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1. Introduction

Coffs Harbour City Council (CHCC) has provided a response to the Draft Planning Studies for
Pacific Bay Western Lands (Pacific Bay), Korora Project.  This includes the reports by Holmes &
Holmes that assessed soil contamination issues.  According to the Holmes & Holmes
assessments, it has been determined that there is soil contamination that needs to be
addressed on Lot 5 DP 820652 (soil contamination at the other lots was not considered to be an
issue).  The report provided by Holmes & Holmes P/L contained a remediation strategy which
was supported by CHCC, however, it was determined by CHCC that additional detail is required
to satisfy guideline requirements in terms of the environmental management of the site,
validation sampling and reporting.

This remediation action plan (RAP) is an addendum to the remediation strategy proposed by
Holmes & Holmes that provides a description of the remediation program, and the procedures
and standards which will be followed during the course of the project to protect the environment
and human health.

1.1 Objectives
The primary objectives of the site remediation program are:

� To remediate the specified areas of the site to a condition suitable for the proposed
residential use of the land;

� To remove unacceptable risk to human health and/or the environment associated with
contaminated material in these areas, based on the proposed site use;

� To identify and obtain necessary approvals or licences from regulatory authorities for
handling and disposal of material as required by the selected remediation strategy; and

� To ensure the protection of the remediation workforce, surrounding community and the
environment throughout the remediation works.

1.2 Scope of Remediation and Responsibilities
The general scope of work, as further described in this RAP will comprise the following
activities:

� Remediation works: to be undertaken by the Owner (Pacific Bay);

� Supervision and validation of remediation works: by the Environmental Consultant; and

� Documentation of the remedial works and validation: by the Environmental Consultant.
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2. Site Location and Description

The property is described as Lot 1 DP 592173, Lot 2 DP 226560, Lot 23 DP 716144, and Lot 5
DP 820652.  It is located at Map Reference 514 N 123 E, on the 1:25,000 Coffs Harbour
Topographical Map, and is situated 6 km north of Coffs Harbour CBD (Figure 1, Appendix A).

The property extends between Bruxner Park Road, Pacific Highway and West Korora Road with
an approximate area of 24.5 ha.  A ridge of high ground runs east-west through the northern
half of the site with Jordans Creek, parallel to West Korora Road running along inside the
southern boundary.

Most of the land has been cleared and is now pasture after being formerly used for bananas
and small cropping.  In the south west corner and along the creek there is an area of about 4 ha
which has not been cleared for agricultural purposes.

Most of the land has slopes of less than 20% but the southern side of the ridge line drops
steeply at first, with slopes of up to 35%.  The lower flatter slopes to Jordans Creek may
potentially have a high water table in wet periods.
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3. Proposed Development

The central theme of the design concept is to integrate the new development with existing
recreational and landscape features on the site. A clear urban structure is defined, linking the
development to surrounding green space and the coastline beyond.

The proposed concept is a residential community comprising approximately 200 dwellings
which utilise the existing recreational and landscape features of the site. These are linked with a
network of landscaped streets, pedestrian pathways and view corridors. There is no
development proposed for the areas of the site zoned 7A Habitat and Catchment. These areas
will be cleaned up and the vegetation allowed to regenerate. A clear urban structure will be
defined, linking the development to surrounding green space and the coastline beyond. Salient
features of the proposal include:

� A network of landscaped streets and pedestrian pathways, utilising site topography and
aspect;

� Creation of view corridors to coastline and surrounding vistas;

� Utilisation of existing recreational space on site, linked to focal green spaces within the
development.

The preliminary development concept is shown in Appendix B.

The proposed development concept provides for a mix of low and medium density dwellings.
The low density development comprises single detached dwellings on lots starting in size from
450m2. The medium density development will comprise townhouses and up to 3 story
residential apartments. It is also envisaged that some lots will include and back onto the
vegetated areas of the site.

The proposed road network aims to respect the existing topography of the site by following the
general contours, which will also help to emphasize the integration of the development into the
surrounding landscape and provide positive visual impacts for the development when viewed
from surrounding areas.
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4. Assessment Criteria
4.1 Relevant Assessment Guidelines
The NSW Environmental Protection Agency (NSW EPA) now known as the NSW Department of
Environment and Climate Change (NSW DECC) released the Guidelines for Assessing Banana
Plantation Sites (EPA, 1997), to assist in the assessment of former banana plantations. The
guidelines provide methodology for site assessment, remediation and validation as well as
contaminant threshold concentrations for the primary contaminants found on banana lands.

Additionally, pursuant to CHCC requirements, matrix soil sampling must be undertaken on all
land located within the CHCC Local Government Area with a history of banana growing, prior to
any dwelling approval. Also, the CHCC Korora Rural Residential Development Control Plan
2004 (DCP) infers that a minimum 1,500 m2 building envelope on each created lot must be
assessed and remediated (if required) for contaminants associated with former banana
plantation sites.

The guidelines used to assess the soil contamination status of the site and remediation options
included:

� National Environmental Protection Council (NEPC) (1999) National Environmental Protection
(Assessment of Site Contamination) Measure 1999, (NEPM, 1999);

� NSW Environmental Protection Agency (1995): Guidelines for the Vertical Mixing of Soil on
Former Broad-Acre Agricultural Land, (NSW EPA, 1995);

� NSW EPA (1997): Guidelines for Assessing Banana Plantation Sites, (NSW EPA, 1997);
and

� Australian and New Zealand Environment and Conservation Council (1992). Australian and
New Zealand Guidelines for the Assessment and Management of Contaminated Sites
(ANZECC/NHMRC, 1992).

4.1.1 Soil Investigation Thresholds

The NEPM includes a range of Soil Investigation Levels including Ecological Investigation
Levels (EILs) and Health Investigation Levels (HILs). Essentially both EILs and HILs are default
values designed to protect the environmental and human receptors respectively.

The NSW EPA (1997) Guidelines for Assessing Banana Plantation Sites  lists human health
investigation thresholds for the primary contaminants found in banana lands. The EILs and HILs
for the most likely potential contaminants of concern for the site are shown in Table 1 below.

Table 4-1 Assessment Criteria

Potential
Contaminants

Ecological Investigation
Levels 1

Human Health Investigation
Thresholds 2

Arsenic 20 100

All units in mg/kg dry weight

1. Provisional phytotoxicity-based investigation levels from Guidelines for the NSW Auditor Scheme or
equivalent NEPM Schedule B(1) EILs.

2. EPA (1997) Threshold Concentrations
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The most relevant criteria, in regards to the remediation detailed in this report, is the HIL for
arsenic. The HIL values will therefore be used to determine if the site is suitable for the
proposed residential purposes. The EIL’s have been provided for comparison purposes only.
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5. Regulatory Requirements

5.1 Preparation of RAP
This RAP has been prepared with consideration of relevant guidelines and policy, as listed
below. Brief discussions of particularly relevant aspects of these guidelines, Acts and
regulations are provided in the following sections.

The Owner shall be responsible for ensuring the remediation works are carried out in
accordance with these guidelines and policies.

5.1.1 Remediation Notification

The remediation is considered to be category 2, under Clause 14 of SEPP 55 –  Remediation of
Land, by reason of not being category 1. None of the issues, which would make the remediation
category 1 under Clause 9 of SEPP 55, are known to apply to the site. As required by SEPP 55,
CHCC should be notified at least 30 days prior to the commencement of remediation.

CHCC should also be notified within 30 days of completion of the remediation works.

5.1.2 Coffs Harbour City Council Requirements

CHCC representatives have indicated to GHD that they have no official Remediation Policy,
other than the remediation of lands be carried out in accordance with NSW EPA guidelines, and
other relevant NSW State legislation.

5.1.3 Protection Of The Environment Operations Act 1997

Schedule 1 of the POEO Act lists activities that are required to be EPA licensed. The scale of
the proposed remediation works is less than that which would require licensing.

The Owner shall be responsible for ensuring the remediation works are carried out in
accordance with regulatory requirements such as those arising under the POEO Act 1997.

5.1.4 Waste Classification Guidelines 2008

On 28th April 2008, DECC replaced the Environmental Guidelines: Assessment, Classification
and Management of Liquid and Non-liquid Wastes (NSW EPA, 1999) with the Waste
Classification Guidelines (DECC, 2008).

The Owner shall be responsible for ensuring that all waste generated and disposed of off site is
undertaken in accordance with the Waste Classification Guidelines (2008).

5.1.5 Protection of the Environment (Waste) Regulations

The regulations define a “non-licensed waste activity”  as an activity that is carried on for
business or other commercial purposes, and involves the generating or storage of industrial
waste, and is not licensed under the Act.

Sections 16 & 17 of the waste regulations apply to non-licensed waste activities and
transporting.
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1. Generally, these activities must comply with the following environment protection standards
to ensure they do not harm the environment:

2. The waste must be stored in an environmentally safe manner.

3. The waste generator has transport documentation requirements, unless an “authorised
contractor”  is used to transport the waste from the premises.

4. If the waste is transported from the premises, the waste generator must ensure that the
waste is transported:

–  to a waste facility that is licensed under the Act; or

–  to a person carrying on mobile waste processing that is licensed under the Act; or

–  to a place that can otherwise lawfully be used as a waste facility for that waste.
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6. Contamination Status and Proposed
Remediation Strategy

Previous contaminated land assessments have been undertaken for the Pacific Bay project.
These reports contain documentation on the results of the contaminated land assessments
carried out on the subject site. This information was used to determine a remediation strategy
that has since been approved by CHCC with the provision that additional detail is required to
satisfy guideline requirements in terms of the environmental management of the site and the
required validation sampling and reporting.

Previous contaminated land investigations within the Study Area include:

� Douglas Partners, 1996, Stage 1 Preliminary Site Investigation Pacific Bay Western Lands

� Holmes and Holmes Pty Ltd, 1999, Report on sampling and testing for primary contaminants
at Lot 5 DP820652 and Lot 1 DP592173, Bruxner Park Road, Korora

� Holmes and Holmes Pty Ltd, 1999, Report on sampling and testing for primary contaminants
at Lot 2 DP226560 West Korora Road, Korora

� Holmes and Holmes Pty Ltd, 1999, Report on sampling and testing for primary contaminants
at Lot 23 DP716144 West Korora Road, Korora

A copy of each of these reports is provided in Appendix C.

6.1 Douglas Partners (1996) Stage 1 Preliminary Site Investigation Pacific
Bay Western Lands

The Douglas Partners report conducted a Preliminary Site Investigation that included:

� Identifying past and present potentially contaminating activities;

� Report on current site conditions; and

� Provide a preliminary assessment of the site contamination.

Limited soil sampling was conducted in areas where the historical and site visit indicated the
highest potential for contamination. These areas were primarily those indicated by the CHCC
“Agricultural and Chemical Residue Policy Map for Banana Lands”.

The analystical results indicated that one soil sample contained concentrations of arsenic
greater than the acceptable criteria for residential development. The report recommends the
extent of the metal contamination be further investigated and a remedial action plan be
developed.

6.2 Holmes and Holmes Reports
In 1999, Holmes & Holmes completed three assessments of the primary contaminants identified
at the subject property, in accordance with the Draft Guidelines for Former Banana Plantation
Sites (1992) and the Draft Guidelines for Vertical Mixing of Former Broad-acre Agricultural Land
(1994). Lot 5 DP 820652 was found to have arsenic concentrations in the soil that exceeded the
NEPM guidelines due to historical banana cultivation.  A summary of the results and
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recommendations for this site are provided below. None of the other relevant parcels (Lots 1, 2
and 23) were found to contain concentrations of the parameters analysed greater than the
relevant guidelines and are therefore not considered further in this report.

There were 12 locations where arsenic residue exceeded the threshold levels and remediation
will be required.  The maximum arsenic exceedance was 175 ppm.

According to the Holmes & Holmes report, there was one location where copper residue (170
ppm) exceeds the threshold levels (60 ppm).  The NEPM Health Investigation Level for copper
has been revised to 1000 ppm since this report was published in 1999 so this exceedance is no
longer an issue for residential development.

Due to arsenic contamination, Holmes & Holmes recommended vertical mixing to a depth of
350 mm on two sections in the northeastern portion of the property.  The areas recommended
to be vertically mixed are presented in Figure 2, Appendix A.

At the location of Sample 1065, Composite AQ, the contamination was found at depth and it
was considered that vertical mixing would not be able to effectively reduce the arsenic
concentrations to below the threshold level.  It was proposed that this area of contamination be
further delineated.  Once a more accurate extent of contamination is known the soil should be
removed and encapsulated below roadworks. It was estimated that 300m3 of soil will need to be
encapsulated.

Two of the locations that exceeded the arsenic guidelines occur in the road reserve along the
western boundary of the property, as shown in Figure 2, Appendix A.  To identify remediation
requirements, this boundary will have to be located and additional samples taken from within
the residential footprint.

6.3 Contingency
If localised areas containing significantly higher concentrations of contamination are discovered
during delineation or validation of the site, GHD suggests another means of remediation may be
required for these areas.

As a contingency, procedures for excavation and disposal of contaminated soil have been
incorporated into the RAP.
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7. Remediation Works Procedures

7.1 Introduction
This section provides a general description of remediation procedures required to protect health
and safety during the remediation works. It is the responsibility of the Contractor to undertake a
risk assessment and implement safe work procedures before commencing work.

7.2 Scope and Extent of Remedial Works
A summary of steps involved to address the contamination issues at the site is provided below.

� Preliminary Work:

–  Prepare a site specific Occupational Health and Safety (OH&S) Plan;

–  Review utility location information for the site; and

–  Undertake additional sampling and analysis to delineate contamination adjacent to the
road reserve and at the location of Sample 1065.

� Notify CHCC

–  Submit a notification letter to CHCC of remediation work proposed for the site;

� Site Establishment:

–  Ensure site access is restricted;

–  Provide site safety; and

–  Provide environmental controls (including installation of run-off control) where necessary
and in accordance with the site specific Soil and Water Management Plan.

� Remediation and Validation Sampling:

–  Clearly mark out the nominated remediation areas;

–  Complete remediation and validation sampling as described below; and

–  Validate in accordance with Section 10.

� Demobilisation: Remove site access controls.

� Validation Reporting:

–  Report on remediation methods/procedures, QA/QC testing and validation sampling of
remediated area, as outlined in Section 10 below.

7.3 Site Mobilisation

7.3.1 Site Security

The Contractor shall ensure that the designated work area (remediation zone) remains
adequately controlled to prevent unauthorised persons from accessing the area and
subsequently gaining direct access to the remediation zone, or to areas of operating machinery.
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7.3.2 Site Entry/Exit

Access to the remediation works areas will be strictly controlled and all access points will be
subject to prior written approval by the Contractor.

The site entry will be controlled in a manner that will prevent unauthorised personnel/vehicles
entering the designated remediation area. All on-site workers will be required to complete a site
safety induction and consequently sign the site Health and Safety Plan prior to commencement
of the project. Authorised vehicle movements into and out of the designated remediation area
will be controlled to prevent migration of contaminated soil.

7.3.3 Plant Use

All equipment activities undertaken during the remediation operation will be carried out
according to appropriate practices in order to prevent fuel and waste oil spillage, and ensure all
vehicles leaving the site are free of any contaminated material, which may potentially pollute
roads etc. Any fuel spillage will be cleaned up immediately by removing stained soils, which
must be stored and characterised for appropriate disposal. No re-fuelling or maintenance
activities shall be undertaken on-site.

7.4 Contamination Delineation
Holmes & Holmes recommended that the contamination at the location of Sample 1065, and the
road reserve be further delineated prior to remediation works proceed.

Soil samples will be collected from around each hotspot location to identify the vertical and
lateral extent of impacts. Samples will be collected with a hand auger to a maximum depth of
0.5 m.  Samples will be collected from representative undisturbed soils and should generally
include 150mm, 300mm and 500mm.

All soil sampling equipment will be decontaminated between sample collection and new
disposable gloves will be used for the collection of each soil sample.

Duplicate samples (including blind and split duplicates) will be collected for Quality Control
purposes at a rate of 1 in 10 samples. Duplicates will be collected sequentially from the sample
location.

Collected soil samples will be immediately transferred to sample containers of appropriate
composition which have been pre-treated in a manner appropriate for the laboratory analysis.
All sample containers will be labelled with a sample number, sample location, sample depth and
sample date. The sample containers will then be transferred to a chilled esky for sample
preservation prior to and during shipment to the testing laboratory. A chain-of-custody form will
be completed and forwarded with the samples to the testing laboratory.

Soils penetrated during the investigation will be described in accordance with the Unified Soil
Classification system, with features such as seepage, decolourisation, staining, odours and
other indications of contamination being noted. This information was recorded on the field
sheets, completed for the sampling locations.

Samples collected will be analysed for arsenic. Assessment of results will be undertaken in
accordance with Section 4 of this RAP.
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7.5 Vertical Mixing

7.5.1 Extent of Works

According to Holmes & Holmes, vertical mixing to a depth of at least 350 mm is necessary to
reduce the arsenic concentrations to acceptable levels for residential zoning.

Based on trials described in EPA (1995b), suggested methods for vertical mixing include:

� Dozer ripping, with wing tine only (6 passes);

� Dozer ripping with wing tine (2 passes), and mixing with a road stabiliser (3 passes)
(homogeneous mixing using the rotary hoeing principle); and

� Dozer ripping with standard tine (2 passes), followed by blade mixing (1 pass).

The above list is not exhaustive and other machinery may give equivalent or better vertical
mixing results. It should also be noted that the vertical mixing process might need to be
repeated to ensure that the mixing is effective and that clean-up goals are attained.

7.6 Excavation

7.6.1 Bulk Excavation Works

The bulk excavation of contaminated soil at Sample 1065 will include the following steps:

1. Excavate contaminated soil layer;

2. Stockpile excavated soil for characterisation sampling, in order to confirm waste
classification in accordance with Waste Classification Guidelines (DECC, 2008);

3. Transport contaminated material by appropriately licensed waste transporter to an area to be
encapsulated below roadworks;

4. Validate base of excavations; and

5. Reinstate excavation in accordance with requirements for the proposed land use.

7.6.2 Method of Excavation

The relatively shallow position and generally level area will allow an excavator or backhoe to be
used for all excavation operations. A "mud bucket" or smooth edged bucket will be used to allow
precise excavation of particular strata.

All excavations undertaken within the contaminated zone will be conducted under supervision of
an environmental consultant to ensure all contamination is removed and objectives of the RAP
are fulfilled. The Environmental Consultant will undertake visual inspection and sampling on
completion of the excavations to validate the remediation.

7.6.3 Excavation Procedure

The following sequence of steps should be followed prior to commencing any excavation
operations:

1. The Environmental Consultant will brief the plant operator in the field on the following:
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–  the boundaries of the area to be excavated;

–  the expected depth of excavation;

–  the manner in which materials are to be excavated and stockpiled; and

–  the area where stockpiling of imported fill material can take place.

2. Prior to the commencement of excavations in the given area, the contractor shall construct
surface run-off protection measures around the immediate area of the excavation in order to
prevent surface waters running into or out of the excavation. Further details on surface water
controls around excavations are given in Section 8.

3. The contractor shall ensure that at all times the sides of the excavation are stable.

4. The contractor shall undertake all excavation works in a manner that will minimise the mixing
of different material types, i.e. contaminated soil and relatively “clean”  material.

5. Removal of any in-ground or underground structures should be undertaken in conjunction
with, or following excavation of contaminated soil, to avoid potentially mixing of contaminated
and uncontaminated areas. Removal of these structures may reveal additional areas of
contamination requiring remediation.

6. Based on the known hydrogeological characteristics of the site it is not expected that ground
water will be encountered. If perched water is encountered the contractor will allow it to
naturally drain to a sump located at one corner of the excavation. Samples will be collected
from the water within the sump and analysed prior to disposal, with the disposal route being
dependent on the concentration of contaminants in the water.

7. Upon completion of the excavation the contractor shall ensure that plant and equipment is
cleaned and decontaminated.

7.6.4 Validation

The validation sampling protocol for the remedial work is detailed in Section 10.

7.7 Backfill Requirements (Contingency - If required)
On completion and subsequent validation approval, the excavation will be backfilled with
validated fill material. Validation requirements for fill are detailed in Section 10.

7.8 Material Tracking Control
A critical aspect of remediation operations is the manner by which materials are controlled
throughout all stages of the works.

The following tracking control requirements for each stage shall be implemented to ensure all
materials are accounted for:

1. Excavation

–  The area to be excavated shall be clearly delineated.

–  Qualified supervision shall be used during excavation to ensure that all contaminated
materials are removed.

–  The final extent of excavation shall be measured and recorded.
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2. Stockpiling/Backfilling

–  All stockpiling and backfilling operations during the remediation operation will be
minimised. Material will only be moved from one location to another when expressly
approved by the Environmental Consultant. All such movements shall be clearly
documented.

3. Transport

–  Transport of contaminated material from the site will be controlled by the system
described below.

7.9 Transport Of Material (Contingency –  if required)
Transportation of contaminated material shall be undertaken in accordance with the following
procedures:

Wastes shall only be removed for off-site treatment or disposal after the material has been
classified and written approval has been received for the disposal of the contaminated soil at
the nominated treatment or disposal site.

1. Waste tracking shall be undertaken in accordance with DECC requirements.

2. The Environmental Consultant  shall issue an instruction to the contractor to remove the
material to the approved destination. The contractor shall record each load of contaminated
material leaving the site.

3. A copy of the waste depot's weight-bridge docket (and corresponding EPA docket - if
relevant) for each load delivered shall be given by the contractor to the Environmental
Consultant within 2 days of the load being removed from the site. This will ensure material
tracking can be maintained.

4. All trucks shall have the load securely covered by a tarpaulin with nominal overhang of 200
mm.

5. Any vehicles used to transport contaminated materials from the site shall meet NSW EPA
licensing requirements for the waste transported.

6. All trucks carrying contaminated materials off-site shall have the exterior of the vehicle,
including wheels, thoroughly cleaned down by the Owner after it has received its load and
prior to the vehicle leaving the site. Only vehicles which have clean exterior bodywork and
which will not pollute the off-site transportation corridors shall be permitted to leave the site.

7. Excavation and loading out of contaminated material shall allow sufficient time to transport
and dispose of this material to the approved treatment or disposal facility on the same day.
Contaminated material shall not be permitted to remain in vehicles outside of the working
hours designated in Section 8.2, unless it is secured on the site or at the approved disposal
facility.

7.10 Remediation Contingency Plan
The site has been investigated for contamination as detailed in Section 6, however, a degree of
uncertainty is inherent in any site contamination investigation.
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A contingency plan to be followed in the event of unexpected situations is required. The
Contractor will be required to follow the contingency plan if unexpected situations are
encountered. The following outlines some of the unexpected situations that may arise:

� A higher degree of soil contamination (hotspots) may be encountered than is presently
anticipated;

� Contaminants in addition to the type already identified on-site may be encountered;

� Contaminated material in addition to the type already identified on-site may fail the Waste
Classification Guidelines  (DECC, 2008), and not be acceptable for disposal; and

� Side effects of remedial works such as unacceptable levels of odour, noise, dust, and
surface runoff may be generated.

The contingency plan for each of the above points is discussed below.

Contingencies for “hotspots”, if encountered during validation of the site, will be likely to involve
delineating the extent of the contamination by an Environmental Consultant and the removal of
the contaminated soils for disposal at an appropriately licensed facility.

The presence of previously unidentified types of contaminants may be determined during
remedial works by observation of any unusual physical/ sensory characteristics of the impacted
soil. If previously unidentified types of contaminants are detected, then the validation criteria
may have to be revised to incorporate those contaminants.

In the event that significant additional contaminants are identified, work would cease in the area
of concern. The Environmental Consultant at the request of the client would undertake an
assessment of the impact of the additional contaminants.

Any potential contaminated solid material in addition to the type already identified will be treated
in a method considered suitable for the type of contaminant. At the request of the client,
additional sampling and analysis would be undertaken to determine requirements in this
respect. Guidance would be sought from the Waste Classification Guidelines  (DECC, 2008).

The RAP has considered the potential environmental impact of side effects of the remediation
works such as noise, odour, dust and surface runoff. However, in the event that unacceptable
levels of such effects are detected at the site boundaries during remedial works, the
Environmental Consultant will assess the situation and advise the Contractor of corrective
action in accordance with Section 4 and current Council and DECC regulations and
requirements.

7.11 Long Term Site Management
GHD considers that following successful completion of the remediation, there will be no further
management required for the remediated areas of the site, pertaining to the contaminants
remediated.

Notation should be made on the s.149 certificates for lots with capped material, to ensure any
future works which may disturb this material are undertaken in accordance with appropriate
procedures.
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8. Protection of the Environment and Community

8.1 Objectives
The remediation operation shall involve the installation and maintenance of environmental
protection and pollution control measures as detailed within this section of the RAP. These
measures are designed to achieve the following objectives:

� Prevent contaminated soil from leaving the designated remediation areas and polluting
surrounding areas;

� Suppress dust generated in the remediation areas;

� Prevent surface water runoff from the remediation areas leaving the sites;

� Minimise nuisance from noise generated from equipment operations during the remediation
operation;

� Protect designated vegetation;

� Protect ground water resource; and

� Minimise vibrations.

8.2 Hours Of Operation
All remediation work, including transport, shall be conducted within the following hours:

Monday to Friday 7 am –  6 pm

Saturday 8 am –  1 pm

No work will be undertaken on Sundays or Pubic Holidays.

8.3 Containing Contaminated Material
It shall be the responsibility of the Contractor to ensure all potentially contaminated material is
contained on-site within the confines of the designated work areas. This will be achieved by the
control of potential pathways capable of moving contaminated material off-site.

These pathways include:

� Vehicle/plant movements;

� Erosion/sediment transport;

� Surface water runoff; and

� Dust generation.

These are addressed in the following sub-sections.

8.4 Soil And Water Management
All remediation works will be undertaken in accordance with a site-specific Soil and Water
Management Plan, as shown in Appendix D. The Contractor will provide the equipment for the



17Pacific Bay Western Lands, Korora
Remedial Action Plan

22/13298/13003

erosion and sediment control measures, and will be responsible for their implementation and
maintenance throughout the remediation works. A summary of relevant measures is presented
below.

8.4.1 Surface Runoff Control

Runoff control measures will be followed as outlined in the Soil and Water Management Plan
(Appendix D), and will include silt fences and diversion drains to prevent runoff/ suspended
solids entering or leaving remediation areas (if rain is expected).

8.4.2 Stockpiles

1. All stockpiles of soil or other materials shall be placed away from drainage lines, or
stormwater pits or inlets;

2. All stockpiles of soil or other materials likely to generate dust or odours shall be covered; and

3. All stockpiles of contaminated soil shall be stored in a secure area and be covered if
remaining more than 24 hours. (It is noted that this requirement refers to soil specifically
requiring treatment or disposal, and not to general stockpiles of soil which are not likely to
contain contaminated material.

8.4.3 Vehicle Access

In relation to vehicle/ plant movement it shall be the responsibility of the Contractor to ensure all
vehicles/ plant equipment leaving a designated contaminated work area are free of
contaminated material.

8.4.4 Excavation Pump-out

If any water is required to be pumped from excavations, it must be analysed for suspended
solids, pH, and arsenic before discharge to the stormwater system or surface drainage
channels. The analytical results must comply with the relevant EPA and ANZECC standards for
water quality.

Other options for the disposal of excavation water include off-site disposal by a liquid waste
transporter for appropriate treatment/disposal.

No surface runoff and/or water from excavations/pits/trenches from the working area of the site
is permitted to be discharged to the surrounding environment, except as may be required for
dust suppression with the express approval of the Environmental Consultant. In no cases shall
this be permitted where such use will impact surface water quality or lead to erosion or
sediment migration.

8.4.5 Landscaping

Due care shall be taken to protect any existing vegetation unless removal is required to
undertake the remedial works.
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8.5 Noise
It shall be the responsibility of the Contractor to minimise noise generated from the remediation
operations in accordance with DECC and local council standards.

The remediation works shall comply with the NSW EPA’s Noise Control Guideline: Construction
Site Noise (SPCC, 1985) for the control of noise from construction sites which specifies that:

� For a cumulative period of up to 4 weeks, the noise level as measured by the LA10 (15
minute) emitted by the works to specific residences should not exceed the background noise
level, LA 90 (15 minute), by more than 20 dB(A);

� For a cumulative period of between 4 weeks and 26 weeks, the emitted noise level as
measured by the LA10 (15 minute) should not exceed the background noise level, LA 90 (15
minute) by more than 10 dB(A); and

� For a cumulative period of greater than 26 weeks, the emitted noise level as measured by
the LA10 (15 minute) should not exceed the background noise level, LA 90 (15 minute), by
more than 5 dBA.

All equipment shall be operated in an efficient manner to minimise noise, and shall be in good
working order and fitted with silencers appropriate for the required noise levels.

8.6 Vibration
The use of any plant and/ or machinery shall not cause vibrations to be felt or capable of being
measured at any premises.

8.7 Air Quality

8.7.1 Dust and Particulate Control

Dust emissions shall be confined within the site boundary. The following dust control
procedures may be employed to comply with this requirement:

� Avoid undertaking earthworks during excessively dry or windy conditions; and

� Use water sprays to suppress dust if required.

Contingency measures  (if required) shall include:

� Cover all contaminated soil stockpiles that are to remain for periods longer than 24 hours;

� All truck loads of soil and/or contaminated material leaving the site shall be securely covered
with a tarpaulin; and

� The Contractor shall ensure access to water sufficient to water down the excavation,
stockpiles and/ or treatment operations if dust generation becomes significant.

8.7.2 Odour Control

There shall be no odour detectable by sense of smell at any boundary of the property. The
following techniques may be employed to comply with this requirement:
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� Use of appropriate covering techniques such as plastic sheeting or clean cover material to
cover exposed excavation faces or stockpiles;

� Use of fine mist sprays; and

� Adequate maintenance of equipment and machinery to minimise exhaust emissions.

8.8 Contingency Plan
The Owner will follow the contingency plan if unexpected situations are encountered. The
following outlines some of the unexpected situations that may arise:

� Dust or noise levels measured at site boundary may exceed acceptable levels.

� Surface runoff may leave the site.

The Owner will have available measures to counter these contingencies.

In such cases the remediation work will cease and appropriate situation specific action will be
taken such as reducing dust by further water spraying; reducing machinery on-site to minimise
noise; intercepting runoff with diversion drains and pumping system.
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9. Health and Safety

9.1 Occupational Health And Safety
Occupational Health and Safety (OH&S) is a necessity on all remediation projects to ensure the
health and safety of all personnel working/ visiting the site. Therefore work shall be carried out
in accordance with a Site Specific Health and Safety Plan.

It is the responsibility of the Contractor to take all necessary practicable actions to safeguard the
safety and health of all employees and subcontractors while they are on the site. The aim of the
OH&S Plan shall be to provide and maintain safety standards and practices, which offer the
highest practical degree of personal protection, based on current knowledge.

All work undertaken shall be performed in accordance with the provisions of the NSW
Occupational Health and Safety Act (2000), OH&S Regulation (2001), and any other relevant
regulations or directions issued by regulatory authorities.

The Site Specific Health and Safety Plan shall cover the following aspects:

� Induction of personnel;

� Hazard locations and identification;

� Description of exposure pathways and personnel protection requirements;

� Location of all underground/aboveground services;

� Work practice procedures, within the designated contaminated zones;

� Monitoring protocols to identify a potentially hazardous practice;

� Emergency response information and procedures; and

� Incident reporting.

A number of exposure pathways exist, which could potentially result in on-site workers/ visitors
to the site or surrounding residences being exposed to the contamination. These potential
exposure pathways include:

� Inhalation of contaminants in the form of dust or vapours;

� Ingestion of contaminated soil; and

� Dermal absorption of contaminants through skin contact.

The Contractor shall ensure that these and any other potential exposure pathways are
controlled. As the contaminant levels found on site are less than commercial/ industrial HILs, no
specific OH&S requirements relating to site contamination are required to protect the
remediation workers, beyond measures that would normally apply to earthworks or construction
sites.
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9.2 Community Health And Safety
To ensure the protection of the local community, the Contractor shall control the exposure
pathways identified in Section 9.1 - Occupational Health and Safety.

Control mechanisms will include the following:

� Site security measures to control direct contact with the contamination;

� Dust suppression measures to control inhalation exposure; and,

� Cleaning and tarping trucks and other equipment to control direct contact from off-site
migration of contaminated soils.

These measures are described in Section 8.
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10. Validation

10.1 Scope of Validation
Validation will confirm that remediation has been completed in accordance with the RAP and
that the concentration of arsenic in the soil is less than the residential health-based investigation
thresholds.

The health-based assessment criteria for the identified contaminants on the site are listed in
Table 1. Based on consideration of the EPA (1997) guidelines, the site will be deemed
successfully remediated if:

� The 95% UCLAV concentration for arsenic in soils remaining exposed after remediation is
less than the residential health-based investigation thresholds; and

� No single sample concentration is greater than 1.25 times the relevant criteria.

10.2  Validation Methodology
Two validation methods are proposed, due to the two remediation strategies recommended.
One validation method is required for the area around Sample 1065 where the recommended
remediation is the removal of the soil. The other validation technique is for the areas remediated
by vertical mixing. Both methods are outlined below.

10.2.1 Sample Identification

Validation and characterisation soil samples will be identified using a “V”  prefix for validation, or
a “C”  prefix for characterisation.

A detailed sample register will be kept, recording the sample number, date sampled, location,
depth interval and field observations (including soil description). Duplicate samples will be
recorded in the register, as will subsequent validation samples were these are needed to re-
validate an area, which has not met the assessment criteria and has had further remediation.

10.2.2 Validating Remediation by Vertical Mixing

The calculations in Appendix B of the NSW EPA (1997) Guidelines were completed, for Areas A
and B, to determine the number of validation sampling locations at each proposed building
envelope. However, GHD found that the number of recommended sampling locations
subsequently calculated was 2.97 for Area A and 2.28 for Area B.  A copy of the calculations is
presented in Appendix E. GHD considers this number of validation samples to be insufficient for
the areas involved and therefore, recommend using a 25 m grid based sampling methodology
as indicated for validating residual soil in NSW EPA (1997).

Based on this approach, the recommended number of sampling locations is 17 in Area A and 6
in Area B, as shown on Figure 2, Appendix A.

Samples will be collected systematically across the remediation area at the required number of
sampling locations from two depth intervals, comprising:

� Surface soils (0 - 150 mm); and
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� At the interface between the disturbed and undisturbed layer.

To potentially reduce costs while ensuring that adequate validation is completed, initially, it is
recommended that samples collected from both depths at every second soil sample location be
analysed for the particular contaminant previously identified as exceeding (or potentially
exceeding) assessment criteria in the area of the remediation (i.e. arsenic).

A detailed sample register will be kept, recording the sample number, date sampled, location,
depth interval and field observations (including soil description). Duplicate samples will be
recorded in the register, as will subsequent validation samples where these are needed to re-
validate an area, which has not met the assessment criteria and has had further remediation.

10.2.3 Validation Of Excavations

Validation sampling will be undertaken by the Environmental Consultant to demonstrate that the
site has been remediated to a standard that is suitable for the proposed land use.

Validation sampling will generally involve collecting 1 sample per 100 m2 from the base of each
excavation, with at least 1 base sample from any single excavation. Samples of surface soils
(0.0-0.15 m) will be taken from each side of the excavation to validate the horizontal extent of
remediation.

Soil samples collected for validation purposes will be analysed for the particular contaminants
previously identified as exceeding (or potentially exceeding) assessment criteria in the area of
the excavation. Rock samples collected for validation purposes will not be analysed unless the
rock is weathered and/or porous.

10.2.4 Characterisation of Excavated Material or Stockpiles

Characterisation sampling of excavated material or stockpiles will involve sample collection and
analysis as previously described for the specific areas of remediation. “Procedure B”  from the
Sampling Design Guidelines (EPA 1995) will be used to assess if the number of samples is
adequate to show that the average concentrations of contaminants are below the relevant
criteria. Sampling will generally be at a rate of one sample per 25 m3, or a minimum of 3
samples per “batch”  of material.

Analysis will be undertaken for the particular contaminants previously identified as exceeding
the relevant assessment criteria for the “batch”  of material being tested (eg arsenic). If
necessary for waste classification purposes or for assessment of potential environmental
impacts, a TCLP test for selected parameters will be undertaken in conjunction with total
concentration.

10.2.5 Off-site Disposal (Contingency if required)

Waste characterisation is required for all material disposed of offsite. Representative samples
shall be collected from each “batch”  of material destined for disposal, as described above. (A
batch being defined for the purposes of this RAP as a volume of material of similar physical and
chemical characteristics generally excavated from a particular area of the site). The material will
be deemed to be suitable for disposal if the 95% UCLAV concentration for each contaminant of
concern is less than the relevant waste classification criteria.
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10.2.6 Imported Fill (Contingency if required)

If imported fill is required, it will be certified clean fill (eg. native quarried material) or validated
for suitable for use as fill material at a minimum rate of 1 sample per 100 m3, and at least 3
samples from any particular fill source. In order to avoid importation of contamination to the site,
fill judged suitable for use will have TPH, BTEX, heavy metals, OCP/PCBs and PAHs
concentrations below the health based standard residential guidelines (HIL A) and EILs.

10.3 Laboratory Analysis
In general, laboratory analysis will be conducted in accordance with the standard test methods
outlined in Schedule B(3) of the NEPM, 1999 for soils. The practical quantitation limits (PQLs)
will be set at a level below the relevant assessment criteria.

The above documents describe the methods preferred by DECC; however, laboratories in
Australia may not all follow these methods precisely. In particular the sample preparation
methods may be significantly different. Some analysis methodology may also be slightly
different for some of the analyses.

The selected laboratory will be NATA registered for the analyses performed, and NATA
registration will take precedence over the laboratory’s ability to perform the analyses precisely
to the methodology referenced in the above.
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11. Quality Assurance/ Quality Control Plan

11.1 Field And Laboratory Quality Assurance Program
Quality Assurance (QA) and Quality Control (QC) practices will be applied to all stages of data
gathering and subsequent sample handling procedures. These are designed to provide control
over both field and laboratory operations. Additionally, the analytical laboratories will complete
their own internal QA procedures (as required by NATA registration) during the analysis of
samples. Details of the QA/QC program are described below.

11.1.1 Quality Assurance

All fieldwork will be conducted in general accordance with Standard Field Operating Procedures
(FOP). The standard FOP ensure that all environmental samples will be collected by a set of
uniform and systematic methods as required by the QA system.

The FOP include descriptions of the following:

1. decontamination procedures;

2. sample identification procedures;

3. information requirements for soil bore logs;

4. chain of custody information requirements;

5. sample duplicate frequency; and

6. field equipment calibration requirements.

Subsurface characteristics and field observations will be fully documented in accordance with
the approved sampling and analysis plan. Chain-of-Custody documentation will be prepared for
sample transfer from the site to the laboratory. Quality control checks will be conducted both in
the field and the laboratory.

All sampling equipment will be thoroughly decontaminated (in accordance with written
procedures) to ensure that no carry over of contaminants occurs between sampling events,
thereby ensuring that an accurate indication of concentrations of contaminants will be obtained.
All samples will be labelled in the field with a unique sample identification code (in accordance
with the documented system described previously), with a sample label affixed to the side of the
container, and all writing on the label in waterproof indelible ink.

11.1.2 Field Sampling Quality Control

Field QC samples for this study will comprise duplicate samples. Duplicate field samples consist
of two samples collected at the same place and time and are intended to represent the same
entity as closely as possible.

11.1.3 Laboratory Quality Control

Laboratory quality control procedures typically include analysis of the following:
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Laboratory duplicate samples:  The analytical laboratory collects duplicate subsamples from
one sample submitted for analytical testing at a rate equivalent to one in twenty samples per
analytical batch, or one sample per batch if less than twenty samples are analysed in a batch. A
laboratory duplicate provides data on analytical batch and the analytical precision (repeatability)
of the test result.

Spiked Samples:  An authentic field sample is spiked by adding a aliquot of known
concentration of the target analyte(s) prior to sample extraction and analysis. A spike
documents the effect of the sample matrix on the extraction and analytical techniques.

Certified Reference Standards:  A reference standard of known (certified) concentration is
analysed along with a batch of samples. The Certified Reference Standard provides an
indication of the analytical accuracy of the test method.

Surrogate Standard/Spikes: These are organic compounds which are similar to the analyte of
interest in terms of chemical composition, extractability, and chromatographic conditions
(retention time), but which are not normally found in environmental samples. These surrogate
compounds are spiked into blanks, standards and samples submitted for organic analyses by
gas-chromatographic techniques before sample extraction. They provide a means of checking
that no gross errors have occurred during any stage of the test method leading to significant
analyte loss.

Laboratory Blank: Usually an organic or aqueous solution that is as free as possible of analyte
of interest to which is added all the reagents, in the same volume, as used in the preparation
and subsequent analysis of the samples. The reagent blank is carried through the complete
sample preparation procedure and contains the same reagent concentrations in the final
solution as in the sample solution used for analysis. The reagent blank is used to correct for
possible contamination resulting from the preparation or processing of the sample.

11.1.4 Methodology Used to Assess Quality Control Results

The results of the field and laboratory quality control samples will be assessed to determine:

1. The quality of the data generated;

2. If the data meets the objectives of the study; and

3. If the data is acceptable for the intended use.

11.1.5 Field QC

Assessment of field quality control duplicate samples will be undertaken by calculating the
Relative Percent Difference (RPD) of duplicate samples. Table 9.1 below presents guidelines
for assessment of QC results. These guidelines are the same as those provided in the NEPM
(1999) as endorsed by the NSW EPA. A result exceeding these guidelines does not necessarily
mean the data is invalid, but rather the impact on the data may need to be assessed.

Table 9-1 Guidelines for Assessment of Quality Control Results

Test Acceptable RPD(%)1

Inorganic 30
1 Can be expected to be higher for low concentrations
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11.1.6 Completeness

The completeness of the analytical program may be calculated on the basis of the proportion of
acceptable data quality indicators, using the assessment of data acceptability resulting from the
quality assurance program.

Completeness parameters are generally required to exceed 95%.

11.1.7 Laboratory QC

Assessment of laboratory QC is undertaken internally by the individual laboratories. Duplicates
are assessed by calculating the Relative Percent Difference (RPD). Percent Recovery (PR) is
used to assess spiked samples and surrogate standards. Acceptable values for RPD and PR
can vary depending on the type of analyte tested, concentrations of analytes, and sample
matrix.

Certified Reference Standards and Materials are analysed by comparing the test result to the
certified concentration plus or minus a certified tolerance. Certified tolerances vary depending
on the type of analyte tested and the certified concentration of the analyte.

11.2 Reporting
On completion of the remediation operations, the Environmental Consultant will prepare a
remediation/validation report which will summarise the works performed and the validation
results, in order to demonstrate compliance with the objectives of the RAP.
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12. Conclusions and Recommendations

Holmes & Holmes have proposed a remediation strategy for the arsenic contamination identified
at Lot 5 DP592173, Bruxner Park Road, Korora, NSW.  GHD have been engaged to provide an
addendum to the Holmes & Holmes remediation strategy that details the environmental
management of the site and the required validation sampling and reporting. The following
conclusions present a brief summary of the information described in this report. The conclusions
should be read in the context of the more detailed information presented in the body of this
report, the scope of the investigation and the stated limitations.

To reduce the concentration of arsenic to less than the applicable threshold for the proposed
residential land use, Holmes & Holmes recommended vertical mixing to a depth of 350 mm in all
but one location. In one location, due to the depth of the contamination, Holmes & Holmes
recommend the extent of contamination is further investigated and the soil be removed and
encapsulated below roadworks.

To demonstrate that the site has been satisfactorily remediated, validation sampling and
laboratory analysis of selected soil samples will follow the remediation.

In areas were the soil is removed, validation soil samples from the walls and bottom of the pit
should be collected. In areas remediated by vertical mixing twenty-three validation sites (17 in
Area A and 6 in Area B) should be sampled on the surface and at the disturbed and undisturbed
interface to establish if remediation is successful.

The remediation works should be carried out in accordance with the measures of this RAP, in
order to protect the environment and community health. These measures include managing soil
and water, minimising noise and vibrations, and maintaining air quality.

On the basis of the proposed remediation, no ongoing management of the sites is considered
necessary.
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13. Limitations

This RAP addendum has been prepared for the remediation of specific areas identified as being
impacted by arsenic contamination, at Lot 5 DP592173, Bruxner Park Road, Korora, NSW. The
information contained in this document is project and site specific and may not be appropriate
for other remedial projects. Additionally, this RAP addendum has been based on investigation
results documented in the previous reports listed previously. The reader is referred to these
reports for the limitations of the investigations.

In preparing this RAP addendum, current guidelines for assessment and management of
contaminated land were referred to. The RAP addendum has been prepared for use by the
client in accordance with GHD’s understanding of the client’s requirements, and generally
accepted practice for environmental consulting.

It is the nature of contaminated site investigations that the degree of variability in site conditions
cannot be completely known and no sampling and analysis program can eliminate all
uncertainty concerning the condition of the site. Professional judgement must be exercised in
the collection and interpretation of the data.

The advice herein relates only to this project and all results, conclusions and the
recommendations made, should be reviewed by a competent and experienced person who is
experienced in environmental investigations, before being used for any other purpose. GHD
accepts no liability for use or interpretation by any person or body other than the client who
commissioned the works. This report should not be reproduced without prior approval by the
client, or amended in any way without prior approval by GHD, and should not be relied upon by
other parties, who should make their own enquires.
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Appendix B

Subdivision Concept
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Previous Reports
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Appendix D

Soil and Water Management Plan
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Soil and Water Management Plan

Surface Runoff Control
Erosion and sediment control measures are to be implemented during the remediation works. Drainage
works are to be installed as necessary for the control of soil erosion and mitigation of pollution by
sediment and other materials downslope of the remediation areas.

Erosion Control

Diversion drains should be used to intercept concentrated surface or subsurface flows and convey them
to a suitable outlet. “Clean” run-on water from upslope should be intercepted to prevent this water
entering the remediation areas whilst work is in progress. Water diversion structures can be constructed
from a wide range of materials. This may include compacted earth, plastic sheeting, shotcrete, asphalt
and pipes. The following recommendations apply to diversion structures:

1. Water should be directed across the site at non-erodible velocities in the design storm event.

2. Structures should be stabilised immediately and downstream flow changes need to be carefully
assessed.

Sediment Control

General recommendations with regards to sediment control are outlined below:

1. Structures should be designed to minimise land disturbance.

2. Any sediment-laden stormwater runoff should be passed through a trap or basin designed to minimise
pollution to lands, waterways and services placed further down slope. Sediment should be kept as
close to its source as possible.

3. Design should ensure that water is not diverted from its intended flow path if the drain becomes full
with sediment during the design storm event.

Silt fences and diversion drains will be required to prevent storm water runoff, laden with suspended
solids, entering or leaving remediation areas. Protection of the remediation from run-on water can be
achieved by placing diversion banks upslope of the remediation. The installation of the banks will divert
flow from upslope lands away from the site and reduce slope length. Sediment control structures should
be placed immediately downstream to protect other lands and waterways from sediment pollution.
Sediment control structures may include sediment retention traps or fences, filter strips and sediment
retention basins. Sediment retention traps (also called “sediment fences”) are temporary measures used
in mitigation of sediment pollution to down slope lands and waterways. These structures are simple to
construct, relatively inexpensive and easily moved as development proceeds. For this reason sediment
retention fences are ideal for use in controlling sediment down slope of a remediation area. Materials
used in the construction of sediment fences may include one or more of straw bales, woven geo-textile,
earth, rock or suitable crushed concrete products. Straw bales should not be used where they cannot be
properly embedded in the ground unless alternative measures are taken to prevent polluted water
passing under them. Details of the sediment fence design are shown in Standard Drawing 6-7.

Vehicle Access
Where possible movement of equipment and trucks to and from the site should be minimised to reduce
the potential for erosion. Access to sites should be stabilised to reduce the likelihood of vehicles tracking
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soil materials onto public roads and ensure all-weather entry/exit. The following must also be considered
with regards to vehicle access areas:

1. Surface water flows are to be diverted from the area.

2. Access areas are to be maintained in an effective condition through removal of sediment.

3. Equipment wash down areas require collection and treatment of waste water.

4. Access is ideally suited on level areas.

5. Supplementary street sweeping on adjacent roads may still be required.

Revegetation and Landscaping

All exposed areas should be progressively stabilised and revegetated on the completion of remediation
works. Stabilisation is essential on disturbed areas to mitigate sediment pollution to downslope lands and
waterways. Where possible works should be staged so that:

» Minimal lands are exposed to the forces of soil erosion at any one time; and

» Site stabilisation measures are progressively implemented throughout the development phase.

Successful revegetation of lands requires:

1. Availability of acceptable soil materials;

2. Correct site preparation;

3. Selection of the most suitable establishment technique;

4. Selection of appropriate plant species, fertiliser(s) and ameliorant(s);

5. Application of sufficient water for germination and to sustain plant growth if rainfall is insufficient; and

6. An adequate maintenance program.

Areas resulting in unsatisfactory revegetation should be investigated to determine the reason for failure
followed by appropriate remedial action, including replacing any lost topsoil and re-sowing the site.
Erosion and sediment control structures should be maintained until all earthworks are completed and the
site rehabilitated.
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Appendix E

Calculations
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The recommended calculation1 for determining the number of samples needed for validation is presented below.

n =   6.2 (o)2

        (Cs – u)2

n = number of samples needed

o = estimated standard deviation

u = estimated average concentration in sampling area

Cs = acceptable limit

Area A

o = 28.4

u = 59

Cs = 100

n =   6.2 (28.4)2

        (100 – 59)2

n = 5000.9 = 2.97

      1681

Area B

o = 24.1

u = 60.3

Cs = 100

n =   6.2 (24.1)2

        (100 – 60.3)2

n = 3601 = 2.28

      1576

1 USEPA (1989) Attainment of Clean-up Standards, Box 6.3 Chapter 6 (EPA 230/02-89-042), Office of Policy, Planning and
Evaluation,
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