) Cultural Heritage

Cultural heritage sites and areas of cultural significance listed in Table 1200.025, or cultural heritage sites
discovered during works under the Contract shall not be damaged, disturbed or otherwise adversely
impacted.

***
Table 1200.025
Site Reference number Chainage/AMG grid

reference/location
Indigenous Cultural Heritage
Nil identified to date

Non-Indigenous Cultural Heritage
Nil identified to date

Any cultural heritage sites discovered during the works under the contract shall be managed in accordance
with the requirements of the Pakenham Bypass Cultural Heritage Agreement.

1200.03 REFERENCES

Unless otherwise specified, environment protection shall be implemented in accordance with the references listed
in Table 1200.031.  The reference shall be the edition or version current at the time of closing of tenders, unless
otherwise specified.

*** 
Table 1200.031  -  References
 References
Australian Water Quality Guidelines for Fresh and Marine Waters (Australian and New Zealand Environment and
Conservation Council)
Environmental Protection Authority Technical Guidelines – Bunding Guidelines, Publication 347
Environment Protection Authority Publication 275 - Construction Techniques for Sediment Pollution Control
Environmental Protection Authority Publication 441 - A Guide to the Sampling and Analysis of Waters,
Wastewaters, Soils and Wastes
Environment Protection Authority Publication 448 - Classifications of Wastes

Environment Protection Authority Publication 480 - Environmental Guidelines for Major Construction Sites,
Environment Protection Authority Publication 669 - Groundwater Sampling Guidelines
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Table 1200.031  -  References
 References
Environmental Protection Authority Technical Guidelines – Noise Control Guidelines TG302/92
NSW Department of Housing - Managing Urban Stormwater – Soil and Construction
State Environment Protection Policy - Prevention and Management of Contaminated Land
State Environment Protection Policy - Waters of Victoria
State Environment Protection Policy - Groundwaters of Victoria
State Environment Protection Policy - Air Quality Management
Victoria, Stormwater Committee - Urban Stormwater : Best Practice Environmental Management Guidelines
VicRoads - Project Management Guidelines : Environmental Protection
Civil Contractors Federation/Environmental Protection Authority - Environmental Management System
Victoria’s Native Vegetation. A Framework for Action
AS/NZS ISO 19011:2003 Guidelines for Quality and/or Environmental Management Systems Auditing
Pakenham Bypass:  Conservation Management Plan for the Growling Grass Frog Litoria raniformis, Pakenham,
Victoria, Biosis, 2004
Pakenham Bypass:  Growling Grass Frog Litoria raniformis 2003/2004 survey, Pakenham and surrounds
Victoria”, Biosis, June 2004
Pakenham Bypass Cultural Heritage Agreement (Draft), VicRoads, June 2004

1200.04 ENVIRONMENTAL MANAGEMENT PLANS

(a) General

In preparing Environmental Management Plans, the Contractor shall take into account the Site’s
environmental features, the nature of the works to be undertaken, any potential environmental impacts, the
findings of environmental investigations in Table 1200.031, and the results of any environmental
investigations undertaken by the Contractor.

The Contractor shall be responsible for obtaining all necessary approvals from the relevant authorities and
for the coordination, implementation and other arrangements associated with Environmental Management
Plans.

Control measures identified in Environmental Management Plans (EMP) shall be installed and be fully
operational prior to commencement of the works associated with the EMP. Control measures shall be
maintained in working order for the duration of the associated works.

(b) Components of Environmental Management Plans

Each Environmental Management Plan shall be a complete document incorporating the following:

(i) A statement of scope and purpose;

(ii) An assessment of the environmental risks associated with the work activities covered by the
Environmental Management Plan, including times when the Contractor is not on Site;

(iii) Details of control measures to address the identified environmental risks, including but not limited to:

 Design measures and construction techniques to be implemented to protect the environment
and/or avoid environmentally sensitive areas and unnecessary vegetation and habitat removal;

 Scaled drawings that clearly show the location and set out/extent of environmental controls,
modifications to existing control devices, effects on permanent works, and monitoring locations;

 Specific procedures to address identified environmental risks; and

 Emergency response plans.  Plans shall include immediate measures to be adopted/implemented
in the event of an environmental incident or failure of environmental control measures, and
reporting requirements;
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(iv) Details of implementation of control measures, including but not limited to:

 Duration of activity/risk, and timeframes for implementation and removal of control measures;

 Frequency and responsibilities for inspection and maintenance of controls including proactive
reviews, eg. prior to rain events or changes in construction program;

 Provision for access to environmental controls in all weather conditions for maintenance and
monitoring purposes;

 Process for reviewing the effectiveness of the control measures including arrangements for
implementing changes; and

 Details of how control measures shall be removed.

(v) Details of procedures and monitoring measures for environmental elements;

(vi) Details of approvals, permits, agreements and/or licences to meet requirements of relevant authorities;
and

(viii) Documentation associated with the Environmental Management Plan, including:

 Records of implementation of the environmental control measures, and monitoring of
environmental elements;

 A checklist to demonstrate that each specification clause in this Clause 1200 has been addressed
in the Environmental Management Plan;

(c) Process, Timeframes and Responsibilities

This sub-clause describes the process, timeframes and responsibilities associated with the preparation and
review of Environmental Management Plans.

*** Environmental Management Plans shall be prepared, implemented, managed and monitored by a specialist
meeting the requirements of Clause 1190.02(b).

HP The Contractor shall submit to the Superintendent for review an Environmental Management Plan
for each stage of the work, eg. By geographical area or by construction activity not less than fourteen
days prior to the commencement of that stage of the work unless otherwise specified.  Work relevant
to that stage shall not commence until the Superintendent is satisfied that the plan meets the
requirements of this specification and authorises release of this Hold Point.

(d) Implementation

Where, in the opinion of the Superintendent, the Environmental Management Plan does not comply, operate
or function in accordance with the performance requirements of Clause 1200.02, the Contractor shall cease
all activities associated with the Environmental Management Plan until a suitable Environmental
Management Plan is developed.  Should there be no cessation of activities, the Superintendent reserves the
right to take action to provide environmental protection and make good the site.  The costs incurred by the
Superintendent in undertaking such action will be deducted from progress payments due to the contractor.

*** (e) Environmental Protection Awareness Workshop

Prior to commencement of works onsite, the Contractor shall ensure that all personnel and others directly
involved in the development and implementation of EMP’s and monitoring, installation and maintenance of
control measures for this Contract attend a one day environmental workshop to review the environmental
issues associated with the Site. The Contractor shall liaise with the Superintendent to determine the agenda
of the workshop.
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1200.05 ENVIRONMENTAL ELEMENTS

The Contractor shall meet the following requirements, and include appropriate measures to meet these
requirements in its Environmental Management Plans.

(a)  Water Quality

 (i) Construction works shall be undertaken to minimise the discharge of sediments and other pollutants to
surface waters. Where construction activities adjoin or cross surface waters, Environmental
Management Plans shall be prepared to protect beneficial uses in accordance with the State
Environmental Protection Policy (Waters of Victoria).

(ii) Environmental Management Plans shall include specific procedures to manage activities which have a
risk of adversely impacting on water quality. Such procedures shall include but not be limited to the
following:

 Works programmed with due consideration of relevant weather forecasts and climatic conditions
on the day of works and the following days; and

 Contingency plans in the event of unexpected rain.

*** (iii) Environmental Management Plans shall include contingency plans that address the protection of the
waterways and the effect upon the works under the Contract for floods up to 100 year Average Rainfall
Interval event.

(iv) No water is permitted to be used from waterways for construction purposes.

(v) Works shall be programmed and managed so as to avoid work in waterways. Where work in
waterways is unavoidable, procedures shall be developed and implemented to satisfy the requirements
of this Clause 1200.

(vi) Where sedimentation basins are proposed as control measures, basins shall be designed to contain
flows from a rainfall event having an Average Recurrence Interval of not less than 2 years when
allowing for a 30% reduction in capacity as a result of sediment accumulation.  Spillways or bypass
systems shall be designed for an event having an Average Recurrence Interval of 100 years.
Sedimentation basins shall be cleaned out whenever the accumulated sediment has reduced the
capacity of the basin by 30 percent or more, or whenever the sediment has built up to a point where it
is less than 500 mm below the spillway crest, whichever occurs earlier.

(vii) Where soil is stockpiled on Site, such stockpiles shall be located, where possible, to provide a
clearance of not less than 10 metres from watercourses.  Where it is not possible to provide a clearance
of 10 metres, the stockpile shall be above the normal high water level of the watercourse and
additional protection shall be provided to prevent the stockpiled material entering the watercourse.

(b) Groundwater Quality

(i) Where groundwater or aquifers are encountered or expected to be encountered during works under the
Contract, the Contractor shall undertake an assessment of the potential impact of the works and
ascertain the beneficial uses to be protected as provided for in SEPP (Groundwaters of Victoria) and
SEPP (Waters of Victoria). The Contractor shall consider the beneficial uses, quality and quantity of
groundwater when determining the ongoing management of groundwater (i.e. re-use, discharge, re-
injection). Such consideration shall be completed prior to the completion of related design and prior to
commencement / continuation of related construction activities.

The Contractor’s assessment shall be approved by Melbourne Water and EPA, and other relevant
authorities shall be consulted during the assessment.

(ii) Permits/approvals shall be obtained from relevant authorities prior to the use of groundwater for
construction related activities.
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(c) Air Quality

(i) In the development of Environmental Management Plans, all factors which impact air quality shall be
considered including climatic conditions; the physical characteristics of the Site; and the nature of
activities to be undertaken.

Environmental Management Plans shall include specific procedures to avoid the creation of dust. Such
procedures may include the cessation of plant movement and work, and shall consider measures to
avoid the creation of dust during non-working periods.

(ii) Where the use of chemical dust suppressants is proposed, the Contractor shall ensure that such
products do not have an adverse effect on the performance of the Works or constitute an
environmental hazard. Prior to the use of chemical dust suppressants, the Contractor shall submit to
the Superintendent for review details of the proposed use including any approvals or permits relating
to use of the product.

(d) Soil Conservation

          (i)   Environmental Management Plans shall include appropriate soil conservation measures, including but
not limited to:

   minimising the amount of exposed erodable surfaces and areas being actively worked at any one
time;

   prompt temporary and/or permanent progressive revegetation of the Site as work proceeds;

 installation and maintenance of catch drains to adequately control and route runoff to the
appropriate sedimentation control installation;

   treatment of open drains to prevent erosion before adjacent ground is disturbed and excavation is
commenced;

*** ▪ prompt covering of exposed surfaces (including batters and stockpiles) that would otherwise
remain bare for more than 14 days.  Cover may include mulch, erosion control mat or seeding
with sterile grass;

   minimising the timing between clearing and stripping of the Site and covering of erodable
surfaces; and

   where trees are required to be removed more than two months in advance of any construction
works, remove only that part of the tree that is above ground level and where possible allow the
roots to remain intact beneath the ground surface to assist with erosion control.

(e) Contaminated Soils And Materials

(i) Environmental Management Plans shall include specific procedures to:

 ensure that materials imported to the Site are free from contamination; and

 manage the discovery of contaminated material on the Site during works under the Contract.

(ii) In the event that contaminated material is encountered on the Site, the Contractor shall:

 notify the Superintendent and where applicable the EPA;

 undertake comprehensive sampling and analysis to determine the type and levels of
contamination, the presence of any odour, the groundwater level and the leachate quantity;

 where putrescible waste material is encountered, contain, extract and treat all associated
contaminated water prior to disposal, and implement the necessary measures including the
construction of cut off drains banks or bunds, to control the ingress of ground water to minimise
the generation of leachate;
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 where contaminated material is required to be stockpiled on the Site, stockpiles shall be
constructed and treated in such a manner that all runoff can be contained and appropriately
disposed of; and

 ensure that disposal methods are acceptable to the Superintendent and the EPA.

(iii) Unless otherwise specified, the use of contaminated material in the Works shall be subject to the
approval of the Superintendent. Prior to any use of contaminated material on the Site, the material
shall be assessed by an independent environmental specialist to verify that the proposed use is in
accordance with legislative requirements.

Where any contaminated material is used in the Works, records shall be kept of the volume of
contaminated material incorporated and the locations placed.

(f) Waste and Material Management

(i) Environmental Management Plans shall include provisions to identify the nature of wastes generated
as a consequence of works under the Contract, and appropriate storage of such wastes prior to re-use
or disposal.

(ii) Unless otherwise specified, the re-use of recovered or recycled materials within the Works shall be
subject to the approval of the Superintendent.

(iii) Where approval is granted to incorporate recycled materials into the Works, the Contractor shall
maintain appropriate records of the type of material and its location.  In particular, records shall
include the tonnage of recycled crumbed rubber used in asphalt pavements and chip seal works and all
recycled crushed concrete used in pavement construction.

Timber from vegetation to be removed shall, where practicable, be recycled.  Timber may be recycled
for uses other than for work under the Contract.

The Contractor shall maintain records regarding the nature and quantity of waste generated, and details
of re-use, recycling or disposal of such materials.

(iv) Any accumulation of litter on-site is to be regularly collected and transported to an appropriate
disposal facility off-site.

(g) Fuels and Chemicals

Environmental Management Plans shall include specific procedures to mitigate the effect on the environment
from fuels and chemicals, including herbicides and pesticides.  Such procedures shall include but not be limited
to:

 nominated points for the refuelling and fluid top up of vehicles and plant;

 provision of collection systems that contain fuels, contaminated runoff and other fluids;

 methods of disposal of any contaminated materials resulting from these refuelling areas;

 contingency plans in the event of any fuel or chemical spill;

 provision of readily accessible hydrocarbon spill kits for the purpose of cleaning up oil and fuel
spillages on the Site at all times; and

 ensuring that personnel trained in the efficient deployment of the spill kits are readily available in the
event of spillages.

(h) Noise and Vibration
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Construction vehicles and equipment shall have appropriate measures fitted and be effectively maintained to
minimise engine noise and comply with the appropriate regulations and by-laws relating to noise.

(i) Flora and Fauna

(i) Environmental Management Plans shall include procedures to ensure the protection of flora and fauna.

The Contractor shall develop a procedure to manage the discovery during work under the Contract of
significant flora and fauna sites, species or habitat not previously identified. The procedure shall
include the following:

 identification of significant flora and fauna sites, species and habitat likely to be present on the
Site;

 training of personnel working on Site in identification of significant flora and fauna species or
habitat;

 immediate cessation of work likely to impact the flora/fauna site, species or habitat upon
discovery of a significant flora or fauna site, species or habitat; and

 inspection of the site, species or habitat by appropriately qualified personnel to verify the
discovery.

(ii) The Contractor shall develop a procedure to identify and prevent the spread of remove, dispose of,
eliminate growth, including regrowth, of noxious and environmental weeds and fungal infestations
within the Site and offsite. As a minimum, the procedure shall include consideration of the weed
potential of imported materials, and provisions for cleaning of plant and equipment at the following
times:

 prior to arrival on Site;

 prior to departure from Site; and

 prior to movement within the Site from infested to non-infested areas.

(iii) In the event that a significant flora or fauna site, species or habitat is discovered, the Contractor shall
immediately notify the Superintendent. The Contractor shall submit to the Superintendent for approval
the proposed actions to manage the site, species or habitat.

(iv) All sites nominated in Table 1200.024, and any other flora/fauna sites and communities; fauna nests
and habitats to be retained or relocated; and vegetation to be retained and vegetation to be removed
shall be identified and marked on Site.

The Contractor shall engage a qualified zoologist/botanist to:

 identify the locations of each flora/fauna site;

 identify and examine any trees (including hollow bearing trees) and/or fallen logs affected by
works under the Contract;

 provide advice on the alternative fauna habitat sites;

 identify the vegetation to be removed and vegetation to be retained; and

 be present on the Site during habitat/vegetation removal.

Inspection of flora/fauna sites or communities; fauna or their nests and habitats to be retained or
relocated; and vegetation to be retained or vegetation to be removed shall be attended by
representatives of the Superintendent, Contractor and other relevant authorities.

(v) Appropriate barricades or fencing shall be installed and maintained to protect and prevent damage to
all flora and fauna sites and areas of significance nominated in Table 1200.024 or identified during
work under the Contract.
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(vi) Plant, equipment, material or debris shall not be placed or stored within the limit of the root zone of
vegetation to be retained.

(vii) Permits from relevant authorities shall be obtained prior to disturbance of flora/fauna sites or relocation
of native fauna affected by works under the Contract.  Relocation of any fauna or nests shall be made if
appropriate to adjacent habitat and shall be undertaken in accordance with the requirements of the
Department of Sustainability and Environment.  Where practicable, any nests found to be inhabited by
native birds or by mammals (e.g. possums or gliders) shall be removed outside of the species’ breeding
season.

(viii) Native Vegetation Strategy

A report containing the details of an assessment under the Department of Sustainability and
Environment’s (DSE) “Native Vegetation: A Framework for Action” of the vegetation within the
freeway reservation for this contract has been prepared by Biosis Research Pty Ltd.  The report, titled,
“Native Vegetation/Habitat Hectare Assessment, Pakenham Bypass between Cardinia Road & Koo
Wee Rup Road, Victoria”, is included in Volume 5 – Information for Tenderers.  The report, which
makes recommendations on how any native vegetation removed under the contract may be offset as
required by the Native Vegetation Framework, is provided for information only.

The Contractor shall be fully responsible for developing a Native Vegetation Strategy to ensure that
any native vegetation removed is offset in accordance with DSE’s “Native Vegetation: A Framework
for Action”.  The Strategy shall be developed in consultation with the DSE and its approval shall be
obtained prior to the Contractor seeking the Superintendent’s approval to the Strategy.  The Biosis
report may be used as a guide in the development of this strategy, however it does not represent
approved offsets in accordance with DSE’s “Native Vegetation: A Framework for Action”.

Native vegetation shall not be removed until the Contractor’s Native Vegetation Strategy is
approved by the Superintendent.

The Native Vegetation Strategy shall describe, as a minimum, the following:
- How the Contractor will minimise the removal of native vegetation;
- An assessment of the quantity and quality of native vegetation to be removed;
- The locations and method for offsetting the native vegetation removed and how it satisfied the

requirements of DSE’s “Native Vegetation:  A Framework for Action.

Offset works shall be undertaken at locations within the freeway reservation, where possible.  If
insufficient locations are available within the freeway reservation to undertake the offset works, then
suitable alternative offset sites shall be identified within the Gippsland Plains bioregion and be detailed
within the Contractor’s Native Vegetation Strategy.

The Contractor shall engage a suitably qualified individual or organisation to develop the Native
Vegetation Strategy

(ix) Growling Grass Frog (Litoria raniformis)

In addition to the requirements of sub-clause 1200.05(a)(i), the Contractor shall ensure that the
Environmental Management Plan includes a procedure specifically for the protection of any Growling
Grass Frogs, Litoria raniformis, encountered during the works.  The procedure shall include, as a
minimum, the following:
- A field guide for the identification of Litoria raniformis;
- A protocol for the salvage and relocation of any Litoria raniformis encountered during the

works; and
- Details of potential relocation sites for any Litoria raniformis salvaged.

The EMP shall also address any requirements identified within the Conservation Management Plan for the
Growling Grass Frog.
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(j) Cultural Heritage

(i) Environmental Management Plans shall include procedures to ensure the protection of cultural
heritage sites.  In particular, a procedure shall be developed to manage the discovery during work
under the Contract of cultural heritage sites not previously identified which includes the following :

 identification of cultural heritage items likely to be present on the Site;

 training of personnel working on Site in identification of cultural heritage items;

 cessation of work in the immediate vicinity of the cultural heritage site, or other work likely to
adversely impact the site;

 inspection of the site by appropriately qualified personnel to verify the discovery;

*** ▪ notification of the Superintendent and appropriate bodies (eg. Heritage Victoria, Aboriginal
Affairs Victoria, local indigenous community and Wurundjeri Tribe Land Compensation and
Cultural Heritage Council Inc (WTLC)); and

 consultation with relevant organisations to develop actions for treatment/protection of the
cultural heritage site.

The following are examples of cultural heritage sites:

Indigenous cultural heritage – includes scarred trees, fireplaces, shell middens or burial sites. Often
sites consist of scattered stone artefacts and fragments.

Non-indigenous cultural heritage – historical sites that date from after the arrival of European and
other settlers. These sites may include avenues of honour, sites of old fords and wayfarer's hostels,
dry-stone walls, brick culverts and old stone, iron or timber.

(ii) In the event that a cultural heritage site is discovered during work under the Contract, the Contractor
shall immediately cease work in the vicinity of the site and notify the Superintendent. The Contractor
shall submit to the Superintendent for approval the proposed actions to manage the site.

(iii) All sites nominated in Table 1200.025, and any other cultural heritage site identified during work
under the Contract shall be identified and marked on Site.

The Contractor shall engage a qualified archaeologist to identify the locations of each cultural heritage
site and provide advice on cultural heritage issues.

*** Inspection of cultural heritage sites shall be attended by representatives of the Superintendent,
Contractor, relevant authorities and the following indigenous communities:

 Those nominated in the Pakenham Bypass Cultural Heritage Agreement

Further to the above requirements, the archaeologist shall document all findings in a report and supply
a draft and final copy to the Superintendent and relevant stakeholders.

(iv) Appropriate barricades or fencing shall be installed and maintained to protect and prevent damage to
all cultural heritage sites and areas of significance nominated in Table 1200.025 or identified during
work under the Contract.

(v) Permits from relevant authorities and cultural heritage groups shall be obtained prior to disturbance of
cultural heritage sites affected by works under the Contract. Removal of any cultural heritage items
from the Site shall be undertaken in accordance with statutory requirements, permit conditions and
recommendations in specialist reports relating to cultural heritage sites included in Table 1200.025 or
undertaken by the Contractor.



Specification Extracts – Section 2                                                                                     Environmental Management

Pakenham Bypass

(vi) The Contractor shall abide by all clauses within the “Pakenham Bypass Cultural Heritage Agreement”,
that   are defined in the Agreement as being the responsibility of VicRoads, except for those contained
within Clause 22 of the Agreement, which relate to applying for “Consent to Disturb Sites” which will
remain the responsibility of VicRoads.

    The Contractor shall advise the Superintendent when it identifies that VicRoads is required to lodge a 
      “Consent to Disturb Sites” application.  Where VicRoads is required to apply for a “Consent

to Disturb          Sites”, the Contractor shall make allowance within its program for a period of 2
months for the approval to     be granted from the appropriate authority/organisation.

Where there is a conflict between requirements in the Agreement and requirements specified
elsewhere in this Specification, the conditions contained within the Agreement shall take precedence.

(vii) The Contractor shall be responsible for the payment of all monitors and archaeologists.

(viii) Prior to disturbing any ground on-site, the Contractor shall conduct subsurface testing.  The Contractor
shall allow for subsurface testing at up to 15 locations. Testing at each location shall consist of two
trenches each 3m wide and up to 100m in length; one trench parallel to the freeway design line and one
transverse to the design line.  The depth of each trench shall be determined on site in conjunction with
the cultural heritage monitor, and shall be to the highest sterile layer and is to be removed in no greater
than 100mm layers for monitoring purposes.  The actual locations of each subsurface testing site shall
be determined on site in conjunction with the cultural heritage monitor.

1200.06 MONITORING

The Contractor shall undertake a risk assessment of all activities in relation to the respective environmental
elements and establish a monitoring schedule commensurate with the respective risks. Notwithstanding the
outcomes of the risk assessment, the location, frequency and standards of monitoring shall be not less than the
following requirements.

The Contractor shall ensure that personnel responsible for undertaking monitoring activities have appropriate
training.

Testing associated with monitoring shall be conducted in accordance with the requirements of Clause 1190.05.

(a) Water Quality

Monitoring shall be carried out at locations as follows:

(i) in waterways upstream and downstream of the limits of the Site;

(ii) at appropriate locations in waterways within the Site including immediately upstream and downstream
of each discharge point; and

(iii) at all discharge points from the Site to surrounding waterways and drainage networks, immediately
prior to the waterway / drainage network.

The frequency of monitoring shall be in accordance with Table 1200.061.
***

Table 1200.061 – Water Quality Monitoring
Frequency Location Water Quality Parameter
Daily All discharge points Litter, oil and grease
Daily Upstream and downstream

of the works within the
reserve at creek locations
and one location at all
other discharge points.

Turbidity
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Table 1200.061 – Water Quality Monitoring
Frequency Location Water Quality Parameter
Each rain event* as follows:

 within one hour of commencement
during working hours

 every four hours for periods of
continuous rain during working hours

 within 12 hours of a rain event, outside
working hours

 at 24 hours and 48 hours after a rain
event to determine stream recovery
rate

Discharge points to
waterways and drainage
networks

Turbidity and suspended solids

When any discharge of oils or greases
occurs

Relevant creek system at
which the SEPP
parameters were exceeded.

Biological sampling and
analysis
(using a NATA registered
laboratory in accordance with
EPA publication 441
ANZECC Guidelines)

Fortnightly Upstream and downstream
of the works within the
reserve.

Electrical Conductivity

2 sampling events (in Autumn and Spring)
during construction.

Upstream and downstream
of the works within the
reserve at creek locations.

Nutrient monitoring to include
but not be limited to Total
Nitrogen (N), Nitrate and
nitrite (NOx), total
phosphorous (P), sulphate and
Escherichia coli (E. coli)
Toxicant monitoring to include
but not be limited to metals
(Arsenic, Cadmium, Copper,
Lead, Mercury, Nickel, Zinc)
and Polycyclic aromatic
hydrocarbons (PAHs)

* a rain event is defined as rainfall of 10mm or more over a maximum period of 24 hours and/or when water runoff
is evident on site

Where continuous monitoring is specified, the Contractor shall provide, install and maintain equipment to
monitor the specified water quality parameters on a continuous basis.

The Contractor shall provide, install and maintain appropriate equipment to verify rainfall intensity.

The Contractor shall provide and maintain equipment capable of providing instantaneous monitoring of
turbidity, and have such equipment available on-site at all times.

All equipment associated with monitoring shall be subject to maintenance and calibration in accordance
with the manufacturer’s or equipment supplier’s requirements.

Details of all monitoring locations shall be maintained on a site plan.

(b) Groundwater

Monitoring of groundwater shall be carried out as follows:

(i) at all discharge points from the Site to surrounding waterways and drainage networks, immediately
prior to the waterway / drainage network.
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***  (ii) The existing bore located west of Toomuc Creek (referred to as MB03 in URS – Pakenham Bypass:
Groundwater and Salinity Study)

(ii) The existing standpipes installed as part of and identified in Volume 4 – Site Condition Information

The frequency of monitoring shall be in accordance with Table 1200.062.
***

Table 1200.062 – Groundwater Quality Monitoring
Frequency Location Parameter
Prior to work commencing All discharge points To include but not limited to:

-  Groundwater level;
-  Groundwater flow;
-  Salinity measured as total dissolved solids;
-  metals (arsenic, cadmium, copper, lead,
mercury, nickel and zinc).

Weekly during construction All discharge points -  Groundwater level;
-  Salinity measured as total dissolved solids;

As a minimum conduct every
6 months during winter and
spring, from the
commencement of works on
site until Practical Completion
of the Whole of the Works.

All discharge points Analysis of TDS, sulphate, nutrients, and
metals (arsenic, cadmium, copper, lead,
mercury, nickel and zinc) to permit
comparison with the requirements for surface
water quality.

The groundwater monitoring results shall be reviewed on a 12 monthly basis to assess any impacts on the
area and make any recommendations to address such impacts.  The Contractor shall implement actions to
address the recommendations as soon as practicable.

The Contractor shall establish and maintain survey points to:

 establish the baseline groundwater table and measure any changes to the groundwater
table

 measure ground and foundation movement

 measure insitu stress and subsidence

The survey points shall be located at points, including outside of the limits of Works, where the impact of
ground movement is likely to have the greatest affect.  Frequency of monitoring shall be not less than
monthly.

Details of monitoring locations for groundwater and ground movement shall be maintained on a site plan.

(c) Air Quality

*** The Contractor shall erect and maintain not less than seven dust monitoring stations.  The monitoring
stations shall be at locations in the Site where dust is likely to have the greatest impact on adjacent properties
or create nuisance/inconvenience to the public. One monitoring station may be a reference station placed at a
location in proximity to the Site which is unaffected by the work under the Contract.

The reference station is that station from which ‘background levels’ shall be determined.

Results of dust monitoring shall be submitted for testing within 24 hours of collection/sampling.
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The Contractor shall ensure that all monitoring stations are secure from vandalism and tampering at all
times.

(d) Soil Conservation

The Contractor shall monitor the whole Site for instances of soil erosion or scour in accordance with the
following:

(i) at intervals not more than seven days;

(ii) within one hour of the commencement of any runoff resulting from rain events during working hours;

(iii) every four hours during periods of continuous rain during working hours; and

(iv) within 12 hours of a rain event outside working hours.

(e) Contaminated Soils And Materials

The Contractor shall undertake monitoring of the Site for contaminated soils and materials at the following
intervals:

When stripping :  Daily
During excavations :  Daily
When importing filling material :  Daily

(f) Waste and Material Management

The Contractor shall monitor the whole Site for instances of inappropriate waste management at intervals of
not more than seven days.

(g) Fuels and Chemicals

*** The Contractor shall monitor fuel and chemical storages for compliance with the performance requirements
of Clause 1200.02 at intervals of not more than weekly/fortnightly.

(h) Noise and Vibration

Where the Superintendent approves work outside of the hours specified in Clause 1150.01, the Contractor
shall monitor construction noise emanating from the Site.  Monitoring stations shall be located at residential
and other premises where the impact of construction noise is likely to create the greatest
nuisance/inconvenience to the occupants/public.  The Contractor shall engage a suitably qualified acoustic
consultant to determine the location of monitoring stations.  The frequency of monitoring shall be in
accordance with the requirements of relevant legislation and EPA guidelines.

The Contractor shall have a system in place for checking and recording that all construction vehicles have
appropriate devices fitted and are effectively maintained to minimise engine noise.

(i) Flora and Fauna

*** The Contractor shall undertake monitoring of the condition of flora and fauna habitat sites and protective
measures at the sites at the following intervals:

When construction activities are occurring in the
vicinity of the sites: Daily
At other times: At least every 7 days
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(j) Cultural Heritage

*** The Contractor shall undertake monitoring of the condition of cultural heritage sites and protective measures
at the sites at the following intervals:

In accordance with the requirements of Clause 1200.05 (j).

1200.07 REPORTING AND INCIDENTS

(a) Reporting

The Contractor shall submit to the Superintendent all environmental monitoring results, and all non
conformance reports relating to environmental performance and current status in its overall monthly
progress report on the Contract.

(b) Incidents

An incident is an event which:

 results in or has the potential to result in the performance requirements in clause 1200.02 being
breached; and/or

 requires remedial actions to minimise or prevent impact to the environment eg clean-up of oil spill;
and

 occurs at any location where works under the Contract are performed.

Should an incident occur at the Site, the Contractor shall:

(i) Take immediate action to avoid continuance of the incident which may include cessation of works,
and to minimise the effect of the incident on the environment;

(ii) Immediately notify the Superintendent, EPA (EPA Incident Hotline Tel. 03 9695 2777:) and relevant
responsible authorities, of the incident (or by 9 am the next working day); and

(iii) Submit to the Superintendent for review a written report covering details of the incident, disposition (if
any) and corrective action to avoid a reoccurrence.

Where damage to flora or fauna habitat has occurred as the result of work under the Contract, the
Superintendent reserves the right to direct the Contractor to repair or replace the vegetation and/or provide
fauna habitat to an equivalent or better quality in accordance with the document “Victoria’s Native
Vegetation. A Framework for Action”.  The costs incurred by the Superintendent in undertaking such action
will be deducted from progress payments due to the Contractor.

Should any vegetation to be protected that is listed in Table 1200.024 be removed or damaged as a result of
the works under the Contract, damages will be applied and shall be deducted from the Contract Sum as
specified in Section 4010.
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1200.08 ENVIRONMENTAL AUDITS

The Contractor shall arrange for audits of the Contractor’s Environmental Management Strategy and
Environmental Management Plans to be undertaken by an independent environmental auditor who meets the
requirements of Clause 1190.02 or an EPA Appointed Auditor pursuant to the Environment Protection Act 1970.
Audits shall be undertaken, as a minimum, as follows:

▪ Be carried out in accordance with AS/NZS ISO 19011:2003 Guidelines for quality and/or 
environmental management systems auditing.

▪ Be carried out on the Contractor’s Environmental Management Strategy and Environmental Management
Plan prior to submission for the Superintendent’s review and prior to any proposed change to the
Environmental Management Strategy and Plan.

      ▪ Where an audit requires the release of a Hold Point, that audit must be carried out by an Audit Team
Leader (environmental management systems) as defined in AS/NZS ISO 19011:2003 Guidelines for
quality and/or environmental management systems auditing, or an EPA Appointed Auditor pursuant to
the Environment Protection Act 1970.

      ▪ Compliance audits at intervals of not less than 3 months for the duration of work on the Site.

Compliance audits shall include an inspection of control measures on the Site.

Within five working days of completion of any independent audit, the Contractor shall forward the audit report
and Contractor’s response to the audit to the Superintendent for review.

Should the Contractor not take action within ten working days in response to corrective action requests by the
independent auditor, the Superintendent reserves the right to take remedial action and the costs of such remedial
action will be deducted from progress payments due to the Contractor.
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2060 ENVIRONMENTAL MANAGEMENT STRATEGY

The Environmental Management Strategy shall provide an overview for the management of environmental
impacts of works under the Contract.  The Environmental Management Strategy shall be a single document for the
Whole of the Works and shall include as minimum:

(a) the purpose and objectives of the Environmental Management Strategy.

(b) a schedule of environmental elements that are expected to be affected by the works under the Contract
including an outline of proposed mitigation treatments and proposed timeframes.

(c) processes and responsibilities for:

 reviewing and updating the Environmental Management Strategy;

 the development, implementation and maintenance of Environmental Management Plans;

 independent verification and auditing of Environmental Management Plans;

 reporting and investigation of environmental incidents or complaints relating to any environmental
issue under the Contract;

 monitoring and adjusting Environmental Management Plans; and

 after hours response including arrangements for containing environmental damage and attendance on
site in the event of an emergency.

(d)    requirements of all relevant statutory authorities including necessary approvals and permits.

(e)   arrangements for site induction and training to ensure that all relevant personnel are aware of the
requirements of the Environmental Management Strategy and the requirements of specific Environmental
Management Plans.

(f)   arrangements to ensure that all subcontractors comply with the requirements of the Environmental
Management Strategy and the requirements of specific Environmental Management Plans.

(g) arrangements for achieving the requirements of the Pakenham Bypass Cultural Heritage Agreement.

In preparing the Environmental Management Strategy, the Contractor shall consult with the Environment
Protection Authority and other relevant authorities and the Strategy shall be developed with reference to the
Environment Protection Authority’s Publication No. 480, “Environmental Guidelines for Major Construction
Sites” and any specific requirements of relevant authorities.

*** The Environmental Management Strategy shall be submitted to the Superintendent for review within 4
weeks of award of the Contract and not less than 7 days prior to any proposed change to the Environmental
Management Strategy.
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SECTION 3030  -  DRAINAGE

3030.01 DESCRIPTION

This section relates to the requirements for drainage works including stormwater drainage, sedimentation basins,
subsurface drainage and hydraulic criteria for structures, and shall be read in conjunction with the drawings
included in Volume 3 of the contract documents and any addenda incorporated with the letter of acceptance.

3030.02 PERFORMANCE REQUIREMENTS

The Works shall conform to the following requirements:

(a) Waterway at Structures

The waterway at bridge and culvert structures shall be sufficient to prevent scour and to limit afflux:

to 150mm within the limits of work and 0 (zero) mm outside the limits of work for the drainage
conditions specified in Table 3030.021, except as specified in Clause 3030.06(a).

*** Table 3030.021
Road Location Design Storm Event

All roads At all bridge and culvert
structures

100 year ARI

(b) Drainage Flow Patterns

Existing drainage catchments and flow patterns shall be maintained where practicable and drainage flows
shall not cause damage or nuisance to surrounding landowners and properties.  The Contractor shall not
permit re-direction, concentration or diversion of drainage flows for the Works except with the written
consent of the responsible drainage authority and any other affected parties.

(c) Culverts and Drainage Systems

Drainage systems including culverts, drainage networks, kerb and channel and open drains shall cater for the
design storm event listed in Table 3030.022 and shall have sufficient capacity to accommodate the design
drainage flow in accordance with the drainage condition requirements and without causing damage or
nuisance to surrounding landowners and properties.
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*** Table 3030.022

Road Location Design Storm Event
(ARI)

Drainage
Condition

Cross freeway flow –
(cross drains within limit
of works that transport
overland flows across the
freeway reservation)

100 years Refer to
Waterway afflux
criteria of Clause
3030.02(a)

Pavement cross culverts 50 years Road Pavement
(including
shoulders) shall
not exceed
allowable width
of flow

Longitudinal drainage of
road pavement runoff and
contributing areas

10 years Road pavement
(including
shoulders) shall
not exceed
allowable width
of flow

Pavement low points – in
fill

50 years

Pavement low points – in
cut

100 years
Freeway carriageways and
associated ramps

Land locked areas road
surface drainage and
longitudinal drainage

50 years Road Pavement
(including
shoulders) shall
not exceed
allowable width
of flow

Local Roads / All other local
drains

Various 10 years Refer to Cardinia
Council

Local access roads to private property shall be designed to cater for, as a minimum, the 1 in 10 year ARI
flood level or when required to satisfy afflux requirements, at or above the 1 in 5 year ARI flood level
subject to the velocity × depth ratio being less than 0.35.

(d) Pavement Surface Runoff

*** Drainage systems for pavement surface including road pavements, bridge decks and footpaths shall cater for
surface runoff from the 10 year average recurrence interval design storm event without exceeding allowable
depths of flow on any part of traffic lanes or footpaths.
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(e) Scour

Ground surfaces upstream and downstream of drainage structures, bridge and culvert structures and
sedimentation basins including spillways, and drainage systems including inlets and outlets shall be
protected from scour.  Appropriate measures shall be in place to prevent scour for flows of not less than the
design drainage flow.  Such measures shall include but not be limited to, beaching, provision of rip rap,
erosion matting and control of flow velocities as appropriate.

(f) Provision for Maintenance

Drainage system elements including pits, culverts, sedimentation basins and subsurface drain outlets shall be
readily accessible for cleaning and unblocking and the whole drainage system shall be designed and
constructed so as to minimise maintenance.

Drainage system elements associated with water sensitive road design shall also be readily accessible for
cleaning and unblocking, and shall be designed and constructed so as to minimise maintenance.

(g) Stormwater Quality –Water Sensitive Road Design (WSRD)

All permanent stormwater runoff from the road pavement discharged both directly and indirectly into any
surrounding waterways and / or drainage network, shall meet the following water quality performance
objectives:

       ▪ Suspended solids 80% retention of the typical urban annual load;
       ▪ Total phosphorus 45% retention of the typical urban annual load;
       ▪ Total nitrogen 45% retention of the typical urban annual load;
       ▪ Litter 70% retention of the typical urban annual load;
       ▪ Flow events to maintain discharges up to and including the 1.5 year ARI at pre-development 

discharges; and
▪ Flow events to be treated all events up to and including the 1 in 1 year ARI.

3030.03 REFERENCES

(a) General

Unless otherwise specified, all drainage works shall be designed and constructed in accordance with the
references listed in Table 3030.031.  The reference shall be the edition or version current at the closing of
tenders, unless otherwise specified.

***
Table 3030.031  -  References

References
Date of
Initial

Release
VicRoads Standard Specification for Road and Bridgeworks
VicRoads Road Design Guidelines - Part 3 Cross Section Elements 1998
VicRoads Road Design Guidelines - Part 7 Drainage 1992
VicRoads Road Design Guidelines - Part 9 Standard Drawings for Roadworks 1991
AUSTROADS Waterway Design Guide 1994
Environment Protection Authority Publication 480, Environmental Guidelines for Major
Construction Sites

1995

VicRoads Bridge Technical Note No. 92/005 – Guidelines for use of HDPE (Black Brute) pipes
Best Practice Environmental Guidelines for Urban Stormwater 1999
State Environmental Protection Policy (Waters of Victoria)
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State Environmental Protection Policy (Groundwaters of Victoria SEPPGW)
Australian Runoff Quality Guidelines (Draft) 2003

3030.04 RECORDS

Further to Section 1000 Execution of Works, the information to be supplied by the Contractor in relation to
drainage elements of the Works shall also include the following:

(a) Drainage calculations in relation to drainage system capacity.

(b) Approvals from the relevant drainage and/or catchment management authorities in relation to works under
this Section.

(c) As-constructed details relating to the following -

Treatments for springs and other groundwater conditions
*** Any changes to the design details of drainage elements (materials, position, levels, etc.)

Modifications / treatment of any property drain connections
Fauna underpasses

(d) Design calculations and documentation in relation to water quality treatment facilities.

(e)  The provision of as-constructed details to the relevant drainage and/or catchment management authorities in
relation to works under this Section to the satisfaction of each authority.

3030.05 MATERIALS PROPERTIES

Materials shall comply with the requirements specified in the relevant section in the VicRoads Standard
Specification for Roadworks and Bridgeworks and as follows:

(a) Subsurface Drainage Pipes

All subsurface drainage pipes shall be Category 1.  Perforation size shall be a maximum width of 1.5 mm
and a minimum length of 150 mm per m2.

         All subsurface drainage located below trafficable areas shall have no fines concrete backfill filter medium.

(b) Stormwater Drainage Pipes and Pits

Stormwater drainage pipes shall be not less than 375mm in size.  All stormwater drainage pipes located
within     any fills or across cut to fill lines shall be rubber ring jointed.  All drainage pits shall be in
accordance with VicRoads design standards.

3030.06 DESIGN REQUIREMENTS

(a) Structures over Water

Hydrologic/hydraulic investigations and design for bridges, culverts and other hydraulic structures including
any associated stream alteration works shall comply with the requirements of the AUSTROADS Waterway
Design Guide, the relevant catchment management authority and the requirements of the Environmental
Protection Authority.
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The design of waterway crossings and transitions between open channels and structures shall be undertaken
to the satisfaction and approval of Melbourne Water and the Superintendent.  The Contractor shall be
responsible for all work necessary to develop and implement a drainage scheme that fully satisfies the
requirements of Melbourne Water and this Specification.

The Contractor shall be responsible for design and construction of all drains required to cater for developed
peak flows.

(i)    Brown Road Retarding Basin

Melbourne Water propose to construct a Retarding Basin at Brown Road which will ultimately reduce flows
in Toomuc Creek.

Interim Arrangement
In order to minimise the expense associated with construction of a larger freeway waterway structure,
VicRoads will allow the Contractor to undertake interim flood mitigation works within its parcel of land,
Parcel No. 32 of SP19882A, to the north of the freeway reservation, west of Toomuc Creek.   The interim
flood capacity prior to the Brown Road Retarding Basin being constructed, shall provide for all flows either
exclusively via freeway structures, or the Contractor may utilise Parcel No. 32 of SP 19882A.  Should the
Contractor choose to utilise Parcel No. 32 of SP 19882A, for flood mitigation works it shall be designed
such that impacts are minimised and controlled to prevent unsafe floodplain condition.  There shall be no
impacts outside of the freeway reservation or Parcel No. 32 of SP 19882A without the written consent of the
relevant landowner, drainage authority and Superintendent.

VicRoads will allow inundation of this parcel of land during a 100 year ARI between the time of
construction of the freeway and the completion of the Brown Road Retarding Basin.

Ultimate Arrangement
The freeway structure shall provide for the ultimate drainage flow conditions, which includes the reduced
values following construction of the Browns Road Retarding Basin, as a minimum.   The ultimate flows for
Toomuc Creek with the Brown Road Retarding Basin completed shall not have any adverse impacts on
VicRoads Parcel No. 32 of SP19882A or any other surrounding property.

(b) Downstream Drainage Systems

Drainage capacity of existing systems downstream including outside of the limits of works shall not be
exceeded or where the system will be exceeded, shall be modified to accommodate the design flows in
accordance with the requirements of the relevant catchment management and drainage authorities.

(c) Control of Bridge Deck Drainage

Runoff from bridge decks shall be collected and directed off the structure to:

*** (i) a drainage system network; or

*** (ii) a runoff retention system to allow chemical treatment of the runoff water prior to discharging to an
authorised drainage outlet.

Where a runoff retention system is required, the system shall be designed to provide reasonable access for
chemical treatment of the runoff.

(d) Drainage Approvals
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The Contractor shall obtain from the relevant catchment management and drainage authorities all necessary
approvals to the drainage design including drainage outfalls.  The Contractor shall confirm with the relevant
catchment management and drainage authorities that any additional drainage requirements arising from the
Works can be accommodated within the existing or modified drainage system network.

HP A copy of such approval or confirmation shall be forwarded to the Superintendent prior to the
conclusion of the relevant design stage relating to drainage works.

(e) Culvert Requirements

All road cross drainage culverts shall be designed such that the top of the culvert is below subgrade level.
The diameter of pipes placed under pavements shall be not less than 375 mm.  The height of box culverts
shall be not less than 300 mm.

Ends of culverts where possible, shall be located beyond the clear zone for the respective section of road.
Any pit or culvert entry or outlet which could be struck or driven over by a vehicle within the clear zone
shall be made driveable.

(f) Subsurface Drainage

Subsurface drainage shall be provided in accordance with the requirements of VicRoads Road Design
Guidelines - Part 7 Drainage and as follows:

*** (i) for all road pavements at locations shown on the typical cross-sections in Volume 3 – Drawings;

*** (ii) under all kerb and channel;

*** (iii) along longitudinal and transverse joints between different pavement compositions and joints between
new and existing areas of pavement (including joints where the pavement is widened);

*** (iv) behind bridge abutments and at the pavement approach slab interface in accordance with the
requirements of VicRoads Road Design Guidelines, Road Design Note 9-3.

(g)  Groundwater

 Design of the Works shall minimise the potential for interception of groundwater.  Where groundwater is
intercepted the Contractor shall undertake an assessment of the potential impact of the Works and ascertain
the beneficial uses to be protected as provided for in State Environmental Protection Policy (Groundwaters
of Victoria) and State Environmental Protection Policy (Waters of Victoria).  The beneficial uses, quality
and quantity of groundwater and surrounding waterways shall be considered when determining the ongoing
management of intercepted groundwater i.e. re-use, discharge, re-injection.  The Contractor is responsible
for liaising with and obtaining approval from relevant authorities to proposals for management of
intercepted groundwater.  Proposals for management of intercepted groundwater shall be submitted to the
Superintendent for review.

(h) Existing Drainage

The Contractor shall be fully responsible for identifying and catering for existing assets and flows that
currently outfall into the road reservations and managing these during construction.  The Contractor shall
ensure that existing outfall and flows from adjacent developments / property are identified, catered for
during design and construction, and connected to the new drainage system as part of the works.

All property drains encountered during the Works shall be modified / treated by the Contractor to provide
direct connection to the drainage system provided under this contract. The Contractor shall be responsible
for all work necessary to comply with this requirement, including any works that are necessary within
private property and associated reinstatement.
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(i) Ultimate Design

The Contractor shall design and construct all drainage systems, including the Water Sensitive Road Design
requirements, to cater for stormwater runoff associated with the ultimate six lane freeway carriageways
cross section.

(j) Stormwater Quality - Water Sensitive Road Design (WSRD)

The Contractor shall engage an independent and appropriate qualified Environmental Consultant to oversee
the development, documentation, implementation and maintenance of water sensitive road design (WSRD)
for the Works.  The Contractor shall provide a series of treatment trains that contain and treat all road run-
off such that discharge to the surrounding drainage network satisfies the water quality performance
objectives specified in Clause 3030.02, and in accordance with the design, construction and maintenance
best practice principles of the references listed in Table 3030.031.  The Contractor shall develop, document,
implement and maintain WSRD provisions to the satisfaction of Melbourne Water and the Superintendent.

Water Sensitive Road Design elements shall adopt slopes no steeper than 8:1 wherever possible.

VicRoads has developed a WSRD concept in consultation with Melbourne Water which is included in
Volume 5 – Information for Tenderers.  The VicRoads concept is provided for information only.  Should the
Contractor choose to adopt the VicRoads concept, the Contractor shall satisfy itself that the concept meets
the pollutant load reduction requirements as specified in Clause 3030.02.  Should the Contractor propose an
alternative WSRD, it shall follow the process outlined in the Appendices.

In confirming its performance, the Contractor shall adopt the Model for Urban Stormwater Improvement
Conceptualisation (MUSIC) developed by the Cooperative Research Centre for Catchment Hydrology
(CRCCH) as the modelling tool to simulate the performance of stormwater treatment measures.  Parameters
used to undertake modelling of stormwater treatment measures shall satisfy the requirements of Melbourne
Water and the Specification.

The Contractor shall follow the “Process for WSRD Development” outlined in the Appendices and
undertake all negotiations and discussions with Melbourne Water and the Superintendent to develop its
stormwater treatment measures and obtain all necessary approvals.

The Contractor shall submit its WSRD to the Superintendent for approval after acceptance by
Melbourne Water.

The Contractor shall arrange for its Environmental Consultant to carry out a whole of life cost analysis in
order to demonstrate that the proposed concept stormwater treatment strategy represents the optimal
maintenance cost solution.  This analysis shall be submitted to the Superintendent along with the
Contractor’s proposed concept stormwater treatment strategy prior to the finalisation of the design.

(k) Growling Grass Frog Conservation Management Plan

The document included in the Appendices titled “Conservation Management Plan for the Growling Grass
Frog Litoria raniformis, Pakenham, Victoria” describes how features shall be designed to minimise the
impacts of the freeway on the Growling Grass Frog population (including requirements for underpasses,
wetlands, ponds and drift fencing).  The Contractor shall design and construct all works necessary to satisfy
the requirements of the Conservation Management Plan except for the inclusion of PIT sensors and data
loggers which are not required.

Where the Contractor’s drainage design conflicts with the locations of the underpasses, then the Contractor
shall incorporate design requirements for the L. raniformis within its culverts or bridges as per the details
included in the Conservation Management Plan.
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(l) Noise Walls / Drainage Interfaces

The Contractor shall design and construct the Works such that noise walls are clear of table / swale drains.
Noise walls shall not be used to retard or re-direct drainage in any way.

Open drains (table / swale drains) shall not be used to convey stormwater through or below noise walls.  The 
Contractor shall generally utilise pits and culverts to drain table / swale drains to carry stormwater from the
road formation to the surrounding drainage network.

3030.07 CONSTRUCTION REQUIREMENTS

(a) Drainage Pit Backfill Material

Material used for backfilling around drainage pits shall comply with the requirements for Type B filling.

(b) Subsurface Drainage

Where subsurface drains are proposed to be installed in expansive materials (i.e. materials with a Plasticity
Index greater than 25 and/or swell greater than or equal to 2.5%), the following requirements shall apply:

(i) subsurface drainage pipes shall not be allowed to come into contact with such materials;

(ii) not less than 100 mm of select fill material shall be provided below the floor of the subsurface
drainage trench.  The select filling shall be compacted and graded to design level.
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(c) Special Requirements

Where existing subsurface drains are encountered, the Contractor shall ensure that the drain is adequately
treated to provide outlet and ensure water is not trapped.  Existing drains which become redundant shall be
removed by the Contractor or treated by the Contractor to ensure water is not trapped.

All pre-existing stormwater drainage assets which are abandoned or made redundant shall be removed
and/or appropriately backfilled by the Contractor. Where existing assets will form part of the new drainage
scheme, the Contractor shall be responsible for all necessary modifications / connections including
inspection, cleaning and repair of assets as required, to satisfy the design requirements.  The Contractor shall
ensure that during construction of the Works the integrity and continued effective operation of existing
outfall is maintained at all times.

For existing road pavement, the Contractor shall ensure that existing drainage flow paths are maintained
during construction, or alternative drainage infrastructure is provided.  The Contractor shall make provision
for all surface water run-off and drainage of road pavements.

Water quality treatment measures shall be regularly checked during construction for design compliance by
the Contractor’s designer and at the request of the Superintendent.

(d)  Fencing

Where the Contractor’s drainage design (for hydraulic or water quality purposes) has open waterbodies with
slopes greater than 8:1, or where culvert endwalls/headwalls are greater than 1000mm in height, the
Contractor shall construct a 1.2m high black chain mesh fence.

(e) Fauna Underpasses

The Contractor shall design and construct underpasses of the Pakenham Bypass carriageways to allow for
the safe passage of frogs under the freeway embankment.

The underpasses shall be located at the sites indicated on Volume 3 – Drawings.

(f) McGregor Road Deep Creek Drainage Schemes

Notwithstanding other requirements of this Contract, the Contractor shall make provision for drainage works
as indicated below:

Works to be done under the Contract: Deep Creek Drainage Scheme; and
McGregor Road culverts for overland flow.

Works to be done by others: Proposed 1950mm and 2400mm diameter McGregor Road
pipes, to be completed by Melbourne Water during the
contract period.

A report by Water Technology, Pakenham Bypass Hydrology and Hydraulics Study, Refinement of
Waterway Crossings, Section 2, has been provided for information only in Volume 5 – Information for
Tenderers.
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Design and construction requirements
Plate 1. An overseas design of a frog tunnel with ‘shallowtail’ barrier, which has proven
successful in allowing frogs to move under roads.

(Source:  Brehm 1989)

Plate 2. Typical culvert design containing benching on either side to allow for fauna
movement during high flow.

Reproduced with permission from - Witheridge G. (2002)  Fish Passage Requirements for
Waterway Crossings - Engineering Guidelines
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Plate 3. Wetland occupied by L. raniformis supporting an extensive cover of floating
vegetation.

Plate 4. Recently constructed wetlands planted out with a diversity of wetland plants,
Pakenham, Victoria.
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Plate 5. Artificial wetland created specifically for L. raniformis at Botanica Park prior
to vegetation establishment 2002, Bundoora, Victoria.

Plate 6. Artificial wetland created specifically for L. raniformis at Botanica Park prior
to vegetation establishment 2002, Bundoora, Victoria.
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Plate 7. Artificial wetland created specifically for L. raniformis at Botanica Park after
vegetation establishment 2004, Bundoora, Victoria.
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