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This Comparison of Compost Types and Plant Establishment Techniques(“Report”):

1. has been prepared by GHD Pty Ltd (“GHD”) for the Department of Environment and
Conservation;

2.  may only be used and relied on by the Department of Environment and Conservation;

3. must not be copied to, used by, or relied on by any person other than Department of
Environment and Conservation without the prior written consent of GHD;

4. may only be used for the purpose of reporting on the trial of applying compost in the
establishment of the Anstey Wetland on the Forrest Highway.

GHD and its servants, employees and officers otherwise expressly disclaim responsibility to any
person other than arising from or in the Department of Environment and Conservation
connection with this Report.

To the maximum extent permitted by law, all implied warranties and conditions in relation to the
services provided by GHD and the Report are excluded unless they are expressly stated to
apply in this Report.

The services undertaken by GHD in connection with preparing this Report:
e were limited to those specifically detailed in Section 3 of this Report.

Subject to the paragraphs in this section of the Report, the opinions, conclusions and any
recommendations in this Report are based on conditions encountered and information reviewed
at the time of preparation and may be relied on until 12 months, after which time, GHD expressly
disclaims responsibility for any error in, or omission from, this Report arising from or in
connection with those opinions, conclusions and any recommendations.
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Executive Summary

The Southern Gateway Alliance (SGA) and the Department of Environment and Conservation (DEC), in
a joint arrangement, constructed a wetland (the Wetland) at Karnup, adjacent to the Forrest Highway,
approximately 50 km south of Perth, Western Australia (the Project). With more than 30,000 vehicles
expected to pass the Wetland each day, the DEC and SGA worked together to showcase plant
establishment techniques, including soil amendments as part of a wetland establishment methodology.
These soil amendments included compost, mulches and mulch compost blends. These amendments
were incorporated into the soil profile at various depths.

This wetland, known as the Anstey Wetland, is regarded as an environmental legacy of the construction
of the Forrest Highway.

Specifically, the assessment of the soil amendments considered:
» Changes to soil conditions during the trial period;

» The influence of the amendments in seed germination and tube stock plantation, establishment and
growth;

» Weed germination and growth across the site;
» An assessment of soil and water quality from monitoring points associated with the wetland site;

» Cost analysis which looks at the cost effectiveness of mulch and compost in revegetation projects;
and

» Visual changes to the site where compost has been applied as compared to plots where compost has
not been applied.

Analysis of sampled data was conducted using the Excel software program by Microsoft .

The establishment of the site varied in part due to late seeding and plant establishment and that the
winter season ended abruptly with warm, dry conditions dominating the plant establishment phase.

In broad terms, the outcomes from the Project were:

1. Those sites which received compost showed greater rates of growth than the control plots where
compost was not applied.

2. There was some response to the compost treatment and germination and plant establishment.
Although further detailed work on treatment response characteristics and optimising application
rates seems warranted, as the highest treatment application resulted in a slight lowering of
germination rates.

3. Germination occurred over long periods of time (three years), highlighting the importance of having a
mix of seed types with varying germination requirements.

4. Average native plant counts per plot were higher for the 20 mm and 30 mm compost treatments
across both Heath and Dryland plots for most of the trial. This improvement is likely to relate to
several factors which may include physical protection of germinates, improved soil temperature and
soil moisture environment and the increase in plant available nutrients provided by compost.

61/22541/13642 A comparison of Compost Types and Plant Establishment Techniques
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1. Introduction

1.1 Background

Roadside rehabilitation, if done well, has the potential to support the protection and replacement of
valuable remnant vegetation, wetlands and associated ecological systems in impacted sites. The
construction, widening and upgrade of roads often presents the opportunity to establish or re-introduce
flora and fauna systems that would ordinarily be lost as a result of any required clearing. Such
revegetation both minimises the impact of the road development and potentially maintains ranging types
of ecologies within the region.

The construction of the 70.5 km New Perth Bunbury Highway (the Highway), now known as the Forrest
Highway, not only included the protection and rehabilitation of large tracts of vegetation, the Project also
identified the opportunity to construct a wetland (the Wetland) alongside the Highway. The Wetland was
primarily designed and constructed to compensate for the required removal of wetlands for the new
Highway.

The Wetland, known as the Anstey Wetland, is located adjacent to the Highway at Lot 300 Ct/Lr
0313600629, Baldivis, and is shown in Figure .

Figurel  Locality map for the Wetland (SGA, 2007)

‘v ‘Bush Forever
Site 277

Wetland Site
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This investigation (the Study) reports on assessments made of the Wetland, principally during the plant
establishment phase trials, relating to seed establishment rates, seedling mortality (of germinates and
tube stock), and dominant species. The Study also considered potential impacts to soil and water quality
resulting from the use of the soil amendments on sandy, transmissive soils.

The outcomes of the Study are intended for use in informing continuous improvements to roadside
rehabilitation.

An aerial photo of the pre-developed wetland site is shown in Plate 1.

Anstey Wetland

Forrest Highway

A

Plate 1 Construction of the Wetland (SGA, 2007)

1.2 Revegetation of Road Reserves

The planning and revegetation of road reserves is guided by a number of factors. Barrett et al. (2004)
note that the fundamental intent of the rehabilitation, whether for aesthetic and amenity or conservation
and biodiversity purposes, will guide plant selection, soil amendment and planting regimes, and provide
the following guiding factors:

» Revegetation methods — Methods should be determined based upon decisions as to whether in-situ
seed banks or the alternative direct seeding and planting will be more effective.

» Species selection — Species selection is premised on the nature of the objective of the rehabilitation
programme. Very often, local provenance seeds and seedlings or local seed collections are used
however, where establishment environments have been substantially altered or the purpose of the
revegetation is for amenity purposes, exotics may be selected.

» Topsoil management — Road projects often require the movement of soil, with the construction of the
Forrest Highway no exception. Top soil is potentially a valuable source of seed and experience
suggests that shallow stripping of topsoil facilitates better seedling recruitment as the ratio between
soil and seed is lower than where deeper stripping methods are utilised.

» Soil amendments — Soil amendments are often expensive and their value is usually assessed on a
case by case basis. Often used to reduce evaporation and provide seedling protection, composts
and mulch support recruitment (provided the mulch is not too thick). In some cases, soil amendments
provide wind protection for germinates establishing on abrasive sandy soils.
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» Ripping and seed establishment - Loamy sands and sandy loams may develop sub-surface
compaction as a result of regular vehicle (particularly heavy) movement. Ripping soil is a common
method used to break up surface crusting (thereby increasing permeability and stimulating seed
germination) and to alleviate soil compaction in the profile. Ripping is often undertaken prior to the
break of season.

» Weed and pest control - If weed and pest populations are dense, particularly during early
germination, then the ratio of success of recruitment will be reduced. Dense weed populations are
often indicative of a substantial weed seed bank and so ongoing weed control may be required.
Weed and pest control methods should be selected based on the populations being controlled, for
example, annual or perennial weeds.

» Seed treatment and establishment — Some seeds may respond to seed treatments which promote
germination (e.g., exposure to smoke). Establishment techniques such as broadcasting and shallow
incorporation into the profile (e.g., with harrows) are often very effective in stimulating seed
germination.

The Study considered the aspects of site preparation, soil amendments and establishment in assessing
and, in most cases, applying these techniques in the establishment of the Wetland.

1.3 The Wetland

The principle design feature of the Project was the establishment of a periodically wet wetland system by
way of infiltration. While the Wetland was in part constructed to offset the loss of wetlands during the
construction of the Highway, it was also intended to function as a means of removing excess nutrients
generated from surface runoff from the Highway prior to this water entering the Serpentine River system.
The Serpentine River is located east of the Wetland.

As part of the Project, a fauna underpass was constructed immediately north of the Wetland to enable
fauna to pass beneath the Highway from the Wetland and adjacent Bush Forever Site 277, to an existing
wetland and bushland to the west. The fauna underpass also has the potential to act as an overflow
outlet should the Wetland become inundated and unable to accommodate excess water flow during
major rainfall events.

The Wetland will be fed by rainwater, groundwater and infiltrated seepage. Outflow, especially along the
eastern boundary of the Wetland, will be transferred to the Serpentine River via infiltration. In the case of
a major rainfall event where infiltration capacity of the site is exceeded, outflow will be transferred to the
Serpentine River via sheet flow.

The following Chapter describes the overall features of the site and context within which the Study
occurred.
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2. Environmental Setting

This Chapter describes the environmental and social context of the Wetland.

2.1 Climate

The Wetland is situated in Baldivis, which is characterised by a typical Mediterranean climate
experiencing warm dry summers and cool wet winters. The meteorological station closest to Baldivis
which provides both rainfall and temperature data is located approximately 10.1 km distant at the Medina
Research Centre. The recorded climatic data for Medina Research Centre is summarised in Table 1 and
Plate 2.

Table 1 Climatic data recorded at the Medina Research Centre meteorological station

Mean annual maximum temperature range: 31.4°C (February) & 18.2 °C (July)
Mean annual minimum temperature range: 17.6°C (February) & 8.0 °c (August)
Mean annual rainfall: 765.4 mm
Mean annual rain days (=1 mm): 90.0

(BoM, 2012)

Location: 009194 MEDINA RESEARCH CENTRE

48
J175
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Hean naxinun tenperature {°C}

|

Honth

e 09194 Mean maximum temperature °C) ‘
009194 Mean rainfall Cmm?

Created on Wed 28 Mar 2012 18:04 PM EST

Plate 2 Mean annual maximum temperature and rainfall for Medina Research Station (BoM,
2012)
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2.2 Topography and Geology

The Highway intersects a number of soil associations as it traverses the landscape. Three systems
dominate the area of the Wetland, and are dominant within the Swan Coastal Plain landscape. These
systems are the:

» Spearwood dune system, which lies parallel the coast;
» Bassendean system, which is positioned through the centre of the plain; and
» Pinjarra system, which lies along the foot of the Darling Scarp.

Of these, the Bassendean B2 Phase system dominates the Wetland. This soil type is described as ‘Flat
to very gently undulating sandplain with well to moderately well drained deep bleached grey sands with a
pale yellow B horizon or a weak iron-organic hardpan 1-2 m’ (DAFWA, 2009). This soil type is typically
infertile with low concentrations of macro elements, particularly phosphorous and nitrogen.

2.3 Hydrology and Hydrogeology

The Wetland is located within the Lower Serpentine sub-catchment of the Serpentine River Catchment
area, and within the Peel Inlet Management Area. The Serpentine Management Area, which is protected
under the Rights in Water and Irrigation Act 1914 (WA) (RiWI Act 1914) is located east of the Wetland.

The Churcher Groundwater sub-area, of the Stakehill Groundwater area, overlies the Wetland. Both are
[rptected under the RiWI Act 1914. A groundwater management plan has been prepared for this
Groundwater area, Rockingham — Stakehill Groundwater Management Plan (Department of Water
2008).

Two groundwater bores are established at the Wetland site. The first (NW) is positioned on the north
western boundary of the Wetland site, with the second (BQ) positioned on the eastern fence line.
Groundwater samples were taken from these bores for analysis as part of the Study. Results from the
analysis are discussed in Section 4.4.

2.4 Reserves and Conservation Areas

The Wetland is within the 2.24 ha Bush Forever site 277, which also includes a section of the Serpentine
River, Stakehill and Harvey Roads Bushland, and Karnup (Figure 1).

2.5 Environmentally Sensitive Areas

The Wetland is located between two Environmentally Sensitive Areas (ESAs). The first (ESA 3880) is
located to the north of the Wetland, with the second (ESA 3677) positioned directly south of the Wetland.
The boundaries of the Wetland do not encroach either of these ESAs.

2.6 Vegetation

Vegetation at the Wetland site has been historically classified as a mosaic of Jarrah, Marri Medium
forest, Low Banksia woodland and Low Teatree (Melaleuca spp.) forest. Little remnant vegetation
representative of this type remained at the site prior to construction of the Wetland.



p—
I

2.7 Land Use

Previous land uses in the region of the Wetland include pine plantations, industrial, and residential use.
The Wetland site was previously owned by the Forest Products Commission and the Department of
Environment and Conservation (DEC) and had been established as a pine plantation.

The Highway, located immediately west of the Wetland, was open to traffic in September 2009 and
carries approximately 30,000 motorists per day. The Highway is 70.5 km in length and is a continuous
dual carriageway, with two lanes in either direction.
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3. Methodology

This Chapter discusses the treatments applied in the course of revegetating the Wetland.

For the purposes of the Study, the Wetland was broadly divided into two sections: the Heath section and
Dryland section (Figure 2). Heath plots were positioned at a lower level and were located closer to the
basin of the Wetland, where the area tended to be moderately/seasonally wet. Direct seeding was mainly
used in the Heath plots, although Hakea spp. were established using tubestock. Dryland plots were
located on a higher level on the ridge, upland from the basin of the Wetland. Tubestock seedlings were
used to revegetate this drier area of the Wetland.

3.1 Monitoring Plot Set-up

The monitoring plots for the various trial sections were described according to the quantity of soil
amendment applied per unit area (expressed as 20 mm, 30 mm and 40 mm, which equates to 200, 300
and 400 m® per hectare respectively). The sampling plots from the two broad trial sections were labeled
Heath plots (to which amendments were incorporated into the top 50-100 mm of the soil profile) and
Dryland plots (where amendments were surface applied).

Heath plots were defined as:

» HR-20;
» HR-30;
» HR-40;

» HR-—M (where M represents Mulch in a 40:60 mulch to compost ratio); and
» Heath Control.

A total of 15 plots were laid out in the Heath replicate plots: three plots for each treatment. Each Heath
plot measured 2000 m>.

Dryland plots were defined as:

» DryA;
» DryB;
» DryC;and

» Dry D Control.

A total of 12 monitoring plots were established in the Dryland plots, three plots for each soil amendment
treatment. Each Dryland plot measured 7500 m?.

3.1.1 Soil descriptions

During construction of the Wetland, four distinct soil profiles were identified:

» Heath plot one: light brown sand, fine to medium grained with fine to medium orange and dark grey
sand mottled through the profile;

» Heath plot two: light grey almost white fine to medium grained sand featured in this profile;
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» Heath plot three: ironstone soil — dark brown loamy sands, fine to medium grained with coffee rock
distributed throughout the surface profile (0-10 cm); and

» The Dryland plots were orange/brown sand, fine to medium grained sandy loams. It was noted that
the subsoil was the old topsoil which had been buried to suppress the weeds.

1m? quadrats were established (randomly situated) within each of the larger plots and were defined as,
e.g., ‘Heath plot 1'. These quadrats were monitored for plant establishment and plant growth on a
quarterly basis beginning in October 2008 through September 2009, with final monitoring undertaken 12
months subsequent in September 2010.

3.2 Soil Amendments

Soil amendments were applied at different ratios to each of the sections of the Wetland.

3.21 Compost

A composted soil conditioner (referred to as compost) specifically designed for landscaping projects, and
characterised by a fine texture facilitating ease of soil incorporation, was applied at the Wetland site.

3.2.2 Mulch

The mulch utilised in the Project was created through the use of trees felled during clearing for the
Highway construction. Felled trees were mulched onsite by Greening Australia using a flatbed chipper.
Prior to dispersal of the mulch at the Wetland site, a 40:60 mulch composite (four parts compost to six
parts mulch) was mixed onsite using an SGA loader. Applications to the Heath plots ranged in thickness,
with treatments varying to enable comparison of the two types of soil amendments used (compost and
the 40:60 compost/mulch mix). In contrast to applications to the Dryland plots, the soil amendment
applied to the Heath plots were incorporated into the soil profile (Table 2

Table 2 Heath plot application details

Plot Number Application rate Amendment type Application method
1. HR-20 20 mm Compost Blended

2. HR-30 30 mm Compost Blended

3. HR-40 40 mm Compost Blended

4. HR-M 40 mm 40:60 Blended

5 Heath Control Control Control Control

Applications to the Dryland plots also varied in thickness, with mulch amendments spread on soil
surfaces only, i.e., not incorporated into the soil profile (Table 3).
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Table 3 Dryland (Tuart) plot application details

Plot Number Application rate Amendment Type Application method
Dry A 20 mm 40:60 Surface
Dry B 30 mm 40:60 Surface
Dry C 40 mm 40: 60 Surface
Dry D Control Control Control Control

3.3 Application Method

Geo Spread used an Axon rear discharge manure spreader to apply the soil amendment to the plots.
The Axon spreading mechanism has twin vertical augers that discharge the compost from the back of the
machine, Appendix A, Plate 4). The spreader is hydraulically controlled and pulled along behind a
tracker (Appendix A, Plate 5). The application rate is governed by the speed the spreader is pulled. A
process of trial and error was undertaken prior to treating the plots in order to determine the appropriate
speed for the designated application rates.

Geo Spread commenced spreading of the soil amendments at the Wetland on 23 July 2008. Spreading
of the 40:60 compost/mulch mix over the Dryland plot at the 20 mm rate (plot ‘Dry A’) was completed
before unfavourable weather (heavy rain) caused spreading to be halted. Spreading of the remaining
soil amendments on the Dryland plots was completed on 1 August 2008.

The soil amendments in the Heath plots were incorporated into the soil profile to a depth of between 50
to 100 mm using a rotary hoe implement behind Geo Spread’s tractor. The Dryland plots were not
incorporated, and did not require the use of a rotary hoe implement.

3.4 Site Revegetation

The principle objective of the Project was to promote the biodiversity of endemic species. For this
reason, plant species native to the Swan Coastal Plain and known to have good propagation success
were selected to comprise the seed mix and tube stock. Species used in revegetation included Acacia
spp.; Banksia spp.; Jacksonia spp.; Kunzea spp.; Melalueca spp.; and Regelia spp. An extended list of
the species used is shown in Appendix B.

3.4.1 Revegetation method

The seed mix was mixed with vermiculite to maximise water retention around the seed in order to
promote seed germination. The ratio of the mix was one part seed to two parts vermiculite. Poor
weather on the day of seeding resulted in to the swelling of the vermiculite, and limited the efficacy of
using a chest spreader to apply the amendment due to the seed/vermiculite mix clogging the outlet of the
implement. As a solution, seeding was completed manually, which slowed down the revegetation
process.

10
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4. Data Collection and Analysis

The Wetland site features a complex ecosystem characterised by multiple and interactive ecological
processes. As such, a number of variables were measured in order to understand the effectiveness of
the soil amendments in revegetating the landscape and restoring and improving the condition of the
Wetland. These variables were:

1. Plant germination;
2. Soil and water quality; and

3. Overall ecological function.

4.1 Compost Assessment

Analysis of the composted soil conditioner product was undertaken by Veolia Environmental Services in
July 2007 prior to its use on the site.

4.2 Plant Germination

This study considered the potential impact that the addition of soil amendments would have on the rate
and success of germination. The key question tested was:

Has the application of compost improved or inhibited the germination and establishment of seeds and
seedlings on the Wetland?

The monitoring plots were sampled on a quarterly basis beginning in October 2008. Parameters
recorded within each of the plots included:

» Species and number of germinates;
» Percentage cover of natives as well as weed species; and

» Number of weed germinates and their percentage cover.

4.2.1 Definition

The use of the term ‘germinates’ in this report means all plants of the target species with a stem within
the sample plot area. No removal of germinates after previous sampling episodes was conducted by
researchers, although natural attrition between sampling episodes did occur.

4.2.2 Heath plots

To assess germination in the Heath plots, the following data were collected.
» Seeding plan including species in the seed mix and tubestock varieties;
» Weed counts;

» Time and method of seeding;

» Rainfall received at the site; and

» Recordings observing changes, influences and status of the wetland.

11
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The completed field sheets for this data are shown in Appendix D.

Data were recorded as per the field sheet shown in Table 4.

Table 4 Data sheet for analysis

Replicate Heath A Heath B Heath C Heath D

4.2.3 Dryland plots

Plant counts within the Dryland quadrat were principally species type and number as well as visual
assessments using photo points. The recording format used for the Dryland plots is shown in Table 5.

Table 5 Data sheet for seedling plots

Plant counts Dry A Dry B Dry C Control
1

2

3

4.2.4 Additional data

Additional data from the Dryland plots were recorded in order to further describe the results of these
plots. These data were:

» Seeding plan, including species sown;

» Quadrat condition rating, referring to the general condition of the plant;
» Weed counts;

» Time and method of seeding;

» Rainfall received at the site, measured weekly;

» Recordings observing changes, influences and status of the wetland.

Completed recording sheets for each of these field assessments are shown in Appendix D.

4.3 Threats to Plant Establishment

A number of threats were identified as being possible risks affecting the recruitment success of seedlings
during the establishment phase. The main threat was potentially dense weed populations, due to the
propensity of weed species to outcompete the native plant species in becoming established. This was
due to the tendency of native plant species to be slower to germinate and become established. Flatweed,

12
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for example, was identified as a particularly dominant weed species with a high potential to outcompete
native plant species.

Animal disturbance was also identified as a threat to establishment. A number of fauna species were
noted to have caused some damage to plants and to the plants established within the quadrats. These
fauna in include kangaroos, rabbits, deer and pigs.

A further threat to establishment resulted from the fact that germinates tend to be fragile and highly
susceptible to physical damage. For example, thin stems can be snapped off or damaged as a result of
the abrasiveness of sand carried by the wind.

Additionally, human impacts were noted as a threat, with motorbikes being a serious issue within the
fenced wetland reserve. Access to the site for motorbikes is gained via the fauna underpass, and the
open space was potentially used as a race track. For example, two four-wheel motorbikes were
observed in the Wetland site during the August 2009 site visit.

4.4 Soil and Water Quality

It was a requirement of this Study to understand any potential impacts (both positive and negative) on
soil and water quality resulting from the application of the soil amendments. Changes to soil quality
include changes in concentration of macro and micro nutrients, shifts in pH and changes in texture.
Similarly, changes to water quality could potentially include salinity (TDS), pH and increases in dissolved
in phosphorous and nitrogen (significant on the basis that the Wetland is adjacent to the Serpentine
River).

Testing soil and water quality was principally undertaken in order to:

‘Demonstrate to the local government authorities and Main Roads WA, the value of using AS4454 grade
soil conditioner in roadside revegetation, including wetlands’.

The term ‘value’ as used in the above statement considers plant establishment and growth and soil and
water quality in a ‘sensitive area’

Samples collected for soil and water testing were analysed by a NATA accredited laboratory.

4.4.1 Soil assessment

Soil quality was assessed against both the Health Investigation Levels (HILs) category E “Parks,
recreational open space and playing fields, includes secondary schools” and Environmental Investigation
Levels (EILs). These levels are defined in “Assessment Levels for Soil, Sediment and Water” which is
part of the Contaminated Sites Management Series (DEC, 2010).

Soil samples were collected to fully assess any changes to soil chemistry and soil physical properties as
a result of the soil amendments. Samples were taken using a hand auger and deposited into sample jars
which were provided by the laboratory. Samples were stored in an esky with ice bricks to preserve the
samples during transportation from the Wetland site to the laboratory. Benchmark samples were
collected on 9 of July and 27 August 2008. Final soil samples were taken on 17 August 2009. The July
2008 sampling required one soil sample in the 40 mm treatment plot of each application area, at a depth
of 10 cm. The August 2009 samples were taken both at the 20 mm and 40 mm treatment plots of each
application area. Soil samples were tested against requirements as set out in AS 4419 (2003) — Soils for
landscaping and gardens.
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4.4.2 Water assessment

Water quality results were compared against the DEC Fresh Water guidelines, which are published in
“Assessment Levels for Soil, Sediment and Water” (DEC, 2010). Samples were taken annually from the
groundwater bores located on and near the Wetland site. The first samples were collected in 2008 and
the final samples collected in 2010. This sampling regime monitored what, if any, change to groundwater
quality occurred. The monitoring bores were already established on site and found to be suitable for
sampling in that they were secure and intact.

Water samples were collected three times from each bore. This sampling process occurred over a total
of five days:

» 9 July and 27 August 2008,
» 17 August 2009 and 23 September 2010; and
» 11 November 2010.

Samples were collected using a battery powered pump and stored in bottles provided by the laboratory in
an esky with ice bricks for transport.
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5. Results

5.1 Compost Assessment

An analysis of the compost was undertaken by Veolia Environmental Services in July 2007. The results
of this analysis can be seen in Table 6.

The document “Guidelines for Using Compost in Land Rehabilitation and Catchment Management”
(Department of Environment and Climate Change NSW, 2007) contains specifications for composted soil
conditioners and composted soil condition/mulch blends (40/60) used in catchment management and
land rehabilitation. While the document is specific to the Hawkesbury Nepean catchment in New South
Wales, no similar document was found to exist for Western Australia and this document was therefore
used as a reference. The specifications for both composted soil conditioners and composted soil
condition/mulch blends are included in Table 6. The results showed that most analytes were within the
designated range for soil amendments, although Electrical Conductivity was slightly higher than the
specification. This reading may have been an anomaly and is only slightly above the specification.
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Table 6 Analysis of compost product used on wetlands

Limit of REINES

Detection

Analyte

Composted Soil
Conditioner

Specifications

pH pH units - 6.0 - 8.0 6.8
Electrical Conductivity dS/m 0.01 <3 5.00
Organic Matter (est) % dry matter 0.10 225 35
Boron mg/kg 0.10 <100 19
Sodium % dry mass 0.01 <1 0.17
Wettability min. 0.10 <7 0.75
Toxicity mm 5.0 - 82
Arsenic mg/kg 1.0 20 <1.0
Cadmium mg/kg 1.0 1 <1.0
Chromium mg/kg 1.0 100 4.1
Copper mg/kg 1.0 100 19
Lead mg/kg 1.0 150 9.9
Mercury mg/kg 1.0 1 <1.0
Molybdenum mg/kg 1.0 - <1.0
Nickel mg/kg 1.0 60 1.7
Manganese mg/kg 1.0 - 140
Zinc mg/kg 1.0 200 65
Moisture Content % 0.10 25 - 50% 35
Glass, metal, rigid plastics >2mm % (wiw) 0.50 <0.25 <0.10
Plastics-light, flexible or film >5mm % (wiw) 0.05 <0.025 <0.05
Stones and Lumps of clay >5mm % (wiw) 5.0 <5 <5.0
Phosphorus soluble mg/L 1.0 5-50 14
Phosphorus total % (wiw) 0.01 <1.5% 0.50
CIN Ratio (est) - - - 19
Ammonium-N mg/L 1.0 <200 <1.0
Ammonium-N plus Nitrate-N mg/L 1.0 <400 55
Total Nitrogen % dry matter 0.10 <20 11
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52 Plant Establishment

This section presents the results for plant numbers in Heath and Dryland plots. The number of plants
counted are averaged per plot, per recording period. These figures include survivors from previous
recording periods, as overall plant numbers were of primary interest, rather than new plant emergence
during each recording period. Distinctions between various species are not made in this part of the
report.

53 Heath Plots

Forty-five (45) Heath plots across three replicate sections (HR1, HR2, HR3) were monitored during the
trial (nine plots were allocated to each treatment, as well as nine plots being allocated for the controls).

Figure 2 indicates average native plant counts in Heath plots during each recording period. Increased
average native plant counts resulted under all compost treatments when compared against Control plots
for each recording period. The 20 mm plot seemed to generally show an increase across the trial, while
average counts for 30 mm and 40 mm Compost plots, as well as Mulch plots were variable across the
trial.

Figure 2  Average native species counts per plot for Heath plots during each trial recording
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5.3.1 Plant species Heath plots

Figure 3 indicates the average native plant species richness across each treatment for Heath plots
during each recording period. The average number of species in Heath plots under the 20 mm compost
amendment increased progressively across the trial, while the 30 mm and 40 mm treatments had higher
native species richness than Control plots for all trial recording periods. The native plant species
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richness for Heath Mulch plots was variable and during the January 2009 recording period it was lower

than average values for Controls.

Figure 3  Average number of species in Heath plots by treatment per recording period
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5.3.2 Dominant species per Heath plot

This section discusses the species that were dominant in each plot type.

Figure 4 shows the native plant counts for more common species for the August 2009 and the
September 2010 trial recording periods. Acacia species and Regelia species appeared in all the
treatments (although they were absent from some individual treatment plots), while species of Melaleuca,
Calothamnus and Ficinia were usually encountered under each treatment. Most species in the seed mix
germinated, although some were low in number. All the plant count data for the trial is presented in
Appendix C.

Figure 4 indicates that native plant count figures across trial plots tended to reduce between August 2009
and September 2010 (apart from 20 mm Heath plot treatments, which showed increased native species
numbers and richness between August 2009 and September 2010 , although much of the plant count
increase was due to Ficinia species counts from one plot). Control plots had the lowest plant counts
during both recording periods.

Figure 4  Native plant species prevalence data for Heath plots by treatment type for the August
2009 and September 2010 trial recording periods
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5.3.3 Plant cover for Heath plots
Soil conditions, soil moisture and competition are critical factors in the success of seed germination and

plant establishment. An assessment of competition between native species and weeds was determined
by recording percentage of plant cover in trial plots. Readings were taken during the August 2009 and
September 2010 recording periods. The monitoring sheet is shown in Appendix D.
Figure 6 indicates several key pieces of information. Firstly, the combined plant cover of native species
and weeds was low in the Heath Control plots during both recording periods (August 2009 and
September 2010). Further, all percentage plant cover figures (irrespective of the applied treatment) were
relatively low during the August 2009 recording period. Also, there seemed to be less weed emergence
across the 20 mm treatment plots during the September 2010, when compared against other Heath plot
treatments. Finally, as Figure 6 is constrained by an upper bound of 100%, higher plant cover figures for
weeds will tend to constrain native plant cover potential. Please note, one of the Heath plots recorded
over 100% cover (which was a recording error), but the relative proportion of native plants to weeds was
maintained and fitted to conform to a proper percentage. This data has been retained, as the relative
proportion of weeds to native species was likely to be correct and the proportions were of primary

interest in this part of the study.

Figure 6  Percentage cover of weeds and native plants in Heath plots
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54 Dryland Plots
The Dryland plots (DC plots) were established with tubestock and so plant counts did not only relate to

germinated seedlings for these Plots.
The number of species established in the Dryland plot was less than those recorded in the Heath plots.

Like the Heath plots, the species counted reflected the total number per plot, per recording period. The
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plant counts during each recording period did not isolate any plants previously counted from plant count
totals.

5.4.1 Plant numbers and coverage for Dryland plots

Figure 7 indicates the average number of native plants counted in the Dryland plots during each
recording period of the trial. The results show that the 30 mm treatment always had higher average
native plant counts per plot when compared against Control plots, while the 20 mm treatment initially had
higher average plant counts than controls, but matched the values for Control plots during the last two
recording periods of the trial. The average native plant counts for 40 mm treatments in Dryland plots
tended to lag behind other treatments, but by the trial conclusion it had the highest average native plant
count per plot.

Figure 7  Average native plant numbers per plot for Dryland plots during each recording period
of the trial
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Figure 8 indicates several key pieces of information. Firstly, the combined plant cover of native species
and weeds was low in the Dryland Control plots during both recording periods (August 2009 and
September 2010). Further, all percentage plant cover figures (irrespective of the applied treatment) were
relatively low during the August 2009 recording period, when compared to September 2010 figures.
Also, the proportion of weed cover was higher than native species for most treatment plots by the
September 2010 recording period. Finally, as Figure 8 is constrained by an upper bound of 100%,
higher plant cover figures for weeds will tend to constrain native plant cover potential. Please note, data
for two of the Dryland trial plots were over 100% (which were recording errors). These plot figures have
been adjusted to be a proper percentages, while retaining their original relative proportions, as the
proportionality of weeds to native species is likely to be correct and those proportions are of primary
interest in this part of the study.
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Figure 8  Percentage cover of weeds and native plants for Dryland plots
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5.4.2 Number of species in Dryland plots

Figure 9 shows that the average number of plant species in the Dryland plots. Control plots seemed to
function as well as the other treatments (given a fair degree of data variation across the trial).

Average number of species in Dryland plots by treatment type for each recording

Figure 9
period
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Similar to the results for the Heath plots, the Acacia species appeared in most trial plots, while Regelia,
Kennedia, Jacksonia and Allocasuarina species all appeared in plots for more than one treatment and

Melaleuca appeared in Dryland Control plots, Figure 10.
Figure 10 Species recorded at the first and final count across the Dryland plots

12
-
S 10 —
o -
o O Fcinia sp
s 8 O Kennedia sp
.g ] B Melaleuca sp
(% 6 O Jacksonia sp
% — — O Acacia sp
o 4 B Regelia sp
g O Allocasuarina sp
o 2
i I H H
0
[<)) o )] o [ (=] < o
IS ~ S ~ <) ~ <) ~
& 8 < & < & < &
> *~ > -~ > ~ () =
S & S Q S Q S Q
< 4 < 38 < 4 < 8
2 2 g & g & g g
£ S S S $ & s §
S IS N N ™ &5 N ¥
o )

Dryland Plot Treatment & Recording Period

5.4.3 Germination and treatment impact
This section of the results describes the impact of the treatment types across the Heath and Dryland
plots. Although, the Dryland treatment plot data (the 40:60 surface applied data) is only included for
comparison, as the Heath and Dryland sections had some differences. Figure 11 shows the average
number of plant counts per plot over each treatment type during each recording period. These results
seem to suggest that the soil amendments with compost are associated with improved plant response,
be it from higher germination rates and/or improved plant survival, as plant responses were noticeably
larger in plots with soil conditioner in comparison to both Control plots and blended treatment plots.
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Figure 11 Average plant counts per plot according to the treatment type
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5.5 Soil Monitoring

55.1 Analytes

As the Anstey Wetland was constructed on a site that was a pine plantation previously and the site is
adjacent to the Serpentine River, there was an acknowledgement that previous usage and associated
geographical features may play a large role in any soil monitoring results.

Results for the undertaken soil monitoring were assessed against standard ecological and health risks.
Therefore, the soil analysis results are compared to the Ecological Investigation Level (EIL) and Health
Investigation Level (HIL) trigger values specified in the Assessment Levels for Soil, Sediment and Water
(DEC, 2010). The specific HILs provided (HIL “E”) relate to “parks, recreational open space, playing
fields, and secondary schools”, while EILs are relevant to determining the potential impact to ecological
function.

The Limit of Reporting refers to the lowest concentration of a substance at which positive identification
and quantification can be achieved with reasonable and/or previously determined confidence according
to the Australian Department of Agriculture, Fisheries and Forestry (2009).

Table 7 details the results of the initial soil testing which took place in July 2008 at the start of the project.
The results show that the majority of the sample results fall below the Limit of Reporting (LOR), and are
therefore indicated as a less than (<) result. No results exceed the EIL or HIL E trigger values.

However, some analytes, such as the measure of H" ion concentration (pH), electrical conductivity (EC)
and some substances (such as potassium, calcium, nitrate), do not have EIL or HIL E trigger values.
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Table 7 Soil testing results from the July 2008 samples for the 40 mm treatment plots

EIL HIL (E) HR1 HR2 HR3 Dry
pH - - 59 55 5.7 5.7
EC @ 25° (uS/cm) - - 5 2 5 3
Moisture Content (%) - - 6.8 35 10.8 5.7
Metals/Metalloids
Arsenic, As (mg/kg) 20 200 <5 <5 <5 <5
Cadmium, Cd (mg/kg) 3 40 <1 <1 <1 <1
Chromium (Total), Cr (mg/kg) 401 240,200 2 <2 <2 6
Copper, Cu (mg/kg) 100 2000 <5 <5 <5 <5
Iron, Fe (mg/kg) - - 4540 70 1040 3530
Lead, Pb (mg/kg) 600 600
Manganese, Mn (mg/kg) 500 3000 <5 <5 <5 5
Mercury, Hg (mg/kg) 1 30 <0.1 <0.1 <0.1 <0.1
Nickel, Ni (mg/kg) 60 600
Zinc, Zn (mg/kg) 200 14000 <5 <5 <5 <5
Boron, B (mg/kg) - 6000 <50 <50 <50 <50
Sulphur as S (mg/kg) 600 - <10 <10 <10 <10
Calcium (mg/kg) - - - - - -
Magnesium (mg/kg) - - - - - -
Sodium (mg/kg) - - - - - -
Potassium (mg/kg) - - - - - -
Ammonia (mg/kg) - - <20 <20 <20 <20
Nitrite (mg/kg) - - 0.145 <0.1 <0.1 <0.1
Nitrate (mg/kg) - - <0.1 <0.1 <0.1 2.89
NOx (mg/kg) - - 0.123 <0.1 <0.1 2.89
Reactive Phosphorus (mg/kg) - - 0.129 <0.1 <0.1 <0.1
Total Organic Carbon (%) - - <0.5 <0.5 0.9 <0.5

(HIL and EIL trigger level source: DEC, 2010)

Table 8 records the results of the soil analysis of the samples taken during August 2008. The nutrient

levels in these samples are very low, and the majority of other parameters recorded results which were

lower than the LOR, with the exception of Iron. The iron levels in HR1, HR2 and HR3 were all relatively
high with concentrations of 16,600, 4,410 and 3,160 mg/kg respectively. This result is not unexpected
due to there being evidence of a history of lateritic soils across the plots particularly in the areas where
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the soil is red-orange in colour. However, no EIL or HIL levels exist for iron and therefore none of the

results from the August 2008 sampling exceed the EIL or HIL trigger values.

Table 8 Soil testing results from the August 2008 samples for the 40 mm treatment plots

EIL HIL (E) HR1 HR2 HR3
pH - - 7.5 7.4 7.4
EC @ 25° (uS/cm) - - 108 169 42
Moisture Content (%) - - 11 7.1 7.7
Metals/Metalloids
Arsenic, As (mg/kg) 20 200 8 <5 <5
Cadmium, Cd (mg/kg) 3 40 <1 <1 <1
Chromium (Total), Cr (mg/kg) 401 240,200 32 <2 2
Copper, Cu (mg/kg) 100 2000 <5 <5 <5
Iron, Fe (mg/kg) - - 16600 4410 3160
Lead, Pb (mg/kg) 600 600
Manganese, Mn (mg/kg) 500 3000 <5 <5 <5
Mercury, Hg (mg/kg) 1 30 <0.1 <0.1 <0.1
Nickel, Ni (mg/kg) 60 600 3 <2
Zinc, Zn (mg/kg) 200 14000 <5 <5 <5
Boron, B (mg/kg) - 6000 <50 <50 <50
Sulphur as S (mg/kg) 600 - 40 20 <10
Calcium (mg/kg) - -
Magnesium (mg/kg) - -
Sodium (mg/kg) - -
Potassium (mg/kg) - -
Ammonia (mg/kg) - - <20 <20 <20
Nitrite (mg/kg) - - <0.1 0.21 0.108
Nitrate (mg/kg) - - 1.01 341 0.699
NOx (mg/kg) - - 1.01 3.62 0.807
Reactive Phosphorus (mg/kg) - - <0.1 0.775 0.504
Total Organic Carbon (%) - - <0.5 15 0.5

(HIL and EIL trigger level source: DEC, 2010)

Table 9 presents the results of the soil analysis of the samples taken during August 2009 for the 20 mm
treatment plots. Again the nutrient levels in these samples are low, and the majority of other parameters
returned results which were lower than the LOR. The exception was the total chromium levels within the
HRL1 plot being 16 mg/kg, and the HR3 plot 4 mg/kg, which are below the EIL and HIL E trigger levels.
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Chromium, in its natural form may record higher than ‘normal’ readings where a site has gravel or

weathered laterite.

Table 9 Soil testing results from the August 2009 samples for the 40 mm treatment plots

EIL HIL (E) HR1 HR2 HR3 Dry
pH - - 7.3 7.6 5.8 6.6
EC @ 25° (uS/cm) - - 16 12 16 20
Moisture Content (%) - - 9.2 5.3 11.2 13.8
Metals/Metalloids
Arsenic, As (mg/kg) 20 200 <5 <5 <5 <5
Cadmium, Cd (mg/kg) 3 40 <1 <1 <1 <1
Chromium (Total), Cr (mg/kg) 401 240,200 19 <2 3 <2
Copper, Cu (mg/kg) 100 2000 <5 <5 <5 <5
Iron, Fe (mg/kg) - -
Lead, Pb (mg/kg) 600 600 <5 <5 <5 <5
Manganese, Mn (mg/kg) 500 3000
Mercury, Hg (mg/kg) 1 30 <0.1 <0.1 <0.1 <0.1
Nickel, Ni (mg/kg) 60 600 <2 <2 <2 <2
Zinc, Zn (mg/kg) 200 14000 <5 <5 <5 <5
Boron, B (mg/kg) - 6000
Sulphur as S (mg/kg) 600 - <0.01 <0.01 <0.01 0.01
Calcium (mg/kg) - -
Magnesium (mg/kg) - -
Sodium (mg/kg) - -
Potassium (mg/kg) - -
Ammonia (mg/kg) - - <20 <20 <20 <20
Nitrite (mg/kg) - - <0.1 <0.1 <0.1 <0.1
Nitrate (mg/kg) - - 0.616 0.522 0.681 0.957
NOx (mg/kg) - - 0.6 0.5 0.7 1
Reactive Phosphorus (mg/kg) - - 0.171 1.36 <0.1 0.267
Total Organic Carbon (%) - - 0.1 0.02 0.11 1.73

(HIL and EIL trigger level source: DEC, 2010)

Table 9 records the results of the soil analysis of the samples taken during August 2009 for the 40 mm
treatment plots. The nutrient levels are low, although they are slightly higher than those present in the 20
mm treatment plots. As with the 20 mm treatment plots, the majority of other parameters returned results
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which were lower than the LOR. The exception again was the total chromium levels within the HR1 plot
indicating 19 mg/kg, and the HR3 3 mg/kg, which are below the EIL and HIL E trigger levels.

These results show that the soil was not contaminated in terms of potentially toxic concentrations of
analytes.

The following text illustrates the trends in pH, EC, soil moisture and key nutrients in the soil profile.

552  Acidity

Figure 12 shows averages for soil pH readings for several trial plots over some of the recording periods,
with 95% confidence levels for the averages shown by the error bars. It indicates soil samples fell within
a slightly acidic to neutral pH range, with all samples recording a pH < 6 during the first sampling period
in July 2008 (prior to the trial). Although the addition of compost seems to have coincided with a change
in pH, there seems to be little in the way of a noticeable difference between responses to 20 mm and 40
mm treatment levels. However, the small sample size for soil pH readings from each treatment and the
relatively large confidence interval for the average for the 40 mm treatment in 2009 creates a degree of
uncertainty when interpreting these results.

Figure 12 Acidity readings from samples collected at the Heath plots during the trial
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5.5.3 Electrical Conductivity

Averages for soil EC readings from Heath plots for several trial recording periods are given in Figure 13,
with 95% confidence levels for the averages shown by the error bars.
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Peaks in EC readings occurred during the August 2008 recording period. By August 2009, EC
concentrations have decreased to near the original readings for soil samples under the 20 mm and 40
mm treatments in Heath plots. The results, suggest dissolution of salts into the soil profile during the first
12 months of the trial and the subsequent movement through the soil profile beyond the root zone. The
higher EC readings may inhibit germination, and possibly explain the delayed germination of some
species.

Figure 13 EC readings from soil samples collected at Heath plots during the trial
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5.5.4 Soil moisture

Figure 14 provides averages for soil moisture readings for samples gathered from Heath plots during
several trial recording periods, with 95% confidence levels for the averages shown by the error bars. A
slight, but noticeable difference emerged between 40 mm and 20 mm treatment plots. The average for
the July 2008 soil moisture readings prior to the application of soil amendments was noticeably lower
than averages for Heath plots with either the 20 mm or 40 mm treatment level. However, the small
sample sizes for soil moisture readings from each treatment and the relatively large confidence interval
for averages for moisture levels creates a degree of uncertainty when interpreting these results.
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Figure 14 Moisture readings from soil samples collected at Heath plots during the trial
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5.5.5 Nutrient trends

The following four graphs illustrate nutrient trends for macro nutrients for each plot. Overall, the results
show that toxic levels were not recorded for these nutrients. In general terms, nitrate concentrations are
high for the first readings and then low for subsequent readings, reflecting the mobility of nitrogen
through the soil profile. Reactive phosphorous is generally low and possibly reflects that some
phosphate sorption has occurred and subsequently P is not available for plant uptake (reactive).
Sorption of P occurs where there are high concentrations of iron and aluminium. High iron readings
were recorded at the wetland.

Note: the units on the ‘Y’ Axis differ between graphs in order to show the comparison between readings.

Nitrite, reactive phosphorus and total organic carbon (TOC) are low in the case of the HR1 plot (see
Figure 15). The NOXx (nitrous oxide) levels closely follow those of the nitrate levels rising to 1 mg/kg in
the August 2008 samples. The levels of nitrite fall below the LOR in the August 2008 and 2009 samples.
Along with many West Australian soils, the soils at the site record low readings for organic carbon.
Previous research indicates that long term soil organic carbon levels are mostly governed by soll
physical characteristics and climate, while one-off organic soil amendments can provide shorter term
increases to soil organic carbon (Paterson & Hoyle, 2011).
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Figure 15 Nitrite, Nitrate, NOX, Reactive Phosphorus and Organic Carbon in HR1 plots
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Figure 16 shows the trends in nutrient levels of the HR2 plots. All nutrients, with the exception of
reactive phosphorus have higher readings in August 2008 than for the remainder of the monitoring
period. Reactive phosphorus levels steadily increase over the sample period. This may reflect the
nature of the soil type in HR2 which was a grey/white colour and therefore low in iron. The concentration
of material available to ‘bind’ phosphorous is less than in the plots where higher concentrations of iron
were recorded (orange/red soil type).

Figure 16 Trends in Nitrite, Nitrate, NOX, Reactive Phosphorus and Organic Carbon in HR2
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Overall, the concentrations of nutrients in the HR3 plots are lower than in the HR2 and similar to the HR1
plot.

There is a 0.4 mg/kg decline in TOC levels from the July 2008 sample to the August 2009 sample, in the
HR3 plots, as indicated below in Figure 17. Again the nitrate and NOXx levels closely mimic one another,
rising in the August 2008 sample and decreasing to the August 2009 samples. The reactive phosphorus
levels also rise in the August 2008 sample and decrease to below the LOR in the 20 mm treatment plots
during August 2009, the level was slightly higher in the 40 mm treatment plots. Overall the shift between
concentrations is minimal, invariably being less than 0.5 mg/kg change in concentrations.

Figure 17 Trends in Nitrite, Nitrate, NOX, Reactive Phosphorus and Organic Carbon in HR3
plots
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Figure 18 indicates the nitrate and NOXx levels show similar trends in the Dryland plot to those recorded
in the HR1, HR2 and HR3 plots. Nitrite levels are below the LOR. TOC and reactive phosphorus again
show an increase from the July 2008 to the August 2009 samples. Overall concentrations of these
nutrients are low.
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Figure 18 Trends in Nitrite, Nitrate, NOX, Reactive Phosphorus and Organic Carbon in Dryland
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5.6 Water Monitoring

Water monitoring was undertaken to assess the risk of waterlogging on site and to broadly assess
transmissivity of the soils. Water samples were sent to a NATA accredited laboratory to test for metal
and metalloid concentrations.

An overall measure of rainfall received in the area is reported below in Figure 19.

Figure 19 Monthly rainfall totals for the 2008, 2009 and 2010 sample periods from Hopelands
BoM Station (9253) (BoM, 2010)
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Figure 19 shows the monthly rainfall totals for 2008, 2009 and 2010 for the Hopelands Bureau of
Meteorology weather station (9253), located approximately 9.1 km from Baldivis, which is the closest
station to the Wetlands site providing rainfall data only. 2008 had very low rainfall in August, receiving
24.0 mm, whilst August 2009 received 120.0 mm. 2008 and 2010 had dryer starts to the year while 2008
was significantly wetter for the months of February, April and May. Rainfall increased in the later months
of 2009 was higher than that in 2008. Total rainfall received in 2008 was 901.1 mm and 719.0 mm was
recorded in 2009.

For the majority of months 2010 had the least rainfall and total rainfall received was approximately half
that recorded in both 2008 and 2009: 460.0 mm.

5.6.1 Metals and metalloids

There were three groundwater wells located around the site from which water quality samples were
collected. The first (NW) is located on the north western boundary of the site and the second (BQ) is
located on the eastern fence line. These bores were used to monitor the effect the compost and soil
treatment may have had on the groundwater.

The results in Table 11 show that the concentrations for most metals and metalloids are below the
threshold. Arsenic recorded slightly higher readings in the BQ well. The source of Arsenic may reflect
past industry practice in the pine plantation if Arsenic was sprayed as a form of pest control.
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Table 10  Water monitoring results for Metals and Metalloids from the NW and BQ bores

Metals/Metalloids Drinking
Water
(mgi/L)

Aluminium, Al (mg/L) 0.055 0.2 0 0 - 0 0 0
Arsenic, As (mg/L) 0.024 0.007

as As lll

and

0.013

as AsV 0 0 0.002 0.024 0.023 0.049
Boron (mg/L) 0.37 0.3 0 0 0 0 0 0
Cadmium, Cd (mg/L) 0.0002 0.002 0.0003 0 0 0 0 0
Chromium (Total), Cr - 0.1
(mg/L) 0 0 - 0.004 0 -
Cobalt, Co (mg/L) - 0.05 0 0 - 0 0 -
Copper, Cu (mg/L) 0.0014 2 0.005 0.022 0.006 0.004 0.003 0.002
Lead, Pb (mg/L) 0.0034 0.01 0 0 0 0.014 0.01 0.002
Manganese (mg/L) 1.9 0.5 0 0.002 0.016 0.15 0.107 0.041
Mercury (Total), Hg 0.00006  0.001
(mg/L) 0 0 0 0 0 0
Molybdenum (mg/L) - 0.05 0 0 0 0.009 0.007 0.007
Nickel, Ni (mg/L) 0.011 0.02 0.007 0 0.005 0.002 0.004 0
Zinc, Zn (mg/L) 0.008 3 0.062 0.014 0.009 0 0.005 0.008

Red: Exceeds both the Fresh Water guidelines and the Drinking water guidelines.

Blue: Exceeds the DEC Fresh Water guidelines, however is still below the Drinking Water guidelines.
Orange: Exceeds the Drinking Water guidelines, however is still below the DEC Fresh W ater.

0: indicates levels below the limit of reporting.

Green: where there were no drinking water guidelines limits for irrigation water were used.

Trends for these metals are shown in the following figures.

Results for cadmium, copper, manganese, nickel and zinc in groundwater at the NW bore are provided in
Figure 20. Zinc shows the greatest fluctuation falling from 0.062 mg/L to 0.014 mg/L between the 2008
and 2009 samples, and then falling further to 0.009 mg/L in the 2010 samples. For all sampling events
the zinc concentrations exceed the Fresh Water criteria however are below the Drinking Water
guidelines. Copper increases by over four times from 0.005 mg/L to 0.022 mg/L between the 2008 and
2009 samples and then decreases in the 2010 samples to 0.006 mg/L. Copper concentrations for all
sampling events are above the Fresh Water criteria however are below the Drinking Water guidelines.
Manganese increases slightly between the 2008 and 2009 samples from 0 to 0.002 mg/L, and increases
eight fold from the 2009 to the 2010 samples to 0.016 mg/L. Nickel decreases from 0.007 mg/L to below
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LOR between the 2008 and 2009 samples, and then increases to 0.005 mg/L in the 2010 samples.
Cadmium decreases from 0.0003 mg/ L to below LOR between the 2008 and 2009 samples and remains
at below LOR in the 2010 samples. The cadmium concentrations exceed the Fresh Water criteria only in
the 2008 samples.

Figure 20 Metals and metalloids trends recorded for the NW bore
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As seen in Figure 21, the samples from the BQ Bore tested positive for arsenic in levels (2008-2010)
which were recorded as being above Drinking Water guidelines, with concentrations of 0.024 mg/L,
0.023 mg/L and 0.049 mg/L respectively. With the exception of lead, all other results were within
Drinking Water guidelines. The copper concentrations exceed the Fresh Water criteria for all three
sampling events. Chromium levels decreased to 0 mg/kg from 0.004 mg/L, copper from 0.004 mg/L in
2008 to 0.002 mg/L in 2010, manganese from 0.15 mg/L in 2008 to 0.041 mg/L in 2010, and
molybdenum from 0.009 mg/L in 2008 to 0.007 mg/L in 2009 and 2010. Nickel concentrations increased
from 0.002 mg/L in 2008 to 0.004 mg/L in 2009 and then decreased to below LOR in 2010. Lead levels
showed a decreasing trend from 0.014 mg/L in 2008, to 0.01 mg/L in 2009 and 0.002 mg/L in 2010.
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Figure 21 Metals and metalloids trends for the BQ bore, located to the east of the wetland
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Figure 22 shows the composition of sodium, magnesium and calcium in the samples, with calcium and
magnesium having lower concentrations than sodium. The sodium levels can indicate a risk of salinity
within the groundwater. The NW (09) bore has 18 mg/L of calcium, 12 mg/L of magnesium and 56 mg/L
of sodium. There was a large increase in all three major cations in the NW bore during the 2009 and
2010 monitoring, with sodium increasing the most from 56 mg/L in 2009 to 969 mg/L in 2010. The BQ
bore showed a decrease in all three major cations between both the 2008 and 2009 monitoring and
again between the 2009 and 2010 monitoring.

Figure 22 Major cation composition of the NW (2009 and 2010 ) and BQ (2009 and 2010)

samples
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While some metals are recorded as exceeding some thresholds, the results in Table 12 indicate the
groundwater in this area is moderately acidic with very high electrical conductivity concentrations. pH in
the BQ groundwater well for example, is bordering on acidic. The cause of this is difficult to determine
particularly since soil readings do not indicate acid conditions. Possible explanations for the acidity
include the previous land use of pine plantations located upstream of the wetland (which may have
contributed to a gradual increase in acidic conditions in the sub soil and over time created changes to
local groundwater chemical conditions) or that the site, being adjacent to the Serpentine River, may be
associated with risk of acidic soil conditions emerging with any considerable soil disturbance.

The extreme results from 2008 to 2010 for Sodium Adsorption Ratio (SAR) and EC for the NW bores are
particularly notable. The source of the high EC readings and high SAR is not clearly identifiable and the
drop from 2008 to 2009 and then the increase may reflect the dry winter conditions experienced at the
site.

Table 11  Water testing results (physical) from the NW and BQ Groundwater well

Parameter NW (08) NW (09) NW (10) BQ (08) BQ (09) BQ (10)
pH value 6.4 7.02 5.41 5.55 4.41 6.22
Sodium Adsorption Ratio 13.5 252 17.2 12.3 10.2 12.7

Electrical conductivity @
25°C (uS/cm) 5090 486 4350 4370 3560 2450

Red: Exceeds both the Drinking water guidelines and DEC Fresh Water guidelines.

Trends in these data are shown in the following figures.

56.2  Acidity

Groundwater pH was recorded for the two wells over three years with the reading for the BQ well in 2009
returning a moderately acidic reading of 4.41. The pH of this bore then increased to a near neutral value
of 6.22 during the 2010 monitoring.

Figure 23 shows the pH level for the SW bore was neutral during the 2008 monitoring event. The NW
bore has a pH of neutral or close to neutral for the 2008 and 2009 monitoring, however this pH
decreases and becomes slightly acidic for the 2010 monitoring. The BQ Bore returned increasingly
acidic results between 2008 and 2009, with the pH falling from 5.51 to 4.41.
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Figure 23 Acidity levels of NW and BQ Bores (2008, 2009 and 2010)
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5.6.3 Electrical Conductivity

EC values that are greater than 4800 puS/cm are classified as saline water (seawater is approximately
51500 pS/cm). Figure 24 shows the EC values measured within the bores during the 2008, 2009 and
2010 monitoring events and as shown in Table 12, are brackish. The BQ samples are all recorded as
Brackish, within the range of 1600 and 4800 uS/cm. The NW bore shows a reduction in EC from 5090 to
486 uS/cm (drinking water quality) between the 2008 and 2009 samples. However, EC then increased
to 4350 pm/cm during the 2010 monitoring round.

Figure 24 Electrical Conductivity (EC) of water samples of bores in 2008, 2009 and 2010
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The SAR readings for the wells (in Figure 25) indicate a relatively high SAR value and that appears to
respond to volume of rainfall received during the winter seasons. For both wells, an increase in SAR was
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shown following a drier year that continued into 2010. If these higher bore readings reflected SAR levels
in soil profiles where plant germinates were extracting soil moisture, then such soil conditions may
potentially inhibit the capacity of germinates to uptake water, consequently reducing plant growth. Also,
this situation would be likely to render native plant seedlings vulnerable to other negative physical,
chemical, or biological factors such nutrient deficiencies and pH.

Figure 25 Sodium Adsorption Ratio (SAR) of water samples of bores in 2008, 2009 and 2010
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6. Economic Implications

The results presented in the previous section indicate that on soils that are relatively infertile with low
water holding capacity and vulnerable to abrasive processes such as wind erosion benefit from the
addition of soil amendments in terms of germination and plant establishment.

Treating an area of this size is expensive. An outline of the costs to establish the wetland is summarised
below with a detailed breakdown presented in Appendix E. The detailed cost breakdowns have been
divided into three areas, Wetlands A, B and C and an illustration of these areas is also shown in
Appendix E. These areas do not correspond with the trial locations and so for the purposes of this
discussion, the costs have been combined as a ‘Total Wetland’ development cost.

Costs were broken down into three areas:
1. Site preparation;
2. Site establishment; and

3. Site maintenance.

6.1 Site Preparation

Site preparation across the Wetland included destumping, the removal of debris, topsoil stripping and
earthworks (removal of topsoil) and contouring to facilitate water movement and reduce wind velocity.

Other maintenance works undertaken include fencing, weed and pest removal, and fertilising.

The total area of the Wetland under construction is approximately 200,000 m?. The Dryland area is
approximately 68,000 m* and the remaining area of the Wetland totals 132,000 m?. It is important to
note that these area figures are not exact and have been rounded down. Differences are reflected in the
costs provided.

Table 12  Initial site preparation costs for the wetland

Destumping $80,000
Topsoil stripping $37,293
Earthworks (incl cleanup works) $2,034,184
Total $2,151,477

On the basis that the Wetland is approximately 200,000 m?, the cost of establishment of the Wetland
equates to approximately $10.75 per m>.

6.2 Soil Amendments

The cost of each soil amendment, not including site works, seeding costs and maintenance, was
originally estimated at $36.63 per m*® for the composted soil conditioner (delivered) and $5.50 for one
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type of mulch (delivered). Soil incorporation was $17.60 per m® ($1.232 per m?). These estimated costs
are summarised as indicative figures in Table 13.

Table 13  Costs of soil amendments

Amendment Type Purchase Spreading Cost of
a_nd Cost 2per Use
Delivery m
Compost incorporated at 20 mm $0.733 $0.352 $1.085
Compost incorporated at 30 mm $1.099 $0.528 $1.627
Compost incorporated at 40 mm $1.465 $0.704 $2.169
Compost & mulch mix (40:60 ratio) incorporated at 40 mm $0.718 $0.704 $1.422
Compost & mulch mix (40:60 ratio) surface applied at 20 mm $0.359 $0.352 $0.711
Compost & mulch mix (40:60 ratio) surface applied at 30 mm $0.539 $0.528 $1.067
Compost & mulch mix (40:60 ratio) surface applied at 40 mm $0.718 $0.704 $1.422
Bark & paper mulch spray-on at $1.90 $1.90
Mulch surface applied at 70 mm per m? at $5.50 per m® $0.385 $0.80 $1.185
Mulch surface applied at 70 mm per m*at $11 per m® $0.770 $0.80 $1.570

anstructed topsoil surface applied at 70 mm per m? at $8.91 per

m $0.624 $0.80 $1.424

6.3 Site Establishment

Site establishment is the most expensive phase of work for this project and includes mulching, seeding,
fertiliser application, tubestock and pest control. Site establishment costs are summarised in Table 4.

Table 14  Site establishment costs for the Wetland

Import topsoil $4000
Import mulch $20,000
Direct seeding $175,350
Tube stock $97,500
Fertiliser $4,500
Fencing $41,877
Pest control $10,000
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Total $353,227

On average, site establishment costs for the Wetland are approximately $3.88 per m® The Dryland
construction area is approximately 68,000 m”or 6.8 ha. Approximately 29,000 Tubestock plants were
established on 16.5 ha on an area of the wetland that included the Dryland area. This equates to
approximately 11,950 units being required for 6.8 ha. At $2.50 per unit the cost of hand planting the 6.8
ha Dryland area was $29,878 total or $439 per hectare.

Table 14 does not include the actual costs of mulch and compost. These costs are shown in Table 15.

Table 15  Costs associated with applying compost and mulch to the site

Import mulch $20,000.00
Mulch purchase - Urban Resources $18,150.00
Compost purchase including delivery costs $41,835.15
Spreading costs - mix, load and spreading $44,934.00
Total $124,919.15

Mulch and compost costs were almost equal in value.

Management and supervision of the site was $45,000 and after care maintenance and replanting was
$30,000.

In total the cost of the revegetation trial over the area of the Wetland, including site preparation and

establishment, as well as management and supervision, was $2,579,704 which is approximately $12.89
2

per m°.
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7. Discussion

The results of the Study seem to confirm the value of soil amendments in landscape rehabilitation
particularly on sandy, infertile sites. With rehabilitation of the Wetland costing, on average, up to $12.89
per m?, it is essential that an environment conducive to germination and plant establishment is
maintained.

Testing of the soil amendments used in the trial concluded that these materials were not contaminated
and did not exceed safety guideline thresholds for metals and metalloids. At a site such as the Wetland,
which has transmissive and poor water holding capacity soil types, good quality soil amendments were
used to ensure no risk of contamination of the soil sub-surface and groundwater occurred. The results
from the soil and groundwater monitoring indicated varying concentrations of phosphorous, nitrogen, pH
and EC. These readings suggest that previous landuse (pine plantations), or local pre-existing soil
conditions (associated with the site being adjacent to the Serpentine River), as well as the possibility of
hydraulic connection with the Serpentine River may have had some influence on soil and water quality.
The Wetland site’s soil and water quality characteristics might have been negatively influenced further if
a poor quality soil amendment was used at the site.

While the results of this work were inconclusive with regard to the specific optimum amendment level, the
average number of germinates and the average number of species in Heathland treatment plots
amended with compost (soil conditioner) were higher than Control plots. The species type and number
were generally poor in the Control plots, which may have related to less favourable soil moisture, soil
nutrient levels and soil environmental conditions in those plots..

The mulch used at the trial site was partially comprised of chips from trees felled for the construction of
the highway. Lower average plant numbers were recorded in Mulch plots and Control plots and this may
indicate that the plant nutrients (and nutrient availability) from compost appears to be an important
component of the soil amendments during the trial. Although the mulch was blended with compost for
trial plots and the mulch component may have provided protection from fluctuating soil environmental
conditions, it may have differed in providing significant advantage in terms of nutrients.

The use of soil amendments seems to support increases in plant cover. However, part of the increase in
plant cover was attributed to weed species and it was difficult to clearly determine what would be an
optimal amendment level. The results from the trial seem to suggest that the 20 mm treatment (200 m®
per hectare) when incorporated into the top layers of soil for areas under direct seeding may favour
native species establishment over weed species establishment (but other research would have to further
test this aspect of revegetation management). However, primary and secondary research by Grose
(2011) also indicated that higher treatment levels do not necessarily translate into improved plant
establishment outcomes.

An exposed site, along with poor soil conditions make the site challenging for rapid native vegetation
establishment. However, the soil amendments applied to the site are likely to have improved the soll
conditions surrounding the seeds and seedlings and provide buffering against challenging soil conditions
that negatively influence seed germination and plant growth.

However, variability in soil conditions, pre-existing soil nutrient status and other environmental conditions
across sections of the site may have translated into increased variability in germination and
establishment data. Also, the report indicated that the climatic conditions at the site, particularly during
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2010, were challenging for plant establishment, while other comparable research conducted at the same
site also noted the difficult climatic conditions during the trial period (Grose, 2011). Also, soil conditions
and nutrient status seemed to differ between sections of the trial site and these differences may have
partially disguised treatment effects, as reported in other work from the same trial site (Grose, 2011).

However, compost not only seems to provide some protective benefit, it also offers added nutrition, along
with other soil fertility benefits, such as encouraging microbial activity (which in turn may increase levels
of nutrients that are less available to plants). Also, healthy microbial activity in soils can help to control
plant pathogens, such as parasitic nematodes and other soil borne diseases.

Additionally, while soil amendments reduce the fluctuations in soil moisture and temperature; they may
also be helping to supporting young vulnerable seedlings by protecting them from abrasive wind speeds.
Wind travelling across the wetland at high velocities can result in sand particles being picked up with
sufficient force damage or severe the small stems of young seedlings. Composts tend to encourage soil
structure, which can reduce the capacity of a soil to erode when exposed to environmental conditions.
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8. Conclusion

There is a fine line in terms of cost benefit ratio for the use of soil amendments in the rehabilitation and
revegetation of land. Improving the fertility and structure of the soil surface to support the germination
and growth of native seedlings will reduce the time taken to cover a site, protect the soil surface and
gradually increase the biodiversity of the environment. Excessive applications of soil amendments may
confound effective germination and establishment of native plants through weed competition and
potentially through negative changes to soil conditions.

Nevertheless, soil amendments can partially compensate for difficult soil conditions such as problematic
soil pH, salinity and moisture retention characteristics.

The results of the work undertaken at the Anstey Wetland show that without soil amendments, a range of
negative factors would have resulted in a system that would have taken longer to establish than has
been the case. These negative factors potentially include abrasive winds, low natural fertility of soil, poor
water holding capacity of soil, fluctuating soil temperatures and poor microbial activity. Despite 2009 and
2010 being very dry winters, with 2010 being one of the warmest and driest on record, plant
establishment at the Anstey Wetland has been very successful, both for groundcovers as well as shrubs
and trees.

The use of both soil conditioner and mulch has shown to be beneficial at this site, with amendments
comprised of only soil conditioner provided the highest benefit. Nevertheless, amendments comprising a
blend of soil conditioner and mulch provided some advantage. The higher benefit provided by soil
conditioner without a mulch was most likely associated with the higher levels of plant available nutrients.

Now that the Anstey Wetland has been successfully revegetated and established, it will become a legacy
to the Forrest Highway and will continue to improve over time. Increasing populations of flora and fauna
will continue to establish now that soil conditions have become favourable to a diverse species of plants
and animals. While kangaroos, rabbit’s, human activity continue to impact the site, the diversity and
scale of plant growth should become increasingly capable of withstanding these impacts.

The addition of soil amendments also does not appear to have impacted soil and water quality at the
Anstey Wetland.
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Appendix A
Photographs
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Plate 2: Aerial view of the Anstey Wetland and Forest Highway, 26th April 2009.
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Plate 3: Wetland construction taking place in January 2008.
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Plate 4: Rear view of the spreader.

Plate 5: Spreading of the Mulch.
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Plate 6: Panoramic view of the Wetland site during the January sample date, 2009
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Plate 7: Panoramic view of the Wetland on the final sample date, 7" August 2009.
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Plate 8: Plot D30 — 1 on the 28th of October 2008

Plate 9 Plot D30-1 on the 29" of January 2009
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Plate 10 Plot D30-1 in April 2009.

Plate 11: Plot D30-1 in August 2009.
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Plate 12: Plot D30-1 in September 2010.

Plate 13: Control plot HR-1-C1 in September 2010.
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Appendix B
Species used in Revegetation
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Species being re-established

Table 1 Species to be re-established
Genus Species Common Name
Acacia alata Winged wattle
Acacia huegelii
Acacia pulchella Prickly moses
Actinostrobus acuminatus Dwarf cypress
Adenanthos cygnorum W oollybush
Agonis linearifolia Swamp peppermint
Astartea fascicularis False Baeckea
Banksia ilicifolia Holly leaf Banksia
Banksia littoralis Swamp Banksia
Beaufortia elegans
Calothamnus lateralis
Daviesia decurrens Winged bitter pea
Eremaea purpurea Purple flowered eremaea
Eriostemon spicatus Pepper and salt
Eucalyptus rudis Flooded gum
Euchilopsis linearis Swamp pea
Gompholobium scabrum Painted Lady
Hakea varia Variable leaved hakea
Hovea trisperma Common Hovea
Hypocalymma angustifolium White myrtle
Jacksonia furcellata Grey stinkwood
Jacksonia sternbergiana Green stinkwood
Kunzea ericifolia Spearwood
Kunzea recurva Mountain Kunzea
Melaleuca lateritia Robin redbreast bush
Melaleuca preissiana Stout paperbark
Melaleuca rhaphiophylla Freshwater paperbark
Melaleuca teretifolia Banbar
Melaleuca thymoides
Melaleuca trichophylla
Nuytsia floribunda Christmas tree
Oxylobium lineare River pea




Genus Species Common Name

Pericalymma ellipticum Swamp tea tree
Regelia ciliata
Regelia inops

Viminaria juncea Swishbush
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 28/10/08
Location: Wetland Weather: Overcast Plot: HR1
Site Description Soil/Compost ratio: Technician: BR

Reveg- Method direct seeding

Quadrat | Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
HR1C - | No germinates found 0 -
1
HR1C - | No germinates found 0 -
2
HR1C - | Regelia 1 -
3
HR120 | Acacia 4 -
_1 Regelia 3
Kennedia 2
unidentified 5
HR120 | Regelia 2 -
-2 unidentified 2
HR120 | No germinates found 0 -
-3
HR130 | No germinates found 0 -
-1
HR130 | Acacia 3 -
) regelia 2
unidentified 13
HR130 | Acacia 4 -
-3 regalia 6
Sheoak 1
unidentified 15
HR140 | Acacia 1 -
-1
HR140 | Regelia 7 -
) Unidentified 2
61/22541/11278 Compost Evaluation Trials NPBH Page __ of __
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HR140 | Acacia -
-3 Regelia

Unidentified
HR1M Acacia -
-1 Unidentified
HR1M Acacia -
-2 Regelia
HR1M Regelia -
-3

HR1C = control, HR120 = 20mm, HR130 = 30mm, HR140 = 40mm and HR1M = 40/60 Mulch mix

61/22541/11278 Compost Evaluation Trials NPBH

Monitoring record

Page  of




@" Revegetation
Bl Monitoring Record

Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 28/01/09
Location: Wetland Weather: Overcast Plot: HR1
Site Description Dry Soil/Compost ratio: Technician: BR

Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
HR1-C-1 No germinates found 0 -
HR1-C-2 Regelia? 1 -
HR1-C-3 Acacia lasiocarpa 1 -
HR1 -20—1 | Acacialasiocarpa 4 -
Regelia? 5 -
Kennedia prostrate 2 -
Melaleuca ? 3 -
Sedge? 1 -
unidentified 2 -
HR1 - 20— 2 | Regelia? 4 -
Melaleuca? 1 -
HR1 - 20 -3 | No germinates found 0 -
HR1-30—-1 | Nogerminates found 0 -
HR1 - 30 — 2 | Acacia lasiocarpa 2 -
Acacia pulchella 1 -
Regelia? 5 -
Melaleuca? 11 -
Sedge? 2 -
unidentified 0 -
HR1 - 30 — 3 | Acacia lasiocarpa -
Regelia? 10
Melaleuca? 10
Sedge? 1
Allocasuarina humilis - Sheoak 1
unidentified 0 1
HR1-40-1 | Acacia 0 1
61/22541/11278 Compost Evaluation Trials NPBH Page __ of __
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HR1-40-2

Regelia?
Unidentified

HR1-40-3

Acacia lasiocarpa
Regelia?
Melaleuca?
Unidentified

HR1-M-1

Acacia lasiocarpa
Unidentified

HR1-M-2

Acacia pulchella
Melaleuca?

HR1-M-3

Regelia?
Melaleuca?

P WINPFPORFPIOWOoO WO N

HR1C = control, HR120 = 20mm, HR130 = 30mm, HR140 = 40mm and HR1M = 40/60 Mulch mix

61/22541/11278
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 29/04/09
Location: Wetland Weather: Overcast Plot: HR1
Site Description Soil/Compost ratio: Technician: TnR

Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
HR1-C-1 No germination
HR1-C-2 Regelia ciliata 1
HR1-C-3 Acacia pulchella 1
HR1 -20 -1 | Kennedia prostrata 1
Acacia pulchella 5
Adenanthos cygnorum 4
Regelia ciliata 9
Ficinia nodosa 1
HR1 - 20 — 2 | Adenanthos cygnorum 1
Regelia ciliata 4
HR1 - 20 — 3 | No germination
~ 20% cover of Kennedia prostrata
HR1-30—-1 | Nogermination
HR1 - 30— 2 | Adenanthos cygnorum 14
Regelia ciliata 5
Acacia pulchella 3
Ficinia nodosa 2
HR1 - 30 — 3 | Ficinia nodosa 2
Adenanthos cygnorum 8
Acacia pulchella 4
Regelia ciliata 7
61/22541/11278 Compost Evaluation Trials NPBH Page __ of __

Monitoring record




@" Revegetation
Bl Monitoring Record

HR1 - 40 -1 | No germination

HR1 - 40 — 2 | Regelia ciliata
Adenanthos cygnorum

HR1 - 40 — 3 | Regelia ciliata
Adenanthos cygnorum
Acacia pulchella

= W 0w

HR1-M—1 | Acacia pulchella

HR1-M—2 | Acacia pulchella
Adenanthos cygnorum
Regelia ciliata

HR1-M -3 | Regelia ciliata
Adenanthos cygnorum

P Wbk wpN

HR1C = control, HR120 = 20mm, HR130 = 30mm, HR140 = 40mm and HR1M = 40/60 Mulch mix
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 17/08/09
Location: Wetland Weather: Stormy Plot: HR1
Site Description Dry Soil/Compost ratio: Technician: TNR

Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
HR1-C-1
HR1-C-2 | Regeliainops 1 Native
<1%
Weed
HR1-C-3
HR1-20—1 | Regeliainops 5 Native
Acacia pulchella 5 30%
Calothamnus lateralis 4
Kennedia prostrata 1
Ficinia nodosa 1
HR1 - 20 — 2 | Regelia sp 3 Native
Calothamnus sp 1 3%
HR1 - 20 — 3 | Carpobrotus virescens 1 Native
Ficinia nodosa 1 1%
HR1-30—-1 | Sonchus sp 10 Weed
Trifolium sp 10 15%
HR1 - 30 — 2 | Calothamnus sp 10 Native
Acacia pulchella 3 20%
Regelia inops 2 Weed
Ficinia nodosa 1 5%
Hypochaeris sp 4
HR1 - 30 — 3 | Calothamnus sp 10 Native
Acacia pulchella 4 30%
Regelia inops 6
Myrtaceae sp 1
Ficinia nodosa 2
HR1 - 40 —1 | Hypochaeris sp 6 Weed
2%
HR1 - 40 — 2 | Regelia sp 7 Native
3%
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HR1 - 40 — 3 | Calothamnus lateralis 4 Native
Acacia pulchella 3 <5%
Regelia sp 1 Weed
Sonchus sp 12 5%
HR1-M—1 | Acacia pulchella 2 Native
Trifolium sp 1 1%
Weed
<1%
HR1-M—2 | Acacia pulchella 2 Native
Regelia inops 3 5%
Calothamnus lateralis 3
HR1-M—3 | Regeliainops 3 Native
Calothamnus lateralis 1 2%
Hypochaeris sp 8 Weed
Trifolium sp 3 5%

HR1C = control, HR120 = 20mm, HR130 = 30mm, HR140 = 40mm and HR1M = 40/60 Mulch mix

61/22541/11278 Compost Evaluation Trials NPBH
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Recruitment and Survival

Project: Compost evaluation trial NPBH

Job Number: 61/22541

Date: 28/10/08

Location: Wetland

Weather: Overcast

Plot: HR2

Site Description

Soil/Compost ratio:

Technician: BR

Reveg- Method direct seeding

Quadrat | Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
HR2C - | Acacia 6
1 Kennedia 1
Unidentified 3
HR2C - | Acacia 6
2
HR2C - | Acacia 1
3 Unidentified 4
HR220 | Unidentified 6
-1
HR220 | Acacia 3
_92 Unidentified 1
HR220 | Unidentified 1
-3
HR230 | No germinates found 0
-1
HR230 | Acacia 1
) Unidentified 2
HR230 | No germinates found 0
-3
HR240 | No germinates found 0
-1
HR240 | Acacia 4
-2 Sheoak 1
Unidentified 2
HR240 | No germinates found 0
-3
61/22541/11278 Compost Evaluation Trials NPBH Page __ of __

Monitoring record




@" Revegetation
Bl Monitoring Record

HR2M | No germinates found 0
-1
HR2M | No germinates found 0
-2
HR2M | No germinates found 0
-3

HR1C = control, HR120 = 20mm, HR130 = 30mm, HR140 = 40mm and HR1M = 40/60 Mulch mix

61/22541/11278 Compost Evaluation Trials NPBH Page of
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 28/01/09
Location: Wetland Weather: Overcast Plot: HR2

Site Description Soil/Compost ratio: Technician: BR
Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)

HR2-C-1 Acacia pulchella 2 -
Kennedia prostrata 1 -
Unidentified 4 3

HR2-C-2 Acacia? 0 6
Unidentified 4 -

HR2-C-3 Acacia pulchella 1
Regelia? 1 -
Kennedia prostrata 2 -
Jacksonia? 1 -
Unidentified 4 -

HR2 - 20 —1 | Unidentified 0 8

HR2 - 20 — 2 | Acacia? 0 2
Acacia pulchella 1 -
Unidentified 1 -

HR2 - 20 — 3 | Unidentified 1 2

HR2 -30 -1 | Nogerminates found 0 -

HR2 - 30 — 2 | Acacia pulchella 1 -
Unidentified 0 3

HR2 - 30 — 3 | Unidentified 0 3

HR2 - 40 -1 | No germinates found 0 -

HR2 - 40 — 2 | Acacia lasiocarpa 1 3
Allocasuarina humilis - Sheoak 1 -
Unidentified 0 2

HR2 - 40 — 3 | No germinates found 0 -

HR2 -M—1 | Nogerminates found 0 -

HR2 - M —2 | No germinates found 0 -
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HR2 - M —3 | Nogerminates found 0

HR1C = control, HR120 = 20mm, HR130 = 30mm, HR140 = 40mm and HR1M = 40/60 Mulch mix
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 29/04/09
Location: Wetland Weather: Overcast Plot: HR2
Site Description Soil/Compost ratio: Technician: TnR

Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
HR2-C-1 Kennedia prostrata 1
Acacia pulchella 2
Unidentified seedling 3
HR2-C-2 Unidentified seedling 6
HR2-C-3 Kennedia prostrata 2
Acacia pulchella 1
Unidentified 4

HR2 -20 -1 No germination

HR2 -20 -2 Acacia pulchella 2

HR2-20-3 No germination

HR2-30-1 Acacia pulchella 1

HR2 -30 -2 No germination

HR2 -30 -3 No germination

HR2-40-1 Acacia pulchella 1

HR2 - 40 -2 Acacia pulchella 2

HR2 - 40 -3 No germination

HR2 - M —1 No germination
HR2 - M —2 No germination
HR2 - M —3 No germination

HR1C = control, HR120 = 20mm, HR130 = 30mm, HR140 = 40mm and HR1M = 40/60 Mulch mix

61/22541/11278 Compost Evaluation Trials NPBH
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 17/08/09
Location: Wetland Weather: Stormy Plot: HR2
Site Description Soil/Compost ratio: Technician: TNR

Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)

HR2-C-1 Acacia pulchella 1 Native
Kennedia prostrata 1 <5%

HR2-C-2

HR2-C-3 Kennedia prostrata 2 Native
Jacksonia furcellata 1 <5%
Hemiandra pungens 2

HR2-20-1

HR2 - 20 — 2 | Acacia pulchella 2 Native

1%

HR2-20-3

HR2-30-1

HR2-30-2

HR2-30-3

HR2-40-1

HR2 - 40 — 2 | Acacia pulchella 1 Native

<1%

HR2-40-3

HR2-M-1

HR2-M-2

HR2-M -3

HR1C = control, HR120 = 20mm, HR130 = 30mm, HR140 = 40mm and HR1M = 40/60 Mulch mix

61/22541/11278 Compost Evaluation Trials NPBH Page of
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 28/10/08
Location: Wetland Weather: Overcast Plot: HR3

Site Description Soil/Compost ratio: Technician: BR
Reveg- Method direct seeding

Quadrat | Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)

HR3C - | No germinates found 0

1

HR3C - | No germinates found 0

2

HR3C - | No germinates found 0

3

HR320 | Unidentified 1

-1

HR320 | Unidentified 1

-2

HR320 | Acacia 5

-3

HR330 | No germinates found 0

-1

HR330 | No germinates found 0

-2

HR330 | Acacia 1

-3

HR340 | No germinates found 0

-1

HR340 | Acacia 1

) Regelia 1
Unidentified 3

HR340 | Unidentified 2

-3
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HR3M Missed 0
-1
HR3M Acacia 2
-2
HR3M Unidentified 2
-3

HR3C = control, HR320 = 20mm, HR330 = 30mm, HR340 = 40mm and HR3M = 40/60 Mulch mix

61/22541/11278

Compost Evaluation Trials NPBH
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 28/01/09
Location: Wetland Weather: Overcast Plot: HR3
Site Description Soil/Compost ratio: Technician: BR

Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)

HR3-C-1 No germinates found 0 -

HR3-C-2 No germinates found 0 -

HR3-C -3 | Nogerminates found 0 -

HR3-20-1 | Sedge? 1 -

HR3-20-2 | Sedge? 1 -
Acacia lasiocarpa 2 -
Unidentified 1 -

HR3 - 20 — 3 | Acacia lasiocarpa 1 4

HR3-30-1 | Nogerminates found 0 -

HR3 - 30 — 2 | Acacia lasiocarpa 1 -

HR3 - 30 — 3 | Acacia lasiocarpa 1 1

HR3-40-1 | Sedge? 1 )

HR3 - 40 — 2 | Acacia lasiocarpa 1 -
Regelia? 1 -
Sedge? 2 -
Unidentified 6 -

HR3 - 40 — 3 | Regelia? 1 -
Melaleuca? 2 -
Unidentified 3 -

HR3-M—1 | Acacia lasiocarpa 1 -
Acacia pulchella 2 -
Regelia? 2 -

HR3-M -2 | Acacia lasiocarpa 1 1
Sedge? 1 -
Unidentified 4 -
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HR3-M -3 Unidentified 0 2

HR3C = control, HR320 = 20mm, HR330 = 30mm, HR340 = 40mm and HR3M = 40/60 Mulch mix
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 29/04/09
Location: Wetland Weather: Overcast Plot: HR3
Site Description Soil/Compost ratio: Technician: TnR

Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
HR3-C -1 | Nogermination
HR3-C-2 No germination
HR3-C -3 | Nogermination
HR3 - 20 -1 | Ficinia nodosa 1
HR3 - 20 — 2 | Unidentified 1
Acacia pulchella 1
Adenanthos cygnorum 1
Regelia ciliata 1
HR3 - 20 — 3 | Ficinia nodosa 1
Acacia pulchella 2
Unidentified (poss Melaleuca sp) 2
~20% cover Kennedia prostrata
HR3-30 -1 | Nogermination
HR3 - 30 — 2 | Ficinia nodosa 1
HR3 - 30 — 3 | Acacia pulchella 3
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HR3-40-1

Ficinia nodosa

HR3-40-2

Acacia pulchella
Regelia ciliata
Ficinia nodosa
Unidentified

HR3-40-3

Regelia ciliata
Adenanthos cygnorum

W wWwWwkEFE AP

HR3-M-1

Acacia pulchella
Regelia ciliata

N B

HR3-M -2

Ficinia nodosa

Acacia pulchella
Adenanthos cygnorum
Unidentified

HR3-M -3

Regelia ciliata

RPN R R R

HR3C = control, HR320 = 20mm, HR330 = 30mm, HR340 = 40mm and HR3M = 40/60 Mulch mix

61/22541/11278
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Recruitment and Survival

Project: Compost evaluation trial NPBH

Job Number: 61/22541

Date: 17/08/08

Location: Wetland

Weather: Stormy

Plot: HR3

Site Description

Soil/Compost ratio:

Technician: TNR

Reveg- Method direct seeding

Quadrat Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
HR3-C-1
HR3-C-2
HR3-C-3
HR3 - 20 -1 | Ficinia nodosa 1 Native
Trifolium sp 1 <1%
Weed
<1%
HR3 - 20 — 2 | Acacia pulchella 2 Native
Ficinia nodosa 1 <5%
Melaleuca sp 1
HR3 - 20 — 3 | Calothamnus lateralis 1 Native
Acacia pulchella 2 7%
Regelia inops 1
Unknown sp 1
HR3-30-1
HR3 -30 -2 | Crassula sp 1 Native
Acacia pulchella 1 <1%
Weed
<1%
HR3 - 30 — 3 | Acacia pulchella 3 Native
1%
HR3-40-1 | Ficinia nodosa 1 Native
<1%
Weed
HR3 - 40 — 2 | Calothamnus sp 2 Native
Regelia inops 2 15%
Melaleuca sp 2
Ficinia nodosa 2
Acacia pulchella 1
Myrtaceae sp 1
61/22541/11278 Compost Evaluation Trials NPBH Page __ of __

Monitoring record




@" Revegetation
Bl Monitoring Record

HR3 - 40 — 3 | Beaufortia squarrosa 3 Native
Calothamnus sp 2 5%
HR3-M—1 | Acacia pulchella 4 Native
Beaufortia squarrosa 2 15%
Kennedia prostrata 1
HR3-M—2 | Calothamnus sp 1 Native
Melaleuca lateritia 2 7%
Ficinia nodosa 2
Acacia pulchella 2
HR3-M—3 | Melaleuca sp 1 Native
Trifolium sp 7 <1%
Weed
<5%

HR3C = control, HR320 = 20mm, HR330 = 30mm, HR340 = 40mm and HR3M = 40/60 Mulch mix

61/22541/11278 Compost Evaluation Trials NPBH Page of
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 28/01/09
Location: Wetland Weather: Overcast Plot: Dry

Site Description Soil/Compost ratio: Technician: BR
Reveg- Method direct seeding

Quadrat | Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)

DC-1 | Melaleuca? 3 -
unidentified 1 -

DC -2 | Melaleuca? 1 -

DC-3 | Regelia 1 -

D20 — 1 | Acacia lasiocarpa 1 -
unidentified 1 -

D20 — 2 | Regelia? 1 -

D20 — 3 | Acacia lasiocarpa 4 -
Acacia pulchella 1 -

D30 — 1 | Acacia lasiocarpa 1 -
Acacia pulchella 1
Jacksonia? 2
Kennedia prostrata 1 1
unidentified 0 1

D30 -2 | no germinates found 0 .

D30 — 3 | Acacia lasiocarpa 2 -
Acacia pulchella 1 -
Kennedia prostrata 1 -

D40 -1 | No germinates found 0 .

D40 — 2 | Acacia lasiocarpa 1 -
Unidentified 1

D40 — 3 | Acacia lasiocarpa 1 i

DC = control, D20 = 20mm, D30 = 30mm and D40 = 40mm

61/22541/11278 Compost Evaluation Trials NPBH Page __ of __

Monitoring record




@" Revegetation
Bl Monitoring Record

Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 28/10/08
Location: Wetland Weather: Overcast Plot: Dry
Site Description Soil/Compost ratio: Technician: BR

Reveg- Method direct seeding

Quadrat | Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)

DC-1 | No germinates found 0 -

DC -2 | No germinates found 0 -

DC-3 Regelia 1 -

D20 -1 | Acacia 1 -

D20 - 2 | Regelia 1 -

D20 - 3 | Acacia 4 -

D30 — 1 | Acacia 4 -
Kennedia 2
unidentified 1

D30 -2 | no germinates found 0 -

D30 — 3 | Acacia 2 -
Kennedia 1

D40 -1 | No germinates found 0 -

D40 — 2 | Acacia 1 -
Unidentified 1

D40 — 3 | No germinates found 0 -

DC = control, D20 = 20mm, D30 = 30mm and D40 = 40mm
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 29/04/09
Location: Wetland Weather: Overcast Plot: Dry

Site Description Soil/Compost ratio: Technician: TnR
Reveg- Method direct seeding

Quadrat | Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
DC-1 | Melaleuca sp 1
Unidentified 1
Unidentified 1
DC -2 | Regelia ciliata 1
DC -3 | Regelia ciliata 1
D20 — 1 | Acacia pulchella 2
D20 — 2 | Regelia ciliata 1
Acacia pulchella 2
D20 — 3 | Acacia pulchella 4
Kennedia prostrata 1
D30 — 1 | Kennedia prostrata 1
Acacia pulchella 2
Unidentified 2
D30 -2 | No germination
D30 — 3 | Acacia pulchella
Kennedia prostrata
D40 -1 | No germination
D40 — 2 | Acacia pulchella 1
Regelia ciliata 1
Viminaria juncea 1
D40 — 3 | Acacia pulchella 1
Allocasuarina sp 1
DC = control, D20 = 20mm, D30 = 30mm and D40 = 40mm
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Recruitment and Survival

Project: Compost evaluation trial NPBH Job Number: 61/22541 Date: 17/08/09
Location: Wetland Weather: Stormy Plot: Dry
Site Description Soil/Compost ratio: Technician:
TNR
Reveg- Method direct seeding
Quadrat | Taxa Total Attrition
(Species/Common name) Recruitment (actual) | (actual)
DC -1 | Kunzea ericifolia 1 Native
Gastrolobium capitatum 1 2%
DC -2 | Acacia pulchella 1 Native
Bossiaea eriocarpa 1 2%
Ficinia nodosa 1
DC-3 | Melaleuca sp 1 Native
<1%
D20 — 1 | Acacia pulchella 1 Native
<1%
D20 — 2 | Acacia pulchella 1 Native
Unknown sp 1 <1%
D20 - 3 | Acacia pulchella 3 Native
2%
D30 — 1 | Jacksonia furcellata 2 Native
Kennedia prostrata 1 5%
Acacia pulchella 2
D30 — 2 | Trifolium sp 10 Native
Flatweed 1 <1%
Ficinia nodosa 1 Weed
3%
D30 — 3 | Acacia pulchella 4 Native
Kennedia prostrata 1 2%
Trifolium sp 2 Weed
1%
D40 — 1 | Weed (too small to ID) 1 Native
Unknown native sp (too small to ID) 2 <1%
Weed
<1%
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D40 — 2 | Acacia pulchella 2 Native
Acacia extensa 1 2%
Regelia inops 1 Weed
Hypochaeris glabra 3 1%

D40 — 3 | Acacia pulchella 1 Native
Allocasuarina sp 1 3%
Kennedia prostrata 1 Weed
Trifolium sp 1 <1%

DC = control, D20 = 20mm, D30 = 30mm and D40 = 40mm
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Field Data Sheet

Client Project Groundwater Monitoring

Job Number Sampled by

Date Site Contact

Site Notes

Sample ID Depth to Depth of | Volume of | Purge Description
groundwater | well (m) well (L) volume (L)

(m)
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Photo Point
Monitoring Record

Project: Compost evaluation trial NPBH Job Number: 6122541 Date:

Location: Weather: Plot:

Site Description: Soil/Compost ratio: Technician:
Reveg- Method:

Photo Waypoint | Number of photos taken | Photo Description

Point Number (North, panoramic, etc) Number

61/22541/11390 Compost Evaluation Trials NPBH Page __ of __
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Project: Compost Evaluation trial NPBH

Job Number: 61/22541

Date:

Location:

Weather:

Plot/Quadrat:

Site Description:

Soil/Compost ratio:

Technician: BR

GPS Coordinates E

N

10

10

61/22541/11426 Compost Evaluation Trials
vegetation monitoring sheet

of




@" Revegetation
~—

Monitoring Record

Recruitment and Survival

Project: Job Number: Date:
Location: Weather: Plot:
Site Description Soil/Compost ratio: Technician:

Reveg- Method

Quadrat | Taxa

(Species/Common name)

Total

Attrition

Recruitment (actual) | (actual)

61/22541/11278 Compost Evaluation Trials NPBH
Monitoring record

Page  of




@I' Revegetation
Bl Monitoring Record

Native Seedling growth

Project: Job Number: Date:

Location: Weather: Plot:

Site Description Soil/Compost ratio: Technician:

Quadrat | Species Quadrat condition rating Height
5-1) (cm)

61/22541/11278 Compost Evaluation Trials NPBH Page __ of __

Monitoring record




@" Revegetation
Bl Monitoring Record

Weed Abundance

Project: Job Number: Date:
Location: Weather: Plot:
Site Description Soil/Compost ratio: Technician:
Quadrat | Taxa % weed Weed Total Growth Weediness
(Species/Common name) | cover dominance | number of | stage index
weeds
(actual)
61/22541/11278 Compost Evaluation Trials NPBH Page __ of __

Monitoring record




| — Soil
@ Sampling Record

Project: Job Number: Date:
Location: Weather: Plot:
Site Description Soil/Compost ratio: Technician:

GPS Coordinates

Sample | Field Soil description Soil depth
id surface pH (Colour, soil type, odour, texture and moisture) (cm)
61/22541/11281 Compost Evaluation Trials __of

soil sampling sheet




@Il Revegetation
Bl Monitoring Record

Photo Points - Each plot, North, South, East and West. (photos added after each visit)
Plot maps (plot maps obtained from Karl and Alan and to be taken out onsite)

61/22541/11278 Compost Evaluation Trials NPBH Page of
Monitoring record T
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Appendix E
Cost Breakdown
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Wetland Actual Construction Cost.xls

ANSLEY WETLAND PROPOSAL - CONSTRUCTION COST

ITEM NO DESCRIPTION UNIT QTY Rate Contract Cost Provisinal Total Est Cost
Sum
SCHEDULE ITEMS - WORKS (Insert and delete lines as required)
Item $ =
1.0 |WETLAND A - 33000 m2 - Planted 2007 $ -
Destumping and removal of debris item 1 $ 35,000.00 | $ 35,000.00
Topsoil striping item 1 $  5,000.00 | $ 5,000.00
90000 2.49]'$  224,100.00 $  224,100.00
Earthworks - Removal of up to 90,000 tonne sand (No cost to Offset) | tonne
Import topsoil from alignment item 1 $  4,000.00 | $ 4,000.00
Import mulch and other materials from alignment item 1 $ 12,000.00 [$  12,000.00
Direct Seeding ha 33 4500 $ 14,850.00 [$  14,850.00
Hand planting ea 10000 25 $ 25,000.00 | $ 25,000.00
Fertiliser - Tablets item 1 $  1,500.00 | $ 1,500.00
Fencing m 800 24.49 $ 19592.00 |$  19,592.00
Pest Control / Herbicide works item 1 $  2500.00 | $ 2,500.00
Management Costs / Supervision $ 15000.00 [$  15,000.00
$ o
$ o
2.0 |WETLAND B and C - Planted 2008 $ -
Destumping and removal of debris item 1 $ 45,000.00 $ 45,000.00
Topsoil striping item 1 $ 32,293.00 $ 32,293.00
Earthworks - Removal of 700,601 tonne of sand tonne | 700601 2.49($ 1,744,496.49 $ 1,744,496.49
Contour and clean up works item 1 $  65588.00 $ 6558800
Import mulch and other materials from borrow pit item 1 $ 8000.00 | $ 8,000.00
Direct Seeding 13 ha ha 13 4500 $ 58,500.00 | $ 58,500.00
Hand planting 13ha + uplands of 3.5 ha ea 29000 25 $ 72,500.00 | $ 72,500.00
Fertiliser item 1 $  3,000.00 | $ 3,000.00
Fencing m 910 24.49 $ 2228590 |$  22,285.90
Pest Control / Herbicide works item 1 $  7,500.00 | $ 7,500.00
Import and Place Limestone Access tracks m 1900 20 $ 38,000.00 | $ 38,000.00
Management Costs / Supervision $ 15000.00 [$  15,000.00
3.0 |AFTERCARE - REPLANTING MAINTENANCE 2009 - 2010 I/'s $ 30,000.00 [$  30,000.00
Sub Total $ 2,111,477.49 [ $ 389,227.90 | $ 2,500,705.39
4.0 |DEC Contribution - Purchase of Compost / Mulch and Spreading
Mulch Purchase - Urban Resources m3 3000 6.05 $ 18,150.00 | $ 18,150.00
Compost Purchase including delivery costs m3 945 44.27 $ 4183515 $ 41,835.15
Spreading Costs - Mix, load and spreading item 1 $ 4439400 ($  44,394.00
Totals $ 2,111,477.49 [ $ 493,607.05 | $ 2,605,084.54
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