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Executive Summary

In 2001, the firm of CBCL Limited, in association with ENSR International (CBCL-ENSR), was contracted
to undertake a Remedial Action Evaluation Report (RAER) of technologies appropriate to the cleanup of
contamination at the Muggah Creek Tar Ponds and Coke Ovens sites.  The RAER project was organized
around two separate but linked reports, one for the Tar Ponds Site and one for the Coke Ovens Site.  This
Report summarizes the technology evaluation process and provides recommendations for cleanup options for
the Tar Ponds Site.   

Background
Located in the heart of the Cape Breton Regional Municipality (CBRM), the landscape of the Muggah Creek
Watershed includes a recently closed steel making operation, the remains of a coke production facility, a rail
yard, and a number of active and abandoned waste material dumps.  After nearly 100 years of coal and steel
production, environmental contamination of the Muggah Creek watershed in and around the area of former
steel and coke making operations is known to be extensive and complex.  Government and community efforts
towards the remediation of impacted lands and water within the watershed have focused primarily on four
areas:
• the North and South Ponds of the Muggah Creek (the Tar Ponds); 
• the former Coke Ovens Site;
• the Coke Oven Brook Connector; and
• the former municipal landfill. 

In 1996, the Joint Action Group (JAG) was established to facilitate a community based approach to the
identification, evaluation and implementation of remedial actions in the Muggah Creek Watershed. Since
then, a range of studies and activities intended to better understand the extent and characteristics of
environmental contamination in these areas and to begin the process of cleanup have been undertaken.
Initiatives have included: 
• Phase I and III environmental assessments of the Coke Ovens and Tar Ponds Sites, and a Phase II

environmental assessment of the Coke Ovens Site;
• Human Health and Ecological Risk Assessment of the Coke Ovens and Tar Ponds Sites; 
• installation of security fencing around the Tar Ponds Site and a portion of the Coke Ovens Site and the

removal of above ground coal and coke as well as other debris;
• building of an interceptor sewer to divert most sanitary waste outfalls to the future treatment plant at

Battery Point; 
• demolition of structures on the Coke Ovens Site; 
• closure and capping of the former municipal landfill; 
• a technical demonstration program to assess the effectiveness of potential cleanup technologies for the

Tar ponds sediments; and
• ambient air monitoring around the site and at remote locations in Sydney during periods of both activity

and inactivity at the site. 

RAER Scope
During the evaluation of technologies for the Tar Ponds Site, the RAER Team undertook a logical step-wise
approach that included the following major tasks:
• confirmation of the scope of the Tar Ponds Cleanup Project;
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• review of available information and related experience in other areas;
• identification of potential remedial action technologies appropriate for application to this Site;
• confirmation of a suite of criteria to be used to evaluate the technologies for application to this Site;
• screening of a list of potential remedial technologies;
• development of a minimum of four commercially proven (recognizably) different Cleanup Options; and
• evaluation and costing of each of the recommended Cleanup Options.

RAER Objectives
The primary objectives of the RAER project were to:
• identify comprehensive remedial alternatives that will involve one or more commercially proven remedial

technologies or management options for the remediation of the Tar Ponds Site;
• evaluate at least four preferred remedial options; and 
• document the remedial action evaluations considered.

Risk Based Approach to the Management of Contaminated Sites
The CCME’s National Guidelines for Decommissioning Industrial Sites identifies a phased approach to the
decommissioning and cleanup of industrial sites in Canada.  The CCME approach, which is based on six
phases, was adopted by JAG to be used as a guide for cleanup efforts in the Muggah Creek Watershed:
Within the CCME guidelines is the provision for the selection of one of two approaches (Tiers) to the
identification of contaminants of concern, the definition of remediation requirements, and the development of
criteria for site remediation.   A Tier 1 approach to site management can proceed on limited site specific
information and would identify if a contaminant was present and, if it required remediation, would rely on
established standards and guidelines.  A Tier 2 approach is intended to complement an initial Tier 1
assessment.  Tier 2 approaches are based on risk management and generally rely on additional site
information that is used to assess the extent to which a user of the site would be exposed to contaminants; this
approach involves a detailed evaluation of hazard and exposure potential.

The Coke Ovens and Tar Ponds Site Cleanup Projects are founded on a risk based management approach to
effective remediation. The risk assessment resulted in a list of contaminants of concern (COCs) known to
exist at the Tar Ponds Site in concentrations that exceeded screening criteria and urban background
concentrations. Site specific target levels (SSTLs), developed for each COC for which unacceptable risks
were calculated, were specific to the environmental media in which the contaminant occurred (soil, water,
sediment and groundwater), to the pathway, to potential exposure and to the human and/or ecological
receptors, i.e., the person or organism, including plants, that is subjected to exposure. Working from the risk
assessment, the PMC identified the COCs which exist at the Tar Ponds site at levels that exceed the SSTLs
and that require remedial action. 

Risk management options generally address one of the three risk components in the following manner:
• management of the contaminant source through removal, destruction, reduction and/or immobilization of

the contaminant;
• management of the exposure pathway between the sources and the human and/or ecological receptor

through isolation, interception or removal; and 
• management of the receptor through modification or limiting of contact with the contaminant. 
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A Human Health and Ecological Risk Assessment of the North and South Ponds was conducted in 2002 using
a high degree of conservatism that purposely over-estimated the potential for risk to targeted human and
ecological receptors.  The concept of conservatism in risk assessment is based on the philosophy that while it
is acceptable to over-estimate risk, it is not acceptable to underestimate risk.

Scope of the Remedial Action Evaluation Report (RAER)
The geographic scope of the RAER project included all those areas of land and water that fell below the mean
high water mark on the North and South Ponds (Tar Ponds) of the former Muggah Creek estuary.    The
functional scope of the RAER project was defined by the following elements, provided by the PMC: 
• Tar Ponds Remedial Action Objectives (RAOs) which identified the contaminants of concern (COC), the

media (soil, water, groundwater and sediment) in which the COCs are located, and the focus of remedial
action that is required of the Cleanup Project; and  

• Site Specific Target Levels (SSTLs) were developed for those COCs for which unacceptable risks were
calculated.  The SSTLs provided the concentration of the COCs identified in the RAOs below which the
risk of impact to human and/or ecological health is acceptable.  These maximum acceptable
concentrations became the Cleanup Criteria for that contaminant as it occurs in that media on the Tar
Ponds Site.  

RAER Methodology 
Relying on information gathered in previous studies and the direction and scope provided by the PMC, the
RAER Team undertook an evaluation of six in situ containment/treatment technologies and 20 ex situ
containment/treatment technologies appropriate to the Tar Ponds Site.  In addition, nine material containment,
handling and treatment activities were examined.  

Having identified technologies that could reasonably be considered as appropriate to address the
contamination, the RAER Team worked with the PMC and others to develop a number of criteria to screen,
assess and evaluate the technologies for the specific conditions at the Tar Ponds Site.  These criteria included
the Performance Criteria, the Key Premises and the Community
Evaluation Criteria as developed by JAG. The Key Premises are:

• Reduce Detrimental Effect on the
Environment and Health in the Long
Term –  the technology must be
capable of effectively modifying
either the source or the pathway of
specified contaminants of concern to
a standard acceptable by regulatory
agencies and/or in the context of the
SSTLs;

• Reliable Technology – proven
technology, appropriate to and
capable of implementation under
conditions similar to those at the Tar
Ponds site; and
The Performance Criteria are:
1. Overall suitability - this criterion looks at the expected results of applying the

technology to the cleanup of the Tar Ponds material.  Operational and
performance characteristics of the technology are assessed against site
specific considerations;

2. Scale of application - this criterion is an indication of the viability of the
technology.  The Tar Ponds Cleanup Project is large and technologies
should be known to be capable of operating at the capacity required, or
have the capacity to be readily scaled up; and

3. Status of development - this criterion is a measure of the how proven the
technology is.  It is important that technologies provide some confidence in
their ability to perform the cleanup and a good track record is a solid
indicator.
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• Cost Effectiveness – technologies
must be cost effective, when
compared against other technologies
that could achieve similar results.
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The first steps in the RAER project included an initial screening of the available technologies using the
Performance Criteria and the Key Premises.  Of the technologies that were examined, the following are
carried forward for consideration for the remediation of PCB materials:

• In Situ Containment (Capping)

• In Situ Solidification/Stabilization (South Pond only)

• Ex situ Solidification/ Stabilization

• Soil Washing

• Hydrogen Reduction

• Low Temperature Thermal Desorption
• High Temperature Thermal Desorption

• Pyrolysis

• Incineration

• Vitrification

• Plasma

• Confined Disposal Facility
• Landfilling

The following nine technologies are carried forward for consideration for the remediation of PAH sediments:

• In Situ Containment (Capping)

• In Situ Solidification/Stabilization (South Pond only)

• Slurry Phase Bioremediation
• Ex situ Solidification / Stabilization
• Soil Washing

• Incineration

• Co-burning

• Confined Disposal Facility
• Landfilling

Further examination of these technologies in light of the conditions at the Tar Ponds Site lead to the
development of remediation alternatives and the subsequent definition and evaluation of six Cleanup Options
for the Tar Ponds Cleanup against the Community Evaluation Criteria (see Table ES.1).

Recommended Cleanup Options
The RAER Team recommended six Cleanup Options for the Tar Ponds Site that encompass a range of
possible and practical solutions; these are:
• Option 1 removal of North Pond sediment and containment in a Confined Disposal Facility (CDF) in

the South Pond with removal and off-site destruction of PCB material;
• Option 2 complete removal and land-based containment on the Coke Ovens Site with removal and off-

site destruction of PCB material;
• Option 3 complete removal, multi-technology treatment/destruction and land-based containment at the

Coke Ovens Site with on-site treatment of PCB materials and off-site destruction of
concentrated contaminants;

• Option 4 complete removal, off-site co-burning destruction of PAH sediment with off-site incineration
of PCB material; 

• Option 5 complete removal, on-site incineration and land-based containment at the Coke Ovens Site;
and

• Option 6 in situ containment of the North and South Ponds.
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Tar Ponds Site Cleanup Option 1 (Removal of North Pond sediment and containment in CDF in the
South Pond with removal and off-site destruction of PCB)
Cleanup Option 1 for the Tar Ponds Site would be based on the containment of most of the contaminated
sediments from the Ponds in a newly constructed Confined Disposal Facility (CDF) in the South Pond.  PCB
materials (>50 mg/kg) would be separated and incinerated off-site.  

Key components in the implementation of Cleanup Option 1 would include the following:
• A cofferdam constructed across the North Pond at Battery Point;
• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to

the North Pond and Harbour;
• PCB materials (>50 mg/kg) excavated from the South Pond and incinerated off-site;
• PAH sediments in the South Pond contained in situ in a newly constructed Confined Disposal Facility;
• Sediments dredged from the North Pond, tested for PCBs and separated into PCB materials and PAH

sediments;
• PCB materials (>50 mg/kg) from the North Pond incinerated off-site;
• PAH sediments from the North Pond dredged into the CDF in the South Pond and allowed to passively

dewater; 
• Sediments in the CDF treated with S/S as needed to enhance the effectiveness of the cleanup; 
• An above grade cover placed over the CDF in the former South Pond; 
• A subaqueous cap placed over the dredged surfaces of the North Pond;
• North Pond shorelines and the re-routed watercourses stabilized and revegetated; and
• The surface and sides of the CDF stabilized and revegetated pending appropriate future use.

Option 1 could be executed in four years at an amoritized cost of $152.3 million. 

Tar Ponds Site Cleanup Option 2 (Complete removal and land-based containment on the Coke Ovens
Site with removal and off-site destruction of PCB)
Cleanup Option 2 involves the complete removal of contaminated sediments from the Tar Ponds and an ex
situ containment (landfilling) of excavated sediments on the Coke Ovens Site.  PCB materials (>50 mg/kg)
would be separated and transported offsite for incineration. 

Key Components in the implementation of Cleanup Option 2 would include the following:
• A coffer dam constructed across the North Pond at Battery Point;
• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to

the North Pond and Harbour;
• PCB materials (>50 mg/kg) excavated from the South Pond and incinerated off-site;
• PAH sediments in the South Pond excavated, processed and deposited in a new land-based containment

facility (landfill) constructed on the Coke Ovens Site;
• Sediments in the North Pond excavated, tested for PCBs and separated into PCB materials (>50 mg/kg)

and PAH sediments;
• PCB materials (>50 mg/kg) from the North Pond incinerated off-site;
• PAH sediments from the North Pond processed and deposited in a new containment facility (landfill)

constructed on the Coke Ovens Site;
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• PAH sediments would be treated with S/S technology to improve material handling characteristics and
reduce leachate potential prior to placement in the new containment facility; 

• A sub aqueous cap placed over the dredged surfaces of the South and North Ponds; and 
• North Pond and South Pond shorelines and the re-routed watercourses stabilized and revegetated.

Option 2 could be executed in five years at an amoritized cost of $246.0 million.

Tar Ponds Site Cleanup Option 3 (Complete removal, multi-technology treatment/destruction and
land-based containment at the Coke Ovens Site with on-site treatment of PCB materials and off-site
destruction of concentrated contaminants)
Cleanup Option 3 involves ex situ treatment and the destruction and containment (as required) of
contaminated sediments excavated from the North and South Ponds.  PCB materials (>50 mg/kg) would be
separated, treated to concentrate contaminant levels and destroyed off-site.  Option 3 could require extensive
material dewatering and processing to prepare the sediments for the treatment and destruction technologies.
The timeline associated with implementation could be longer and the costs higher than to either Cleanup
Option 1 or 2.  Residual contaminated materials would be disposed of in a new land-based containment
facility constructed on the Coke Ovens Site. 

Key components in the implementation of Cleanup Option 3 would include the following:
• A cofferdam constructed across the North Pond at Battery Point;
• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to

the North Pond and Harbour;
• PCB materials (>50 mg/kg) excavated from the South Pond and treated through thermal desorption or

pyrolysis to concentrate contaminants in the residual materials, which would be destroyed off-site using
incineration, plasma or hydrogen reduction;

• PAH sediments in the South Pond excavated, processed and treated using soil washing or slurry phase
bioremediation to reduce contaminant levels.  If necessary, the treated materials would be placed in a new
containment facility constructed on the Coke Ovens Site.  Washings from the treatment processes would
be co-burned as appropriate;

• Sediments in the North Pond excavated, tested for PCBs, and separated into PCB materials (>50 mg/kg)
and PAH sediments;

• PCB materials (>50 mg/kg) from the North Pond treated through thermal desorption or pyrolysis to
concentrate contaminants in the residual materials, which would be destroyed off-site using incineration,
plasma, or hydrogen reduction;

• PAH sediments from the North Pond processed and treated using soil washing or slurry phase
bioremediation to reduce the contaminant levels.  If necessary, treated materials would be placed in a new
containment facility constructed on the Coke Ovens Site.  Washings from the treatment processes would
be co-burned as appropriate; 

• A sub aqueous cap placed over the dredged surfaces of the South and North Ponds; and
• South and North Pond shorelines and the re-routed watercourses stabilized and revegetated.

Option 3 could be executed in seven years at an amoritized cost of $323.8 million.
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Tar Ponds Site Cleanup Option 4 (Complete removal, off-site co-burning destruction of PAH
sediment with off-site incineration of PCB material)
Cleanup Option 4 involves the removal and off-site destruction of the contaminated sediments excavated from
the North and South Ponds.  Material handling and preparation requirements would be significant and would
include debris removal, size control, dewatering, drying and the treatment of decanted water prior to release. 

Key components in the implementation of Cleanup Option 4 would include the following:
• A cofferdam constructed across the North Pond at Battery Point;
• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to

the North Pond and Harbour;
• PCB materials (>50 mg/kg) excavated from the South Pond, processed and incinerated off-site;
• Sediments in the North Pond excavated, tested for PCBs and separated into PCB materials (>50 mg/kg)

and PAH sediments;
• PCB materials (>50 mg/kg) from the North Pond processed and incinerated off-site;
• All PAH sediments in the South Pond excavated, processed and coburned.  Washings from the treatment

processes would be co-burned as appropriate; 
• A subaqueous cap placed over the remaining sediments in the dredged areas of the South and North

Ponds; and
• South and North Pond shorelines and the re-routed watercourses stabilized and revegetated.

Option 4 could be executed in 11 years at an amoritized cost of $220.4 million.

Tar Ponds Site Cleanup Option 5 (Complete removal, on-site incineration and land-based
containment at the Coke Ovens Site)
Cleanup Option 5 involves the removal of the contaminated sediments with the destruction and containment
of residuals to take place on the Coke Ovens Site.  Material handling and preparation requirements would be
significant and would include debris removal, size control, dewatering, drying and the treatment of decanted
water prior to release.  PCB materials would be incinerated on the Coke Ovens Site.

The key components in the implementation of Cleanup Option 5 could include the following:
• A cofferdam constructed across the North Pond at Battery Point;
• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to

the North Pond and Harbour;
• PCB materials (>50 mg/kg) excavated from the South Pond, processed and incinerated on-site at the Coke

Ovens;
• Sediments in the North Pond excavated, tested for PCBs and separated into PCB materials (>50 mg/kg)

and PAH sediments;
• PCB materials (>50 mg/kg) from the North Pond processed and incinerated on-site at the Coke Ovens;
• All (North and South Pond) PAH sediments processed and incinerated on-site, 
• Residual materials from the incineration process disposed of in a new contained landfill facility on the

Coke Ovens Site, as needed. 
• A subaqueous cap placed over the dredged surfaces of the South and North Ponds; and 
• South and North Pond shorelines and the re-routed watercourses stabilized and revegetated.

Option 5 could be executed in 11 years at an amoritized cost of $238.9 million.
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Tar Ponds Site Cleanup Option 6 (In situ containment of the North and South Ponds)
Cleanup Option Six for the Tar Ponds Site would be based on in situ containment of the contaminated
sediments in the Tar Ponds. 

Key components in the implementation of Cleanup Option 6 could include the following:
• A cofferdam constructed across the North Pond at Battery Point;
• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to

the North Pond and Harbour;
• A capping system constructed over the sediments in South and North Pond.  Most of this cap would be

above grade; and
• The shorelines and the re-routed watercourses stabilized and revegetated.

Option 6 could be executed in four years at an amoritized cost of $100.4 million.

Comparative Evaluation of Options against the Community Evaluation Criteria
To summarize the findings of the RAER, the recommended Cleanup Options and Community Evaluation
Criteria were assembled in the following comparative matrix based on the following principles:
• Each criterion was provided with a weighting (high, medium, low) factor provided by the PMC and based

on community preferences. 
• The relative performance of each Option was compared for each of the Community Evaluation Criteria

and assigned a letter grade (A to E) intended to qualitatively demonstrate the estimated success of that
Option for achieving the criteria

The letter grades were based on the following assumptions:
A – Expected to greatly exceed the Community Evaluation Criteria
B – Expected to exceed the Community Evaluation Criteria
C – Expected to completely meet the Community Evaluation Criteria
D – Expected to mostly meet the Community Evaluation Criteria
E – Expected to partially meet the Community Evaluation Criteria

No attempt was made to accumulate the letter grades into a single grade. 



RAER - Tar Ponds Executive Summary ix
February 2003 – Final Report CBCL – ENSR

Table ES.1: Matrix for Comparison of Estimated Performance of Options Against the Community
Evaluation Criteria

Community Evaluation
Criteria

Weighting
Factor

Option
1

Option
2

Option
3

Option
4

Option
5

Option
6

Environmentally Sound
Reduce detrimental effect on the
environment during implementation

Medium B B C C C B

Enhance long term effectiveness
and permanence

Medium B B A A A C

Improve marine and land
ecosystems

Medium B B B A B C

Economically Responsible
A more reliable technology High B B B C B C

Cost effectiveness Low B B C C C B

Use of local material Low B B C E D A

Health Conscious
Minimize health risk High B B A A A B

Minimize dust and vapours Medium B C C C C B

Minimize odours Low B C C C C B

Socially Acceptable
Maximize long term benefits High C B B A B D

Use of local labour Medium B B C C C B

Minimize construction and cleanup
time

Low A A C C C A

The Remedial Action Evaluation Report for the Tar Ponds Site is organized into seven chapters and an
Executive Summary.  The chapters are intended to assist the reader in understanding the logical progression
of the tasks undertaken by the RAER Team, the findings of the assessments, and the rationale behind the
identification, development and evaluation of the options recommended for cleaning up contamination at this
site.  A brief summary of the chapters of the Tar Ponds Report and their content is as follows: 

Chapter One (Introduction and Background) summarizes the history of the Muggah Creek Watershed and
the efforts to date to both understand environmental contamination at the Tar Ponds site and to address its
remediation.  

Chapter Two (Methodology) provides a brief summary of the risk based management approach, identifies the
Muggah Creek Cleanup Project objectives and criteria, and outlines the logical step-wise process undertaken
by the RAER team to review and recommend appropriate remedial actions.  

Chapter Three (Regulatory Context ) discusses the environmental regulatory context of the Cleanup Project. 

Chapter Four (Existing Conditions) summarizes the findings of the Tar Ponds Site environmental and risk
assessments, including a summary of the contaminants of concern, the contaminated materials, and the scope
of the contamination at the Site. 



Executive Summary x RAER - Tar Ponds
CBCL – ENSR February 2003 – Final Report

Chapter Five (Identification and Initial Screening of Cleanup Technologies) assesses each of the identified
technologies against their capability to address the contaminants of concern and the affected media, their
potential for use as the primary method of remediation, and/or their secondary application in a chain of
technologies.  A list of technologies considered appropriate for further examination is provided.  

Chapter Six (Identification of Cleanup Alternatives) assembles technologies into alternative approaches to
the Cleanup.  Each of these alternatives consists of a primary technology, which may or may not be associated
with a train of other technologies intended to address specific aspects of the cleanup, to prepare contaminated
materials for further treatment /disposal, and/or to dispose of contaminated materials and residues and inert
wastes.  Following additional screening and evaluation, these technologies are assembled into recommended
Cleanup Options, each of which has the potential to address the Remedial Action Objectives at the Tar Ponds
Site. 

Chapter Seven (Development and Evaluation of Cleanup Options) develops each of the Cleanup Options to
a conceptual level of design, estimates the costs to implement, and provides a comparative evaluation of each
Option, based on the Community Evaluation Criteria. 

The following appendices provide information in support of the text:

Appendix A References

Appendix B Locations of Exceedences

Appendix C Option Costs 

Appendix D Community Workbook – Developing Evaluation Criteria
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Tar Ponds - Acronyms and Abbreviations Used in Report

% percent

~ approximately

°C degree Celcius

°F degree Fahrenheit

> greater than

< less than

ATP Alberta Taciuk Process

BCD base catalyzed decomposition

BTEX benzene, toluene, ethylbenzene, xylene

btos below top of surface (below sediment mudline or ground surface as applicable)

Btu/lb British thermal unit per pound
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CFB circulating fluidised bed

CGSB Canadian General Standards Board

cm centimetre

cm/sec centimetre per second

COC contaminant of concern

COSEWIC Committee on the Status of Endangered Wildlife in Canada

CPEO Centre for Public Environment Oversight

e:DAT Electronic Data Access Tool, Muggah Creek GIS Database, Version 5.0, 

Issued October 17, 2002 

EC Environment Canada

ECGO electrochemical geo-oxidation

EDGAR Environmental Data Gathering and Research (Working Group of JAG)

ESA Environmental Site Assessment

ft/sec feet per second

GAC granular activated carbon

g/mol gram per mole

GCL geosynthetic clay liner
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HADD Harmful Alteration, Disruption or Distruction of Fish Habitat (Fisheries and
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IC induced complexation

HNC heterocyclic nitrogenous compounds

JAG Joint Action Group

JWEL Jacques Whitford Environmental Limited

kg kilogram

kg/m3 kilogram per cubic metre

kg/year kilogram per year

kJ/kg kilojoule per kilogram

l litre 

LNAPLs light non-aqueous phase liquids

m metre

m2 square metre

m3 cubic metre

mbs metre(s) below surface of water

mg/kg milligram per kilogram (i.e., equivalent to ppm)

mg/L milligram per litre

MGP manufactured gas plant

micromhos/cm micro mhos per centimetre

MJ/kg mega joules per kilogram

mm millimetre

Modified TPH TPH less BTEX components

MOU Memorandum of Understanding

MPa mega pascal 

MW megawatt or monitoring well

N/A Not Applicable

NFESC Naval Facilities Engineering Service Center (United States)

ng/l nanogram per litre

NSEA Nova Scotia Environment Act

NWPA Navigable Waters Protection Act

PAH polycyclic aromatic hydrocarbons

PCB polychlorinated biphenyl

PCDD and PCDF dioxin and furan

PCP pentachlorophenol

pg/dsm3 pico grams per dry standard cubic metre
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± plus or minus

PMC Project Management Consultant

pphm part per hundred million

ppm part(s) per million

RAER Remedial Action Evaluation Report

RAO Remedial Action Objectives

S/S solidification/stabilization

SITE Superfund Innovation Technology Roundtable (EPA)

SSTL site-specific target levels

SVE soil vapour extraction

SYSCO Sydney Steel Corporation

TAB Technical Assistance Bulletin

Tar Ponds North and South Ponds of the former Muggah Creek

TCLP Toxicity Characteristic Leaching Potential

TDP Technology Demonstration Program

TOC total organic carbon

tonne/hr tonne per hour

TPH total petroleum hydrocarbon (includes BTEX and C6 through C32 components)

TRPH total recoverable petroleum hydrocarbon

UCS unconfined compressive strength

ug/l microgram per litre

ug/m3 micrograms per cubic metre

USACE United States Army Corps of Engineers

USEPA United Stated Environmental Protection Agency

VOC volatile organic compound

yd3 cubic yard
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Chapter 1  Introduction and Background

1.1 Background
Located in the heart of the Cape Breton Regional Municipality (CBRM), the landscape of the Muggah
Creek Watershed includes a recently closed steel making operation, the remains of a coke production
facility, a rail yard, and a number of active and abandoned waste material dumps.  In addition to the social
impacts associated with loss of the jobs caused by the closure of the coal and steel industries, the legacy
includes an estimated 550,000 m3 of contaminated sediments (Tar Ponds Site), 280,000 m3 of
contaminated soils (Coke Ovens Site), plus contaminated surface waters and contaminated groundwater.
This area, which includes the Tar Ponds and Coke Ovens sites, has been referred to as one of the worst
contaminated sites in Canada (JAG, 1998a).  This report, the Remedial Action Evaluation Report (RAER)
for the Tar Ponds Site, examines the clean-up alternatives that are applicable to address the contamination
associated with this specific part of the Muggah Creek Watershed.

Many of the production activities associated with the early coal and steel industry used raw materials, or
produced wastes.  Generic non-site specific studies have shown that these materials and chemicals can
cause adverse effects for human health and the environment.  In general, during these earlier times, little
was known of the negative effects of industrial pollution, which was considered to be a necessary by-
product of prosperity. 

The industrial by-products of the Sydney coke production operations included coal tar, ammonia, sulphur,
light oils (benzene, xylene, toluene), and polycyclic aromatic hydrocarbons (PAHs).  In the early years of
coke production, the contribution of contaminants to the environment was reduced through the internal
recycling and recovery of these by-products.  As the demand for these materials diminished, recycling
and recovery operations were no longer economically viable.  Formerly valuable by-products became
waste materials and were allowed either to accumulate in unsecured storage areas at the plant site, or were
deposited directly onto the soil, or into site watercourses.  As a result of these activities, contaminants
entrained in the raw materials and wastes are now present in the soils and groundwater of the Coke Ovens
Site, and in the waters and sediments of the Tar Ponds, Coke Oven Brook, Muggah Creek and Sydney
Harbour.

The landscape and environment of Muggah Creek and Sydney were also impacted by the by-products of
the steel making process, which included huge quantities of the relatively inert waste material known as
slag.  Over the last century of operation of the steel plant, slag and waste iron were deposited as infill
material along the north eastern shoreline of the Muggah Creek estuary and Sydney Harbour.  Over time
the infilling operations encroached upon the former salt marsh and greatly changed the configuration of
the natural shoreline.  Other sources of contaminants associated with the coal and steel industry that may
have impacted upon the Tar Ponds include the raw coal and coke product, flue dust from the blast
furnaces and ovens, coal tars, sulphur (from the sulphuric acid plant), and miscellaneous waste water
effluents.  

The steel and coke industry was not the only industry operating in this area of Sydney.  There was, for
example, a coal tar plant, a cement plant, an asphalt paving company, a fuel gas and oil company, metal
processors, and a brick manufacturing company located in or in proximity to this area.  Any or all of these
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operations may also have contributed to the contaminants in the area’s soils, sediments, surface and
groundwater, and air. 

After nearly 100 years of coal and steel production, environmental contamination of the Muggah Creek
watershed in and around the area of former steel and coke making operations is known to be extensive
and complex.  Government and community efforts towards the cleanup of and remediation of impacted
lands and water within the watershed have focused primarily on four areas (JAG, 1998a):
• the North and South Ponds of the Muggah Creek (the Tar Ponds); 
• the former Coke Ovens Site;
• the Coke Oven Brook Connector; and
• the former municipal landfill. 

Since 1999, governments, responding to the recommendations of the Joint Action Group (JAG), have
undertaken a range of studies and activities intended to better understand the extent and characteristics of
environmental contamination in these areas and to begin the process of cleanup.  Initiatives have
included: 
• Phase I and III environmental assessments of the Coke Ovens and Tar Ponds Sites, and a Phase II

environmental assessment of the Coke Ovens Site;
• Human Health and Ecological Risk Assessment of the Coke Ovens and Tar Ponds Sites; 
• installation of security fencing around the Tar Ponds Site and a portion of the Coke Ovens Site and

the removal of above ground coal and coke as well as other debris;
• building of an interceptor sewer to divert most sanitary waste outfalls to the future treatment plant at

Battery Point; 
• demolition of structures on the Coke Ovens Site; 
• closure and capping of the former municipal landfill; 
• a technical demonstration program to assess the feasibility of potential cleanup technologies; and
• ambient air monitoring around the site and at remote locations in Sydney during periods of both

activity and inactivity at the site. 

In 2001, the firm of CBCL Limited, in association with ENSR International (CBCL-ENSR), was
contracted to undertake a Remedial Action Evaluation Report (RAER) of technologies appropriate for
application to the cleanup of contamination at the Muggah Creek Tar Ponds and Coke Ovens sites (Figure
1.1).  This Report summarizes the technology evaluation process and provides recommendations for
cleanup options for the Tar Ponds Site.

1.2 Historical Da ta and Studies
Although most of the assessment of environmental conditions in the Muggah Creek Watershed has taken
place in the past decade, environmental investigations of the area were initiated as early as 1980.  The
following sections provide a brief summary of critical investigations and activities and note the important
findings, conclusions, and recommendations. 

In 1980, Environment Canada (EC) examined effluent discharges from operations of the Sydney Steel
Corporation (SYSCO), which at that time included both the steel plant and coke ovens.  Although only a
limited list of chemical parameters were assessed, elevated levels of ammonia, phenol, cyanide, sulphide
and thiocyanate were reported in effluent streams from the coke ovens. (EC, 1981).  
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Environment Canada subsequently (EC, 1983) undertook a review of existing data on pollution sources
and effects in Industrial Cape Breton.  The study identified linkages between the then current, as well as
historic, operations of the steel and coke plants and evidence of industrial pollution in Sydney Harbour;
elevated levels of PAHs were noted as being a particular concern.  During the more detailed evaluation of
PAH contamination in Sydney Harbour, efforts were made to further delineate the extent and sources of
elevated PAHs in the Harbour.  The Study identified the North and South Ponds (Tar Ponds) of Muggah
Creek as the only significant source of PAH release to the Harbour.  Coal tar distillates produced by
coking operations on the Coke Ovens site were identified as the most significant contributor of PAH to
the Tar Ponds, via the Coke Oven Brook.

1.2.1 Early Cleanup  Plans (1984-1994)
This early acknowledgement of contamination in Muggah Creek, and its ramifications for Sydney
Harbour, led to the implementation of a program for cleanup of the Tar Ponds.  In 1984, Acres undertook
a review of the existing data, proposed and conducted additional data collection, and recommended a
remediation plan that focused primarily on the PAH contaminated sediment of the Tar Ponds (Acres,
1984).  Data included in the Acres report further defined the concentrations, depths, and quantities of
contaminated sediments, the hydraulic conditions in the Ponds, and the relationships of the movements of
PAH and Total Suspended Solids within the area.  Analysis of sediment samples demonstrated
consistently elevated levels of PAHs, together with considerable calorific value.  Acres estimated that
there were 700,000 yd3 (i.e., >535,500 m3) of contaminated sediments in thicknesses of up to 3 m in the
Tar Ponds.
 
A preliminary environmental screening undertaken for the proposed Tar Ponds Cleanup Project (EC,
1986) described the planned cleanup and discussed the potential for PAH releases.  The proposed cleanup
methodology included the creation of steel sheet-piled containment cells within the Tar Ponds.  Sediments
would be excavated from inside these containment cells and transferred to a boiler site for de-watering
and mixing with an auxiliary fuel.  The decanted water would be filtered through carbon (coal) before
release to the environment.  The coal used as filter material would eventually be used to fuel the boiler.
Excavated areas would be filled with a combination of boiler ash and inert slag from the steel plant
operations.  Because it was anticipated that continued inputs of PAHs to the Tar Ponds would occur from
the Coke Ovens Site, all surface water from Coke Oven Brook would be first treated with a coal filter
prior to its release to the Tar Ponds.  Boiler emissions and all liquid effluent streams would be monitored
for contaminants of concern. 

In 1988, Acres International Limited also reviewed waste incineration processes for the purpose of
selecting one for the Tar Ponds cleanup (Acres, 1988).  They described the Tar Ponds sediment as a low-
grade fuel because of its high moisture and ash content.  In this 1988 study, Acres determined that the
calorific value of the contaminant sediment materials was, as expected, related to the ash content; it
exhibited an average value of about 20.9 MJ/kg (9,000 Btu/lb) (dry weight).  This study also noted the
following:
• PAHs concentrations averaged about 7,000 mg/kg, but generally declined with depth and towards the

downstream areas of the Ponds; 
• The PAH compounds, naphthalene and phenanthrene, accounted for 60-80% of the total content of

PAHs in the samples;
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• Concentrations of Heterocyclic Nitrogeneous Compounts (HNCs) were less variable than those of
PAHs, but generally occurred at levels that correlated with PAHs levels; and

• Of the heavy metals known to occur in the sediments, concentrations of zinc were the most abundant,
followed by lead, copper, arsenic and chromium.

In a study of hydrogeological conditions (Acres, 1988a), Acres International Limited reported that a large
part of the Coke Oven Brook watershed (within the site) was contaminated with organic chemicals
derived from past coking operations. Acres suggested that the cleanup of the Tar Ponds would eliminate
only 25% of the PAHs released to Sydney Harbour.  The remaining 75% was believed to originate from
contaminated surface water inflows from the Coke Oven Brook.  Although it is believed that the 1988
study was based on data obtained following the closure of the Coke Ovens, it is not clear in their report,
whether contamination of the Coke Oven Brook was ongoing at that time. 

In 1990, Nolan Davis & Associates and Jacques Whitford & Associates (NDAL/JWA, 1990) undertook a
comprehensive investigation of the Coke Oven Brook area to further delineate groundwater
contamination.  This study revealed much about the sources and extent of the various types of
contamination and their pathways.  It was noted that contamination from coal tar, PAHs, HNCs and acid
drainage could continue to migrate from the Coke Ovens site to Muggah Creek through both surface and
groundwater pathways, even after the Tar Ponds were cleaned up.  The main findings of this study can be
summarized as follows:
• the dominant direction of groundwater contaminant plume movement from the Coke Ovens Site was

toward Coke Oven Brook and westerly towards the lands of the steel plant;
• the extensively weathered and fractured bedrock surface appeared to act as an underdrain for local

groundwater flow and was considered to be the critical contaminant release pathway;
• most of the overburden in the area was contaminated with various organic compounds to the top of

the bedrock surface;
• the concentrations of organic compounds in the soils decreased with depth and was greater in the till

than the bedrock;
• the Domtar site had the highest concentrations of PAHs, HNC and phenol;
• shallow groundwater in the area of the Benzol plant was contaminated with lighter organic

compounds and light non-aqueous phase liquids (LNAPLs), such as benzene and naphthalene;
• the coal storage areas were minor sources of organic contamination, but were the historic source of

acid drainage;
• plumes of groundwater contaminated with organic chemicals were not moving any appreciable

distance north or south towards populated areas; and
• along the northeast shore of the Tar Ponds, there was a layer of coal or coal tar derived materials that

could contain organic contaminants between the layers of infilled slag and the underlying till.

In 1989, Acres International  (Acres, 1989) undertook an investigation of the southeastern shorelines of
the Tar Ponds to identify areas of potential contamination that may have been covered by infilling.  Soil
samples of the fill materials from boreholes drilled adjacent to the Tar Ponds (north of Prince Street)
contained coal, slag and other materials.  Contamination similar to that experienced in Tar Ponds
sediments was found in these boreholes at depths below sea level, indicating that infilled areas were
originally part of Muggah Creek that were filled and covered over time.  Soils sampled from the
boreholes drilled in the area (south of Prince Street) contained compact fill composed of fine slag,
concrete fragments and coal particles.  One of the three boreholes encountered a contaminated layer that
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was considered an upstream extension of the Tar Ponds.  This study concluded that the contaminated
material was mostly confined to the formerly open area of the Tar Ponds and that the natural underlying
zone and the overlying fill were uncontaminated.

During a second shoreline study (Acres, 1990a), 26 boreholes were drilled and three monitoring wells
were installed. Relevant conclusions from these investigations included that:
• the original shoreline of the Tar Ponds was redefined in several areas;
• in infilled areas of the Ponds’ shorelines, the underlying material is typically contaminated;
• soils along the northeast shoreline of the North Pond and the southeast shoreline of the South Pond

near Coke Oven Brook recorded the highest levels of contaminants (this latter area is the site of a
former municipal solid waste dump); 

• the southeast shoreline of the South Pond (behind the bus terminal) does not have underlying
contaminated sediment;

• the southwest shoreline of the North Pond (rail yard) and the area east of Wash Brook (shopping
mall) has underlying material that is less contaminated than other areas; and

• the underlying sediments in the area of the southwest shoreline of the South Pond are not
contaminated.

A study undertaken by P. Lane Associates (Lane, 1991) examined contaminant transport from Muggah
Creek to the Harbour.  The study estimated that the influx of PAHs from Coke Oven Brook to be 23 ±7
kg/year and the efflux of PAHs from the contaminated sediments of the Tar Ponds to Sydney Harbour to
be 770 ±360 kg/year.  Influx and efflux was believed to be affected by tidal and climatic conditions and
freshwater runoff.  The study also determined that sorting of some PAH compounds occurred as they
were transported to the Harbour.  The more soluble compounds, for example, were flushed out of Muggah
Creek within one or two tidal cycles.  Lower solubility compounds tended to be stored in the sediments
and released to the Harbour primarily during high runoff events.  A later study on Coke Oven Brook,
(Washburn Gillis, 1993) determined that the annual mass flow rate of PAHs was less than 64 kg/year just
downstream of the Coke Ovens Site.  Its destination is not stated, but is assumed to be the Tar Ponds.

A study in 1990 (O’Halloran Campbell, 1990) evaluated excavation and backfill methods for the Tar
Ponds and recommended that underwater dredging be used, following the construction of a cofferdam
between the North and South Ponds at Ferry Street.  The cofferdam was intended to reduce the potential
of contaminants disturbed by the excavation to be released to the Harbour and to improve conditions for
dredging operations in the South Pond.  The cofferdam was designed to control flows from the South
Pond to the North Pond either via an overflow weir, sluice gates, or a combination of the two technologies
(Acres, 1990).  The cofferdam was also intended to address the following:
• eliminate tidal fluctuations and reduce fluctuations caused by varying runoff, thereby lowering the

outflow of sediments during excavation;
• permit short term containment of outflows from the South Pond to prevent the further release of

spilled or disturbed materials and to facilitate cleanup;
• reduce water level fluctuations thus improving the effectiveness of silt curtains around the excavation;
• keep the water level high enough to enhance the settling of disturbed materials in the South Pond; and
• cover the area with water during excavation to reduce vapours and odours.



Introduction and Background 1-6 RAER - Tar Ponds
CBCL – ENSR February 2003 – Final Report

A second dike was proposed for the mouth of Muggah Creek to facilitate dredging operations in the North
Pond (O’Halloran Campbell, 1990).

In later reports prepared in support of the environmental permit application (Acres, 1991), the Tar Ponds
Cleanup Project was described as including the hydraulic dredging of the Tar Pond sediments, its
transportation via pipeline to an incinerator, combustion of the contaminants, and the subsequent
generation of electricity.  The incinerator involved a revolving fluidized bed furnace tied into an existing
boiler and turbine at SYSCO and was capable of generating up to 10 MW of power.  Oil was to be used
for furnace start-up, and coal was to be used as a supplementary fuel in the event the caloric value of the
Tar Ponds Sediments was too low to ensure the efficient operation of the incinerator.  The ash generated
would be treated as required, combined with relatively inert slag material from SYSCO, and used to infill
excavated areas of the Tar Ponds.  Slag has long been used for roadbed construction and is considered to
be an acceptable backfill material.  It is described as hydrophobic, basic in character, alkaline in water and
resembling low grade Portland Cement.  Existing surface water flows would be channelized through the
infilled areas of Muggah Creek, but a final plan for the infilled areas was not developed.  The Tar Ponds
Remediation Project also included preliminary work on the cleanup of the Coke Oven Brook and the
Coke Ovens site, but remediation activities in these locations were intended to be part of a longer-term
project.

Concentrations of polychlorinated biphenyls (PCBs) in the Tar Ponds sediment was not a significant issue
up to this point in the Remediation Project.  Earlier testing had indicated that PCB concentrations were
low or non-detectable (Acres, 1991).  However, a routine sampling program undertaken in the South Pond
during 1992 (Acres, 1993) found areas of PCB concentration at levels greater than 50 ppm (subject to
regulatory control).  The highest concentrations of PCBs were detected adjacent to the outlet of a major
sewer in the northeast corner of the South Pond where the single highest concentration of PCB was over
2,000 ppm.  The quantity of materials contaminated with elevated levels of PCB was estimated to be
approximately 4,800 m3.  At this time it was recommended that the PCB contaminated material be
removed from the Pond and transported to an approved storage site.

An independent review of the Tar Ponds Cleanup Project was undertaken by R.V. Anderson and
Associates in 1994 prior to start-up and as a result of the findings on PCB contamination.  Anderson’s
report (Anderson, 1994) included two significant conclusions.  First, although the proposed equipment
and processes for the Cleanup Project were considered appropriate for the intended functions, concern
was expressed about the ability of the dredging and pumping system to deliver the contaminated sediment
to the incinerator.  It was felt that any failure in the delivery system could jeopardize the cleanup process.
Secondly, the capacity of the Cleanup Project incineration system to adequately destroy PCBs was not
known and would have to be tested and verified prior to start-up of the Remediation Project.

Problems associated with the sediment pumping system, growing public concern over the proposal to
incinerate PCB contaminated sediments at the site, and escalating project costs led to the cancellation of
the Tar Ponds Cleanup Project in 1994.  

1.2.2 Containment Approaches to Cleanup 
Following cancellation of the excavation and incineration based approach to clean-up, the Province, in
1995, issued a Request for Proposals for the management of the remediation of the Tar Ponds.  As a result
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of this request, an alternative approach based on containment of the contaminated sediments in the Tar
Ponds was proposed.  This in situ approach to containment was intended to stabilize the PAH
contaminated sediments in place and to prevent their escape into Sydney Harbour.  The approach
determined that as PAHs have a low solubility in water, there would be little potential for the chemicals to
leach from the sediments to the water in the Tar Ponds.  The primary concern for PAH contamination of
the receiving waters would arise from solid particles contaminated with PAH being physically disturbed
and transported by coastal and hydrological processes such as tidal, current and wave action.  An in situ
containment would prevent particle erosion.  Primary elements of the containment approach were to
include:
• PCB contaminated sediments were to be removed from the Ponds for off-site treatment and/or

disposal;
• PAH contaminated sediments were to be covered with 1.3 m of inert slag to bring the area above the

high water mark;
• the slag cover was to be topped with 0.3 m of till and the newly created land was to be vegetated;
• new channels were to be constructed for the Coke Oven Brook and Wash Brook; and 
• a dam was to be constructed at Battery Point.

A risk analysis was subsequently conducted to compare the potential reduction in risks to human health of
the PAH containment cleanup approach with a “do nothing” option (JWEL-IT, 1996).  The risk
assessment found that the containment approach was expected to reduce risks to human health by at least
a factor of 80.  The study did note that, following completion of the containment project, continuing
discharge of PAHs from the Coke Oven Brook would reduce the benefits.  Although no effort was made
to evaluate the risks to ecological receptors, the study noted that containment would effectively prevent
direct exposure of the sediments to biota.  The proposed containment project would require ongoing
monitoring as the contaminant hazard would neither be removed nor destroyed.

This series of studies also investigated further the presence of PCB contamination within the North and
South Ponds (JWEL-IT, 1996a) and assessed remedial methods for the PCB contaminated sediment.  A
total of eight areas of PCB contaminated sediment were defined, varying considerably in size and
thickness.  The total volume of PCB contaminated sediment was estimated at 36,000 m3 (45,000 tonnes).
Five remedial options were developed including landfilling, thermal desorption, incineration,
containment, thermo-chemical treatment and bioremediation.  A no action option was also examined.
Thermal desorption was identified as the preferred route for treatment of the PCB contaminated sediment,
with residual wastes from the process requiring incineration.

JWEL-IT Joint Venture also conducted a baseline data collection study (JWEL-IT, 1996b) in Sydney
Harbour to document existing contaminant conditions in relationship to the findings of previous studies.
Results of the field investigations indicated that the levels of PAHs in the sediments and in lobster in
Sydney Harbour had declined since the earlier studies in 1981.  However, levels of PAHs in mussels in
the Harbour were significantly elevated relative to previous studies.  The study also noted a trend of
decreasing PAH concentration with increasing distance from Muggah Creek.  The highest PCB
concentrations recorded were in samples taken south of Muggah Creek.

There was some public opposition to the proposed containment approach to the cleanup of the Tar Ponds,
and the project was never implemented. 
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1.2.3 Joint Action Group
In 1996, a community based approach to the identification, evaluation and implementation of remedial
actions in the Muggah Creek Watershed was initiated.  The Joint Action Group (JAG) for the
Environmental Cleanup of the Muggah Creek Watershed was constituted to represent community
interests in a partnership with the three levels of government.  JAG is comprised of local residents,
business people, representatives of the three levels of government, and representatives from local
communities, and bona fide local organizations.

JAG was conceived to define and implement a workable solution to the environmental contamination
contained within the area known as the Sydney Tar Ponds.  JAG has since evolved and broadened its
scope to include the former Coke Ovens Site, as well as the downstream impacts of the existing
Municipal Landfill (JAG, 1998a). 

On September 19, 1998, a Memorandum of Understanding (MOU) was signed by the Government of
Canada, the Government of the Province of Nova Scotia, the Cape Breton Regional Municipality and the
Joint Action Group for the Environmental Clean-Up of the Muggah Creek Watershed.  The MOU sets out
a framework for a community based process known as the JAG process, that expressed the collective will
of all parties to seek solutions to the environmental and health risks associated with the Muggah Creek
Watershed (JAG, 1998a).

JAG is supported by a Secretariat, managed by a Steering Committee and reports to a Roundtable, which
is made up of approximately 40 to 45 community representatives and six government representatives (two
from each level of government).  JAG’s mission is “to educate, involve and empower the community,
through partnerships, to determine and implement acceptable solutions for Canada’s worst hazardous
waste site, and to assess and address the impact on human health” (JAG, 1998).

JAG identified the process outlined in the Canadian Council of Ministers of the Environment (CCME)
National Guidelines for Decommissioning of Industrial Sites (CCEM, 1991) as an appropriate process for
application to the Muggah Creek Cleanup Project.  The CCME Guidelines include a multi-phased
approach that allows for the full assessment and characterization of the contaminated site in support of the
development and implementation of site specific cleanup plans.

1.2.4 Recent Data and Studies
At the request of JAG, and following the CCME Guidelines, governments have undertaken a number of
studies and projects intended to advance the CCME process for the cleanup of the Tar Ponds and Coke
Ovens Sites, and to take direct action on a number of immediate issues facing the cleanup process.  These
are identified in this section.

1.2.4.1 MUGGAH CREEK WATERSHED PHASE I ENVIRONMENTAL SITE ASSESSMENT 

In 1998, Environment Canada, at the request of the Environmental Data Gathering and Research Working
Group (EDGAR) of JAG, commissioned the Phase I Environmental Site Assessment, Muggah Creek
Watershed as the first step in the environmental clean-up of industrial lands in this area.  The Phase I ESA
was completed by CBCL Limited and Conestoga-Rovers & Associates Limited in 1999.  The Phase I
ESA (CBCL/CRA, 1999) examined all environmental investigations and studies on the Muggah Creek
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Watershed over the previous 20 years, as well as all available information on historic and existing
industrial and commercial facilities and activities. The study provided a summary of the history of
previous activities on the Tar Ponds and Coke Ovens Sites and improved existing knowledge of
environmental conditions that may or do exist within the former industrial lands of the Muggah Creek
Watershed.  

The Phase I ESA, based entirely on existing and available information, determined that the nature and
location of contamination at the Tar Ponds and Coke Ovens Sites was known with a moderate to high
degree of certainty.  A lower degree of certainty was attached to the delineation of the extent of specific
contaminants at the Sites, since much of the earlier field investigations focussed on the identification of
contaminants rather than the delineation of contaminated areas.

1.2.4.2 MUGGAH CREEK WATERSHED PHASE III ENVIRONMENTAL SITE ASSESSMENT PONDS AND SHORELINE

AREAS

Sufficient data was provided in the Phase I ESA report, and previous investigations, to allow the Cleanup
Project to proceed immediately with a Phase III investigation of the Tar Ponds (JDAC, 2001).  The Phase
III ESA study of these areas was intended to build upon the existing data to better delineate contaminant
boundaries and quantities.  The study area included the North and South Ponds and adjacent shoreline
areas.

The Phase III ESA (JDAC, 2001) documents the results of field investigations carried out in the Tar
Ponds area in 2000.  Two related studies were also completed in conjunction with the Phase III ESA;
these were: 
• Contaminant Flux from Muggah Creek to Sydney Harbour (JDAC, 2002); and
• Contaminant Loading Study for Muggah Creek (JDAC, 2002a).

Much of the known information on the Tar Ponds was confirmed by the Phase III ESA (JDAC, 2001),
including the location and quantity of elevated levels of PCB and PAH contamination in sediments.
Contaminants identified in the Phase III ESA included PAHs, PCBs, semi-volatiles, metals (lead, copper,
cadmium, chromium, zinc, mercury and arsenic), petroleum hydrocarbons and light end volatile
compounds (BTEX), HNCs and dioxins/furans.  The volume of PAH impacted sediment in the two Ponds
was estimated at 550,000 m3 and the estimated volume of PCB contaminated sediment (>50 ppm) was
estimated at 45,000 m3.  Of this, the North Pond contains an estimated 36,000 m3 of PCB contaminated
sediment, most of which is in a single deposit near Battery Point, and the South Pond contains an
estimated 9,000 m3.  The contaminated sediment in the North Pond lies in a discreet layer of varying
thicknesses that is located between layers of PAH contaminated sediments and slopes downward.  The
PCB contaminated material in the South Pond is primarily located close to the surface of the sediment in a
relatively accessible location.

PAH contaminated sediment was also found in deeper layers of sediments located beyond the existing
shoreline and outside the boundaries of Tar Ponds Site.  These areas are a result of historic infilling,
including that connected with the former steel plant site and its associated slag pile located to the east and
north of the North Pond; and the old waste dump located to the southeast of the South Pond.  
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The Contaminant Loading Study for Muggah Creek (JDAC, 2002a) also examined the inputs received
from groundwater sources and sewer outfalls.  The findings of the Study as related to the source and
estimated loadings of contaminants from all sources are provided in Table 1.1.  

Table 1.1: Contaminant Loadings into Muggah Creek (1)

Contaminant Type
Total Estimated
Loading
(kg/year)

% Contribution
Surface Water

% Contribution
Groundwater

% Contribution
Sewer Outfalls

Hydrocarbons 25,709 68 5 27

Metals 1,942 56 28 16

PAHs 310 23 75 2

Note: (1) Reference: Table 3.1 in Contaminant Loading Study for Muggah Creek (JDAC, 2002a)

The Contaminant Flux from Muggah Creek to Sydney Harbour Study (JDAC, 2002) modelled the inputs
and outputs of Muggah Creek to simulate the pattern of the contaminant flows.  The results suggested that
the South Pond functions as a sediment trap retaining about 220 tonnes of sediments per year and
accumulating 18 tonnes of contaminants per year.  The North Pond is estimated to have a net release of
contaminants to Sydney Harbour of over seven tonnes per year.   Inputs and outputs for each contaminant
type are provided in Table 1.2.  Although the table provides the net gain/loss for each contaminant type,
there are variations within each type.

Table 1.2: Contaminant Inputs and Outputs for Muggah Creek (1)

Contaminant
Type

Input to
South
Pond

(kg/year)

Output from
South Pond

(kg/year)

South Pond
Gain/Loss
(kg/year)

Input to North
Pond (2)

(kg/year)

Output
from North

Pond
(kg/year)

North Pond
Gain/Loss
(kg/year)

Hydrocarbons 24,455 7294 17,161 9041 15451 -6,410

Metals 1,431 635 796 1075 1250 -175

PAHs 244 163 81 226 777 -551

TOTAL 26,130 8092 18038 10,342 17,478 -7,136

Note: (1) Reference: Table 6.1 in Contaminant Flux from Muggah Creek to Sydney Harbour (JDAC,
2002a)

(2) Includes output from South Pond plus groundwater and sewer outfalls into North Pond

1.2.4.3 HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENT NORTH AND SOUND PONDS

The Human Health and Ecological Risk Assessment North and South Ponds (JDAC, 2002b) was based on
data obtained from the Phase III ESA (JDAC, 2001) and additional field investigations.  The purpose of
the risk assessment was to evaluate the potential risks associated with the chemicals currently present in
the Tar Ponds. Contaminants of Concern (COC) were identified by comparing the detected chemical
concentrations to conservative screening values and background levels.   If a COC was determined to
pose an unacceptable risk or hazard, a site specific target level (SSTL) was developed.
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The Risk Assessment evaluated the potential for adverse effects to human receptors who might come into
contact with contaminants in the surface water and sediments of North and South Ponds.  Based on
possible receptors and exposure pathways, four potential classes of receptors were identified including:
• a commercial worker (Ferry Street kiosk);
• a maintenance worker; 
• a trespassing child and teen; and 
• a residential child/adult living in a home located adjacent to the Ponds.

The results of the Risk Assessment indicate the following:
• For the on-site commercial worker, a few PAHs might pose a potential for adverse non-carcinogenic

effect.  Potential exposures from PAHs might also pose unacceptable potential cancer risks;
• For the on-site maintenance worker, exposure might pose an unacceptable non-cancer hazard; and
• For a frequently trespassing child, who was considered as a predominantly off-site residential

receptor for a lifetime, the potential exists for a few PAHs to pose an adverse non-carcinogenic effect.
There was also a potentially unacceptable cancer risk.

It should be noted that as groundwater flows into the North and South Ponds from all directions, there is
little likelihood that contamination from the Ponds could reach off-site receptors as a result of outward
migration from the Ponds to area groundwater.  The potential for evaporation of chemicals from the
Ponds and their migration to any off-site resident receptors at a detectable concentration is also
considered negligible.  Therefore, the risk of exposure to nearby residents from chemicals in groundwater
or air associated with the Ponds is considered to be insignificant.

The Risk Assessment evaluated the potential for adverse effects to non-domesticated flora and fauna
receptors in the ecological habitats of the Tar Ponds study area.  No species or habitats at risk as listed in
COSEWIC (Committee on the Status of Endangered Wildlife in Canada) and the NS Endangered Species
List were identified in the study area.  Environmental media of interest included the shoreline soils and
pond sediment and surface water.  The Risk Assessment ecological receptors included populations of fish,
invertebrates, birds or mammals that may exhibit increased mortality or decreased reproduction, due to
chemical presence.  For each medium and receptor, a variety of chemicals of potential concern were
identified that posed potential ecological hazards.  For aquatic receptors, PCB arochlors, PAHs and
metals were generally above the risk benchmark. SSTLs were calculated for each chemical of potential
concern, based on the ecological receptor and the contaminated media.  

1.2.4.4 TECHNOLOGY DEMONSTRATION PROGRAM

In response to a JAG resolution, in 2000, the Nova Scotia Department of Transportation and Public
Works contracted Vaughan Engineering Limited to coordinate a Technology Demonstration Program
(TDP) (Vaughan, 2002) to evaluate the potential for application of a selection of treatment technologies to
the cleanup of the Tar Ponds sediment.  Technologies were selected for bench-scale testing on Tar Ponds
media based on submitted proposals.  Proponents of technologies who participated in the TDP included:
• Colmac Resources Inc. (Colmac): circulating fluidized bed (CFB) co-burning technology;
• Grace Canada Inc. (Grace): solid phase bioremediation technology;
• IT Corporation (IT): solidification/stabilization technology;
• IT Corporation (IT): thermal desorption technology;
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• Science Application International Corporation Canada (SAIC Canada): solvent extraction, acid
leaching and plasma destruction;

• TDEnviro: advanced soil washing technology; and
• UMATAC Industrial Processes (UMATAC): pyrolysis technology.

Each proponent technology received at least one 200 litre drum of PCB contaminated sediment and one of
low PCB contaminated sediment1.  The intent of the bench scale demonstration projects was to produce a
treated sediment that met specific criteria established for the TDP, such that the treated material could be
safely disposed of at any licensed landfill site.  Three technologies were successful in reducing the level
of PAH and PCB contamination to below the criteria established for the TDP.  These included Colmac’s
CFB co-burning technology (for low PCB material), SAIC Canada’s plasma destruction (for both the low
and high PCB material) and UMATAC’s pyrolysis technologies (for both the low and high PCB
material).  All seven bench scale technologies tested produced treated sediments that contained levels of
at least one heavy metal contaminant above the cleanup guidelines.  
Results of the TDP also demonstrated that water treatment would be required to remove contaminants for
all technologies that had an associated water discharge.  In some circumstances, the treatment of air
emissions would also be required.

The TDP summarized each demonstration as indicated in Table 1.3 and described below:
• Colmac CFB co-burning: Good results indicated that this technology was suitable and would be

potentially feasible for the treatment of low PCB sediments;
• Grace bioremediation: This process showed no improvement in PAH levels.  PCB levels were

reduced, but the results were inconclusive as the control also had reduced PCBs;
• IT stabilization/solidification: Improved the handling of the sediment, but had little, if any, effect on

the leachability, noting that the untreated sediments had already passed the leach tests on two
samples;

• IT thermal desorption: Good results indicated a high reduction of PAHs in the feed sediment.
However, IT believes that thermal desorption would be an overly expensive solution for this type of
material, proposing instead a partially pyrolytic rotary kiln with secondary combustion;

• SAIC Canada treatment chain: The solvent extraction and metal leaching processes did not have
acceptable contaminant reduction results.  However, plasma destruction successfully destroyed the
organic contaminants;

• TDEnviro advanced soil washing: Good results, but only the low PCB sediments were tested.  They
produced a carbon fuel suitable for commercial use, e.g., in cement kilns or power plants.  The waste
sediment, however, required secondary treatment, such as thermal desorption, to meet soil criteria
established for the TDP; and

• UMATAC pyrolysis: Good results indicated a very high reduction of PAHs in the combusted solids.
The condensate oils could be reused as commercial fuel, but the PCBs concentrated therein might
need to be removed or treated.

                                                
1 In the context of the TDP, the focus was to determine the feasibility and suitability of various proven remediation
technologies on actual samples of sediments in terms of their capability and performance.  This was done by
providing for testing samples of the two principle types of sediment, namely those low in PCB (<50 ppm) and those
high in PCB (>50 ppm).  The reference to low PCB sediments is this section reflects the categorization used in the
TDP.
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Other points noted by Vaughan included:
• The tests undertaken served their purpose as screening tests by identifying key parameters which have

the greatest influence on meeting the remediation criteria established for the TDP and on future
design.  For example, the low residence time and oxygen levels of Colmac’s co-burning pilot-scale
CFB produced CO levels that are not expected at full-scale;

• The low and high PCB sediment samples, while similar in PAH concentration, were very different in
petroleum hydrocarbon content which had a major impact on not only the treatability of the sediment
using some technologies (e.g., solvent extraction), but also on material handling; and

• Treatment criteria will vary with land use, and the criteria established for the TDP and applied during
this evaluation may not be appropriate in all cases (e.g., soils criteria do not apply to fuels produced
from the sediment).

Chapter 5 presents the screening of those cleanup technologies considered to have the capability of
addressing the existing conditions in the North and South Ponds, including those technologies that were
examined in the TDP.

Table 1-3:  Technology Demonstration Program (TDP) Results - Benefits and Limitations 

Proponent TDP Test Results Technology
Track Record Benefits Limitations

Colmac CFB
Co-Burning • Good PAH destruction • Previous tests successful

on similar material

• Beneficial reuse of
sediment; low capital costs
(existing power plants
could be used)

• Power plants must have ash
handling capacity; and agree to
accept waste materials with low
levels of PCB (<50 mg/kg)

• PCB materials (>50 mg/kg) were
not tested

Grace
Bioremediation

• Poor sediment treatment
• Good water treatment

• Little full-scale
experience with similar
material

• Lower cost solution
• Low power requirements

• Prolonged time frame for
remedial action

• Large space requirements
• Susceptible to climate conditions

(no winter operation)
• Residual materials may require

contained disposal

IT Stabilization/
Solidification

• No improvement in
contaminant levels after
treatment

• Sediments pass leach
criteria before and after
treatment

• Successful application on
materials with high
inorganic contaminants 

• Less experience on
application to organic
contaminants

• Improved handling
capabilities

• Higher chance leach
criteria will be consistently
met after stabilization

• Up to a 40% increase in volume
of treated materials

• Residual materials could still
require contained disposal

• Long-term immobility of some
compounds not proven

• No destruction of contaminants

IT Thermal
Desorption

• Successful destruction of
PAH 

• Previous tests successful
on similar contaminated
materials

• High throughput possible
• Proven technology

• Highly variable feed could limit
effectiveness

• Metals could concentrate in
treated material

• Residence time must increase if
material “balls” up

SAIC Canada
Treatment Chain 

• Unsuccessful results with
solvent extraction and acid
leaching

 Successful results with
plasma

• Some success noted with
solvent extractions

• Plasma is typically used
to treat relatively small
quantities of material

• Potential to reduce
contaminated material to
smaller volume

• Plasma treatment
mineralizes (completely
destroys) organics

• Solvent extraction and metal
leaching might not be effective
for some compounds (e.g.
Benzo(a)pyrene)

• Trace solvent could remain in
treated sediment

• Estimated high costs
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TDEnviro Soil
Washing

• Carbon fuel successfully
produced

• Inorganic contaminants
require additional
treatment

• Documented commercial-
scale CSP success for
oil impacted material

• Yields fuel product with
high calorific value

• Fuel user would require ash
handling capabilities 

• Fuel user must agree to accept
material

• PCB material (>50 mg/kg) not
addressed

UMATAC
Pyrolysis • Good PAH destruction

• Commercial-scale
success for PCB and oil
impacted material

• Recovered product could
be produced and sold

• Minor volume increase could
occur due to addition of sand

• Recovered product could
contain PCB’s and require
treatment

1.2.4.5 COMMUNITY EVALUATION CRITERIA AND FUTURE SITE USE

In 2002, JAG undertook a program of public consultation that resulted in the identification of 16
evaluation criteria intended to ensure the inclusion of four of the six JAG Core Principles in the
evaluation of approaches and technologies for the remediation of contamination at the Tar Ponds and
Coke Ovens Sites (JAG, 2002). Participants to the process ranked the relative importance of each of the
criteria and provided overall comments. 

Within each of the core principles, the following criteria received the highest public ranking:
• Environmentally Sound – enhance long term effectiveness and permanence;
• Economically Responsible – use a more reliable technology;
• Health Conscious – minimize health risk; and
• Socially Acceptable – maximize long-term benefits.

Responses from participants in the consultation process indicated a preference for the future use of the
Tar Ponds Site as public parkland with a mixture of uses including waterway, recreational areas with
green space, playgrounds, family areas and boardwalks.  

1.2.4.6 ENVIRONMENTAL EFFECTS AND REMEDIATION OF CONTAMINATED SEDIMENTS IN SYDNEY HARBOUR

This research initiative led by staff of Fisheries and Oceans Canada includes work that is intended to
accomplish the following objectives:
• determine the concentration of contaminants in sediments, water and biota of Sydney Harbour;
• determine the historical record of contamination inputs to Sydney Harbour;
• develop ecologically relevant biotests for assessing the cumulative effects of toxic substances and

their risk to the ecosystem and to human health;
• establish linkages among multiple environmental indicators; and
• use historical records to better understand past and present environmental conditions.  

Work on this study is ongoing, and the resultant reports have not yet been published.

1.3 Remedial Ac tion Evaluation Report (RAER)
The Remedial Action Evaluation Report for the Tar Ponds Site is organized into seven chapters and an
Executive Summary.  The chapters are intended to assist the reader in understanding the logical
progression of the tasks undertaken by the RAER Team, the findings of the assessments, and the rationale
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behind the identification, development and evaluation of the options recommended for cleaning up
contamination at this site.  A brief summary of the chapters and their content is provided below. 
The Executive Summary provides a brief overview of the findings and recommendations of the Project.

Chapter One (Introduction and Background) summarizes the history of the Muggah Creek Watershed
and the efforts to date to both understand environmental contamination at the Tar Ponds site and to
address its remediation.  

Chapter Two (Methodology) provides a brief summary of the risk based management approach, identifies
the Muggah Creek Cleanup Project objectives and criteria, and outlines the logical step-wise process
undertaken by the RAER team to review and recommend appropriate remedial actions.  

Chapter Three (Regulatory Context ) discusses the environmental regulatory context of the Cleanup
Project. 

Chapter Four (Existing Conditions) summarizes the findings of the Tar Ponds Site environmental and
risk assessments, including a summary of the contaminants of concern, the contaminated materials, and
the scope of the contamination at the Site. 

Chapter Five (Identification and Initial Screening of Cleanup Technologies) assesses each of the
identified technologies against their capability to address the contaminants of concern and the affected
media, their potential for use as the primary method of remediation, and/or their secondary application in
a chain of technologies.  A list of technologies considered appropriate for further examination is provided.  

Chapter Six (Identification of Cleanup Alternatives) assembles technologies into alternative approaches
to the Cleanup.  Each of these alternatives consists of a primary technology, which may or may not be
associated with a chain of other technologies intended to address specific aspects of the cleanup, to
prepare contaminated materials for further treatment /disposal, and/or to dispose of contaminated
materials and residues and inert wastes.  Following additional screening and evaluation, these
technologies are assembled into recommended Cleanup Options, each of which has the potential to
address the Remedial Action Objectives at the Tar Ponds Site. 

Chapter Seven (Development and Evaluation of Cleanup Options) develops each of the Cleanup
Options to a conceptual level of design, estimates the costs to implement, and provides a comparative
evaluation of each Option, based on the Community Evaluation Criteria. 

The following appendices provide information in support of the text:

Appendix A References

Appendix B Locations of Exceedences

Appendix C Option Costs 

Appendix D Community Workbook – Developing Evaluation Criteria
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Chapter 2  Methodology

2.1 Organization
The RAER project is organized around two separate but linked reports, one for the Tar Ponds Site and one for the
Coke Ovens Site.  During the evaluation of technologies for the Tar Ponds Site, the RAER Team undertook a
logical step-wise approach that included the following major tasks:
• confirmation of the scope of the Tar Ponds Cleanup Project;
• review of available information and related experience in other areas;
• identification of potential remedial action technologies appropriate for application to this Site;
• confirmation of a suite of criteria to be used to evaluate the technologies for application to this Site;
• screening of a list of potential remedial technologies;
• development of a minimum of four (recognizably) different Cleanup Options; and
• evaluation and costing of each of the recommended Cleanup Options.

2.2 Scope
The scope of the RAER for the Tar Ponds is defined in both a spatial (geographic) and functional context. 

2.2.1 Geographic
The geographic scope of the RAER project includes all those areas of land and water that fall below the mean
high water mark on the North and South Ponds (Tar Ponds) of the former Muggah Creek estuary (Figure 2.1).
The RAER project does not address those areas of shoreline associated with the Ponds that fall above the mean
high water mark, as these areas fall outside the project area as defined in the Memorandum of Understanding
(JAG, 1998a).  The RAER, however, does address inputs and outputs of contaminants to the Ponds.  

2.2.2 Functional
The functional scope of the RAER project was defined by the following elements, provided by the PMC: 
• Tar Ponds Remedial Action Objectives (RAOs) which identify the contaminants of concern (COC), the media

(soil, water, groundwater and sediment) in which the COCs are located, and the focus of remedial action that
is required of the Cleanup Project; and  

• Site Specific Target Levels (SSTLs) were developed for those COCs for which unacceptable risks were
calculated.  The SSTLs provide the concentration of the COCs identified in the RAOs below which the risk of
impact to human and/or ecological health is acceptable.  These maximum acceptable concentrations become
the Cleanup Criteria for that contaminant as it occurs in that media on the Tar Ponds Site.  

2.3 RAER Objec tives
The primary objectives of the RAER project are to:
• identify comprehensive remedial alternatives that will involve one or more commercially proven remedial

technologies or management options for the remediation of the Tar Ponds Site;
• evaluate at least four preferred remedial options; and 
• document the remedial action evaluations considered.

2.4 Phased App roach to Contaminated Site Management
The CCME’s National Guidelines for Decommissioning Industrial Sites identifies a phased approach to the
decommissioning and cleanup of industrial sites in Canada.  As previously noted, the CCME approach was
adopted by JAG to be used as a guide for cleanup efforts in the Muggah Creek Watershed.  The CCME approach
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is based on six phases, each of which proceeds in a logical step-by-step manner.  Drawing from this approach, the
Muggah Creek (Tar Ponds and Coke Ovens Sites) Remediation Project will be comprised of six phases:
 
• Phase I Site Information Assessment: a review of site conditions based on historical information with no

new environmental testing; 
Phase I Muggah Creek Watershed Environmental Site Assessment (CBCL/CRA 1999)

• Phase II Reconnaissance Testing Program: intrusive testing to determine the presence or absence of
contaminants; 
PCB Delineation and Remedial Options for the Muggah Creek Contaminated Project (JWEL-IT,
1996a)
Surface Waterways Monitoring Program (JDAC, 2002d)

• Phase III Detailed Testing Program: detailed testing to define the nature and extent of contaminants and to
establish criteria for remedial actions ( potentially using a risk based approach to management);
Contaminant Loading Study for Muggah Creek ( JDAC, 2002a)
Contaminant Flux from Muggah Creek to Sydney Harbour (JDAC, 2002)
Phase III Environmental Site Assessment Report, Ponds and Shoreline Areas (JDAC, 2001)
Human Health and Ecological Risk Assessment North and South Ponds, (JDAC, 2002b)
Phase III Environmental Site and Risk Assessment Coke Ovens Site (JDAC, 2002c)

• Phase IV Preparation of Decommissioning and Cleanup Plans:  planning and remedial action design;
Technical Evaluation of Sydney Tar Ponds Bench-scale Demonstration Final Report (Vaughan,
2002)
Remedial Action Evaluation Report (CBCL/ENSR, 2003 (in Press))

• Phase V Implementation of Decommissioning and Cleanup; and

• Phase VI Confirmatory Sampling / Completion Reporting: monitoring to assess the success of remedial
actions.

Within the CCME guidelines is the provision for the selection of one of two approaches (Tiers) to the
identification of contaminants of concern, the definition of remediation requirements, and the development of
criteria for site remediation.   A Tier 1 approach to site management can proceed on limited site specific
information and would identify if a contaminant was present and, if it required remediation, would rely on
established standards and guidelines.  A Tier 2 approach is intended to complement an initial Tier 1 assessment.
Tier 2 approaches are based on risk management and generally rely on additional site information that is used to
assess the extent to which a user of the site would be exposed to contaminants.  The Coke Ovens and Tar Ponds
Site Cleanup Projects have used a risk based management approach to determine COCs and develop SSTLs for
those COCs determined to have an unacceptable risk.

2.4.1 Understanding Risk Based Management
A risk-based approach to the management of contaminated sites is based on a detailed evaluation of the hazard
and exposure potential at a particular site.  Risk assessment is the scientific examination of the nature and
magnitude of the potential effects of the exposure of both human and other receptors to contaminant(s). Risk
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assessment is a common tool that is used to assist decision-makers in determining appropriate remedial actions at
contaminated sites.  Once the risk at a site has been characterized, management activities involve the selection and
implementation of strategies intended to limit and/or control the risk, followed by monitoring and evaluation of
the effectiveness of the strategy chosen.  Risk management strategies may include direct remedial actions, or other
actions intended to reduce the probability, intensity, frequency, or duration of the exposure to contamination.

There are three elements to risk (all of which must be present
at the site in order for a risk of exposure to exist): the
contaminant source, the exposure pathway and the receptor. 

• A contaminant is any physical, chemical, biological, or
radiological substance in air, soil or water that has an
adverse effect.  A contaminant source is defined as any
substance whose concentration exceeds background
concentrations or which is not naturally occurring in the
environment.

• An exposure pathway is the route by which a receptor
comes into contact with a contaminant.  Exposure pathways can include ingestion, dermal absorption or
inhalation.

• A receptor is the person or organism, including plants, that is subjected to exposure to a contaminant.  

A risk management strategy consists of a scientifically based approach to managing the risk associated with a
particular contaminant.  Risk management options generally address one of the three risk components in the
following manner:
• management of the source through removal, destruction, reduction and/or immobilization of the contaminant;
• management of the exposure pathway through isolation, interception or removal; and 
• management of the receptor through modification or limiting of contact. 

2.4.2 Risk Assessment
Risk assessment seeks to understand the relationship between these three elements by determining the potential
for adverse effects to the receptors.  Site specific risk assessment provides a more accurate estimate of potential
risks to receptors than is available through the application of generic guidelines. There are two basic types of risk
assessment: human health risk assessment and ecological risk assessment.  Both types of assessment were used in
determining the risks associated with the existing conditions within the Tar Ponds Site.  
The following CCME guides were used in the Muggah Creek Phase II/III Environmental Site Assessments to
conduct an initial screening of contaminants of potential concern:
• Canadian Sediment Quality Guidelines for the Protection of Aquatic Life.  1999, Updated 2001, Updated

2002;
• Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health (Commercial Land

Use).  1999, Updated 2001, Updated 2002; and
• Canadian Water Quality Guidelines for the Protection of Aquatic Life (Fresh Water).  1999, Updated 2001,

Updated 2002.
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The sediment and soils were also screened against background concentrations (naturally occurring and urban
levels). Where detected concentrations fell below guideline values, it was determined that the potential for
adverse effects, as a result of exposure to those contaminants, was negligible.  Where the detected concentrations
exceeded the generic guidelines, information on site-specific conditions and receptors was used in the risk
assessment process to determine if unacceptable risks to the receptors existed. 

The JDAC Human Health and Ecological Risk Assessment of the North and South Ponds (JDAC, 2002b) was
carried out using a high degree of conservatism intended to over-estimate the potential risks to targeted human
and ecological receptors.  The concept of conservatism in risk assessment is based on the philosophy that while it
is acceptable to over-estimate risk, it is not acceptable to underestimate risk.

2.4.2.1 SITE SPECIFIC TARGET LEVELS (SSTLS)
The JDAC risk assessment resulted in a list of contaminants of concern (COCs) known to occur at the Tar Ponds
Site in concentrations that exceeded screening criteria and urban background concentrations.  Site specific target
levels (SSTLs), developed for each of these COCs for which unacceptable risks were calculated, were specific to
the environmental media in which the contaminant occurred (soil, water, sediment, groundwater), the pathway of
potential exposure and the human and/or ecological receptors.  The risk of exposure of a receptor to a contaminant
concentration that is less than the corresponding site specific target level was considered to be negligible. 

Working from information provided in the JDAC Risk Assessment, the Project Management Consultant (PMC)
summarized critical SSTLs and compiled a list of COCs for the Tar Ponds Site.  These COCs are known to exist
in materials at the Site (e.g., sediments, surface water, and shoreline soils) at levels that exceed the SSTLs, and to
require remedial action.  Concentrations of COCs that exceed the SSTLs were considered to pose an unacceptable
risk to receptors and to require a remedial action. 

2.4.3 Remedial Action Objectives and Cleanup Criteria
To guide the planning and design of the Tar Ponds Site Remediation Project, the PMC developed a list of
Remedial Action Objectives (RAOs) to address the required remedial actions (Table 2.1).  Responding to these
RAOs, the RAER Team identified the lowest of the SSTLs (human and ecological) for each COC in each of the
affected media as being the target criteria for the RAOs.  These SSTLs have been compiled as Tar Ponds
Remediation Criteria and are provided in Table 2.2. 

2.4.4 RAER Assumptions
Assumptions made to guide the RAER Project include the following:
• The Remedial Action Objectives associated with surface waters are assumed to have been dealt with through

the management of contaminated sediments and will not be further discussed in this report;  
• Only those Contaminants of Concern for which there was a Remedial Action Objective identified through the

risk assessment process were included for consideration in the RAER;
• Each Cleanup Criterion represents the most sensitive SSTL for designated COCs in a specified medium (e.g.,

sediments, surface soil, water, groundwater) regardless of the receptor (human and/or ecological);
• Cooling Pond sediment and structure is addressed as an integral part of the Tar Ponds Cleanup.
• Shoreline soils, outside of the Tar Ponds Site, are not directly addressed because the Memorandum of

Understanding states that the scope of remediation is limited to the 1998 high water mark;
• Exposure of the community to odours, vapours and other nuisance factors will, of necessity, be a function of

construction duration and intensity, but will be managed to prevent unacceptable risks;
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• On-Site Placement Criteria for materials contaminated with inorganics were provided by the PMC to guide
decision-making on the potential placement of sediments / soils as fill materials and surface soils at the Coke
Ovens Site.  These criteria may be replaced during the final design based on regulatory input and additional
analysis of background concentrations.  The Placement Criteria have been provided in Table 2.3;

• Where there is not clear definition of federal and provincial jurisdiction, the RAER has referenced both
requirements and assumed that jurisdiction will be finalized at a later date in the Cleanup Project;  

• Cleanup activities should be completed within 12 to 15 years of the start-up of the remedial actions;
• Monitoring will be required before, during and in may instances after construction to ensure the protection of

the human and ecological receptors and to meet regulatory requirements; and
• All options will be designed and executed in accordance with relevant regulations.

Table 2.1: Tar Ponds Remedial Action Objectives
Human Health

• Mitigate the direct pathway of dermal exposure and incidental ingestion of surface water and sediments
containing PAH, PCB, Total PHC, and metals above Site-specific target levels by on-Site commercial
workers.

• Mitigate the direct pathway of dermal exposure and incidental ingestion of surface water and sediments
containing PAH, PCB, Total PHC, and metals above Site-specific target levels by on-Site trespassers,
and recreational users.

Ecological

• Mitigate the direct pathway of physical exposure to sediments containing PAH, PCB, BTEX, and metals
above the Site-specific target levels for ecological receptors.

• Mitigate the direct pathway of exposure to surface water containing PAHs, BTEX, and PCB above the
Site-specific target levels for ecological receptors.

• Mitigate contaminated sediment transport from the Tar Ponds to beyond Battery Point, including the
Sydney Harbour.

Table 2.2:  Cleanup Criteria (SSTLs) for Contaminants of Concern Contained within the
Sediment and/or Surface Water of the North and South Ponds

Sediments Surface Water
Contaminant of Concern North Pond

mg/kg
South Pond

mg/kg
North Pond

mg/L
South Pond

mg/L
Metals
Antimony 0.636 0.636
Arsenic 41.6 17 2.95 2.95
Barium 750 750
Boron 518
Cadmium 0.0012 0.0012
Chromium 3.57 3.57
Copper 108 197 1.62 1.62
Cyanide 1607 1607
Lead 112 91.3 0.24 0.24
Manganese 18 18
Mercury 3.49 3.49
Molybdenum 127 127
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Sediments Surface Water
Contaminant of Concern North Pond

mg/kg
South Pond

mg/kg
North Pond

mg/L
South Pond

mg/L
Nickel 7.24 7.24
Selenium 3.1 3.1
Silver 0.027 0.027
Strontium 954 954
Thallium 0.111 0.111
Tin 121 121
Vanadium 196 196
Zinc 271 315 0.16 0.16
TOTAL POLYCYCLIC AROMATIC
HYDROCARBONS (PAHS) 30 90

1- Methylnaphthalene 109 109
2- Methylnaphthalene 109 109
Acenaphthene 77 77
Acenaphthylene 77 77
Anthracene 85 85
Benz(a)anthracene 0.000420
Benzo (a) pyrene 0.000129 0.000129
Benzo (b) fluoranthene 0.0000207 0.0000207
Benzo (g, h,I) perylene 0.00892 0.00892
Benzo (k) fluoranthene 0.00175 0.00175
Chysene 85 85
Dibenzo (a,h) anthracene 0.00699 0.00699
Fluoranthene 77 77
Fluorene 77 77
Indeno (1,2,3-cd) pyrene 0.00095 0.00095
Naphthalene 109 109
Perylene 0.00943 0.00943
Phenanthrene 85 85

Pyrene 77 77

PETROLEUM HYDROCARBONS
Xylenes 1.57 1.57
Modified TPH 1000 1000
POLYCHLORINATED BIPHENYLS (PCBs) 0.3 0.277 0.0014 0.0014

Dioxins/Furans
2,3,7,8-TCDD Equivalent

4.19E-06 2.8E-6 9.25E-11 9.25E-11

HNCs – Acridine 10 10
VOLATILES and SEMI-VOLATILES
1,4 – Dichlorbenzene 0.13
Chlorobenzene 0.32
Cis-1,2 – Dichloroethene 2.09 0.55
Bis(2-ethylhexyl)phthalate 0.00067
Phenol 2.54

Source: PMC Office, 2002; and JDAC, 2002b.
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Table 2.3:  Coke Ovens On-Site Placement Criteria for Surface Soil Contaminated with Inorganics

Parameter
On-Site

Placement Criteria
(mg/kg)

Aluminium 40,300.0

Antimony 17.9

Arsenic 72.0

Barium 2,000.0

Beryllium 8.0

Boron 180,000.0

Cadmium 49.0

Chromium 630.0

Cobalt 300.0

Copper 1,340.0

Cyanide 107.0

Hexavalent Chromium 0.06

Iron 1,200,000.0

Lead 320.0

Manganese 4,810.0

Mercury 3.8

Molybdenum 40.0

Nickel 58.1

Phosphorus 41.0

Selenium 10.0

Silver 40.0

Strontium 26,800.0

Thallium 1.0

Tin 300.0

Titanium 8,200,000.0

Uranium 134.0

Vanadium 223.0

Zinc 13,400.0

Notes
• All values provided by the PMC Office.
• Values are the lower of the screening level and the SSTL, except where the background level is higher than the

SSTL.  In those instances the background level was selected as the placement criteria.

2.5 RAER Metho dology 
Relying on information gathered in the earlier identified studies, and the direction and scope provided by the
PMC, the RAER Team undertook an evaluation of available remedial technologies appropriate to the Muggah
Creek Remediation Project.  The methodology used is summarized in the following sections.  
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2.5.1 RAER Criteria
Based on the RAER Objectives (Section 2.3), the Remedial Action Objectives and the SSTLs (Sections 2.4.2.1
and 2.4.3) and the RAER assumptions (2.4.4), the RAER Team worked with the PMC and others to develop a
number of criteria to identify, screen, assess and evaluate the appropriateness of application of cleanup
technologies at the Tar Ponds Site.  These criteria included the following:
• Performance Criteria; 
• Key Premises; and
• Community Evaluation Criteria. 

It is customary in engineering planning and design projects to design against failure as a means for directing a
project towards the desired outcome.  A definition of project failure can be “a structure, system, or component
fails if it does not meet complete and adequate performance criteria” (Giroud, 1999).  The RAER Team has been
working with an approach to reliability that begins with the Remedial Action Objectives, works through an
evaluation of performance against the Performance Criteria and Key Premises, and respects the Community
Evaluation Criteria developed through JAG.

2.5.1.1 PERFORMANCE CRITERIA

Performance Criteria are technical criteria that assess the success of the application of a defined technology in
reducing similar contaminants in other situations.  Performance criteria generally address factors such as the
following:
• known or potential limitations for the application of the technology; 
• contaminant reduction and/or containment capabilities; 
• success of application under similar environmental conditions; 
• relative costs of application; and 
• successful implementation on projects of a similar context and scale.

In developing the Performance Criteria, the RAER Team reviewed and discussed with government regulatory
staff existing environmental legislation, regulations, guidelines, and codes of practice and policies at the Federal,
Provincial and Municipal levels of government and drew upon their professional experience of comparable sites
elsewhere in North America.  The performance criteria as applied in Chapter 5 are as follows:
• Overall suitability – this criteria looks at the expected results of applying the technology to the cleanup of the

Tar Ponds material.  Operational and performance characteristics of the technology are assessed against site
specific considerations;

• Scale of application – this criteria is an indication of the viability of the technology.  The Tar Ponds Cleanup
Project is large and technologies should be shown to be capable to operating at the capacity required, or have
the capacity to be scaled up; and

• Status of development – this criteria is a measure of how proven the technology is.  It is important that
technologies provide some confidence in their ability to perform the cleanup, and a good track record is a
solid indicator.

2.5.1.2 KEY PREMISES

To complement the Performance Criteria and in recognition of the significance of the Community Evaluation
Criteria to the final evaluation of the proposed options, the RAER Team in association with the PMC and input
received from the community developed three Key Premises as a second phase in the screening of the
technologies.  The Key Premises have been developed based on those Community Evaluation Criteria ranked
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highest by the community (Section 2.5.1.3) and criteria that are typically used in similar decision making
processes such as the screening of technologies for US EPA superfund sites.  The Key Premises consistent with
the Community Evaluation Criteria are:
i) Reduce Detrimental Effect on the Environment and Health in the Long Term – the technology must be

capable of effectively modifying either the source or the pathway of specified contaminants of concern to a
standard acceptable by regulatory agencies, and/or in the context of the SSTLs; and

ii) Reliable Technology – Proven technology, appropriate to and capable of implementation under conditions
similar to the Tar Ponds site.

The first of these Key Premises is consistent with the highest Community Evaluation Criteria for the Core
Principles of Health Conscious and Environmentally Sound, i.e., 
• Minimize Health Risk; and
• Enhance long-term effectiveness and permanence.

The second is consistent with the highest ranked Community Evaluation Criterion for the Core Principle of
Economically Responsible, i.e., 
• Use a more reliable technology.

The Community Evaluation Criterion ranked highest for the Core Principle of Socially Acceptable, i.e., maximize
long-term benefits, was not used per se for the screening of the technologies because its use is more appropriate
for evaluating the complete options.

The above referenced Community Evaluation Criteria are generally consistent with criteria used in other similar
screening processes such as those used for the superfund sites in the United States.  Another criterion that is used
in that system as a screening tool is cost effectiveness.  It has been included as the third Key Premise for the
screening of the technologies, i.e., 
iii) Cost Effectiveness – Technologies must be cost effective, when compared against other technologies that

could achieve similar results.
Only those technologies that satisfied the above were considered as part of one or more of the Options which in
turn were evaluated against the Community Evaluation Criteria (see Section 2.5.1.3 and Table 2.4).

2.5.1.3 COMMUNITY EVALUATION CRITERIA

In 2002, JAG undertook a program of public consultation to assess community preferences in regard to potential
cleanup approaches and methods for the Tar Ponds Site.  During a series of meetings with the public in the
Sydney area, 16 Evaluation Criteria were ranked within four Core Principles and presented in the report
Recommended Evaluation Criteria and Future Site Use Preferences for the Tar Ponds and Coke Ovens (JAG,
2002).  The Community Workbook is reproduced in Appendix D.  Where there were more than three criteria per
core Principle, only the top three were retained for a total of 12.  These 12 community criteria are referenced in
relation to the cleanup alternatives in Chapter 6 and used in the evaluation of the options in Chapter 7.  These
criteria have been used by the RAER Team during its initial consideration of potential cleanup approaches and
technologies and in the final evaluation of each of the recommended Cleanup Options. 

Core Principle - Environmentally Sound
“Actions which support and promote the protection, enhancement and prudent use of the environment
which are based on sound science and engineering principles, and that the precautionary principle will be
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used in decision-making so that where there are threats of serious or irreversible damage, the lack of full
scientific certainty shall not be used as a basis for postponing measures to prevent and eliminate
environmental degradation.”  (JAG, 2002)

The percent of participants ranking the individual criteria as most important (Rank 1), second most important
(Rank 2), and third most important (Rank 3) are as follows:

Rank 1 Rank 2 Rank 3
1. Enhance long-term effectiveness and permanence.............................. 40% 23% 21%
2. Reduce detrimental effect on environment during implementation .... 28% 27% 26%
3. Improve marine and land ecosystems.................................................. 23% 33% 28%
4. Reuse of contaminants........................................................................... 6% 9% 11%
5. Minimize energy use ............................................................................. 3% 7% 14%

Core Principle - Economically Responsible
“Ensuring that resources are used efficiently and productively so that the level of local economic benefits,
including  direct and indirect benefits, is acceptable to all parties for the results achieved as compared with
the level of costs.”  (JAG, 2002)

The percent of participants ranking the individual criteria as most important (Rank 1), second most important
(Rank 2), and third most important (Rank 3) are as follows:

Rank 1 Rank 2 Rank 3
1. Use a more reliable technology ........................................................... 68% 18% 14%
2. Cost effectiveness................................................................................ 18% 36% 45%
3. Use of local material............................................................................ 14% 44% 41%

Core Principle - Health Conscious
“All actions of JAG are based on sound science and recognized standards and that no such actions will be
undertaken whereby the community is exposed to unacceptable health risks.”  (JAG, 2002)

The percent of participants ranking the individual criteria as most important (Rank 1), second most important
(Rank 2), and third most important (Rank 3) are as follows:

Rank 1 Rank 2 Rank 3
1. Minimize health risk............................................................................ 84% 7% 3%
2. Minimize the amount of dust and vapours .......................................... 11% 63% 20%
3. Minimize odours.................................................................................... 3% 19% 55%
4. Minimize the amount of noise............................................................... 1% 3% 11%
5. Minimize the amount of traffic.............................................................. 1% 6% 11%

Core Principle - Socially Acceptable
“JAG shall ensure that all its major decisions are broadly understood and preferred by the citizenry of the
Cape Breton Regional Municipality.”  (JAG, 2002)
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The percent of participants ranking the individual criteria as most important (Rank 1), second most important
(Rank 2), and third most important (Rank 3) are as follows:

Rank 1 Rank 2 Rank 3
1. Maximize long-term benefits .............................................................. 59% 27% 14%
2. Use of local labour .............................................................................. 26% 43% 29%
3. Minimize length of construction and cleanup time ............................. 15% 27% 55%

2.5.1.4 PREFERRED FUTURE SITE USE

In 2002, in conjunction with the consultations on Community Evaluation Criteria, JAG initiated a process to
identify the preferred future site use for the Tar Ponds Site (JAG, 2002).  Participants in this process expressed a
preference for a mixed parkland area as the final land use of the remediated site.  Of the 300 respondents to the
quantitative questionnaire, the choices ranked as follows: parkland (109) waterways (81), commercial (25),
industrial (24) and mixed use (46).

As a significant number of the community did express an interest in commercial land uses, the RAER Team was
directed by the PMC to consider both parkland and commercial/light industrial uses as potential final uses for the
Tar Ponds Site.  It is also noted that CBRM is currently reviewing the Municipal Planning Strategy and the Land
Use Bylaw, a process that may impact the future use of this property.

2.5.2 Review of Exi sting Information
The RAER Team undertook a comprehensive examination of pertinent information available on the Tar Ponds
Site.  This included a comprehensive assessment of available data that would inform review and assist decision-
making related to the review of remedial alternatives. 
Key considerations in the review of data included:
• geological and hydrogeological conditions of the Site;
• chemicals of potential concern;
• contaminant sources;
• impacted media;
• quantitative estimates of contaminants;
• heterogeneity and variability of contaminant concentrations;
• mobility and migration history and potential;
• defined human and ecological receptors;
• potential exposure pathways; 
• assessments of risk to human and ecological health;
• neighbouring land use; and
• estimates of inputs and outputs of contaminants to the Tar Ponds. 

Relying on information provided in the Phase III Environmental Site Assessment Report, Ponds and Shorelines
Areas  (JDAC 2001) and the Human Health and Ecological Risk Assessments, North and South Ponds (JDAC,
2002b), the RAER Team prepared a brief summary of contaminant distribution within the Tar Ponds Site
(Chapter Four). 

2.5.2.1 REVIEW OF RELATED EXPERIENCE AT OTHER SITES

Relying on a range of technical and information sources, as well as interviews with systems operators, industrial
managers and regulatory staff in both the United States and Canada, the RAER Team undertook an extensive
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review and assessment of available remedial technologies and related experience at other sites.  Special attention
was given to documented experience in the successful application of technologies on other sites in North America
and elsewhere.  Each of the examples of related experience was reviewed for similarities to the Tar Ponds
experience with respect to: 
• the nature and concentration of the contaminants; 
• the media in which the contaminants were located; 
• the location of the site(s) in relation to human and ecological populations; 
• the complexity of the cleanup requirements; 
• the success of the technologies employed and their associated capital and operating costs; and 
• the final land use and productivity of the remediated sites.

Following from this review the RAER Team was able to identify a number of sites in North America for which
conditions were comparable to those at the Tar Ponds.  Data from these sites have been used for reference
purposes.  

2.5.3 Identification  of Potential Remedial Technologies
A range of potential remedial technologies including, but not limited to, those assessed during the Technology
Demonstration Program (TDP) (Vaughan, 2002), was identified and screened initially for appropriateness of
application to conditions and requirements of the Tar Ponds Cleanup Project.   These cleanup technologies
included two clearly different activities or processes:
• Contaminant remediation technologies to address the reduction in concentration of one or more chemical

contaminants of concern located within specified media (soil, water, air, etc.), and/or sever the pathway
between the contaminant and the receptor; and

• Physical handling technologies to address the need to access, move, physically alter (e.g., screen, dewater,
compact) the media in which the contaminants are located.  Physical handling requirements occur as a result
of the need to move the contaminated media from its current location on the site to a treatment technology,
and/or as a requirement for pre-treatment of the media to prepare it for the remediation process.  Physical
handling technologies can also be required to access, prepare, transport, store, and/or dispose of treated or
untreated materials on or off-site.

2.5.4 Screening of Technologies 
For the purposes of the RAER, a technology is defined as a method used to achieve, or partially achieve, a
cleanup objective, and includes treatment processes as well as activities such as the removal, handling and
processing of waste materials.  For cleanup technologies to be considered appropriate to the existing conditions in
the North and South Ponds, the technologies must have the capability to address:
• the nature of the contaminants of concern;
• the media in which these contaminants are found within the tar ponds;
• the variation of physical, biological and chemical conditions that can or will affect access to and the handling

of these materials; and
• the physical and technical capacity to remove, prepare for treatment and dispose of each of these materials.

The RAER Team identified the technologies, screened the technologies against the Performance Criteria and Key
Premises and provided the rationale that resulted in a technology being included or rejected from further
consideration and evaluation against the Community Evaluation Criteria.  Following this screening, detailed in
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Chapter 5, the RAER Team identified those technologies that could be applied to the remediation of the COCs at
the Tar Ponds.

2.5.5 Identification  of Cleanup Alternatives 
For the purposes of the RAER, a Cleanup Alternative was considered to be an assemblage of one or more
technologies that together represent an overall approach to the cleanup of the Tar Ponds Site.  Selected
technologies, i.e., those qualitatively screened against the three Performance Criteria and the three Key Premises,
were combined to develop a range of alternative approaches to the Cleanup (e.g., in situ containment, in situ
treatment, ex situ containment, ex situ treatment and ex situ destruction, etc.).  These alternatives were assessed at
the level of detail necessary to understand their potential for application to conditions at the Tar Ponds Site (see
Chapter 6).  The RAER Team addressed the advantages and disadvantages associated with the implementation,
the handling and processing requirements of contaminated and/or residue materials, and the relationships between
implementation of each component technology and other activities at the Site.  The Cleanup Alternatives were
also considered from the perspective of the Community Evaluation Criteria.

2.5.6 Development and Evaluation of Cleanup Options 
The recommended Cleanup Options are based on readily distinguishable approaches to the Cleanup of the Tar
Ponds Site.  The RAER Team determined that few of these approaches could consist of only one technology
(e.g., removal and destruction), if all of the Cleanup Objectives were to be efficiently achieved.  Consequently
each Option, although based on a primary approach to the Cleanup, may also include secondary technologies
intended to address specific conditions, and/or to improve the effectiveness of the implementation. 
Each of the Cleanup Options was developed to the level of conceptual design necessary for more detailed
assessment of all identified technologies and activities.  The conceptual design for each Option included:
• projection of estimated achievable cleanup standards;
• designation of access, storage, transportation and deposition areas;
• estimates of volumes of waste materials, requisite cleanup materials, and projected residual materials

(following processing and/or treatment);
• proposed site layouts during cleanup; 
• layouts of site pre-development conditions; 
• estimated duration of cleanup activities; and
• estimated costs (plus or minus 30%).

The conceptual design stage also included the evaluation of the potential for successful application under Tar
Ponds physical and environmental conditions, the handling and processing requirements for the waste materials,
and the anticipated physical and temporal relationships between implementation of each technology and other
important activities on the site(s).  

Each Cleanup Option was also assessed against the potential for success in achieving the Community Evaluation
Criteria (Chapter 7).  This assessment included an examination of the potential advantages, disadvantages and
overall performance of the activities and technologies that comprised each Cleanup Option, as compared to the 12
Criteria and four Core Principles of the Community Evaluation Criteria.  Reference was made to appropriate
standards (including SSTLs), guidelines, and codes of practice, as well as to other standards of performance
considered helpful in better understanding the benefits and constraints of each Option.  The results of this
assessment are documented in a narrative discussion. 
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To summarize the findings of the RAER, the recommended options and Community Evaluation Criteria were
assembled in a matrix for comparison purposes (Table 2.4).  The comparative matrix is based on the following
principles:
• Each criterion was provided with a weighting (high, medium, low) factor provided by the PMC and based on

community preferences; and 
• The relative performance of each Option was compared for each of the Community Evaluation Criteria and

assigned a letter grade (A to E) intended to qualitatively demonstrate the estimated success of that Option for
achieving the criteria.

The letter grades are based on the following assumptions:
A – Expected to greatly exceed the Community Evaluation Criteria
B – Expected to exceed the Community Evaluation Criteria
C – Expected to completely meet the Community Evaluation Criteria
D – Expected to mostly meet the Community Evaluation Criteria
E – Expected to partially meet the Community Evaluation Criteria

No attempt was made to accumulate the letter grades into a single grade. 

Table 2.4: Sample Matrix for Comparison of Estimated Performance of Options against the Community
Evaluation Criteria

Criteria Weighting *
Option

1
Option

2
Option

3
Option

4
Option

5
Option

6
Environmentally Sound
Reduce detrimental effect on the
environment 

Medium

Enhance long-term effectiveness and
permanence

Medium

Improve ecosystems Medium

Economically Responsible
A more reliable technology High

Cost effectiveness Low

Use of local material Low

Health Conscious
Minimize health risk High

Minimize dust and vapours Medium

Minimize odours Low

Socially Acceptable
Maximize long term benefits High

Use of local labour Medium

Minimize construction and cleanup
time

Low

Note:  * weighting factors were provided by the PMC; reference also CRA, 2003.
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Chapter 3  RAER Regulatory Context 

3.1 The Environmental Regulatory Context 
In developing its Performance Criteria, the RAER Team took account of the potential requirements of both
Federal and Provincial environmental legislation, and those municipal bylaws that might apply to the Project.
For some of the elements of the Muggah Creek Remediation Project there is a clear understanding of the
governing jurisdiction.   There are, however, aspects of the Project that could fall within the environmental
regulatory jurisdictions of either, or both, the Federal and Provincial governments; there are also some aspects
of the Project that would be subject to the requirements of municipal bylaws.  Until such time that a preferred
remedial option has been decided and detailed, however, a full accounting of jurisdictional authority cannot
be delineated.  

Environmental regulatory requirements for the Muggah Creek Remediation Project were discussed on a
regular basis at Project Management meetings, and the RAER Team worked cooperatively with government
staff at all levels to attain a full understanding of existing, and potential, constraints and opportunities
associated with the environmental impact assessment process, the permitting and approval process, and the
environmental monitoring requirements that may be required during both the development and the operation
of the preferred option.  Not only will the parameters of the Project evolve over time with the receipt of new
information and input from all involved parties, but the regulatory environment will continue to evolve and
develop.  This will, in fact, be one of the many factors that will influence how the Muggah Creek
Remediation Project proceeds.

The Muggah Creek Remediation Project is based on a risk management approach structured around the site
specific identification of:
• the problem (i.e., contaminants of concern (COCs)); 
• the actions needed (i.e., remedial action objectives (RAOs)); and 
• the standards for remediation (i.e., the cleanup criteria for each of the COCs that are derived from site

specific target levels (SSTLs) developed through the risk assessment process).  

Where a remedial action requires that contaminated material be moved from its current location on either of
the Sites, that material becomes a waste and is subject to relevant regulation.  Similarly, where a proposed
remedial action results in the creation of a liquid, solid or gaseous waste product, these products will be
governed by the pertinent environmental legislation. 

By example, there is a list of Contaminants of Concern and associated SSTLs for contaminated sediments in
the North Pond that would govern the remediation of these materials if they are to remain in place on the
bottom of the North Pond.  If the contaminated sediments were to be moved to a newly constructed landfill
on, for example, the former Mullins Bank (federally owned property), Federal regulations and standards
would dictate the allowable concentrations, and the design, construction and monitoring standards for the
containment area.  If the contaminated sediments were removed for disposal in an off-site landfill located
elsewhere in the Province, Provincial regulations, standards and approvals would dictate the allowable
concentrations and the design, construction and monitoring standards for the containment area.  In summary,
it is understood that contaminated materials that will be removed from their current location, and/or derived as
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a result of the application of cleanup technologies, will be required to meet existing and applicable
environmental regulatory standards.

The following sections present a summary of the requirements of the most pertinent federal, provincial and
municipal legislation that are appropriate to existing conditions and/or proposed actions at the Tar Ponds and
Coke Ovens sites.   The regulations that are discussed represent those with significant potential to affect
decision-making on the selection and implementation of the Cleanup Options.  This discussion also identifies
certain Federal regulations currently in draft, which, although not enacted at this time, could affect the
implementation should they be enacted within the life of the Remediation Project. 

3.2 Federal Env ironmental Legislation
The primary federal environmental management legislation that is appropriate to the planning and
implementation of the Muggah Creek Remediation Project includes, but is not necessarily limited to, the
following:
• Canadian Environmental Assessment Act (CEAA);
• Fisheries Act;
• Navigable Waters Protection Act (NWPA);
• Canadian Environmental Protection Act (CEPA); and 
• Transportation of Dangerous Goods Act.

A list of the federal legislation that has been considered by the RAER Team is identified in Tables 3.1.

3.2.1 Canadian Environmental Assessment Act (CEAA)
It is likely that the Muggah Creek Remediation Project (Tar Ponds and Coke Ovens Sites) will be subject to
the requirements of CEAA.   In accordance with Section 5(1) of CEAA federal departments and agencies must
undertake an environmental assessment before:
• They carry out a project;
• Provide financial assistance to enable a project to be carried out;
• Sell, lease or otherwise transfer control or administration of land to enable a project to be undertaken; or
• Issue an authorization to enable a project to go forward.

The scope of the assessment that will be required has not been determined and will be dependent on the
option that is adopted for the remediation process and the significance of possible environmental effects.  It is
stressed that the intent of the Muggah Creek Remediation Project is to redress past environmental damage at
both the Tar Ponds and Coke Ovens Sites and to execute all remediation work in accordance not only with all
pertinent regulations, but with the Community Evaluation Criteria.  Only after a project description as
required by CEAA has been prepared will the federal department that will take the role of lead responsible
authority in accordance with the Act be determined and the assessment procedures initiated.
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Table 3.1: Federal Environmental Legislation

Legislation Reference Potential Related Activity
Tar Ponds Cleanup

Government
Department or

Agency
Requirement

Canadian
Environmental

Assessment Act

Fisheries Act 

Section 32:
Destruction of Fish
Section 35:
Harmful Alteration,
Disruption,
Destruction of Fish
Habitat (HADD)

Alterations to surface streams,
wetlands, etc.
Dredging sediments
Sub aqueous capping of
sediments
Infilling areas of the tar ponds
and estuary
Disposal at sea
Construction of coffer dams in
the estuary
Alterations to Tar Ponds
shorelines
Alterations to surface streams,
wetlands, etc.
Blasting

Fisheries and Oceans
Canada: 
Habitat Management

Ministerial
Authorization

CEAA Trigger
Responsible
Authority

Fisheries Act
Section 36:
Deleterious
Substances 

Dredging sediments
De-watering sediments
Sub aqueous capping of
sediments
Infilling areas of the tar ponds
and estuary
Construction of coffer dams in
the estuary
Alterations to Tar Ponds
shorelines
Leachate/spills from on-site
storage areas (waste
materials, chemicals)
Sanitary wastes from
construction camps
Wastewater discharges

Environment Canada: 
Environmental
Protection Service

Compliance No CEAA Trigger
CEAA Expert 

Navigable
Waters
Protection Act
(NWPA)

Regulations

Alteration to surface streams,
wetlands as a result of
rerouting, culvert installation
etc.
Dredging sediments 
Sub aqueous capping of
sediments
Infilling areas of the tar ponds
and estuary
Construction of coffer dams in
the estuary

Fisheries and Oceans
Canada: 
Coast Guard

Permit 
DFO HADD
Authorization

CEAA Trigger
Responsible
Authority

Canadian
Environmental
Protection Act
(CEPA)

Disposal at Sea
Regulations
Application for
Disposal at Sea
Regulations

Movement/replacing/sidecastin
g of sediments in the Tar
Ponds
Disposal of sediments
(contained or not) in the ocean
Redeposition of treated
sediments in the Tar Ponds

Environment Canada: 
Environmental
Protection Service
(EPS)

Permit CEAA Trigger
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Legislation Reference Potential Related Activity
Tar Ponds Cleanup

Government
Department or

Agency
Requirement

Canadian
Environmental

Assessment Act

Placement of cover material

CEPA Storage of PCB
Regulations Storage of PCB materials Environment Canada:

(EPS)
Compliance
Reporting

CEPA

Federal Mobile
PCB Treatment
and Destruction
Regulations 

Operation or testing of a
mobile PCB treatment or
destruction system

Environment Canada:
(EPS)

Ministerial
Authorization CEAA Trigger

CEPA

Interprovincial
Movement of
Hazardous Waste
Regulations

Transport of hazardous wastes
across provincial boundaries

Environment Canada:
(EPS) Compliance

CEPA

Export and Import
of Hazardous
Wastes
Regulations
PCB Waste Export
Regulations

Export of hazardous wastes for
treatment/disposal
Bans export of PCB wastes
(>50 mg/kg)

Environment Canada:
(EPS) Compliance

CEPA

Prohibition of
Certain Toxic
Substances
Regulations

Release of PCB materials(>50
mg/kg)

Environment Canada:
(EPS) Compliance

CEPA Chlorobiphenyls
Regulations

Collection, storage,
transportation, treatment and
disposal of contaminated
materials

Environment Canada:
(EPS) Compliance

CEPA
Federal Petroleum
Storage Tank
Regulations

Storage and handling of fuels
during site remediation

Environment Canada:
(EPS) Compliance

CEPA
New substances
Notification
Regulations

Import of chemicals or
biotechnology new to Canada
for use on site in
bioremediation and/or
treatment processes

Environment Canada Notification

CEPA
Ozone Depleting
Substances
Regulations

Production of ozone depleting
substances during remediation
works, including air emissions
from treatment technologies

Environment Canada:
(EPS)

Compliance
Permit

Transportation
of Dangerous
Goods Act

Regulations

Movement of chemicals to the
site for treatment processes,
movement of contaminated
waste materials from the site to
off-site treatment/disposal
facilities.

Transport Canada Compliance

Canada
Shipping Act

Air Pollution
Regulations
Oil Pollution
Prevention
Regulations 
Pollutant
Discharge

All activities related to the safe
and efficient operation of
vessels carrying contaminated
materials, fuels, or other
pollutant substances

Transport Canada Compliance
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Legislation Reference Potential Related Activity
Tar Ponds Cleanup

Government
Department or

Agency
Requirement

Canadian
Environmental

Assessment Act

Reporting
Regulations
Pollutant
Substances
Regulations

Canada
Shipping Act

Aids to Navigation
Protection
Regulations

Any activities that affect
existing navigational aids Transport Canada Compliance

Canada
Shipping Act

Dangerous Bulk
Materials
Regulations
Dangerous
Chemicals and
Noxious Liquid
Substances
Regulations
Dangerous Goods
Shipping Regs

Shipment of contaminated
materials
In water construction
operations

Port Authority and
Harbour Master

Compliance
Documentation
Reporting
Approval

Canada
Labour Code

Marine
Occupational and
Health
Regulations
On Board Trains
Occupational
Safety and Health
Regulations

Operation of vessels
Transportation of
materials/waste by ship
Inter-provincial rail
transportation 

Compliance
Documentation
Reporting

Migratory
Birds
Convention
Act

Regulations
Section 6
Regulations
Section 35

physical disturbance (feeding,
breeding, movement, staging
areas), destruction, or
possession of a migratory bird
or a nest or egg
noise
deposition of oil, oil wastes, or
other harmful substances on
migratory birds, in water, or on
land frequented by migratory
birds

Environment Canada: 
Canadian Wildlife
Service (CWS)

Compliance

Species at
Risk Act
(proposed)

alteration or disruption of
wildlife habitat
noise, dust, air pollutants

Environment Canada:
CWS Compliance

Federal Real
Property Act

Federal Real
Property
Regulations

physical activities that use or
occupy Federal lands (or use
or occupy the seabed within
the boundaries of Sydney
Harbour)

Transport Canada License CEAA Trigger

Canadian
Environmental
Assessment
Act

Section 5

Any aspect of project
implementation that uses
Federal funds
Defined federal authorizations
Use of federal land

Canadian
Environmental
Assessment Office

Release from Act
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3.2.2 Fisheries Act
In Canada, the primary federal legislative tool to protect freshwater and marine species and habitat is the
Fisheries Act.  Protection of fish and fish habitat are primarily provided for by Sections 32, 35, 36 and 37 of
the Act.  Section 32 states that no person shall destroy fish by any means other that fishing, except as
authorized by the Minister, or other regulations under the Fisheries Act.  Section 35 states that no person shall
carry on any work or undertaking that results in the harmful alteration, disruption or destruction of fish
habitat, except as authorized by the Minister or under regulations promulgated under the Act.  Section 36
prohibits the deposit of deleterious substances in waters frequented by fish.  Section 37 empowers the
Minister to request the plans and specifications of an undertaking that has the potential to impact fish and fish
habitat. Although responsibility for the administration and enforcement of the Fisheries Act largely falls to
Fisheries and Oceans Canada, Section 36 (Deleterious Substances) is enforced by Environment Canada.

The Fisheries Act defines fish as “parts of fish, shellfish, crustaceans, marine animals and any parts of
shellfish, crustaceans or marine animals; and the eggs, sperm, spawn, larvae, spat and juvenile stages of fish,
shellfish, crustaceans and marine animals”.  The Act defines fish habitat as “spawning grounds, and nursery,
rearing, food supply, and migration areas on which fish depend directly, or indirectly in order to carry out
their life processes”.  The following sections provide further detail with respect to sections 35 and 36 of the
Act.

3.2.2.1 SECTION 35: HARMFUL ALTERATION, DISRUPTION OR DESTRUCTION OF FISH HABITAT

In recent years, the Department of Fisheries and Oceans has required, prior to construction, a Ministerial
Authorization for the Harmful Alteration, Disruption or Destruction of Fish Habitat (HADD) for all activities
that have the potential to damage fish and/or fish habitat.  The issuance of an HADD Ministerial
Authorization is a trigger for the Canadian Environmental Assessment Act.  

Potential activities associated with the proposed Remediation Project that may fall under the provisions of the
Fisheries Act include, but may not be limited to, the following:
• physical alterations to fish habitat in watercourses and along shorelines, including the relocation of

watercourses and the construction of coffer dams to allow work to take place in a dry environment; 
• removal of soils and/or sediments from Site watercourses and/or the Ponds;
• sub-aqueous capping of sediments;
• filling in of areas of the South or North Ponds;
• placement of soils and /or sediments in the South or North Ponds;
• construction of coffer dams in the estuary; 
• blasting; and
• additional invasive sampling programs, if required.  

The terms and conditions which would govern these activities are often specific to the individual HADD
Ministerial Authorization sought for a project, and based on existing regulations, standards, guidelines and
codes of practice.  To guide its deliberations on the Project, the RAER Team has made the following
assumptions, based on best information obtained from the PMC and local experience in complying with the
Act:
• Although fish do exist within the above identified water systems, existing conditions within the Ponds

and the Coke Oven Brook are considered to provide low potential for fish habitat;
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• Buffer zones to protect riparian habitat at either the shorelines of the Ponds, or along the Site
watercourses (primarily Coke Oven Brook), may not be required as the existing habitat is considered to
be of poor quality;  

• Contaminants of Concern continue to enter the watercourses and the Ponds, either from municipal
outfalls, surface water and/or groundwater run-off from contaminated soils, and/or from contaminated
sediments; 

• Relocation of the Coke Oven Brook (and its tributaries as required) to an isolated, clean channel would
reduce this ongoing exposure pathway and reduce the amount of contamination reaching the Harbour; 

• Relocation of the Coke Oven Brook would allow for the better management of the effects of storm events
on Cleanup operations;

• Relocation of the Coke Oven Brook would allow for low flow to dry conditions during the removal of
contaminated sediments; and

• Approvals for the relocation of the Coke Oven Brook (and its tributaries as required) would be required,
especially if there are plans to create fish and riparian habitat in the relocated channels. 

3.2.2.2 SECTION 36: DELETERIOUS SUBSTANCES 

Deposition of a deleterious substance in waters that are frequented by fish, or in any area where the substance
could enter waters frequented by fish, is prohibited under Section 36 of the Fisheries Act, except where the
activity has been authorized by regulations.  Enforcement of Section 36 is the primary responsibility of
Environment Canada and is administered through the Environmental Protection Service.  

A deleterious substance is defined by the Act to be:
• “any substance that, if added to water, would degrade or alter, or form part of a process of degradation or

alteration, of the quality of that water so that it is rendered or is likely to be rendered deleterious to fish or
fish habitat, or to the use by man of fish that frequent that water, or

• any water that contains a substance in such quantity or concentration or that has been so treated,
processed or changed, by heat or other means, from a natural state, that it would, if added to any other
water, degrade or alter or form part of a process of degradation or alteration of the quality of that water so
that it is rendered or is likely to be rendered deleterious to fish or fish habitat or to the use of by man of
fish that frequent that water”.  

A deposit is defined by the Act to be:
“any discharging, spraying, releasing, spilling, leaking, seeping, pouring, emitting, emptying, throwing,
dumping, or placing”. 

There are no regulations or prescriptive guidelines under the Fisheries Act that define standards for water
quality specific to the cleanup of contaminated sites in Canada.  The Act does have regulations that define
effluent quality standards for selected industries (e.g., Metal Mining Liquid Effluent Regulations and the Pulp
and Paper Effluent Regulations).  These standards are not appropriate for direct application to wastewater
quality objectives for the Tar Ponds and Coke Ovens Cleanup Projects.  In the absence of regulated water
quality standards, regulatory agencies such as Fisheries and Oceans and Environment Canada can and do rely
on site specific acute lethality tests, and may reference water quality guidelines developed by the Canadian
Council of Ministers of Environment (2001).  Table 3.2 provides sample water and sediment quality standards
and guidelines.



RAER Regulatory Context 3-8 RAER - Tar Ponds
CBCL – ENSR  February 2003 – Final Report

Table 3.2: Water and Sediment Quality Standards and Guidelines 

Parameter

Metal Mining1

Effluent
Regulations

(Max)

CCME
Freshwater and

Aquatic Life

CCME Marine
Water

mg/L

CCME Marine
Sediment

mg/kg

Metals mg/L mg/L
Aluminium 0.005-0.1
Ammonia (N) 1.37-2.2
Arsenic 1.0 0.005 0.0125 7.24
Cadmium 0.000017 0.00012 0.7
Chromium 0.0089 0.056 52.3
Copper 0.6 0.002 –0.004 18.7
Cyanide 0.005
Iron 0.3
Lead 0.4 0.001-0.007 30.2
Manganese
Mercury 0.0001 0.13
Molybdenum 0.073
Nickel 1.0 0.025-0.150
Nitrate-Nitrite (N) 0.06
Selenium 0.001
Silver 0.0001
Thallium 0.0008
Vanadium
Zinc 1.0 0.03 124
Total Suspended Matter 50.0
5 Day BOD
pH units 5.02 6.5-9 7.0 -8.7
Petroleum Hydrocarbons
Benzene 0.37 0.11
Ethybenzene 0.09 0.025
Toluene 0.002 0.215
Xylene
PCBs 0.0215
Dioxins and Furans (as TEQ)
Polyaromatic Hydrocarbons (PAHs)
2- Methylnaphthalene 0.0202
Acenaphthene 0.0058 0.00671
Acenaphthylene 0.00587
Anthracene 0.000012 0.0469
Benz(a)anthracene 0.000118 0.0748
Benzo(b)fluorantheme
Benzo(k)fluoranthene
Benzo(h,g,I)perylene
Benzo (a) pyrene 0.000015 0.0888
Chysene 0.000018 0.108
Dibenzo (a,h) anthracene 0.00622
Fluoranthene 0.00004 0.113
Fluorene 0.003 0.0212
Naphthalene 0.0011 0.0014 0.0346
Phenanthrene 0.0004 0.0867
Pyrene 0.000025 0.153

Note: 1 Authorized concentration in a grab sample
2 Minimum authorized pH in grab sample

As Section 36 is primarily administered as punitive legislation, there are no approvals, permits or
authorizations required from the Department.  Neither is there a trigger for the CEAA.  However, it is often
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the case that projects on or near water will require a Ministerial Authorization (Fisheries and Oceans) based
on Sections 32 and 35 of the Act.  The subsequent triggering of the CEAA, will require coordination with
other Federal Departments that may have a related jurisdiction for the project.  Any Federal department that
considers itself to have a jurisdictional decision related to the Project, or can offer specific advice on aspects
of the project, can name itself as an Expert in the CEAA process, and have its concerns addressed as the
Project assessment moves forward.  Environment Canada, in cooperation with Fisheries and Oceans would
most likely be considered the Expert on matters of deleterious substances, and, together with the provisions of
Section 37 of the Act could use the CEAA process to ensure that appropriate standards for water quality are
established and met by the Project. 

Potential activities associated with the proposed Cleanup Project that may fall under this legislation include,
but may not be limited to, the following:
• removal of sediments from the Coke Oven Brook;
• de-watering of sediments;
• sub-aqueous capping of sediments;
• infilling areas of the Ponds;
• construction of coffer dams in the estuary;
• alterations to tar ponds shorelines;
• leachate/spills from on-site storage areas (waste materials, chemicals);
• sanitary wastes from construction camps; and
• treated and untreated wastewater discharges.

3.2.2.3 SECTION 37: MINISTERIAL REQUIREMENT FOR PLANS AND SPECIFICATIONS 

Section 37 of the Act empowers the Minister (Fisheries and Oceans) to request plans and specifications of
proposed projects where there is to be any work or undertaking that could result in the alteration, disruption,
or destruction of fish habitat, or in the deposition of a deleterious substance.  The Minister can then require
modifications to the proposed project, including detailed restoration information, to mitigate any issues
related to fish and fish habitat, restrict operations associated with the project, and/or to close the project for a
period determined by the Minister.

3.2.3 Navigable Waters Protection Act (NWPA)
The Navigable Waters Protection Act is Federal legislation administered by the Department of Fisheries and
Oceans Canada.  Navigable waters are defined by the Act to include a canal and any other body of water
created or altered as a result of the construction of any work.  Fisheries and Oceans Canada retains the
responsibility of determining whether a watercourse is navigable.  As yet, the NWPA status of the North and
South Ponds, and Wash and Coke Oven Brook has not been determined.  

The NWPA defines a work covered by the Act to include:
• any bridge, boom, dam, wharf, dock, pier, tunnel or pipe and the associated approaches or other works;
• any dumping of fill or excavation of materials from the bed of a navigable water;
• any telegraph or power cable or wire; or
• any structure, device or thing, whether similar in character to anything referred to in this definition or not,

that may interfere with navigation.
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Any such work that the Minister considers to substantially interfere with navigation requires an approval from
the Minister.  The issuance of an NWPA approval is a trigger for the Canadian Environmental Assessment
Act. 

Remediation Project activities that could require permitting under the NWPA could include:
• physical changes to site watercourses through relocation, alterations to channel depth and/or

configuration, culvert placement, bridging, etc.;
• marine monitoring and/or bathymetry programs;
• removal and/or replacement of sediment and shoreline soils in the North and South Pond;
• sub-aqueous capping of sediment in North and South Pond;
• any form of infilling of North and South Pond; 
• placement of temporary anchoring and containment measures including containment curtains, sheetpiling,

etc.;
• construction of temporary and/or permanent coffer dams in the estuary; 
• reconstruction of the shorelines of the Ponds; and 
• construction of shoreline walkways, look-offs, docks, etc. 

3.2.4 Canadian Environmental Protection Act (CEPA)
The Canadian Environmental Protection Act is Federal legislation administered by Environment Canada.
The Act has a number of associated regulations that have potential for application to the remediation of both
the Tar Ponds and the Coke Ovens Sites.  These regulations are discussed in brief in the following sections.   

3.2.4.1 DISPOSAL AT SEA REGULATIONS

The CEPA prohibits the disposal at sea of any substance, except in accordance with a permit.  The act
functionally defines the landward limits of the sea to include harbours and bays up to the high water mark.
Currently the North Pond, but not South Pond, is considered to be part of the sea.  Issuance of a Disposal at
Sea permit is a trigger for the CEAA.   

The CEPA restricts disposal at sea to six substances, one of which is dredged material from any source.  Prior
to disposal all contaminants within such dredged materials must meet the following screening limits (lower
action levels):

Mercury ...........0.75 mg/kg
Cadmium .........0.60 mg/kg
Total PAHs ......2.5 mg/kg
Total PCBs.......0.10 mg/kg

Dredged materials that fail to meet these standards may be subjected to a range of bioassays that include an
acute lethality test using a marine amphipod and two of the following tests:
• the sub-lethal bacterial luminescence of Microtox test;
• the sub-lethal echinoid fertilization test; or
• an EPA sediment bioaccumulation test.  

The current Users Guide to the Application Form for Ocean Disposal (1995) states that if the substance
proposed for disposal at sea contains substances that exceed regulated or guideline concentrations, and either
fails the acute test, or two or more of the additional tests (including sublethal and bioaccumulation tests), this
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material will not be permitted for disposal at sea.  The material may be treated to reduce contamination and
then retested for disposal at sea.  

The guide also states that, in limited cases, contaminated dredged materials may be addressed using disposal
management techniques in which the COCs contained within the material have been reduced or controlled to
a level that does not constitute a hazard to human health, harm to living resources, damage to amenities or
interference with legitimate uses of the sea.

As the federal government of Canada considers the North Pond to be the “sea”, cleanup activities that may
require a Disposal at Sea permit may include one or more of the following:
• displacement of contaminated sediments to other areas of the North Pond, as a direct or indirect

consequence of such activities as the construction of coffer dams and/or construction access, the diversion
of watercourses, the stabilization of shorelines, the construction of new outfalls and/or the lengthening or
displacement of existing outfalls;

• in situ capping of contaminated sediments in the North Pond;
• redeposition of treated sediments onto the floor of the North Pond; 
• discharge of contaminated water derived from dewatering of excavated North Pond sediments; and/or 
• placement of subaquaeous caps on the floor of the North Pond.  

3.2.4.2 STORAGE OF PCB MATERIAL REGULATIONS AND FEDERAL MOBILE PCB TREATMENT AND DESTRUCTION

REGULATIONS

The CEPA Regulations define PCB materials in following terms:
• PCB Liquid is a liquid that contains more than 50 mg of PCBs per kilogram of the liquid;
• PCB Solid is a solid that contains more than 50 mg of PCBs per kilogram of the solid; and
• PCB Substance is a substance, other than a PCB Liquid, or a PCB Solid, that contains more than 50 mg of

PCBs per kilogram of the substance.

The Regulations govern storage of PCBs for volumes of material that include:
• PCB Liquids in an amount of 100 L or more;
• PCB solids or PCB substances in an amount of 100 kg or more;
• PCB liquids, PCB solids, or PCB substances, or any combination thereof, in an amount less than that

referred to above, that contains 1 kg or more of PCBs; and
• PCB equipment that contains an amount of PCB liquids, PCB solids, or PCB substances as referred to

above.

The Regulations require that all of the above materials are stored in sealed containers, and that the storage
area itself complies with specific standards for the floor surfaces, spill and release containment areas, and
provides protection from the elements. 

CEPA regulations also govern mobile PCB destruction systems (thermal treatment) and mobile PCB
treatment systems (chemical treatment) that are operated on federal land or aboriginal land, or anywhere in
Canada by, or under contract with, a federal institution.  Operation of such a facility requires a Ministerial
Authorization, the issuance of which is a CEAA trigger.  
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The Regulations require that all gas emissions to the environment from these treatment technologies meet the
following standards:
• less than 1 mg/kg PCBs per kg of PCBs input to the system;
• particulate matter less than 50 mg per normal cubic metre of gas released;
• hydrogen chloride less than 75 mg per normal cubic metre of gas released; or
• 2,3,7,8-substituted PCDDs and 2,3,7,8-substituted PCDFs less than 12 ng per normal cubic metre.

The Regulations require that all liquid emissions to the environment meet the following standards:
• PCBs less than 5 µg/L; or 
• 2,3,7,8-substituted PCDDs and 2,3,7,8-substituted PCDFs less than 0.6 ng/L.

The Regulations require that all solid emissions to the environment meet the following standards:
• PCBs less than 0.5 mg/kg; or
• 2,3,7,8-substituted PCDDs and 2,3,7,8-substituted PCDFs less than 1 µg per normal cubic metre.

3.2.4.3 MANAGEMENT OF FEDERAL HAZARDOUS WASTES DRAFT REGULATIONS

Environment Canada notified the PMC that draft regulations to manage federal hazardous wastes had been
prepared (November 2002), but were undergoing potentially significant modifications. As indicated in
Section 3.1, the regulatory environment will continue to evolve and influence how the project proceeds; these
draft guidelines are a case in point.  In these circumstances, the PMC determined that the possible
ramifications of these guidelines to the Remediation Project could not be considered at this time. 

3.2.4.4 EXPORT AND IMPORT OF HAZARDOUS WASTES REGULATIONS AND PCB WASTE EXPORT REGULATIONS

Under the Export and Import of Hazardous Wastes Regulations, a hazardous waste is defined as:
“any product, substance or organism that is dangerous goods, as defined in Section 2 of the Transportation of
Dangerous Goods Act, 1992, that is no longer used for its original purpose and that is recyclable material, or
intended for treatment or disposal, including storage prior to treatment or disposal…”.  These CEPA
Regulations govern the export, import, treatment and storage of materials contaminated with PCBs and other
contaminants of concern.  

Under the PCB Waste Export Regulations, the export of materials contaminated with PCBs at concentrations
greater than 50 mg/kg is not permitted.  It is also noted that the United States has an import ban on materials
that contain >2 mg/kg of PCB.

3.3 Provincial Environmental Legislation
The primary provincial environmental management legislation that is appropriate to the planning and
implementation of the Muggah Creek Cleanup Project includes:
• Nova Scotia Environment Act;
• Nova Scotia Dangerous Goods Transportation Act; and
• Nova Scotia Beaches Act.

A list of provincial regulatory instruments and guidelines that have been considered by the RAER Team is
included in Table 3.3.
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3.3.1 Nova Scotia Environment Act (NSEA)
Regulations and policies promulgated under the Nova Scotia Environment Act may have direct application to
on-site activities and operations proposed as part of the Remediation Project, and will affect most off-site
activities such as the transportation of hazardous materials, and off site treatment and/or disposal.  

3.3.1.1 ACTIVITIES DESIGNATION REGULATIONS AND APPROVALS PROCEDURE REGULATIONS

A number of activities associated with the Remediation Project will require approvals under the NSEA.  The
Activities Designation Regulations provide activity classifications and identify actions that will require
approval under the Act.  Alterations to watercourses, including diversions, placement of culverts, bridges,
infills, etc., require an approval under the Approvals Procedure Regulations.  Prior to the issuance of such an
approval, the NS Department of Environment and Labour often requires documentation that any requirements
related to the Navigable Waters Protection Act and the Fisheries Act have been or will be met.  The
Department may also require documentation from the NS Department of Natural Resources to ensure that any
permits and authorizations required under the NS Beaches Act have been received.  

Depending on jurisdictional status, Provincial approvals may also be required for activities such as on-site
landfilling.  

3.3.1.2 ENVIRONMENTAL ASSESSMENT REGULATIONS

It has not yet been determined if the Tar Ponds Remediation Project will be subject to environmental
assessment under the Provincial Regulations.  However, new treatment and/or disposal facilities constructed
as a component of the Project and located off-site would likely be subject to Provincial assessment.  There is
some expectation that should significant changes be made to the permitted operating conditions of existing
facilities (such as fluidized bed generating stations), environmental assessment of the changes might also be
required.  

3.3.1.3 AIR QUALITY REGULATIONS

The NS Air Quality Regulations apply to the operation of controlled combustion units (i.e., furnaces,
incinerators, and other approved devices).  In addition to regulating the operation of these facilities through
established criteria, the Province also adopts an annual sulphur dioxide emission cap for existing sources of
emissions.  The NS Energy Strategy has set a policy that the cap will be reduced by 25% by 2005 and that
emissions from existing facilities will be further reduced by 25% by 2010.  The criteria for ambient air quality
in Nova Scotia is expressed as Maximum Permissible Ground Level Concentrations; the criteria are detailed
in Table 3.4.  Provisions to ensure that these levels are not exceeded are contained in an approval issued by
the Department of Environment and Labour.  
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Table 3.3:  Provincial Environment Legislation

Legislation Regulation, Permit
Guideline, Code

Potential Related Activity
Tar Ponds Cleanup

Government
Department or

Agency
Requirement

NS Environment
Act (NSEA)

Environmental Assessment
Regulations

Remedial activities such as off-site
treatment at new or significantly altered
facilities in NS

NS Dept of Environment
and Labour

Environmental
Screening  /
Assessment

NSEA

Approvals Procedure
Regulations
Activities Designation
Regulations

Includes alterations to watercourses,
including diversions, placement of
culverts, bridges, infills, etc., and
development of new pits and quarries for
construction and fill materials

NS Dept. of Environment
and Labour Approval

NSEA Water and Wastewater Facility
Regulations 

Any new or altered facility for treatment of
water

NS Dept. of Environment
and Labour Approval

NSEA Sulphide Bearing Material
Disposal Regulations

Excavation and disposal of acid
producing bedrocks

NS Dept. of Environment
and Labour

Compliance /
Inspection / Approval

NSEA Petroleum Management
Regulations

Storage of fuels on-site for refuelling
equipment or operation of treatment
facilities

NS Dept of Environment
and Labour

Compliance /
Registration

NSEA Dangerous Goods
Management Regulations

Transportation and storage of dangerous
goods and waste dangerous goods

NS Dept of Environment
and Labour Compliance

NSEA PCB Management
Regulations

Storage and disposal in a landfill of PCB
(>50 ppm) materials 

NS Dept of Environment
and Labour Compliance

NSEA Air Quality Regulations
Air emissions from on or off site
incinerators or other thermal treatment
/destruction facilities

NS Dept of Environment
and Labour Compliance

NSEA Solid Waste-Resource
Regulations

Disposal of waste materials at municipal
solid waste disposal sites.

NS Dept of Environment
and Labour Compliance

NSEA Water and Wastewater Facility
Regulations

Quality of effluent from treatment facility
waste water streams 

NS Dept of Environment
and Labour Compliance

NS Dangerous
Goods
Transportation
Act

Dangerous Goods
Transportation Regulations

Transportation of contaminated materials
and dangerous goods to and from the
site

NS Dept of Transportation
and Public Works

Compliance /
Approval

NS Endangered
Species Act Regulations

Any activity that threatens or disturbs
designated endangered species and their
habitats

NS Dept of Natural
Resources Compliance

NS Special
Places
Protection Act

Any activity that threatens or disturbs
sites declared special places under the
act (archaeological/cultural/ecological)

NS Dept of Natural
Resources  NS Museum of
Natural History

Compliance /
Archaeological
Research Permit for
surveys

NS Beaches Act Regulations

Any sampling or remediation activity that
takes place between the high and low
tide mark of a marine or estuarine
environment, including access by
equipment

NS Dept of Natural
Resources Approval

NS Occupational
Health and
Safety Act

Regulations
All activities related to the health and
occupational safety of workers in the
Province.

NS Dept of Environment
and Labour

Health and Safety
Plan / Compliance
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Legislation Regulation, Permit
Guideline, Code

Potential Related Activity
Tar Ponds Cleanup

Government
Department or

Agency
Requirement

Guidelines and Policies

Guidelines for the Management of Contaminated
Sites in NS

If the project is determined to be in
Provincial jurisdiction, the guidelines
could apply to its overall management

NS Dept of Environment
and Labour

Standards for the Decontamination of Impermeable
Surfaces Contaminated with Polychlorinated
Bipenyls

Cleaning of contaminated debris
excavated from the Tar Ponds

NS Dept of Environment
and Labour

Standards for the Decontamination of Impermeable
Surfaces Contaminated with PCDDs or PCDFs

Cleaning of contaminated debris
excavated from the Tar Ponds

NS Dept of Environment
and Labour

Guidelines for the designation of a Contaminated
Site

If the project is determined to be in
Provincial jurisdiction, the guidelines
could apply to its overall management

NS Dept of Environment
and Labour

Policy for the Handling and Treatment of Petroleum
Hydrocarbon Contaminated Soils containing PAHs

TPH and PAH contaminated soils
movement, treatment and disposal 

NS Dept of Environment
and Labour

Policy for Domestic Fuel Oil Spill Reference for cleanup requirements for
TPH contaminated soils

NS Dept of Environment
and Labour

Municipal Solid Waste Landfill Guidelines Contaminated waste disposal NS Dept of Environment
and Labour

Construction and Demolition Debris Disposal Site
Guidelines

Disposal of debris excavated from the
Tar Ponds, and/or from shoreline
structures. 

NS Dept of Environment
and Labour

Policy for Facilities for the Thermal Treatment of
Soils

Thermal treatment and destruction of
waste materials 

NS Dept of Environment
and Labour

Table 3.4: Maximum Permissible Ground Level Concentrations (NS Air Quality Regulations)
Maximum Permissible Ground Level

ConcentrationContaminant Averaging Period
ug/M3 pphm

1 hour 34,600 3000
Carbon monoxide

8 hours 12,700 1100
1 hour 42 3

Hydrogen sulphide
24 hours 8 0.6
one hour 400 21

Nitrogen dioxide
annual 100 5

Ozone 1 hour 160 8.2
1 hour 900 34
24 hours 300 11Sulphur dioxide
annual 60 2
24 hours 120Total suspended

particulate (TSP) annual 70
Notes: * geometric mean

pphm – parts per hundred million
ug/m3 – micrograms per cubic metre
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3.3.1.4 SOLID WASTE-RESOURCE MANAGEMENT REGULATIONS: MUNICIPAL SOLID WASTE LANDFILL GUIDELINES,
PCB MANAGEMENT REGULATIONS AND GUIDELINES FOR THE DISPOSAL OF CONTAMINATED SOILS IN

LANDFILLS

Approved landfills in the Province rely on these guidelines to determine which materials are suitable for
disposal.  The PCB Management Regulations do not permit the disposal in a landfill of PCB materials (>50
ppm) unless that material is derived from a contaminated site, and is being placed in a permanent disposal
facility at or near that site.  An approval from the Department is required for the latter. 

The guidelines state that materials containing polychlorinated biphenols (PCBs) in concentrations less than 50
mg/kg can be disposed of in landfills.   Soils containing petroleum hydrocarbons can be acceptable for
disposal at approved landfills provided all of the petroleum hydrocarbons are fully absorbed in the soils (i.e.,
no free product is present) and the following criteria are met:
• The owner of the landfill agrees to take the material;
• Soils containing slight or moderate amounts of gasoline or a small amount of mid range petroleum

distillate (i.e., furnace and diesel fuel) can be used for daily cover;
• Soils containing a large amount of petroleum hydrocarbon should be spread out and landfarmed.  The

material can later be used for daily cover (gasoline in soils disappears readily (less than one week) when
spread thinly (less than 8 inches); and

• Bunker C or heavier oils in soil should be buried as degradation is slow and leachate concerns are lower
and are not considered to be significant. 

CBRM does not allow soils with free phase hydrocarbon product into landfills within their boundaries.  Even
if the materials to be landfilled satisfy the provincial guidelines, CBRM reserves the right to require further
evaluation based on the Atlantic RBCA (Risk-Based Corrective Action) Tier I criteria to determine whether
the material to be deposited can be accepted. 

The above referenced guidelines establish two standards for determining the acceptability of soils
contaminated with other parameters.  Materials can be considered acceptable if the total concentrations of
targeted contaminants is less than those identified in Table 3.5. Alternatively, materials can be considered
acceptable if they meet the standards required by a leachate extraction test (Table 3.6).  If the materials to be
disposed fail both these standards, they can only be disposed in a hazardous waste secure landfill.  There are
currently no such facilities in Nova Scotia, and such materials have to be transported out of Province. 

Table 3.5: Selected Acceptance Parameters for Contaminated Soils (Total Analysis)

Inorganic Parameter Maximum Limit
(mg/kg) Organic Parameter Maximum Limit

(mg/kg)
Arsenic 50 Benzene 5
Cadmium 20 Toluene 30
Chromium (+6) 8 Ethylbenzene 50
Chromium (Total) 800 Xylenes 50
Cobalt 300 PAHs (each) 10
Copper 500 PAHs (total) 50
Cyanide (Free) 100 Aliphatic Hydrocarbons (each) 150
Cyanide (Total) 500 Phenolics (each) 10
Lead 1000 Chlorinated Aliphatics (each) 50
Mercury 10 Chlorobenzes (each) 10
Molybdenum 40 Polychlorinated biphenols (PCBs) 50
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Inorganic Parameter Maximum Limit
(mg/kg) Organic Parameter Maximum Limit

(mg/kg)
Nickel 500
Selenium 10
Silver 40
Sulphur 500
Thallium 1
Vanadium 200
Zinc 1500

Source: Nova Scotia Department of the Environment Guidelines for Disposal of Contaminated Solids in Landfills, March 22, 1994.

Table 3.6: Selected Acceptance Parameters for Landfilling Contaminated Soils (Leachate
Results)

Inorganic
Parameter

Maximum Limit (mg/L) Organic Parameter Maximum Limit (mg/L)

Aluminum 500 Benzene 0.5
Arsenic 5 Toluene 2.4
Cadmium 0.5 Ethylbenzene 0.24
Chromium (+6) 0.5 Xylenes 30
Chromium (Total) 5 PAHs (total) 0.01
Cobalt 5 Aliphatic Hydrocarbons (each) 1.5
Copper 100 Phenolics (each) 0.1
Cyanide (Free) 4 Chlorinated Aliphatics (each) 0.5
Cyanide (Total) 20 Chlorobenzes (each) 0.5
Lead 5
Mercury 0.1
Molybdenum 5
Nickel 20
Selenium 1
Silver 5
Sulphur 50,000
Vanadium 10
Zinc 500

Source: Nova Scotia Department of the Environment Guidelines for Disposal of Contaminated Solids in Landfills, March 22, 1994.

3.3.1.5 SULPHIDE BEARING MATERIAL DISPOSAL REGULATIONS

There are regulations in place to reduce the impact of acidified surface drainage with respect to those areas of
Nova Scotia where there is sulphide bearing aggregate (sulphide sulphur content equal or greater than 0.4 %
(12.51 kg H2So4/tonne).  The Regulations require special treatment where the total volume to be excavated is
greater than 500 m3 in situ, or 1300 tonnes.  Special handling and disposal requirements include limitations on
the area of exposed material, control of any runoff from the material and the site, and disposal only at a site
approved by the NSDEL.  Effluent from these areas must, at a minimum, meet specified criteria (i.e., pH>4.0,
Aluminum < 0.8 mg/l, conductivity <500 micromhos/cm) prior to discharge to the environment.

3.3.2 NS Dangerous Goods Transportation Act
The NS Dangerous Goods Transportation Act applies to the movement of all dangerous materials within the
Province of Nova Scotia.  Classification of dangerous goods in Nova Scotia has been harmonized with the
requirements and classifications of the federal Transportation of Dangerous Goods Act. 
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3.3.3 NS Beaches Act
The Beaches Act provides for the protection of beaches and associated systems through the regulation and
enforcement of land-use activities on beaches.  Beaches are defined under the Act as:

“ that area of land on the coastline lying to the seaward of the mean high watermark, and that area of
land to landward immediately adjacent thereto to the distance determined by the Governor in Council,
and includes any lakeshore area declared by the Governor in Council to be a beach”

The Act is administered by the Nova Scotia Department of Natural Resources and requires that an approval be
obtained prior to the initiation of any activity within the defined area.  Government staff responsible for the
issuance of approvals take care to ensure coordination with the requirements of Fisheries and Oceans Canada,
appropriate Harbour Authorities, the Coast Guard (NWPA) and the Nova Scotia Department of Environment
and Labour (watercourse alteration approval).

3.4 Cape Breton  Regional Municipality (CBRM) Bylaws and Guidelines
The Cape Breton Regional Municipality has a range of municipal bylaws that may have application to the
implementation of the Cleanup Project.  Of specific interest are the Building Bylaw, the Noise Bylaw (which
may affect both hours of operation and/or the selection of equipment and associated methodologies), the
Sewer Use Guideline and Wastewater Discharge By-Law that is in course of preparation.

Both the Tar Ponds and the Coke Ovens Site are currently zoned for industrial purposes.  The CBRM,
however, will be implementing a review of the municipal plan which will involve a review of this
designation.  The review process under the requirements of the Municipal Act also requires that the planning
authority, i.e., the CBRM, solicit public input into the revised plan and its associated zoning bylaw.  As it is
unlikely that a residential zone would be the preferred choice for this area, it is unlikely that changes to the
plan and zoning bylaw will affect the Remediation Project.  Zoning changes could, however, significantly
affect the proposed final land use proposed for the area.
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Chapter 4  Existing Conditions

4.1 Geographic Area
The Tar Ponds Site for the Remediation Project is comprised of the North and South Ponds (remnants of
Muggah Creek), which form an inlet of Sydney Harbour located within the community of Sydney, a
component of the Cape Breton Regional Municipality (Figure 1.1).  The SYSCO Cooling Pond, which is
located adjacent to the South Pond, is also included as the sediments and structure will be addressed during
the remediation of the Tar Ponds.  As described in the Memorandum of Understanding, the Tar Ponds Site is
bounded by the high water mark of the 1998 shoreline (JAG, 1998a).  

4.1.1 North and South Ponds
From traditional knowledge, and old photography, it is known that the former Muggah Creek was an estuarine
inlet of Sydney Harbour, comprised largely of a coastal salt marsh.   Since the early days of industrialization
in the Sydney area, there has been a range of activities located along the shorelines of the Inlet.  A
considerable portion of the north and east area of the original Muggah Creek was infilled with slag and waste
materials from the steel making operations.  In the southeast area, lands along the shoreline of the Creek were
used as a municipal landfill, and the shoreline in this area was also partially infilled.  Land uses along the
western areas of the Creek included a rail yard, a bulk oil facility, and a militia base; little or no infilling
occurred along this shoreline. 

In 1992, with the construction of the dam and weir at the Ferry Street bridge, the Creek was divided into the
North and South Ponds, each of which was affected by differing physical and hydraulic conditions.  The Ferry
Street dam isolates the South Pond from marine waters and tidal influences, except during extreme high tide
and/or storm events.  Consequently, although the North Pond remains a marine environment, subject to
coastal dynamic processes, the South Pond has developed as a sheltered freshwater or brackish environment.  

Although many of the tributary watercourses of the Muggah Creek watershed have been urbanized through
channelization and/or piping, the majority still deposit surface waters to the two remaining tributary streams
of Muggah Creek (i.e., Wash Brook and Coke Oven Brook).  Surface water from these two brooks flows into
the South Pond, which flows, in turn, over the weir into the North Pond, and eventually discharges into
Sydney Harbour at Battery Point.  In addition to overland flow, other surface water inputs to the Ponds
include both separated and combined storm and sanitary sewer outfalls. 

Although the North and South Ponds have not been used for industrial activity for some years, there remains
the potential that the Ponds contain remnants of marine infrastructure, discarded industrial and steel wastes
and debris, and material derived from general ad hoc dumping. 

4.1.1.1 NORTH POND

The North Pond surface area at high tide covers some 18.6 hectares.  The Pond is quite shallow across most of
its area (0 to –1.0 m), deepening to –2.4 m (Geodetic Datum) at its mouth near Battery Point (Figure 4.1).
Near the Ferry Street Bridge there an extensive tidal flat that is exposed during low tides.  The North Pond
remains open to Sydney Harbour and is influenced by wave and tidal action, and by coastal ice.  
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The north and east shorelines of the North Pond are largely comprised of the slag deposits of the SYSCO
High Dump.  Shorelines in this area are industrialized, steep, and unstabilized.  The slag wastes used to infill
the North Pond have been assessed and typically are not considered to be of an environmentally hazardous
material (JDAC, 2001).  The primary source for contaminant input to the North Pond is the overflow from the
South Pond.  Sanitary and combined outfalls also contribute chemical contaminants and pathogens to the
North Pond.  

During the Phase III Environmental Site Assessment (JDAC 2001), sediments in the North Pond were found
to have concentrations of PAHs, PCBs, petroleum hydrocarbons and metals that exceeded CCME guidelines.
Elevated levels of carbazole (a HNC compound), as well as dioxins and furans, were also detected.  Unlike
the South Pond, where the concentration of contaminants decreased with depth, the vertical distribution of
contaminants varied considerably within the North Pond.  During the JWEL-IT studies conducted in 1996. the
volume of contaminated sediments in the North Pond was estimated at 280,000 m3, of which 36,000 m3 was
determined to contain PCBs in excess of 50 mg/kg.  Subsequent studies on contaminant loading and
contaminant flux in the Tar Ponds have determined that there is a net release of contaminants from the North
Pond to Sydney Harbour (JDAC, 2002).  Recent studies conducted by the PMC have determined that
groundwater discharges to the North Pond will not impact water column species or result in the
recontamination of sediments following remediation (CRA, 2002).

Analyses of the North Pond surface water quality detected metals and one PAH compound (naphthalene) at
concentrations that exceeded the CCME Canadian Water Quality Guidelines for the Protection of Aquatic
Life (Freshwater and Marine) (JDAC, 2001).  PCBs, however, were not detected in the surface water of the
North Pond.

4.1.1.2 SOUTH POND

The South Pond surface area covers some 12.9 hectares.  The Pond is shallow across most of its area (0 –
4 m), with maximum depths of only 1 m (Geodetic Datum) (Figure 4.1).  As the Pond is largely isolated from
the marine environment by the dam and weir at the Ferry Street Bridge, the water of the Pond is fresh to
brackish.  During low precipitation periods water levels in the South Pond can drop significantly, exposing
large areas of sediments and contributing to noxious odours in their immediate vicinity.  

The South Pond has been, and continues to be, the initial receptor for contaminants (including sanitary
sewage) borne by Coke Oven Brook and Wash Brook.  The South Pond also receives inputs from untreated
storm and sanitary sewer outfalls.  The Contaminant Loading Study (JDAC, 2002a), determined that despite
the outflow at the Ferry Street weir, there was a net gain in both contaminants and sediments deposited in the
South Pond.  

When compared to CCME Sediment Quality Guidelines, sediment in South Pond was found to have elevated
concentrations of metals, BTEX/TPH components, PAHs and PCBs.  Other contaminants, such as dioxins and
furans, for which CCME does not have a guideline, were also detected in the sediments.  In general, the
concentrations of contaminants decreased with the depth of the sediment.  Based on earlier studies, the
quantity of contaminated sediment in the South Pond was estimated at 270,000 m3, with 9,000 m3 of material
containing concentrations of PCB in excess of 50 mg/kg.  Recent studies conducted by the PMC have
determined that groundwater discharges to the South Pond will not impact water column species or result in
the recontamination of sediments following remediation (CRA, 2002).
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The JDAC Phase III Site Assessment also determined that the surface waters of the South Pond contain
concentrations of a number of metals and PAH compounds that exceed CCME Canadian Water Quality
Guidelines for the Protection of Aquatic Life (Freshwater) (JDAC, 2001).  PCBs were not detected in the
surface water of the South Pond.  

4.1.1.3 SYSCO COOLING POND

The Cooling Pond is located immediately to the east of South Pond and to the north of Coke Oven Brook.
The Pond is an open tank, 122 m in diameter by 5.3 m in height; it was the receptor of the process water used
in the steel rolling mills.   Wastewater from the rolling process would have included steel scaling and oil and
grease. It is anticipated that the tank would have acted as a settling pond with the suspended material settling
to the bottom as sludge.  Rainwater would make up a large portion of the liquid in the tank, but over time
evaporation would reduce the amount of liquid.  Periodically, the tank would overflow into Coke Oven Brook
and the South Pond (CBEG, 1997).

4.1.1.4 INTERCEPTOR SEWER

The new Tar Ponds interceptor sewer will collect wastewater from combined sanitary sewers that currently
discharge directly to the Tar Ponds. These wastes will be re-routed by the interceptor sewer to a new
municipal wastewater treatment plant to be constructed at Battery Point.  The construction of the interceptor
sewer will prevent the continuous discharge of untreated sanitary wastes to the Ponds and, together with the
new treatment plant, will substantially reduce the concentration of pathogens being transported to the
receiving waters in the area.  In periods of high precipitation (> four times dry weather flow), the interceptor
sewer will overflow through the outfalls into Wash Brook, Coke Oven Brook and the Ponds. It is estimated
that these overflows will be more prevalent during spring high water events, but their occurrence will be
dictated by weather patterns. 

4.2 Contaminan ts of Concern (COCs)
As detailed in Section 2.4.2.1, the JDAC Risk Assessment resulted in the identification of a list of
contaminants of concern (COC) at the Tar Ponds Site.  The PMC subsequently, based on SSTLs developed
for each of these COCs, identified the critical SSTLs and compiled a list of site specific COCs for the Tar
Ponds.  The PMC also compiled a GIS based data base (e:DAT) of all analyses conducted during the Phase III
Environmental Site Assessment of the North and South Ponds and the shorelines.  This has been used as a
tool to better understand the physical extent of contamination at the Tar Ponds Site; the locations of the
sampling sites where SSTLs were exceeded have been plotted on site layout drawings (see Appendix B). 

The following sections provide a general description of the nature of the contaminants and the extent of their
location within the Pond areas; Section 4.3 provides a more detailed description of where contaminants within
the site were found to pose an unacceptable risk.

4.2.1 Metals
Metals occur in nature and are an important requirement of our every day lives.  Some metals, however,
become harmful in elevated concentrations.  Railroads and industrial sites are typically sources of metal
contamination and such historic uses of lands adjacent to the Ponds have contributed to elevated metal
concentrations in the Ponds.  
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Twenty metal compounds were identified as Contaminants of Concern in the surface waters of the Tar Ponds,
and four metal COCs are known to occur in the Pond sediments.  In the North Pond sediments, elevated
concentrations of metals tended to be vertically distributed with the lowest concentrations located near the
surface and the highest concentrations at about a 1.3 m depth, with decreasing concentrations with depth
thereafter.   This vertical distribution may be representative of contributions made over time, with the highest
metal deposition occurring during the period when the industrial sites were fully operational.  

At the South Pond elevated metal concentrations were reported in sediments across the site.  The highest
concentrations were detected in the sediments near the surface and decreased with depth.  

4.2.2 Polychlorinated Biphenyls (PCBs)
PCBs are mixtures of synthetic organic chemicals known as chlorinated hydrocarbons. Their physical
properties range from oily liquids to waxy solids, but all have the same basic chemical structure.  Due to their
non-flammability, chemical stability, high boiling point and electrical insulating properties, PCBs were used
in hundreds of industrial and commercial applications including electrical, heat transfer, and hydraulic
equipment; as plasticizers in paints, plastics and rubber products; in pigments, dyes and carbonless copy paper
and many other applications.  Although PCBs were never produced in Canada, approximately 40 million
kilograms of PCB were imported into Canada prior to cessation of production in the United States in 1977
(EC, 1983).

PCBs range in physical appearance from colourless, oily liquids to more viscous, darker liquids and to yellow
or black resins for the most highly chlorinated PCBs.  They are heavier than water, somewhat slippery to
touch and have a strong bitter odour.   They are very stable and exhibit low water solubility, low vapour
pressure, low flammability, high heat capacity and low electrical conductivity.  PCBs preferentially sorb to
fine-grained soils and organics.  They are therefore usually found in the solid phase of an ecological system.
PCB movement through the environment generally occurs as the result of the erosion of contaminated soil,
and the subsequent transport of the PCBs that are attached to the sediment particles.

Based on chemical data collected over the past 12 years, the majority of the sediments tested from the North
and South Ponds contain PCBs at concentrations greater than the CCME sediment quality guidelines.  A
number of areas with PCB concentrations over 50 mg/kg were identified in the North Ponds and South Pond
sediments (JDAC, 2001 and JWEL-IT, 1996a).  PCBs were detected in the water at the North Pond, but not in
the waters of the South Pond.  As PCBs were not detected in the soils or water at the Coke Ovens site, it is
unlikely that operations at the Site were the source of the contamination in the Tar Ponds.

4.2.3 Total Petroleum Hydrocarbons (TPH)
TPH is a term used to describe a large family of several hundred chemical compounds that typically originate
from crude oil.  When completing an environmental assessment, it is not practical to measure every chemical,
therefore a total petroleum hydrocarbon concentration is often used to determine the degree of hydrocarbon
contamination at a site.  

Petroleum hydrocarbons and other complex hydrocarbons typically make up a large percentage of coal tars.
“Pitch” is often 50% or more of the total tar. Petroleum hydrocarbons are also often used as a “wash” in
various production processes associated with coke ovens, including benzol production.  It is possible that
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much of the petroleum hydrocarbons came from the coal tars or related processes.  Other sources of
petroleum contamination may include the railroad, steel plant and general urban sources.   

Petroleum hydrocarbons found in the sediments and waters at the North and South Ponds include certain
volatiles such as benzene, ethylbenzene, toluene and xylene and polycyclic aromatic hydrocarbons.  Elevated
concentrations of TPH often occur as the result of the use and storage of petroleum products at or near the
site.  At the Ponds, it is likely that the petroleum has migrated either from the Coke Ovens Site, or from other
industries in the vicinity that have discharged to the Ponds.
 
Volatiles and polycyclic aromatic hydrocarbons are discussed in the following sections.

4.2.4 Polycyclic Aromatic Hydrocarbons (PAHs)
Although polycyclic aromatic hydrocarbons can be created and discharged as a result of human activity,
PAHs are also known to occur naturally in the environment.  PAHs may be formed from the incomplete
combustion of virtually any form of organic material.  Human sources of PAHs include the combustion of
fuels in cars and furnaces, as well as from such common occurrences as barbecuing.  Naturally occurring
sources of PAHs include coal, volcanoes, forest fires, crude oil and shale oil.  PAHs are found in substances
such as coal tar, crude oil, creosote, and road and roofing tar.  PAHs are ubiquitous in the environment, and
the increasing levels found in the environment parallel industrial and urban development.

As pure chemicals, PAHs generally exist as colourless, white, or pale yellow-green solids.  Most PAH
compounds do not occur alone in the environment, rather they are found as mixtures of two or more PAHs.  

PAHs occur throughout the sediments at the North and South Ponds and to a much lesser degree in the
surface water.  It is anticipated that the main sources of PAHs were the industrial operations that took place at
the Coke Ovens and at the steel plant.  PAHs were released to the atmosphere through combustion processes,
and/or deposited in the soils and water as a result of accidental releases, disposal and/or airborne deposition.
These contaminants eventually made their way to the Tar Ponds.  As large areas of PAH contamination were
identified as occurring on or near the former Domtar Site (which includes the Tar Storage area), it is probable
that a large portion of the PAHs were derived from the deposition of coal tar. 

It is expected that the ratio of light to heavy PAHs in the coal tar would have been substantially higher in the
original product than what is observed today due to the volatilization of the lighter end components.
Therefore, the PAHs found in the Ponds would consist of a higher percentage of heavy end compounds due to
the loss of the more volatile components during the migration of the contaminant. 

Degradation rates for naphthalene (a PAH compound) in sediment are much higher than in water.  Tests have
shown that the biodegradation half-life of naphthalene is significantly less when the sediments are exposed to
petroleum hydrocarbons rather than sediments that are in a pristine area (Howard, 1990).   This is likely due
to the presence of a higher population of bacteria that will consume the contaminants.

As anticipated, the ratio of light end PAHs to heavy end has decreased from the Coke Ovens Site, the source
area (50% light end) to the South Pond (14% light end).  The light end component further decreases between
the South Pond and the North Pond (12% light end), which indicates that the PAH contaminants are naturally
attenuating as they migrate and over time.  
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4.2.5 Volatile Organic Compounds (VOC)
VOCs are a group of chemicals comprised of carbon and hydrogen, as well as other elements that readily
change to vapour at normal temperatures and pressures.  Natural sources of VOCs include natural gas,
volcanoes, forest fires, crude oil and shale oil.  VOCs are ubiquitous in the environment, and the increasing
levels found in the environment usually parallel industrial and urban development.

VOCs are often used as intermediates in the manufacture of other chemicals and end products. Benzene can
be released to the environment during the production, handling, storage and venting of benzene and/or
gasoline.  Other sources result from its use as a solvent, its indirect production in coke ovens, the combustion
of gasoline, non-ferrous metal manufacture, ore mining, wood processing, coal mining and textile
manufacture, and from cigarette smoke (Howard, 1990).

As pure chemicals, VOCs generally exist as liquids at room temperature that quickly volatilize if left in the
open atmosphere.  Non-chlorinated VOCs that are of concern due to their potential to cause adverse human
health and environmental effects include benzene, ethylbenzene, toluene, and xylene.  Other VOCs that are
less toxic include ethane, methane, butane, propane, and hexane.  Some VOCs, such as benzene and xylene,
can be categorized as aromatic (ringed); while others, such as chloroethenes and chloroethanes, can be
categorized as aliphatic (straight-chained).  

Most VOCs, such as benzene, can be biodegraded under aerobic conditions.  Biodegradation occurs more
rapidly in the summer months, but at a reduced level during the cooler winter months.  Current conditions are
largely anaerobic for most of the Tar Ponds sediment.  Under these conditions it is unlikely that any
significant biodegradation in the sediment is occurring.  VOCs, however, are soluble and will biograde
rapidly once they enter aerobic surface water.

Volatile Organic Compounds were found in the sediments and/or the surface waters at the North and South
Ponds in the form of benzene, toluene, ethylbenzene and xylenes (BTEX).  Most of these contaminants would
have travelled to the Ponds via surface water flows.  It is expected that the light end (VOCs) petroleum
hydrocarbons would have volatilized or solubilized over time leaving the heavy end components.  The median
ratio of the BTEX components (lighter end compounds) versus the modified TPH (heavier end compounds) in
the Ponds is less than on the Coke Ovens site.  This indicates that the sediments in the Ponds have naturally
attenuated resulting in a more heavily weathered and less mobile product than what is found onsite at the
Coke Ovens.

4.3 Affected Me dia
It has long been assumed that the primary source of contaminants to the Tar Ponds were the industrial
operations located at the Coke Ovens Site.  However, other sources of contamination in the North Pond
include the discharge of contaminated material from the sewer outfalls and the deposition of contaminated
fine soils from the surrounding shoreline areas.  Sources of contamination in the South Pond include the
discharge of contaminated materials from Wash Brook, Coke Oven Brook and from the sewer outfalls; the
deposition of contaminated fine soils and fill from the surrounding shorelines; and the migration of
contaminants from the former landfill located along the southern shoreline of South Pond.  
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The Cooling Pond was the receptor of process water from the rolling mills and contains sludge and waste
water.  It is estimated that there are 20,400,000 litres of water, 50,000 tonnes of sludge and 200,000 board feet
of lumber associated with the Cooling Pond (CBEG, 1997).

4.3.1 Marine and Freshwater Sediments
The marine sediments at North Pond consist of a very soft black sediment with silt and sand size particles
overlying a loose to compact sandy silt, or compact sandy silt, or compact to dense silty sand with gravel till.
This material was described as a ‘PAH’ sediment, which is a term used for creek bottom sediments derived
from coal tar residue, coal, coke, slag and silt, sand and gravel size particles.  Based on field observations, the
sediments were divided into two broad classes of material.  One being a fine PAH sediment comprised of a
very loose, black sediment with silt and sand size particles, and the other being a coarse PAH sediment
comprised of a very loose to compact black sediment with sand and gravel size particles.  The fine PAH
sediment was found across the area of the North Pond with a thickness ranging from 0.14 m near Ferry Street
to 4.9 m near the toe of the High Dump.  The coarse sediment was found underlying the fine PAH sediment
along the southeast shore near Ferry Street (JDAC, 2001).

Bottom sediments in the South Pond are similar to the fine and coarse PAH sediments encountered in the
North Pond.  The sediment thickness ranged from 0.4 m to over 5 m, with the thickness generally increasing
from west to east across the Pond.  The thickest PAH sediments were encountered near the mouth of Coke
Oven Brook (JDAC, 2001).  Using chemical data from the e:DAT database (CRA, 2002a) for the Phase III
environmental assessment programs (JDAC, 2001), figures were prepared to show the locations of samples
that had contaminant concentrations above the SSTL levels (see Figures TP-1 through TP-8 for the North
Pond and Figures TP-9 through TP-16 for the South Pond in Appendix B.

The bottom sediments in both Ponds are underlain by till.

The main source of chemical data was from the e:DAT database (CRA, 2002a) for the Phase III
environmental assessment programs (JDAC, 2001).  To obtain a general understanding of the extent of
contamination across the site, figures were prepared to show the locations of samples that had contaminant
concentrations above the SSTL levels (see Figures TP-1 through TP-8 for the North Pond and Figures TP-9
through TP-16 for the South Pond , in Appendix B).

CONTAMINANTS EXCEEDING SSTLS – MARINE SEDIMENTS IN THE NORTH POND

The marine sediments in the North Pond generally appear to be co-contaminated with PAHs, heavy metals
(arsenic, copper, lead and zinc), PCBs and total petroleum hydrocarbons.  

Metals
In the North Pond, the areas of metal contamination appeared to be sporadic and widespread.  However,
detailed investigation indicated a vertical trend that showed lower metal concentrations in the near surface
sediments (~0.2 m btos), highest metal concentrations at the middle sampling depth (~1.3 m btos) and
medium concentrations at the deepest sampling points (~1.9 m btos).  The range of metal concentrations
(COCs) detected in the sediments at the site are provided in Table 4.1.  This information was obtained from
the chemical database (CRA, 2002) which included the analytical data from the Phase III environmental
assessment (JDAC, 2001). 
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Table 4.1: Range of Metal Concentrations in the Sediments in the North Pond

Metal
Minimum

Concentration
(mg/kg)

Maximum
Concentration

(mg/kg)

Median
Concentration

(mg/kg)

SSTL
(mg/kg)

Number of
Samples with

Concentrations
over the SSTL

Total
Number of
Samples

Arsenic 8.8 88.7 17 41.6 4 33

Copper 15.6 390 70 108 12 33

Lead 42.9 584 117 112 19 33

Zinc 17.2 2,520 360 271 19 33

Source: Chemical database (CRA, 2002)

SSTLs were provided for arsenic, copper, lead and zinc.  Approximately 30 samples from the marine
sediments were analyzed for metal concentrations. A number of each of the metals was found in
concentrations greater than the SSTL level.

PAHs
Generally, PAH concentrations decreased with depth, with near surface concentrations being up to ten times
as high as concentrations detected in the lower horizons.  PAH contaminated sediments were spread across
the North Pond and ranged from 0.5 m to 4.9 m in thickness.  The thickest PAH sediment was found near the
northern shore of the North Pond and thinner layers were found along the southern and western ends of the
Pond (Figure 4.2).  Generally, the thickness of PAH sediments over the rest of the Pond was between 1 and
2 m.  Total PAH concentrations of greater than 38,000 mg/kg were found in the sediments near the central
part of the Pond.  The highest individual PAH compound concentration was naphthalene. 

All samples accessed through the Muggah database had total PAH concentrations greater than the SSTL
(30 mg/kg) and would require remediation.  The lowest concentration recorded for naphthalene was 4.6
mg/kg, the highest concentration was 33,000 mg/kg and the median concentration was approximately 280
mg/kg.  

PCBs
PCB contaminated sediments in the Tar Ponds were found in association with PAH contaminated sediments.
Earlier studies by Acres and JWEL-IT established a PCB range of non-detect to 239.5 mg/kg (Acres, 1992
and JWEL-IT, 1996a).  The chemical data collected during the Phase III Environmental Site Assessment
(JDAC, 2001) (approximately 34 samples) to delineate the boundaries of the PCB contamination had a PCB
range from non-detect to 190 mg/kg.  The median concentration for this data set, taken to delineate the
boundaries of the PCB zones, is 5.55 mg/kg.  

Most environmental regulatory legislation in Canada describes a PCB material as that which has a
concentration greater than 50 mg/kg.  Where sediments within the Ponds have PCB concentrations greater
than 50 mg/kg, the sediments are referred to in the RAER as PCB sediments; where such sediments may be
removed and retain a PCB concentration greater than 50 mg/kg, the sediments will be treated in accordance
with these regulations and standards.  The RAER Cleanup Criteria, however, are based on the SSTLs.  In the
North Pond, the SSTL for PCB is 0.3 mg/kg and in the South Pond the SSTL is 0.277 mg/kg.  Given these
performance standards, most of the Tar Ponds sediments will require remedial action to lower the risk of
exposure to ecological receptors located in the marine and freshwater sediments.  



#

#

#

#
##

#

#

#

#

#

#

#
# #
# #

#

#

#

#

#
#

#
#

#
#

#

#

#
#

#

#

##

#

#
##

#

#
# #

#

#

#

#
#

#

#

#

#

#

#

#

#

#

#

#
#

#
#

##
#

#

#

#
#

#

#

# #
#

#
# #

#

####

#
##

# #
#
#
#

#
# #

#
# #

#
# #

#
#

#

#
#

# #

# #

#
# #

#

#

#

#

#

#

#

#

#
#

#

#

#

#

#

#
#

#

#

#

#

#

#
#

# #

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#
#

# #

#

#

#

#

North
Pond

South
Pond

1.0

3
.0

1.0

1.
0

2.0

1
.0

2.0

3.0

1.0

3.0

2.0

4.
0

2.0

4.0

4.2

Figure:

Sydney, Nova Scotia

MUGGAH CREEK
WATERSHED PHASEII/III

ENVIRONMENTAL
ASSESSMENT

Projection: 3° MTM
Datum: ATS 77, Zone 4

N

100 0 100 200 Meters

PAH Sediment Thickness   
North and South Pond

 

Sediment Thickness (0.5 m Intervals)

# Sediment Sample Location

Source: JEWL-IT, 1996

Reference: Derived from JDAC Environment, 2001
                   Phase III Environmental Site Assessment Report Ponds and Shoreline Areas

PAH Impacted Sediment Thickness



RAER - Tar Ponds Existing Conditions 4-9
February 2003 – Final Report CBCL – ENSR

Areas of PCB sediments (>50 mg/kg) in the Tar Ponds are not contiguous, but occur at several, relatively
well-defined locations.  The largest area of PCB sediments (>50 mg/kg) was found at the mouth of North
Pond where the impacted area spans the width of the Pond for approximately 200 m (Figure 4.3) (JWEL,
1996).  Based on the data depicted on Figure 4.3, the thickness of the PCB sediment layer in this location
appears to be generally less than 0.5 m (JWEL/IT, 1996).  The depth to the PCB sediments from the Pond
floor ranges from about 3.5 m btos at the east shoreline area to approximately 0.5 m btos at the west shoreline
area.

Three other smaller areas (~50 m2) of PCB sediments (>50 mg/kg) were also identified.  Two are located
along the East Shoreline Area and one is located near the centre of the Pond. 

Total Petroleum Hydrocarbons
The areas of elevated BTEX and modified TPH concentrations were relatively small and located near the
northern to central part of the Pond.  The modified TPH concentrations ranged from 46 mg/kg to 71,000
mg/kg near the mouth of the Pond.  The median concentration for modified TPH is 21,000 mg/kg.  Twenty
two of the 24 sediment samples collected from the North Pond exceeded the SSTL of 1,000 mg/kg. 

4.3.1.2 CONTAMINANTS EXCEEDING SSTLS – FRESHWATER SEDIMENTS IN THE SOUTH POND

The freshwater sediments in the South Pond contained the same contaminants of concern as the marine
sediments in the North Pond.  These contaminants included metals (arsenic, copper, lead and zinc), total TPH,
PCBs and total PAHs. 

Metals
In the South Pond, metal concentrations in the sediments generally decreased with depth.  A number of metal
compounds were reported in concentrations greater than the SSTL level.  The range of metal concentrations
detected in the sediments at the site is provided in Table 4.2.  This information was obtained from the
chemical database (CRA, 2002) which included the analytical data from the Phase III environmental
assessment (JDAC, 2001) 

Table 4.2: Range of Metal Concentrations in the Sediments in the South Pond

Metal
Minimum

Concentration
(mg/kg)

Maximum
Concentration

(mg/kg)

Median
Concentration

(mg/kg)
SSTL

(mg/kg)

No. of Samples
with

Concentrations
over the SSTL

Total No. of
Samples

Arsenic 3.8 77.2 14.5 17 18 40
Copper 1 240 23.8 197 2 27
Lead 8.5 755 56.4 91.3 16 40
Zinc 1.8 927 106 315 8 40

Source: Chemical Database (CRA, 2002)

PAHs
Generally, the PAH concentrations recorded in the sediments of the South Pond decreased with depth, with
near surface concentrations being up to ten times as high as concentrations detected in the lower horizons. 



Existing Conditions 4-10 RAER - Tar Ponds
CBCL – ENSR February 2003 – Final Report

PAH contaminated sediments (>90 mg/kg) were spread across the Pond and ranged from 0.5 m to 5 m in
thickness.  The thickest PAH sediment was found near the central part of the South Pond and decreased in
thickness towards the mouth of Wash Brook and along the western shoreline.  Total PAH concentrations of
greater than 9,000 mg/kg were found in the sediments near the central part of the Pond.  The highest
naphthalene concentration was 17,000 mg/kg and the median concentration was 330 mg/kg.  

PCBs
PCB contaminated sediments in the Tar Ponds were found in association with PAH contaminated sediments.
Earlier studies by Acres and JWEL-IT established a PCB range of non-detect to 2,066 mg/kg (Acres, 1992
and JWEL-IT, 1996a).  However, as accessed from the e:DAT database, the chemical data collected during
the Phase III environmental site assessment (approximately 14 samples) to delineate the boundaries of the
PCB contamination had a PCB range from non-detect to 20 mg/kg (JDAC, 2001).  The median concentration
for this data set was <1 mg/kg.  The SSTL for PCB sediments in South Pond is 0.277 mg/kg; eight out of the
20 sediment samples analyzed during the Phase III environmental site assessment exceeded this level. 

The largest area of PCB sediments (>50 mg/kg) was reported to occur in the northeast corner of the South
Pond and to cover an area of approximately 20,000 m2.  The thickness of the PCB contaminated layer was
estimated to be less than 1.2 m.  The PCB contaminated sediments were generally located at the top of the
PAH sediment layer, but dip into and under the PAH layer as it nears the northeast shoreline.  

TPH
Elevated BTEX and TPH concentrations were reported to be wide spread in South Pond sediments in the
limited number of samples collected from across the site.  The modified TPH concentrations from the Phase
III assessment ranged from 43 mg/kg to 81,500 mg/kg near the north east corner of the Pond.  The median
modified TPH concentration was 7,000 mg/kg.  Twelve of the 19 sediment samples collected from the North
Pond exceeded the SSTL of 1,000 mg/kg. 

4.3.2 Contaminants  Exceeding SSTLs  - SYSCO Cooling Pond
The probability of the materials in the SYSCO Cooling Pond requiring treatment was determined based on
comparing the chemical results to the most sensitive SSTLs for sediment and water in the North and South
Ponds.  

Sludge 
The sludge samples collected for metal concentrations were analyzed as liquid and therefore were compared
to the surface water SSTLs.  The sludge samples collected for PCB concentrations were analyzed as solids
and therefore were compared to the sediment SSTLs.  Of the 11 sludge samples analyzed only one had a
detectable PCB concentration (0.13 mg/kg), which is below the most sensitive SSTL.

Soil
One sample labelled as ‘soil’ collected from the Pond was identified in the Muggah Creek e:DAT database.
This sample was analyzed for metals, TPH, PAHs and PCBs; the results were compared to the most sensitive
SSTLs for the North and South Pond sediments.  The results indicated that arsenic (SSTL – 17 mg/kg) and
zinc (271 mg/kg) concentrations were below the most sensitive SSTL.   Copper, at a concentration of 260
mg/kg (SSTL – 108 mg/kg) and lead at a concentration of 642 mg/kg (SSTL – 91.3 mg/kg) exceeded the most
sensitive SSTLs for those particular metals.  The total petroleum hydrocarbon for this sample was 120,000
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mg/kg, which exceeded the SSTL of 1,000 mg/kg. The total PAH concentration (2.6 mg/kg) was below the
most sensitive SSTL of 30 mg/kg and PCBs were not detected in the sample.

Water (Sludge, Surface Water and Wastewater)
Four samples (two sludge, one surface water and one wastewater sample) were collected and analyzed as
liquids.  All samples were analyzed for metals, only the surface water sample was analyzed for petroleum
hydrocarbons (volatiles and semi-volatiles) and the surface water and wastewater samples were analyzed for
PAHs.  The results indicated that lead, at concentrations of 0.54 and 0.52 mg/L (from the two sludge
samples), was the only metal parameter to exceed the SSTLs for surface water (0.24 mg/L). The only other
parameter found in concentrations above the SSTL was benzo(a)anthracene (SSTL - 0.00042 mg/L) at a
concentration of 0.004 mg/L.   

4.3.3 Contaminants  Exceeding SSTLs  - Surface Water in North and South Ponds
Water in the North Pond is marine and subject to tidal action and estuarine flushing.  Water in the South Pond
is generally considered fresh, although it can become brackish as the result of the influx of salt water during
relatively rare extreme tide events.  During the JDAC Phase III Environmental Site Assessment (JDAC,
2001), the surface water quality in the North Pond was assessed by analyzing samples collected at different
depths of water (top - 0.1 metres below surface (mbs), middle - 0.85 mbs, and bottom - 1.9 mbs).  There was
no indication of sample depth on the sample taken from the surface water of the South Pond.  Analyses were
completed for general inorganic chemistry, metals, petroleum hydrocarbons (TPH and BTEX), TOC, PAH
and PCBs.  The water from the South Pond was assessed against the CCME Canadian Water Quality
Guidelines for the Protection of Aquatic Life (Freshwater).

Metals
Only three metal concentrations (cadmium, zinc, and copper) exceeded the SSTLs for surface water in the
North Pond.   Cadmium and zinc exceeded the SSTLs in one sample and copper in two samples.  The highest
cadmium, zinc and copper concentrations were 0.0024 mg/L, 0.26 mg/L and 1.93 mg/L respectively.  The
only metals to exceed the SSTL in samples collected from South Pond were cadmium (in one sample) and
zinc (in two samples). The highest cadmium and zinc concentrations were 0.0013 mg/L and 2.63 mg/L,
respectively.

PAHs
Approximately fifty water samples from the North Pond were analyzed for PAHs.  Three PAH compounds
were reported to exceed the SSTLs.  They included benzo(a)anthracene (in two samples), benzo(a)pyrene (in
20 samples) and indeno(1,2,3-cd)pyrene (three samples).  The highest benzo(a)anthracene, benzo(a)pyrene
and indeno(1,2,3-cd)pyrene concentrations found in the water in North Pond were 0.00692 mg/L, 0.00721
mg/L and 0.00493 mg/L, respectively.   Approximately 10 water samples from the South Pond were analyzed
for PAHs.  Only one PAH compound was found to exceed the SSTLs; this parameter was benzo(a)pyrene,
which was detected at a concentration of 0.0015 mg/L.

Other
No other parameters were found in concentrations above the SSTLs criteria in the North and South Ponds. 
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Chapter 5  Identification and Initial Screening of Cleanup Technologies

5.1 Purpose and  Intent
For cleanup technologies to be considered appropriate to the existing
conditions in the North and South Ponds, they must have the capability to
address the following:
• the nature of the contaminants of concern;
• the media in which these contaminants are found within the Tar

Ponds;
• the variation of physical, biological and chemical conditions that can

or will affect access to and the handling of these materials; and 
• the physical and technical capacity to remove, prepare for treatment

and dispose of each of these materials.

The RAER Team first identified appropriate technologies and then
used the Performance Criteria (Section 2.5.1.1) and the Key Premises
(Section 2.5.1.2) to determine those which had the proven capacity to
address the COCs and to ensure the successful execution of the Tar
Ponds Remediation Project.
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For the purposes of the RAER, a
cleanup technology is defined as a
method used to achieve, or partially
achieve, a cleanup objective, and
includes treatment processes as
well as activities such as the
removal, handling and processing of
waste materials.

The Key Premises are:
• Reduce Detrimental Effect on the

Environment and Health in the Long
Term –  the technology must be
capable of effectively modifying either
the source or the pathway of
specified contaminants of concern to
a standard acceptable by regulatory
agencies and/or in the context of the
SSTLs;

• Reliable Technology – proven
technology, appropriate to and
capable of implementation under
conditions similar to those at the Tar
Ponds site; and

• Cost Effectiveness – technologies
must be cost effective, when
compared against other technologies
that could achieve similar results.
The Performance Criteria are:
1. Overall suitability - this criterion looks at the expected results of applying the

technology to the cleanup of the Tar Ponds material.  Operational and
performance characteristics of the technology are assessed against site
specific considerations;

2. Scale of application - this criterion is an indication of the viability of the
technology.  The Tar Ponds Cleanup Project is large and technologies should
be known to be capable of operating at the capacity required, or have the
capacity to be readily scaled up; and

3. Status of development - this criterion is a measure of the how proven the
technology is.  It is important that technologies provide some confidence in
their ability to perform the cleanup and a good track record is a solid indicator.
AER - Tar Ponds Screening of Technologies 5-1
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he purpose of this chapter is:
i) to identify technologies that could be used to address contamination at the Tar Ponds Site;
ii) to describe the application of the Performance Criteria and Key Premises to screen and identify

those technologies that have the capacity to address the contamination, or some facet of the
contamination; and

iii) to provide a synopsis of the rationale that resulted in a technology being included or rejected.

nly those technologies that met the intent of the Performance Criteria and the Key Premises would be
arried forward to the next stage of evaluation.
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5.2 Identification of Technologies

5.2.1 Contaminant Types and Cleanup Technologies
No single cleanup technology is appropriate to manage every type of contaminant at any concentration
found at a site because of technical limitations and regulatory requirements.  A complex site such as the
Tar Ponds will typically require the use of more than one technology, particularly for the treatment or
destruction of the contaminants.  Four specific types of contaminants were found in the Tar Ponds above
the SSTLs:
• Petroleum hydrocarbons;
• PAHs1;
• PCBs2; and
• Inorganics (metals).

These contaminants share a similar characteristic, namely that their molecular weights are generally high.
These contaminants readily sorb to soil and organic solids. Two leaching tests conducted during the TDP
showed acceptable results for sediment samples taken from the site.  This makes containment approaches
feasible provided the materials can be physically prevented from migrating.

Many of the contaminants, however, are distinctly different one from the other with respect both to
treatment and destruction technologies.  Petroleum hydrocarbons and PAHs can, for example, be
desorbed or degraded under various chemical, biological, or thermal conditions.  Under the right
conditions, their molecules break down into harmless compounds of carbon, oxygen, and hydrogen (e.g.,
carbon dioxide and water).  The primary challenge is how these conditions can be effectively introduced
and sustained to achieve the desired goals.  Further, degradation products from incomplete reactions are
less stable and less dangerous than the heavier molecular weight original contaminant.  The question with
respect to these contaminants is whether application of the specific technology is practical and cost
effective, rather than if it is possible.

PCBs are organic compounds that are difficult to degrade under chemical, biological, or thermal
conditions,  and their incomplete degradation can create more dangerous and more unstable degradation
products.  The treatment and destruction of these compounds must be done carefully, under what can be
extreme operating conditions, to ensure the attainment of cleanup objectives.  Treatment and destruction
of PCBs, while done on a regular basis, is typically not practical at the large scale that can be achieved for
volatile organics, petroleum hydrocarbons, and PAHs.  The persistence of PCBs in the food chain has led
to the promulgation of specific acts and regulations concerning their management.  In particular, PCBs at
concentrations of greater than 50 mg/kg (PCB materials) trigger specific requirements regarding their
storage, treatment, and disposal in both Canada and the United States.  Treatment of PCB materials in
Canada is required to reduce the concentrations of the treated materials to 0.5 mg/kg or less, and the
efficiency of a thermal treatment system (stack emission to source concentration ratio) must be 99.9999
percent or greater.  The combination of technical difficulties and regulatory requirements makes many
technologies that are readily applied to other organic contaminants, unsuccessful for PCB materials.

                                                
1 PAH sediments are those sediments which exceed the SSTLs, i.e., PAH concentrations of 30 mg/kg for the North
Pond and 90 mg/kg for the South Pond and will be subject to remediation (see Table 2.2).  These sediments may
contain TPH, metals and PCBs less than 50 mg/kg.
2 PCB sediments in the context of the Tar Ponds are those sediments with PCBs over 50 mg/kg.
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Inorganics pose another set of issues with respect to their treatment and destruction.  The inorganic COC
is typically an element that cannot be destroyed under practical conditions.  Instead, the approach is to
physically immobilize these contaminants, i.e., their molecular form or ionic state is changed through
chemical stabilization, or they are chemically or physically stripped from the sediments and segregated
for separate disposal.  Unless removed, inorganics survive treatment and destruction technologies applied
to organic contaminants.  Inorganic concentrations will actually increase if treatment and destruction
technologies succeed in destroying a substantial fraction of the original sediment mass.  Their use will
also tend to make the remaining materials less able to sorb the inorganics causing, in turn, an increase in
their leaching potential.  These are also the primary reasons why many treated materials are not suitable
for use as clean fill and require disposal in a contained landfill.

These differing fundamental characteristics of the COCs at the site are the primary drivers for the
screening and selection of appropriate technologies.

5.2.2 In Situ Approaches versus Ex Situ Approaches
The two primary differences in the potential approaches to the cleanup of the conditions in the North and
South Ponds are:
• In situ, i.e., where the contaminated material is left in its original location; and 
• Ex situ, i.e., where the contaminated material is removed from its current location.

Of all the technologies that might be used to cleanup the North and South Ponds, some can be applied
both in situ and ex situ; others, including incineration and landfilling, can only be implemented by first
excavating the material and transporting it to the treatment and/or disposal site.

5.2.2.1 IN SITU TECHNOLOGIES

In situ approaches to contaminant cleanup include the following:
• destruction of the contaminants; and/or
• full or partial containment of the contaminated materials.

In situ approaches avoid those issues commonly associated with the extraction, handling, transportation,
(land-based) treatment and disposal of contaminated materials.  There are, however, fewer technologies
that can be effectively applied in situ, than are available for ex situ applications. 

The implementation of in situ treatment/destruction technologies would require the accurate addition, and
complete mixing, of one or more chemical and/or biological agents with the contaminated materials at the
site.  As there is potential for the accidental release of such reagent(s) and/or the subsequent production of
harmful by-products, the application of in situ technologies generally requires a highly controlled working
environment. 

The in situ containment of contaminated materials at the Tar Ponds Site would require the placement of a
barrier material such as sand, clean fill, slag and/or armour rock over the sediment, an activity that would
result in a relatively small disturbance of the contaminated material(s).  Capping is a partial containment
measure that would sever the primary exposure pathways between the contaminant source and the
receptor, but the contaminants are neither destroyed, nor removed from the site.  Ongoing maintenance of
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the containment measures would be required, as well as continued monitoring to ensure the effectiveness
of the barriers. 

5.2.2.2 EX SITU APPROACHES

Ex situ approaches to contaminant cleanup require the removal, handling, and potentially, the pre-
treatment of the contaminated materials.  The primary benefit would be the removal of the contaminated
sediments from the aquatic system in the Tar Ponds.  Ex situ approaches to contaminant cleanup include:
• destruction of the contaminants;
• reduction of the levels of contamination and/or the volumes of contaminated materials; and/or 
• full containment of the untreated or treated contaminated materials.

In general, there is a broader array of available treatment and disposal technologies associated with ex situ
approaches to cleanup than there is for in situ approaches.  Contaminants can be removed from the site
and destroyed, reduced, or fully contained.  Drawbacks include the need for access, excavation and
removal, transportation, handling, and potentially, preparation, pre-treatment and final disposal of the
contaminated materials.  Associated with these activities is the need for what can be considerable land to
accommodate excavation, storage, and the treatment and disposal of by-products such as wastewater and
residual materials.  The physical handling of contaminated materials also increases the potential to create
associated environmental issues including noxious odours, dust, vapours and other emissions, and
equipment and transportation noise.  Environmental issues can be effectively managed through the
application of mitigative measures and engineering controls.  

The implementation of ex situ treatment/destruction technologies would also require the accurate addition
and complete mixing of chemical and biological agents with the contaminated materials, and/or the siting
and operation of handling, pretreatment, and treatment facilities.  Environmental conditions can, however,
be more easily managed ex situ than water based applications in situ.  

The ex situ containment of contaminated materials at the Tar Ponds Site could include technologies for
the containment of all (untreated) contaminated materials, or the pretreatment and subsequent reduction of
contaminants and/or materials prior to disposal in a containment area.  Ongoing maintenance of the
containment measures would be required, as well as continued monitoring to ensure effectiveness of the
barriers. 

5.2.3 Precedents at Other Contaminated Sediment Sites
The best single indicator of the potential success, cost, and timeframe for a technology is to evaluate its
use at other similar sites.  Table 5.1 provides a summary of the major contaminated sediment sites that
have been remediated or are subject to recent remediation decisions.  Many of these sites, such as
Housatonic River, Hudson River (USEPA, 2001), and New Bedford Harbour (USEPA, 1998b), have PCB
contamination that is often much greater than 1,000 mg/kg.  Bayou Bonfouca (Louisiana) had creosote
(similar to coal tar) at sufficient levels that divers who came in contact with the sediments received
second degree burns (USEPA, 1998a).  These sites also have very large quantities of sediments, in some
cases greater than 2,000,000 tonnes.

Solidification and containment are the predominant methods being used at sites where large volumes of
sediments need to be managed.  The sediments are usually contained in an unlined confined disposal
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facility near the contaminated site, a dedicated landfill near the site, or a commercial off-site landfill.  The
solidification is done, in most instances, to improve the handling and disposal characteristics of the
contaminated sediments.

As shown in Table 5.1, very few treatment or destruction technologies have been applied to contaminated
sediment projects larger than 2,000 tonnes.

5.2.4 Available Technologies
Early in the Project, the RAER Team reviewed technologies in use at similar sites to identify approaches
and technologies appropriate to the Muggah Creek Remediation Project.  A list of technologies
considered appropriate for application to the specific conditions found within the Tar Ponds Site was
compiled.  Several of those identified had been subject to study in the TDP.

Various sources document and describe technologies that can be used for PCBs, metals, petroleum
hydrocarbons and coal tar contaminated sediments.  Key references include:

• Environment Canada, Technical Assistance Bulletins (TABs) on Contaminated Sites (EC, 2001 and
2001a);

• US Environmental Protection Agency Federal Remediation Technologies Roundtable, Remediation
Technologies Screening Matrix and Reference Guidance, Version 4.0 (USEPA, 2002);

• The Superfund Innovative Technology Evaluation (SITE) Demonstration Program (USEPA 1998a
and 2000a);

• Naval Facilities Engineering Service Center (NFESC, 1997);

• Los Alamos National Laboratory, Compendium of Cost Data for Environmental Remediation
Technologies--2nd edition (Los Alamos National Laboratory, 1996);

• Center for Public Environmental Oversight (CPEO), Tech List (CPEO, 2002);

• Environment Canada, Contaminated Sediment Treatment Technology Program (C0STTeP), Great
Lakes 2000 Cleanup Fund;

• Draft Contaminated Sediment Remediation Guidance for Hazardous Waste Sites – OSWER 9355.0-
85 DRAFT, November 2002; and

• A Resource for MGP Site Characterization and Remediation. Expedited Site Characterization and
Source Remediation at Former Manufactured Gas Plant Sites (USEPA, 2000).

These sources present a comprehensive list of the remedial technologies in common use and/or under
development.  Many of the technologies, however, were not considered appropriate for use at the Tar
Ponds Site due to the nature of the contaminants, the type of host materials, the volumes of contaminated
materials and the commercial status of the technology.  Taking these factors into consideration, a
preliminary list of potential technologies was compiled from these and other sources.  The list includes
those technologies considered appropriate for application to the primary contaminants of concern (TPH,
PAHs, PCBs and metals) in the media of interest (sediment).  Other criteria used in the initial screening
included overall suitability, scale and status, and success of commercial application.  



Site Year 
Volume        

m3 unless otherwise 
noted

Proposed 
Volume         m3 

unless otherwise 
noted

Contaminants Cleanup Approach Cost          
$ Can Cleanup Goal Attained? Comments

Cumberland Bay, NY 1999-2000 149,000 PCB
Dredged slurry dewatered at onshore 
treatment facility  shipped to off-site 
landfill

$35M (estimated) Remove entire sludge bed Yes No Sediment Quality Goals

Fox River, Green Bay, WI 

Demonstration Phase 1999
61,000         

Goal 1/3 
removed     

Dredging - dewatered and removed 
to landfill $14M PCB 0.25 ppm No

Proposed Remediation Plan 
(October 2001)

OU1 599,000 Dredge with off-site disposal PCB 1 ppm

OU2 PCB Monitored Natural Recovery and 
Institutional Controls PCB 1 ppm

OU3 447,700 Dredge with off-site disposal PCB 1 ppm
OU4 4,488,000 Dredge with off-site Disposal PCB 1 ppm

OU5 Monitored Natural Recovery and 
Institutional Controls

$397M for Cleanup 
of OU1,OU3,OU4 PCB 1 ppm

Grasse River, NY 1995 2,300 PCB Dredging - dewatered and removed 
to on-site landfill $7.5M Remove sediment to extent 

practical Yes

Average Sediment PCB 
Concentrations:Before dredging 
1109 ppm; after dredging: 75 
ppm

St. Lawrence River, NY 1995 10,100 PCB Dredged slurry dewatered at onshore 
treatment facility / shipped to landfill $15M 1 ppm No

Manistique River, MI 1995-2000
108,000  CY 

removed  31,900 
Tons disposed

PCB
Dredged slurry dewatered at onshore 
treatment facility / shipped to offsite 
landfill / cap remaining sediments

Budget: $23 M  
Cost: $65 M 10 ppm PCB Concentration No

New Bedford, MA   

OU1 1994-1995 11,000 PCB, Heavy 
Metals

Off-site landfilling after incineration, 
hydrogen reduction, and vitrification 
were rejected by the local 
community. 

45% of PCB 
removed

OU2 2001 344,000 PCB, Metals Material to be removed to four 
nearshore CDFs.

10 ppm PCB upper harbor, 
50 ppm PCB lower 
harbor/salt marshes

Waukegan, IL 1991-1992 38,000 PCB

Hydraulic dredging,  placement into 
permanent containment cell on-site 
for sediments between 50 and 500 
ppm; capped.

50 ppm Yes

Fish tissue samples showed 
increased concentrations of 
PCBs, which contradicts soil 
sample data after remediation.

1992 11,600 tonnes PCB
Thermal desorption (pyrolysis) of 
sediments greater than 500 ppm with 
SoilTech ATP system

$4 M

Marathon Battery, NY 76,000 Cadmium Dredged, dewatered, chemically 
fixated, transported by rail, landfilled $63M 25 ppm Yes Post excavation concentration 25 

ppm avg

Commencement Bay, WA

Sitcum/Blair Waterways 1993-1994 2,160,000 Metals/PAH Dredging/Removal to Abandoned 
Waterway $27M Yes Only 30% of Sediments were 

Contaminated.

Nearshore/Tideflats   1,401,000 PCB

Dredging and Disposal; Dredging, 
Dewatering, Treatment and On-Site 
in-water disposal/Off-Site landfill 
Disposal as required;  Capping; 
Natural Recovery; Enhanced Natural 
Recovery

1989:$101 M Total 
2000:$136 M Total

SRAL:  450 PPB   SQO: 
300 PPB 

1989:  942,000 cy of Soil 
Removal Estimated in Original 
ROD. Goal is very low 
concentrations due to sensitive 
nature of watershed/ Use by 
Native Peoples

Table 5.1: Summary of Dredging Projects at Other Sites
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Site Year 
Volume        

m3 unless otherwise 
noted

Proposed 
Volume         m3 

unless otherwise 
noted

Contaminants Cleanup Approach Cost          
$ Can Cleanup Goal Attained? Comments

Hudson River, NY MPA (mass per area)

Upper River 2,000,000 PCB

Dredging followed by MNA w/ 
Upstream Source Control.  Dredged 
sediment to be dewatered/stabilized 
and disposed in off-site landfills.

$708 M

River Section 1:   3 g/m2 
PCBs   River Section 2: 
10g/m2 PCBs    River 
Section 3:  Hot Spot 

Removal 

3 Year to Design; 6 years to 
Implement

Trenton, MI 1995 52,300 Arsenic/ 
Phosphorous

Excavate, dredge, dewater, solidify 
and load out pond sludges and 
sediment

$7 M 50 ppb Arsenic Yes

Toledo, OH 1998 7,398 PCB
Excavate, solidify, transport and 
dispose of sediments in off-site 
landfill

$7.7 M 50 ppm Yes

Russellville, KY 1997 60,000 PCB
Excavate, solidify, transport and 
dispose of sediments in off-site 
landfill 

Bid: $8.6 M       
Cost: $9 M

River Raisin, MI 1997 22,000 PCB
Dredge, solidification, and on-site 
landfill disposal of PCB contaminated 
sediments, Interim Cap Installation

$8.7 M

Hamilton Harbor, ON 2002 PAH, PCB, Hg, 
Arsenic, Cd, Pb $62 M Still in Process, This cost may 

vary widely

LaSalle Park Area 1995 Experimental Sand Capping $462k +$539k for 
monitoring No Not Expected to remain intact

Dofasco Boat Slip 1989-
Current In-Situ Treatment w/Biologicals $1.5M since 1989 Remove PAH No

Randle Reef Pilot Project 15,000 Remove and Treat Contaminants $23M (proposed)

Cheboygan River, WI 1989-1991 2,900 PCB
Dredge, Dispose of sediments at off-
site landfill; remaining sediments 
capped/armored.

2001 54,000 PCB Remove/Dredge Sediments and Soil, 
Dispose in off-site landfill. $63M

Ruck Pond, WI 1994 7,730 PCB Dry excavation of sediment/disposal 
at off-site commercial landfills $11.5M

Remove Soft Sediment 
down to Bedrock to the 

extent practicable.
Yes

Shiawassee River, MI 1983 2,500 Remove lagoon, cleanup soil, Clean 
8 miles of river $795 k Funding deplete, project stopped

2001 PCB 1st mile of river:  5 ppm 
PCB; next 8: 10 ppm PCB

Willamette River, OR 1991 6 hectares PAH Remove Sediment to the extent 
practical; Cap. $3.5 M Carcinogenic PAHs: 2 ppm Many problems/dredging not 

achievable due to large rocks.

Bayou Bonfouca 1993-1995
Sediment:  
129,000        

Soil: 8,000
PAH 

Sediment dewatered, incinerated in 
onsite rotary kiln, exhaust cleaned, 
residual ash landfilled and capped

$177 M

All Ash <10 mg/kg PAH 
before on-site landfilling. 

DRE 99.99% for 
contaminants of concern

Yes

Detail Design investigation 
showed volume of contaminated 
sediment underestimated by 
factor of three
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Site Year 
Volume        

m3 unless otherwise 
noted

Proposed 
Volume         m3 

unless otherwise 
noted

Contaminants Cleanup Approach Cost          
$ Can Cleanup Goal Attained? Comments

Fields Brook, OH 2001 15,000
PCBs, DNAPL, 
Radionuclides, 
Heavy Metals

Sediment, bank and floodplain 
excavation, dewatering, placement of 
contaminated material in on-site 
landfill with cap and drainage 
system. DNAPL sediment 
transported to on-site low temp 
thermal desorption plant and treated 
soil used for backfilling.  Free liquid 
DNAPL collection for off-site 
incineration.

$12.6M 1.3 ppm PCBs residential   
3.1 ppm PCBs industrial

DNAPL found after initial site 
remediation plan implementation. 
Plan modified to remediated 
DNAPL

Niagara Fall, NY 1993 6,120
Chlorinated 
Organics, 

PCBs

Sediments excavated, dewatered, 
stabilized, and  transported to off-site 
disposal facility.

$15M

Massena, NY 1995 10,500 PCB

Sediments excavated, dewatered, 
stabilized, and processed through on-
site treatment facility, then 
transported by rail to off-site disposal 
facility.

$20 M 1 ppm PCBs Yes

Christina River, DE 1999-2000 9,000 Heavy Metals
Sediments, excavated, dewatered, 
stabilized, placed in on-site disposal 
facility.

$3.7M Yes

United Heckathorn, CA 1996 82,000 DDT
Sediments dewatered, stabilized, 
and removed to off-site disposal 
facility. Site capped.

$11M 50 ppb DDT Yes
Disposal facility refused 
contaminated soil; alternate 
landfill site used.

Lake Järnsjön, Sweden 1993 151,000 PCB Sediments dredged, dewater, and 
landfilled off-site. $10M Entire lake bottom dredged.  

Black River, OH 1989-1990 38,000 PAH, Cadmium Sediment Dredged, removed, and 
removed to off-site landfill. $7.7M Removal to natural till layer Yes

Indiana Harbor, IL 1994-1996 89,000 PCB
Sediment excavated, dewatered, and 
transported to off-site landfill for 
disposal.

$18.5M

Venice, Italy                           
Pilot Project 1996 95,000 PAH, PCB, 

Metals

Sediment excavated, dewatered, and 
transported to off-site landfill for 
disposal.  As required, toxic material 
treated at inertization plant

Toxic sediments unmanageable 
due to high costs, insufficient 
funds.

Lake Ketelmeer, 
Netherlands 1998- 23M PCB

Sediment excavated with minimal 
turbidity impact, dilution and spill.  
Temporary Storage while building 
large storage depot (island) in middle 
of lake - Ijsseloog.
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Based on estimates of the volumes of contaminated sediments (approximately 700,000 tonnes) that
require treatment, the size of the Tar Ponds Cleanup Project exceeds most other cleanups of contaminated
sites in North America.  Consequently, when considering the applicability of many technologies to this
Site, the RAER was constrained by the requirement that technologies had to be commercially proven and
technically reliable.  Many technologies, especially new and emerging technologies, have only been
applied to bench, or pilot scale sites, or to projects where the total volume of contaminated materials is
less than 1% of the estimated volumes at the Tar Ponds.

Given these circumstances, and in consultation with the PMC, the RAER Team also identified
technologies that could be applied to the Ponds’ contaminants and materials, but for which there is as yet
insufficient commercial experience to consider them proven or reliable for application to a project of this
magnitude.  These technologies were carried forward and may be included as one component of an
overall approach to cleanup, but they are generally confined in application to specific contaminants,
and/or to small volumes of host materials, and as an alternative to a more proven technology.  A specific
application that might be appropriate for a technology that has been proven at a small scale would be the
remediation of the PCB sediments (>50 mg/kg).  Technologies that would be appropriate to address this
relatively small amount of sediment (probably less than 45,000 tonnes), but not for the much larger total
contaminated sediment volumes, have been identified and are addressed separately.

The following preliminary list of technologies have been categorized as in situ, ex situ and material
containment/handling treatment technologies:

(i) In Situ Containment / Treatment Technologies
• Natural Attenuation
• Natural Recovery
• Solidification/Stabilization

• Chemical Oxidation
• Soil Vapour Extraction
• In Situ Containment (Capping)

(ii) Ex Situ Containment / Treatment Technologies
• Solid Phase Bioremediation
• Slurry Phase Bioremediation
• Asphalt Batching
• Solidification/Stabilization
• Soil Washing
• Dehalogenation
• Chemical Extraction (Acid Leaching)
• Chemical Extraction (Solvent Extraction)
• Hydrogen Reduction
• Electrochemical Remediation

• Solar Detoxification
• Low Temperature Thermal Desorption
• High Temperature Thermal Desorption
• Pyrolysis
• Incineration
• Co-Burning
• Vitrification
• Plasma
• Confined Disposal Facility Containment
• Landfilling

(iii) Material Containment / Handling /Treatment Activities
• Watercourse Management
• Containment
• Removal
• Dewatering
• Physical Separation

• Size Reduction
• Evaporative Drying
• Wastewater Treatment
• Vent Treatment
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Each of these technologies and activities is described in Section 5.4.  Some of the technologies had been
specifically tested for this site in the TDP, and the results of this program for those technologies is
referenced.  The in situ and ex situ technologies have all been screened by reference to the Performance
Criteria (Section 5.3.1).  Those technologies that passed the Performance Criteria screen were
subsequently screened by reference to the Key Premises (Section 5.3.2).  The activities necessary to
contain and handle the materials, with respect to one or more of the specific technologies, are detailed in
Section 5.4.3.

5.3 Screening o f Identified Technologies 

5.3.1 Application of  Performance Criteria
As referenced above, the identified technologies, 26 in total, were subject to a two part screening.  In the
first instance they were assessed against general technical criteria, i.e., the Performance Criteria, that
assess the success of the application of a defined technology in reducing similar contaminants in other
situations.  This assessment was used to determine if the technologies would be screened against the Key
Premises and thereafter retained for further evaluation in the RAER screening process.  These criteria and
how they are applied are described below and summarized in Table 5.2.  The table references the specific
criteria that caused rejection of a technology; the criteria are: 
1. Overall suitability - this criteria looks at the expected results of applying the technology to the

cleanup of the Tar Ponds material.  Operational and performance characteristics of the technology are
assessed against site specific considerations;

2. Scale of application - this criteria is an indication of the viability of the technology.  The Tar Ponds
Cleanup Project is large3 and technologies should be known to be capable of operating at the capacity
required, or have the capacity to be readily scaled up; and

3. Status of development - this criteria is a measure of the how proven the technology is.  It is important
that technologies provide some confidence in their ability to perform the cleanup and a good track
record is a solid indicator.

                                                
3 The following log scale is probably an appropriate bench mark by which to compare projects, i.e., pilot/very small
<500 tonnes; small <5,000 tonnes; medium <50,000 tonnes, large <500,000 tonnes; and very large >500,000 tonnes.
This project is in the largest 10% of contaminated sediment remediation projects in North America and is probably
in the top 1-2%.  Most sediment remediation projects that have been performed to date have been done on small to
medium sites with less than 50,000 tonnes of material.  Most sediment project that have used treatment, other than
solidification, have been done on less than 10,000 tonnes.  The primary exception was Bayou Bonfoura about 10
years ago when approximately 200,000 tonnes of contaminated materials were incinerated.
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Table 5.2:  Performance Criteria Screening 

Technology2 1. Overall Suitability 2. Scale of
Application

3. Status of
Development

Retain for
PCB

Sediments1

Retain for
PAH

Sediments1

Natural Attenuation
(5.4.1.1)

Has been actively occurring
since contaminant deposition
began.  Most remaining
contaminants are resistant to
natural attenuation.

Applicable at any
scale

Accepted as a viable
approach where
conditions are
appropriate

NO (1) NO (1)

Natural Recovery
(5.4.1.2)

Has been actively occurring
for past 20 years.  The
sedimentation rates are
inadequate to cover the
contaminated sediments in a
reasonable time frame.  The
environment is too erosive to
prevent migration of fine-
grained sediment. 

Applicable at any
scale

Accepted as a viable
approach where
conditions are
appropriate

NO (1) NO (1)

In Situ
Solidification/Stabilization
(5.4.1.3)

Capable of immobilizing
metals and preventing
erosion.  Reduces
permeability of the sediment
mass which will also reduce
leaching.

Applicable at any
scale

Fully developed and
widely used.  However,
it is expensive to do
underwater. YES YES

Chemical Oxidation
(5.4.1.4)

Conditions and
concentrations in Tar Ponds
not be suitable due to very
high organic content.

Small scale
application 

Still under development 

NO (1,2,3) NO (1,2,3)

Soil Vapour Extraction
(5.4.1.5)

Not capable of effectively
treating majority of
contaminants (non-volatiles).
Also very little of the
sediments are unsaturated.

Small to large scale
applications 

Well developed for
VOCs

NO (1) NO (1)

In Situ Containment
(Capping)
(5.4.1.6)

Suitable for containment of
the Tar Ponds material.

Applicable at any
scale depending on
site conditions

Fully developed and
commonly used YES YES

Solid Phase Bioremediation
(5.4.2.1)

Potentially suitable for some
organic contaminants.  Site
specific testing showed it to
be ineffective at this site.

Applicable at any
scale depending on
site conditions

Accepted as a viable
approach where
conditions are
appropriate

NO (1) NO (1)

Slurry Phase Bioremediation
(5.4.2.2)

Suitable for organic
contaminants. Generally
ineffective for PCBs.

Applicable at any
scale.

Has been performed at
large-scale on refinery
sludges.

NO (1) YES

Asphalt Batching 
(5.4.2.3)

High coal and coke quantities
likely to cause difficulties.

Small to medium
scale applications
for hydrocarbon
contamination
cleanup

Considered commercial
for small to medium
quantity treatment NO (1) NO (1,2)

Ex Situ
Solidification/Stabilization
(5.4.2.4)

Capable of immobilizing
metals and improving
material handling properties.

Applicable at any
scale

Fully developed and
widely used YES YES

Soil Washing
(5.4.2.5)

Potentially suitable for
separating organic
contaminants.

Small to large scale
applications for
hydrocarbon
contamination

Accepted as a viable
approach where
conditions are
appropriate

YES YES
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Technology2 1. Overall Suitability 2. Scale of
Application

3. Status of
Development

Retain for
PCB

Sediments1

Retain for
PAH

Sediments1

cleanup

Dehalogenation
(5.4.2.6)

Potentially suitable for PCBs
only but uncertain
performance.

Small scale
application 

Accepted as a viable
approach where
conditions are
appropriate

NO (1,2) NO (1,2)

Chemical Extraction (Acid
Leaching)
(5.4.2.7)

Capable of treating metals,
but no other contaminants.
Had difficulty in TDP
removing metals from Tar
Pond sediments.

Small scale
application

Accepted as a viable
approach where
conditions are
appropriate

NO (1,2) NO (1,2)

Solvent Extraction
(5.4.2.8)

Had difficulty in TDP
removing organic
contaminants from Tar Pond
sediments.

Small to medium
scale applications
for hydrocarbon
contamination
cleanup

Considered commercial
for small to medium
quantity treatment NO (1) NO (1,2)

Hydrogen Reduction
(5.4.2.9)

Potentially capable of treating
Tar Ponds materials, but
uncertain performance.  May
be appropriate for treating
concentrated wastes
particularly in liquid form.

Very small to small
scale.  Special
applications only

Commercially
developed for very
small to small quantities YES NO (2,3)

Solar Detoxification 
(5.4.2.10)

Potentially suitable for
treatment of the Tar Ponds
material but uncertain
performance

Small scale
applications for
hydrocarbon
contamination
cleanup

Early stages of
commercial
development NO (1,2,3) NO (1,2,3)

Electrochemical Remediation
(5.4.2.11)

Potentially suitable but
uncertain performance.

Small to medium
scale applications
for hydrocarbon
contamination
cleanup

Early stages of
commercial
development NO (1,3) NO (1,3)

Low Temperature Thermal
Desorption
(5.4.2.12)

Not likely to remove high
molecular weight organic
contaminants.  May be
appropriate for desorbing
PCBs so that residuals can
be processed as PAH
sediment.

Small to medium
scale applications
for
hydrocarbon/PCB
contamination
cleanup

Fully developed

YES NO (1,2)

High Temperature Thermal
Desorption
(5.4.2.13)

Capable of treating organic
contaminants in the Tar
Ponds material.  Some
difficulties were encountered
in TDP due to very high
organic content.
Successfully removed PCBs.
Residual metals an issue.

Small to medium
scale applications
for
hydrocarbon/PCB
contamination
cleanup

Fully developed

YES NO (2)

Pyrolysis
(5.4.2.14)

TDP demonstrated capable
of treating organic
contaminants in the Tar
Ponds material.  Residual
metals an issue.

Small to medium
scale applications
for hydrocarbon
contamination
cleanup

Considered commercial
for small to medium
quantity treatment YES NO (2)

Incineration Capable of destroying Applicable to any Fully developed YES YES
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Technology2 1. Overall Suitability 2. Scale of
Application

3. Status of
Development

Retain for
PCB

Sediments1

Retain for
PAH

Sediments1

(5.4.2.15) organic contaminants in the
Tar Ponds material.
Residual metals an issue

scale hydrocarbon
contamination
cleanup

Co-Burning
(5.4.2.16)

Capable of destroying
organic contaminants in the
Tar Ponds material

Applicable to any
scale hydrocarbon
contamination
cleanup

Relatively recent
approach but effective
where conditions are
appropriate

NO (1) YES

Vitrification
(5.4.2.17)

Generally effective on most
materials

Small scale (usually
applied to
concentrated
contaminants due
to high cost)

Developed for very
small to small quantity
destruction YES NO (2)

Plasma
(5.4.2.18)

Generally effective on most
materials

Very small to small
scale (usually
applied to
concentrated
contaminants due
to high cost)

Developed for very
small to small quantity
destruction YES NO (2)

Confined Disposal 
(5.4.2.19)

Suitable for containment of
the Tar Ponds material.  

Applicable at any
scale depending on
site conditions

Fully developed and
commonly used. YES YES

Landfilling
(5.4.2.20)

Suitable for containment of
the Tar Ponds material. 

Applicable at any
scale depending on
site conditions

Fully developed and
commonly used YES YES

Note: 1 Numbers in brackets refer to the criteria that caused the rejection of a technology.
2 The references in brackets relate to the text sections where the technology is discussed.

5.3.2 Application of  Key Premises
Those technologies that were screened against the Performance Criteria and retained for further
evaluation for either PCB sediments, PAH sediments or both were screened against the three Key
Premises developed by the RAER Team in association with the PMC and the community.  The Key
Premises were defined to accommodate important precepts used by lead agencies such as the United
States Environmental Protection Agency to evaluate technologies to be used at comparable sites and
incorporate the intent of the JAG core principles through the technology evaluation process; the Key
Premises are:
• Reduce Detrimental Effect on the Environment and Health in the Long Term – the technology must

be capable of effectively either modifying the source or the pathway of specified contaminants of
concern to a standard acceptable by the regulatory agencies, and/or in the context of the SSTLs;

• Reliable Technology – Proven technology appropriate to and capable of implementation under these
site conditions; 

• Cost Effectiveness – Technologies must be cost effective when compared against other technologies
that could achieve similar results.

Fifteen technologies were assessed against the Key Premises.  A judgement of High (H), Moderate (M),
Low (L) or Not Applicable (N/A) was applied, based on how the technology rate against each premise;
more specifically:
• A High rating meant the technology would substantially exceed the intent of the Key Premise;  



Screening of Technologies 5-14  RAER - Tar Ponds
CBCL – ENSR February 2003 – Final Report

• A Moderate rating meant it would meet the intent of the Key Premise with some limitations; and  
• A Low rating meant it would not meet the intent of the Key Premise.  

Any rating of Low was considered sufficient to remove a technology from further consideration.  Table
5.3 summarizes the findings of this evaluation.

Table 5.3: Evaluation of Technologies Against Key Premises
Key Premises

Technology1 Reduce Detrimental
Effects

Reliable
Technology Cost Effectiveness

Sediment Type PCB
Material

PAH
Sediment

PCB
Material

PAH
Sediment

PCB
Material

PAH
Sediment

In Situ Technologies

In Situ Solidification/Stabilization
(5.4.1.3) M H M H M H

In Situ Containment (Capping)
(5.4.1.6)

M M M M H H

Ex Situ Technologies

Slurry Phase Bioremediation (5.4.2.2) N/A2 M N/A M N/A H

Ex Situ Solidification/ Stabilization
(5.4.2.4) M H H H H H

Soil Washing (5.4.2.5) M M M M M M

Hydrogen Reduction (5.4.2.9) H N/A M N/A M N/A

Low Temperature Thermal
Desorption (5.4.2.12)

M N/A M N/A M N/A

High Temperature Thermal
Desorption (5.4.2.13) M N/A M N/A M N/A

Pyrolysis (5.4.2.14) H N/A H N/A M N/A

Incineration (5.4.2.15) H H H H M M

Co-burning (5.4.2.16) N/A M N/A H N/A M

Vitrification (5.4.2.17) H N/A H N/A M N/A

Plasma (5.4.2.18) H N/A H N/A M N/A

Confined Disposal Facility (5.4.2.19) M M M M H H

Landfilling (5.4.2.20) H H H H H H

Notes:
1 The references in brackets relate to the text sections where the technology is discussed.

2 Not applicable (N/A) means that the technology was screened out as being not applicable to either PCB material or PAH

sediment when screened against the Performance Criteria (see Table 5.2). 
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The following technologies were carried forward for development of alternatives for the remediation of
PCB materials:
• In Situ Containment (Capping)

• In Situ Solidification/Stabilization (South Pond only)

• Ex situ Solidification/ Stabilization

• Soil Washing

• Hydrogen Reduction 

• Low Temperature Thermal Desorption
• High Temperature Thermal Desorption

• Pyrolysis

• Incineration

• Vitrification

• Plasma

• Confined Disposal Facility
• Landfilling

The following technologies are carried forward for development of alternatives for PAH sediments:

• In Situ Containment (Capping)

• In Situ Solidification/Stabilization (South Pond only)

• Slurry Phase Bioremediation
• Ex situ Solidification / Stabilization
• Soil Washing

• Incineration

• Co-burning

• Confined Disposal Facility
• Landfilling

5.4 Technologies Reviewed
This section details the technologies that were subject to the above screening and provides a descriptive
accounting of the rational used in the evaluation.

5.4.1 In Situ Conta inment and Treatment Technologies

5.4.1.1 NATURAL ATTENUATION

Natural attenuation includes natural environmental processes such as dilution, volatilization,
biodegradation, adsorption, and chemical reactions that can reduce contaminant concentrations.  Although
not technologies per se, natural attenuation has been employed at sites where the potential for
contaminant migration is low, or where other remedial measures are impractical.  Natural attenuation is
particularly effective in addressing organic compounds.  Natural attenuation has been occurring at the Tar
Ponds Site since contamination first began.  The primary source of organic contaminants, the Coke
Ovens, was shut down in 1988.  However, the heavier PAHs, petroleum hydrocarbons, and PCBs do not
appear to have degraded substantially through natural attenuation.  It therefore appears that natural
attenuation will produce little additional benefit in the future and is unlikely to significantly change the
concentration or state of the metals in the sediments.
• Based on the Performance Criteria screening, NATURAL ATTENUATION was not considered further.

5.4.1.2 NATURAL RECOVERY

Natural recovery includes natural attenuation through physical, biological, and chemical breakdown of the
contaminants.  It is distinguished from natural attenuation by the addition of burial or mixing-in-place of
the near surface sediments with cleaner sediments, thereby achieving the SSTLs over time.  Natural
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recovery is often used with persistent contaminants that sorb to soil and sediment particles.  At this site,
there is little evidence that there is sufficient ongoing input of clean sediment to substantially reduce the
surficial contaminant concentrations to below the SSTLs within the next decade or so.  
• Based on the Performance Criteria screening, NATURAL RECOVERY was not considered further.

5.4.1.3 IN SITU SOLIDIFICATION/STABILIZATION (S/S)
In solidification or stabilization processes, contaminants are physically or chemically bound to the
medium to produce a non-leachable material that is relatively easy to handle.  Commonly used binding
agents include cement, lime, organic polymers, and silicates.  In situ, the process is accomplished by
mixing the binding agents into the sediments using backhoes, augers, or other mixing devices.  It is
generally performed on exposed materials although it is possible to mix underwater materials using barge-
mounted equipment.  The IT stabilization demonstration performed on sediments from the Tar Ponds
indicated that stabilization of the materials is feasible.  The details of this testing are described in Section
5.4.2.4.  

In situ S/S would be relatively easy to implement in South Pond.  Although the depths of the water in the
North Pond are also relatively shallow, application of in situ solidification/stabilization from shore would
be increasingly difficult as the water depths increase.  North Pond water depths may be too shallow for
barge work, particularly once the sediments are bulked by the soldifying process.  Essentially, it would be
necessary to add enough bulking and binding agents into the sediment so that the surface of the solidified
sediment is sufficiently shallow at high tide to permit tracked equipment to work on the solidified surface.
• Based on the Performance Criteria screening, IN SITU S/S was carried forward for evaluation against

the Key Premises.

Against the Key Premises in situ S/S scored moderate ratings with respect to its ability to reduce the
detrimental effects of PCBs, the reliability of the technology and its cost effectiveness, i.e., the technology
would meet the intent of the premises with some limitations.  With respect to its ability to reduce the
detrimental effects of PAHs, in situ S/S scored highly for all three premises.
• Based on the screening against Key Premises, IN SITU S/S was carried forward for further

consideration.

5.4.1.4 CHEMICAL OXIDATION

Chemical oxidation converts hazardous contaminants to non-hazardous or less toxic compounds that are
more stable, less mobile, and/or inert.  The oxidizing agents most commonly used are ozone, hydrogen
peroxide, permanganates, hypochlorites, chlorine, and chlorine dioxide.  Chemical oxidation is being used
on a number of sites to address chlorinated solvents and petroleum hydrocarbons.  It is also used in above
grade treatment systems to address odour control and PCB destruction.  It is currently being tested on coal
tar sites.  Unfortunately, the oxidation process is non-selective and would attack all of the organics in the
sediments, including the coal particles.  Chemical oxidation would not reduce the concentration of the
metals at the Site though it may oxidize them, i.e., change their state.  Designing an oxidant delivery
system to ensure its efficient and effective distribution in the sediments would be difficult. The
combination of this technical problem, and the likely high costs that would be associated with the large
quantity of oxidants required, indicates that this technology should not be considered.
• Based on the Performance Criteria screening, CHEMICAL OXIDATION was not considered further.
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5.4.1.5 SOIL VAPOUR EXTRACTION (SVE)
Soil vapor extraction is an in situ, unsaturated soil remediation technology in which a vacuum is applied
to the soil to induce the controlled flow of air and remove volatile and some semivolatile contaminants
from the soil. The gas leaving the soil may then be treated to recover or destroy the contaminants.  Factors
such as the moisture content, organic content, and air permeability of the soil, will also affect SVE’s
effectiveness.  SVE will not remove the heavy oils, metals, PCBs or dioxins.  Because the process
involves the continuous flow of air through the soil, however, it often promotes the in situ biodegradation
of any low-volatility organic compounds that may be present.  The duration of operations and
maintenance associated with this technology is typically medium- to long-term, depending on the
concentration and volatility of contaminants, permeability of the soil and airflow rate through the soil.
This technology would only be applicable to those sediments that are typically above the water surface if
the water levels in the South Pond were lowered.  Since most of the contaminants of concern are metals,
PAHs and PCBs, this technology would not eliminate a significant mass of contaminants in the limited
volume of sediments for which it would be applicable.  
• Based on the Performance Criteria screening, SVE was not considered further.

5.4.1.6 IN SITU CONTAINMENT

In situ underwater containment involves covering the contaminated material with clean material that may
include granular materials, armour stone and geotextiles.  Locally available slag may be used if it meets
appropriate environmental criteria.  Depending on the site conditions, impermeable geomembranes may
be used. This technology has been developed and used to the extent that two detailed engineering design
guidance documents have been developed (USACE, 1998 and USEPA, 1998).  Containment is designed
to serve one or more of the following three functions:
• Physical isolation of the contaminated sediment from the overlying environment.  This will eliminate

the pathway of contaminant uptake by organisms in the overlying layer;

• Stabilization of contaminated sediments, preventing resuspension and transport to other sites.  This
will eliminate impacts off site by curtailing the release of the contaminated material; and

• Reduction of the movement of dissolved contaminants into the water above the containment layer.
Concerns about water quality are addressed by this function.

Granular materials are typically used for underwater capping, because they are clean and easy to place
without causing cloudiness (turbidity) in the water.  Granular materials are porous and allow the passage
of water and gases while preventing most fine soil particles from migrating through the cap.  The granular
soil that is used is often an excellent habitat for marine benthic organisms, fish, and other marine animals.
Granular material is typically placed in a layer that is between 15 to 60 cm thick to provide both physical
isolation and to create usable habitat.  Geotextiles could be used to provide additional filtering and
separation between the contaminated fine-grained sediments and the granular materials.  Geotextiles can
also prevent shear failures and mud waves in the underlying soft sediment layers.  Geotextiles are porous,
but can be difficult to place underwater.  Where currents or waves are significant, armour stone is used
mainly as the surface layer of the cap to provide resistance to erosion and to create habitat.  This cleanup
technology can be used for in-water aquatic-based site restoration in either freshwater or marine
conditions.
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The placement and effectiveness of in situ containment works better in some conditions than in others.
Sites that have low water flow velocities from waves, currents, and tides are the most appropriate for this
type of cleanup.  The primary concerns associated with failure of aquatic capping are the erosion of the
cap material, the bearing capacity of the sediments during capping, and the potential for breakthrough of
dissolved contaminants on the cap over time.

The potential for erosion can be mitigated using protective dams, an armour stone surface layer, and
channelized stream flows.  The initial placement of the cap can be done in relatively thin lifts to prevent
widespread failures of the soft sediment below the cap edge during placement.  Once the cap material has
been placed, the shear forces can be balanced and bearing capacity failures would become rare.
Consolidation of the sediments below the cap material would also serve to strengthen the sediment over
time.  Breakthrough of contaminants through a cap could generally be managed by providing a low
concentration of organic material in the cap to adsorb contaminants that could be in the water that passes
through the cap.  At Muggah Creek, the fine-grained, high organic carbon sediments should hold onto
nearly all of the contaminants, resulting in reductions in dissolved phase concentrations.  Some additional
organic material in the cap material would enhance this existing condition by providing fresh sorption
sites in the containment layer for dissolved or colloidal contaminants moving through it during settling
and afterwards.

It is likely that any cap placed over most of the area of the South Pond and North Pond would be exposed
at low tide and possibly also at high tide.  Such a cap would more closely resemble a tidal flat or tidal
marsh than a bay.  The elimination of a substantial depth of water over the cap would reduce the potential
for waves and currents to erode the cap.  The shallow water depth over much of the area that might be
capped indicates that it may be necessary to place the capping material by bulldozing, or other means,
from shore and working physically on the cap during placement.  This may require the use of geotextiles,
geogrids, and/or in situ solidification to provide an adequate working surface for cap placement.

In situ containment by capping is retained for further consideration as an in situ cleanup technology for
both the South and North Ponds because most of the light, mobile contaminants have disappeared from
the sediments, the remaining contaminants are likely to be highly sorbed to the highly organic sediments,
and the Muggah Creek estuary is relatively sheltered from open water currents and waves.
• Based on the Performance Criteria screening, IN SITU CONTAINMENT was carried forward for further

evaluation and screened against the Key Premises.

Against the Key Premises in situ containment scored moderate ratings with respect to its ability to reduce
the detrimental effects of both PCBs and PAHs, and with respect to the reliability of the technology, i.e.,
the technology would meet the intent of the premises with some limitations.  In situ containment scored
high ratings with respect to its cost effectiveness (both PCBs and PAHs).
• Based on the screening against the Key Premises, IN SITU CONTAINMENT (CAPPING) was carried

forward for further consideration.

5.4.2 Ex Situ Treatment and Containment Technologies
This section details the ex situ treatment and containment technologies that were subject to the above
screening and provides descriptive accounting of the rational used in their evaluation.
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5.4.2.1 SOLID PHASE BIOREMEDIATION

Solid phase bioremediation is a term used to describe a broad range of ex situ biological technologies
such as biotreatment cells, soil piles, composting, and prepared treatment beds. Bioremediation uses
natural processes to destroy selected contaminants in soil, sediment or groundwater.  Microbes found in
the contaminated material degrade certain substances, particularly hydrocarbons such as gasoline and oil,
and convert them to water and carbon dioxide.  The breakdown of organic contaminants by
microorganisms is dependent upon a number of factors including the type and concentration of
contaminant, the characteristics of the contaminated materials (moisture, pH, permeability, uniformity),
process conditions (oxygen supply, nutrient availability, toxins), and climate conditions (predominantly
temperature).
The Tar Ponds sediments contain four very different types of contaminants: 
• low molecular weight hydrocarbons, such as BTEX and napthalene; 
• high molecular weight hyrocarbons, including most of the PAHs; 
• metals, including arsenic; and
• PCBs.  

Bioremediation has routinely been performed on low molecular weight hydrocarbons.  It has been used,
with mixed success, on large volumes of high molecular weight hydrocarbons, particularly long-chain
petroleum hydrocarbons.  It has also been used with mixed success on coal tar impacted materials.
Bioremediation has generally been found to be ineffective in reducing the concentrations of metals; the
process, however, may change the metals to a less toxic or leachable form.  The latter has been attributed
to the amendments used to enhance conditions conducive to bioremediation, rather than to the microbial
action.  Long term research on the effects of bioremediation and natural degradation on PCBs has not
demonstrated significant or repeatable success.

Solid phase bioremediation was bench-tested by Grace on sediments from the South Pond during the
TDP.  The results of the TDP bioremediation tests showed no significant reductions in concentrations of
PAHs and inconclusive results for PCBs (i.e., test and control decreasing similarly).  Although pH was
not managed during the TDP bench study, it was unlikely to have had a significant impact on the PCB
biodegradation, but may have negatively impacted the ability to biodegrade PAHs.  Grace estimated that a
facility for treating 45,000 tonnes of sediment per year would require a land area of 7 hectares and would
cost about $128/tonne (not including treated sediment disposal).  Assuming that the bioremediation was
successful, this would require about 16 years of treatment for the sediments from North and South Pond.
The land area would need to be scaled up to shorten the cleanup timeframe.  Space limitations on the
Coke Ovens site would prevent the cleanup from being completed in less than several years.

The sensitivities of solid phase bioremediation technologies to site environmental conditions contribute
further to the low level of confidence in the successful application of solid phase bioremediation to the
Tar Ponds sediments.  Solid phase bioremediation was the least effective technology tested in the TDP for
removing contaminants from the Tar Ponds material.  There was no significant reduction in PAHs and
inconclusive results for PCBs.  
• Based on the Performance Criteria screening, SOLID PHASE BIOREMEDIATION was not considered

further.
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5.4.2.2 SLURRY PHASE BIOREMEDIATION

A slurry phase biological treatment system usually consists of a series of large tanks or bioreactor vessels
in which water, nutrients, and other additives are mixed with excavated soils or sludges to produce an
aqueous slurry.  This biodegradation process requires careful control and the addition of nutrients, oxygen
and pH in the bioreactor vessel.

Slurry phase bioremediation fluidizes the solids by circulating them through pumps with a high water
content and aeration to maintain the solids in suspension.  These materials are then circulated constantly
for a period of time in a large bioreactor vessel until the desired concentrations of the organic compounds
have been achieved.  Nutrients and air or oxygen are continuously provided to the process to maintain the
biological activity operating at peak efficiency.  The most successful projects have used pure oxygen
instead of air to stimulate the biological activity.  The French Limited Superfund Site in Texas
successfully treated 270,000 tonnes of highly contaminated sludges containing tars, benzo(a)pyrene, vinyl
chloride, benzene, arsenic, and low levels of PCBs. (US EPA, 1995). For the French Limited site, initial
pilot testing included the use of two 76,000 litre reactors and subsequently a one-half acre test cell to
study the mixing, aeration, and nutrient requirements of the process for that site.  The pilot study costs
were $7,700,000 and the final project cost was $154/tonne for actual treatment costs.  The full 270,000
tonne batch was treated in less than two years.

In general the technology is well established as it is a variant of traditional wastewater treatment that has
been adapted to a variety of materials, including refinery sludges.  Given the right conditions, the
technology has been shown to achieve dramatic reductions in organic contaminant levels with a treatment
period of about one year per batch.  The relative simplicity of the process allows for very large batches of
100,000 tonnes or more to be treated at one time.  Slurry phase bioremediation has been performed on
sludges and sediments for projects with similar contaminants and at a similar magnitude as the Tar Ponds.
Typically it has been performed in warmer climates, but enclosure of the bioreactor vessel in a temporary
building could create suitable temperature conditions for ensuring the effective use of this technology.

Bioremediation has generally been found to be ineffective in reducing the concentrations of metals; the
process, however, may change the metals to a less toxic or leachable form.  The latter has been attributed
to the amendments used to enhance conditions conducive to bioremediation, rather than to the microbial
action.  Long term research on the effects of bioremediation and natural degradation on PCBs has not
demonstrated significant or repeatable success.
• Based on the Performance Criteria screening, SLURRY PHASE BIOREMEDIATION was carried forward

and screened against the Key Premises with respect to its ability to treat PAHs.

Against the Key Premises slurry Phase Bioremediation scored moderate ratings with respect to both its
ability to reduce the detrimental effects of PAHs and the reliability of the technology, i.e., the technology
would meet the intent of premises with some limitations.  Slurry Phase Bioremediation scored a high
rating with respect to its cost effectiveness.
• Based on the screening against the Key Premises, SLURRY PHASE BIOREMEDIATION was carried

forward for further consideration with respect to PAHs. 
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5.4.2.3 ASPHALT BATCHING

Asphalt batching is a widely demonstrated technology in the reuse of petroleum-contaminated soils.
During batching, contaminated soils are mixed with asphalt, aggregate and other emulsions to create a
product to be used in paving and backfilling.  Asphalt batching can be a cold-mix or a hot-mix process.  It
has been used for relatively small quantities of tar contaminated materials where the soil matrix is suitable
for use as aggregate in asphaltic concrete.  Technically, it is likely that the high coal fine content and
marine organics would make the sediments unsuitable as aggregate, particularly considering the very
large volume of sediment that would be used.  It is not therefore considered further as a beneficial reuse
although asphalt itself is a potential binding agent that may be used for solidification/stabilization of the
sediments.
• Based on the Performance Criteria screening, ASPHALT BATCHING was not considered further.

5.4.2.4 SOLIDIFICATION/STABILIZATION

Solidification/stabilization typically involves the use of a reactive additive, such as cement, to take up free
moisture and potentially to chemically treat a solid matrix.  Where the treatment technology takes up free
moisture, increases strength, and reduces permeability, but does not chemically alter the contaminants in
the matrix, the treatment is referred to as solidification.  Where contaminants within the matrix are
chemically stabilized either through direct incorporation into the matrix, weak bonding or entrapment, the
treatment technology is referred to as stabilization.  If both are accomplished, the treatment technology is
referred to as solidification/stabilization.  S/S can be used to treat many types of solid matrices.  It is
commonly used as a pretreatment step for contaminated sediments so that they can be readily handled and
disposed in a landfill.

S/S is effective, in most cases, for fixing inorganic contaminants, such as metals, in the material. Most
inorganic contaminants are bound to the reagent matrix as it is hydrated.  As noted previously, bonding
can be in the form of direct incorporation into the matrix, weak bonding or entrapment.  Common
reagents include Portland cement, hydrated lime, lime kiln dust and fly ash.  In the case of organic
contaminants, the inclusion of activated carbon or organophillic clays, in addition to the reactive reagent,
encourages sorption of the organic.  The carbon or clay particle is bound to the hydrated reagent matrix.
Varying the amount of reagent relative to the moisture content in the material requiring treatment
produces a range of product consistency, from a loose soil to a monolith similar to pure Portland cement.

The effectiveness of the S/S process is based on physical properties (strength and permeability) and
leachability tests which determine whether adequate contaminant immobilization and sediment
solidification has been achieved.  Leachability tests are typically conducted using an acid that acts to
break down the hydrated matrix.  The intent of this aggressive test is to simulate the effect of long term
adverse conditions on the treated medium.  Less aggressive leachability tests can be designed to simulate
the affect of acid rain and saline attack. 

S/S was included in the TDP, and the testing was performed by IT Corporation (Vaughan, 2002).  The
S/S demonstration project used combinations of Portland cement, cement kiln dust, lime kiln dust, Class
F fly ash and activated carbon as the active ingredients.  Two types of Tar Ponds sediments were
assessed, low PCB concentrations and high PCB concentrations.  Eight formulations were made for each
sediment type, such that a total of sixteen formulations were evaluated.  The TDP evaluated the reduction
of free moisture in all mixes after one day of curing. Free moisture was removed within one day of
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mixing.  Additionally, two samples (one representing the high PCB concentration sediment and one
representing the PAH concentration sediment) treated with 20% Portland cement were retained for
unconfined compressive strength (UCS) testing and hydraulic conductivity testing.  The Portland cement
samples were selected because the treated material most closely resembled a friable, soil-like material that
could be readily handled, placed and/or compacted.  The UCS testing showed that the high PCB and PAH
samples measured 0.099 and 0.055 MPa, respectively, which describes a material of firm consistency.
Hydraulic conductivity testing results showed that the treated material measured 4X10 –7  cm/s and
3.3X10 –6  cm/s respectively which would be considered a low permeability material.

In addition to evaluating strength gain using unconfined compressive strength testing and permeability
testing, each formulation was evaluated for leachability using the U.S. EPA standard (Toxicity
Characteristic Leaching Potential, or TCLP) and the Canadian standard (Canadian General Standards
Board, or CGSB Leachate Extraction Procedure 164-GP-IMP).  Both standards use an acid leachant.  Use
of these leaching tests to predict contaminant leachability in a considerably different environment, such as
the bottom of a tidal estuary, is likely to be conservative.  The acidity of the leaching tests would be a
reasonable representation of potential leaching in acid rain conditions.

The untreated material did not “fail” these standards probably because of the relatively high carbon
content of the untreated sediments indicating that chemical stabilization is not critical to the use of
solidification at the site.  However, it is useful to evaluate if the solidification process also provides some
chemical stabilization to further enhance the protectiveness of a cleanup option.  The results of the TDP
showed that the treated samples generally did not provide reduced contaminant mobility as compared to
similar leachability test results on untreated sediment so it appears that the primary benefits of the S/S are
improved material handling characteristics and reduced permeability.  While not specifically addressed
during the TDP, it is likely that the addition of a substantial amount of Portland cement to the sediment
would be beneficial in reducing the viability of the biological pathogens that might be present.

The TDP recommended that the 20% Portland cement addition rate be used in any full-scale
implementation along with 0.75% addition rate of activated carbon to reduce leachability of organics.
The ex situ treatment was estimated by IT to be $54/tonne, not including its excavation or disposal.  In
situ treatment was not estimated; it would be expected to cost approximately the same to treat, but would
require neither excavation nor disposal.  

IT assumed the use of a pug mill for mixing the sediments with the binding agents.  S/S is a widely used
technology and can be performed at the same scale as traditional earthmoving; the treating of over 1,000
tonnes of sediments per day would be viable.  The use of S/S would also be compatible with in situ and
ex situ containment solutions.
• Based on the Performance Criteria screening, SOLIDIFICATION/STABILIZATION was carried forward for

further evaluation and screened against the Key Premises.

Against the Key Premises S/S scored a moderate rating with respect to its ability to reduce the detrimental
effects of PCBs, i.e., the technology would meet the intent of the premises with some limitations.  Against
the other premises the technology scored highly with respect to PCBs, i.e., the technology was both
reliable and cost effective.  The technology scored highly on all premises with respect to its ability to
address PAHs.
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• Based on the screening against the Key Premises, SOLIDIFICATION/STABILIZATION was carried forward
for further consideration.

5.4.2.5 SOIL WASHING

Soil washing remediates excavated soils by separating contaminants sorbed onto soil particles with an
aqueous solution that may contain a basic leaching agent, surfactant, chelating agent, or pH adjustment.
The treated soils are returned to the excavation site, or removed to an off-site landfill.

Soil washing technologies use a water-based process to wash the soil to remove and separate
contaminants.  The soil must be excavated and put through washing units to release sorbed chemicals and
to separate products.  In some cases, additives may be used to assist the process.   Relying on dissolution
processes, the washing removes the contaminants from the bulk material.  The physical separation
processes rely on size, density or surface properties to concentrate the contaminant laden material into a
product stream of reduced volume. Physical treatment could include a range of separation activities such
as screening, flotation, spirals and the use of thickeners.  Wash water from the process would be
recovered and treated, while the cleaned soils would generally be backfilled or disposed.

Soil washing can be used to effectively treat a variety of contaminants including organic and inorganic
substances.  However, when a mixture of contaminants is present in the same material, the soil washing
may not easily treat all of them.  The Tar Ponds material is not homogeneous and may present operational
challenges for soil washing.  Liberation of all the contaminants to allow them to be collected/recovered
would be necessary for the process to be effective.  Since the primary contaminants of concern in Tar
Ponds sediments are PAHs and PCBs which sorb tightly to organic and fine-grained materials, it would
likely be necessary to remove and trap virtually all of the organics and fines contained within the Tar
Ponds sediments.  Consequently, the application of soil washing technologies to the Tar Ponds would
create a large quantity of residual material that would still require treatment or disposal.  Alternatively,
soil washing processes could potentially require retreatment to bring contaminant concentrations to
acceptable levels.  This could include multiple passes through the washing process, using different
additives and/or other process changes which would reduce treatment capacity.

Soil washing technologies could be set up in mobile units and located in the most suitable area for the
cleanup.  Space requirements can vary, depending on the physical processes applied, and the storage
requirements for untreated and treated products.  The potential requirements for pretreatment (such as
debris removal and slurry preparation) of the contaminated sediments must also be estimated.  It might be
necessary to perform this process within a temporary structure to prevent winter freezing.  Since the soil
washing process occurs at a relatively low temperature, the potential for pathogens from the Tar Ponds to
be carried through the process must be addressed to ensure worker safety, to meet product shipment
requirements, and to ensure that the residual materials are not contaminated.

Full-scale commercial systems, albeit smaller in scale than what would be required at the Tar Ponds, are
in place treating similar kinds of materials.  To attain the scale-up required for the Tar Ponds Site, the
process could use a multi-train treatment system, with associated increased reliability.  The general
category of soil washing shows excellent promise to manage large sediment volumes.  Specific variants of
the technology may be appropriate for concentrating the PCB sediments, but destruction of the PCB
contaminated component would still be required.
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• Based on the Performance Criteria screening, SOIL WASHING was carried forward for further
evaluation and screened against the Key Premises.

Against the Key Premises, soil washing scored moderately against all premises with respect to both PCBs
and PAHs, i.e., the technology would meet the intent of the premises with some limitations.
• Based on the screening against the Key Premises, SOIL WASHING was carried forward for further

consideration.

Soil washing technologies typically use proprietary techniques.  Two major soil washing technologies are
described below.  Others are also available.  The TDP tested a proprietary soil washing technology by
TDEnviro; this is described first.  Another technology by Biogenesis has been piloted on several
contaminated sediment sites.  These technologies demonstrate the range of applications for soil washing
TDEnviro extracts organic materials and converts them to a fuel material, while Biogenesis uses a
combination of contaminant removal and bioremediation.

TDEnviro Clean Soil Process
The TD Enviro Clean Soil Process is a commercial process developed specifically for cleaning soils and
sediments contaminated with coal-derived tar, BTEX, petroleum hydrocarbons, PAH, coal, coke and
other organics.  The TDP tested a variation of the soil washing process that used water (Vaughan, 2002).
This technology was essentially a physical separation process that took advantage of the relative
difference in absorption and adhesion characteristics of the tars, heavy organics and carbonaceous
materials (coal, coke) and inert mineral matter (sand, silt, pebbles, etc) in the Tar Pond sediments, along
with their differences in size and density. The soil washing process resulted in two main product streams,
a carbon product and a mineral product.

The carbon product stream included the coal and coke fines and most of the hydrocarbon contaminants in
the sediments.  This product stream could be classified for use as a fuel (if derived PCB concentrations
were acceptable).  Preliminary indications were that if the fuel product passed TCLP leaching criteria for
organics, it would be acceptable for use in both U.S and Canadian markets if the PCB content was less
than 2 mg/kg and suitable for only the Canadian market if the fuel had a PCB content between 2 mg/kg
and 50 mg/kg.  A fuel with a PCB content greater than 50 mg/kg could not be used in either country.  At
this point in time, a specific end user has not been identified.  The fuels would need to meet the
specifications and permit requirements of any potential end user.

The mineral product stream was relatively clean, contained the majority of the inert materials (sand, silt,
etc.) in the sediments, but was contaminated with hydrocarbons at levels that would require further
treatment.  Such treatment could potentially be accomplished by either thermal desorption or a form of
bioremediation.  With the organic and coal/coke fraction removed, this stream comprised approximately
25% of the original sediment on a dry volume basis.

At the processing rates required at the Tar Ponds Site, the proposed plant would be significantly larger
than the largest equipment commercialized by TDEnviro.  However, it is likely that the increase in scale
would be viable.  A multi-train treatment system could be utilized if scale-up were an issue.  TDEnviro
estimated costs for full-scale treatment at 40 tonnes/hr (PAH sediments only), at $120/tonne (not
including excavation and high/PAH sediment separation) with an estimated four years to complete.  This
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estimate included the thermal treatment of the mineral matter stream and the disposal of minor products
including wastewater. However a number of associated costs, such as the disposal of the mineral matter
stream and fuel transportation, were not included.  TD Enviro proposed the use of a demonstration unit to
confirm the key process parameters. 

Biogenesis Soil Washing and Bioremediation
BioGenesis Enterprises, Inc. has developed a specialized, ex situ soil washing technique that has proven
to be successful in extracting inorganics, volatile and nonvolatile hydrocarbons, chlorinated
hydrocarbons, PCBs, and PAHs, from soils and sediments (Weston, 1999).  The BioGenesis soil and
sediment washing process uses specialized, patent-pending equipment, complex surfactants, and water to
treat soil and sediments.  The technology uses a proprietary solution called BioGenesis cleaner to transfer
organic compounds from the soil matrix to a liquid phase.  The BioGenesis cleaning chemical is a light
alkaline mixture of ionic and nonionic surfactants and bioremediating agents that act similarly to a
biosurfactant.  The proprietary cleaner contains no hazardous ingredients and extraction efficiencies per
wash cycle range from 85 to 99 percent.  High contaminant levels may require multiple washes to reduce
contaminant levels below applicable cleanup criteria.

A full-scale, mobile, continuous flow unit cleans sand, silt, clay, and sludge particles smaller than 10
mesh at a rate of 15 to 30 cubic metres per hour.  Capacities up to 60 to 75 cubic metres per hour are
possible using full-scale, parallel processing equipment.  BioGenesis is currently being considered to
handle sediments from the New York/New Jersey Harbor Dredging program.  This process is being
developed to manage approximately 380,000 cubic metres of sediments per year.

In general, soil washing technologies only reduce contaminant volume.  Because the BioGenesis process
uses both soil washing and biodegredation, a reduction in contaminant mass, toxicity, and volume
reductions can be expected.  Since the BioGenesis cleaner, a complex alkaline blend of surfactants, is
rapidly degraded by soil microbes, the contaminant-rich wastewater generated during the process could be
biodegraded in an aerated reactor.  The residual BioGenesis solution that remains on the soil particles
stimulates the biodegradation of soil contaminants not removed by the washing process.  Testing indicates
that residual the BioGenesis solution that remains on the soil particles continues to biodegrade
contaminants for an additional 120 to 180 days.

The BioGenesis process was evaluated under the USEPA’s Superfund Innovative Technology Evaluation
(SITE) program in November 1992 at a refinery in Minnesota, US, where soils were contaminated with
crude oil.  BioGenesis washed 1,530 cubic metres of crude oil-contaminated soil during the test.  The
results of the test demonstrate total recoverable petroleum hydrocarbon (TRPH) removal efficiencies
ranging from 85 to 94% from washing alone, and 85 to 97% from washing and biodegradation together,
when the soil is allowed to biodegrade for up to 120 days.  Treated soil at the refinery was stored onsite
prior to its reuse or disposal to allow further reduction in contaminant levels through biodegradation.

The technology was also evaluated under Environment Canada’s Contaminated Sediment Treatment
Technology program in 1993 to treat sediments contaminated by wood treating activities in Thunder Bay
Harbour, Ontario, Canada.  The primary contaminants onsite included PAHs containing two to five
aromatic rings.  Particle size distribution analysis showed that 80% of the sediment consisted of silt and
clay sized particles.  BioGenesis used a field prototype wash unit capable of treating 1.5 cubic metres of
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sediment per hour.  The results of PAH analyses showed that removal efficiencies from washing alone
ranged from 83.3 to 94.8% for the individual PAHs.  The average PAH removal from soil washing was
reported at 89.5%.

BioGenesis’s soil washing technology was also used to perform treatability testing on a former wood
treating facility site contaminated with carcinogenic PAHs, pentachlorophenol, creosote, arsenic, and
petroleum waste from vehicle maintenance and fueling.  Removal effectiveness was >99% TPH, >98%
PCP, >99% PAH, >97% dioxin/furan and >80% arsenic.  Further information regarding this testing was
not readily available.

5.4.2.6 DEHALOGENATION

Base-catalyzed decomposition (BCD) can be used to remediate soils and sediments contaminated with
chlorinated organic compounds, especially PCBs, dioxins, and furans.  Contaminated soil is processed
and mixed with sodium bicarbonate.  The mixture is heated to above 330 °C (630°F) in a reactor to
partially decompose and volatilize the contaminants.  The volatilized contaminants are captured,
condensed, and treated separately.  This technology has been developed only for small-scale applications.
The technology will not remediate the petroleum hydrocarbon, PAH, and metals contaminants.  It is also
likely that interference from the high organic content of the sediments would cause difficulties in
achieving adequate dehalogenation.  
• Based on the Performance Criteria screening, DEHALOGENATION was not considered further.

5.4.2.7 CHEMICAL EXTRACTION (ACID LEACHING)
Chemical extraction transfers metals from a solid matrix into the leaching solution.  Solution processing
methods are used to regenerate the leachate and recover a useful metal or salt.  This process takes
advantage of the tendency of most heavy metals to be readily soluble in low pH aqueous solutions and
can be used alone or with chelating agents and organic solvents where the sediment is also contaminated
with organics. The chelating agents bind with the metals extracted into the aqueous phase, and the
chelated metals are more soluble in the organic solvent than the low pH aqueous solution.  A possible
process mode is adding a low pH aqueous solution to the contaminated sediment along with a chelating
agent and then extracting the chelated metals along with organics in the sediment with an organic solvent,
thereby greatly reducing the volume of material that must be disposed of or further treated.  As with any
solvent extraction, the separation of the solvent/leaching solution from the cleaned material and from the
extracted mixture determines the feasibility and cost effectiveness of the process.

Acid leaching was included in the TDP as part of the treatment train proposed by SAIC (Vaughan, 2002).
However, with the exception of lead in the high PCB sample, the metal concentrations in the samples
were below the placement criteria provided for the Coke Ovens site.  It is, therefore, unlikely that
treatment for metals in the sediments is required unless the sediment mass is reduced substantially by the
removal of the organics.  However, relatively large quantities of acid were used in several passes or stages
without substantially reducing metal concentrations in the sediment indicating that this process does not
appear to be particularly effective for these sediments.  
• Based on the Performance Criteria screening, CHEMICAL EXTRACTION (ACID LEACHING) was not

considered further.
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5.4.2.8 SOLVENT EXTRACTION

Solvent extraction uses an organic chemical as a solvent to separate hazardous contaminants from soils,
sludges, and sediments, thereby reducing the volume of the hazardous waste that must be treated.  Solvent
extraction differs from soil washing, which generally uses water, or water with wash-improving additives.
The material is added to extraction units in batch or continuous processes that use low molecular weight
organic chemicals as solvents to remove the organic contaminants (PAHs, PCBs, etc.) from the material.
The solvent, with the dissolved chemicals, or extract, is collected for separation of the contaminants, and
recycling of the solvent.  The residual solvent must also be recovered from the cleaned material/solvent
mix, to meet the disposal criteria and/or to benefit process economics.  Efficient contact between the
contaminated material and the solvent is fundamental to the successful extraction of contaminants.
Generally the lower the molecular weight of the solvent, the easier it is to separate and recover the solvent
both from the extract and the cleaned material.  Solvent recovery processes can also include distillation
and gas stripping methods. 

Multiple extractions or passes of the contaminated material through the process with recycled and/or fresh
solvent may be required to achieve acceptable levels of contaminants in the cleaned product.  The key
process parameter in solvent extraction is the distribution coefficient used to determine the minimum
quantity of solvent that is needed to extract a contaminant completely from a material.  The higher the
distribution coefficient the more solvent is required to extract a contaminant from a material.  Heating of
the solvent/material may improve contaminant solubility (lower distribution coefficient) or improve the
mechanical transfer of contaminants from the material to the solvent. 

Solvent extraction processes separate the soluble contaminants from the bulk material, but do not destroy
the contaminants.  Once the contaminants are separated from the cleaned material they must be separated
from the solvent and further processed by other treatment or disposal methods.  The primary benefit of
solvent extraction is the reduced volume of material requiring final treatment or disposal.   Additional
treatment of the cleaned material, however, may be required to remove residual solvent or insoluble
contaminants, such as heavy metals.  The extent of solvent recovery/loss directly contributes to the
overall cost effectiveness of the process. Traces of the solvent, for example, may remain within the
treated material, so the toxicity of the selected solvent is an important consideration.

For solvent extraction technologies to be considered successful at the Tar Ponds Site, the final quantity of
material requiring disposal should be less than the original quantity, and solvent losses should be
minimal.  The Tar Ponds materials present challenges to the solvent extraction process as was shown in
the TDP (Vaughan, 2002).  These would include the inconsistency of the contaminated materials and the
variation in contaminants and concentrations across the site.  These factors compromise the ability of the
process to reduce contaminant levels to acceptable standards for reuse and/or replacement in the Tar
Ponds.  This could result in large volumes of material that require either additional treatment, or an
approved disposal technology. 

The difficulty in achieving success with the PCB materials sediment in the test was attributed to poor
mixing between the solvent and the sediments.  The desired reduction in volume was not achieved.  For
the PAH sediments, solvent extraction technology was able to substantially reduce the organic
contaminant mass to below the Coke Ovens SSTLs.
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The required solvent volumes were very high (20.5 kg solvent/3 kg sediment), and difficulties were
experienced in mixing the sediments with the solvents.  The volume of required solvent directly impacts
both the capital and operating costs of the treatment process so that at full-scale implementation, the
process would likely prove impractical for use on the Tar Ponds materials.  The very large quantity of
solvents required would also increase the probability of significant solvent releases to the atmosphere
which would be undesirable.  
• Based on the Performance Criteria screening, SOLVENT EXTRACTION was not considered further.

5.4.2.9 HYDROGEN REDUCTION

In the hydrogen reduction process, organic and chlorinated organic compounds are combined with
hydrogen and undergo gas-phase chemical reduction reactions at elevated temperatures and ambient
pressure.  This reaction converts the contaminants into a hydrocarbon-rich gas product. 

Hydrogen reduction (also known as gas phase chemical reduction) uses thermal desorption to prepare the
contaminants for treatment with hydrogen.  ELI Eco Logic is the prime proponent of this process.  Their
process reacts the gas-phase contaminants with hydrogen at a minimum temperature of 900°C.  The
residence time for contact with the hydrogen is typically about 4 to 10 seconds.  This process typically
reduces the contaminants to methane and hydrochloric acid.  The gas exiting the reaction chamber is
scrubbed to remove water hydrochloric acid and fine particulates.  The scrubbed gas is then burned to
destroy the methane and other residual organics prior to release to the atmosphere.

EcoLogics’ system in combination with a SAIC thermal desorber received US $250,000 for a pilot study
on the New Bedford Harbour sediments (USEPA, 2000).  This pilot study was performed in 1996.  The
sediments had a PCB concentration of 5,700 mg/kg, total organic carbon of 7%, moisture content of 50%,
and oil and grease content of up 37,000 mg/kg.  The pilot study was operated at a feed rate of 2 kg per
hour.

The concentrations in the treated material ranged from 28 to 77 mg/kg with an average of 52 mg/kg.
These equated to desorption efficiencies of 98.4 to 99.5%.  Emissions from the system stack were also
measured.  The destruction efficiencies of the PCBs ranged from 99.99972 to 99.99999%.  The
desorption and destruction efficiencies measured in this pilot study would not have consistently achieved
either of the Canadian legally mandated PCB treatment requirements of 0.5 mg/kg of the treated material
or 99.9999% destruction for the emissions.

Dioxin/furan emissions were also measured at 26 pg/dsm3.  Due to a lack of measurements, it was unclear
if the existing dioxin/furans in the sediments or production during the process were the source of the
emissions.  The calculated destruction efficiencies for total dioxins were 99.9923% and for total furans
were 99.99959%.

The projected cost for treating 16,000 tonnes of sediment was $1,050 per tonne, which would have
required about 75 weeks to execute.  EcoLogic is no longer working with SAIC and has recently
partnered with Torftech’s TORBED® thermal reactor system for the thermal desorption component.  It is
understood that Eco Logic successfully treated about 1,800 tonnes of PCB materials in Australia over a
four year period from 1998 to 2002.  It is also understood that EcoLogic has successfully treated
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concentrated contaminants, particularly in liquid form containing PCBs and chemical warefare agents at
several sites.

Hydrogen reduction is a promising destruction technology that may become feasible for projects of this
scale after it has been developed further.  It does not appear to have been successfully used as part of an
integrated thermal desorption train for materials similar to those at the Tar Ponds either in nature or
quantity.  It appears, however, to have been successful in remediating PCBs and other organic
contaminants in a concentrated form.
• Based on the Performance Criteria screening, HYDROGEN REDUCTION is considered further for the

treatment of small quantities of concentrated contaminants derived from a separate process, such as
thermal desorption or pyrolysis.  This could be executed on or off site.  Hydrogen reduction is not
considered further for the treatment of the sediment materials themselves.

Against the Key Premises, Hydrogen Reduction scored highly with respect to its ability to reduce the
detrimental effects of small quantities of concentrated PCB material derived from another process. With
respect to reliable technology and cost effectiveness, the technology scored a moderate rating, i.e., the
technology would meet the intent of the premises with some limitations.
• Based on the screening against the Key Premises, HYDROGEN REDUCTION was carried forward for

further consideration with respect to PCBs.

5.4.2.10 SOLAR DETOXIFICATION

Solar detoxification uses the ultraviolet energy in sunlight to destroy contaminants. The contaminated
medium is mixed with a catalyst (e.g., titanium dioxide) and fed into an illuminated reactor.  Ultraviolet
light activates the catalyst, forming reactive chemicals (oxidizing agents) known as radicals.  When these
chemicals contact the contaminants, the latter are broken down into non-toxic by-products such as carbon
dioxide and water.  The climatic conditions in Sydney would typically require that artificial ultraviolet
light be used which in turn requires significant electricity usage.  This technology is typically used for
contaminated water and is generally appropriate only for small quantities of contaminants.  
• Based on the Performance Criteria screening, SOLAR DETOXIFICATION was not considered further.

5.4.2.11 ELECTROCHEMICAL REMEDIATION

Electrochemical remediation technologies include electrochemical geo-oxidation (ECGO) and induced
complexation (IC).  These technologies use electrodes placed into the sediment to impose a low voltage
DC/AC field that uses the sediment to store and discharge electricity.  Through polarization ECGO breaks
down organic contaminants into inert component parts, and IC enhances mobilization of metals to the
electrodes.  The high organic content of the sediments that has caused difficulties with other cleanup
technologies would be expected to create similar difficulties with this technology.  This technology has
not been tested at a significant scale on contaminated sediments.  
• Based on the Performance Criteria screening, ELECTROCHEMICAL REMEDIATION was not considered

further.

5.4.2.12 LOW TEMPERATURE THERMAL DESORPTION

Low temperature thermal desorption heats excavated waste materials to temperatures ranging from 95°C
to 315°C to volatilize water and organic contaminants.  Operating temperatures and residence times are
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designed to volatilize selected contaminants, but not to oxidize them.  Volatiles in atmospheric gas are
commonly removed using carbon adsorption filters, condensors, or oxidizers.

Thermal desorption uses indirect heat and mechanical tumbling to release and separate volatile
components from the contaminated material.  Because there is not sufficient oxygen to support
combustion, this process, by itself, would not destroy contaminants, but would allow them to be removed
in a form that can be better handled for subsequent processing.  The volatile gases produced during the
process would contain organic contaminants, and could be destroyed in an afterburner, combined with
hydrogen in a hydrogen reduction process, removed by carbon adsorption, or condensed into aqueous and
non-aqueous organic phases.  Most metals would not be removed by thermal desorption technologies and,
as a result of the removal of water and organic constituents, could be more highly concentrated in the
thermally treated residue.  Tar Ponds sediments treated in a thermal desorption process may therefore not
be suitable for backfilling or disposal, except in a containment facility.  Should elevated concentrations of
metals be detected, and/or the residual product fail leachability texts, further treatment (e.g., S/S) of the
Tar Ponds sediments could be required prior to disposal.

Thermal desorption technologies are offered by a number of commercial suppliers and are widely used
for the remediation of contaminated soils and sediments, including both coal tar and PCB impacted
materials.  Thermal desorption systems are based on rotary kiln technology and are typically housed in
mobile, trailer-mounted units.  Multiple units could be used to increase the material treatment rate.  To
ensure an acceptable quality and a controlled feed to the process, material preparation is required.  This
may include the use of material separation and sizing equipment, conveyors and scales.  The particulate
and vapour by-products of thermal desorption require the use of specialized gas collection and treatment
systems.  Treatment systems could include the use of secondary combustors, condensers, decanters,
baghouses, scrubbers, and acid gas removal.  Although the land required for the operation of thermal
desorption units might be relatively small, the land area requirements for the associated material handling
and waste treatment and disposal processes could be considerable.

The efficiency of thermal desorption processes can be affected by the characteristics of the material to be
treated.  High moisture, large particles and excessive organic content can impede the process.  Dewatering
and screening can improve the properties of the material to be treated.  The Tar Ponds have very high
organic content, as well as a broad range of hydrocarbon contaminants that may be strongly adsorbed on
the coal and coke fines.  These unusually high organic contents will require the use of both high
temperatures and longer residence times to be completely effective.  Low temperature thermal desorption
should therefore not be expected to be effective in removing the high molecular weight PAHs.  However,
since PCBs have a boiling point of less than 315°C, low temperature thermal desorption may be an
appropriate technology for removing the PCBs from the PCB materials so that the remaining material
may be treated for PAHs and other contaminants associated with the PAH sediments.
• Based on the Performance Criteria screening, LOW TEMPERATURE THERMAL DESORPTION was carried

forward and screened against the Key Premises with respect to its ability to treat PCB sediments.

Against the Key Premises, Low Temperature Thermal Desorption scored moderately against all premises
with respect to its ability to reduce the detrimental effects of PCB sediments, i.e., the technology would
meet the intent of the premises with some limitations.
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• Based on the screening against the Key Premises, LOW TEMPERATURE THERMAL DESORPTION was
carried forward for further consideration with respect to PCBs.

5.4.2.13 HIGH TEMPERATURE THERMAL DESORPTION

High temperature thermal desorption heats excavated waste materials to temperatures that range from
315°C to 650°C to volatilize water and organic contaminants. The higher temperatures used in this
process facilitate the removal of less volatile compounds (<0.01 mm Hg vapour pressure).  Operating
temperatures and residence times are designed to volatilize selected contaminants, but not to oxidize
them.  Volatiles in atmospheric gas are then commonly removed by the use of carbon adsorption filters.
IT tested conventional thermal desorption on the Tar Ponds sediments at a temperature of 550°C, but
proposed a variation of the process for full scale sediment treatment based on the results of their
Technology Demonstration Program (Vaughan, 2002).

Despite the very high removal of organics, including the virtually complete removal of PCBs from both
the high and PAH sediments, the TDP indicated that there were limitations associated with conventional
thermal desorption technology when applied to the Tar Ponds material.  In particular, the high organic
content of the sediments affected the process requiring conditions to be applied near the upper limit of
temperature and residence time to achieve the required removal of organics from the residual material.
The testing was performed at 550oC and the process was generally able to remove nearly all of the
organic contaminants from the sediments to well below both the Coke Ovens SSTL values and the Nova
Scotia municipal solid waste guidelines, but was unable to achieve the CCME guideline value for
benzo(a)pyrene.  The process resulted in exceeding the Coke Ovens on-site placement criteria for lead,
nickel and thallium in at least one of the two samples tested.  It is likely that the treated material would
therefore need to be landfilled.

The primary limitation of this process is that significant quantities of concentrated product streams are
generated that require further treatment.  Based on the TDP, the product streams would total more than
half of the mass of dewatered/dried sediment fed to the desorber.  The product streams include: a non-
condensable off-gas containing light hydrocarbons, which would have to be oxidized in a secondary
combustor; a hydrocarbon oil containing PCBs, which would likely have to be sent to a licensed facility
for destruction; and an aqueous condensate containing emulsified and trace hydrocarbons, cyanides,
phenols, and metals, that would require several stages of treatment to meet discharge criteria.  The
aqueous condensate could be minimized by pre-drying the sediments, but this would require another
wastewater treatment stream in addition to that associated with the pre-treatment process.  It might be
possible to use the oil and gas condensates as a fuel, but it does not appear to have been explored outside
of an incineration option.  The TDP indicated that extensive emissions controls would be required to
prevent air releases of light hydrocarbons, such as benzene and toluene.  These arise from the very high
organic content of the sediments.

Based on the TDP results, IT did not find conventional thermal desorption to be as cost-effective as
incineration.  Alternatively, to meet hydrocarbon removal levels and to negate the need for treatment of
condensate streams, a treatment process utilizing a partially pyrolytic kiln, a secondary combustion
chamber and off-gas treatment system was suggested which is essentially a two-stage rotary kiln
incineration system.  This technology is discussed further under incineration.
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The relatively limited throughput and the necessity for treating or destroying the substantial quantity of
condensates indicates that high temperature thermal desorption is unlikely to be a cost-effective
technology for treating the large volume of PAH sediments.  However, the technology should be
considered further to concentrate the contaminants associated with the much smaller quantities of PCB
sediments requiring destruction by another on-site or off-site technology.
• Based on the Performance Criteria screening, HIGH TEMPERATURE THERMAL DESORPTION was carried

forward and screened against the Key Premises with respect to its ability to treat PCB sediments.

Against the Key Premises, High Temperature Thermal Desorption scored moderate ratings against all
Key Premises with respect to its ability to treat PCB sediments, i.e., the technology would meet the intent
of the premises with some limitations.
• Based on the screening against the Key Premises, HIGH TEMPERATURE THERMAL DESORPTION was

carried forward for further consideration with respect to PCBs.

5.4.2.14 PYROLYSIS

Pyrolysis involves indirectly heating contaminated material in a low oxygen environment and causing
organic contaminants either to be released, or break down, or both, leaving behind a cleaned residue.
Pyrolysis is the process used in the coking of coal as was performed at the Coke Ovens during plant
operations.  It typically does not destroy contaminants, but separates them from the bulk material and/or
significantly alters them.  It produces a number of by-products, including combustible gases, condensed
liquids and a solid char.  The gases may be combusted to provide the heat for the process.  The liquids are
primarily tars and oils and may be useable by-products; otherwise, they would have to be treated to ensure
complete contaminant removal, destruction or safe disposal.  The char may also be combustible, or
suitable for landfilling or disposal.

The Tar Ponds material is high in hydrocarbons, coal/coke fines and other organics.  The material and its
principle contaminants (PAHs, PCBs and petroleum hydrocarbons) are generally suitable for pyrolysis.
In order to process by pyrolysis, the feed material must be reduced to a very low moisture level and have
consistent feed properties.  This requires intensive handling, material preparation and associated water
treatment and debris disposal.  The process itself requires the implementation of sophisticated collection
and control processes to ensure effective operation.

There are several vendors with pyrolysis systems.  The UMATAC system was tested as part of the TDP
(Vaughan 2002).  The UMATAC technology is an adaptation of a commercial process (Alberta Taciuk
Process (ATP)) developed by UMATAC to produce oil from the Athabasca oil sands in Alberta.  The
ATP process has been commercially applied to two US Superfund sites to treat PCB contaminated soils.
ATP uses a combination of vaporisation/volatilisation, pyrolysis and combustion to separate organic
contaminants from soil and sediments.

The ATP process, like thermal desorption, soil washing and solvent extraction, used thermal or physical
processes (vaporisation and volatisation) to separate components of the Tar Ponds material into fractions
that could be treated, reused, or disposed.  Unlike the other treatments, ATP also used chemical changes,
including pyrolysis reactions (thermal cracking in the absence of air of heavier components to lighter
components such as PAHs into single ring compounds such as benzene and toluene).  In addition to
pyrolysis the ATP process employed a combustion step to burn the residual carbon (coal, coke and char)
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from the cleaned sediment, both to ensure complete removal of the organics, and to provide a portion of
the energy requirements of the process.  Like thermal desorption, pyrolysis typically requires drying of
the feed materials to about 10 to 20 percent moisture content to be efficient.

Based on the TDP results the ATP process was effective in application to both PCB and PAH sediments,
resulting in the reduction of the volume of residual materials (including a PCB contaminated oil,
combustion ash and one or more wastewater streams).  If the PCB content of the oil by-product was
acceptable, it could be considered a potential fuel source similar to the TDEnviro process.  Alternatively,
the oil would need to be destroyed using incineration or other appropriate technology.  Other by-products
of the process would require further treatment prior to disposal.  The residual solids met all CCME soils
criteria, Coke Ovens SSTLs, and Nova Scotia municipal solid waste landfilling guidelines for PAH,
PCBs, BTEX. The process met all of the Coke Ovens on-site placement criteria for inorganics except lead
for both samples tested.  This treated material might therefore need to be landfilled.  All metals were
below leachate criteria.  Emission controls were incorporated into the ATP process for the off-gases,
which contain carbon monoxide, sulphur, acid gases and particulates.  Wastewater from both the
condensed water vaporized from the sediments, and discharged from the air emission control equipment,
requires treatment prior to discharge.

The UMATAC treatment system, while effective on both PCB and PAH sediments, includes intensive
processing.  The TDP test indicated that the Tar Ponds material would have to be augmented with sand to
improve feed handling and the agglomeration of fines to reduce particulate carry-over to the air pollution
control systems.  Adding sand to the feed material also increases the quantity of residual solids that must
be disposed.  However, because of the combustion of the charred solids for heat recovery, organic
removal from the sediments is essentially complete.

Capital, operating, labour and utility costs were estimated at $105/tonne over nine years based on a net
processing rate of 11 tonne/hr of PAH sediment (25 tonne/hr of combined sand/sediment mixture).  These
costs did not include dredging, dewatering and drying, and other pre-treatment steps including wastewater
treatment and vapour/odour/dust controls that are needed on the front end of the process.

The ATP process in general is one of the more technically complex processes available to treat the Tar
Ponds material.  In addition, the required through-put for Tar Ponds materials when the treatment unit is
operated as a single train (25 tonne/hr) would be significantly greater than the maximum UMATAC
commercial operating experience to date (10 tonne/hr) for contaminated materials.  The proposed
operating rate would require essentially a 24-hour operation of a single unit for the full nine years without
any significant downtime.  Two Superfund sites, Waukegan Harbor and Wide Beach, were cited in the
TDP as examples of the UMATAC technology.  Detailed information is available on these two sites and
the Pristine, Inc. Superfund Site where the technology was also used (USEPA, 1995a, b, and c). Each of
the sites reported treatment of about 10,000 to 40,000 tonnes of contaminated material over periods of
about five to six months from 1990 to 1994.  We are not aware of any large-scale cleanups with this
technology since that time.  Other pyrolysis technology uses that we are aware of are also less than 40,000
tonnes in size.

The Waukegan Harbor and Wide Beach sites each reported significant downtime (months) due to various
technological difficulties, including cracking of the kiln and defective seals.  It appears that the
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metallurgical issues of the kiln related to the very high temperature required were likely solved.  The seal
issues also appear to have been resolved although we would expect the seals to be an ongoing
maintenance issue on a project of the size and duration of the Tar Ponds sediment cleanup.  The Pristine
site reported no major downtime and had an average throughput of 6 tonnes per hour and was on-line
62% of the time.

In general, the treatment at these sites appeared to be satisfactory when the equipment was functioning
properly.  The technology appears to be successful at addressing both PAH and PCB contamination as
was shown in the TDP.  The ability to achieve 0.5 mg/kg of PCBs in treated solids was variable,
apparently depending on specific project conditions, although that was successfully achieved in the TDP.

The use of pyrolysis, including the UMATAC ATP, should be further considered for treating the PCB
sediments as the flow rate appears adequate to handle the limited quantities of these materials.

This technology can be considered further for the PAH sediments but the magnitude and difficulty of the
project is much larger and more difficult than the technology has addressed to date.  However, it appears
that this equipment is unlikely to operate with an on-line efficiency of greater than 60%, particularly
given the duration and high operating temperatures that would be required.  Since the equipment that they
are currently proposing is 2.5 times larger than their largest remedial kiln constructed to date, at least two
and probably more would need to be purposely built for this project to provide an adequate flow rate.  The
increased flow capacity is required simply to match their previous capacity due to the need to add inert
sand due to the material handling and treatment difficulty.  During project optimization and design, it may
be appropriate to evaluate this technology for use in tandem with an on-site incinerator as an auxiliary
pre-processing step to increase the total hourly project throughput.  This could be done by adding
pyrolysized combustible residual oils from some of the sediments directly into the incinerator with
unmodified sediments to increase their caloric value.  This would eliminate the need for an additional
incineration step while possibly reducing the duration of the project and reducing the importance of the
reliability of the pyrolysis process.
• Based on the Performance Criteria screening, PYROLYSIS was carried forward and screened against

the Key Premises with respect to its ability to treat PCB sediments.

Against the Key Premises Pyrolysis scored high ratings with respect to its ability to reduce the
detrimental effects of PCBs and with respect to the reliability of the technology.  The technology scored
moderately with respect to cost effectiveness, i.e., the technology would meet the intent of the premise
with some limitation.
• Based on the screening against the Key Premises, PYROLYSIS was carried forward for further

consideration with respect to PCB sediments.

5.4.2.15 INCINERATION

Incineration heats excavated waste materials to temperatures that range from 870°C to 1200°C to
volatilize and combust organic contaminants in the presence of oxygen.  The most widely used incinerator
technologies are the rotary kiln, fluidized bed reactor, liquid injection combustor and infrared incinerator. 

Incineration is the application of high temperatures in an oxidizing environment to destroy contaminants.
Incineration takes place in a furnace under highly controlled conditions to ensure the contaminants are
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destroyed or reduced to acceptable levels.  Incineration has been proven to be effective on organic
contaminants and can operate at relatively high input rates for extended periods of time.  Incineration has
been proven to be effective in treating PCB materials.  The application of incineration technologies has
largely been limited by the high costs of implementation and operation.  However, the high energy
content of the sediments would likely reduce these costs substantially.  Incineration was successfully used
to treat 170,000 tonnes of creosote (PAH) contaminated sediment at the Bayou Bonfouca Superfund Site,
so the technology has been proven effective on similar materials at a similar scale.

A waste incinerator, using an auxiliary fuel to sustain combustion, is generally used.  Each incinerator
design typically has its own specific requirements for parameters such as feed properties, moisture and
particle size, that would be required for optimal operation and effective destruction.  To prevent the
release of contaminants during incineration, the process includes systems for the collection of particulates
and potentially harmful gases prior to discharge to the stack.  Incinerators do not destroy metals, which
remain with the non-combustible materials that collect as ash product.  If the ash product has acceptable
metal concentrations and passes leachability requirements, it could be backfilled, otherwise it could
require stabilization and/or disposal in a contained facility. The volume and mass of the ash would be
substantially less than the initial feed material because all of the organics would be destroyed by the
process.  Based on the thermal desorption and pyrolysis tests, it is likely that some of the metals in the ash
would exceed the Coke Ovens on-site placement criteria and would need to be landfilled.

Incineration of the PAH sediments would need to demonstrate a contaminant destruction effectiveness of
99.99 percent; a destruction effectiveness of 99.9999 percent would also be required for the PCB
sediments.

Based on their TDP testing for thermal desorption, IT proposed a partially oxidative rotary kiln with
secondary combustion as an alternative technology to thermal desorption (Vaughan, 2002).  This
technology would be effective at removing and destroying the organic contaminants from the sediments
without generating liquid by-product streams.  Rotary kiln technology with secondary combustors has
been proven effective for the treatment of contaminated sediments/oily sludges.  To increase on-stream
reliability, a multi-parallel equipment train approach could be used.  This approach would be applicable to
both PCB and PAH contaminated sediments, but this would have to be confirmed by demonstration
testing.  This proposed technology is essentially a two-stage incinerator and should be considered in
parallel with other incineration technologies.

Estimated capital, operating and labour costs were estimated at are $171-$202/tonne (including feed
handling, but exclusive of dredging and costs for additional treatment or secure disposal for the treated
sediments).  IT proposed that a pilot-scale demonstration of this technology be undertaken to optimize
operating conditions.

Any existing or proposed incineration facility capable of effectively treating the contaminants in the Tar
Ponds materials could be considered appropriate for use in the cleanup.  Incineration alternatives could
include any of the following:
• an existing or new temporary incinerator at or near the Tar Ponds site;
• a mobile incinerator at or near the Tar Ponds Site; or
• an existing or new incinerator remote from the site (possibly out of province).
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• Based on the Performance Criteria screening, INCINERATION was carried forward and screened against
the Key Premises.

Against the Key Premises Incineration scored high ratings with respect to its ability to reduce the
detrimental effects of both PCBs and PAHs and with respect to the reliability of the technology.  The
technology scored moderately with respect to cost effectiveness, i.e., the technology would meet the
intent of the premise with some limitations.  
• Based on the screening against the Key Premises, INCINERATION was carried forward for further

consideration.

5.4.2.16 CO-BURNING

Co-burning involves the blending of contaminated materials with coal (or other fuel products) for
combustion in an existing facility, such as a power plant or a cement kiln.  Co-burning has been used
extensively in the United States for the remediation of coal tar impacted soils from manufactured gas
plant sites.  To reduce the emissions associated with co-burning, the end-user generally has to be
equipped with appropriate ash handling facilities as the inorganic content of the contaminated material is
generally higher than the coal fuel.  Co-burning has the advantage of using existing equipment with the
capability for the destruction of combustible contaminants, with energy recovery as a side benefit.  The
primary challenge to this technology is the blending of the contaminated material with the fuel in a way
that is easy to transport, safe to handle and does not alter the combustion process.  Blending requirements
usually result in a total content of 5-10 % contaminated material.

Existing facilities that can undertake co-burning are typically high-capacity units that consume a large
quantity of fuel.  The blending ratio of contaminated material to coal can limit the effectiveness of the
process, but it follows that the higher the capacity of the chosen unit, the higher the rate of contaminant
cleanup that can be carried out.  However, the addition of the contaminated material to the fuel will result
in higher ash production rates.  The quantity and properties of the ash will also have to meet air pollution
control and ash-handling equipment, as well as the standards for on-site disposal at the facility.

Waste classification and PCB content are important factors in the application of co-burning technology.
The location of the co-burning facility would likely be restricted to Canada to comply with Canadian and
American limitations for exported and imported PCB containing materials (US Import Restriction <2 ppm
PCB).  Facility permit requirements would almost certainly limit co-burning to sediments with less than
50 mg/kg of PCBs. 

The Colmac CFB co-burning technology involves blending of the PAH Tar Ponds material with coal and
combusting the product material in an (existing) circulating fluidised bed power plant (CFB).  This
technology provides the potential for maximum energy recovery from the material and the effective
destruction of the organic contaminants (PAH, PCBs, and BTEX).  Capital costs are minimized by using
existing facilities for emissions control and ash disposal.

Canadian power plants using CFB technology equipped with appropriate emission controls and ash
handling systems could potentially be permitted to utilize wastes such as the Tar Pond sediments as an
alternative fuel.  Experience at power plants indicates that 10% to 25% of the coal content of a fuel can be
supplemented with an alternative fuel derived from materials contaminated with coal tar.
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The application of co-burning technology would require new infrastructure to accommodate the
preparation and use of the Tar Ponds material, prior to its shipment to the power plant for blending with
coal.  Specifically, dewatering and drying, debris removal and size control steps (<50 mm material only)
would be required to produce a material suitable for blending.  The TDP results indicated that for the
sediments to be effectively blended with coal, they must be dewatered and dried to a relatively low
moisture content (approximately 20%) (Vaughan, 2002).  Sediment drying would require an energy
intensive process and may involve additional VOC emission controls to control VOC emissions and
odours.

Although during the TDP, there were several exceedences of criteria from incomplete combustion of the
organic constituents in the results of the Colmac CFB Co-burning test unit, the overall indications were
positive.  Excess air and residence times in the full-scale units were sufficiently greater than in the test
equipment so that essentially complete combustion could be expected when run at full-scale.

The TDP test results also show that some of the inorganic constituents (metals) in the test ash residue
exceeded TDP criteria.  The concentration of metals in the bottom and fly ash residues derived from the
blended co-burning fuels would be comparable to the concentrations from unblended coal fuels.  Since
the sediments would be blended with the regular fuel, the ash would be codisposed per the existing
facility’s disposal requirements for their ash.

When using a single power plant, treatment of all of the PAH contaminated sediment was estimated to
require 5-10 years and cost $165/tonne.  The estimated costs provided by Colmac are comprehensive and
include dredging, dewatering and drying, loading, and transportation, as well as a field-scale
demonstration in the U.S if possible given the PCB content of the material.  However, the estimated costs
did assume that sediment processing facilities would be located nearby.

Because co-burning offers complete destruction of the organic constituents in the PAH material while
maximizing energy recovery, it should be considered further if the Tar Ponds sediments are to be
removed and treated. A major disadvantage of the co-burning technology process could be reliance on a
small number of end-users.  
• Based on the Performance Criteria screening, CO-BURNING was carried forward and screened against

the Key Premises with respect to its ability to treat PAHs.

Against the Key Premises Co-burning scored moderate ratings with respect to both its ability to reduce
the detrimental effects of PAHs and with respect to cost effectiveness, i.e., the technology would meet the
intent of premises with some limitations.  Co-burning scored a high rating with respect to the reliability of
the technology involved.
• Based on the screening against the Key Premises, CO-BURNING was carried forward for further

consideration with respect to PAHs.

5.4.2.17 VITRIFICATION

Vitrification melts excavated contaminated soils and sludges at high temperatures to form a vitreous slag
with very low leaching characteristics.  Non-volatile inorganics are encapsulated in the slag, rendering
them immobile. In vitrification technologies, an electric current is passed through electrodes imbedded in
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the contaminated material.  Arcing between the electrodes produces high temperatures within the material
and melts the mass.  At these temperatures (1,600-2,000ºC) a number of reactions occur that effectively
destroy the contaminants.  After the current is shut off the melted material solidifies into a glassy mass
that contains and immobilizes any residuals.  As with plasma treatment, the environment is oxygen
deficient and the gases formed are the products of pyrolysis.  The small quantity of pyrolysis gases
formed in the vitrification process that are not trapped in the solidified melt (they off-gas before the melt
has solidified) are generally collected for recombination with oxygen (combustion) before being released
to the atmosphere.

The intensive use of electricity makes these technologies very costly, although they can be effective.
Vitrification units, however, have low capacity.  Their potential application at the Tar Ponds would be
limited to the destruction of small quantities of concentrated contaminants such as concentrates from
pyrolysis or thermal desorption of the PCB sediments.
• Based on the Performance Criteria screening, VITRIFICATION was carried forward and screened against

the Key Premises with respect to its ability to treat PCB sediments.

Against the Key Premises Vitrification scored high ratings with respect to its ability to reduce the
detrimental effects of PCBs and with respect to the reliability of the technology.  The technology scored
moderately with respect to cost effectiveness, i.e., the technology would meet the intent of the premise
with some limitation.
• Based on the screening against the Key Premises, VITRIFICATION was carried forward for further

consideration with respect to PCBs.

5.4.2.18 PLASMA

Plasma technology uses electricity to create a high temperature plasma arc, similar to a lightning bolt.
Contaminated material is passed through the arc and subjected to very high temperatures.  The heat of the
plasma arc (3,000-8,000ºC) breaks down the organic molecules into their basic atoms which recombine
into simple gases such as carbon dioxide.  The high temperature (the material reaches internal
temperatures of at least 1,200ºC) melts the bulk material, which then cools and solidifies to form a non-
leachable slag-type residue that can usually be safely disposed.  Plasma technology is classified as a
pyrolysis process because the plasma environment is oxygen-deficient. The intensive use of electricity
makes these technologies very costly, although they can be effective.  Plasma units are typically low
capacity.  The largest unit that has been identified is MSE Technology’s 24 tpd unit.  It would be feasible
for a unit of this size to treat the PCB sediments in the South Pond.  Smaller units would be limited to the
destruction of smaller quantities of concentrated contaminants.  SAIC tested plasma at the site as part of
the TDP process (Vaughan, 2002).  This testing demonstrated that it is highly effective at destroying both
low and high concentrations of contaminants.

The TDP demonstrated that plasma treatment alone would be effective at destroying the contaminants in
the Tar Ponds sediments.  However, the relatively high costs and time associated with feed preparation,
capital, operating, and labour would prohibit its use on all, but a limited volume of the Tar Ponds
material.

Due to its high effectiveness in destroying and/or immobilizing contaminants, plasma may be considered
for the treatment of limited quantities of highly contaminated sediments or concentrates from other
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processes.  For example, it may be used to treat the PCB sediments.  It is not a viable technology for
treating the PAH sediments due to its very limited throughput.
• Based on the Performance Criteria screening, PLASMA was carried forward and screened against the

Key Premises with respect to its ability to treat PCBs.  

Against the Key Premises Plasma scored high ratings with respect to its ability to reduce the detrimental
effects of PCBs and with respect to the reliability of the technology.  The technology scored moderately
with respect to cost effectiveness, i.e., the technology would meet the intent of the premise with some
limitation.
• Based on the screening against the Key Premises, PLASMA was carried forward for further

consideration with respect to PCBs.

5.4.2.19 CONFINED DISPOSAL FACILITY

Confined disposal facilities (CDFs) are engineered structures enclosed by dikes and caps that are designed
to retain contaminated soils and/or dredged materials.  CDFs may be located upland (above the water
table), partially in the water near shore, or completely surrounded by water.  A CDF may have a large cell
for material disposal, and adjoining cells for retention and decantation of turbid, supernatant water.  A
variety of linings have been used to prevent seepage through the dike walls.  Common liners include clay
or bentonite-cement slurries, but geomembrane, sand, soil, and sediment linings have also been used.  A
detailed design manual for their design and operation was developed in 1987 by the United States Army
Corps of Engineers (USACE, 1987).

In situ above grade containment would result in the creation of a new land-based site or Confined
Disposal Facility (CDF) for the containment of contaminated materials.  The technology typically
involves the construction of one or more containment cells on or above the shoreline.  The cells are filled
with dredged contaminated sediments until the fill level reaches the water line.  The contaminated
materials can be dewatered either before or after placement.  Filled cells are covered with a low
permeability cap and/or clean soils.

In situ above grade containment provides for greater control during both the design and construction of
the facility, and can avoid concerns related to tide and wave erosion of the cap materials.  Issues such as
contaminant leaching and migration through groundwater, containment integrity, maintaining surface
water flows and land-based receptors, however, must still be addressed and taken into account in the
design at each site.

In situ above grade containment is used at most major ports and harbours to dispose of contaminated
sediments recovered during maintenance dredging.  It has also been used in the United States during the
cleanup of several Superfund sites where contaminated harbour slips were filled with contaminated
sediments dredged from other locations.  Confined disposal facilities were recently selected for the
primary New Bedford Harbour PCB contaminated sediment cleanup (USEPA, 1998b).  In situ above
grade containment is usually the most economical and fastest solution for sites where it is desirable to
remove large volumes of contaminated sediments.
• Based on the Performance Criteria screening, the use of a CONFINED DISPOSAL FACILITY was carried

forward for further evaluation and screened against the Key Premises.
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Against the Key Premises a Confined Disposal Facility scored a moderate rating with respect to its ability
to reduce the detrimental effects of both PCBs and PAHs and with respect to the reliability of the
technology.  The technology scored moderately with respect to cost effectiveness, i.e., the technology
would meet the intent of the premise with some limitation.
• Based on the screening against the Key Premises, a CONFINED DISPOSAL FACILITY was carried forward

for further consideration.

5.4.2.20 LANDFILLING

In ex situ containment, the disposal of contaminated materials takes place at an approved landfill facility
located either near the site or at a remote location. An ex situ containment facility is typically engineered
to meet stringent environmental performance standards.  Such a containment facility would include one or
more lined cells to retain the disposed material which, when full, would be covered with a low
permeability cap.  Leachate collection and treatment systems would be included in the facility design.
Modern composite liner containment facilities have a proven track record for preventing contaminant
releases.  As proximity of the containment facility to the contaminant source could significantly reduce
transportation costs, the location of a containment facility on the Coke Ovens site, or at another location
in or near Sydney, would be an asset.  In such a scenario, the Tar Ponds sediments could be integrated
with cleanup remedies for other contaminated soils, such as those present at the Coke Ovens Site.
Landfilling reduces the human health risk by eliminating direct contact with the contaminated material
and also manages the migration of the contaminants through the use of liners and caps.  Depending on the
type of waste and the contaminant levels, pretreatment may be required before landfill disposal.

Ex situ containment includes, at a minimum, the removal, transport and controlled disposal of
contaminated material.  Ex situ containment is currently the most common cleanup technology applied to
highly contaminated sediments in the United States, particularly those with significant concentrations of
PCBs.  As a result the methods employed are well proven and readily implementable.  However, the
location and construction of a new containment facility is a highly regulated activity, requiring significant
resources for site assessment, planning and design, as well as associated time for public consultation and
regulatory review.  Consequently, disposal in existing commercial landfills is typically preferred, though
there are few existing facilities that would accept the quantities of contaminated materials that are
anticipated at the Tar Ponds Site.

Contaminated sediments extracted from the Tar Ponds would require at least basic preparation, such as
dewatering and debris removal, to facilitate the handling process and to meet transportation and disposal
requirements.  As with other ex situ technologies, issues related to dust, vapour and odours that might be
generated during handling, transportation and disposal would need to be addressed.  Ex situ containment
can also be implemented in combination with S/S (discussed in Section 5.4.2.4) to improve the material
handling properties of dredged sediments and facilitate the containment process.

With the exception of basic dewatering and debris removal, ex situ containment technologies do not
require the treatment of the contaminated sediment.  Contamination levels in the materials can be
essentially unchanged, or may be concentrated as a result of water and debris removal.  As there would
always be a potential for the future release of contaminants to the environment, most ex situ containment
facilities are required to implement leachate collection and long-term monitoring programs.  Landfilling is
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commonly used to contain residuals from other treatment processes that have not been successful at
reducing contaminants to levels where they can be used as clean fill.
• Based on the Performance Criteria screening, LANDFILLING was carried forward for further evaluation

and screened against the Key Premises.

Against the Key Premises Landfilling scored high ratings with respect to all premises for both PCBs and
PAHs.
• Based on the screening against the Key Premises, LANDFILLING was carried forward for further

consideration.

5.4.3 Materials Removal/Handling Technologies
In addition to the specific technologies that address the reduction or isolation of contaminants at the Tar
Ponds Site, a number of other activities and technologies will be involved in the successful cleanup of the
Site.  These will include all activities and technologies that must take place related to access, containment,
extraction, handling, preparation, transportation and disposal of Tar Ponds materials.  Typically work
areas need to be isolated from the surrounding environment to control potential detrimental effects.  Once
a decision has been made to employ an ex situ approach to the containment and/or treatment of the
contaminated materials, the next step is to identify, evaluate and select the various material handling
technologies that may be required.  As the implementation of material handling technologies could have a
significant effect on the timeline required for the cleanup and result in environmental issues related to the
generation of noise, traffic, dust, vapours, and odours, these activities must be integrated into the planning
and design of the Tar Ponds Cleanup Project.  

5.4.3.1 SURFACE WATER MANAGEMENT 

Ex situ approaches to the Tar Ponds Cleanup will require the removal of contaminated sediments from the
Ponds. As it can be expected that sediment excavation and removal activities will result in the re-
suspension of contaminated materials into the water column in the immediate area of the cleanup
activities, a primary objective of ex situ approaches should be the prevention of the release of these re-
suspended materials into Sydney Harbour.  Excavation and removal activities should also take into
account wind and wave conditions in the Ponds caused by severe weather events.

Surface water flowing into, through, and out of the North and South Ponds of Muggah Creek may disrupt
remedial activities and/or could cause disturbance of the contaminated sediments.  Contaminants and
pathogens entrained in the surface water flows of Coke Oven Brook, Wash Brook may contribute to
hazardous working conditions in the Ponds.  The isolation and redirection of these surface flows during
excavation and removal activities would improve the safety and efficiency of working conditions and
assist in the control of contaminant migration to the Harbour.  Temporary diversions and/or permanent
realignment of the surface watercourses and outfalls may therefore be required.  

In addition to the surface water flows from Coke Oven Brook and Wash Brook, the North and South
Ponds of Muggah Creek currently receive water from a number of sanitary and stormwater sewers.
Although most of the municipal sanitary sewer discharges will be rerouted into a wastewater treatment
plant and then to the Harbour via the interceptor sewer, a number of outfalls will continue to discharge
sanitary wastewater into the Brooks and the Ponds during periods of high precipitation.  Other sanitary
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and/or storm sewers and urban watercourses will continue to discharge directly into the Coke Oven
Brook, Wash Brook and /or Muggah Creek. 

New channels for existing watercourses could be constructed using a range of approaches including lined
channels, sheetpiles and/or berms.  All these methods are highly adaptable to site topography, and could
be relocated as required during the Cleanup Project. 

5.4.3.2 TEMPORARY ISOLATION 

For many excavation processes, temporary isolation is accomplished through the installation of an
impermeable barrier within which excavation and removal activities can take place.  Secondary benefits
include the creation of a largely unobstructed access to the removal area, the creation of relatively dry
working conditions for sediment removal, and the creation of an efficient and safe work area.  There are
three primary containment technologies that may be used in the Tar Ponds: geotextile curtains, sheetpiled
Cofferdams and berms.  These technologies may be used individually or as part of an integrated
containment system.  Any containment system must accommodate tidal action, currents, and work area
access without causing unacceptable releases of contaminants to the Sydney Harbour.

The physical configuration of Muggah Creek provides opportunities for containment at relatively low cost
as a result of the following conditions:
• the mouth of the North Pond is relatively narrow at Battery Point;
• there are two narrow points in the North Pond; 
• water depths in the Ponds are relatively shallow; and 
• bottom and shoreline conditions will support the construction of containment berms and the driving

of sheetpiles.

The RAER Team has assumed that if significant in-water work is anticipated in the Tar Ponds Cleanup
Project, containment berms will be constructed at key locations such as:
• across the mouth of Muggah Creek at Battery Point;
• midway down the North Pond; and/or 
• at Ferry Street.  

Sheet piling would be used to augment containment in those berms constructed in areas where significant
currents and/or wave action could be expected.  Geosynthetic curtains may also be deployed to further
isolate highly contaminated work areas.  Curtains would generally not be recommended, however, for use
throughout the winter season, or in areas with strong currents or wave action.

EXCAVATION AND REMOVAL 

The removal of material is generally a component of ex situ, or excavation based, technologies.  In these
cases all or part of the contaminated material would be removed from its existing location to facilitate its
treatment and/or disposal.  Associated with material removal processes would be the need to prevent the
redistribution of disturbed contaminants to protect water quality, to respond to changing hydrologic
conditions, and to ensure the continued flow of the watercourses and outfalls that currently empty to the
Ponds. 
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With the exception of the construction of the dam and weir at Ferry Street, and the construction of the
interceptor sewer, conditions in the Ponds have not changed markedly since 1990, when a comprehensive
study was carried out to assess sediment removal techniques (O’Halloran Campbell, 1990).  This report
recommended the use of cofferdams to eliminate tidal flows and to provide containment during extraction
activities.  The mechanical excavation of sediments from the impounded areas behind the cofferdams was
recommended.  This report also recommended trucking the excavated materials to a treatment incinerator.

There is a wide range of standard excavation and dredging equipment that could be used for removing the
sediments.  The contaminated sediments are generally limited to a distinct zone of recently deposited
sediments, overlying the native organic clays and glacial tills, which remain relatively uncontaminated.
The recently deposited sediments can be efficiently removed by either mechanical or hydraulic dredging
techniques, as long as there are no physical obstructions or significant deposits of miscellaneous debris.
Only mechanical dredges, however, are effective in the removal of the kind of obstructions and debris that
can be expected to occur in some areas of the Tar Ponds Site.  Once the debris is removed, the choice of
dredge type to remove the sediments is dependent on a range of other factors including (USACE, 1983):  
• physical characteristics of material to be removed;
• quantities of material to be removed;
• depth of water and thickness of sediments to be removed;
• distance from the dewatering/disposal area;
• physical obstacles between the removal and dewatering/disposal areas;
• physical conditions of the bottom at the removal site;
• hydrodynamic conditions (currents, wave action, etc.);
• method of materials transportation and/or disposal;
• potential for re-suspension of material during excavation;
• potential for generation of noxious odours and vapours;
• required rate of removal;
• type of dredges available to the site;
• accuracy of the dredge equipment;
• navigation traffic;
• access constraints;
• miscellaneous entrained debris in the material; and
• climatic conditions.

Mechanical Removal Processes
Mechanical removal of the sediments could be achieved by using an articulated arm or crane mounted
equipment.  The buckets could be scooped shaped, such as on a backhoe, or opening and closing
clamshells.  Other attachments, such as grappling claws or rock breakers, could be attached to the
equipment as required.

Traditional articulating-arm mechanical excavators could be mounted on tracks, tires, or fixed platforms.
Typical equipment that could be used for excavation includes track-mounted backhoes, and long-reach
backhoes and Gradalls.  This type of equipment would be limited by the reach of the arm (typically a
maximum length of 30 m), and would need to be placed or mounted on a barge to access areas more than
20 m from shore.  Mechanical excavators can be efficient at removing materials above the waterline and
in nearshore areas.  They are versatile and can be employed effectively on most types of materials.  When
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used to extract sediments from below the water, they tend to cause significant re-suspension of the
contaminated materials.  Their efficiency can drop with increasing water depth, as it becomes more
difficult to retain the sediments in the bucket as it is pulled through the water column.  It should be noted,
however, that a large sediment remediation project (Bayou Bonfouca), undertaken on creosote
contaminated sediments was excavated using a large mechanical excavator mounted on a barge. 

Mechanical excavators will likely be the preferred method of excavation in those areas of the Ponds
where there is access from the shoreline, where loading can occur directly into trucks, or where
excavation areas can be hydraulically isolated and dewatered such as in the nearshore areas of the South
Pond.  If mounted on a barge, mechanical excavators could also be useful in areas where the sediments
have significant boulder/debris content.

Mechanical clamshells could be crane-mounted and lowered vertically into the water.  Clamshells are the
primary dredging equipment used in Northeastern North America for harbour maintenance dredging.
Different types of material can be dredged efficiently by changing the type or size of the clamshell.
Barge-mounted cranes could also be used to extract debris and other obstructions, such as old wooden
pilings.

There are two fundamental types of clamshells in use today.  The first is the open clamshell traditionally
used in dredging, and the second is a more recent environmental bucket.  The open clamshell bucket has a
rounded bottom shape and is heavy.  It was designed for, and is very effective, at production dredging in
most soil types.  It can penetrate weak bedrock materials at many sites.  The drawbacks associate with the
open clamshell are its weight, which causes it to hit the contaminated sediment with sufficient energy to
cause re-suspension of sediments, and its open design, which allows for substantial drainage of turbid
water as it is raised through the water column.

The environmental, or closed bucket, has a sealed top and sides when the bucket is closed.  Some of the
environmental buckets, particularly the CableArm bucket, open and close with a flat bottom to reduce
overdredging.  They are also relatively light so they fall through the water column at a slower speed than
the heavier clamshells.  The sealed openings in the buckets are efficient at controlling re-suspension and
the release of turbid water as long as the buckets are raised slowly.  However, side by side testing of
environmental buckets and traditional open clamshells, has shown that the re-suspension advantage
disappears if the cycle times are reduced to normal production rates for commercial maintenance
dredging.  This is due to local currents induced by the suction caused by the rapid removal of the sealed
bucket.  Since the environmental buckets are generally not very effective at closing completely when
handling debris or rocks, the re-suspension advantage is lost when dredging amidst obstructions and
debris.  The light weight and poor penetration of the purposely designed environmental buckets also
limits their use for dredging relatively soft sediments.  This has been useful at several sites to differentiate
between overlying very soft recent contaminated sediments and underlying stronger, uncontaminated
sediments.  It is anticipated that a conventional open bucket would be used at the Tar Ponds for removing
debris.  A closed or environmental bucket could be used to remove contaminated sediments.

Mechanical dredging is a very reliable technology that can deliver materials with a high solids content.
The rate of dredging is limited primarily by reductions in cycle time designed to control re-suspension.
Beyond this limitation, the rate of mechanical dredging can be varied relatively easily to match the rate at
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which material can be processed on shore.  Debris and rubble in the dredged material can also slow the
operation.

Advantages and disadvantages of articulated arm and clamshell dredging are summarized below: 

Advantages:
• Can dredge both debris and contaminated sediments
• Percent solids in dredged material close to in-situ levels
• Can work in confined spaces
• Operator can see material during each cycle for visual clues of material
• Can work in very shallow to dry conditions
• Can quickly change buckets to vary size and type to meet specific needs
• Excavator type can reach onto banks
• Excavator type can handle hard-to-dig materials better than any other type of mechanical or hydraulic

dredge
• Little start-up needed after the dredge is shut down

Disadvantages:
• Material loaded onto barges needs to be rehandled at least once for transportation or disposal
• Re-suspension of sediments at the dredge site is higher than hydraulic types
• Needs at least one barge along side thus requiring more space within silt barrier
• Moving disposal barges into and out of work area may require extra openings of the silt barrier

slowing down cycles and potentially releasing silt outside the barrier
• Conventional shaped clamshell buckets create an uneven (cratered) bottom surface making it difficult

to dredge small quantities in subsequent passes

Hydraulic Dredging Processes
Hydraulic dredges have been used extensively for removing contaminated sediments.  Traditional dredges
used for navigation dredging have been adapted for use in smaller areas and for removing contaminated
material.  These modifications include changes to the head or intake of the dredge.  Hydraulic dredges
remove the material with water and transport the slurry to a disposal location via pipeline.

An Ellicot horizontal auger hydraulic dredge was previously used in the South Pond, but several
difficulties were encountered.  The desire for a low water content slurry resulted in the design of an
experimental hydraulic dredge model which used positive displacement pumps (R.V. Anderson
Associates, 1994).  This approach resulted in a high solids content sludge that was very difficult to pump,
particularly when attempting to restart the dredge after a temporary stoppage of work.  Traditional
hydraulic dredges have used reliable and robust centrifugal pumps that typically result in solids contents
of less than 20 % and the creation of a slurry that can be transported several miles by pipelines.

Hydraulic dredging using traditional equipment can be very reliable, but it cannot handle debris, rubble,
or rocks larger than the intake pipe diameter.  Therefore, it often needs to be executed in conjunction with
mechanical debris removal methods.  A distinct advantage of hydraulic dredging is that the materials can
be moved as slurry through pipelines, but this also makes it difficult to stop and start the dredging rate to
match the rate at which materials can be processed by other steps in the treatment and disposal strategy.
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Advantages
• Dredged material does not require double handling if the pipeline can discharge directly into disposal

site
• Less resuspension of sediments during dredging than resulting from mechanical dredging
• Does not require barge alongside for disposal if pipeline is used
• Can remain within silt barrier area for extended periods without opening
• Leaves a relatively smooth bottom surface if accurate positioning equipment used
• Can pick up very light, watery material usually found during follow-up dredging

Disadvantages
• Ladders or “A” frames may hinder working in confined spaces
• Can not dredge near-dry or dry material from banks (needs slurry)
• Can not dredge debris
• Small debris such as cables missed during debris clearing could shut down hydraulic dredge heads

and pumps
• Introduces more water into dredged material which needs to be removed and/treated
• Operator has no visual clues of material being dredged – may result in overdredging
• Agitation during dredging and pumping may release particulate-bound contaminants into solution
• Difficult to manage intermittent dredging

5.4.3.4 EFFECTIVENESS OF DREDGING ON THE REMOVAL OF CONTAMINATED MATERIALS

Total PCB concentrations in the sediments in the Tar Ponds range from less than 1 ppm to relatively high
concentrations (2060 ppm).  A summary of dredging activities at other contaminated sites was presented
in Table 5.1.  Some of these sites were dredged to specific cleanup criteria based on SSTLs or other
concentration based guidelines.  Dredging at these other sites has generally not been able to meet
contaminant levels similar to the SSTLs proposed for surficial sediments in the Tar Ponds, largely as a
result of re-suspension of contaminants during dredging causing recontamination of the surface.

As discussed above, dredging (both mechanical and hydraulic) has a high potential to re-suspend
sediments and increase water column concentrations of PCBs and PAHs downstream of the site during
dredging operations.   At most of the sites summarized in Table 5.1, elevated PCB concentrations in the
water column were detected during dredging.  These were typically related to increased turbidity in the
water column.  The Tar Ponds Site also has a high potential for resuspending PAHs and metals into the
water column.  Site specific testing has indicated that both suspended and dissolved phase PAHs,
particularly naphthalene would be expected (O’Hallaran Campbell, 1990).  The potential for dissolved
PAHs may be less than it was due to natural attenuation which may have reduced the concentrations of
naphthalene in the sediments.  At the time of the O’Halloran study, PCBs had not been identified as an
issue at the Tar Ponds, and were not a focus of the testing.

The USACE has developed a set of numerical models (the ADDAMS models) to assist with the
prediction of sediment re-suspension, water column turbidity and sediment deposition due to dredging.
ADDAMS consists of 16 models related to many aspects of dredging activities.  These models require
site-specific information to yield credible predictions.  Collection of the data should be performed during
pre-design studies.
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If an effective turbidity control system, such as berms, sheet piles, and/or containment curtains, was
employed during dredging, water column impacts in the vicinity of the dredging could be controlled.
Models could be utilized to predict the potential downstream impacts upon removal of the silt barriers or
during the dredging operation due to suspended sediment losses across the barrier.   The suspended
sediments found in the water column as a result of leakage through, or removal of, the barrier would be
predicted based on sediment and river flow characteristics.  A second model could be developed to
predict the short and long-term effects of this sediment as it was transported downstream.

Placement of an impermeable Cofferdam at Battery Point would isolate the waters of the North Pond
from the Harbour.  Dredging and other activities conducted within the enclosed area could result in
contamination of surface water within the Pond.  Settling of contaminated suspended materials could also
re-contaminate cleaned sediments, and/or capping materials.  It is likely that re-suspension would
preclude final dredged surface concentrations below the SSTLs, regardless of the number of dredging
passes.  Therefore, the purpose of the dredging would be to remove a substantial percentage of the
contaminant mass to specific lines and grades.  The SSTLs for surface concentrations would be met by
covering the surface of the dredged area with clean new materials.  These materials could be selected to
facilitate in habitat restoration.

5.4.4 Materials Preparation and Handling Technologies 
This section describes how the flowsheet and design basis for pretreatment of material from the Sydney
Tar Ponds was developed.

Pretreatment Objectives
Dredged material would not emerge from the Ponds ready to be fed directly into a final treatment system.
It would be necessary to adjust a number of the parameters that characterize the dredged material before it
would be suitable as treatment system feedstock.  Depending on final treatment system to be selected, it
may be necessary to alter water content, maximum, minimum, or average particle size, and uniformity
with respect to heating value before the dredged material could move to the next step in the treatment
process.

Pretreatment requirements to prepare excavated materials for use as feed for the various treatment and
disposal options will vary.  Typically, the materials will need to be less than 75 mm in size to be handled
efficiently by the treatment and destruction technologies under consideration.  Some processes, such as
co-burning, would likely require a particle size to be less than 50 mm.  Landfilling and
solidification/stabilization alternatives would be more accommodating.  Another important parameter is
water content; this would be expected to be 50 percent or less.  For most treatment processes, other than
soil washing and slurry-phase bioremediation, a lower water content of the feed would likely result in a
lower cost for the implementation of the specific treatment technology.  The cost of drying the feed
material versus applying a specific technology to wetter materials will need to be optimized during the
design and operational phases.  Some specific applications may have end user requirements with respect
to water content, e.g., co-burning would likely require a maximum water content of 20 percent. 

In addition to ensuring that the feed materials meet the specifications of the candidate treatment
technologies, pre-treatment systems must satisfy a number of other requirements.  It is essential, for
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example, that odours or volatile hydrocarbon emissions, that could result from pre-treatment, be
controlled.  Adequate storage must be provided for the dredged material so that the downstream treatment
processes can be fed at an essentially constant rate.  The logistics of transporting dredged material to,
within, and from the pre-treatment area must be addressed.  As the dredged material always contains
some water throughout pre-treatment, steps must be taken to provide freeze protection.  

Since some amount of dewatering would be required for each of the treatment technologies being
considered,  a wastewater treatment system would be needed to handle the resulting water streams.  As
sewage is present in the Tar Ponds, the dredged material and wastewater must be handled to minimize the
exposure of construction workers and others to pathogens.  The dredged material would also contain
volatile hydrocarbons and sulfur, which has the potential to form odorous compounds.  If the treatment
takes place indoors, vents from the facility would require controls for both odours and VOCs.

Development of Pretreatment Process Flowsheet
Although it is clear that the pretreatment system requirements would vary depending on how the material
was dredged and what technique was selected for final treatment.  Many unit operations would be
common to all systems.  One way of viewing the problem is to think of the pretreatment system as a
sequence of steps in a process with multiple entry and exit points.  The relatively dry clamshell material
would enter the system at one point, while the wetter, hydraulically dredged material would enter at
another.  Likewise, the feeds for each of the final treatment systems could exit the system at separate
points depending on their requirements for water content, particle size, and heating value. 

To meet pretreatment objectives, it is clear that some combination of the following process steps, not
necessarily in this order, would be needed:
• Size separation (debris removal)
• Size reduction
• Mechanical dewatering
• Drying

These primary process steps would create the need for additional process steps to deal with liquid and
vapor by-products.  To treat the water streams resulting from mechanical dewatering, a wastewater
treatment system would be needed.  The essential processing steps for wastewater treatment of these
streams are:
• Flow and composition equalization;
• Solids removal;
• Soluble organics removal; and
• Metals removal.

The need for a vapor collection and treatment system would arise from the need to control atmospheric
emissions.  The essential processing steps for the control of atmospheric emissions are:
• Collection of vent streams;
• Particulate removal;
• Sulfur, nitrogen compound removal; and
• Organics removal.
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Table 5.4 outlines the unit operations potentially applicable for each processing step, together with their
characteristics and capabilities.  

Table 5.4: Pretreatment Processes

Pretreatment Process Technologies Evaluated
Dewatering

• CDFs
• Temporary Holding FacilitiesPassive Dewatering
• Drying Beds
• Belt Filter Press
• Plate Filters
• Vacuum Filters
• Centrifuges

Mechanical Dewatering

• Gravity Thickening
Physical Separation

• Grizzlies
• TrommelsCoarse Separation
• Froth Floatation
• Hydrocyclone
• Spiral ClassifierFine Separation
• Moving/Vibrating Screens
• Crushers
• Grinders Size Reduction
• Shredders

Thermal Drying
• Flash Dryers
• Spray Dryers
• Rotary Dryers
• Multiple-Hearth Dryers
• Multiple-Effect Dryers

The following observations about pretreatment are pertinent to conditions at the Tar Ponds:
• Mechanical dewatering unit operations can achieve 15 - 35% solids, possibly up to 50% solids, if a

plate press with pressurized membranes is used; 

• Large solids can be separated from the dredged material using coarse screening or a grizzly while the
material still has a significant water content; finer screening operations require a dry feed to avoid
plugging the screen;

• To reduce water content beyond the levels that can be achieved by mechanical dewatering, the solids
must be dried using a system that includes heat to vapourize the water and a dry gas to disperse the
vapour;

• Dry material can be recycled to improve the handling characteristics of material with a higher water
content;

• Dry material can be segregated into particle size by moving screens;
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• Where operations are not curtailed by coal tars, size reduction equipment can be used to reduce the
size of large particles so that all dredged material meets the requirements of those processes that have
particle size limitations;

• Size reduction, drying, recycle and blending all increase the homogeneity of the pretreatment system
product stream;

• Water removed from the dredged material by decantation or mechanical dewatering can be expected
to have characteristics similar to the water in the Tar Ponds, with a pH close to neutral, but with
higher levels of suspended solids and other contaminants including organics;

• Suspended solids can be removed from the decantate and filtrate by gravity separation.  This process
can be made more efficient if flocculation and coagulation are used to increase particle size;

• Much of the soluble organic and sulphide content of the wastewater can be oxidized using a
biological treatment system, e.g., conventional activated sludge treatment; 

• Activated carbon can be used to remove non-biodegradable organics from the wastewater stream –
either as powdered activated carbon added directly to the biological treatment system, or as granular
activated carbon in fixed beds following biotreatment;

• Particulates can be removed from the dryer vent stream by either wet scrubbing or dry techniques
such as a bag house;

• Sulphur compounds and nitrogen compounds, which can create odours, can be removed from air by
adsorption on substrates such as clay or peat, or by absorption into an acidic aqueous solution; and 

• Organic compounds can be removed from the air by adsorption onto activated carbon.

Figure 5.1 presents the pretreatment flowsheet that has been developed based on this set of observations.
Dredged material removed by a clamshell or backhoe would first be allowed to settle, which would allow
water introduced during the dredging to separate.  This water would then be decanted.  At this stage, the
clamshell-dredged material could be expected to be a 15 - 40% solid.  Material at the low end of this
range (15% solids) would be pumpable and could be dried further by mechanical dewatering, while
material at the high end (40% solids) of this range would not be pumpable and would benefit little, if at
all, from mechanical dewatering.  To deal with the complete range of materials which may be received,
versatility must be built into the pretreatment system.  High water content materials could be pumped to a
high-pressure filter press or equivalent device for mechanical dewatering.  Low water content materials
would be transferred to coarse separation equipment, such as a grizzly, for the removal of oversize solids.
Following the coarse separation of the oversize material, a second passive dewatering step, such as a
drainage bed, could be used to remove the remaining free water.  Material could be recycled from the
outlet of the evaporative drying step (discussed below) to further improve the handling characteristics.

Material removed by hydraulic dredging would be routed to a storage tank or basin for passive dewatering
through gravity settling.  Two tanks would be used so that time could be allowed for the solids to settle in
one tank, while dredged material was filling a second.  Water would be decanted from the top of the tank
following a settling period of several hours.  Settled solids would be pumped from the base of the tank to
a mechanical dewatering unit, such as a filter press, for additional solids’ concentration.  
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If further treatment is not planned, the partially dried material from the drainage beds or filter press would
be sent to a landfill, or a contained disposal facility.  If a process involving further treatment was selected,
the dredged material from the filter press (30-60% solids and settled solids from decanting and drainage
of high-solids clamshell-dredged material) would be fed through a coarse solids’ separation device, such
as a grizzly, for separation of coarse or oversize solids (>100 mm).  Silt and fine solids would be water-
washed from the oversize debris to make them suitable for disposal in an uncontained landfill.
Where needed, material which passes the 100 mm openings during the coarse separation step could be
dried to 5-10% water to make it suitable for subsequent pretreatment and treatment processes.
Evaporative drying could be accomplished using a gas-fired tumble dryer or similar equipment.  The dry
material would be transferred to fine separation using a moving or vibratory screen which would separate
particles with a major dimension >25 mm.  These oversize particles would be routed to a size reduction
step (gyratory crusher or impact mill).  Following size reduction, the material would be recycled back to
the screens to ensure that oversize material would not make it past this processing step.  The small, dry,
solids would be routed from the screen outlet to intermediate storage, or to the selected treatment process.
The solids in intermediate storage would be mixed to improve the uniformity of the feed to the treatment
system.

Water would be removed from the dredged material at several stages during the pretreatment process.
Two decant streams, a filtrate stream and a wash water stream, would require treatment before the water
could be discharged.  The wastewater treatment system would consists of four basic process steps:
equalization, settling, biotreatment, and adsorption.  Flow to the treatment system would be variable, as
decantation of water from the dredged material would be intermittent.  An equalization tank would be
used to reduce the variation in flow to the downstream processing steps.  Suspended solids would be
removed by gravity clarification.  The settling rate could be increased and the clarity of the effluent
improved through the use of flocculent polymers.  The soluble organics, i.e., sulfur and nitrogen
compounds, would be oxidized using a biological treatment system.  The settled solids from the gravity
clarification and the net production of biological solids would be returned to the filter press to separate the
water; the solids would be returned to the treatment system.  Non-biodegradable organics would be
removed by adsorption on activated carbon, either on granular activated carbon as a separate processing
step, or with powdered activated carbon in a system integral to the biotreatment.

Dredged material that contains volatile organic and inorganic materials has the potential to emit both
nuisance odours and VOCs to the atmosphere.  Once solids are dredged from the ponds, they would be
transferred to an enclosed building for processing.  The enclosure would serve the dual purposes of
VOC/odour control and freeze protection.  The vessels containing the dredged material in the building
would to the extent possible be covered to minimize fugitive losses within the enclosure.  The building
ventilation system would be maintained at a slight negative pressure to minimize leakage to the ambient
air.  The exhaust from the dryer would be routed to the ventilation system via a particulate removal
system.  Organics and odorous materials in the ventilation exhaust would be removed by adsorption, e.g.,
activated carbon and or biofiltration. 

5.4.4.1 DEWATERING 

Some reduction in the moisture content of the dredged materials would be necessary for most of the
proposed treatment technologies to reduce the weight and frequently, but not always, the volume, of the
material. This in turn could decrease the subsequent costs of handling, transport and treatment and/or
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disposal of the solids.  In some circumstances, however, the removal of water from mechanically dredged
materials would not reduce the total volume, because the water driven from the voids between the
sediment particles would be replaced by air.  Passive dewatering would take place prior to the
classification of the sediment particles by size.

Passive (non-mechanical) dewatering involves those techniques that rely on drainage and natural
evaporation to lower the moisture content.  The objective is to remove water entrained during the
dredging operations to ensure that the dredged materials meet or exceed an in-situ solids content of 15 to
40%.  As the applicability of such techniques assumes that the dredged materials would settle in a
relatively short period of time, a simple pilot test should be undertaken at the outset to confirm that the
material would settle quickly to close to the required in-situ solids standard.

Most major dredging projects employ CDFs for passive dewatering.  CDFs have also been used as both
temporary and permanent holding facilities for contaminated sediments.  CDFs rely on primary settling,
surface drainage, subsurface drainage, consolidation and evaporation.  While the use of CDFs is common,
the process requires a significant amount of land and is relatively slow.  The dredged materials could also
be dewatered in temporary holding/rehandling facilities employing the same design processes developed
for CDFs, but optimizing both the space and time necessary for dewatering.  Another option would be the
use of drying beds. 

For situations such as the Tar Ponds where there is limited shore space, the barges could contain
temporary holding vessels for the clam-shell dredged materials.  Such vessels would need to be covered
and/or sealed to manage odours and emissions.  These vessels could then be transported with minimal
loss of either materials or emissions from the barge to the pretreatment station near the shoreline, or to a
temporary holding facility in the pretreatment system.  Such a temporary holding facility would consist of
an enclosed, heated building with an industrial ventilation system to capture fumes and vapors from the
dredged materials.  During the winter months, the building would have to be heated to prevent the
materials from freezing.  

By deploying such passive dewatering techniques the dredged materials would be allowed to settle and
consolidate in the vessels for periods up to 48 hours depending on the properties of the specific sediment.
Free-standing water collected at the top could then be decanted using an air-diaphragm pump.  In
addition, water would be collected at the bottom of the vessel most likely by a system of perforated pipes
with a rock filter bed; this water could be discharged by gravity to a collection sump.

All decanted water would be discharged to a water treatment facility at the site.  In the event that any
additional dewatering was necessary at this stage, wick drains could be used to promote evaporation.
Wick drains are vertical strips that act as a conduit for the upward transport of water trapped within the
pores of the dredged material.  These strips help promote the transport of water both radially and
vertically and can reduce consolidation time quite significantly.  The use of wick drains would require
additional holding time following decanting.

A similar approach would be employed for hydraulic dredging, i.e., a passive dewatering step followed by
a mechanical dewatering step; the latter is described in the next section.  Hydraulically dredged materials
would be pumped from the tar ponds to a series of batch settling vessels for the passive dewatering. 
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Further passive dewatering might be necessary following the coarse separation of oversized material.
Drying beds, which rely on principles similar to the decanting step, might be appropriate at this stage.
Drying beds consist of pads where piles of materials are allowed to release free-standing water.  The
primary difference between drying beds and the initial decanting step is that evaporation plays a more
dominant role as the material is not held in a covered holding vessel.  The material would be transferred
to the pads and allowed to interact with air while the free-standing water is drained.  The beds would be
located in a segregated room in the heated structure.  Any off-gas would be captured and treated.  The
materials would then be subject to either thermal treatment (rotary kiln), or evaporative drying, as an
additional pre-treatment step prior to material treatment.

These dewatering techniques are used on most dredging projects as the exclusive dewatering process, or
as a precursor to other mechanical dewatering or thermal drying techniques.  Most landfilling options
involve passive dewatering followed by solidification as needed.  It is assumed that mechanical
dewatering, if needed, would be performed using belt filter presses.  

The ease and rate of dewatering is often a major determinant in the cost and time frame of a sediment
cleanup.  Site specific pilot testing of these technologies is usually performed during the design, or pre-
construction phases of a project.

5.4.4.2 PHYSICAL SEPARATION 

Dredged materials frequently contain mixtures of relatively unpredictable large objects such as wood
pieces, shopping carts and boulders which are not acceptable for feed to most treatment processes.
Physical separation techniques are therefore used as a pretreatment step to remove oversized material and
debris.  Another benefit to this physical separation is that most contaminants are bound to the fine-grained
sediment particles and separating the larger coarser materials can reduce the volume of material requiring
treatment.  

Separation of the solid components from the dredged material is generally accomplished by using
physical separation processes that use density, magnetic characteristics (not applicable for this
application), size or surface properties to sort the materials.  Physical separation techniques include the
use of sieves and screens, hydraulic and spiral classifiers, cyclones, settling basins and clarifiers.  These
technologies classify materials by size, or remove oversize particles.  For the purpose of this project, there
are two classes of separation techniques: coarse and fine.  Coarse separation refers to the initial screening
step to remove particles larger than 100 mm.  Fine separation refers to screening particles greater than 10
- 25 mm, with the exact size based on the feed requirements of the chosen treatment technology.  

The most common equipment used for the physical separation of dredged material are listed as follows:

i) Coarse Separation Technologies: Grizzlies and Trommels.

ii) Fine Separation Technologies: Froth flotation, Hydrocyclone, Spiral classifier and Moving/vibrating
screens.

It is assumed that grizzlies with vibrating bars would be used for the coarse separation of dredged solids
for the Tar Ponds and that a moving/vibrating screen would be used for fine separation to meet the
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specifications for the feed material.  This equipment is highly reliable, relatively easy to operate, requires
only a power source and has minimal operation and maintenance requirements.

5.4.4.3 SIZE REDUCTION 

Physical separation will remove oversize objects greater than 100 mm in size (coarse separation) and
those greater than 10 to 25 mm in size (fine separation).  The larger materials can likely be landfilled or
otherwise disposed of off-site.  Most will consist of large rocks and metal debris.  

Particles greater than 10 to 25 mm in size, with the exact sizing limitation determined by the requirements
of the selected treatment technology, will be segregated by the fine screening.  It is expected that the
volume of materials screened by this step will be significant and landfilling, or other off-site disposal,
might not be feasible.  This material might include a large volume of aggregate or organic material (i.e.,
wood or paper) that could be reintroduced to the pretreatment process after some form of size reduction.
Techniques for size reduction include shearing, compression or direct impact processes.  Equipment
commonly used includes crushers, grinding mills and shredders.

5.4.4.4 EVAPORATIVE DRYING 

The purpose of thermal drying is to reduce the moisture content of the dredged materials to less than 20%,
as dictated by the feed requirements for some of the solid treatment technologies.  The moisture content
of the dredged materials at this step in the process, i.e., following two dewatering steps, is expected to be
40 to 60%.  This stage, if needed, is expected to be relatively costly and time-consuming and may become
the rate limiting step that defines the timeline for the entire cleanup.

Thermal drying is the process of reducing water content by providing auxiliary heat to facilitate the
vaporization of water into air (gas or combusted gas product may also be used).  Drying beds (see Section
5.4.4.1 above) rely on vapour pressure differences as the driving force for evaporation.  With thermal
drying heat is added to increase the vapour-holding capacity of the surrounding air.  With the addition of
heat, however, volatile and semi-volatile contaminants present in the dredged material are released; these
off-gases must be captured and treated.  

There are two main types of dryers, direct and indirect.  Direct dryers use convective forces to heat the
feed material through direct contact with air (or gas).  Indirect dryers heat the feed material through
conduction by using hot air, diathermic oil or steam and contact with a heated wall.  Five mechanical
drying technologies, employing both indirect and direct heating forces, might be used to dry the dredged
materials: flash dryers; spray dryers; rotary dryers; multiple-hearth dryers; and multiple-effect
evaporation.  It should be noted that the thermal drying of dredged materials is not common, largely due
to the high costs associated with both the pre-treatment requirements and the treatment equipment itself.
Although the identified drying technologies have not been widely used for drying dredged material, they
have been used quite extensively to dry municipal and industrial sludge.  It is expected that the drying
characteristics of the dredged material might be reasonably similar to those of sludge.  Each of the
identified technologies with proper operation and acceptable feed characteristics is capable of reducing
the moisture content of the feed material to less than 10%.  The following types of dryers are likely
candidates for use:
• Flash Dryers
• Spray Dryers

• Rotary Dryers • Multiple-Hearth Dryers
• Multiple-Effect Dryers
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The design and selection of a dryer system would be determined in association with the technology for
the treatment of the solids since the treatment system will likely generate a source of waste heat, which
could be used to supplement the heat demand of the dryer.  It is likely that a rotary dryer would be
selected if required.
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Chapter 6  Identification of Cleanup Alternatives

6.1 Identification of Cleanup Alternatives
During the screening of the technologies, it became apparent that to meet the objectives of the Tar Ponds
Cleanup Project, most options would require the use of multiple technologies and processes.  Such an
approach to cleanup is not unusual for contaminated sites of this size and complexity and would:
• address efficiently the variations both in the contaminants and their concentrations that exist at the Tar

Ponds Site;
• take into account the diverse physical conditions at the Site;
• enhance process reliability since the outcome would not be dependent on the successful application of a

single technology;
• facilitate completion in a timely fashion; and
• likely be more cost effective than one technology applied to the entire Site.

The RAER Team worked to develop a number of alternatives that could be applied to the cleanup of the Tar
Ponds.  A cleanup alternative is an assemblage of one or more technologies that together represent an
approach to the cleanup of the Tar Ponds Site.  An alternative could consist of one primary cleanup
technology and/or a chain of other technologies intended to address specific aspects and needs of the Cleanup.
Such a chain of technologies could better address:
• access to contaminated materials;
• removal of contaminated materials from in-situ conditions (as required);
• handling and transportation of the materials;
• preparation and/or pre-treatment of the materials; 
• treatment, containment and/or destruction of contaminants; and 
• management, treatment and/or disposal of liquid, solid and gaseous residual emissions and products.

The intent of this chapter is to identify and descript the range of alternatives that are available to address
contamination at the Tar Ponds Site.  The evaluation of each option is detailed in Chapter 7.

6.1.1 Discussion on  Reliability
The Tar Ponds Cleanup Project will be complex with potential for technical failure in one or more structures,
systems, or components, at any one point of time.  For example, a hypothetical simple cleanup approach
based on the removal of contaminated materials would require sediment removal, sediment dewatering,
sediment transportation, sediment treatment, and treated sediment disposal.  The fastest rate at which this
could be accomplished would be dictated by the slowest of these processes.  Failure in any part of the process
could cause downtime that could result in significant delays to the overall Cleanup Project.

The Tar Ponds Site is estimated to contain approximately 700,000 tonnes of material that may need
remediation.  If it is assumed that the maximum acceptable time frame for the Cleanup Project is 12 years, an
average of 60,000 tonnes will have to be dealt with per year (160 tonnes per calendar day).  Weather and
other conditions in Sydney could limit actual working days to 250 days per year.  This would raise the
average flow through requirement for contaminated materials to 240 tonnes per working day.  
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Failure may be defined as demand exceeding capacity.  Most processes at construction and remediation sites
are subject to variability and uncertainty.  For example, an average of 240 tonnes of material might be
dredged per day over a long period, but actual daily rates could vary between 50 and 500 tonnes for any one
of a number of reasons.  Based on this scenario, a treatment unit that could process a maximum of 240 tonnes
per day would be able to process at full capacity part of the time, but unable to process the same volume of
material on another day.  Unless substantial buffering (i.e., stockpiling) of material was available at the front
end of this treatment unit, it would be virtually impossible to treat an average of 240 tonnes per day with a
unit capable of treating only 240 tonnes per day.

In the hypothetical removal scenario, there would be five definable components, or steps, in the cleanup
project.  If each step had a 90 percent probability of achieving 240 tonnes per day, the likely success of the
entire system achieving 240 tonnes per day would be 59 percent (0.59) instead of 90 percent.  This means that
240 tonnes per day could only be achieved 6 days out of 10.  Therefore critical system components, including
treatment technologies, would need to have a capacity significantly greater than 240 tonnes per day to provide
a high probability of averaging 240 tonnes per day over the projected life of the project.  While it is not
possible at this time to completely predict the probabilities of success or failure, the RAER has assumed that
each step in the project should have an individual capacity of at least 600 tonnes per day with a high
probability of achieving this on a daily basis.  

Any system component with a reliability rating that was significantly lower than this could impair the ability
of the project to meet the performance criteria of completing the project on time.  The ability of the entire
system to perform at greater than 240 tonnes per day on average would provide a significant added benefit of
reducing the cleanup time for the project.

Many cleanup technologies have been developed for equipment that operates at less than 100 tonnes per day
(often less than 50 tonnes per day).  Many of these technologies would need to be scaled up to achieve an
average annual throughput of 60,000 tonnes per year or more.  Additional scaling would be needed if the
same equipment was also going to be used for materials from the Coke Ovens site.  This could be
accomplished by substantially increasing the size of the equipment, or by providing several parallel units.
The latter approach would provide additional redundancy in the system, probably resulting in an overall
higher reliability.  For many technologies, however, this redundancy could result in substantially greater costs
associated with both equipment purchase and subsequent operation.  Greater space would also be required for
operating. 

Following a review of comparable sediment cleanup projects in North America, it became apparent that there
is a limited number of technologies that have been used on sediment remediation projects of this size.  The
proven track record of these technologies indicates that they are relatively reliable.  Several have also been
used on projects of widely varying magnitude demonstrating that they can be scaled up or down relatively
easily.  The Tar Ponds project is large.  Therefore, the ability to scale a technology up from a relatively small
project size (hundreds or thousands of tonnes) to meet the requirements of the Tar Ponds needed to be
demonstrated, if the technology was to be recommended as a primary technology for general use on the site.
The ability to scale the technology up is less critical if a specific treatment or process is being recommended
for use on a small subset of the contaminated materials (e.g., PCB materials only).
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6.2 Tar Ponds C leanup Alternatives
The RAER Team has assembled five basic alternatives to the cleanup of the Tar Ponds Site:

• In Situ Containment leave contaminated materials in place and contain with an engineered cover; 

• Ex Situ Containment excavate contaminated material for disposal in a contained facility;

• Ex Situ Destruction excavate contaminated materials and apply technology to destroy the
contaminants;

• Ex Situ Treatment excavate contaminated materials and apply treatment technology to remove or
immobilize contaminants, with re-use, or disposal of residual materials; and

• In Situ Treatment leave contaminated materials in place and apply treatment technologies to reduce
or immobilize contaminants.

One of these alternatives, or a combination, could be used in the development of options for cleanup.  In the
following sections, these alternatives are more fully developed in conjunction with their related materials
handling processes.  The technologies involved in each of the alternatives have been screened by reference to
the Performance Criteria (Section 2.5.1.2 and 5.3.1) and the Key Premises (Sections 2.5.1.2 and 5.3.3).  

In the sections that follow each of the alternative approaches identified are discussed from the perspective of
the Community Evaluation Criteria.  The more rigorous evaluation against these criteria is provided in
Chapter 7.

6.2.1 In-Situ Conta inment Alternative
In situ containment involves the placement of an engineered containment, or cap, over and potentially around,
undisturbed contaminated materials.  Containment barriers have been proven to successfully interrupt
pathways between contaminant sources and receptors.  Containment, however, can be seen as an incomplete
solution because the contaminants remain untreated and in their original location.  Some of the containment
alternatives that have been successfully employed on contaminated sites include the following:

• Sub-aqueous (underwater) containment: This alternative could be applied where the sediments are
located in deeper water, or where a thin capping layer would be adequate.  The finished surface would
remain entirely underwater.  Assuming the containment was effectively applied, there could be a range of
options for the final redevelopment of the Ponds, largely dependent on water depths, salinity and
exposure to the Harbour;

• Above-grade containment: In this alternative the contaminated sediments would be contained below
capping layers, but that the latter that would extend above the water level, creating new land on the
infilled pond area.  Depending on the design of the containment cap, the new land could be used for a
wide range of  purposes from park and recreational use to commercial and/or industrial use.  In this
alternative, consideration would have to be given to the maintenance of the watercourses that run through
the area including the redirection and redeposition of outfalls and surface runoff; and 

• Combination sub-aqueous and above grade containment: In this alternative, as a result of the varying
water depths that exist in the Tar Ponds, the containment cover layers would be located both under and
above the water level, thereby creating new land on part of the infilled Pond area.  Depending on the
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design of the containment cover, and the height above sea level, the new land could be used for a range of
land uses or redeveloped as a coastal wetland.  Consideration would have to be given to the maintenance
of the watercourses that run through the area including the redirection and redeposition of outfalls and
surface runoff. 

6.2.1.1 ESSENTIAL COMPONENTS

The essential components of an in situ containment alternative are the measures used to create the barriers
between the source and the receptors and to confine the contaminants within the containment system.  

The components of an in situ containment alternative for the Tar Ponds Cleanup could include:
• An engineered cover (cap) and subsurface barriers to prevent contact with and transport of contaminated

sediments;
• Implementation of environmental control measures to prevent/contain accidental releases during all facets

of the cleanup;
• An economical supply of suitable materials to construct the cap and barriers;
• A final surface cover composed of materials that would be able to withstand the site environmental

conditions and adverse impacts from all activities associated with the end land use;
• An end land use that would not jeopardize the integrity of the containment; and
• Maintenance and monitoring systems to ensure the long-term integrity and effectiveness of the

containment.

The development of the technology necessary to cap sub aqueous contaminated sediments has evolved from
the capping of sediments as a routine part of dredging and as a result of increased restrictions on the open
water disposal of contaminated dredge materials.  There is less documented experience with capping of more
highly contaminated sediments, where the technology is less than five years old, or is currently being
developed.  Typically, the in situ containment of more highly contaminated sediments has been limited to
smaller sites, but it is expected that the technology could be scaled up to address larger sites. 

6.2.1.2 APPLICABILITY TO THE TAR PONDS

With the exception of the work that would be necessary to accommodate the channelization of the surface
water flows, in-situ containment activities would not require the handling of contaminated materials in the Tar
Ponds, thereby reducing the short-term risks associated with excavation, material preparation, treatment and
disposal activities common to ex situ alternatives.  The main processes would be the delivery, storage,
handling and placement of the containment materials.  Capping and barrier materials are all clean materials,
selected for the purpose of creating a stable containment system.  Conventional construction equipment would
be used for the land-based handling processes and equipment suitable for the marine environment would be
used for placement in the water.  For above grade containment, much of the material placement could be done
from the land, working out into the Pond.  A near-shore staging area would provide the best access and
control.

Contaminated sediments are dispersed throughout the North and South Ponds.  To be effective, containment
barriers would need to isolate these sediments from pelagic and benthic marine organisms and prevent the
migration of the contaminants into the Harbour.  Containment barriers must be complete, covering the entire
subsurface areas of the Ponds.  The South Pond, and a significant proportion of the North Pond, are fairly
shallow (< 1 m).  Placement of an in situ containment cap would, at a minimum, significantly reduce the
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water depths and would likely fill much of the Pond(s) to above the mean water mark.  Construction of a
cofferdam across the North Pond, together with the deployment of localized containment measures around
work areas, could prevent both the dispersion of sediments disturbed by the placement of the caps and reduce
the effect of winds, waves and tides on the capping activities.  The capping material placed in the North Pond
would require additional permanent armouring to prevent future damage by human activities and by currents,
waves and/or ice. 

The placement of an in situ containment cap in South Pond could require the construction of new channels to
carry surface water flows from the Coke Oven Brook and Wash Brook to either the North Pond, or to the
Harbour.  These channels would also collect the waters from the stormwater outfalls that currently discharge
into the South and North Pond and would be designed to accommodate the overflows from the new
interceptor sewer during peak precipitation events. It is to be noted that the new interceptor sewer will
significantly reduce the direct discharge of combined and sanitary sewers into the Brooks and the South and
North Ponds. 

Advantages of In-Situ Containment 
• Could be accomplished with minimal disturbance to the contaminated sediments and with limited

generation of associated odours, vapours, and dust;
• Reliable technologies are available for application to sediments with relatively low levels of

contamination;
• In situ capping has been used in sediment cleanup programs where surficial concentration goals could not

be met through dredging alone; 
• Relatively low costs associated with containment material supply and its placement;
• Limited land required for temporary staging of equipment and storage;
• Relatively short time line for implementation;
• Relies on routine construction equipment and practices; and
• Does not require removal of buried infrastructure/debris.
 

Disadvantages of In-Situ Containment 
• Contaminant sources would not be removed or destroyed;
• Long term maintenance and monitoring would be required;
• In situ containment has been implemented on only a few highly contaminated sites;
• Placement of sub-aqueous caps could fill all of the South Pond and most of North Pond;
• Watercourse relocation would be required at least during and after cleanup, and potentially on a

permanent basis; and
• Containment caps could require protection from coastal forces and human activities.

6.2.1.3 IN-SITU CONTAINMENT IN THE CONTEXT OF THE COMMUNITY EVALUATION CRITERIA

The Community Evaluation Criteria have been a critical reference point for the identification of alternative
technologies and for the development of remedial options.  This section provides a brief outline of how In-
Situ Containment relates to the Community Evaluation Criteria.  Table 6.1 describes the consequences of this
alternative in the context of the Community Evaluation Criteria.  The detailed evaluation of options(s) that
use this alternative is provided in Chapter 7. 
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In summary, the construction of an in situ containment system at the Tar Ponds Site would break the exposure
pathways between the contaminant source(s) and the receptors.  Since the existing contaminated materials
would largely remain undisturbed, opportunities for the generation of odours, vapours, and dust would be
limited.  As the contaminant source, however, would remain unaltered on the Site, there would be some
potential, be it a low potential, for future releases to the environment.  Long term maintenance and monitoring
programs to ensure the integrity of the barrier systems would be required.  

Table 6.1:  In-Situ Containment and the Community Evaluation Criteria 
COMMUNITY EVALUATION

CRITERIA
CONSEQUENSES OF IN SITU CONTAINMENT

Environmentally Sound

Reduce detrimental effect on the environment Exposure pathways are broken. Potential short term adverse effects to the environment
during construction.  Loss of existing habitats.

Enhance long term effectiveness and permanence Continued presence of contaminant source requires maintenance and monitoring.
Improve ecosystems New terrestrial or tidal habitat could be established. 

Economically Responsible
Use a more reliable technology Effective and proven technology. No removal or pre-treatment processing required. Low

potential for complications to arise. 
Cost effectiveness The costs could be low as compared to other approaches.  Long term maintenance and

monitoring must be factored in.
Use of local material Would use local materials.

Health Conscious
Minimize health risk Proven technology when combined with long term protection.  Maintenance and monitoring

required to ensure system integrity. 
Minimize dust and vapours Potential for dust from on-site handling of the containment material during construction.

Vapour potential is low unless the contaminated sediments are disturbed.
Minimize odours Odour potential is low unless the contaminated sediments are disturbed.

Socially Acceptable
Maximize long term benefits Potential benefits might include parkland and/or land for commercial or industrial

development.  Waterway development would generally be limited to narrow channels and
tidal flats.  Contaminant sources are neither removed nor altered.

Use of local labour Potential for use of local labour.
Minimize construction and cleanup time Shortest likely time line for implementation assuming efficient mobilization and placement of

cap materials.

6.2.2 Ex Situ Conta inment Alternative
Ex situ containment is the most commonly used approach for the cleanup of contaminated sediments and soils
in projects of a similar magnitude.  An ex situ containment would remove the contaminants from their current
location and place them inside a barrier intended to break the pathway between the source and the receptor.
As with the in situ alternatives, ex situ containment can be viewed as an incomplete solution as the
contaminant source is not destroyed.  The excavated materials could be treated prior to their disposal in the
containment facility to improve their handling, to reduce or alter the contaminant source, and/or to reduce the
volume of materials requiring disposal.  Many large contaminated sediment sites place dredged materials in a
confined disposal facility (CDF) in, or adjacent to, the water body to reduce the requirements for extensive
dewatering and material processing. 
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The excavation and handling of contaminated materials could result in short-term environmental risks
associated with excavation, preparation, storage, transport and disposal, as well as nuisance issues such as
dust, odours, vapours and noise.  Similar issues would be associated with processes for the delivery, storage,
handling and placement of the containment materials. 

Ex situ containment alternatives appropriate for application to the Tar Ponds Site include:

• Removal and disposal in an existing off-site containment facility (landfill): This alternative would require
the excavation and transport of the contaminated materials to an approved disposal area remote from the
Tar Ponds site.  The distance to the selected site, especially for out-of-province locations, could
considerably affect the logistics and the costs of the cleanup.  Based on the anticipated volumes and
characteristics of contaminated materials from the Tar Ponds, the RAER Team was unable to identify an
existing containment facility that could accept all, or most of the material, requiring remediation;

• Removal and disposal in a new off-site containment facility (landfill): This alternative would require the
siting, assessment, permitting and construction of a new off-site containment.  Siting of a new
contaminated materials disposal facility could be a lengthy and complex process and could result in
additional time required to address site selection, assessment, permitting and construction.  A new off-site
containment facility could also require the identification and possible construction of road and/or rail
transportation links through the local (and potentially other) community.  Transportation costs would
increase with distance from the Site; and

• Removal and disposal in a new on-site containment facility (CDF or landfill): This alternative would
require the construction of a permanent contaminated materials containment facility on either the Tar
Ponds or the Coke Ovens Site, minimizing the costs and impacts associated with off-site disposal, and
potentially shortening the time requirements for the cleanup.  A CDF could be constructed at a location
within the Tar Ponds, or a contained landfill could be constructed on the Coke Ovens Site.  Either type of
facility would require site-specific design and permitting.

6.2.2.1 ESSENTIAL COMPONENTS

The essential components of an ex situ containment alternative are technologies used to excavate and prepare
the materials for transport and deposition and the liners and caps used to create the barriers between the
source and the receptors and to confine the contaminants within the containment facilities.  

Components of an ex situ alternative to the Tar Ponds Site Cleanup would include:
• Excavation, preparation and on or off-site transport technologies to move the contaminated material;
• Pre-treatment technologies for the excavated materials and the treatment (as required) of decanted water

prior to discharge;
• An economical supply of suitable capping and barrier materials;
• Environmental control measures to prevent/contain accidental releases during all facets of the cleanup;
• An engineered liner and cover (landfill) or lateral barriers and a cover (CDF);
• A surface cover composed of materials capable of withstanding site environmental conditions and the

stresses of the (potential) end land use;
• A maintenance and monitoring program to ensure long-term effectiveness; and
• An end land use that would not jeopardize the integrity of the containment.
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A significant proportion of the estimated costs of an ex situ containment alternative could be associated with
materials handling at the site and again at the containment facility, the construction of a new containment
facility, and, as required, off-site transportation of the contaminated materials.  

6.2.2.2 APPLICABILITY TO THE TAR PONDS

Ex situ containment (either on or off-site) of contaminated materials is considered a reliable technology with
potential for application to the Tar Ponds Site.  Implementation could be accomplished in a relatively short
time frame, when compared with other cleanup alternatives, but consideration would need to be given to the
time required to permit either an existing containment facility or the siting and construction of a new facility.
Included in this phase would be the need to identify transportation routes and the methods of transportation.  

Most containment facilities incorporate provisions for leachate monitoring, collection and treatment.  Where
the organic content of the disposed material is high, as is the case with the Tar Ponds’ sediments, the potential
for the generation of methane gas would have to be addressed through associated mitigative measures such as
venting and off-gas collection systems and treatment.  Long term maintenance and monitoring of the integrity
of the containment barriers would also be required. 

In both the North and South Ponds, additional technologies would be required to isolate excavation areas
from the local environment, to collect and dispose of wastewater from the de-watering processes, to handle,
store and dispose of entrained debris, and to prepare the contaminated materials for transportation to the
containment site.  Excavation and handling of the contaminated materials could result in the production of
dust and noxious odours.  

The ex situ containment alternative could work effectively in conjunction with the cleanup of the Coke Ovens
site.  Co-disposal with Coke Ovens material, particularly at an engineered landfill on the Coke Ovens site,
could benefit both site cleanup operations.

Advantages of Ex Situ Containment
• Reliable cleanup alternative (both CDFs and landfills) for contaminated sediment sites of this size;
• Hydraulic dredging could be employed if disposal is to a CDF;
• Minimal treatment and processing of excavated material to remove or reduce contamination;
• Lower overall costs associated with containment material supply and placement;
• On site containment facility could reduce traffic through community and lower costs;
• Estimated high rate of removal from Ponds assists in relatively short time line for implementation; and
• Relies largely on routine construction equipment and materials.

Disadvantages of Ex Situ Containment
• Contaminant sources would be removed, but not destroyed;
• Long-term maintenance and monitoring would be required;
• Could require treatment of decanted water prior to discharge to the environment;
• Some material preparation, such as solidification, could be needed to facilitate handling, transportation

and disposal;
• Could be requirements for leachate collection and treatment;
• Costs associated with excavation, material preparation, transport and final containment;
• Transportation costs would increase with distance from site;



RAER - Tar Ponds Identification of Cleanup Alternatives 6-9
February 2003 – Final Report CBCL – ENSR

• Time line issues associated with siting and approval requirements for a new CDF / landfill;
• (Potential) removal, treatment and disposal of entrained debris; and
• Traffic and other issues associated with (off-site) movement of contaminated materials through

community.

6.2.2.3 EX SITU CONTAINMENT IN THE CONTEXT OF THE COMMUNITY EVALUATION CRITERIA

The Community Evaluation Criteria have been a critical reference point for the identification of the
alternative technologies and for the development of the remedial options.  This section provides a brief outline
of how Ex Situ Containment relates to the Community Evaluation Criteria.  Table 6.2 describes the
consequences of this alternative in the context of the Community Evaluation Criteria. The detailed evaluation
of option(s) that use this alternative is provided in Chapter 7.  

In summary, this cleanup alternative for the Tar Ponds would have a moderate cost and relatively rapid
implementation, once an approved location for disposal was identified and made operational.  Ex situ
containment breaks exposure pathways to human and ecological receptors, but the contaminants would not be
destroyed, leaving a potential for future exposure.  Ex situ containment is based on the excavation of all
contaminated materials and can require a high degree of handling, which has the potential to increase the
short term risk of exposure.  

Table 6.2: Ex Situ Containment and the Community Evaluation Criteria
COMMUNITY EVALUATION CRITERIA CONSEQUENCES OF EX SITU CONTAINMENT

Environmentally Sound
Reduce detrimental effect on the environment Removal of sediments could cause re-suspension of contaminants. 
Enhance long term effectiveness and permanence Potential benefits include removal of contaminants from the Ponds, but the on-site or off-

site CDF/landfill remains a liability.
Improve ecosystems New marine and aquatic habitat could be established. Exposure pathways to the existing

ecological receptors would be broken. 

Economically Responsible
Use a more reliable technology Effective technology for low level contaminants, but less proven for higher concentrations. 
Cost effectiveness Costs would be low as compared to other ex situ alternatives, but would increase with off-

site containment. Long term maintenance and monitoring must be factored in.
Use of local material Would use local material.

Health Conscious
Minimize health risk Proven technology when combined with long term protection, maintenance and monitoring

for system integrity.
Minimize dust and vapours Potential for dust and vapours from on-site excavation, handling, transportation and

disposal of the contaminated material and from the construction of the containment facility.
Minimize odours Odours could be produced during removal and handling.  Ongoing issues may result during

passive dewatering of sediments in a CDF.

Socially Acceptable
Maximize long term benefits Potential benefits might include parkland, and/or land for commercial or industrial

development.  Waterway could be completely restored.  Contaminant source is removed,
but not destroyed.

Use of local labour Potential for use of local labour.
Minimize construction and cleanup time Shorter time for implementation than some other options based on efficient removal,

transportation and disposal of materials, including placement of liner and cap, and relatively
short time to mobilize.  Off site disposal could require extension to timeline. 
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6.2.3 ExSitu Destruction Alternative
Ex situ destruction alternatives involve the removal of contaminated materials and the destruction of the
contaminants through the application of high temperature combustion technologies such as co-burning and
incineration.  Co-burning would involve the blending of contaminated materials with other fuels for
combustion at a power plant.  Incineration technologies would use the contaminated materials as a separate
feed with another fuel source to sustain combustion conditions for effective contaminant destruction.  Where
energy recovery was an element of the technology, the heat generated could be used as a heating source or
converted to electricity.  In all destruction alternatives that utilize combustion technologies, emission controls
and residual ash disposal requirements should be considered as integral elements.

Ex situ destruction alternatives appropriate for application to the Tar Ponds Site include:

• Combustion in an existing power plant: This alternative could allow for the complete energy recovery
from the combustion of the contaminated material, while using existing equipment and systems for
emissions control and ash disposal.  Some new infrastructure could be required to accommodate the
preparation and use of the Tar Ponds materials.  Costs and other associated issues for transportation to an
off-site destination would need to be taken into account, especially for an out-of-Province destination. As
most existing facilities are not permitted to burn PCB sediments (>50 mg/kg), only the PAH
contaminated sediments could be combusted.  PCB sediments (>50 mg/kg) would have to be addressed
through an alternative technology;

• Combustion in the existing site incinerator: This alternative would allow for energy recovery using
existing systems.  Some retrofit/upgrading of the existing facilities, as well as new infrastructure, would
be required to address the PAH contaminated sediments.  The existing facility would also require
regulatory approval for the combustion of PCB sediments (>50 mg/kg).  Although issues and costs
associated with transportation would be minimized, other issues related to the permitting and operation of
an incinerator at this location would require attention;

• Combustion in an existing permitted incineration facility (remote location): In this alternative PCB
sediments (>50 mg/kg) could be transported for destruction to an off-site incineration facility remote from
the Tar Ponds Site.  Costs and other associated issues for transportation to an out-of-province destination
would be considerable.  It is likely that only PCB sediments (>50 mg/kg) would be handled through this
alternative, leaving the remaining material to be addressed through an alternative technology;

• Combustion in a new incinerator on-site: This alternative could involve either the construction of a new
on-site incinerator, or the use of a temporary mobile incinerator on-site.  In addition to other contaminated
materials, PCB sediments could be combusted in a mobile facility designed for that purpose.  It would
also be possible to use the heat produced during this process as part of a thermal drying unit to dry the soil
prior to incineration; and

• Slurry-Phase Bioremediation: Slurry-phase bioremediation has been used successfully on large-scale
projects for tarry, oily materials.  The bioremediation process would use microbes to break down organic
contaminants into harmless end products, such as carbon dioxide and water.  However, it is generally
ineffective on PCBs and metals and would only be appropriate for application to the remediation of the
Tar Ponds PAH sediments.  Although contaminant levels could be significantly reduced, bioremediated
sediments could still require disposal in a contained facility.
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• Speciality Technologies: These have generally been developed for relatively small quantities of
contaminants and include plasma, vitrification, and hydrogen reduction.  These technologies could be
used for treatment of contaminants that have been concentrated using a treatment technology.  In
particular, they would be most appropriate for use on concentrated PCBs.

National guidelines for hazardous waste incineration facilities (CCME, 1992) propose setback distances for
permanent facilities of 1,500 m from residential areas, schools, hospitals and other public buildings.  The
construction of a new permanent hazardous waste incinerator at either the Tar Ponds or Coke Ovens sites is
not proposed.  The CCME guidelines do not apply to mobile hazardous waste incinerators which, depending
on the circumstances, may be subject to either provincial or federal regulation, neither of which have specific
restrictions on location. 

6.2.3.1 ESSENTIAL COMPONENTS

The essential components of an ex situ destruction alternative are technologies used to excavate and prepare
the materials for transport and treatment, the treatment technologies and technologies used for the final
disposal of residual materials (ash). 

Components could include:
• Excavation, preparation, handling and on or off-site transportation of the contaminated material;
• Designation of large areas of the Site for material storage during handling and processing to ensure that a

homogenous product can be provided and the destruction unit could operate at full capacity;
• Treatment of decanted water and wastewater effluents as an auxiliary process to the main cleanup

operation;
• Preparation and drying of the contaminated materials to prepare for effective combustion;
• Dedicated cleanup alternatives for the treatment of PCB sediments;
• Control systems to manage potential limitations to the rate and efficiency of the process created by one or

more of the steps required from excavation, dewatering and feed preparation to the combustion unit and
ash disposal;

• Emission controls and process monitoring to ensure performance criteria for combustion are achieved;
and

• Energy recovery systems. 

6.2.3.2 APPLICABILITY TO THE TAR PONDS

An ex situ destruction alternative would effect a permanent solution to contamination at the Tar Ponds Site
through the destruction of the contaminant source.  When feasible, this alternative can often be the preferred
option (CCME, 1991).  However, the requirements for excavation, handling and preparation of the
contaminated materials could add significantly to overall costs and material preparation time.  As with other
ex situ alternatives, the excavation of the contaminated materials from the Tar Ponds could generate nuisance
issues such as noise, dust vapours and odours.  The handling, storage and treatment of PCB sediments (>50
mg/kg) would be governed by specific Federal and Provincial regulations and standards.  This alternative
might also generate residual materials that contained elevated concentrations of metals, which would, in turn,
require additional treatment and/or special disposal.  

Combustion of the Tar Ponds material is the only destruction alternative proven at the scale applicable to this
site.  The successful use of a rotary kiln incinerator for PAH impacted sediments at the Bayou Bonfouca site
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(Louisiana) in the early 1990s has shown that incineration can be a reliable technology at the scale required
for the Tar Ponds.  It should be noted that incineration has not been used on a significant sediment project
since the Bayou Bonfouca site, primarily due to the high cost associated with the technology and its
application and local opposition.  The siting, assessment and construction of a new off-site combustion
facility could impose limitations to the project timeline and increase costs.  Mobile destruction facilities are
commercially available (including those capable of handling PCB materials) and could be mobilized to the
site relatively quickly.  

As a potential feed to a combustion process, the Tar Ponds material offers both positive and negative features.
The sediments as tested were moderately high in heat content (about 9000 Btu).  This could provide some
energy input and facilitate the combustion process.  Although many of the contaminants of concern would be
destroyed by the combustion process, it is anticipated that there would need to be extensive processing before
the Site materials would be considered an acceptable feed.  Feed properties such as size, moisture, ash content
and handling properties must be compatible with the selected combustion process.  The requisite reduction in
the moisture content of those soils excavated from below the water table could require significant time and
energy. 

Advantages of Ex Situ Destruction
• Not widely used for contaminated sediments, but expected to be effective based on experience with

similar contaminants;
• Contaminants would be removed from the Site and (organic contaminants) destroyed;
• Potential for reuse of ash materials as backfill at Coke Ovens site if regulatory requirements are met; 
• No post cleanup site use limitations at the Tar Ponds; and
• Potential for energy recovery, off-setting costs.

Disadvantages of Ex Situ Destruction
• Significant material handling could be required to prepare feed;
• Level of inorganic contaminants in ash could require disposal in a contained landfill;
• Moderate costs associated with excavation, handling and transport.   Additional costs for material

preparation and destruction.  Transport costs increase with distance from site;
• Could require treatment of decanted water prior to discharge to the environment;
• The timeline for the cleanup could be lengthened by the time requirements for the destruction technology,

which typically can be slower than other alternatives;
• The timeline could also be lengthened by issues associated with siting of new facilities or upgrading of

the existing;
• Careful monitoring of the process is required to provide for complete combustion; and
• Traffic and other issues associated with (off-site) movement of contaminated materials through the

community.



RAER - Tar Ponds Identification of Cleanup Alternatives 6-13
February 2003 – Final Report CBCL – ENSR

6.2.3.3 EX SITU DESTRUCTION IN THE CONTEXT OF THE COMMUNITY EVALUATION CRITERIA

The Community Evaluation Criteria have been a critical reference point for the identification of the
alternative technologies and for the development of the remedial options.  This section provides a brief outline
of how Ex Situ Destruction relates to the Community Evaluation Criteria.  Table 6.3 describes the
consequences of this alternative in the context of the Community Evaluation Criteria.

The detailed evaluation of option(s) that use this alternative is provided in Chapter 7.  In summary, an ex situ
destruction alternative to cleanup of the Tar Ponds Site would eliminate, or significantly reduce the
contaminant source, but could be expected to have relatively high costs and a longer implementation period.
Ex situ destruction significantly reduces the potential for future exposure to the contaminants.  However, there
are relatively high materials handling requirements that could increase the risk of exposure during the cleanup
process.  

Table 6.3: Ex Situ Destruction and the Community Evaluation Criteria
COMMUNITY EVALUATION

CRITERIA
CONSEQUENCES OF EX SITU DESTRUCTION

Environmentally Sound
Reduce detrimental effect on the environment Removal of the sediments could re-suspend the contaminants. 
Enhance long term effectiveness and permanence Permanent solution through destruction of organic contaminants. Processes could result in

elevated concentrations of metals in ash residuals requiring waste disposal.
Improve ecosystems New marine and aquatic habitat could be established. Exposure pathways to the existing

ecological receptors would be broken. 

Economically Responsible
Use a more reliable technology Combustion is rarely used for contaminated sediments, but is expected to be effective

based on experience with coal tar impacted materials and the relatively high energy content
of the sediments.

Cost effectiveness Some destruction technologies could be relatively expensive due to anticipated materials
processing requirements. 

Use of local material Material requirements are minimal. 

Health Conscious
Minimize health risk Destruction would minimize long term health risks.
Minimize dust and vapours Excavation, handling, and transportation of contaminated material could generate dust and

vapour.  Emission control technologies would be required.
Minimize odours Odours could be produced during materials removal and processing.

Socially Acceptable
Maximize long term benefits Destruction of contaminants could free the site for constructive reuse.  Waterway could be

completely restored.
Use of local labour Potential for use of local labour.
Minimize construction and cleanup time The cleanup time would probably be longer than containment alternatives and equivalent to

most treatment alternatives.

6.2.4 Ex Situ Treatment Alternative
Ex situ treatment alternatives require the removal of the contaminants, would reduce the concentration levels,
but would not necessarily destroy the contaminants. With the exception of S/S, the primary features of such
treatment alternatives are the separation and concentration of the contaminants, which would result in a
reduction in the volume of material requiring further treatment or disposal.  
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Ex situ treatment technologies appropriate for use at the Tar Ponds Site include:

• Solidification/Stabilization (S/S): This alternative involves the mixing of a reactive additive into the
contaminated materials to solidify the materials and immobilize the contaminants.
Solidification/Stabilization could be applied to previously treated material for which the volume was
already significantly reduced, but that required additional treatment to stabilize metals or other residual
contaminants.  S/S can result in improved handling properties, but it often comes at the expense of
increased volume.  The application of S/S could be most appropriate when used in combination with other
technologies where the immobilization and improved handling properties would be useful.  S/S has been
proven to be reliable during the cleanup of large volumes of contaminated materials and could be best
suited to the Tar Ponds Cleanup when applied in combination with other technologies, such as
containment; 

• Thermal desorption: In thermal desorption organic contaminants are released from the materials,
collected and/or destroyed.  Thermal desorption has been proven reliable when applied to the cleanup of
large volumes of material at other sites, including coal tar impacted materials from manufactured gas
plant sites.  However, the high carbon content of the Tar Ponds material tested during the Technology
Demonstration Program was considered to be an impediment to the effectiveness of the thermal
destruction technology employed, and would increase both the costs and required processing time.
Thermal desorption, however, could be used to reduce contaminants prior to disposal in a containment
facility;  

• Pyrolysis: The processes employed by pyrolysis treatment systems are related to those used in thermal
desorption, as well as those employed in coke production.  Pyrolysis treatment of Tar Ponds material
would likely produce products similar to those generated by the original Coke Ovens operations.  This
could include a variety of substances, with the contaminants typically concentrated in oils and tars.  A
pyrolysis process would desorb and chemically modify the organic contaminants, or break them down.
Some of the by-products could be reusable (unless contaminated with PCBs), benefiting the process
economics. Pyrolysis treatment systems might need augmentation with a combustion technology to burn
the residual fuel product;

• Soil Washing: Soil washing technologies could be applied to the Tar Ponds sediments to separate
components and concentrate the contaminants, but could not be expected to completely remove the
organic materials.  As the contaminants in Tar Ponds sediments can be bound to the organic content and
fines (which constitute a substantial percentage of the mass), the primary benefit of soil washing
(reduction of the mass of contaminated material) would not be achieved.  Further treatment of washed
residuals and/or more treatment of the concentrated material would be required.  The Technology
Demonstration Program attempted to produce a fuel from the collected material although the presence of
PCBs complicated this substantially.  In general, while soil washing has been used effectively on small
projects, it is still unproven at treating large volumes of highly contaminated sediments.  Although
contaminant levels in treated sediments could be reduced, it could still be necessary to apply further
treatment technologies, and/or to dispose of the resultant sediments in a contained facility; and

6.2.4.1 ESSENTIAL COMPONENTS

The essential components of ex situ treatment alternatives include the excavation, preparation, transportation
and treatment technologies used to remove the contaminated materials, transport them to the treatment
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facility, and prepare them for treatment.  Included are the additional treatment and disposal technologies
required to address residual materials and emissions produced by the treatment systems.  

Other important features of ex situ treatment alternatives would include:
• Excavation, preparation, handling and on or off-site transport of the contaminated materials;
• Designation of large areas of the Site for material storage during handling and processing;
• Treatment of decanted water and wastewater effluents as an auxiliary process to the main cleanup

operation;
• Dedicated technologies for the treatment of PCB materials;
• Limitations to the rate and efficiency of the treatment processes created by one or more of the steps

required from excavation, dewatering, and feed preparation to the treatment process and residuals
disposal;

• Control of volatile and particulate emissions and process monitoring to ensure operational criteria for the
treatment are met;

• The final end use of the site would be relatively unrestricted; and
• Potential for product recovery with some technologies (coal and coal tar could be recycled or used as

fuel).

6.2.4.2 APPLICABILITY TO THE TAR PONDS

As demonstrated during the TDP (Vaughan, 2002), treatment of Tar Ponds sediments can be problematic.
None of the TDP tested technologies demonstrated the ability to treat all contaminants in the sediments to the
standard defined for that project (CCME, 1991).  TDP treatment technologies appeared to be hampered by the
combination of high carbon content, PCBs and metals contained in the site sediments, as well as the physical
characteristics of the sediments.  As TDP tested technologies have demonstrated a level of success when
applied to the cleanup of other contaminated sites, there remains a recognized potential for their utilization at
the Tar Ponds Site if applied under specific conditions.  These technologies could have a practical application
when applied as part of a multi-technology treatment train, which could overcome the limitations inherent to
any one technology.  

A cleanup alternative that is based on a muti-technology approach adds complexity and could potentially
increase the overall costs of the Cleanup Project.  There could also be an increased concern for reliability if
the final design selected is comprised of a previously untested combination of technologies.  When assessing
the practical reliability of technologies, the RAER Team evaluations were limited as the experiential record to
date for these processes is based on much smaller projects.  The equipment involved in these undertakings is
not of a scale capable of handling the volumes and throughput estimated to be required by the Tar Ponds Site
Cleanup.  The required scale up would be significant and not without risk.  Several treatment technologies
reviewed could be used, however, as a secondary technology to be applied in specific circumstances, and to a
limited volume of Tar Ponds material, and/or to treat a residual from another treatment or destruction
technology.

Advantages of Ex Situ Treatment
• Contaminant sources are removed, separated, altered, reduced, concentrated and/or destroyed; 
• There is a range of treatment technologies available;
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• Treated material that has no residual contaminants could be suitable for use as fill material; and
• By-product recovery could off-set some costs of implementation.

Disadvantages of Ex Situ Treatment
• Significant material handling requirements for transport, storage and to prepare feed stock; 
• Requirements for excavation, material preparation, transport and treatment and disposal of residuals

increase costs.  Transport costs would increase with distance of the facility from the Site.
• Treated materials could contain residual levels of contamination requiring additional treatment, and/or

special disposal conditions;
• Could require treatment of decanted water prior to discharge to the environment;
• Significant area of land and/or related facilities and processing areas required;
• Increased time line to treat;
• Transport of contaminated materials if treatment takes place off-site. 

6.2.4.3 EX SITU TREATMENT IN THE CONTEXT OF THE COMMUNITY EVALUATION CRITERIA

The Community Evaluation Criteria have been a critical reference point for the identification of the
alternative technologies and for the development of the remedial options.  This section provides a brief outline
of how Ex Situ Treatment relates to the Community Evaluation Criteria.  Table 6.4 describes the
consequences of this alternative in the context of the Community Evaluation Criteria. The detailed evaluation
of option(s) that use this alternative is provided in Chapter 7.  

In summary, Ex Situ Treatment of Tar Ponds contaminated sediments could have relatively high cost and a
prolonged implementation period.  Although treatment is intended to reduce, alter and/or destroy
contaminants, few technologies reviewed could destroy all contaminants, and would require the addition of
other alternatives to complete the cleanup.  Most treatment technologies have specific requirements for
feedstock that would increase the materials handling as well as the potential risk of exposure.  Successful
application of these technologies at the scale of the Tar Ponds is generally unproven.  
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Table 6.4: Ex Situ Treatment and the Community Evaluation Criteria
COMMUNITY EVALUATION

CRITERIA
CONSEQUENCES OF EX SITU TREATMENT

Environmentally Sound
Reduce detrimental effect on the environment Removal of the sediments could re-suspend the contaminants. 
Enhance long term effectiveness and permanence Semi-permanent to permanent solution depending on level of destruction of contaminants.

Processes could result in elevated concentrations of metals in ash residuals requiring waste
disposal.

Improve ecosystems New marine and aquatic habitat could be established. Exposure pathways to the existing
ecological receptors would be broken. 

Economically Responsible
Use a more reliable technology Many treatment technologies have not been proven reliable at this scale of cleanup. Pilot

scale or limited application of some technologies would be advisable before committing a
significant proportion of the project to a single treatment technology.  An exception would
be solidification/stabilization which is commonly performed to prepare contaminated
sediments for containment

Cost effectiveness Relatively expensive. The exception is solidification/stabilization which is generally cost
competitive with advanced dewatering techniques for wet sediments.

Use of local material Material requirements are minimal. 

Health Conscious
Minimize health risk Reduction, alteration and/or destruction of contaminants in materials and residuals should

reduce long term health risks.
Minimize dust and vapours Potential for dust and vapours from on-site handling of contaminated materials.  Emission

control technologies could be required.
Minimize odours Odours could be produced during materials excavation, handling and disposal, and from

the treatment processes.

Socially Acceptable
Maximize long term benefits Destruction of contaminants could free the site for constructive reuse. Waterway could be

completely restored.  Contaminant source is removed and altered, reduced and/or
destroyed.

Use of local labour Potential for use of local labour dependent on the technology(s) selected.
Minimize construction and cleanup time The cleanup time would probably be longer than containment alternatives and equivalent to

some destruction alternatives. The exception could be solidification/stabilization if used to
accelerate dewatering and containment.

6.2.5 In-Situ Treatment Alternative
In situ treatment alternatives alter, reduce and/or destroy contaminants while they are in their original
location.  The purpose of the in situ solidification/stabilization would be to immobilize the contaminants to
reduce or break the exposure pathway, and to harden the sediments to reduce the effects of erosive forces. To
improve habitat regeneration and provide protection, a protective cover or cap could be required. 

Few in-situ treatment alternatives could be considered as having the potential for application to conditions at
the Tar Ponds Site due to the limitations imposed by site conditions, including the aquatic environment in
which the contaminated materials are located, the heterogeneity of the materials, and the relatively high levels
of entrained contaminants.   Only in situ solidification/stabilization was considered appropriate for
consideration as an in-situ alternative for cleanup.
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• Solidification/Stabilization (S/S).  This alternative is based on the same principles as ex situ
solidification/stabilization..  Mixing of S/S reagents is typically accomplished using a backhoe bucket or
an attachment mounted on an excavator.  At the Tar Ponds Site, S/S could be accomplished by working
from shore to treat and stabilize a small area at a time  Treated areas could then be used as a base for
equipment access to the next area for treatment.  Where treated areas result in the creation of above grade
land, the surface could be capped with till and topsoil and revegetated.  S/S technologies could more
easily be applied in the South Pond rather than the North Pond, as larger areas could be accessed from the
existing shoreline.  Application of S/S in the North Pond could require waiting for the volume expansion
inherent in stabilization processes to raise both the level of the sediment, and to improve its stability such
that equipment could work on previously treated areas. 

6.2.5.1 ESSENTIAL COMPONENTS

Essential components of in situ treatment are sourcing and on-site storage of the additives / reagents, and
sufficient equipment access to the contaminated materials to ensure adequate mixing.  

Other important features of in-situ treatment alternatives include:
• Mixing of the reagents and sediments could result in the release of vapours and odours;
• Ready access to solidification/stabilization additives;
• Solidification/stabilization will increase the volume of contaminated materials, but improve their physical

properties, by increasing strength, decreasing compressibility, decreasing permeability and generally
improving handling characteristics;

• Insufficient mixing or contact between the treatment additives and the contaminated materials could result
in residual and unacceptable levels of contamination; and

• Surface water flows must be controlled and/or redirected during the cleanup operation and permanently as
required by the changes to the Ponds bathymetry.

6.2.5.2 APPLICABILITY TO THE TAR PONDS

In situ solidification/stabilization is not widely practiced for sub-aqueous marine sediments although it has
been used at numerous industrial waste lagoons.  In situ solidification/stabilization could be best applied in
conjunction with an in situ containment alternative where the elevation of the sediment surface is raised to
create a tidal flat or dry land.  S/S would assist the permanence of a containment solution.  In situ
solidification/stabilization could also be used in a confined disposal facility to improve the bearing properties
of the dredged sediments or improve the permanence of the solution.

Advantages of In Situ Treatment
• Could be accomplished with minimal disturbance to the contaminated sediments and with limited

generation of associated odours, vapours and dust; 
• Relatively low costs related to materials supply and application; 
• Relatively short timeline for implementation;
• Relies on routine construction equipment and practices;
• S/S could require only temporary staging areas on land; and 
• S/S could be applied with other alternatives such as containment.
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Disadvantages of In Situ Treatment
• Contaminants are altered, but not destroyed;
• Treated sediments would required protection from the elements to reduce breakdown resulting from

freeze-thaw, wave action, or other physical forces;
• Maintenance and monitoring would be required to ensure continued effectiveness; 
• Application in areas that are currently under water could be difficult and more costly; and
• Treatment additives must sufficiently contact contaminated soils for successful treatment. Entrained

debris in the sediments as well as the heterogeneous character of the material could reduce the
effectiveness of the application especially if rotating attachment mixers are used.

6.2.5.3 IN SITU TREATMENT IN THE CONTEXT OF COMMUNITY EVALUATION CRITERIA

The Community Evaluation Criteria have been a critical reference point for the identification of the
alternative technologies and for the development of the remedial options.  This section provides a brief outline
of how In Situ Treatment relates to the Community Evaluation Criteria.  Table 6.5 describes the consequences
of this alternative in the context of the Community Evaluation Criteria.

The detailed evaluation of option(s) that use this alternative is provided in Chapter 7.  In summary, the
cleanup of the Tar Ponds by In Situ Treatment could have lower costs and a shorter timeline for
implementation than other cleanup alternatives.  Although S/S, for example, would immobilize contaminants
and reduce the potential for their migration to the environment, the contaminant source remains in place and
there could be a potential for future exposure.  Maintenance and monitoring would be required. 

Table 6.5:  Comparison of In Situ Treatment with the Community Evaluation Criteria
COMMUNITY EVALUATION

CRITERIA
CONSEQUENCES OF IN SITU TREATMENT

Environmentally Sound
Reduce detrimental effect on the environment Exposure pathways are broken. Short term adverse effects to the environment during

construction. Loss of existing habitats.
Enhance long term effectiveness and permanence Continued presence of contaminant source requires maintenance and monitoring.
Improve ecosystems New terrestrial or tidal marsh habitat could be established. Exposure pathways to the

existing ecological receptors would be broken. 

Economically Responsible
Use a more reliable technology Not commonly applied in the sub-aqueous marine environments, but reliable for

stabilization of large volumes of industrial lagoon sediments.
Cost effectiveness Relatively less expensive than other treatment technologies and there are no associated

costs for excavation and disposal.
Use of local material Potential for use of local material (fly ash) as an additive.

Health Conscious
Minimize health risk Contaminant source may not be removed or destroyed. Technology should be combined

with long term protection, maintenance and monitoring for system integrity
Minimize dust and vapours Potential for dust and vapours from mixing of reagents and sediments.
Minimize odours Potential for odours from mixing of reagents and sediments.

Socially Acceptable
Maximize long term benefits As contaminants remain in place and the treated material should be protected, post clean-

up land use could be limited. Large areas that are now open water in the Ponds could be
filled.   Contaminated source is neither removed nor destroyed.
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COMMUNITY EVALUATION
CRITERIA

CONSEQUENCES OF IN SITU TREATMENT

Use of local labour Potential for use of local labour.
Minimize construction and cleanup time The cleanup time could be shorter than other technologies.

6.3 Structuring of Recommended Cleanup Options
The RAER Recommended Cleanup Options for the Tar Ponds Site are structured around one or more selected
alternatives as described earlier in this Chapter.  The range of alternatives that were considered for inclusion
in a Cleanup Option are as follows:
• In Situ Containment leave contaminated materials in place and contain with an engineered cover; 
• Ex Situ Containment excavate contaminated material for disposal in a contained facility;
• Ex Situ Destruction excavate contaminated materials and apply technology to destroy the

contaminants;
• Ex Situ Treatment excavate contaminated materials and apply treatment technology to remove or

immobilize contaminants, with re-use, or disposal of residual materials; and
• In Situ Treatment leave contaminated materials in place and apply treatment technologies to reduce

or immobilize contaminants.

Each of these alternatives represented one of a number of approaches that could be used in the remediation of
contaminants at the Tar Ponds Site.  As a result of the review of the advantages and disadvantages of the
application of these alternatives to the site specific conditions at the Tar Ponds, a number of important
conclusions and assumptions can be drawn.  They are summarized below:
• In situ containment alternatives could be applied to the entire Tar Ponds Site if combined with alternatives

that could address the removal and treatment/destruction/disposal of the PCB sediments (>50 mg/kg)
from the South Ponds;

• In situ containment alternatives could be applied to contaminated sediments in the South Pond, and such a
containment facility could accommodate the disposal of excavated sediments from the North Pond;

• In situ containment could be enhanced through the application of solidification/stabilization technologies;
• The cleanup alternatives that employ the most used and/or most reliable technologies at the scale

necessary to address the contaminant loading at the Tar Ponds Site are containment (in situ and ex situ),
solidification/stabilization (in situ and ex situ) and incineration;

• PCB sediments (>50 mg/kg), where known or determined to be an exposure risk, should be separated
from the rest of the Tar Ponds sediments and handled separately;

• Locating an ex situ containment facility on the Coke Ovens Site would be more cost effective and
efficient to an off-site location;

• Ex situ containment could be accomplished with minimal preparation (debris removal and dewatering) of
excavated sediments, although S/S could be performed to both aid dewatering and to improve material
handling characteristics;

• All ex situ alternatives could result in additional environmental risks and higher costs generated by the
excavation, handling and materials preparation / pre-treatment requirements; 

• Ex situ containment alternatives could also be applied to treated residual materials and/or separated
contaminant materials;

• Ex situ containment of Tar Ponds sediments (treated or untreated) could be accomplished in combination
with ex situ containment of Coke Ovens contaminated materials;
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• Treatment and destruction technologies are not proven capable of addressing all the requirements for the
cleanup of contaminated materials from the Tar Ponds Site;

• The soil washing technology, which was tested as part of the TDP, demonstrated substantial promise for
remediation of the Tar Ponds PAH sediments.  This technology, and others, however, would need to
undergo field/pilot testing to further evaluate their performance before they could be assigned a
significant role in the Cleanup Project; 

• Co-burning technology, as tested in the TDP, could be applied to the Tar Ponds Cleanup Project and
could have the added advantages of use of an existing facility and enabling energy recovery;

• Incineration is the only ex situ destruction alternative proven effective (for the destruction of
contaminants) at this scale of project;

• Cleanup options based on ex situ containment, treatment and destruction alternatives should be structured
to include other alternatives to ensure full achievement of the remedial action objectives; and

• Contaminated materials, processing and treatment by-products, and residuals of the Tar Ponds Cleanup
Project could be combined with similar Coke Ovens Site materials and processed using the same ex situ
containment, treatment and/or destruction alternatives.

These conclusions and assumptions were applied to the identification of recognizably different recommended
Cleanup Options that meet the RAER Remedial Action Objectives and the Community Evaluation Criteria.
Each Option is structured around one or more alternative approaches to the Cleanup.  The following six Tar
Ponds Site Cleanup Options encompass a range of practical solutions:
• Option One removal of North Pond sediment and containment in a CDF in the South Pond with

removal and off-site incineration of PCB material;
• Option Two complete removal and land-based containment on the Coke Ovens Site with removal

and off-site incineration of PCB material;
• Option Three complete removal, multi-technology treatment/destruction, and land-based containment

at the Coke Ovens Site with on-site treatment of PCB materials and off-site destruction
of concentrated contaminants;

• Option Four complete removal, off-site co-burning destruction of PAH sediment with off-site
incineration of PCB material;

• Option Five complete removal, on-site incineration,  and land-based containment at the Coke Ovens
Site; and 

• Option Six in situ containment of the North and South Ponds. 
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Chapter 7  Development and Evaluation of Cleanup Options

7.1 Recommended Cleanup Options
The RAER Team has recommended six Cleanup Options for the Tar Ponds Site that encompass a range of
possible and practical solutions; these are:
• Option 1 removal of North Pond sediment and containment in a CDF in the South Pond with removal

and off-site incineration of PCB material;
• Option 2 complete removal and land-based containment on the Coke Ovens Site with removal and off-

site incineration of PCB material;
• Option 3 complete removal, multi-technology treatment/destruction, and land-based containment at the

Coke Ovens Site with on-site treatment of PCB materials and off-site destruction of
concentrated contaminants;

• Option 4 complete removal, off-site co-burning destruction of PAH sediment with off-site incineration
of PCB material; 

• Option 5 complete removal, on-site destruction, and land-based containment at the Coke Ovens Site;
and

• Option 6 in situ containment of the North and South Ponds.

Several alternative approaches for addressing the PCB sediments are included in these Options.  The RAER
team has identified an appropriate PCB sediment management approach for each Option, but other
approaches may also be suitable and could be selected instead without significantly modifying the PAH
sediment management approach.  Therefore, selection of the best Option for managing the PAH sediments
should not be substantially influenced by the approach for managing the PCB sediment that is also presented
in each Option, as another preferred approach could be substituted.

In general, the RAER team has developed robust and protective Options that use proven technologies and
processes. The public consultation, environmental impact assessment, design, and bidding processes may
result in significant modifications to details in order to optimize the project prior to implementation.  This is
normal during planning and decision-making on complex sites.

7.2 Common Elements of the Tar Ponds Site Cleanup Project
The Tar Ponds Site Cleanup Project would include a number of activities that would to varying degrees be
common to the implementation of one or more of the recommended Cleanup Options.  These elements
include:
• construction of the protective cofferdam in the North Pond near Battery Point;
• isolation and channelization of watercourses;
• removal of contaminated sediments;
• materials processing; 
• wastewater generation and treatment; and
• management of the SYSCO Cooling Pond.
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To facilitate evaluation of the Cleanup Options, these common activities are described in the following
sections.  Specific requirements for these are discussed with respect to each Option in later sections of this
Chapter.

7.2.1 North Pond Cofferdam
In-water activities such as the removal of sediments, placement of containment material, construction of the
proposed confined disposal facility and stabilization of the shorelines could result in the re-suspension of
contaminated sediments throughout the South and North Ponds.  If uncontrolled, these suspended materials
could be flushed through current, tide and wave action into the Harbour. A cofferdam would be constructed
across the North Pond near Battery Point to prevent the movement of contaminants into the Harbour, manage
tidal water exchanges,  and to protect work areas in the North Pond from physical disturbance by winds,
waves, and Harbour ice,.  The cofferdam construction could be accomplished by using a variety of
technologies including sheetpiling through a rubble rock base.  The cofferdam would be constructed in
advance of in-water and shoreline activities and in conjunction with the related re-routing of local
watercourses.  The cofferdam would remain intact throughout the life of the Cleanup Project.  Following
Project completion, a decision would be made as to whether to remove the cofferdam entirely, or partially,
based on its potential contribution to protect sub aqueous covers, and/or with respect to the future use of the
Tar Ponds Site by the community and others. 

The surface waters of the North and South Ponds would be protected from impacts associated with in-water
and shoreline activities through the deployment of temporary containment measures (e.g., cofferdams,
turbidity curtains, etc.) placed so as to isolate work areas from the Ponds’ environment.  

7.2.2 Isolation and Channelization of Watercourses
Under existing conditions, surface waters flow into the South Pond from Wash Brook and Coke Oven Brook,
and empty to North Pond at the weir on the Ferry Street dam.  Stormwater and sanitary sewers also empty
into the Ponds at a number of locations.  Under normal conditions, the interceptor sewer will redirect
combined sewer and sanitary outfalls away from the Ponds, but periodic overflows from the interceptor sewer
could discharge to the Brooks and Ponds.  Both ponds also receive overland flows and drainage from
numerous point and non-point sources which will likely continue to contribute typical urban runoff
contaminants such as excess sediment and nutrients. 

To address the above concerns, one of the first steps in the Tar Ponds Cleanup Project would be to redirect
surface water flows and outfalls to new contained channels designed to carry the water through the South
Pond, and potentially the North Pond, to a discharge point into the Harbour near Battery Point.  New channels
would be created to isolate surface water flows from Wash Brook and Coke Oven Brook from the rest of the
Ponds.  The new channels could be constructed using a range of technologies such as sheetpiles, portable
dams, earthen berms and impermeable liners to restrain flows and prevent contact with the water of the Ponds.
These surface water diversion channels would be sized to accommodate a significant precipitation event, such
as a one in one hundred year storm event.  Allowances would be made for stormwater discharges and
overflows from existing outfalls.  Prior to construction, and as appropriate, existing contaminated sediments
in the area of the diversions would be removed.  

The diversion of Wash Brook and Coke Oven Brook could be accomplished in conjunction with the proposed
relocation of Coke Oven Brook on the Coke Ovens Site. 
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7.2.3 Removal of Contaminated Sediments
For the purposes of the RAER, contaminated sediments within the Tar Ponds have been grouped into two
primary categories, PCB sediments (> 50 mg/kg) and PAH sediments.  Once removed from their existing
locations, PCB sediments would be be tested to evaluate the concentration of PCBs and classified as a PCB
material if the concentration exceeds 50 mg/kg.  The handling, storage, treatment, transportation and disposal
of PCB material is regulated under both Federal and Provincial legislation.  For the proposed Cleanup
Options 1 through 5 (Sections 7.3 to 7.7), the RAER Team has recommended that PCB sediments (>50
mg/kg), that are readily accessible, be removed and destroyed.  Option 6 (Section 7.8) provides an alternative
approach which relies on in situ capping to prevent future exposure to the PCB sediments.

For PAH sediments removed from the Tar Ponds, the primary cleanup driver would be the concentrations of
PAH.  These sediments could also contain other contaminants including PCBs (>0.277 mg/kg and <50
mg/kg) and metals.  

Although the construction and operation of the interceptor sewer should significantly reduce the deposition of
pathogenic contaminants to the Brooks and the Tar Ponds, removal and handling operations in the Ponds
would be designed in accordance with all health and safety codes.  

It has been assumed that the sediments in the Ponds would be removed using a combination of shore and
water based technologies.  Sediment removal activities could operate an average of 12 hours per day, six days
per week, for nine to ten months per year.  A two to three month shut down has been assumed for winter
months, and to allow for equipment maintenance.  The average dredging rate would vary from a low of 400 to
a high of 1500 tonnes per day, depending on the Option.

7.2.4 Material Processing
Basic assumptions have been made on the amount of material handling and processing that would be required
for each of the Cleanup Options.  To better manage these processes, and associated environmental issues (e.g.,
dust, odour and vapours and freezing temperatures), it has been assumed that excavated sediments would be
transported to a newly constructed and heated, materials processing facility located in close proximity to the
Ponds, except for the PAH sediments in Option 1 (Section 7.3).  Following dredging, sediments requiring
further testing, transportation, and/or processing would be placed in temporary holding vessels and
transported to the processing facility.  Once inside the building, the sediments would be allowed to settle and
consolidate for a period estimated at 24 hours.  Freestanding water would be decanted from the top of the
containers.  Water drained by gravity into the containers collection system would be collected in building
sumps.

Following these passive dewatering steps, the temporary holding containers would be transported to a Grizzly
for coarse separation.  An empty container could be located below the Grizzly to capture screened material.
The container would then be moved to a temporary storage location where additional passive dewatering
could occur.  To reduce material handling, the same containers could be used to transport materials to off-site
facilities.  
Oversize materials from the coarse screening could be stored near the Grizzly.  Oversize materials less than
150 mm could be fed to a screw classifier for washing.  Larger objects could be manually washed.  Cleaned
oversize materials could be transported off-site for recycling or disposal, as appropriate and/or required.
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Additional processing requirements could take place in the same processing facility and are described under
each Option.

7.2.5 Wastewater Generation and Treatment
Cleanup activities could generate large quantities of wastewater as the dredged materials are removed from
the water body, stored on land, and/or processed for further transportation, treatment, destruction and/or
disposal.  Decanted wastewater could also be generated from passive dewatering processes, such as the
dewatering of sediments placed in a CDF.   The disturbance and/or agitation of the sediments during
extraction and handling, washing of extracted debris, and other processing activities could result in the re-
suspension of sediments and contaminants in the decanted water.  Other wastewater by-products could be
generated by pre-treatment and treatment technologies.  For each Option the wastewater quality and volumes
that could be associated with the recommended remedial technologies have been estimated.  

Contaminants that could occur in the wastewater streams include petroleum hydrocarbons, PAHs, metals,
PCBs, dioxins, furans, and pathogens.  The RAER Team has assumed that no measurable quantity of free
product would occur in the wastewater streams.  If significant free product were to be observed during
operations, an oil/water separator would be installed at the beginning of the wastewater treatment system.  As
there are no site specific requirements for wastewater discharges from the Cleanup Project, the RAER Team
has assumed that wastewater would need to meet, at a minimum, the acute lethality test (Fisheries Act) and
should not cause chronic effects.  If discharged to a municipal sewer leading to a treatment plant, the
wastewater would meet the appropriate sewer discharge standards.  It is anticipated that specific discharge
standards will be developed in conjunction with the appropriate regulatory agencies prior to the start-up of the
Cleanup Project.  

Wastewater treatment systems could include equalization, settling, biotreatment and adsorption units.  Where
the systems include technology(s) not previously tested on Tar Ponds materials, it could be advisable to
undertake bench-scale testing to ensure the capacity to achieve the requisite water quality standards.

Wastewater from dewatering and materials handling processes could be pumped to an equalization tank,
designed for an estimated site specific residence time.  This tank could also serve to buffer extreme
fluctuations in feed composition, flow and other parameters (i.e., temperature, pH), and could provide surge
capacity for wastewater during storm events and/or high production periods.

Following equalization the wastewater would flow by gravity to a settling tank to reduce the concentration of
suspended solids in the wastewater stream.  At the settling tank, wastewater would enter through the tank
floor to a circular well designed to distribute flow equally in all directions.  Settling by gravity would occur in
the tank periphery.  A solids removal mechanism would revolve slowly to move settled material to the outlet
structure at the bottom of the tank.  The solids would then be pumped to a filter press for dewatering prior to
off-site disposal.  Depending on the settling characteristics of the suspended solids, flocculants and coagulants
could be added at the tank inlet to increase the performance by increasing the particle size.

The decant stream from the settling tank would flow to a biotreatment unit where microorganisms present in
the wastewater would aerobically degrade organics.  Biotreatment should be an effective treatment
technology for the removal of biodegradable organics such as sanitary wastes, petroleum hydrocarbons, and
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low molecular weight PAHs.  Some reduction in metals concentrations (approximately 50%) could also be
realized.  

As biotreatment is an aerobic process, a source of oxygen (typically air) must be added.  A typical design for
an aeration system would consist of a blower that transfers air through a diffuser system at the reactor bottom.
The amount of oxygen needed, the design of the aeration system, and the reaction time, would be better
determined following bench scale studies.  The required reaction time could vary widely for biological
wastewater treatment, depending on the type and concentration of contaminants in the feed material
(sediments), other feed characteristics, external factors (i.e., heat/cold), speciality organisms added, and pre-
oxidation effects.  For the purposes of the RAER, a reaction time of 36 hours was assumed, which is typical
(conservative) for wastewater systems for similar applications.  

Other factors affecting the biotreatment of wastewater include the addition of amendments (such as special
microorganisms) to assist with biodegradation, and nutrients, which are often needed to maintain suitable
conditions for biodegradation.  Oxidants could be added to the feed stream to help oxidize organics through a
reduction/oxidation (redox) reaction where electrons are transferred from one compound to another
converting organics to a less hazardous, or a non-hazardous form.  Oxidants added to the bioreactor could
assist in the reduction of concentrations of PCBs and PAHs, which are commonly not readily biodegradable.
The use of amendments and oxidants could be evaluated during bench scale studies.

The final step in the biotreatment process would be settling the biomass from the wastewater stream.  The
biomass, along with the settled solids stream from the settling tank, would be pumped to a filter press for
dewatering.  The de-watered solids could either be disposed off-site or recycled back to the material
processing stream.  It might be feasible to recycle a portion of the settled biomass to biotreatment. 

A carbon adsorption treatment technology could be used for the removal of PCBs, dioxins, furans, and high
molecular weight PAHs.  An adsorption system would consist of granular activated carbon (GAC) tanks in
series.  Breakthrough would be measured between the tanks, and spent carbon would either be regenerated or
disposed.  Depending on the option, the spent GAC could be reintroduced to the material processing stream
for treatment with the solids.  

7.2.6 SYSCO Cooling Pond 
The SYSCO Cooling Pond is distinct from the Tar Ponds.  Although it contains sediments that exceed the
SSTLs, as defined for the Tar Ponds sediments, the origin and nature of these sediments are different.  They
are associated solely with the former steel plant operation, while the Tar Ponds sediments and contaminants
are derived from both the Coke Ovens and SYSCO sites.  The PCB material in the Tar Ponds is the exception
to this generality, as they are not associated with the Coke Ovens site.  PCBs have not been detected in the
SYSCO Cooling Pond sediments.

Cleanup of the SYSCO Cooling Pond will be done in conjunction with the sediment cleanup associated with
each Option.  The Cooling Pond sediment will be excavated and handled in the same manner as the PAH
sediment.  The tank structure will be demolished and disposed as debris material.  The site will be restored by
backfilling with a clean soil cover and revegetated.
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7.2.7 Cost Estimating and Scbedule 
Costs for the major components of each Cleanup Option were estimated and reported as Total Direct Costs.
Indirect Costs, which included Engineering (10%), Project Management (10%) and Project Contingency
(25%) were added to the Total Direct Costs to obtain the Total Option Cost.  Costs were also calculated using
Net Present Value (NPV) analysis to bring the value of projected cash flows to a common point in time.  This
involves discounting the costs over the life of the project.  A discount rate of 5% was used.   Detailed cost
sheets for each Option, and the methodology used for cost derivation, are included in Appendix C.  Summary
costs are provided with the discussion on each Cleanup Option in this chapter.  

7.3 Tar Ponds S ite Cleanup Option 1 (Removal of North Pond sediment and containment in a CDF
in the South Pond with removal and off-site incineration of PCB material)

Cleanup Option 1 for the Tar Ponds Site would be based on the containment of most of the contaminated
sediments from the Ponds in a newly constructed Confined Disposal Facility (CDF) in the South Pond.  PCB
materials (>50 mg/kg) would be separated and incinerated off-site.  

Key components in the implementation of Cleanup Option 1 would include the following:
• A cofferdam constructed across the North Pond at Battery Point;

• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to
the North Pond and Harbour;

• PCB materials (>50 mg/kg) excavated from the South Pond and incinerated off-site;

• PAH sediments in the South Pond contained in situ in a newly constructed Confined Disposal Facility;

• Sediments dredged from the North Pond, tested for PCBs and separated into PCB materials and PAH
sediments;

• PCB materials (>50 mg/kg) from the North Pond incinerated off-site;

• PAH sediments from the North Pond dredged into the CDF in the South Pond and allowed to passively
dewater; 

• Sediments in the CDF treated with S/S as needed to enhance the effectiveness of the cleanup; 

• An above grade cover placed over the CDF in the former South Pond; 

• A subaqueous cap placed over the dredged surfaces of the North Pond;

• North Pond shorelines and the re-routed watercourses stabilized and revegetated; and

• The surface and sides of the CDF stabilized and revegetated pending appropriate future use.

7.3.1 Cleanup Option 1: Key Components 
A brief discussion of the key components for the implementation of Cleanup Option 1 is provided in the
following sections.  As some components are common to all Options, they have been discussed in Section
7.2.  Figure 7.1 provides a graphic depiction of the major areas of the Site that would be included in the
cleanup operations.  A flowchart of key components is included as Figure 7.2.
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7.3.1.1 SEDIMENT REMOVAL AND PROCESSING SOUTH POND

The South Pond is known to contain PCB sediments (>50 mg/kg) in relatively well defined areas in the
surficial layers of the bottom sediments.  These areas would be among the first sediments to be excavated.
Removal systems would include both shore-based and barge-based technologies.  Excavated PCB sediments
would be moved to a land location near the Ponds for initial processing to remove debris and water.  Batches
of these sediments (500 to 1,000 tonnes) would be tested and separated into PAH sediments and PCB
materials (>50 mg/kg).  PCB materials would be stored and processed separately. 

The PAH sediments in the South Pond would remain largely in place.  The exception would be those
contaminated sediments that should be removed prior to the construction of watercourse diversion channels.
These sediments would be excavated and placed at a designated location in the South Pond that would fall
within the boundaries of the new CDF.  Removal of these PAH sediments, and the PCB sediments, from the
South Pond would be accomplished concurrently with the construction of the CDF.

7.3.1.2 SEDIMENT REMOVAL AND PROCESSING NORTH POND

Sediments would be dredged from the North Pond.  The North Pond has thin layers of sediment with PCB
concentrations greater than 50 mg/kg.  Careful dredging in these areas would attempt to remove these
materials separately.  This is expected to be difficult, and it might not be possible given the very thin layers
that have been identified. 

The excavated sediments suspected to have PCB concentrations greater than 50 mg/kg would be tested.  If the
PCB concentrations were greater than 50 mg/kg, those sediments would be handled and processed separately.
Testing would be conducted on sediment lots of approximately 500 to 1,000 tonnes.  It is expected that
removal would be done using both shore-based and barge-based techniques.   PAH sediments would remain
in the newly constructed CDF in the South Pond.  PCB materials would be processed for further
treatment/destruction.  

7.3.1.3 CONSTRUCTION OF THE CONFINED DISPOSAL FACILITY (CDF)
Following completion of, or together with, the construction of the watercourse diversion channels,
construction could be initiated on the isolation barriers of the CDF.  It has been assumed that the isolation
barriers would consist of cofferdam berms constructed around the perimeter of the South Pond, adjacent to the
watercourse diversion channels.  These berms would be constructed of earthen materials, geotextile liners and
armouring.  The berms could be made relatively watertight through the installation on the interior face of
geomembranes, or installing vertical HDPE, or steel sheetpiling into the berm core.  Construction of the
cofferdam berms would likely require localized dredging of the contaminated sediments immediately below
the berms.  In some areas, the cofferdams might be most efficiently constructed using a double row of steel
sheetpiles infilled with soil.  This could be made generally watertight by lining the inside face with HDPE
geomembrane or sealing the sheetpile interlocks.  Sumps for the removal of water would be installed at
several accessible locations inside the CDF.

7.3.1.4 MATERIAL PROCESSING

A schematic of the proposed materials handling process for this Option is provided in Figure 7.3.  Mechanical
dewatering would be used as part of the material processing system for the PCB materials (>50 mg/kg).  This
would require the use of a filter press to reduce the water content to a point suitable for off-site shipping. 
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Adding stabilizing materials would not be appropriate for the PCB materials (>50 mg/kg), as it would
increased the total mass and the subsequent costs for incineration.

7.3.1.5 WASTEWATER TREATMENT

The wastewater flows estimated for Cleanup Option 1 were estimated at approximately 400 litres per minute.
As the water that would be passively decanted from materials deposited in the CDF would probably require
treatment before disposal, water treatment processes could become the rate limiting step for the deposition of
material into the CDF.  New material could not be placed into the CDF if it could create a potential for water
to overflow from the CDF into the surrounding water bodies.

7.3.1.6 VENT TREATMENT

Vent treatment for Option 1 would consist of a carbon adsorption system for the removal of organic vapours
that might be generated within the materials’ processing facility.  A building ventilation system would collect
the inside air, which would then be passed through a carbon bed prior to venting to the external environment.  

7.3.1.7 OFF-SITE INCINERATION OF PCB SEDIMENTS (>50 MG/KG)
PCB materials (>50 mg/kg) from both the North and South Ponds would be controlled substances under
CEPA and provincial and possibly municipal regulations.  PCB materials would be segregated from other
materials, filter pressed and thermal dried (if required) to reduce water content, and placed in closed railroad
cars for transport off-site to an incinerator licensed to accept PCB materials.  At this time, the closest
incineration facility determined capable of handling the expected volume of Tar Ponds PCB materials is the
Recupere-Sol facility in Quebec.  It has been assumed that this off-site incinerator could reliably process
approximately 50 to 100 tonnes per day of PCB materials (>50 mg/kg).  The PCB materials would be
transported to the incinerator in batches of 1,000 to 2,000 tonnes.  

The timeline for excavation, processing and transportation of the PCB materials from the South Pond was
estimated to take from 6 to 12 months to complete.  Dredging, testing, and processing of the North Pond PCB
sediments would be initiated sometime after the dredging of the PCB sediments in South Pond and would
require approximately the same time frame to complete (i.e., 6 to 12 months).

7.3.1.8 PLACEMENT OF DREDGED SEDIMENTS INTO THE CDF
The proposed CDF would be constructed within the South Pond.  The sediments dredged from North Pond
would be tested and separated into PCB materials (>50 mg/kg) and PAH sediments. PCB materials (>50
mg/kg) would be dealt with as detailed above.  PAH sediments would be placed in the CDF in the South
Pond.  Large debris, e.g., boulders, car bodies, could be removed as needed, but other material processing is
not anticipated.  During placement, sediments would release entrained water relatively quickly.  Gravity based
consolidation processes would squeeze water slowly out of the sediments as they settle.  

Air-diaphragm pumps could be used to transfer the water collected from the CDF to a wastewater treatment
system located on the shores of the Tar Ponds.  It was anticipated that significant manual labor would be
necessary for this operation due, in part, to the expected variability in the passive dewatering of materials
placed in the CDF, caused both by inconsistencies in the composition of deposited materials and varying
weather conditions.  Several air-diaphragm pumps could be connected to a main pipeline leading to a
wastewater treatment system located at the shoreline of the Tar Ponds.  Pipes could be re-arranged throughout
the day to address those areas of the CDF with the most freestanding water.
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It has been conservatively estimated  that between 1,000 to 2,000 tonnes of sediment per day that could be
placed in the CDF.  If the capacity of the water treatment system could be adjusted relatively easily, then the
dredging rate could be increased, potentially from 2,000 to 4,000 tonnes per day.

7.3.1.9 SOLIDIFICATION / STABILIZATION

The elevations of the sediment surface  in the South Pond would be increased above the current elevation
because of the placement of the PAH sediments from North Pond.  To improve stability prior to the
placement of the cover on the CDF, a S/S treatment technology could be applied. This process would also
assist in lowering the potential for leaching of the contaminants entrained in the CDF.  Reagents would be
mixed into the upper 1 to 2 m  of the dredged sediments using a backhoe bucket, or rotating mixing
equipment mounted on an excavator arm.  For the purposes of this report, it has been assumed that the  mix
designs, and costs reported for the IT technology reviewed in the TDP (Vaughan, 2002) can be used.

7.3.1.10 PLACEMENT OF SUB AQUEOUS COVER AND SITE RESTORATION

Following completion of the dredging operations in the North Pond, the dredged surfaces would be covered
with a clean granular material.  The resettlement of suspended materials associated with the dredging
operations would result in the deposition of a thin layer of residual contamination on the sediment surface of
the Pond.  Cover materials would be sized to address the potential need for a barrier between the residual
contamination and ecological receptors.  Cover materials would also be sized to resist erosive forces and to
provide habitat niches for re-colonization by marine and estuarine species.  It was estimated that the sub
aqueous cover would be approximately 0.3 to 0.45 metres in thickness.  Given the low depths of water
anticipated in the North Pond, especially at low tide, cover materials would have to be placed from a shallow
draft barge, or from the shore. 

The North Pond would be expected to achieve the SSTLs immediately after this restoration.  Placement of
cover materials could be initiated at the end of the dredging program and completed in less than six months.

The South Pond CDF would be closed with a composite barrier cover system which would include both a
geomembrane and compacted clay or GCL with a drainage system.  The use of a composite cover system
should effectively eliminate infiltration into the sediments.  If consolidation of the sediments is to be achieved
passively, the timeline for placement of the cover could be extended by the time required for the sediments to
achieve the necessary degree of stability.  To shorten this time, it could be necessary to use other technologies
such as S/S to stabilize at least the upper one to two metres of the sediments to provide a suitable working
surface.  A drainage and gas management system could be required below the cover system to collect water
and methane generated over time as a result of consolidation and bacterial action. 

7.3.2 Performance Review
The anticipated performance of Cleanup Option 1 was assessed against the 12 Community Evaluation Criteria
and assigned a letter grade intended to qualitatively demonstrate the estimated success of that option for
achieving the criteria (Section 2.5.6).  The evaluation is summarized in Table 7.14.  The findings of the
RAER Team for each of these criteria are discussed under the four core principles and presented in the
following sections:



Contents 7-10 RAER - Tar Ponds
CBCL – ENSR February 2003 – Final Report

7.3.2.1 CORE PRINCIPLE 1 – ENVIRONMENTALLY SOUND

Included within Core Principle 1, Environmentally Sound, are the following Community Evaluation Criteria
and their associated ranking:

• Reduce detrimental effect on the environment during implementation.............Medium Importance;
• Enhance long-term effectiveness and permanence ...........................................Medium Importance; and
• Improve ecosystems ..........................................................................................Medium Importance. 

Reduce Detrimental Effect on the Environment During Implementation (Medium Importance)
Detrimental effects to the environment during Option 1 could include the release of contaminated sediments
and water to the Harbour as a result of dredging and material processing operations.  The contaminants of
concern (COCs) known to occur in North Pond are relatively insoluble in water.  In order to move through the
sediments or water, these compounds must be physically attached to sediment particles.  Therefore, simple
containment systems such as berms and sheetpiling would be effective in containing contaminated materials
within a designated area during dredging and other operations.  In addition to mitigative process measures
such as water treatment systems, the environmental protection measures (cofferdams, isolated watercourses,
turbidity curtains, CDF barriers) proposed for Cleanup Option 1 would effectively prevent the release of
contaminant-rich sediment and turbid water to the receiving environment in the Harbour.   

Cleanup Option 1 could be completed in less than four years.  Dredging was estimated to require less than
two years.  This relatively short timeline for the Cleanup Project would also reduce the potential for
detrimental effects to the environment. 

The PCB materials would be incinerated off-site in an approved, permanent facility sited and designed for this
purpose.  The incinerator would be expected to meet and exceed the highest standards. Detrimental effects on
the environment are not expected. 

• Letter Grade – B: Cleanup Option 1 is unlikely to generate significant detrimental effects to the
environment during cleanup and is expected to exceed the Community Evaluation Criteria with respect to
reducing detrimental effect on the environment.

Enhance Long-Term Effectiveness and Permanence (Medium Importance)
Cleanup Option 1 would permanently remove the COCs from the North Pond, which currently has active tidal
flows and has been identified as a net source of contaminants entering Sydney Harbour.  

The North Pond sediments would be placed in a CDF in the South Pond.  The COCs in the Tar Pond
sediments are known to sorb tightly to soils and organics, particularly given the very high carbon content in
the sediments due to the presence of coal.  Two tests on sediments have been shown to meet leaching test
acceptance criteria.  This natural resistance to leaching is expected to continue indefinitely.  

The proposed CDF would be expected to have a life of at least 50 years without significant maintenance.  The
CDF, however, would be constructed without a bottom liner and would be located immediately adjacent to a
water body.  Consequently, the CDF would have a lower rating for long term effectiveness and permanence
than the protection that would be afforded by a fully lined, land-based containment facility (landfill).  There
could be a need for ongoing protection of the CDF from erosive forces that could breach the isolation barriers. 
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The South Pond location is sheltered from coastal hydrodynamic conditions such as wave and current action,
and largely from tidal action.  The primary erosive force would come from surface water flows around the
CDF during major storm events. 

Excavated PCB materials (>50 mg/kg) would be permanently destroyed through off-site incineration. 

• Letter Grade – B: Cleanup Option 1 is likely to permanently remove or destroy much of the serious
contamination in the Ponds and is expected to exceed the Community Evaluation Criteria with respect to
long-term effectiveness and permanence.

Improve Ecosystems (Medium Importance)
Although the excavation of sediments will destroy the existing benthic habitat in the North Pond, the removal
of contaminant sources and the placement of a clean cover on dredged surfaces would allow the
recolonization of the area by marine and estuarine species, especially if the surface cover materials are sized
appropriately.  The placement of the cover would also provide a barrier to residual contamination remaining
on the dredged surface.  The effectiveness of the passive habitat restoration could be affected by other
contaminant sources, such as sanitary wastes, continued contamination and/or sedimentation from Wash
Brook, Coke Oven Brook and outfalls, and, potentially from recontamination from Harbour based sources. 

If the new filled area created by the CDF in the South Pond was revegetated and reforested for use as urban
open space, new terrestrial habitat for a limited range of species could be provided.  Reconstruction of the
watercourses to provide a path through the former South Pond to the North Pond would require the isolation
of the surface flows from the CDF for the protection of both systems.  The surface water quality of the
reconstructed Brooks would be expected to maintain the conditions observed in the upstream flows. 

• Letter Grade – B: Cleanup Option 1 is likely to permanently improve the marine and terrestrial
ecosystems to the extent practical within an urbanized harbour setting and is expected to exceed the
Community Evaluation Criteria with respect to improved ecosystems.

7.3.2.2 CORE PRINCIPLE 2 - ECONOMICALLY RESPONSIBLE

Included within Core Principle 2, Economically Responsible, are the following Community Evaluation
Criteria and their associated ranking:

• A more reliable technology..................................................... High Importance;
• Cost effectiveness ................................................................... Low Importance; and
• Use of local material ............................................................... Low Importance.

A More Reliable Technology (High Importance)
The reliability of technologies involves the predictability of results, including effectiveness, cost, and time.
The effectiveness of dredging to remove contaminated sediments can be affected by the physical constraints
of the work environment and the equipment used.  The ability to meet the low concentrations often specified
in cleanup criteria has been demonstrated to be unpredictable and sometime unachievable.  To ensure that
appropriate risk management objectives can be met and to improve on reliability, the RAER Team has
assumed that the cleaned sediment surface would also be capped with a clean cover, once the contaminant
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mass has been removed.  The capping material would break the exposure pathway between recolonizing
marine and estuarine species and any residual contamination that might remain on the surface of the dredged
sediments.  

The mechanical dredging and material handling/processing technologies assumed in Option 1 are standard
technologies that have been successfully used on many projects thus effectively eliminating the cost and time
uncertainties.  Therefore, the dredging technology, when combined with the cap, is expected to be reliable
with respect to effectiveness, cost, and time. 

Confined disposal facilities are currently the most commonly applied method for the management of dredged
sediments with low to moderate levels of contamination.  CDFs have been used at a number of major
Superfund sites in the United States that have high levels of contamination.  Based on documented experience
to date, the anticipated effectiveness, costs and timelines associated with CDFs can be more predictable than
for other remediation technologies.  The use of a CDF is a robust, simple technology that has very few
complicating factors that would interfere with costs, time and/or reliability.

Off-site incineration is also considered to be a reliable technology.  Modern incinerators, approved to handle
hazardous materials, are designed for a wide array of materials and contaminants.  These incinerators
typically have a reasonably high capacity for throughput of materials.  Although incineration can be relatively
expensive, incineration costs can be reliably predicted, once the characteristics and volume of the feed
material are confirmed, and the method of transportation addressed.  A primary difficulty in predicting the
total cost and projected schedule would be an accurate estimation of the quantity of PCB materials (>50
mg/kg) that could require incineration, as compared to PAH sediments which could be disposed of in the
CDF.  The estimation of the scope and volume of PCB contaminated sediments (>50 mg/kg) was based on
information provided during the earlier studies. 

• Letter Grade – B: Cleanup Option 1 is considered to involve reliable technologies in terms of
predictability of results, i.e., effectiveness, cost and time, and is expected to exceed the Community
Evaluation Criteria with respect to being a more reliable technology.

Cost Effectiveness (Low Importance)
CDFs are typically one of the least expensive alternatives for the management of contaminated sediments.
Dredging of contaminated sediments for placement in the CDF in the South Pond could be less expensive
than costs associated with other Cleanup Options because much of the requisite dewatering would be
accomplished as passive dewatering in the CDF.  CDFs are frequently selected as the preferred remedy
because of their effectiveness in breaking the pathway between source and receptor for the contaminants that
are present at the site at a relatively low cost.
Off-site incineration of the PCB materials would be relatively expensive and would require considerable
preparation of the materials for shipping off-site. 

• Letter Grade – B: Cleanup Option 1 involves one of the least expensive alternatives for the management
of contaminated sediments together with an expensive, but reliable, option for the PCB sediments to
create a cost effective solution that is expected to exceed the Community Evaluation Criteria with respect
to cost effectiveness.
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Use of Local Material (Low Importance)
Locally available fill materials would be used for the construction of the CDF and its cover system, as well as
for the construction of the cofferdam at the North Pond and the relocated watercourses.  Local materials
would also be used for the subaqueous cover for the dredged surfaces and during site restoration. 

• Letter Grade – B: Cleanup Option 1 would use local materials for all elements of the site related works,
thereby creating a solution that is expected to exceed the Community Evaluation Criteria with respect to
the use of local material.

7.3.2.3 CORE PRINCIPLE 3 – HEALTH CONSCIOUS

Included within Core Principle 3, Health Conscious, are the following Community Evaluation Criteria and
their associated ranking:

• Minimize health risk .............................................................. High Importance;
• Minimize the amount of dust and vapours ............................. Medium Importance; and
• Minimize odours .................................................................... Low Importance.

Minimize Health Risk (High Importance)
Cleanup Option 1 would remove the contaminated sediments from the North Pond and either transport them
off-site for destruction (PCB materials (>50 mg/kg) or dispose of them (PAH sediments) in a CDF in the
South Pond.  The contaminants entrained in the sediments would be isolated from contact with human and
ecological receptors, or destroyed.  Since the contaminants in the PAH sediments are sorbed to the organic
and sediment particles, there is a low potential for them to migrate from the CDF.  Although the source of
contamination in the PAH sediments would be removed, but not destroyed, this Option is still considered to
provide long-term protection of human health. 

Off-site incineration of the (PCB materials (>50 mg/kg) would permanently destroy these contaminants. 

• Letter Grade – B: Cleanup Option 1 minimizes health risk by either transporting contamination offsite
and destroying them or disposing of them in a CDF, thereby isolating them from contact with human
receptors and creating a solution that is expected to exceed the Community Evaluation Criteria with
respect to minimizing health risk.

Minimize the Amount of Dust and Vapours (Medium Importance)
The removal and handling of the dredged materials would be the primary component likely to generate
vapours and odours. The sediments would be handled in a wet condition and kept wet prior to the capping of
the CDF to reduce the potential for dust and vapours. 

• Letter Grade – B: Cleanup Option 1 minimizes the likelihood of dust and vapours as a consequence  of
good management practices thereby creating a solution that is expected to exceed the Community
Evaluation Criteria with respect to minimizing dust and vapours.

Minimize Odours (Low Importance)
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The dredging into the CDF would be performed relatively quickly with minimal handling which should
reduce the potential for odour generation.  The interceptor sewer should also help to reduce the potential for
sewage related odours.  However, as it would be expected that the South and North Pond sediments would
contain substantial organic material, potentially in an anaerobic condition, there would be a potential for
odours during sediment extraction and handling.  Sediments being processed in the materials handling facility
will be under cover, and if required, air emissions from this facility could be treated prior to release.
Sediments placed in the CDF in the South Pond would largely be covered with decanted water, which would
help to reduce odours.  

• Letter Grade – B: Cleanup Option 1 through good management practices will minimize the likelihood of
odours thereby creating a solution that is expected to exceed the Community Evaluation Criteria with
respect to minimizing odours.

7.3.2.4 CORE PRINCIPLE 4 – SOCIALLY ACCEPTABLE

Included within Core Principle 4, Socially Acceptable are the following Community Evaluation Criteria and
their associated ranking:

• Maximize long-term benefits .................................................. High Importance;
• Use of local labour ................................................................. Medium Importance; and
• Minimize the length of construction and cleanup time .......... Low Importance.

Maximize Long Term Benefits (High Importance)
The long-term benefits of Cleanup Option 1 would include the complete removal of contaminated sediments
from the North Pond and the isolation of the contaminated sediments in the CDF in the South Pond.
Depending on the final depth of the North Pond, the area could be restored as a salt marsh, or open water
system. The closed CDF in the South Pond could also be developed for land uses suitable to the final
stabilization characteristics of the site. 

• Letter Grade – C: Cleanup Option 1 removes or isolates the contaminated sediments creating a solution
that completely meets the Community Evaluation Criteria with respect to maximizing the long term
benefits.

Use of Local Labour (Medium Importance)
Most of the construction, excavation, and disposal associated with this Option would take place within the Tar
Ponds Site.  The implementation of the major engineering elements would use relatively simple earth
movement processes and construction equipment.  It would be expected that much of the work could be
performed using local contractors and local labour, including the off-site transportation of the PCB materials. 

• Letter Grade – B: Cleanup Option 1 enables most of the work to take place on site and involves
technologies that could be executed by local contractors and local labour thereby creating a solution that
exceeds the Community Evaluation Criteria with respect to the use of local labour.

Minimize the Length of Construction and Cleanup Time (Low Importance)
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The removal of the sediments from the North Pond and their disposal in the CDF in the South Pond could be
accomplished in a relatively short timeline as compared to other Cleanup Options.  The total estimated time to
complete Cleanup Option 1 is four years. 

• Letter Grade – A: Cleanup Option 1 could be completed in four years thereby greatly exceeding the
Community Evaluation Criteria with respect to minimizing construction and cleanup time.

7.3.3 Estimated Cos ts and Schedule 
A summary of the estimated cost for Option 1 is provided in Table 7.1.  A more detailed cost estimate is
provided in Appendix C.  An outline schedule is provided as Figure 7.4.

Table 7.1: Summary of Estimated Costs for Tar Ponds Cleanup Option 1

ELEMENT
Total Cost
($ million)

Amortized Cost2

($ million)
Cofferdam Construction $   1.5 $   1.5
Surface Water Diversion $ 22.0 $ 22.0
Cooling Pond $   7.0 $   5.9
South Pond $ 26.6 $ 23.2
North Pond $ 18.5 $ 16.1
Dredged Material Processing $ 20.4 $ 19.7
Incineration (PCB Material) $ 13.7 $ 12.2

TOTAL DIRECT COST $ 109.7 $ 100.6
INDIRECT COSTS1 $   56.3 $  51.7

TOTAL OPTION COST $ 166.0 $ 152.3
Note: 1 - Indirect costs include engineering and project management costs plus a contingency.

2 - Amoritized costs were determined using NPV analysis to bring the value of project cash flows to a common
point in time.

7.4 Tar Ponds S ite Cleanup Option 2 (Complete removal and land-based containment on the Coke
Ovens Site with removal and off-site incineration of PCB material)

Cleanup Option 2 involves the complete removal of contaminated sediments from the Tar Ponds and an ex
situ containment (landfilling) of excavated sediments on the Coke Ovens Site.  PCB materials (>50 mg/kg)
would be separated and transported offsite for incineration. 

Key Components in the implementation of Cleanup Option 2 would include the following:
• A coffer dam constructed across the North Pond at Battery Point;

• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to
the North Pond and Harbour;

• PCB materials (>50 mg/kg) excavated from the South Pond and incinerated off-site;

• PAH sediments in the South Pond excavated, processed and deposited in a new land-based containment
facility (landfill) constructed on the Coke Ovens Site;
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• Sediments in the North Pond excavated, tested for PCBs and separated into PCB materials (>50 mg/kg)
and PAH sediments;

• PCB materials (>50 mg/kg) from the North Pond incinerated off-site;

• PAH sediments from the North Pond processed and deposited in a new containment facility (landfill)
constructed on the Coke Ovens Site;

• PAH sediments would be treated with S/S technology to improve material handling characteristics and
reduce leachate potential prior to placement in the new containment facility; 

• A sub aqueous cap placed over the dredged surfaces of the South and North Ponds; and 

• North Pond and South Pond shorelines and the re-routed watercourses stabilized and revegetated.

7.4.1 Cleanup Option 2: Key Components 
A brief discussion of the key components for the implementation of Cleanup Option 2 is provided in the
following sections.  As some components are common to all Options, they have been discussed in Section
7.2.  Figure 7.5 provides a graphic depiction of the major areas of the Site that would be included in the
cleanup operations.  A flowchart of key components is included as Figure 7.6.

7.4.1.1 SEDIMENT REMOVAL AND PROCESSING 

PCB sediment removal from the South Pond would be as described for Option 1.  PCB sediment would be
processed for off-site incineration.  PAH sediments would be removed, processed and disposed of in a
contained landfill on the Coke Ovens Site.

Sediments would be dredged from the North Pond and passively dewatered on the shore.  The North Pond has
thin layers of sediment with PCB concentrations greater than 50 mg/kg.  Careful dredging in these areas
would attempt to remove these materials separately.  This is expected to be difficult, and it might not be
possible given the very thin layers that have been identified. 

The excavated sediments suspected to have PCB concentrations greater than 50 mg/kg would be tested during
the passive dewatering phase.  If the PCB concentrations were greater than 50 mg/kg, those sediments would
be handled and processed separately. Testing would be conducted on sediment lots of approximately 500 to
1,000 tonnes.  It is expected that removal would be done using both shore-based and barge-based techniques.
PAH sediments would be placed in the newly constructed CDF in the South Pond.  Following processing, the
PAH sediments would be placed in the contained landfill on the Coke Ovens Site.  PCB materials would be
processed for off-site incineration.

It has been estimated that an average of 1,500 tonnes per day of sediments could be dredged.  The time
required was estimated to be about two years.

7.4.1.2 MATERIAL PROCESSING

A schematic of the proposed materials handling process for this Option is provided in Figure 7.7.  An
important component of the proposed dredging program is processing the material to a point where the
material can be stabilized and placed in the landfill or transported off-site.  These operations need to be
performed at a flow rate that enables the efficient operation of the remaining steps in the process.  This is
often the critical element that dictates the rate at which a site can be dredged and landfilled.



Task Name
Cofferdam Construction
Surface Water Diversion
Cooling Pond

Excavate/Dispose Sludge

Remove/Dispose Structure

Restore Site

South Pond
Mobilization and CDF Preparation

Excavate PCB Material

Fill CDF

Site Restoration

Long-term Monitoring

North Pond
Equipment Mobilization

Dredge All Sediment

Site Restoration

Long-term Monitoring

Dredged Material Processing
Installation/Setup

Process Dredged Product

Off Site Incineration (PCB Material)
Demobilization/Decommissioning

All Tasks

Long Term Monitoring = 25 Ye

Long Term Monitoring = 6 Year

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

Figure 7.4: Tar Ponds Cleanup Option 1 Schedule
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Mechanical dewatering would be used as part of the material processing system for the PCB materials.  This
would require the use of a filter press to reduce the water content to a point suitable for off-site shipping.  To
reduce incineration costs, thermal drying might also be necessary to reduce the mass of sediment that could be
sent off-site.  Adding stabilizing materials is not desirable to the PCB materials as such materials would add
both to the total mass of material to be handled and to the cost of incineration.  Containers may be used to
transport the materials to an off-site incineration location.  

7.4.1.3 WASTEWATER TREATMENT

Wastewater treatment would be as for Option 1.  The estimated throughput requirements for Option 2 are 400
litres per minute.

7.4.1.4 VENT TREATMENT

Vent treatment for Option 2 would consist of a carbon adsorption system to remove organics that might be
present in the building.  A building ventilation system would collect the inside air, which would then be
passed through a carbon bed.

7.4.1.5 OFF-SITE INCINERATION OF THE SOUTH NORTH  POND PCB SEDIMENTS (>50 MG/KG)
PCB sediments would be managed in the same manner as for Option 1 and would be processed and
transported off-site for incineration. 

7.4.1.6 SOLIDIFICATION/STABILIZATION

The dewatered PAH sediments could be solidified with reagents to improve their handling characteristics and
long-term settlement and stability potential prior to placement in the Coke Ovens Site landfill.  The S/S would
substantially reduce the amount of leachate generated in the landfill that might require future management.
The reagents would also improve the leachability of some of the contaminants in the sediments so that
leachate in the landfill would likely be relatively clean, requiring little long-term treatment.
The S/S could take place adjacent to the Tar Ponds, or at the Coke Ovens Site after the dewatered material has
been trucked to the site.  IT proposed using a pug mill to mix the sediments with reagents.  Other vendors
have successfully used backhoe buckets or rotating mixing equipment mounted on a backhoe arm to
accomplish the same objective.  For the purposes of this report, it has been assumed that the equipment, mix
designs, and costs proposed in the IT TDP for the site were representative of the S/S approaches that could be
used.

It has been assumed that 1,000 to 2,000 tonnes per day of sediment could be solidified and landfilled.

7.4.1.7 LANDFILLING

A new contained landfill would be constructed on the Coke Ovens Site as an integral part of this option.  It
has been assumed that the S/S process would result in a 40 percent expansion in the volume of the sediments.
Assuming a maximum height of 15 to 20 metres and average sideslopes of 5H:1V (20 percent), a landfill for
the Tar Ponds sediments could have a footprint of approximately nine hectares.  It has been assumed that the
landfill would likely be located in the Coke Storage Area and/or By-Products Building areas, or in the area
located to the east of these locations.  It has been assumed that the landfill would meet or exceed the Nova
Scotia Municipal Landfill design requirements.  The landfill design would include both a primary and
secondary composite liners (i.e., geomembrane and compacted clay, or geosynthetic clay liner (GCL)), which
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would exceed the Nova Scotia Guidelines.  This landfill design would meet or exceed the USEPA design
requirements for both hazardous and toxic waste landfills. Double composite liner systems have been shown
to be highly reliable, without known failures to date.

It is proposed that that the landfill cover system would include a composite barrier system which would
include both geomembrane and compacted clay or GCL with a drainage system (which also exceeds the Nova
Scotia Guidelines).  The use of a composite cover system should effectively eliminate infiltration into the
solidified sediments.  

The S/S process would provide substantial strength and stiffness to the sediments with the result that very
little settlement or creep of the materials would be expected after the landfill is closed.

Typical maximum side slopes for landfills are 3H:1V (33%) to 4H:1V (25%) in order to maximize volume
and minimize space.  The use of flatter sideslopes, the incorporation of drainage systems in the cap, and
limiting the height of the landfill, would provide for a more robust landfill with a very low probability of
failure of the cover system.  The limited height and relatively flat sideslopes would also allow for landform
grading of the landfill to mimic the topography of a natural hillform.  The landfill could then be incorporated
as green space into the future use of the Coke Ovens site.

The landfill liner and leachate management system would likely take about six months to construct prior to
the start of dredging and about six months to close after the completion of dredging.

7.4.1.8 SITE RESTORATION

The resettlement of suspended materials associated with the dredging operations could result in the deposition
of a thin layer of residual contamination on the sediment surface of the Ponds following the completion of
dredging.  To address this the dredged surfaces would be covered with a clean granular material.  Cover
materials would be sized to address the potential need for a barrier between residual contamination and
ecological receptors.  Cover materials would also be sized to resist erosive forces and to provide habitat
niches for recolonization by marine and estuarine species.  It was estimated that the sub aqueous cover would
need to be approximately 0.3 to 0.45 metres in thickness.  Given the low depths of water anticipated in large
areas of the Ponds, especially at low tide, the cover materials would have to be placed from a shallow draft
barge, or from the shore.  The North and South Ponds could be expected to achieve the SSTLs immediately
after this restoration. 

The Placement of cover materials could be initiated at the end of the dredging program and completed in less
than six months. The landfill on the Coke Ovens site could be naturally contoured and revegatated to appear
similar to hills in the local area.

7.4.2 Performance Review
The anticipated performance of Cleanup Option 2 was assessed against the 12 Community Evaluation Criteria
and assigned a letter grade intended to qualitatively demonstrate the estimated success of that option for
achieving the criteria (Section 2.5.6).  The evaluation is summarized in Table 7.14.  The findings of the
RAER Team for each of these criteria are discussed under the four core principles and presented in the
following sections.
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7.4.2.1 CORE PRINCIPLE 1 – ENVIRONMENTALLY SOUND

Included within Core Principle 1, Environmentally Sound, are the following Community Evaluation Criteria
and their associated ranking:

• Reduce detrimental effect on the environment during implementation.............Medium Importance;
• Enhance long-term effectiveness and permanence ...........................................Medium Importance; and
• Improve ecosystems ..........................................................................................Medium Importance. 

Reduce Detrimental Effect on the Environment During Implementation (Medium Importance)
The greatest potential detrimental effect on the environment during the execution of Option 2 would be
unacceptable releases of sediments to the harbour surface water, to sediments and to the air during dredging
and material processing.  The contaminants in the Tar Ponds are relatively insoluble in water and have low
volatilization potential; they must be physically transported and attached to sediment particles to migrate.
Simple containment systems such as berms and sheetpiling are therefore effective in containing contamination
during dredging and other work activities during cleanup.  This alternative effectively prevents contaminant-
rich releases of sediment and turbid surface water to the harbour by completely enclosing the primary work
areas and isolating them from surface water flows.

Cleanup Option 2 could be completed in less than four years.  Dredging could be accomplished in less than
two years.  This relatively short clean-up period would also reduce the potential for detrimental effects to the
environment during the cleanup. 

The PCB materials would be incinerated off-site in an approved, permanent facility sited and designed for this
purpose.  The incinerator would be expected to meet and exceed the highest standards. Detrimental effects on
the environment are not expected. 
• Letter Grade – B: Cleanup Option 2 is unlikely to generate significant detrimental effects to the

environment during cleanup and is expected to exceed the Community Evaluation Criteria with respect to
reducing detrimental effects on the environment.

Enhance Long-term Effectiveness and Permanence (Medium Importance)
Cleanup Option 2 would permanently remove the COCs from both the North and South Ponds.  The North
Pond, which is tidal, has been identified as a net source of contaminants entering Sydney Harbour.  This net
source would be permanently removed. 

The North and South Pond sediments would be solidified and placed in a composite-lined landfill on the Coke
Ovens Site. S/S is the most common form of treatment for contaminated sediments and is well established as
an auxiliary element of upland disposal in landfills. A modern double-lined landfill is likely to be effective for
containment for centuries due to the highly redundant barrier systems.  Upland disposal facilities are a well-
established method for managing dredged contaminated sediments and are the most common cleanup method
for highly contaminated sediments.  The natural adsorption capacity of the sediments combined with the S/S
treatment makes the sediments very resistant to the leaching of contaminants.  While there could be a robust
cover system on the landfill, there would also be a need for some maintenance and monitoring of the landfill
over the years. 

PCB materials would be permanently destroyed by off-site incineration. 
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• Letter Grad – B: Cleanup Option 2 is likely to permanently remove or destroy much of the serious
contamination in the Ponds and is expected to exceed the Community Evaluation Criteria with respect to
long term effectiveness and permanence.

Improve Ecosystems (Medium Importance)
On completion of dredging and the placement of imported granular fill, it would be the intention to create new
marine aquatic habitat in both the North and South Ponds.  This also manages the issue of residual surficial
concentrations which is one of the primary concerns about the effectiveness of dredging.  The deeper water,
the removal of the contaminant mass, and the placement of clean material is expected to create new, clean
habitat for marine life provided that other contaminant sources, such as sewage, Coke Oven Brook sediments
and harbour sediments do not recontaminate the sediment surface. 

The landfill on the Coke Ovens Site could be contoured and revegetated to mimic a natural hill in the region.
This greenspace could provide new terrestrial habitat in this previously industrialized location. 

• Letter Grade – B: Cleanup Option 2 is likely to permanently improve the marine and land ecosystems to
the extent practical within an urbanized harbour setting and is expected to exceed the Community
Evaluation Criteria with respect to improved ecosystems.

7.4.2.2 CORE PRINCIPLE 2 - ECONOMICALLY RESPONSIBLE

Included within Core Principle 2, Economically Responsible, are the following Community Evaluation
Criteria and their associated ranking:

• A more reliable technology..................................................... High Importance;
• Cost effectiveness ................................................................... Low Importance; and
• Use of local material ............................................................... Low Importance.

A More Reliable Technology (High Importance)
The reliability of technologies involves predictability of results, including performance, cost, and time. The
dredging of contaminated sediments is often unpredictable if less than a conservative approach is assumed
during decision-making and design.  The ability to meet specific, low cleanup criteria has been demonstrated
to be unpredictable and difficult on many projects, often resulting in years of rework, and significant
expansion of costs.  The assumption incorporated into Option 2 is that the “cleaned” surface could be capped
once the contaminant mass has been removed; this effectively eliminates the performance uncertainty.  The
proposed mechanical dredging and material handling/processing technologies are standard technologies that
have been successfully used on many projects; this effectively eliminates cost and time uncertainties.  The
approach to dredging is expected to be reliable with respect to performance, cost, and time. 

Landfill containment is the most commonly used technology for managing highly contaminated sediments.
One reason is its high reliability, particularly when it is combined with solidification.  Many other sites that
have unsuccessfully used treatment or destruction technologies have ultimately turned to landfill containment
due to its ease of use.  The technology is flexible in how it is applied.  The costs are predictable, and projects
are likely to be executed within a defined budget. The combination of S/S and landfilling is also predictable
for the rates at which the work can be performed.  Reliability is therefore high with regard to schedule. 
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Composite-lined landfills have been used extensively for containing hazardous materials for two decades.
The RAER team are unaware of known releases through such lining systems.  The contaminants in the
solidified sediments are expected to remain sorbed, and leachate is expected to have very low levels of
contaminants and a neutral pH.  It is unlikely that the leachate would be aggressive towards the lining system.
It is likely that the composite liner system and cap would have usable lives measured in centuries.  Like any
containment system, some maintenance and monitoring could be required over time. 

Off-site incineration is considered to be a reliable technology.  Modern incinerators, approved to handle
hazardous materials, are designed for a wide array of materials and contaminants.  These incinerators
typically have a reasonably high capacity for throughput of materials.  Although incineration can be relatively
expensive, incineration costs can be reliably predicted, once the characteristics and volume of the feed
material are confirmed, and the method of transportation addressed.  A primary difficulty in predicting the
total cost and projected schedule would be an accurate estimation of the quantity of PCB materials (>50
mg/kg) that could require incineration.  The estimation of the scope and volume of PCB contaminated
sediments (>50 mg/kg) was based on information provided during the earlier studies. 

• Letter Grade – B: Cleanup Option 2 is considered to involve reliable technologies in terms of
predictability of results, i.e., effectiveness, cost and time, and is expected to exceed the Community
Evaluation Criteria with respect to being a more reliable technology.

Cost Effectiveness (Low Importance)
Landfilling is particularly cost-effective if a purposely-built landfill can be constructed close to or on-site as
proposed by this option.  This eliminates a substantial part of the total landfilling cost, i.e., the transportation
costs.  It also eliminates land purchase, siting, and other related costs.  Since this option permanently removes
the contaminants from the marine aquatic ecosystem relatively inexpensively, this option is generally cost
effective. 

Off-site incineration of the PCB materials would be relatively expensive and would require considerable
preparation of the materials for shipping off-site. 

• Letter Grade – B: Cleanup Option 2 involves one of the least expensive options for the management of
contaminated sediments together with an expensive, but reliable option to handle PCB materials to create
a cost effective solution that is expected to exceed the Community Evaluation Criteria with respect to
cost effectiveness.

Use of Local Materials (Low Importance)
Local materials would be used during the construction of both the landfill and its cover system.  Local
materials would also be used for capping the dredged areas and during site restoration. 

• Letter Grade B – Cleanup Option 2 would use local materials for all elements of the site related works,
thereby creating a solution that is expected to exceed the Community Evaluation Criteria with respect to
the use of local materials.
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7.4.2.3 CORE PRINCIPLE 3 – HEALTH CONSCIOUS

Included within Core Principle 3, Health Conscious, are the following Community Evaluation Criteria and
their associated ranking:

• Minimize health risk .............................................................. High Importance;
• Minimize the amount of dust and vapours ............................. Medium Importance; and
• Minimize odours .................................................................... Low Importance.

Minimize Health Risk (High Importance)
Cleanup Option 2 would remove the contaminated sediments from the Tar Ponds and seclude them in a
composite lined landfill after the sediments have been solidified. The contaminants would be isolated from
contact with human and ecological receptors.  Since the contaminants would sorb to the organic and sediment
particles, there would be little potential for them to migrate from the landfill even if the liners were to fail.
Since human receptors are protected from the contaminants, this option is protective of human health in the
long term. 

PCB materials would be permanently destroyed through off-site incineration. 

• Letter Grade – B: Cleanup Option 2 minimizes health risk by either transporting contaminants offsite and
destroying them or disposing them in a secure landfill thereby isolating them from contact with human
receptors thereby creating a solution that is expected to exceed the Community Evaluation Criteria with
respect to minimizing health risk.

Minimize the Amount of Dust and Vapours (Medium Importance)
The sediments would be handled in a wet condition so the potential for dust generation is low.  Truck traffic
would generally be limited to the Tar Ponds and Coke Ovens Sites.  There could, however, be some potential
for dust generation on the Coke Ovens Site during warm, dry weather.  There is also some potential for dust
generation during the solidification process, although the reagents would generally be stored and discharged
from silos. 

The activity likely to create vapours is dredging. There is very little BTEX in the sediments so the potential
for volatile aromatic hydrocarbon odours is low.  Napthalene is less volatile than the BTEX compounds and it
is not likely to generate unacceptable vapours off-site during dredging or handling. Sediments being
processed in the materials handling facility will be under cover, and if required, air emissions from this
facility would be treated prior to release.

• Letter Grade – C: Cleanup Option 2 minimizes the likelihood for dust and vapours as a consequence of
good management practices creating a solution that is expected to completely meet the Community
Evaluation Criteria with respect to minimizing dust and vapour.

Minimize Odours (Low Importance)
The interceptor sewer should help to reduce the potential for sewage related odours.  However, as it would be
expected that the South and North Pond sediments would contain substantial organic material, potentially in
an anaerobic condition, there would be a potential for odours during sediment extraction and handling.  There
is some potential for naphthalene (mothball-like) odours during dredging.  Sediments being processed in the
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materials handling facility will be under cover, and if required, air emissions from this facility would be
treated prior to release. The potential for odour generation, however, should be limited in duration because
dredging and material handling should be completed within two to three years. 

• Letter Grade – C: Cleanup Option 2 through good management practices will minimize the likelihood of
odours thereby creating a solution that is expected to meet the Community Evaluation Criteria with
respect to minimizing odours.

7.4.2.4 CORE PRINCIPLE 4 – SOCIALLY ACCEPTABLE

Included within Core Principle 4, Socially Acceptable, are the following Community Evaluation Criteria and
their associated ranking:

• Maximize long-term benefits .................................................. High Importance;
• Use of local labour ................................................................. Medium Importance; and
• Minimize the length of construction and cleanup time .......... Low Importance.

Maximize Long-term Benefits (High Importance)
The long-term benefits of Cleanup Option 2 would include the complete removal of contaminated sediments
from the Tar Ponds.  This could allow for the restoration of the Tar Ponds as a clean aquatic system without
the need for future monitoring.  The landfill could be integrated as a green space within the future land use of
the Coke Ovens Site. 

• Letter Grade – B: Cleanup Option 2 removes or isolates the contaminated sediments creating a solution
that is expected to exceed the Community Evaluation Criteria with respect to maximizing the longterm
benefits.

Use of Local Labour (Medium Importance)
Most of the construction, excavation, and disposal associated with this Option would take place in and in
proximity to the Tar Ponds Site.  The proposed works employ common construction techniques, and it would
be expected that much of the work could be performed by local contractors and local labour, including the
offsite transportation of the PCB materials. 

• Letter Grade – B: Cleanup Option 2 enables most of the work to take place in and in proximity to the Tar
Ponds and involves techniques that could be executed by local contractors thereby creating a solution that
exceeds the Community Evaluation Criteria with respect to the use of local labour.

Minimize the Length of Construction and Cleanup Time (Low Importance)
Dredging and solidifying the sediments and placing them in a constructed landfill on the Coke Ovens site
could be accomplished in a relatively short timeframe as compared to most cleanup alternatives.  This option
should be completed within four years of initiation. 

• Letter Grade – A: Cleanup Option 2 could be completed within four years thereby greatly exceeding the
Community Evaluation Criteria with respect to minimizing construction and cleanup time.



Contents 7-24 RAER - Tar Ponds
CBCL – ENSR February 2003 – Final Report

7.4.3 Estimated Cos ts and Schedule 
A summary of the estimated cost for Option 2 is provided in Table 7.2.  A more detailed cost estimate is
provided in Appendix C. An outline schedule is provided as Figure 7.8.

Table 7.2:  Summary of Estimated Costs for Tar Ponds Cleanup Option 2

ELEMENT
Total Cost
($ million)

Amortized Cost2

($ million)
Cofferdam Construction  1.5  1.5
Surface Water Diversion 22.0 22.0
Cooling Pond 7.0 5.9
South Pond 14.2 12.6
North Pond 18.5 16.1
Dredged Materials Processing 81.6 77.3
Incineration (PCB Material) 13.7 12.2
Coke Oven Landfill 17.9 15.1

TOTAL DIRECT COST 176.4 162.7
INDIRECT COSTS1 90.3 83.3

TOTAL OPTION COST 266.7 246.0
Note: 1 - Indirect costs include engineering and project management costs plus a contingency.

2 - Amoritized costs were determined using NPV analysis to bring the value of project cash flows to a common
point in time.

7.5 Tar Ponds S ite Cleanup Option 3 (Complete removal, multi-technology treatment/destruction, and
land-based containment at the Coke Ovens Site with on-site treatment of PCB materials and off-site
destruction of concentrated contaminants)

Cleanup Option 3 involves ex situ treatment and the destruction and containment (as required) of
contaminated sediments excavated from the North and South Ponds.  PCB materials (>50 mg/kg) would be
separated, treated to concentrate contaminant levels and destroyed off-site.  Option 3 could require extensive
material dewatering and processing to prepare the sediments for the treatment and destruction technologies.
The timeline associated with implementation could be longer and the costs higher than to either Cleanup
Option 1 or 2.  Residual contaminated materials would be disposed of in a new land-based containment
facility constructed on the Coke Ovens Site. 

Key components in the implementation of Cleanup Option 3 would include the following:
• A cofferdam constructed across the North Pond at Battery Point;

• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to
the North Pond and Harbour;

• PCB materials (>50 mg/kg) excavated from the South Pond and treated through thermal desorption or
pyrolysis to concentrate contaminants in the residual materials, which would be incinerated off-site;

• PAH sediments in the South Pond excavated, processed and treated using soil washing or slurry phase
bioremediation to reduce contaminant levels.  If necessary, the treated materials would be placed in a new
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containment facility constructed on the Coke Ovens Site.  Washings from the treatment processes would
be co-burned as appropriate;

• Sediments in the North Pond excavated, tested for PCBs, and separated into PCB materials (>50 mg/kg)
and PAH sediments;

• PCB materials (>50 mg/kg) from the North Pond treated through thermal desorption or pyrolysis to
concentrate contaminants in the residual materials, which would be destroyed off-site;

• PAH sediments from the North Pond processed and treated using soil washing or slurry phase
bioremediation to reduce the contaminant levels.  If necessary, treated materials would be placed in a new
containment facility constructed on the Coke Ovens Site.  Washings from the treatment processes would
be co-burned as appropriate; 

• A sub aqueous cap placed over the dredged surfaces of the South and North Ponds; and

• South and North Pond shorelines and the re-routed watercourses stabilized and revegetated.

7.5.1 Cleanup Option 3: Key Components 
A brief discussion of the key components for the implementation of Cleanup Option 3 is provided in the
following sections.  As some components are common to all Options, they have been discussed in Section
7.2.  Figure 7.5 provides a graphic depiction of the major areas of the Site that would be included in the
cleanup operations.  A flowchart of key components is included as Figure 7.9.

7.5.1.1 REMOVAL OF SEDIMENTS FROM SOUTH AND NORTH PONDS

PCB sediment removal from the South Pond would be as described for Option 1 (Section 7.3).  Sediments
would be dredged from the North Pond and passively dewatered on the shore.  The North Pond has thin layers
of sediment with PCB concentrations greater than 50 mg/kg.  Careful dredging in these areas would attempt
to remove these materials separately.  This is expected to be difficult, and it might not be possible given the
very thin layers that have been identified. 

The excavated sediments suspected to have PCB concentrations greater than 50 mg/kg would be tested during
the passive dewatering phase.  If the PCB concentrations were greater than 50 mg/kg, those sediments would
be handled and processed separately. Testing would be conducted on sediment lots of approximately 500 to
1,000 tonnes.  It is expected that removal would be done using both shore-based and barge-based techniques.
PCB sediment would be processed for on-site treatment followed by off-site destruction.  PAH sediments
would be removed and processed by an on-site treatment train. 

At an average dredging rate of 500 tonnes per day, it would take approximately six years of dredging to
remove the sediments.

7.5.1.2 MATERIAL PROCESSING

A schematic of the proposed materials handling process for this Option is provided in Figure 7.10.
Mechanical dewatering would be used as part of the material processing system.  Pre-treatment processing
would require the use of a filter press to reduce the water content to a point suitable for thermal desorption or
pyrolysis.
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7.5.1.3 WASTEWATER TREATMENT

The estimated wastewater throughput requirements for Option 3 are approximately 200 litres per minute.
This could be increased to as much as 400 litres per minute.  It was also assumed that some of the water could
be recycled for use in the soil washing operations.

7.5.1.4 VENT TREATMENT

Vent treatment for Option 3 would consist of a carbon adsorption system to remove the organics that could be
present in the building.  A building ventilation system would collect the inside air, which would then be
passed through a carbon bed.

7.5.1.5 ON-SITE THERMAL DESCRIPTION OR PYROLYSIS OF PCB SEDIMENTS

PCB materials (>50 mg/kg) from both the North and South Ponds would be controlled substances under
CEPA and provincial and possibly municipal regulations.  PCB sediments would be segregated and filter
pressed, or thermally dried, to reduce their water content, and thermally desorbed or pyrolysized using
facilities located on the Coke Ovens Site.  The desorbed contaminants would be expected to be about two
percent of the former sediment mass.  This material would be shipped to an off-site facility  permitted to
accept and destroy PCB materials.  This facility could potentially use incineration, plasma, vitrification, or
hydrogen reduction technologies.  At this time, the closest incinerator capable of handling the expected
volumes of material is the Recupere-Sol facility in Quebec.  It has been assumed that the on-site thermal
desorber or pyrolysis unit could process up to 200 tons per day, depending on the size of the unit.  The
desorbed contaminants would be periodically transported in batches for incineration.  Dredging in the North
Pond would take place after that of the South Pond.

7.5.1.6 SOIL WASHING OR SLURRY PHASE BIOREMEDIATION

Soil washing includes a broad array of techniques.  Slurry phase bioremediation has been included with soil
washing due to the similarities in their material handling requirements. The purpose of soil washing is to
separate the fines that contain the contaminants from the coarser mineral sediments.  In the technologies that
incorporate bioremediation, this may be a protracted process on large quantities; the process involves keeping
the fines in suspension thereby allowing for free contact with water, nutrients, and bacteria to desorb the
organic contaminants and break them down organically.

Soil washing would take place at a location on the Coke Ovens Site.  If it is to be effective in all weather
conditions, the operation would likely be performed under a Sprung structure, or erected steel building, Soil
washing processes are very water intensive and rely on the ability to move very wet materials, a procedure
that can prove difficult in freezing conditions.   Some of the soil washing techniques, including the Biogenesis
and slurry phase technologies, incorporate bioremediation as an integral component.  Bioremediation works
less effectively in the cold and requires at least nominal heating during fall, winter, and spring months. The
nature of the technologies would likely require that soil washing would be performed on a continuous basis
while slurry phase bioremediation would be operated in a batch mode. Slurry phase bioremediation would
therefore require more land area, probably about 6 to 8 hectares for treatment cells and storage of materials to
be treated.  While the limited capacity of the continuous soil washing process would probably require that the
dredging be conducted year round, unless ample storage space is provided for, the dredging program could be
shut down for several month per year during the winter.
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It was assumed that about 500 tonnes of sediments per day could be treated.  This would require
approximately six years to process the estimated volumes of Tar Pond sediments.  It has been assumed that
about 25 to 50 percent of the sediment mass would remain as a mineral mass.  The balance of the material
would be expected to be comprised of highly organic fines, given the high coal content of the sediments.  In
the case of TDEnviro, the process is designed to convert the organic material into a fuel product.  Other soil
washing technologies are also likely to have a high caloric content in the washings.  In the case of the slurry
phase bioremediation, it may be possible to coburn the entire remaining mass, or it may need to be landfilled
as that process is not specifically designed to separate the coarse from fine fraction at the end of the process.
Slurry phase bioremediation would probably not reduce the total sediment mass substantially.

The soil washing and slurry phase bioremediation processes remove most of the contaminants, but may not
reliably achieve low enough levels to permit unrestricted filling of land.  It was assumed that the washed
mineral matter would need to be landfilled in a lined landfill and capped.

7.5.1.7 OFF-SITE CO-BURNING OF THE RESIDUALS

The contaminated washings from the soil washing process would be co-burned off-site in a power plant,
cement kiln or similar type of facility.  The washings would likely need to be dried thermally or by
mechanical pressing to achieve a low enough moisture content.  Based on the TD Enviro TDP, it could be
possible that up to 75 percent of the sediment mass would be sent off-site for co-burning.  It would, however,
be more realistic to plan for 50 percent.  The wide array of contaminants that might be present in the co-
burned materials, including 1 to 2 mg/kg of PCBs, would likely necessitate the selection of co-burning
facilities that would operate with relatively high temperatures and long residence times to maximize
contaminant destruction.

7.5.1.8 LANDFILLING

The required landfill could be located on the Coke Ovens Site.  It has been assumed that some solidification
would be needed which could cause a 20 percent volume expansion of the sediments as less reagents should
be required for stabilizing the cleaned sediments.  Assuming a maximum height of 15 to 20 m and average
sideslopes of 5H:1V (20 percent), a landfill for the mineral matter from the dredged Tar Ponds sediments
could have a footprint of approximately two hectares of land, assuming that 50 percent of the sediment mass
is sent off-site for co-burning.  It was assumed that the landfill would be located in the Coke Storage Area
and/or By-Products Building areas, or at a site to the east of these locations.  It was assumed that the landfill
would meet or exceed the Nova Scotia Municipal Landfill design requirements.  Both the primary and
secondary liners would be composite (geomembrane and compacted clay or geosynthetic clay liner (GCL))
which would exceed the Nova Scotia Guidelines.  Double composite liner systems have been shown to be
highly reliable without known failures to date.

The landfill cover system would include a composite barrier system, consisting of both geomembrane and
compacted clay or GCL with a drainage system, which also exceeds the Nova Scotia Guidelines.  The use of a
composite cover system should effectively eliminate infiltration into the solidified sediments. 

The solidification process would also provide substantial strength and stiffness of the sediments in the
landfill.  As a result, very little settlement or creep of the materials is expected after the landfill is closed.
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Typical maximum sideslopes for landfills are 3H:1V (33%) to 4H:1V (25%) in order to maximize volume and
minimize space.  The use of flatter sideslopes, incorporation of drainage systems in the cap and limiting the
height of the landfill, would provide for a more robust landfill with a very low probability of failure of the
cover system.  The limited landfill height and relatively flat sideslopes would also allow for landform grading
to mimic the topography of a natural hillform.  The landfill could then be incorporated as green space within
the proposed land uses of the Coke Ovens site.

The landfill liner and leachate management would likely take about three months to construct prior to the start
of dredging and about three months to close after dredging.

7.5.1.9 SITE RESTORATION

Following the completion of the dredging operations, the dredged surfaces would be covered with a clean
granular material.  The resettlement of suspended materials associated with the dredging operations could
result in the deposition of a thin layer of residual contamination on the sediment surface of the Ponds.  Cover
materials could be sized to address the potential need for a barrier between residual contamination and
ecological receptors.  Cover materials should also be sized to resist erosive forces and to provide habitat
niches for recolonization by marine and estuarine species.  It was estimated that the sub aqueous cover would
be approximately 0.3 to 0.45 metres in thickness.  Given the low depths of water anticipated in large areas of
the Ponds, especially at low tide, cover materials would have to be placed from a shallow draft barge, or from
the shore.  The North and South Pond could be expected to achieve the SSTLs immediately after this
restoration. 

Placement of cover materials could be initiated at the end of the dredging program and completed in less than
six months. The landfill on the Coke Ovens site could be naturally contoured and revegatated to appear
similar to hills in the local area.

7.5.2 Performance Review
The anticipated performance of Cleanup Option 3 was assessed against the 12 Community Evaluation Criteria
and assigned a letter grade intended to qualitatively demonstrate the estimated success of that option for
achieving the criteria (Section 2.5.6).  The evaluation is summarized in Table 7.14. The findings of the RAER
Team for each of these criteria are discussed under the four core principles and presented in the following
sections.

7.5.2.1 CORE PRINCIPLE 1 – ENVIRONMENTALLY SOUND

Included within Core Principle 1, Environmentally Sound, are the following Community Evaluation Criteria
and their associated ranking:

• Reduce detrimental effect on the environment during implementation.............Medium Importance;
• Enhance long-term effectiveness and permanence ...........................................Medium Importance; and
• Improve ecosystems ..........................................................................................Medium Importance. 

Reduce Detrimental Effect on the Environment During Implementation (Medium Importance)
The greatest potential detrimental effects on the environment during the execution of Option 3 would be
unacceptable releases to the harbour surface water, to sediments and to the air during dredging and material
processing.  The contaminants in the Tar Ponds are relatively insoluble in water and have low volatilization
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potential; they must be physically transported attached to sediment particles to migrate. Simple containment
systems such as berms and sheetpiling are therefore effective in containing contamination during dredging
and other work activities during cleanup.  This alternative effectively prevents contaminant-rich releases of
sediment and turbid surface water to the harbour by completely enclosing the primary work areas and
isolating them from surface water flows.

This cleanup option could progress at a moderate pace and could be completed in less than eight years.  The
dredging period would likely require six years.  The duration of the cleanup increases the potential for
detrimental effects on the environment from dredging operations due to storms or flooding as compared to the
risks associated with the confined disposal facility or landfilling options.

The soil washing/slurry phase bioremediation operations are expected to be performed within an enclosed
structure.  This should effectively manage the potential for releases to the environment during these
operations.  The solidification and landfilling steps would be performed on materials that have been pre-
treated and contaminant levels would be greatly reduced. 

The co-burning of washings is expected to be performed in carefully selected facilities with significant
residence times and high temperatures to maximize destruction of the wide array of contaminants that may be
present.  The removal of much of the mineral matter should improve the burning efficiency of the
contaminants.  The chosen facility would be expected to manage the resulting ash which may have an
elevated level of inorganics. 

The PCB materials could be thermally desorbed or pyrolysized on-site in a mobile unit with off-site
destruction of the concentrated contaminants at an approved, fixed, permanent facility designed for this
purpose.  The destruction facility would be expected to meet and exceed the highest standards applied to these
facilities.  Emission controls on the on-site thermal units would be required to meet the laws, regulations, and
guidelines applicable to PCB material treatment.  Detrimental effects on the environment are not expected. 

• Letter Grade – C: Cleanup Option 3 is unlikely to generate significant detrimental effects on the
environment during cleanup and is expected to completely meet the Community Evaluation Criteria with
respect to reducing detrimental effects on the environment.

Enhance Long-term Effectiveness and Permanence (Medium Importance)
Option 3 removes the COCs from both the North and South Ponds.  The North Pond, which is tidal, has been
identified as a net source of contaminants entering Sydney Harbour.  This net source would be permanently
removed. 

The North and South Pond sediments would be soil washed, solidified and placed in a composite-lined
landfill on the Coke Ovens Site.  The soil washing or slurry phase bioremediation process should greatly
reduce the quantity and mobility of the contaminants in the remaining sediment mass.  S/S is the most
common form of treatment for contaminated sediments and is well established as an auxiliary element of
upland disposal in landfills.  A modern double-lined landfill is likely to be effective for containment for
centuries due to the highly redundant barrier systems.  Upland disposal facilities are a well-established
method for managing dredged contaminated sediments and are the most common cleanup method for highly
contaminated sediments.  The reduction of the contaminant mass and its subsequent solidification virtually
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eliminates any long-term concern of leaching.  While there could be a robust cover system on the landfill,
some maintenance and monitoring of the landfill would be required over the years. 

The co-burning process should permanently destroy the bulk of the organic contaminants present in the PAH
sediments. 

The PCB materialss would be permanently destroyed by thermal desorption/pyrolysis and off-site destruction. 

• Letter Grade – A: Cleanup Option 3 is likely to permanently remove or destroy the contamination in the
Ponds and is expected to greatly exceed the Community Evaluation Criteria with respect to long term
effectiveness and permanence.

Improve Ecosystems (Medium Importance)
On completion of the dredging and the placement of imported granular fill, it would be the intention to create
new marine aquatic habitat in both the North and South Ponds.  This also manages the issue of residual
surficial concentrations which is one of the primary concerns about the effectiveness of dredging.  The deeper
water, the removal of the contaminant mass, and the placement of clean material is expected to create new,
clean habitat for marine life provided that other contaminant sources, such as sewage, Coke Oven Brook
sediments and harbour sediments do not recontaminate the sediment surface. 

The landfill on the Coke Ovens Site could be contoured and revegetated to mimic a natural hill in the region.
This greenspace could provide for new terrestrial habitat in this previously industrialized location.

• Letter Grade – B: Cleanup Option 3 is likely to permanently improve the marine and land ecosystems to
the extent practical within an urbanized harbour setting and is expected to exceed the Community
Evaluation Criteria with respect to improving the ecosystems.

7.5.2.2 CORE PRINCIPLE 2 - ECONOMICALLY RESPONSIBLE

Included within Core Principle 2, Economically Responsible, are the following Community Evaluation
Criteria and their associated ranking:

• A more reliable technology..................................................... High Importance;
• Cost effectiveness ................................................................... Low Importance; and
• Use of local material ............................................................... Low Importance.

A More Reliable Technology (High Importance)
The reliability of the technologies involves predictability of results, including performance, cost, and time.
The dredging of contaminated sediments is often unpredictable if less than a conservative approach is
assumed during decision-making and design.  The ability to meet specific, low cleanup criteria has been
demonstrated to be unpredictable and difficult on many projects, often resulting in years of rework, and
significant expansion of costs.  The assumption incorporated into Option 3 is that the “cleaned” surface could
be capped once the contaminant mass has been removed; this effectively eliminates the performance
uncertainty.  The proposed mechanical dredging and material handling/processing technologies are standard
technologies that have been successfully used on many projects; this effectively eliminates cost and time
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uncertainties.  The approach to dredging is expected to be reliable with respect to performance, cost, and time. 

The soil washing/slurry phase remediation technologies are highly dependent on the interaction the sediments
and contaminants for their success.  The effectiveness of contaminant removal with respect to proposed site
specific criteria can often be unpredictable and problematic. The need for repeated attempts to achieve
cleanup criteria could result in significant overruns in cost and schedule.   These technologies, however, are
generally successful at removing large percentages of the contaminant mass in one pass. 
Because of the technical difficulties that can be associated with achieving the clean levels typically required
during soil washing cleanups, these technologies have been proposed to substantially reduce the contaminant
levels of the sediments that would be landfilled on-site.  There is also the possibility that much or all of the
treated sediment may be clean enough not to require landfilling.  Landfill containment is the most commonly
used technology for managing highly contaminated sediment as it is highly reliable, particularly when it is
combined with solidification.  Many other sediment sites that have unsuccessfully attempted treatment or
destruction technologies have ultimately used landfill containment due to its ease of use.  The contaminants in
the treated and solidified sediments are expected to be at very low concentrations and the leachate is expected
to have very low levels of contaminants and a neutral pH.  It is unlikely that the leachate could be aggressive
towards the lining system.  It is likely that the composite liner system and cap would have usable lives
measured in centuries. Like any containment system, some maintenance and monitoring would be required
over time. 

Co-burning of the washings from the PAH sediments is proposed.  Co-burning of the organic contaminants is
expected to be relatively simple and reliable provided an appropriate facility is located. 

The TDP indicated that pyrolysis was very successful in removing the contaminants from the sediment.
Typically thermal desorption and pyrolysis are reliable technologies for managing organic contaminants.  Off-
site incineration is also a reliable technology and are typically built to handle a wide array of materials and
contaminants. Other destruction technologies are less well developed on a commercial basis.    The commonly
used thermal technologies have predictable costs once the basic material characteristics are known.  Thermal
technologies are relatively expensive, and a primary difficulty in predicting the total project cost and schedule
would be in predicting the quantity of PCB materials that might require thermal treatment compared to PAH
sediments which can be managed using other technologies.  The primary economic and schedule risk
associated with this option is if the total quantity of PCB materials has been substantially underestimated
during the various investigation phases. 

• Letter Grade – B: Cleanup Option 3 is considered to involve reliable technologies in terms of
predictability of results, i.e., effectiveness, cost and time, and is expected to exceed the Community
Evaluation Criteria with respect to being a more reliable technology.

Cost Effectiveness (Low Importance)
The soil washing and slurry phase bioremediation technologies are relatively cost-effective if they are capable
of cleaning the materials to the point that they can be disposed without landfilling.  It is unclear at this time if
this would be the case and an additional landfilling step is provided for. 
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Thermal desorption, pyrolysis, and off-site incineration are relatively expensive but are generally very
effective. 

• Letter Grade – C: Cleanup Option 3 involves relatively expensive technologies to effectively address the
contamination at the site and to create a cost effective solution that is expected to completely meet the
Community Evaluation Criteria with respect to cost effectiveness.

Use of Local Material (Low Importance)
Local materials would be used during the construction of both the landfill and its cover system.  Local
materials would also be used for capping the dredged areas and during site restoration. There would be less
local material in the application of the technologies associated with this option.  

Letter Grade – C: Cleanup Option 3 would use local materials for some components of the program, thereby
creating a solution that is expected to completely meet the Community Evaluation Criteria with respect to the
use of local materials.

7.5.2.3 CORE PRINCIPLE 3 – HEALTH CONSCIOUS

Included within Core Principle 3, Health Conscious, are the following Community Evaluation Criteria and
their associated ranking:

• Minimize health risk .............................................................. High Importance;
• Minimize the amount of dust and vapours ............................. Medium Importance; and
• Minimize odours .................................................................... Low Importance.

Minimize Health Risks (High Importance)
This option removes the sediments from the Tar Ponds, removes most of the contaminants and destroys them.
If needed, the remaining low levels of contaminants would be secluded in a composite lined landfill after
solidification.  Since most of the contaminants are destroyed, permanently removing them from the world’s
food chain, this option is protective of human health in the long term. 

• Letter Grade – A: Cleanup Option 3 minimizes the health risk through removal and destruction of the
contaminants thereby creating a solution that is expected to greatly exceed the Community Evaluation
Criteria with respect to minimizing health risks.

Minimize Dust and Vapours (Medium Importance)
As the sediments would be handled in a wet condition, the potential for dust generation is low.  Truck traffic
would generally be limited to the Tar Ponds and Coke Ovens Sites.  There could, however, be some potential
for dust generation on the Coke Ovens Site during warm, dry weather.

The activity likely to create vapours is dredging. There is very little BTEX in the sediments so the potential
for volatile aromatic hydrocarbon odours is low.  Napthalene is less volatile than the BTEX compounds, and
it is not likely to generate unacceptable vapours off-site during dredging or handling. Sediments being
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processed in the materials handling facility will be under cover, and if required, air emissions from this
facility would be treated prior to release.

• Letter Grade – C: Cleanup Option 3 minimizes the likelihood for dust and vapours as a consequence of
good management practices creating a solution that is expected to completely meet the Community
Evaluation Criteria with respect to minimizing dust and vapour.

Minimize Odours (Low Importance)
The interceptor sewer should help to reduce the potential for sewage related odours.  However, as it would be
expected that the South and North Pond sediments would contain substantial organic material, potentially in
an anaerobic condition, there would be a potential for odours during sediment extraction and handling.  There
is some potential for naphthalene (mothball-like) odours during dredging.  Sediments being processed in the
materials handling facility will be under cover, and if required, air emissions from this facility would be
treated prior to release. 

• Letter Grade – C: Cleanup Option 3 through good management practices will minimize the likelihood of
odours thereby creating a solution that is expected to meet the Community Evaluation Criteria with
respect to minimizing odours.

7.5.2.4 CORE PRINCIPLE 4 – SOCIALLY ACCEPTABLE

Included within Core Principle 4, Socially Acceptable, are the following Community Evaluation Criteria and
their associated importance ranking:

• Maximize long-term benefits .................................................. High Importance;
• Use of local labour ................................................................. Medium Importance; and
• Minimize the length of construction and cleanup time .......... Low Importance.

Maximize Long-Term Benefits (High Importance)
The long-term benefits of Option 3 would include the complete removal of the contaminated sediments from
the Tar Ponds.  This could allow for the restoration of the Tar Ponds as a clean aquatic system without the
need for future monitoring.  The relatively small landfill that might be required could be integrated as a green
space within the future land use of the Coke Ovens site. 

• Letter Grade – B: Cleanup Option 3 removes and destroys the contaminated sediments creating a solution
that is expected to exceed the Community Evaluation Criteria with respect to maximizing the long term
benefits.

Use of Local Labour (Medium Importance)
Much of the soil washing would likely be performed by speciality contractors.  The dredging and landfilling,
however, would likely be done by local contractors.  It is expected that a substantial portion of the total work
could be performed using local labour. 

• Letter Grade – C: Cleanup Option 3 enables much of the work to be executed by local contractors thereby
creating a solution that completely meets the Community Evaluation Criteria with respect to the use of
local labour.
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Minimize the Length of Construction and Cleanup Time (Low Importance)
Cleanup Option 3 could be completed in less than eight years, which would be about the average to above
average timeframe for the remediation of this type of site using the proposed range of technologies. 

• Letter Grade – C: Cleanup Option 3 would be completed in less than eight years thereby creating a
situation that completely meets the Community Evaluation Criteria with respect to minimizing
construction and cleanup time.

7.5.3 Estimated Cos ts and Schedule 
A summary of the estimated cost for Option 3 is provided in Table 7.3.  A more detailed cost estimate is
provided in Appendix C.  Costs for the Cleanup Option 3 have been estimated based on a projected seven
years for completion.  An outline schedule is provided as Figure 7.11.

Table 7.3:  Summary of Estimated Costs for Tar Ponds Cleanup Option 3

ELEMENT
Total Cost
($ million)

Amortized Cost 2

($ million)
Cofferdam Construction 1.5 1.5
Surface Water Diversion 22.0 22.0
SYSCO Cooling Pond 7.0 5.9
South Pond 14.2 11.7
North Pond 18.5 14.8
Dredged Materials Processing 161.2 140.5
Incineration (PCB Material) 0.2 0.2
Co-burning (PAH Sediments) 10.2 8.4
Coke Oven Landfill 11.5 9.1

TOTAL DIRECT COST 246.2 214.1
INDIRECT COSTS1 126.2 109.7

TOTAL OPTION COST 372.4 323.8
Note: 1 - Indirect costs include engineering and project management costs plus a contingency.

2 - Amoritized costs were determined using NPV analysis to bring the value of project cash flows to a common
point in time.

7.6 Tar Ponds S ite Cleanup Option 4 (Complete removal, off-site co-burning destruction of PAH
sediment with off-site incineration of PCB material)

Cleanup Option 4 involves the removal and off-site destruction of the contaminated sediments excavated from
the North and South Ponds.  Material handling and preparation requirements would be significant and would
include debris removal, size control, dewatering, drying and the treatment of decanted water prior to release. 

Key components in the implementation of Cleanup Option 4 would include the following:
• A cofferdam constructed across the North Pond at Battery Point;

• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to
the North Pond and Harbour;



Task Name
Cofferdam Construction
Surface Water Diversion
Cooling Pond

Excavate/Dispose Sludge

Remove/Dispose Structure

Restore Site

South Pond
Mobilization and Preparation

Excavate All Sediment

Site Restoration

Long-term Monitoring

North Pond
Equipment Mobilization

Dredge All Sediment

Site Restoration

Long-term Monitoring

Dredged Material Processing
Installation/Setup

Process Dredged Product

Thermal Desorption/Pyrolysis

Soil Washing

Mix S/S Additive Ex Situ

Off Site Incineration (PCB Material)
Co-burning (Sediment Washings)
Coke Ovens Landfill

Site preparation

Construction/Disposal

Long-term Monitoring

Demobilization/Decommissioning
All Tasks

Long Term Monitoring = 6 Years

Long Term Monitoring = 6 Years

Long Term Monitoring = 25 Years

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

Figure 7.11: Tar Ponds Cleanup Option 3 Schedule
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• PCB materials (>50 mg/kg) excavated from the South Pond, processed and incinerated off-site;

• Sediments in the North Pond excavated, tested for PCBs and separated into PCB materials (>50 mg/kg)
and PAH sediments;

• PCB materials (>50 mg/kg) from the North Pond processed and incinerated off-site;

• All PAH sediments in the South Pond excavated, processed and  coburned.  Washings from the treatment
processes would be co-burned as appropriate; 

• A subaqueous cap placed over the remaining sediments in the dredged areas of the South and North
Ponds; and

• South and North Pond shorelines and the re-routed watercourses stablized and revegetated.

7.6.1 Cleanup Option 4: Key Components 
A brief discussion of the key components for implementation of Cleanup Option 4 is provided in the
following sections.  As some components are common to all Options, they have been discussed earlier in
Section 7.2.  Figure 7.5 provides a graphic depiction of the major areas of the Site that would be included in
the cleanup operations.  A flowchart of key components is included as Figure 7.12.

7.6.1.1 REMOVAL OF SEDIMENTS FROM THE SOUTH AND NORTH PONDS

The excavation of the Tar Ponds sediments would involve the same approach as that detailed for Option 3.
Dredging rates of 200 to 500 tonnes per day (400 tonnes per day average assumed) would require seven to
twelve years to remove the sediments.

7.6.1.2 MATERIAL PROCESSING

A schematic of the proposed materials handling process for this Option is provided in Figure 7.13.  Following
the second passive dewatering step, materials in the holding vessels would be loaded onto a screen assembly.
The vibrating screen unit would be designed to take-off materials in multiple steps, which increases screening
performance.  The screens would separate materials greater than 25 mm and greater than 10 mm.  Water
would be added at the top of each screen stage.  Wet screening could be more effective for the removal of
fines from oversize materials.  A cleaning solution might also be added to the water stream to help solubilize
the organic contaminants attached to oversize materials.

Mechanical dewatering might be used as part of the material processing system for the PCB materials.  This
would require the use of a filter press or thermal dryer to reduce the water content to a point suitable for
incineration.  Adding stabilizing materials would not be desirable for the PCB materials (>50 mg/kg) as they
would add to the total mass and the cost for incineration.

7.6.1.3 WASTEWATER TREATMENT

Wastewater treatment would be as described in Section 7.2.5.  The wastewater flows estimated for Option 4
would be approximately 200 litres per minute.

7.6.1.4 VENT TREATMENT

Vent treatment for this option would consist of a carbon adsorption system for the removal of organics that
could be present in the building.  A building ventilation system would collect the inside air, which would then
be passed through a carbon bed.  
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7.6.1.5 OFF-SITE INCINERATION OF THE SOUTH AND NORTH POND PCB SEDIMENTS

PCB sediments would be managed in the same manner as for Option 1 and would be processed and
transported off-site for incineration. 

7.6.1.6 OFF-SITE CO-BURNING

The wide array of contaminants that could be present in the co-burned materials, including one to two mg/kg
of PCBs would require the careful selection of the co-burning facilities to ensure that they would operate with
relatively high temperatures and long residence times to maximize contaminant destruction.  The co-burning
of the sediments in a circulating fluidized bed power plant or cement kiln would fit these criteria. Multiple
end users might potentially be involved.  Transportation of the processed sediment would preferably be by
rail though many potential users might not have rail access and trucking would be required.
The material processing requirements and limitations on quantities that might be co-burned by the end-users
could restrict the treatment rate to a range of 200 to 500 tonnes per day.  This would result in a treatment
schedule of 7 to 12 years.  It was expected that this technology could be applied year-round although it is
likely that there would be a two to three month shutdown in the winter months due to difficulties that might
be associated with dredging and material handling in very cold weather.

7.6.1.7 SITE RESTORATION

Following the completion of the dredging operations, the dredged surfaces would be covered with a clean
granular material.  The resettlement of suspended materials associated with the dredging operations could
result in the deposition of a thin layer of residual contamination on the sediment surface of the Ponds.  Cover
materials could be sized to address the potential need for a barrier between residual contamination and
ecological receptors.  Cover materials would also be sized to resist erosive forces and to provide habitat
niches for recolonization by marine and estuarine species.  It was estimated that the sub aqueous cover would
be approximately 0.3 to 0.45 metres in thickness.  Given the low depths of water anticipated in large areas of
the Ponds, especially at low tide, the cover materials would have to be placed from a shallow draft barge, or
from the shore.  The North and South Pond could be expected to achieve the SSTLs immediately after this
restoration. 

Placement of cover materials could be initiated at the end of the dredging program and completed in less than
six months.

7.6.2 Performance Review
The anticipated performance of Cleanup Option 4 was assessed against the 12 Community Evaluation Criteria
and assigned a letter grade intended to qualitatively demonstrate the estimated success of the option for
achieving the criteria (Section 2.5.6). The evaluation is summarized in Table 7.14.  The findings of the RAER
Team for each of these criteria are discussed under the four core principles and presented in the following
sections.

7.6.2.1 CORE PRINCIPLE 1 – ENVIRONMENTALLY SOUND

Included within Core Principle 1, Environmentally Sound, are the following Community Evaluation Criteria
and their associated ranking:

• Reduce detrimental effect on the environment during implementation.............Medium Importance;
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• Enhance long-term effectiveness and permanence ...........................................Medium Importance; and
• Improve ecosystems ..........................................................................................Medium Importance). 

Reduce Detrimental Effect on the Environment During Implementation (Medium Importance)
The greatest potential detrimental effects on the environment during the execution of Option 4 would be
unacceptable releases to the harbour surface water, to sediments and to the air during dredging and material
processing.  The contaminants in the Tar Ponds are relatively insoluble in water and have low volatilization
potential; they must be physically transported attached to sediment particles to migrate. Simple containment
systems such as berms and sheetpiling are therefore effective in containing contamination during dredging
and other work activities during cleanup.  This alternative effectively prevents contaminant-rich releases of
sediment and turbid surface water to the harbour by completely enclosing the primary work areas and
isolating them from surface water flows.

This cleanup option could take place over a 7 to 12 period.  Dredging would likely be required throughout
much of this period.  This relatively long clean-up period would increase the potential for detrimental effects
on the environment due to a greater risk of releases during storm or flood events than would be expected for
those options with shorter cleanup periods. 

The co-burning of the contaminants would be performed in a large facility with long residence times and high
temperatures to effectively destroy the contaminants.  The contaminated sediments would be a relatively low
percentage of the fuel feed, and therefore emissions should not be significantly different from normal
operations. 

The PCB materials could be incinerated off-site in an approved, fixed facility sited and designed for this
purpose.  The incinerator would be expected to meet and exceed the highest standards applied to these
facilities. Detrimental effects on the environment are not expected. 

• Letter Grade – C: Cleanup Option 4 is unlikely to generate significant detrimental effects on the
environment during cleanup and is expected to completely meet the Community Evaluation Criteria with
respect to reducing detrimental effects on the environment.

Enhance Long-term Effectiveness and Permanence (Medium Importance)
Option 4 removes the COCs from both the North and South Ponds.  The North Pond, which is tidal, has been
identified as a net source of contaminants entering Sydney Harbour.   This net source would be permanently
removed. 

Effectively all of the organic contaminants in the Tar Ponds sediments would be permanently destroyed. 

• Letter Grade – A: Cleanup Option 4 is likely to permanently remove or destroy the contamination in the
Ponds and is expected to greatly exceed the Community Evaluation Criteria with respect to long term
effectiveness and permanence.

Improve Ecosystems (Medium Importance)
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On the completion of dredging and the placement of imported granular fill, it would be the intention to create
new marine aquatic habitat in both the North and South Ponds.  This also manages the issue of residual
surficial concentrations which is one of the primary concerns about the effectiveness of dredging.  The deeper
water, the removal of the contaminant mass, and the placement of clean material is expected to create new,
clean habitat for marine life provided that other contaminant sources, such as sewage, Coke Oven Brook
sediments and harbour sediments do not recontaminate the sediment surface. 

• Letter Grade – A: Cleanup Option 4 is likely to permanently improve the marine and land ecosystems to
the extent practical within an urbanized harbour setting and is expected to greatly exceed the Community
Evaluation Criteria with respect to improving the ecosystems.

7.6.2.2 CORE PRINCIPLE 2 - ECONOMICALLY RESPONSIBLE

Included within Core Principle 2,  Economically Responsible, are the following Community Evaluation
Criteria and their associated ranking:

• A more reliable technology..................................................... High Importance;
• Cost effectiveness ................................................................... Low Importance; and
• Use of local material ............................................................... Low Importance.

A More Reliable Technology (High Importance)
The reliability of the technologies involves predictability of results, including performance, cost, and time.
The dredging of contaminated sediments is often unpredictable if less than a conservative approach is
assumed during decision-making and design.  The ability to meet specific, low cleanup criteria has been
demonstrated to be unpredictable and difficult on many projects, often resulting in years of rework, and
significant expansion of costs.   The assumption incorporated into Option 4 is that the “cleaned” surface could
be capped once the contaminant mass has been removed; this effectively eliminates the performance
uncertainty.  The proposed mechanical dredging and material handling/processing technologies are standard
technologies that have been successfully used on many projects; this effectively eliminates the cost and time
uncertainties.  The approach to dredging is expected to be reliable with respect to performance, cost, and time. 

Co-burning is a reliable technology that has been used frequently for coal tar contaminated soils from
manufactured gas plants.  It has been used much less for sediments, but the high coal content of these
sediments indicates that it should be very effective and reliable.  Since co-burning is intended to use the
material as a fuel, the cost of this component would be a function of the caloric content and moisture content
of the material.  This would need to be determined using additional bench and pilot testing on sediments from
different parts of the site. The primary technical difficulties that might occur are associated with material
processing to produce a product suitable for co-burning.  The primary risk to the execution of this alternative
would be an inability to successfully identify and negotiate with end-users for co-burning the sediment.
There are a limited number of locations that would accept materials such as this for co-burning, particularly if
the PCB content is above 2 mg/kg in some of the materials so that they could not be shipped to the United
States. 

Off-site incineration is considered to be a reliable technology.  Modern incinerators, approved to handle
hazardous materials, are designed for a wide array of materials and contaminants.  These incinerators
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typically have a reasonably high capacity for throughput of materials.  Although incineration can be relatively
expensive, incineration costs can be reliably predicted, once the characteristics and volume of the feed
material are confirmed, and the method of transportation addressed.  A primary difficulty in predicting the
total cost and projected schedule would be an accurate estimation of the quantity of PCB materials (>50
mg/kg) that could require incineration.  The estimation of the scope and volume of PCB contaminated
sediments (>50 mg/kg) was based on information provided during the earlier studies. 

• Letter Grade – C: Cleanup Option 4 is considered to involve reliable technologies in terms of
predictability of results, i.e., effectiveness, cost and time, and is expected to completely meet the
Community Evaluation Criteria with respect to being a more reliable technology.

Cost Effectiveness (Low Importance)
Co-burning is relatively expensive due to the costs associated with material preparation, transportation and
payments to the end-user.  

Off-site incineration is also relatively expensive and requires expensive preparation of the materials for
shipping off-site.  It is likely to be the most expensive method of managing the PCB materials. 

• Letter Grade – C: Cleanup Option 4 involves relatively expensive technologies to address the
contamination at the site and to create a cost effective solution that is expected to completely meet the
Community Evaluation Criteria with respect to cost effectiveness.

Use of Local Materials (Low Importance)
There is little need for local materials in the execution of this option.. 

• Letter Grade – E: Cleanup Option 4 provide few opportunities for the use of local materials and is only
expected to partially meet the Community Evaluation Criteria with respect to the use of local materials.

7.6.2.3 CORE PRINCIPLE 3 – HEALTH CONSCIOUS

Included within Core Principle 3, Health Conscious, are the following Community Evaluation Criteria and
their associated importance ranking:

• Minimize health risk .............................................................. High Importance;
• Minimize the amount of dust and vapours ............................. Medium Importance; and
• Minimize odours .................................................................... Low Importance.

Minimize health risk (High Importance)
Since the organic contaminants are destroyed, permanently removing them from the world’s food chain, this
option is protective of human health in the long term. 

• Letter Grade – A: Cleanup Option 4 minimizes the health risk through removal and destruction of the
contaminants thereby creating a solution that is expected to greatly exceed the Community Evaluation
Criteria with respect to minimizing health risks.

Minimize the Amount of Dust and Vapours (Medium Importance)
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The sediments would be handled in a wet condition so the potential for dust generation is low.  Truck traffic
would generally be limited to the Tar Ponds and Coke Ovens Sites.  There could, however, be some potential
for dust generation on the Coke Ovens Site during warm, dry weather. 

The primary component likely to create vapours is dredging. There is very little BTEX in the sediments so the
potential for volatile aromatic hydrocarbon odours is low.  Napthalene is less volatile than the BTEX
compounds and it is not likely to generate unacceptable vapours off-site during dredging or handling.
Sediments being processed in the materials handling facility will be under cover, and if required, air
emissions from this facility would be treated prior to release.

• Letter Grade – C: Cleanup Option 4 minimizes the likelihood for dust and vapours as a consequence of
good management practices creating a solution that is expected to completely meet the Community
Evaluation Criteria with respect to minimizing dust and vapour.

Minimize Odours (Low Importance)
The interceptor sewer should help to reduce the potential for sewage related odours.  However, as it would be
expected that the South and North Pond sediments would contain substantial organic material, potentially in
an anaerobic condition, there would be a potential for odours during sediment extraction and handling.  There
is some potential for naphthalene (mothball-like) odours during dredging.  Sediments being processed in the
materials handling facility will be under cover, and if required, air emissions from this facility would be
treated prior to release. 

• Letter Grade – C: Cleanup Option 4 through good management practices will minimize the likelihood of
odours thereby creating a solution that is expected to meet the Community Evaluation Criteria with
respect to minimizing odours.

7.6.2.4 CORE PRINCIPLE 4 – SOCIALLY ACCEPTABLE

Included within Core Principle 4, Socially Acceptable, are the following Community Evaluation Criteria and
their associated ranking:

• Maximize long-term benefits .................................................. High Importance;
• Use of local labour ................................................................. Medium Importance; and
• Minimize the length of construction and cleanup time .......... Low Importance.

Maximize Long-term Benefits (High Importance)
The long-term benefits of Option 4 would include the complete removal of the contaminated sediments from
the Tar Ponds.  This could allow for the restoration of the Tar Ponds as a clean aquatic system without the
need for future monitoring.  The organic contaminants would be permanently destroyed. 

• Letter Grade – A: Cleanup Option 4 removes and destroys the contaminated sediments creating a solution
that is expected to greatly exceed the Community Evaluation Criteria with respect to maximizing the long
term benefits.

Use of Local Labour (Medium Importance)
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It is expected that much of the on-site work could be performed using local labour.  However, most of the
project costs would benefit off-site vendors and end users.  

• Letter Grade – C: Cleanup Option 4 enables much of the on-site work to be executed by local labour
thereby creating a solution that meets the Community Evaluation Criteria with respect to local labour.

Minimize the Length of Construction and Cleanup Time (Low Importance)
The use of dredging, co-burning the PAH sediments and off-site incineration of the PCB materials would
likely require 7 to 12 years to complete the cleanup.  This is towards the high end of time frames for the
cleanup of comparable sites. 

• Letter Grade – C: Cleanup Option 4 would take up to 12 years to complete thereby creating a situation
that meets the Community Evaluation Criteria with respect to minimizing construction and cleanup time.

7.6.3 Estimated Cos ts and Schedule 
A summary of the estimated cost for Option 4 is provided in Table 7.4.  A more detailed cost estimate is
provided in Appendix C.  Costs for Cleanup Option 4 has been estimated based on a projected ten years for
completion.  An outline schedule is provided as Figure 7.14.

Table 7.4:  Summary of Estimated Costs for Tar Ponds Cleanup Option 4

ELEMENT
Total Cost
($ million)

Amortized Cost 2

($ million)
Cofferdam Construction 1.5 1.5
Surface Water Diversion 22.0 22.0
SYSCO Cooling Pond 7.0 5.9
South Pond 14.2 10.9
North Pond 18.5 13.6
Dredged Material Processing 72.3 65.6
Incineration (PCB Material) 13.7 10.6
Co-burning (PAH Sediments) 20.3 (49.3)* 15.6 (37.9)*

TOTAL DIRECT COST 169.5 (198.5)* 145.7 (168.0)*
INDIRECT COSTS1 86.9 74.7

TOTAL OPTION COST 256.4 (285.4)* 220.4 (242.7)*
Note: 1 - Indirect costs include engineering and project management costs plus a contingency.

2 - Amoritized costs were determined using NPV analysis to bring the value of project cash flows to a common
point in time.

* Additional costs to transport material for co-burning 1,000 km – 3,000 km.

7.7 Tar Ponds S ite Cleanup Option 5 (Complete removal, on-site incineration and land-based
containment at the Coke Ovens Site)

Cleanup Option 5 involves the removal of the contaminated sediments with the destruction and containment
of residuals to take place on the Coke Ovens Site.  Material handling and preparation requirements would be
significant and would include debris removal, size control, dewatering, drying and the treatment of decanted
water prior to release.  PCB materials would be incinerated on the Coke Ovens Site.

The key components in the implementation of Cleanup Option 5 could include the following:
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• A cofferdam constructed across the North Pond at Battery Point;

• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to
the North Pond and Harbour;

• PCB materials (>50 mg/kg) excavated from the South Pond, processed and incinerated on-site at the Coke
Ovens;

• Sediments in the North Pond excavated, tested for PCBs and separated into PCB materials (>50 mg/kg)
and PAH sediments;

• PCB materials (>50 mg/kg) from the North Pond processed and incinerated on-site at the Coke Ovens;

• All (North and South Pond) PAH sediments processed and incinerated on-site, 

• Residual materials from the co-burning and/or incineration processes disposed of in a new contained
landfill facility on the Coke Ovens Site, as needed. 

• A subaqueous cap placed over the dredged surfaces of the South and North Ponds; and 

• South and North Pond shorelines and the re-routed watercourses stabilized and revegetated.

7.7.1 Cleanup Option 5: Key Components 
A brief discussion of the key components for implementation of Cleanup Option 5 is provided in the
following sections.  As some components are common to all Options, they have been discussed earlier in
Section 7.2.  Figure 7.5 provides a graphic depiction of the major areas of the Site that would be included in
the cleanup operations.  A flowchart of key components is included as Figure 7.15.

7.7.1.1 REMOVAL OF SEDIMENTS FROM THE SOUTH AND NORTH PONDS

The excavation of the Tar Ponds sediments would follow the same approach as that detailed in Option 3.  An
average dredging rate of 200 to 500 tonnes per day would require seven to 12 years of dredging.

7.7.1.2 MATERIAL PROCESSING

A schematic of the proposed materials handling process for this Option is provided in Figure 7.16.  Following
the second passive dewatering step, materials in the holding vessels would be loaded onto a screen assembly.
The vibrating screen unit would be designed to take-off materials in multiple steps, which increases screening
performance.  The screens would separate materials greater than 25 mm and greater than 10 mm.  Water
could be added at the top of each screen stage.  Wet screening could be more effective for the removal of
fines from the oversize materials.  A cleaning solution might also be added to the water stream to help
solubilize the organic contaminants attached to oversize materials.

Water would be required both for the oversize material washing step and fine separation (wet screening).  As
shown on the Pretreatment Flow Sheet, water might be diverted from the treated wastewater stream for these
operations.  It might also be feasible, depending on the bench scale studies and further design evaluation, to
divert wastewater prior to treatment or following only partial treatment.

Screened materials from the fine separation step would be collected in empty holding vessels located below
the screen assembly.  These containers would then be transported to the Coke Ovens site for preparation for
co-burning or incineration.  The coarse fraction would also be transported to the Coke Ovens site for
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solidification (if needed) and landfilling with the incinerator ash.  It has been assumed that this would be less
than 25 percent of the dry sediment mass.

The separated fines might be thermally dried or filter pressed to remove the excess water in preparation for
co-burning or incineration.  Alternatively for the co-burning component, the average moisture content might
be reduced by blending with coal or coal fines.  It has been assumed that thermal drying would occur in a
rotary dryer.  It has also been assumed that the thermal dryer would be located adjacent to the incinerator and
would make use of its waste heat.  A rotary dryer might be used for pre-treatment of the PCB materials prior
to their incineration.

Mechanical dewatering might be used as part of the material processing system for the PCB materials (>50
mg/kg).  This would require the use of a filter press or thermal dryer to reduce the water content to a point
suitable for incineration.  Adding stabilizing materials would not be desirable for the PCB materials as they
would add to the total mass and cost for incineration.
 
7.7.1.3 WASTEWATER TREATMENT

Wastewater treatment would be as described in Section 7.2.5.  The wastewater flows estimated for Option 5
would be approximately 200 litres per minute.

7.7.1.4 VENT TREATMENT

Vent treatment for this option would consist of a carbon adsorption system for the removal of organics that
could be present in the building.  A building ventilation system would collect the inside air, which would then
be passed through a carbon bed.  

7.7.1.5 ON-SITE INCINERATION OF THE NORTH AND SOUTH POND PCB MATERIALS

The management of the PCB materials (>50 mg/kg) would be as described in Option 1, with the exception
that a single-stage process using a specialized PCB incinerator would be located on-site at the Coke Ovens
Site. An incinerator capable of a destruction efficiency of at least 99.9999 percent would be appropriate for
the PCB materials.  Such an incinerator would also have emission controls on the stack to meet or exceed the
air emission standards.

7.7.1.6 ON-SITE INCINERATION OF PAH SEDIMENTS

The remaining PAH sediments would generally be expected to contain less than 2 mg/kg of PCBs.  They
would have a high caloric value that could aid in the incineration process.  A temporary or mobile incinerator
with a capacity of 200 to 500 tons per day would be used.  Such equipment has been successfully used on
sediment sites of this magnitude with similar contaminants.  The equipment would be demobilized from the
site at the completion of the project.

It was assumed that an incinerator capable of a destruction efficiency of at least 99.99 percent would be
appropriate for the PAH sediments.  Such an incinerator would also have emission controls on the stack to
meet or exceed the air emission standards.

A treatment schedule of seven to 12 years has been estimated.  This technology could be applied year-round
although it is likely that there would be a two to three month shutdown in the deep winter months due to
difficulties associated with dredging and material handling in very cold weather.  This period would also



Contents 7-44 RAER - Tar Ponds
CBCL – ENSR February 2003 – Final Report

enable inspections and maintenance of the incinerator to allow it to operate at peak performance throughout
the balance of the year.  

7.7.1.7 LANDFILLING

The contained landfill facility would be located on the Coke Ovens Site.  Some solidification of the sediments
prior to their deposition in the containment cells would be needed, which could cause a 20 percent volume
expansion in the sediments.  Assuming a maximum height of 15 metres and average sideslopes of 5H:1V (20
percent), a landfill for the screenings and incinerator ash from the Tar Ponds sediments would have a footprint
of approximately three to four hectares, assuming that 50 to 75 percent of the sediment mass could be
destroyed.  The landfill would likely be located in the Coke Storage Area and/or By-Products Building areas,
or the area to the east of these locations.  The landfill would be designed to meet or exceed the Nova Scotia
Municipal Landfill design requirements.  Both the primary and secondary liners would be composite
(geomembrane and compacted clay or geosynthetic clay liner (GCL)) which exceeds the Nova Scotia
Guidelines. The double composite liner systems have been shown to be highly reliable without known failures
to date.

The landfill cover system would be composed of a composite barrier system that includes both geomembrane
and compacted clay or GCL with a drainage system, which would also exceed the Nova Scotia guidelines.
The use of a composite cover system should effectively eliminate infiltration into the solidified sediments. 

The solidification process would also provide substantial strength and stiffness of the sediments in the
landfill.  As a result, very little settlement or creep of the materials would be expected after the landfill is
closed.

Typical maximum sideslopes for landfills are 3H:1V (33%) to 4H:1V (25%) in order to maximize volume and
minimize space.  The use of flatter sideslopes, incorporation of drainage systems in the cap, and limiting the
height of the landfill, would provide for a more robust landfill with a very low probability of failure of the
cover system.  The limited landfill height and relatively flat sideslopes would also allow for landform grading
of the landfill so that it mimics the topography of a natural hillform.  The landfill could then be used as green
space within the proposed future use of the Coke Ovens Site.

The landfill liner and leachate management would likely take about three to six months to construct prior to
initiating dredging and about three to six months to close after dredging.

7.7.1.8 SITE RESTORATION

Following the completion of the dredging operations, the dredged surfaces would be covered with a clean
granular material.  The resettlement of suspended materials associated with the dredging operations could
result in the deposition of a thin layer of residual contamination on the sediment surface of the Ponds.  Cover
materials should be sized to address the potential need for a barrier between residual contamination and
ecological receptors.  Cover materials would also be sized to resist erosive forces and to provide habitat
niches for recolonization by marine and estuarine species.  It was estimated that the sub aqueous cover would
be approximately 0.3 to 0.45 metres in thickness.  Given the low depths of water anticipated in large areas of
the Ponds, especially at low tide, the cover materials would have to be placed from a shallow draft barge, or
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from the shore.  The North and South Pond could be expected to achieve the SSTLs immediately after this
restoration. 

Placement of cover materials could be initiated at the end of the dredging program and completed in less than
six months.  The landfill on the Coke Ovens site could be naturally contoured and revegatated to appear
similar to hills in the local area.

7.7.2 Performance Review
The anticipated performance of Cleanup Option 5 was assessed against the 12 Community Evaluation Criteria
and assigned a letter grade intended to qualitatively demonstrate the estimated success of the option for
achieving the criteria (Section 2.5.6).  The evaluation is summarized in Table 7.14.  The findings of the
RAER Team for each of these criteria are discussed under the four core principles and presented in the
following sections.

7.7.2.1 CORE PRINCIPLE 1 – ENVIRONMENTALLY SOUND

Included within Core Principle 1, Environmentally Sound, are the following Community Evaluation Criteria
and their associated ranking:

• Reduce detrimental effect on the environment during implementation.............Medium Importance;
• Enhance long-term effectiveness and permanence ...........................................Medium Importance; and
• Improve ecosystems ..........................................................................................Medium Importance). 

Reduce Detrimental Effect on the Environment During Implementation (Medium Importance)
The greatest potential detrimental effect on the environment during the execution of Option 5 would be
unacceptable releases to the harbour surface water, to sediments and to the air during dredging and material
processing.  The contaminants in the Tar Ponds are relatively insoluble in water and have low volatilization
potential; they must be physically transported attached to sediment particles to migrate.  Simple containment
systems such as berms and sheetpiling are therefore effective in containing contamination during dredging
and other work activities during cleanup.  This alternative effectively prevents contaminant-rich releases of
sediment and turbid surface water to the harbour by completely enclosing the primary work areas and
isolating them from surface water flows.

This cleanup option could require 7 to 12 years to execute.  Dredging would likely be required throughout
much of this period.  This relatively long clean-up period would increase the potential for detrimental effects
on the environment due to a greater risk of releases during storm or flood events than would be expected for
those options with shorter cleanup periods. 

The PAH sediments would be incinerated on-site in a mobile incinerator designed for this purpose.  The
incinerator would be expected to meet and exceed the standards applied to these facilities.  Therefore,
detrimental effects on the environment are not expected. 

The PCB materials could be incinerated on-site in a mobile incinerator designed for this purpose.  The
incinerator would be expected to meet and exceed the highest standards applied to these facilities.  Therefore,
detrimental effects on the environment are not expected. 
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• Letter Grade – C: Cleanup Option 5 is unlikely to generate significant detrimental effects on the
environment during cleanup and is expected to completely meet the Community Evaluation Criteria with
respect to reducing detrimental effects on the environment.

Enhance Long Term Effectiveness and Permanence (Medium Importance)
Option 5 removes the COCs from both the North and South Ponds.  The North Pond, which is tidal, has been
identified as a net source of contaminants entering Sydney Harbour.  This net source would be permanently
removed. 

Effectively all of the organic contaminants, including the PCBs, in the Tar Ponds sediments would be
permanently destroyed. 

The remaining ash would likely contain inorganics and would be placed in a composite-lined landfill on the
Coke Ovens Site. The ash would be solidified and stabilized prior to landfilling to make the metals resistant to
leaching.  A modern double-lined landfill would be effective for containment for centuries due to the highly
redundant barrier systems.  While there could be a robust cover system on the landfill, there could be some
maintenance and monitoring of the landfill required.

• Letter Grade – A: Cleanup Option 5 is likely to permanently remove and destroy the contamination in the
Ponds and is expected to greatly exceed the Community Evaluation Criteria with respect to the long term
effectiveness and permanence.

Improve Ecosystems (Medium Importance)
On completion of the dredging and the placement of imported granular fill, it would be the intention to create
new marine aquatic habitat in both the North and South Ponds.  This also manages the issue of residual
surficial concentrations which is one of the primary concerns about the effectiveness of dredging.  The deeper
water, the removal of the contaminant mass, and the placement of clean material is expected to create new,
clean habitat for marine life provided that other contaminant sources, such as sewage, Coke Oven Brook
sediments and harbour sediments do not recontaminate the sediment surface. 

The landfill on the Coke Ovens can be contoured and revegetated to mimic a natural hill in the region.  This
greenspace could provide new terrestrial habitat in this previously industrialized location. 

• Letter Grade – B: Cleanup Option 5 is likely to permanently improve the marine and land ecosystems to
the extent practical within an urbanized harbour setting and is expected to exceed the Community
Evaluation Criteria with respect to improving the ecosystems.

7.7.2.2 CORE PRINCIPLE 2 - ECONOMICALLY RESPONSIBLE

Included within Core Principle 2, Economically Responsible, are the following Community Evaluation
Criteria and their associated ranking:

• A more reliable technology..................................................... High Importance;
• Cost effectiveness ................................................................... Low Importance; and
• Use of local material ............................................................... Low Importance.
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A More Reliable Technology (High Importance)
The reliability of technologies involves predictability of results, including performance, cost, and time.  The
dredging of contaminated sediments is often unpredictable if less than a conservative approach is assumed
during decision-making and design.  The ability to meet specific, low cleanup criteria has been demonstrated
to be unpredictable and difficult on many projects, often resulting in years of rework, and significant
expansion of costs.  The assumption incorporated into Option 5 is that the “cleaned” surface could be capped
once the contaminant mass has been removed effectively eliminates the performance uncertainty.  The
proposed mechanical dredging and material handling/processing technologies are standard technologies that
have been successfully used on many projects; this effectively eliminates the cost and time uncertainties.  The
approach to dredging is expected to be reliable with respect to performance, cost, and time. 

Incineration is a reliable technology. Incinerators are typically built to be able to handle a wide array of
materials and contaminants and typically have reasonably high capacity.  Incineration has predictable costs
once the basic material characteristics are known. 

Landfill containment is the most commonly used technology for managing highly contaminated sediment.
One reason is its high reliability, particularly when it is combined with solidification.  The contaminants in
the treated and solidified sediments are expected to be limited to metals.  The metals would be insoluble due
to the solidification/stabilization.  It is unlikely that the leachate would be aggressive towards the lining
system.  It is likely that the composite liner system and cap would have usable lives measured in centuries.
Like any containment system, some maintenance and monitoring would be required. 

• Letter Grade – B: Cleanup Option 5 is considered to involve reliable technologies in terms of
predictability of results, effectiveness, cost and time, and is expected to exceed the Community
Evaluation Criteria with respect to being a more reliable technology.

Cost Effectiveness (Low Importance)
The incineration technology has been proven to effectively eliminate the presence of organic contaminants.  It
would also be expected to greatly reduce the mass of sediment that would need to be landfilled if the metals
content in the ash is elevated above appropriate criteria.  Incineration and other components of this Option are
relatively expensive, although the high fuel content of the sediment is likely to make incineration at this site
less expensive than at most other sites. 

• Letter Grade – C: Cleanup Option 5 involves relatively expensive technologies to effectively address the
contamination at the site and to create a cost effective solution that is expected to completely meet the
Community Evaluation Criteria with respect to cost effectiveness.

Use of Local Material (Low Importance)
There is little need for local materials in this option other than those associated with the landfill construction. 

• Letter Grade – D: Cleanup Option 5 provides few opportunities for the use of local materials and is
expected to mostly meet the Community Evaluation Criteria with respect to the use of local materials.

7.7.2.3 CORE PRINCIPLE 3 – HEALTH CONSCIOUS

Included within Core Principle 3, Health Conscious, are the following Community Evaluation Criteria and
their associated ranking:
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• Minimize health risk .............................................................. High Importance;
• Minimize dust and vapours .................................................... Medium Importance; and
• Minimize odours .................................................................... Low Importance.

Minimize Health Risk (High Importance)
Since the organic contaminants are destroyed, permanently removing them from the world’s food chain, this
option is protective of human health in the long term. 

• Letter Grade – A: Cleanup Option 5 minimizes the health risk through the removal and destruction of the
contaminants thereby creating a solution that is expected to greatly exceed the Community Evaluation
Criteria with respect to minimizing health risks.

Minimize Dust and Vapours (Medium Importance)
The sediments would be handled in a wet condition so the potential for dust generation is low.  Truck traffic
would generally be limited to the Tar Ponds and Coke Ovens Sites.  There could, however, be some potential
for dust generation on the Coke Ovens Site during warm, dry weather. 

The primary component likely to create vapours is dredging. There is very little BTEX in the sediments so the
potential for volatile aromatic hydrocarbon odours is low.  Napthalene is less volatile than the BTEX
compounds and it is not likely to generate unacceptable vapours off-site during dredging or handling.
Sediments being processed in the materials handling facility will be under cover, and if required, air
emissions from this facility would be treated prior to release.

• Letter Grade – C: Cleanup Option 5 minimizes the likelihood for dust and vapours as a consequence of
good management practices creating a solution that is expected to completely meet the Community
Evaluation Criteria with respect to minimizing dust and vapour.

Minimize Odours (Low Importance)
The interceptor sewer should help to reduce the potential for sewage related odours.  However, as it would be
expected that the South and North Pond sediments would contain substantial organic material, potentially in
an anaerobic condition, there would be a potential for odours during sediment extraction and handling.  There
is some potential for naphthalene (mothball-like) odours during dredging.  Sediments being processed in the
materials handling facility will be under cover, and if required, air emissions from this facility would be
treated prior to release. 

• Letter Grade – C: Cleanup Option 5 through good management practices will minimize the likelihood of
odours thereby creating a solution that is expected to meet the Community Evaluation Criteria with
respect to minimizing odours.

7.7.2.4 CORE PRINCIPLE 4 – SOCIALLY ACCEPTABLE

Included within Core Principle 4, Socially Acceptable, are the following Community Evaluation Criteria and
their associated ranking:

• Maximize long-term benefits .................................................. High Importance;
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• Use of local labour ................................................................. Medium Importance; and
• Minimize the length of construction and cleanup time .......... Low Importance.

Maximize Long-term Benefits (High Importance)
The long-term benefits are generated by the complete removal of the contaminated sediments from the Tar
Ponds.  This could allow for the restoration of the Tar Ponds as a clean aquatic system without the need for
future monitoring. The organic contaminants would be permanently destroyed.  The incinerator ash with
elevated levels of metals would be permanently stored in a composite lined landfill on the Coke Ovens Site.
The high organic content of the sediments indicates the total sediment mass would be substantially reduced. 

• Letter Grade – B: Cleanup Option 5 destroys and contains the contaminated sediments creating a solution
that is expected to exceed the Community Evaluation Criteria with respect to maximizing long term
benefits.

Use of Local Labour (Medium Importance)
It is expected that much of the on-site work could be performed using local labour.  However, most of the
project costs would benefit off-site vendors.  

• Letter Grade – C: Cleanup Option 5 enables much of the onsite work to be executed by local labour
thereby creating a solution that meets the Community Evaluation Criteria with respect to local labour.

Minimize the Length of Construction and Cleanup Time (Low Importance)
The use of dredging and the incineration of the PCB materials to cleanup the Tar Ponds would likely require 7
to 12 years to execute.  This is towards the high end of time frames for the cleanup of comparable sites. 

• Letter Grade – C: Cleanup Option 5 would take up to 12 years to complete thereby creating a situation
that meets the Community Evaluation Criteria with respect to minimizing construction and cleanup time.

7.7.3 Estimated Cos ts and Schedule 
A summary of the estimated cost for Option 5 is provided in Table 7.5.  A more detailed cost estimate is
provided in Appendix C.  Costs for Cleanup Option 5 has been estimated based on a projected ten years for
completion.  An outline schedule is provided as Figure 7.17.

Table 7.5:  Summary of Estimated Costs for Tar Ponds Cleanup Option 5

ELEMENT Total Cost
($ million)

Amoritized Cost2

($ million)
Cofferdam Construction 1.5 1.5
Surface Water Diversion 22.0 22.0
SYSCO Cooling Pond 7.0 5.9
South Pond 14.2 10.9
North Pond 18.5 13.6
Dredged Material Processing 72.7 65.9
Incineration (PCB Material) 12.2 9.4
Incineration (PAH Sediment) 30.2 23.3
Coke Ovens Landfill 7.3 5.5



Contents 7-50 RAER - Tar Ponds
CBCL – ENSR February 2003 – Final Report

TOTAL DIRECT COST 185.6 157.9
INDIRECT COSTS1 95.1 81.0

TOTAL OPTION COST 280.7 238.9
Note: 1 - Indirect costs include engineering and project management costs plus a contingency.

2 - Amoritized costs were determined using NPV analysis to bring the value of project cash flows to a common
point in time.

7.8 Tar Ponds S ite Cleanup Option 6 (In situ containment of the North and South Ponds)
Cleanup Option Six for the Tar Ponds Site would be based on in situ containment of the contaminated
sediments in the Tar Ponds. 

Key components in the implementation of Cleanup Option 6 could include the following:
• A cofferdam constructed across the North Pond at Battery Point;

• Surface water flows from the Brooks and outfalls redirected to isolated constructed channels that empty to
the North Pond and Harbour;

• A capping system constructed over the sediments in South and North Pond.  Most of this cap would be
above grade; and

• The shorelines and the re-routed watercourses stabilized and revegetated.

7.8.3 Cleanup Option 6: Key Components 
A brief discussion of the key components for the implementation of Cleanup Option 6 is provided in the
following sections.  As some components are common to all Options, they have been discussed earlier in
Section 7.2. Figure 7.18 provides a graphic depiction of the major areas of the Site that would be included in
the cleanup operations.  A flowchart of key components is included as Figure 7.19.

7.8.3.1 CONSTRUCTION OF THE CAP

Following the completion of, or together with, the construction of the watercourse diversion channels,
construction would be initiated on the capping.  The capping would likely be constructed using a combination
of heavy-duty woven geotextiles and fills.  The geotextiles would be pulled across the soft sediments and then
initial finger berms spread onto them with low-ground pressure bulldozers to confine and tension the
geotextiles.  An initial lift of approximately 0.5 m of granular material would then be spread across the fabric.
The placement of fill over the very soft sediments is likely to cause mud waves to form.  Management of
these mud waves would be a critical element in the cap placement process.  It is likely that solidification of
some of the sediments might be required to provide a sufficiently stable working surface for placement of the
capping materials.

In areas of the pond with standing water, even at low tide, alternate methods of material placement might be
required for the initial lift.  These would use placement by crane or even hydraulic sluicing or spraying of the
material onto the geotextile.  Due to the presence of sediments, the water depths in the Ponds are sufficiently
shallow that routine barge work for capping would likely only be feasible in portions of the north end of the
North Pond.  As capping material is placed, the water depth would become shallower so that much of the
Ponds would likely become exposed at low tide after the first lift is placed.
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Figure  7. 17:  Tar Ponds Cleanup Option 5 - Schedule
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The initial lift of material would be unlikely to meet the SSTLs due to disturbance and the resuspension of
contaminants during the capping.  Therefore, the initial lift would be covered by a second lift of material to
provide additional protection and ensure confinement of the sediments.  The surface would either be raised so
that it was above the high tide mark, or it could be left at an elevation where much of the surface would be
inundated at high tide, similar to many salt marshes.

The long-term cap surface would be protected from erosion by the cofferdam at Battery Point which would be
completed as a breakwater.  Rip-rap or other armoring would be used as needed to manage erosion from
waves, storm surges, or floods.  Armoring would be provided along the waterway channels in Muggah Creek
as needed to prevent erosion.  It is expected that vegetation alone would likely prevent erosion over most of
the area of the Tar Ponds.

7.8.3.2 WASTEWATER TREATMENT

The wastewater flows estimated for Cleanup Option 6 are very low and would largely be associated with
incidental work.  Some excess consolidation water might need to be pumped from the surface of the South
Pond once the initial lift of the capping material was placed, but that water would be expected to be a one-
time occurrence.

7.8.4 Performance Review
The anticipated performance of Cleanup Option 6 was assessed against the 12 Community Evaluation
Criteria, and assigned a letter grade intended to qualitatively demonstrate the estimated success of the option
for achieving the criteria (Section 2.5.6).  The evaluation is summarized in Table 7.14.  The findings of the
RAER Team for each of these criteria are discussed under the four core principles and presented in the
following sections:

7.8.4.1 CORE PRINCIPLE 1 – ENVIRONMENTALLY SOUND

Included within Core Principle 1, Environmentally Sound, are the following Community Evaluation Criteria
and their associated ranking:

• Reduce detrimental effect on the environment during implementation.............Medium Importance;
• Enhance long-term effectiveness and permanence ...........................................Medium Importance; and
• Improve ecosystems ..........................................................................................Medium Importance. 

Reduce Detrimental Effect on the Environment During Implementation (Medium Importance)
Detrimental effects to the environment during the execution of Option 6 would include the release of
contaminated sediments and water to the Harbour, and/or the release of odours and vapours to the atmosphere
as a result of disturbance during capping and/or solidification (if needed).  The contaminants of concern
(COCs) known to occur in Ponds are relatively insoluble in water and have low volatilization potential.  In
order to move through the sediments or water, most of these compounds must be physically attached to
sediment particles.  Simple containment systems such as berms and sheetpiling would be effective in
containing contaminated materials within a designated area during dredging and other operations; these
contaminated materials, however, would not be destroyed.  In addition to mitigative process measures such as
water treatment systems, the environmental protection measures (cofferdams, isolated watercourses, turbidity
curtains,) proposed for Cleanup Option 6 would effectively prevent the release of contaminant-rich sediment
and turbid water to the receiving environment in the Harbour. 
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Cleanup Option 6 could be implemented quickly and would likely be completed in less than four years. This
relatively short timeline for the Cleanup Project would reduce the potential for detrimental effects on the
environment. This option would infill significant areas of habitat in the North Pond.

• Letter Grade – B: Cleanup Option 6 is unlikely to generate significant detrimental effects on the
environment during cleanup and is expected to exceed the Community Evaluation Criteria with respect to
reducing the detrimental effects on the environment.

Enhance Long-Term Effectiveness and Permanence (Medium Importance)
Cleanup Option 6 would contain, but not destroy, the sediments in the North and South Ponds.  The COCs in
the Tar Ponds sediments are known to sorb tightly to soils and organics.  The very high carbon content in the
sediments due to the presence of coal has been shown through testing to meet leaching test acceptance
criteria.  This natural resistance to leaching is expected to continue indefinitely.  The design and construction
of the cap would address the erosion control measures necessary to prevent waves, storm surges, and floods
from physically damaging the cap and physically transporting the contaminants.  This should prevent the
migration of contaminants to the Sydney Harbour. 

• Letter Grade – C: Cleanup Option is likely to permanently contain the contamination in the Ponds and is
expected to completely meet the Community Evaluation Criteria with respect to long term effectiveness
and permanence.

Improve Ecosystems (Medium Importance)
Most of the existing aquatic habitat will be destroyed by the capping. With attention through planning, design
and construction, portions of the cap in North Pond could potentially be restored as estuarine habitat (salt
marsh).  While the cap in the South Pond would be grassed and incorporated into the future use plan for the
area, aquatic habitat in the South Pond would be lost. 

Aquatic habit will be cleaned and restored in the waterways component of the project.  The surface water
quality of the reconstructed Brooks would be expected to maintain the conditions observed in upstream flows. 

• Letter Grade – C: Cleanup Option 6 is likely to improve the marine ecosystems to the extent practical
within an urbanized harbour setting and is expected to meet the Community Evaluation Criteria with
respect to improving the ecosystems.

7.8.4.2 CORE PRINCIPLE 2 - ECONOMICALLY RESPONSIBLE

Included within Core Principle 2, Economically Responsible, are the following Community Evaluation
Criteria and their associated importance ranking:

• A more reliable technology..................................................... High Importance;
• Cost effectiveness ................................................................... Low Importance; and
• Use of local material ............................................................... Low Importance.

A More Reliable Technology (High Importance)
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The reliability of technologies involves the predictability of results, including effectiveness, cost, and time.

The effectiveness of capping the contaminated sediments can be affected by the physical constraints of the
work, the environment and the equipment used.  Placement of capping materials over contaminated sediments
in very shallow water is difficult and would need to be managed carefully.  Providing provisions for
solidifying the soft sediments where needed would provide some assurance that the capping materials could
be placed.  The exact means and methods to be used during capping would need to be selected based on the
specific bathymetric and geotechnical conditions at the site. 

The Ponds are reasonably well sheltered and the design and construction of shore protection is a well
established technology in these conditions.  In particular, the final closure of the Ponds above the high tide
mark would substantially reduce the need for future monitoring to demonstrate the reliability of the approach.

• Letter Grade – C: Cleanup Option 6 is considered to involve reliable technologies in terms of
predictability of results, effectiveness, cost and time, and is expected to completely meet the Community
Evaluation Criteria re. a more reliable technology.

Cost Effectiveness (Low Importance)
Capping is the least expensive method for remediating the contaminated sediments.  It has been shown to be
effective where erosion is not a significant issue and where the contaminants are well-sorbed to the sediment
particles. 

• Letter Grade – B: Cleanup Option 6 involves the least expensive remediation technique to effectively
address the contamination at the site and to create a cost effective solution that is expected to exceed the
Community Evaluation Criteria for cost effectiveness.

Use of Local Material (Low Importance)
Locally available fill materials could be used for the construction of the cap as well as for the construction of
the cofferdam at North Pond and the relocated watercourses.

• Letter Grade – A: Cleanup Option 6 provides opportunities for the use of local materials and is expected
to greatly exceed the Community Evaluation Criteria with respect to the use of local materials.

7.8.4.3 CORE PRINCIPLE 3 – HEALTH CONSCIOUS

Included within Core Principle 3, Health Conscious, are the following Community Evaluation Criteria and
their associated ranking:

• Minimize health risk .............................................................. High Importance;
• Minimize the amount of dust and vapours ............................. Medium Importance; and
• Minimize odours .................................................................... Low Importance.

Minimize Health Risk (High Importance)
Cleanup Option 6 would physically contain the sediments in the Ponds in place.  The contaminants entrained
in the sediments would be isolated from contact with human and ecological receptors.  Since the contaminants
in the sediments are sorbed to the organic and sediment particles, there is a low potential for them to migrate
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from the confined disposal facility.  This Option is considered to provide long-term protection of human
health. 

• Letter Grade – B: Cleanup Option 6 minimizes the health risk through containment of the contaminants
thereby creating a solution that is expected to exceed the Community Evaluation Criteria re minimizing
health risks.

Minimize the Amount of Dust and Vapours (Medium Importance)
The capping materials would be placed over the sediments while they are in a wet condition so the potential
for dust generation is low.  However, there could be some generation due to truck traffic during warm, dry
weather.  There is also some potential for dust generation during the solidification process, although this
process would be limited to the Tar Ponds, well away from neighbours.

Vapours would generally only be produced due to disturbance where solidification is required.  Generally
these sediments would be very wet and cold, so little vapours would be emitted.

• Letter Grade – B: Cleanup Option 6 minimizes the likelihood for dust and vapours as a consequence of
good management practices creating a solution that is expected to exceed the Community Evaluation
Criteria with respect to minimizing dust and vapour.

Minimize Odours (Low Importance)
The interceptor sewer should help to reduce the potential for sewage related odours.  However, as it would be
expected that the South and North Pond sediments would contain substantial organic material, potentially in
an anaerobic condition, there would be a potential for odours when disturbed.  There is some potential for
naphthalene (mothball-like) odours if disturbed.  The potential for odour generation, however, should be
limited in duration because capping should be completed within two to three years. 

• Letter Grade – B: Cleanup Option 6 through good management practices will minimize the likelihood of
odours thereby creating a solution that is expected to exceed the Community Evaluation Criteria with
respect to minimizing odours.

Minimize Dust and Vapours (Medium Importance)
The in situ nature of most of the work makes the potential for the release of vapours very low, particularly
considering that there are low concentrations of naphthalene and BTEX compounds.  There may be some
small vapour emissions due to disturbance of the sediments if solidification is required. 

There may be the potential for dust due to the delivery of capping materials to the site. 

• Letter Grade – B: Cleanup Option 6 minimizes the likelihood of dust and vapours by the nature of the
technology to be used thereby creating a solution that is expected to exceed the Community Evaluation
Criteria with respect to minimizing dust and vapours. 

Minimize Odours (Low Importance)
The interceptor sewer should help to reduce the potential for sewage related odours.  However, as it would be
expected that the South and North Pond sediments would contain substantial organic material, potentially in
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an anaerobic condition, there would be a potential for odours during capping, particularly if in situ
solidification of the seidments is required. However, the almost entirely in situ nature of the work would
substantially reduce the amount of disturbance to the materials which also should minimize odours. 

• Letter Grade – B: Cleanup Option 6 minimizes the likelihood of odours and offers a solution that is
expected to exceed the Community Evaluation Criteria with respect to minimizing odours.

7.8.4.4 CORE PRINCIPLE 4 – SOCIALLY ACCEPTABLE

Included within Core Principle 4, Socially Acceptable, are the following Community Evaluation Criteria and
their associated ranking:

• Maximize long-term benefits .................................................. High Importance;
• Use of local labour ................................................................. Medium Importance; and
• Minimize the length of construction and cleanup time .......... Low Importance.

Maximize Long Term Benefits (High Importance)
The long-term benefits of Cleanup Option 6 would include the in situ containment of the contaminated
sediments which would break the pathways to potential human and ecological receptors. Through planning,
design and construction the restored site at the North and South Ponds could be effectively integrated into the
use and landscape of the urban harbour.  However, a substantial area of marine habitat would likely be
permanently replaced with terrestrial habitat.

• Letter Grade – D: Cleanup Option 6 contains the contaminated sediments creating a solution that is
expected to mostly meet the Community Evaluation Criteria with respect to maximizing the long term
benefits.

Use of Local Labour (Medium Importance)
The majority of the construction, excavation and disposal components associated with this Option could be
located within the Tar Ponds Site.  The implementation of the major elements of the work would use
relatively simple earth movement processes and construction equipment.  It would be expected that much of
the work could be performed using local contractors and local labour.

• Letter Grade – B: Cleanup Option 6 enables much of the work to be executed by local contractors and
local labour thereby creating a solution that exceeds the Community Evaluation Criteria for the use of
local labour.

Minimize the Length of Construction and Cleanup Time (Low Importance)
Containment of the Ponds could be accomplished in a relatively short timeline as compared to other Cleanup
Options.  The total estimated time to complete Cleanup Option 6 is four years. 

• Letter Grade – A: Cleanup Option 6 would take 4 years to complete thereby creating a solution that
greatly exceeds the Community Evaluation Criteria for minimizing construction and cleanup time. 
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7.8.5 Estimated Cos ts and Shedule 
A summary of the estimated cost for Option 6 is provided in Table 7.6.  A more detailed cost estimate is
provided in Appendix C.  Cleanup Option 6 has been estimated to take four years for completion.  An outline
schedule is provided as Figure 7.20.

Table 7.6:  Summary of Estimated Costs for Tar Ponds Cleanup Option 6

ELEMENT
Total Cost
($ million)

Amoritized Cost2

($ million)
Cofferdam Construction 1.5 1.5
Surface Water Diversion 21.1 21.1
Cooling Pond 7.0 5.9
South Pond 18.6 16.1
North Pond 24.9 21.8

TOTAL DIRECT COST 73.1 66.4
INDIRECT COSTS1 37.5 34.0

TOTAL OPTION COST 110.6 100.4
Note: 1 - Indirect costs include engineering and project management costs plus a contingency.

2 - Amoritized costs were determined using NPV analysis to bring the value of project cash flows to a common
point in time.

7.9 Comparative  Evaluation of Options against the Community Evaluation Criteria
To summarize the findings of the RAER, the recommended Cleanup Options and Community Evaluation
Criteria were assembled in a matrix for comparison purposes (Table 7.7).  The comparative matrix is based on
the following principles:
• Each criterion was provided with a weighting (high, medium, low) factor provided by the PMC and based

on community preferences. 
• The relative performance of each Option was compared for each of the Community Evaluation Criteria

and assigned a letter grade (A to E) intended to qualitatively demonstrate the estimated success of that
Option for achieving the criteria

The letter grades are based on the following assumptions:
A – Expected to greatly exceed the Community Evaluation Criteria
B – Expected to exceed the Community Evaluation Criteria
C – Expected to completely meet the Community Evaluation Criteria
D – Expected to mostly meet the Community Evaluation Criteria
E – Expected to partially meet the Community Evaluation Criteria

No attempt was made to accumulate the letter grades into a single grade. 
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Off Site Incineration (PCB Material)

Demobilization/Decommissioning
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Figure 7.20: Tar Ponds Cleanup Option 6 - Schedule
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Table 7.7: Matrix for Comparison of Estimated Performance of Options against the Community
Evaluation Criteria

Criteria
Weighting

Factor
Option

1
Option

2
Option

3
Option

4
Option

5
Option

6
Environmentally Sound
Reduce detrimental effect on the
environment 

Medium B B C C C B

Enhance long term effectiveness
and permanence

Medium B B A A A C

Improve ecosystems Medium B B B A B C

Economically Responsible
A more reliable technology High B B B C B C

Cost effectiveness Low B B C C C B

Use of local material Low B B C E D A

Health Conscious
Minimize health risk High B B A A A B

Minimize dust and vapours Medium B C C C C B

Minimize odours Low B C C C C B

Socially Acceptable
Maximize long term benefits High C B B A B D

Use of local labour Medium B B C C C B

Minimize construction and
cleanup time

Low A A C C C A
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Appendix C Estimated Costs for Each Cleanup Option

1.1 Approach and Methodology
Estimated costs for each of the Cleanup Options were assembled from estimates developed for each of the key
components of the Option.  A summary of the rationale for the costing exercise, including assumptions
adopted by the RAER Team, is included in the following sections. 

All estimated costs are presented in current (2003) Canadian dollars.  A breakdown of the estimated costs,
including cost amortization over the projected life of the Cleanup Project, is provided for each Option.  

1.1.1 Physical Cons truction Components Common to All Options
Physical construction components would include those aspects of the Cleanup Project not included in
materials processing, treatment, destruction and/or disposal components and are as follows:
• construction of the cofferdam at Battery Point;
• channelization of surface flows during cleanup;
• removal of sediment by excavation/dredging;
• storage and/or transport of sediment between components; and
• placement of a clean cover over dredged surfaces in the Ponds and restoration of shorelines and

watercourses.

1.1.1.1 CONSTRUCTION OF THE COFFERDAM AT NORTH POND

The RAER Team has assumed the construction of a cofferdam at North Pond as a key component in all
Cleanup Options.  Elements of cofferdam construction would include the creation of shoreline access to the
area, placement of the fill material (slag), installation of an impermeable barrier (sheetpiles), surface
protection (armour stone) and flow control for discharge of surface water from the Pond to the Harbour.
Estimated unit costs for each of these activities are summarized as follows:
• placement of slag fill ........................................... $15.00 /m3;
• sheetpiling (supplied and installed) ................ $5,000.00 /m; and 
• armouring ............................................................ $30.00/m2.

Lump sum estimates were developed for the following activities:
• access to the shoreline................................... $50,000.00; and
• flow control................................................... $50,000.00.

Estimated costs for the construction of the North Pond cofferdam are in the order of $1.5 million (NPV = $1.5
million).

1.1.1.2 CHANNELIZATION OF SURFACE FLOWS

Diversion and channelization of surface water flows from the Brooks and sewer outfalls would be required for
each Cleanup Option.  Activities include:
• installation of an impenetrable barrier along the diversion route to separate the surface water from the

contaminated sediments (sheetpile);
• excavation of contaminated sediments from the newly created channel;
• placement of backfill material (slag); and 
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• connection of sewer outfalls.  

These activities are standard for all Cleanup Options, with the exception that for Cleanup Option 1 (CDF in
the South Pond) the new channel should be made permanent, and could require restoration as a watercourse.  

Estimated costs of the new channels were based on the following approximations:
• length of diverted channel required for the North Pond ...............1500 m;
• length of diverted channel required for the South Pond ...............1500 m;
• width of channel ...............................................................................25 m; and
• depth of channel .................................................................................1.5 m.

Estimated unit costs for the following activities were:
• sediment excavation .......................................................................$50.00 /m3; and 
• sediment transfer...............................................................................$5.00 /tonne 

Estimated costs for the channelization of surface flows are in the order of $22.0 million (NPV = $22 million).  

In Cleanup Option 1 the sediment excavated from the new channel route would be deposited directly into the
South Pond CDF, and would not generate sediment transfer costs.  Some additional costs could be incurred to
create and restore a permanent watercourse through the former South Pond.

1.1.1.3 SYSCO COOLING POND CLEANUP

The Sysco Cooling Pond is cleaned-up up in all Options.  The cooling pond is assumed to contain 29,400 m3

of sludge/sediment.  This material originated at the adjacent steel plant and is different than the Tar Ponds
sediment.  It has a higher density than the Tar Ponds sediment and its mass is estimated at 50,000 tonnes.  The
Cooling Pond material does not contain PCBs, but it has contaminants that exceed other SSTLs.  Therefore, it
is excavated for subsequent containment, treatment and/or destruction.  A cost of $1.7 million (NPV=$1.6
million) is estimated for excavation and transfer of the sludge/sediment.  The final treatment for each Option
includes this material in its cost estimate.

The Cooling Pond structure is a wooden tank containing an estimated 200,000 board feet of lumber.  After the
sludge/sediment is removed the remnant structure is assumed to be demolished and landfilled at a cost of $5.0
million (NPV=$4.1 million).  The location is then backfilled with clean material, covered with soil and
vegetated at an estimated cost of $0.3 million (NPV=$0.2 million).

1.1.1.4 SEDIMENT REMOVAL AND TRANSFER

Some level of sediment removal from the North and South Ponds, including that which would be excavated
for the construction of the surface water diversions, would be required for all the Cleanup Options.  The
location and amount of excavated sediments would vary among the Options.  For example; 
• in all Options, except Option 6, PCB sediment would be excavated from the South Pond;
• in Option 1, PAH sediments would be dredged from the North Pond; 
• in Options 2 to 5, PAH sediments would be dredged from both the North and South Ponds; and
• in Option 6, no other dredging or excavation occurs.
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Volumes of sediment to be excavated were calculated using estimated areas of contaminated sediments scaled
from maps, and an average depth of sediment based on mapping derived from the JDAC site assessment
reports.  Dredging costs per unit were estimated to be $42/m3.

PCB Sediments in the South Pond are expected to be largely found in an accessible location in the top one
metre of the nearshore sediments.  In the Phase III site assessment, the volume of PCB sediments in the South
Pond was estimated at 9,000 m3 (JDAC, 2001 - Phase III, Ponds and Shoreline Areas).  The RAER Team
reviewed the performance capabilities of excavation/dredging equipment  in removal operations of this type
and developed a more conservative estimate (20,500 m3) of the volume of PCB Sediments that would require
removal, processing, transportation and incineration.  The cost of construction of an isolation barrier
(sheetpile) for the removal area was also included in estimates.   The sediment below 1 m depth in this area is
later excavated and processed as PAH sediment.

The costs for sheetpiling, excavating and transferring PCB sediment are estimated at $2.7 million (NPV =
$2.7 million) for each Option, except Option 6.  

The estimated volume of PAH sediment to be dredged from the South Pond (excluding the surface water
diversion channel and the PCB sediment) is 161,000 m3.  The estimated volume of PAH sediment to be
dredged from the North Pond is 283,200 m3.  

The estimated costs for dredging and transferring PAH sediment from these areas are $7.8 million (NPV =
$6.9 million) for the South Pond and $13.7 million (NPV = $12.2 million) for the North Pond. 

1.1.1.5 DREDGED SURFACE COVER 

After dredging, the dredged surfaces of the Ponds would be protected with a cover of clean materials.  The top
layer of the cover would be sized to provide both a protective armour against erosive forces, and potential
habitat niches for marine, estuarine and aquatic species.  Dredged surface covers would be placed as follows:
• Option 1 North Pond only 
• Options 2-5 both North and South Ponds
• Option 6 none

It is estimated that a clean fill cover could be placed at a unit cost of $25/m3 for a cover thickness of 0.45 m.
Based on these assumptions, the estimated volume of cover materials required for the North Pond is 179,900
m2 and 129,100 m2 for the South Pond.  Total costs to place the covers and re-establish surface flows in the
area are estimated at $2.2 million (NPV = $1.8 million) for the North Pond and $1.6 million (NPV = $1.3
million) for the South Pond for those Options where South Pond covers would be required.  

1.1.1.6 OTHER CONSIDERATIONS

Other physical construction components could include mobilization, decommissioning, shoreline slope/bank
stabilization, and long-term maintenance and monitoring.  

An estimated range of costs of $2.8 to $4.6 million (NPV = $3.9 million) is applied to the appropriate Option
to address these components. 
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1.1.1.7 SUMMARY OF THE COMMON PHYSICAL CONSTRUCTION COMPONENTS 

The following summarizes the costs of the physical construction components that would be common to one or
more of the identified Options:
• Cofferdam construction ...................................................................... $1.5 m (NPV = $1.5 million)
• Channelization of surface flows........................................................ $22.0 m (NPV = $22 million)
• SYSCO Cooling Pond Cleanup .......................................................... $7.0 m (NPV = $5.9 million)
• Sediment removal and transfer

- Common to all options (except Option 6) .................................... $2.7 m (NPV = $2.7 million)
- Additional dredging at South Pond .............................................. $7.9 m (NPV = $6.9 million)
- Additional dredging at North Pond ............................................ $13.7 m (NPV = $12.2 million)

• Dredged surface cover
- North Pond ................................................................................... $2.2 m (NPV = $1.8 million
- South Pond ................................................................................... $1.6 m (NPV = $1.3 million)

• Associated construction costs, including mobilization, 
shoreline work, etc. ................................................................. $3.4 to $5.4 m (NPV = $2.8 - $3.9 million)

1.1.2 Pretreatment Operations
Each Cleanup Option could require some form of pretreatment of sediments prior to final treatment,
destruction, containment and/ or disposal components.  Pretreatment measures could result in the generation
of wastewater and/or air emissions.  Treatment systems for these by-product streams would also be required. 

The design basis rates represent the criteria used to size the equipment and estimate capital costs.  These rates
were established based on expected material dredging operations.  Cleanup Options 1 and 2 assume a
dredging schedule of two years with average processing rates estimated at 1,500 tonnes per day.  Options 3, 4,
and 5 assume dredging is to continue for an additional 5 to 10 years, with processing average rates of 400 -
500 tonnes per day.   Option 6 has no pre-treatment requirements.

A basic material balance was completed for both the solid and water streams throughout the pretreatment
processes.  This material balance relies on the general assumptions and the technical criteria provided in the
following sections each unit operation.  Pilot studies should be completed to determine the applicability of the
material processing operations proposed for each Option.  Specifically, settling characteristics of the material
following dredging should be determined to evaluate feasibility of passive dewatering steps.

1.1.2.1 PRETREATMENT ASSUMPTIONS

A list of the assumptions used to develop each Option is provided below.
• Mechanical dredging would be used for all dredging operations;
• In-situ materials would have a solid content of 15 – 40%, assume 25% solids for design basis;
• Dredged materials would include an estimated 20% (volume) water;
• In situ sediments would range in average density from 1,150 to 1,500 kg/m3, assume 1,300 kg/m3 for

density;
• Materials would be processed 12 hours per day, 250 days per year;
• Pretreatment components would be located at the Tar Ponds site, near the dredging operations.  Materials

to be processed for landfill, slurry phase treatment, or soil washing would be dewatered using passive
technologies.  Following this step the materials would be suitable for transportation by truck or conveyor
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and could pass a standard paint filter test.  Stabilization/solidification amendments could be necessary to
achieve this state if materials did not exhibit good settling characteristics;

• Landfill, slurry phase treatment, soil washing, co-burning and incineration operations would be completed
at an off-site location;

• Material processing, wastewater treatment and vent treatment equipment should be installed within a
heated building to avoid freezing during the cold months and contain possible odours and/or particulate
emissions;  

• Processing areas would be constructed with perimeter berms to control off-site runoff, and paved.  Sumps
would be installed throughout the process area to collect and pump the wastewater to the treatment
facility;

• Dredged materials would be transported throughout the material processing area in containers using either
cranes or other large equipment with lift capabilities (i.e., fork lifts).  N.B. This mobile equipment is not
included in the major equipment list;

• Temporary holding vessels equipped with covers would be used throughout the process to transfer
materials between unit operations, for passive dewatering steps, and storage.  These containers would
have an approximate capacity of 20.5 m3 and would be moved using the equipment described above; and

• Plot space requirements were calculated based on the estimated area required for each major piece of
equipment, allowing approximately 200% additional space for auxiliary equipment (pumps, piping, etc.),
transportation requirements (inside buildings and outside buildings), and other unidentified uses (offices,
storage, etc.).  Further evaluation of equipment layout, civil works requirements (turning radii, roads, etc.)
and available areas, including topography and utilities, would be required during detailed design phases of
the project.  This plot space estimate provides only a general idea of the land space requirement. 

1.1.2.2 PASSIVE DEWATERING

Passive dewatering operations would rely on primary settling, surface drainage, subsurface drainage,
consolidation, and evaporation.  Entrained water would be forced to the surface due to the overlying weight of
the solids.  Gravity could also be employed to remove entrained water by providing a conduit for water
collection underneath the passive dewatering holding vessel or area.

Passive dewatering could occur in temporary holding vessels placed on the dredging barge.  Passive
dewatering could also, in Option 1, occur in the South Pond CDF.  Dredged materials from the barge would
be transported in holding vessels via crane, or other large equipment with lift capabilities (i.e., fork lifts), to an
enclosed materials processing facility.   Materials would be allowed to settle and consolidate.  Freestanding
water would be pumped from the container to the wastewater treatment components.  In addition, each
container would include a water collection system located at the container bottom.  The collection system
could consist of perforated pipes with a rock filter bed.  Water drained by gravity would flow to a collection
sump within the facility, and from there to the wastewater treatment components.

Assumptions associated with passive dewatering include:
• Air-diaphragm pumps would be used for the passive dewatering to transfer wastewater to the treatment

system;  
• Portable pumps (estimate 10 per 1,000 tonnes/day processing rate) would be used to decant wastewater

from the top of the containers.  Wastewater from passive dewatering steps would be collected (via
gravity) in a common sump and would be pumped to wastewater treatment components;
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• Temporary holding vessels were assumed to be steel containers with covers.  The approximate capacity
for each container was assumed to be 20.5 m3.  Four sets of containers were assumed to be needed
throughout the system.  Each set would be sized to store the total processing rate.  One set would be used
for dredged materials on the barge, one set would be used for initial passive dewatering step, one set
would be used throughout material processing steps, and one set would be used for intermediate storage;

• Dredged materials would be allowed to settle and consolidate for a period of 24 hours (to be confirmed
during bench scale testing);

• Initial passive dewatering would remove water entrained during dredging operations so that the solids
percentage following this step would match the in-situ solids percentage (25%); and

• Final passive dewatering step would increase the solids percentage to 35%, which would be within the
range of in-situ solid percentages.

1.1.2.3 MECHANICAL DEWATERING

Mechanical dewatering equipment would be used to dewater solids streams from the wastewater treatment
operations.  Mechanical dewatering equipment could also be used to process materials exhibiting high water
contents (less than 15% solids), following an initial dewatering step.  The assumptions include:
• Mechanical dewatering equipment would be sized for 50% of design basis processing feed rates for

dredged materials;
• A filter press would be used for the mechanical dewatering step.  The expected solids content following

mechanical dewatering would be 20 to 40% solids;
• Materials processed via mechanical dewatering would be reintroduced to the material processing step

after the initial dewatering step (as appropriate); and
• Filtrate from the dewatering process would be pumped to wastewater treatment.

1.1.2.4 SEPARATION

Coarse separation would be used to remove oversize materials (> 75 mm).  A Grizzly would be used for
coarse separation.  Fine materials (< 75 mm) would be collected in empty holding vessels (as used for passive
dewatering).  Oversized materials would be washed and stored for disposal off-site as clean materials.  A
screw classifier would be used to wash the oversize materials.  

Fine separation would remove oversize materials (> 10 – 25 mm).   A vibrating screen unit would be used
with water added at the top of the screen stage.  If a water stream is used, a passive dewatering step should
follow.  Screened materials from the conveyor would be collected in empty holding vessels and transported to
the next step.  Oversize materials from this step would be disposed with other material or size reduced using a
crusher and returned to the material processing stream prior to the final passive dewatering step depending on
the Option. 

Assumptions used for the preliminary equipment sizing include:
• Washing equipment would be sized to process 5% of the incoming stream;
• Wastewater from the washing process would be directed to the wastewater treatment facility;
• Wash water could consist of treated wastewater from the wastewater treatment system;
• Potential particulate emissions for the size reduction process would be captured and directed to vent

treatment;
• Size reduction equipment would be sized to process 10% of the incoming stream;
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• Fine separation performance could be enhanced using a clean source of water (possibly treated
wastewater from the treatment facility) to wash the fine materials from the coarse fraction.  The addition
of water at this step would generally improve the separation capabilities;

• An additional passive dewatering step could be necessary following fine separation.  This would
ultimately depend on the water needed for sufficient separation.  Use of water at this step should be
further evaluated during the pilot scale testing and design phase.  It is assumed for the design basis that no
passive dewatering step would be necessary following fine separation and that only minimal water would
be added at this step; and  

• No change in solids percentage was assumed across both separation steps.

1.1.2.5 THERMAL DRYING

Thermal drying would be used to reduce the water content of the dredged material to less than 10%.  Those
options, including incineration and co-burning in power plants, demand feed materials with low moisture
content for favourable performance.  Higher water content lowers the heating value of the material, resulting
in the need to fire additional fuel and to increase equipment size.

A rotary dryer was proposed for thermal drying.  Rotary dryers could use oil, gas, coal or other fuel materials
as a source of heat.  While this step would be included as part of the pretreatment processing system, thermal
drying should be considered as part of the incineration or co-fire process.

Assumptions used for the preliminary design of the thermal drying system are:
• Materials received at thermal drying would be assumed to have a minimum solids content of 35%;  
• Thermal drying would be capable of reducing the water content to less than 10% (90% solids).  Materials

would be 90% solids following thermal drying;
• Potential air emissions from this step would be contained and piped to a vent treatment system;
• Thermal drying step would be incorporated into the design of the incineration or co-burn systems.  Plot

space requirements for thermal drying was not included with the pre-treatment calculations, as the
equipment would be co-located with the treatment system; and

• Approximately 1,500 BTU would be required per pound of water evaporated from dredged material in the
rotary dryer for preliminary heat balance.

1.1.2.6 INTERMEDIATE STORAGE

Temporary holding vessels could be used for intermediate storage of materials prior to treatment, as needed.

1.1.2.7 WASTEWATER TREATMENT

Wastewater would be generated as a result of the dewatering steps.  Treatment could be necessary to meet the
regulatory standards and guidelines prior to discharge into the existing sewer interceptor.  Primary
contaminants expected in the wastewater stream are sanitary wastes, petroleum hydrocarbons, and PAHs.
Other contaminants could include metals, PCBs, dioxins, and furans.  

A list of the assumptions used for the preliminary layout and equipment sizing for wastewater treatment
include: 
• The wastewater treatment system would be sized for the expected flows when the materials are processed

(12 hours per day).  It could be more feasible to operate the wastewater treatment system on a 24 hours
per day basis through the addition of a larger flow equalization tank, which would allow for smaller
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equipment and lower feed rates.  In addition, biotreatment processes, which are common organic
contaminant reduction processes, require continuous aeration.  Biotreatment processes could be run as
either batch or continuous operations;

• Wastewater would be treated to meet the regulatory standards and guidelines.  Bench scale testing would
be necessary to evaluate the feasibility of meeting these limits with the equipment proposed;

• Treated wastewater would be pumped via a new pipeline to an existing, nearby sewer interceptor;
• The equalization tank (wastewater treatment) would be sized for three days of residence time;
• The settling tank would be sized for an average overflow rate of 1,000 gal/sq.ft./day;
• The reduction of biologically degradable components would be 75% across the biotreatment technology.

Approximately 50% reduction in total metal content of wastewater would be expected across the
biotreatment technology;

• Residual contaminants not removed across biotreatment (potentially PCBs, dioxins, furans and high
molecular weight PAHs), would be removed by adsorption on carbon; 

• Carbon adsorption equipment would be sized based on equipment requirements for similar applications.
Actual carbon usage would be verified during bench scale studies. Carbon beds are assumed to be
changed out every three months;  

• No measurable amount of free product would be assumed to occur in the wastewater streams.  If
significant free product was observed then an oil/water separator should be installed prior to entering the
wastewater treatment system; and

• Pumps would be required at various locations throughout the wastewater distribution and treatment
system.  Pumps are included in the major equipment list.  Pumps are not included for a possible make-up
water source or wastewater recycle loop, which would need to be evaluated during the next phase of the
project following bench scale studies and a material balance.  

Unit operations for the treatment system would consist of equalization, settling, biotreatment and adsorption.
Wastewater from the CDF (Option 1) would be pumped to an equalization tank, which would be designed for
a residence time of three days.  This tank would serve to buffer extreme fluctuations in feed composition,
flow and other parameters (i.e., temperature, pH).  In addition, this tank would provide surge capacity for
wastewater during storm events or high production times.

Following equalization the wastewater would flow by gravity to a settling tank.  The purpose of the settling
tank would be to reduce the concentration of suspended solids in the wastewater stream.  At the settling tank,
wastewater would enter through the tank floor to a circular well designed to distribute flow equally in all
directions.  Settling by gravity would occur in the tank periphery.  A solids removal mechanism would
revolve slowly to move settled material to the outlet structure at the bottom of the tank.  The solids would
then be pumped to a filter press for dewatering prior to off-site disposal.  Depending on the settling
characteristics of the suspended solids, flocculants and coagulants could be added at the tank inlet to increase
performance by increasing the particle size.  

The decant stream from the settling tank would flow to biotreatment where microorganisms present in the
wastewater would aerobically degrade organics.  Since biotreatment is an aerobic process, a source of oxygen
(typically air) should be added.  A typical design for an aeration system would consist of a blower that
transfers the air through a diffuser system at the reactor bottom.  The amount of oxygen needed and design of
the aeration system would be determined following bench scale studies.  Another important design parameter
that should be finalized following bench scale studies is the reaction time.  The requirements for reaction time
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and concentration of microorganisms in the aeration tank could vary widely for biological wastewater
treatment depending on feed material contaminants, feed characteristics, external factors (i.e., heat), specialty
organisms added, and pre-oxidation effects.  For the design basis, a reaction time (hydraulic residence time)
of 24 hours was assumed, which is typical for wastewater systems for similar applications.  

Other considerations for biotreatment would include the addition of amendments (such as special
microorganisms) to assist with biodegradation and nutrients, which could be needed to maintain suitable
conditions for biodegradation.  Also, oxidants are sometimes added to the feed stream to help oxidize
organics through a reduction/oxidation (redox) reaction where electrons are transferred from one compound to
another converting organics to less hazardous or non-hazardous form.  Oxidants could help reduce
concentrations of PCBs and PAHs, which are commonly not readily biodegradable, in the bioreactor.  Use of
amendments and oxidants should be evaluated during the bench scale studies.

The final step in the biotreatment process would be a settling step where biomass would be removed from the
wastewater stream. The biomass, along with the settled solids stream from the settling tank, would be pumped
to a filter press for dewatering. At this point the dewatered solids could be either disposed off-site or recycled
back to the material processing stream.  It could also be feasible to recycle a portion of the settled biomass
back to biotreatment. These details should be confirmed during the bench scale and pilot scale testing.  

Biotreatment is an effective unit operation for the removal of biodegradable organics such as sanitary wastes,
petroleum hydrocarbons, and low molecular weight PAHs.  Some reduction in metals concentrations
(approximately 50%) can also be realized across biotreatment.  Carbon adsorption would be proposed for the
removal of PCBs, dioxins, furans, and high molecular weight PAHs.  An adsorption system would consist of
granular activated carbon (GAC) tanks in series.  Breakthrough could be measured between the tanks and
spent carbon could be either regenerated or disposed of.  Depending on the option, the spent GAC could be
reintroduced to the material processing stream for treatment with the solids.  

Recycling of treated wastewater should be explored during the design phase of the Project.  Some of the
components included in the various cleanup options require a water source, (i.e., oversize material washing
and fines separation).  It could be possible to reuse a portion or all of the wastewater for these purposes.  In
addition, should the wastewater be used in this manner, the pretreatment requirements prior to use could be
minimal (i.e., settling for suspended solids removal).  This would need to be confirmed during the next phase
of design and following bench scale studies.

1.1.2.8 VENT TREATMENT

Air emissions would be captured and treated from material processing (conducted within the building);
thermal drying; and size reduction components.  For those Options where material processing would be
completed within a building, a ventilation system would be installed to capture volatilized organics.
Overhead roof ventilators would be installed to capture throughout the building.  Ductwork would be installed
to transport the air stream to the vent treatment system, which would be located near the building (or possibly
on the roof of the building).  

Air emissions from the thermal drying and size reduction processes would contain high concentrations of
particulates and some volatilized organics.  Options with either of these processes would include provisions to
contain emissions (via enclosures).  Using blowers the captured emissions would be transported to the vent
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treatment system.  Emissions from these two sources would be pretreated to reduce the expected high
concentration of particulates using a bag house prior to treatment to remove volatilized organics.  

Bag houses consist of a series of fabric filters (bags) which filter particulates from the air stream.  Captured
solids are emptied from the filter while it is online using compressed air to blow back from the clean side of
one bank of filters at a time.  As the air stream would contain water vapor, it may be necessary in the design
to take special steps to avoid condensation on the filters, such as the addition of dilution air or heat to move
the gas further away from saturation.  

Volatized organics could be effectively removed using adsorption.  Building ventilation air streams, along
with the pretreated thermal drying and size reduction air streams, would be treated using an activated carbon
system.   It is expected that this combined stream would be relatively low in organic contaminant
concentrations.  Carbon-based air treatment systems are commonly available as portable systems on a rental
basis.   

Assumptions used to develop the sized equipment list are:
• Sizing of the bag house would be based on an airflow of 5,000 kg/hr/m2 cross-sectional area for the rotary

dryer.  Flows from size reduction process are assumed to be minimal as compared to thermal drying
operations; and

• Carbon adsorption equipment would be based on sized equipment from similar applications.  It is
recommended that the thermal drying operations be coordinated with treatment operations and no plot
area is assumed.  However, vent treatment has been sized to accommodate this flow.  

1.2 Cleanup Op tion 1 Estimated Costs (removal of North Pond sediment and containment in a CDF in
the South Pond with removal and off-site incineration of PCB
material)

This section details the pretreatment costs associated with Option 1, incorporates the requisite costs associated
with construction detailed in Section 1.1 and identifies the costs associated with final treatment and
completion of cleanup.  Together these amounts provide the cost estimate for the Option.

Cleanup Option 1 involves mechanical dredging of the North Pond sediments and transferring these
sediments to a CDF in the South Pond.  The pretreatment includes separation of the PCB material for off-site
incineration.

1.2.1 Pretreatment Requirements
The following unit operations are included in the pretreatment for this Option:
• Material processing: This includes the passive dewatering of the dredged material, debris

removal/disposal, processing of PCB materials, creation of the South Pond CDF and passive dewatering
in the CDF.  PAH sediment from the initial dewatering/processing is disposed in the CDF;

• Wastewater treatment: Wastewater from passive dewatering in the shore-based processes and the South
Pond CDF would be collected and treated to meet the CCME Freshwater and Aquatic Life and Marine
Water limits prior to discharge into the existing sewer interceptor.  Wastewater flows expected with
Option 1 are approximately 400 liters per minute.  Wastewater treatment equipment for this Option was
sized using the expected flows; and
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• Vent treatment: Vent treatment for this Option consists of a carbon adsorption system for removal of
organics that may be present in the building.  A building ventilation system would collect the inside air,
which would then be passed through a carbon bed.

1.2.2 Equipment & Facility Layout
A list of the equipment required for Option 1 is provided in Table C.1.  This list includes the sizes and
expected duties for the required equipment.  Based on the equipment required, it is estimated that an area of
approximately 12,000 square meters is needed.  Associated civil works include a sewer interceptor for treated
wastewater, piping for wastewater treatment, foundations and containment (sumps, berms) for major
equipment pieces, and a heated building with a ventilation system to house the material processing major
equipment.  The equipment required to transport the dredged materials within material processing unit
operations is not included in the major equipment list.

Table C.1:  Cleanup Option 1 – Equipment List

Unit Design Basis

Quantity
per 1000
Tonnes
Treated

Description

Passive Dewatering Units
1000 tonne/day
3.0 m W x 3.7 m L x
2.4 m H

34
4 sets; Storage of dredged materials during transport; 24 hrs
passive dewatering; intermediate storage of treated materials; 16
units (total) used for PCB materials

Belt Filter Presses
50 dry tonne/day
2.2 m belt
8.3 m L x 5.2 m H

2
Used in dewatering solids streams from wastewater treatment
operations, design capacity of 50 % total flow, 1,000 lb-dry/hr/m
(belt width), 2.2 m belt width max

Equalization Tank
408.8 m3

10.2 m f
5 m high

1 3 day retention time for flow and concentration equalization

Settling Tank
11.4 m3

2.7 m f
2 m high

1 60 minute settling time

Aeration Tank
136.3 m3

5.9 m f
5 m high

1 24 hour retention time

Carbon Filters

1000 kg carbon per
filter
1.5 m f
3 m SWD

2
Two activated carbon filters in parallel to remove residual organic
contamination from wastewater

Belt Filter Press Filtrate
Pump(s)

194 m3/hr
10 m head 2 Centrifugal pumps

Initial Passive Dewatering
Decant Pump(s)

0.42 m3/hr
10 m head 12 Air-diaphragm pumps

Passive Dewatering Drainage
Pump(s)

2 m3/hr
10 m head 2 Centrifugal pumps

Final Passive Dewatering
Decant Pump

0.42 m3/hr
10 m head 12 Air-diaphragm pumps

Treated Wastewater Pump
11 m3/hr
10 m head 2 Centrifugal pumps

Solids Recycle Pump(s)
1 m3/hr
10 m head 2 Centrifugal pumps

Secondary Screen (PCB
Sediments)

51 dry tonne/day
2 decks
2 m2/deck

1
Multi-screen (>25 mm, > 10 mm) vibratory screen set-up with water
wash and tank, CS wire screens

Rotary Dryer (PCB
Sediments)

51 dry tonne/day
3.0 m f
30 m length

1 Thermal dryer for dewatering of solids

Baghouse
10,400 std. m3/hr
190 m2 1

Shaker type baghouse to remove particulates in air; based on 55
m/hr air-to-cloth ratio, fans included
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Unit Design Basis

Quantity
per 1000
Tonnes
Treated

Description

cloth area

Carbon Adsorption
10,400 std. m3/hr
3.8 m f
9 m high

1 Fixed bed carbon filter

Wastewater treatment equipment may be located outside.  The equipment and accessories should be insulated
and heat tracing would be required.  It may be feasible to partially bury some of this equipment (depending on
secondary containment requirements), which would lower heating requirements.

1.2.3 Pre-treatment  Costs
Equipment costs have been estimated for the major equipment items identified in the equipment list and are
provided in Table C.2.  

Table C.2: Cleanup Option 1 – Estimated Equipment Costs

Unit Cost Capital CostsUNIT
($/Unit)

Quantity
($)

TANKS
Passive Dewatering Units $31,200 68 $2,121,600
Equalization Tank $434,100 2 $868,200
Settling Tank (Includes Mechanism) $270,300 2 $540,600
Aeration Tank (Includes Aeration System) $996,600 2 $1,993,200
GENERAL
Belt Filter Presses $725,400 4 $2,901,600
Carbon Filters $21,000 4 $84,000
Secondary Screen - PCB Material $30,900 1 $30,900
Rotary Dryer - PCB Material $1,905,900 1 $1,905,900
Baghouse $64,200 1 $64,200
Carbon Adsorption $696,300 1 $696,300
PUMPS
Passive Dewatering Decant Pumps $8,700 24 $208,800
Passive Dewatering Drainage Pumps $12,600 4 $50,400
Treated Wastewater Pump $12,600 4 $50,400
Solids Recycle Pumps $9,300 4 $37,200
Belt Filter Press Filtrate Pumps $15,300 4 $61,200
Estimated Total Costs $11,620,000

These costs do not include the installation of any of the following:  
• Piping & Mechanical – above ground piping, underground piping, valves and fittings;
• Civil – structural steel, buildings, foundations (excavation, concrete), piling, earthwork (site preparation,

yards, roads), paving, curbing, and soil testing;
• Electrical;
• Instrumentation – instruments, instrument installation, and advance controls;
• Miscellaneous – insulation, painting, and equipment erection;
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• Project Management & Engineering – engineering, procurement and expediting, field indirects (including
construction management); and

• Contingency.

Total equipment costs for Option 1 are estimated at $11.6 million (NPV = $11.6 million).

The major equipment items identified in the equipment list do not include general operating equipment (i.e.,
forklifts, cranes, trucks, etc.) and personnel required for the operation of the proposed equipment.  For this
option, the following cost impacts (equipment, personnel, etc.) should also be considered:
• General facility maintenance and operation personnel and equipment;
• Dedicated personnel whose charge is to operate and manoeuvre the pumps for the passive dewatering

stages;
• Heavy equipment (i.e., crane) for the unloading of dredged materials from the barge.
• Container moving equipment (i.e., forklifts) and personnel to transport containers between material

processing units;
• For this option there are 68 containers to be processed at each stage (dredging, passive dewatering,

processing, and storage);
• Personnel would be required for manual washing of oversize materials (> 150 mm) and filter press

operation; 
• Heavy equipment for moving material within the CDF, as necessary; and
• Operation and maintenance costs.

An estimate of the annual operating costs is provided as Table C.3.  Operating costs have been estimated for
pumps and major equipment items with significant energy demands, and carbon usage for wastewater
treatment.  These costs do include the following: miscellaneous chemicals and supplies; auxiliary equipment
(i.e., generator, lighting); security and building provisions; equipment fuel; maintenance costs; and other
miscellaneous costs associated with dredging and material processing operations.  Total annual operating
costs for Option 1 are estimated at $340,000.  The net present value (NPV) over the 4 years of operation is
$1.2 million.

Table C.3: Cleanup Option 1 – Estimated Annual Operating Costs 

UNIT Number of
Units

Utility
Consumption

Each
Units Unit Cost Annual Operating

Costs

TANKS
Passive Dewatering Units 68
Equalization Tank 2
Settling Tank (Includes
Mechanism) 2

Aeration Tank (Includes
Aeration System) 2 12 kW $0.1 $7,200

GENERAL
Belt Filter Presses 4 3.7 kW $0.1 $4,440
Carbon Filters 4 4000 kg/year $2.2 $35,200
Secondary Screen - PCB
Sediments

1 3 kW $0.1 $900

Rotary Dryer - PCB 1 18 MMBTU/hr $5 $270,000
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Sediments
Baghouse 1 35 kW $0.1 $10,500
Carbon Adsorption 1
PUMPS
Passive Dewatering
Decant Pumps

24 0.02 kW $0.1 $144

Passive Dewatering
Drainage Pumps

4 0.1 kW $0.1 $120

Treated Wastewater
Pump

4 0.52 kW $0.1 $624

Solids Recycle Pumps 4 0.05 kW $0.1 $60
Belt Filter Press Filtrate
Pumps

4 8.8 kW $0.1 $10,560

Estimated Total Costs $340,000

Two other costs associated with the pretreatment are not included in the above considerations.  These are
debris disposal and testing for PCBs.  An estimate of $0.4 million (NPV = $0.3 million) is used for these
costs.

A lump sum amount has been estimated for the provision of a heated building for sediment storage and
housing of the pre-treatment processes.  A 30 m x 60 m building, complete with all services is estimated at
$1.5 million.  Water treatment services and facilities beyond those included in the equipment costs have been
estimated at $0.8 million.

1.2.4 Excavation, Destruction and Containment 
The South Pond PCB material is in an accessible location in the top 1.5 meters of the South Pond sediment.
The estimated quantity of this material is 9,000 m3 (JDAC, 2001 - Phase III, Ponds and Shoreline Areas).  A
more conservative estimate of the material to be excavated and processed for incineration is 20,500 m3 based
on the capability of excavation/dredging equipment to remove material in this area. The in situ sediment is
assumed to be 1300 kg/m3 and 25% solids.  An additional quantity of PCB material is assumed to be removed
from the North Pond during excavation of the channel and pond sediment.  The total volume of sediment to
be dredged here is estimated at 340,800 m3.  At 1,300 kg/m3 this is 443,000 tonnes and 25% solids.  When the
South and North Pond PCB materials are fully processed, with 5% debris removal and thermal drying to 10%
moisture, the resultant product for off-site incineration is 18,700 tonnes.  Freight of $100/tonne and
incineration at $635/tonne are used in the cost calculation.  This is assumed to occur in the second and third
years of the cleanup, making the discounted total cost $12.2 million.

Containment in the South Pond CDF is applied to the balance of the dredged sediment.  The S/S treatment is
the largest of these costs, being $9.7 million when discounted.  This includes mixing cement in the top 2 m of
the CDF using the mixing ratio of 1 (cement) to 5 (sediment) and a unit cost of $49/tonne from the TDP.  The
other considerations are North Pond sediment transfer to the CDF, additional containment in South Pond
(assume sheetpiling), dewatering of the CDF, application of a containment cover and long-term monitoring.
The discounted costs are $12.4 million.

The final treatment and completion of the cleanup for Option 1 therefore has a NPV of $34.3 million.



RAER - Tar Ponds Appendix C - Estimated Costs C-15
February 2003 – Final Report CBCL – ENSR

1.2.5 Summary of C leanup Costs
The cleanup costs for Option 1 are summarized in Table C.4.  These costs are calculated as Net Present
Value, using a discount rate of 5%.  The costs include all the items described in the previous sections plus
several other factors.  An Engineering cost of 10% is applied, then a Project Management estimate of 10%.
Finally, a 25% contingency is added.

1.3 Cleanup Op tion 2 Estimated Costs (complete removal and land-based containment on the Coke
Ovens Site with removal and off-site incineration of PCB material) 

Estimated costs for Option 2 are based on the general requirements described in earlier Sections and the
following assumptions.  

1.3.1 Pretreatment Requirements
The following unit operations are included in the pretreatment for this Option:

Material processing • passive dewatering of the dredged material
• debris removal/disposal
• processing of PCB materials for incineration
• processing of the PAH material for landfilling

Wastewater treatment • passive dewatering from CDF collected and treated to appropriate
standards

• discharged to interceptor sewer
• flows estimated at 400 l/minute

Vent Treatment • carbon adsorption system for removal of organics that may be present
in the building

• building ventilation system would collect the inside air, which would
then be passed through a carbon bed

1.3.2 Equipment & Facility Layout
A list of the equipment that would be required for Option 2 is provided in Table C.5.  
This list includes the sizes and expected duties for the required equipment.  An estimated land area of
approximately 12,000 m2 would be needed.   Civil works would include: 
• sewer interceptor for treated wastewater; 
• piping for wastewater treatment; 
• foundations and containment (sumps, berms) for major equipment pieces; and 
• a heated building with a ventilation system to house the material processing major equipment.  



Table C.4: Tar Ponds Cleanup Option 1 - Estimated Costs

Cofferdam Construction 0.05

Initial Costs
Access Construction 0 1 LS $50,000 1 $50,000 $50,000
Deposit Coarse fill 0 1 M3 $15 9900 $148,500 $148,500
Install Sheetpiling 0 1 M $5,000 220 $1,100,000 $1,100,000
Install Armour Stone 0 1 M2 $30 2200 $66,000 $66,000
Install Flow Control 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Future Costs
Final Reconfiguration 4 4 LS $100,000 1 $100,000 $78,353

Subtotal $1,514,500 $1,492,853

Surface Water Diversion Channel

Initial costs
Sheetpile Route (North & South) 0 1 M $5,000 3070 $15,350,000 $15,350,000
Slag 0 1 M3 $15 4605 $69,075 $69,075
Install Sediment Release Control 0 1 LS $10,000 1 $10,000 $10,000
Ongoing Costs
Excavate Sediment from NP Channel 0 1 M3 $50 57467 $2,873,325 $2,873,325
Transfer to Staging Area 0 1 tonnes $5 74,706 $373,532 $373,532
Excavate Sediment from SP Channel 0 1 M3 $50 57,659 $2,882,925 $2,882,925
Line Channel in South Pond 0 1 M3 $20 19,220 $384,390 $384,390
Divert Surface Flows into Channel 0 1 LS $30,000 1 $30,000 $30,000
Incorporate Sewer Overflows 0 1 LS $50,000 1 $50,000 $50,000
Future Costs

Subtotal $22,023,247 $22,023,247

Cooling Pond

Initial Costs
Site Preparation 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Excavate All Sediment 1 2 M3 $50 29,400 $1,470,000 $1,333,333
Material Transfer (to CDF) 1 2 tonnes $5 49,980 $249,900 $226,667
Remove and Dispose Remnant Structure 2 3 tonnes $50 100,000 $5,000,000 $4,113,512
Future Costs
Place Backfill Material 3 3 M3 $8 25000 $200,000 $164,540
Cover and Vegetate 3 3 ha $10,000 1 $10,000 $8,227

Subtotal $6,979,900 $5,896,280

South Pond

Initial Costs
Equipment Mobilization 0 1 LS $100,000 1 $100,000 $100,000
Sheetpile PCB Sediment Area 0 1 M $5,000 350 $1,750,000 $1,750,000
Drain South Pond Water 0 1 LS $200,000 1 $200,000 $200,000
Install Containment Features 0 1 M $5,000 1500 $7,500,000 $7,500,000
Ongoing Costs
Excavate PCB Sediment 1 2 M3 $42 20,459 $859,278 $779,390
Transfer to Staging Area 1 2 tonnes $5 26,597 $132,984 $120,620
Future Costs

NPV 
Estimated 

Costs
Item Start 

(yr)
Finish  

(yr) Units Unit   Cost Quantity Estimated 
Costs



Table C.4: Tar Ponds Cleanup Option 1 - Estimated Costs

NPV 
Estimated 

Costs
Item Start 

(yr)
Finish  

(yr) Units Unit   Cost Quantity Estimated 
Costs

S/S Additive Material Staging 3 4 tonnes $5 47167 $235,836 $203,724
Mix S/S Additive In Situ 3 4 tonnes $49 235836 $11,555,944 $9,507,104
Apply Layered Cover 3 4 M2 $30 90706 $2,721,180 $2,238,722
Install Monitoring 3 3 LS $200,000 1 $200,000 $164,540
Long-term Monitoring 4 29 LS $50,000 25 $1,250,000 $579,756
Equipment Demobilization 4 4 LS $100,000 1 $100,000 $78,353

Subtotal $26,605,222 $23,222,209

North Pond

Initial Costs
Equipment Mobilization 0 1 LS $500,000 1 $500,000 $500,000
Ongoing Costs
Dredge All Sediment 1 3 M3 $42 283,174 $11,893,308 $10,530,734
Transfer to Staging Area 1 3 tonnes $5 368,126 $1,840,631 $1,629,756
Future Costs
Receive/Store Capping Material 3 4 LS $100,000 1 $100,000 $82,270
Remove Temporary Flow Diversion 3 3 LS $50,000 1 $50,000 $41,135
Apply Cap to Bottom of Pond 3 4 M3 $25 80954 $2,023,853 $1,665,028
Shoreline Restoration 3 4 M $500 3000 $1,500,000 $1,234,054
Long-term Monitoring 4 10 LS $10,000 6 $60,000 $47,605
Equipment Demobilization 4 4 LS $500,000 1 $500,000 $411,351

Subtotal $18,467,792 $16,141,934

Dredged Material Staging/Processing

Initial costs
Site Preparation 0 1 LS $200,000 1 $200,000 $200,000
Equipment Supply/Install 0 1 LS $11,620,000 1 $11,620,000 $11,620,000
Heated Storage Building 0 1 M2 $850 1800 $1,530,000 $1,530,000
Other Water Treatment 0 1 LS $750,000 1 $750,000 $750,000
Ongoing Costs
Receive Dredged Product 1 3 tonnes $5 469,429 $2,347,147 $2,078,242
Dispose Debris 1 3 tonnes $50 5868 $293,393 $259,780
Test Product (PCBs) 1 3 LS $75,000 1 $75,000 $66,408
PCB Sediment Transfer (Incineration) 1 3 tonnes $5 18704 $93,522 $82,808
PAH Sediment Transfer (CDF) 1 3 tonnes $5 378622 $1,893,110 $1,676,223
Annual Operation 0 4 LS $340,000 4 $1,360,000 $1,205,623
Environmental Monitoring 0 4 LS $20,000 4 $80,000 $70,919
Future Costs
Demobilization/Decommissioning 4 4 LS $200,000 1 $200,000 $164,540

Subtotal $20,442,172 $19,704,543

Incineration (PCB Sediment)

Initial costs
Ongoing Costs
Product transport 1 3 tonnes $100 18704 $1,870,444 $1,656,153
Incinerate Material 1 3 tonnes $635 18704 $11,877,316 $10,516,574
Ash disposal
Future Costs

Subtotal $13,747,760 $12,172,728



Table C.4: Tar Ponds Cleanup Option 1 - Estimated Costs

NPV 
Estimated 

Costs
Item Start 

(yr)
Finish  

(yr) Units Unit   Cost Quantity Estimated 
Costs

Subtotal $109,780,592 $100,653,793

Engineering @ 10% $10,978,059 $10,065,379

Subtotal $120,758,651 $110,719,173

Project Management @ 10% $12,075,865 $11,071,917

Subtotal $132,834,516 $121,791,090

Contingency @ 25% $33,208,629 $30,447,772

Total Cost $166,043,145 $152,238,862
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Table C.5:  Cleanup Option 2 – Equipment List

Unit Design Basis

Quantity
per 1000
Tonnes
Treated

Description

Passive Dewatering
Units

1000 tonne/day
3.0 m W x 3.7 m L
x 2.4 m H

136
4 sets; Storage of dredged materials during transport; 24
hrs passive dewatering; intermediate storage of treated
materials; 16 units (total) used for PCB materials

Belt Filter Presses
500 tonne/day
2.2 m belt
8.3 m L x 5.2 m H

18 Used in dewatering solids streams from wastewater
treatment operations

Primary Screen
(Grizzly)

423 dry tonne/day
1 deck
15 m2/deck

1 Grizzly screen set-up with water wash and tank, CS bar
screens

Gravel Washer
21 dry tonne/day
0.7 m f
20 m length

1 Wash oversize material (gravel), twin screws, CS

Equalization Tank
408.8 m3

10.2 m f
5 m high

1 3 day retention time for flow and concentration
equalization

Settling Tank
11.4 m3

2.7 m f
2 m high

1 60 minute settling time

Aeration Tank
136.3 m3

5.9 m f
5 m high

1 24 hour retention time

Carbon Filters

1000 kg carbon per
filter
1.5 m f
3 m SWD

2 Two activated carbon filters in parallel to remove residual
organic contamination from wastewater

Belt Filter Press
Filtrate Pump(s)

194 m3/hr
10 m head 2 Centrifugal pumps

Initial Passive
Dewatering Decant
Pump(s)

0.42 m3/hr
10 m head 12 Air-diaphragm pumps

Passive Dewatering
Drainage Pump(s)

2 m3/hr
10 m head 2 Centrifugal pumps

Final Passive
Dewatering Decant
Pump(

0.42 m3/hr
10 m head 12 Air-diaphragm pumps

Treated Wastewater
Pump

11 m3/hr
10 m head 2 Centrifugal pumps

Solids Recycle
Pump(s)

1 m3/hr
10 m head 2 Centrifugal pumps

Secondary Screen
(PCB Sediments)

51 dry tonne/day
2 decks
2 m2/deck

1 Multi-screen (>25 mm, > 10 mm) vibratory screen set-up
with water wash and tank, CS wire screens

Rotary Dryer (PCB
Sediments)

51 dry tonne/day
3.0 m f
30 m length

1 Thermal dryer for dewatering of solids

Baghouse
10,400 std. m3/hr
190 m2

cloth area
1 Shaker type baghouse to remove particulates in air;

based on 55 m/hr air-to-cloth ratio, fans included

Carbon Adsorption
10,400 std. m3/hr
3.8 m f
9 m high

1 Fixed bed carbon filter

The equipment required to transport dredged materials within material processing unit operations was not
included in the major equipment list.
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Wastewater treatment equipment could be located outside.  The equipment and accessories should be
insulated and heat tracing would be required.  It could be feasible to partially bury some of the equipment
(depending on secondary containment requirements), which would lower heating requirements.

1.3.3 Pre-treatment  Costs
Equipment costs have been estimated for the major equipment items identified in the equipment list and are
provided in Table C.6.  

Table C.6: Cleanup Option 2 Estimated Equipment Costs 
Unit Cost Capital

CostsUNIT
($/Unit)

Quantit
y. ($)

TANKS
Passive Dewatering Units $31,200 272 $8,486,400
Equalization Tank $434,100 2 $868,200
Settling Tank (Includes Mechanism) $270,300 2 $540,600
Aeration Tank (Includes Aeration System) $996,600 2 $1,993,200
GENERAL
Belt Filter Presses $725,400 36 $26,114,400
Primary Screen (Grizzly) $122,100 2 $244,200
Gravel Washer $205,200 2 $410,400
Carbon Filters $21,000 4 $84,000
Secondary Screen – PCB Material $30,900 1 $30,900
Rotary Dryer – PCB Material $1,905,900 1 $1,905,900
Baghouse $64,200 1 $64,200
Carbon Adsorption $696,300 1 $696,300
PUMPS
Initial Passive Dewatering Decant Pumps $8,700 24 $208,800
Passive Dewatering Drainage Pumps $12,600 4 $50,400
Final Passive Dewatering Decant Pumps $8,700 24 $208,800
Treated Wastewater Pump $12,600 4 $50,400
Solids Recycle Pumps $9,300 4 $37,200
Belt Filter Press Filtrate Pumps $15,300 4 $61,200
Estimated Total Costs $42,060,000

These costs do not include the installation of any of the following:  
• Piping & Mechanical – above ground piping, underground piping, valves and fittings;
• Civil/structural steel, buildings, foundations (excavation, concrete), piling, earthwork (site preparation,

yards, roads), paving, curbing, and soil testing;
• Electrical;
• Instrumentation – instruments, instrument installation, and advance controls;
• Miscellaneous – insulation, painting, and equipment erection;
• Project Management & Engineering – engineering, procurement and expediting, field indirects (including

construction management); and
• Contingency.



RAER - Tar Ponds Appendix C - Estimated Costs C-18
February 2003 – Final Report CBCL – ENSR

Total equipment costs for Option 2 are estimated at $42.1 million.

The major equipment items identified in the equipment list do not include general operating equipment (i.e.,
forklifts, cranes, trucks, etc.) and personnel required for the operation of the proposed equipment.  For this
option, the following cost impacts (equipment, personnel, etc.) should also be considered:
• General facility maintenance and operation personnel and equipment;
• Dedicated personnel whose charge is to operate and manoeuvre the pumps for the passive dewatering

stages;
• Heavy equipment (i.e., crane) for the unloading of dredged materials from the barge.
• Container moving equipment (i.e., forklifts) and personnel to transport containers between material

processing units;
• For this option there are 68 containers to be processed at each stage (dredging, passive dewatering,

processing, and storage);
• Personnel would be required for manual washing of oversize materials (> 150 mm) and filter press

operation; and
• Operation and maintenance costs.

An estimate of the annual operating costs is provided as Table C.7.  Operating costs have been estimated for
pumps and major equipment items with significant energy demands, and carbon usage for wastewater
treatment.  These costs do include the following: miscellaneous chemicals and supplies; auxiliary equipment
(i.e., generator, lighting); security and building provisions; equipment fuel; maintenance costs; carbon usage
for ventilation system; and other miscellaneous costs associated with dredging and material processing
operations.  Total annual operating costs for Option 2 are estimated at $384,000. The net present value (NPV)
over the four years of operation is $1.4 million.

Table C.7: Cleanup Option 2 – Estimated Annual Operating Costs 

UNIT Number of
Units

Utility
Consumption

Each
Units Unit Cost

Annual
Operating

Costs
TANKS
Passive Dewatering Units 272
Equalization Tank 2
Settling Tank (Includes
Mechanism) 2

Aeration Tank (Includes
Aeration System) 2 12 kW $0.1 $7,200

GENERAL
Belt Filter Presses 36 3.7 kW $0.1 $39,960
Primary Screen (Grizzly) 2 5.6 kW $0.1 $3,360
Gravel Washer 2 7.5 kW $0.1 $4,500
Carbon Filters 4 4000 kg/year $2.2 $35,200
Secondary Screen - PCB
Sediments 1 3 kW $0.1 $900

Rotary Dryer - PCB
Sediments 1 18 MMBTU/hr $5 $270,000

Baghouse 1 35 kW $0.1 $10,500
Carbon Adsorption 1
PUMPS
Initial Passive Dewatering 24 0.02 kW $0.1 $144
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Decant Pumps
Passive Dewatering
Drainage Pumps 4 0.1 kW $0.1 $120

Passive Dewatering Decant
Pumps 24 0.02 kW $0.1 $144

Treated Wastewater Pump 4 0.52 kW $0.1 $624
Solids Recycle Pumps 4 0.05 kW $0.1 $60
Belt Filter Press Filtrate
Pumps 4 8.8 kW $0.1 $10,560

Estimated Total Costs $384,000

Two other costs associated with the pretreatment are not included in the above considerations.  These are
debris disposal and testing for PCBs.  An estimate of $0.6 million (NPV = $0.5 million) is used for these
costs.

A lump sum amount has been estimated for the provision of a heated building for sediment storage and
housing of the pre-treatment processes.  A 30 m x 60 m building, complete with all services is estimated at
$1.5 million.  Water treatment services and facilities beyond those included in the equipment costs have been
estimated at $0.8 million.

1.3.4 Containment and Destruction Costs
Option 2 is containment of the PAH contaminated material in a landfill constructed on the Coke Ovens site.
PCB material from both Ponds is assumed to be removed and processed for off-site incineration.  

The PCB material recovery and destruction are the same as the previous Option.  The cost is therefore the
same, at $12.2 million.

Containment in the new Coke Ovens landfill is applied to the balance of the dredged sediment.  The costs for
this include ex situ S/S treatment, construction of the landfill, transfer of the PAH sediment from both Ponds
and the SYSCO Cooling Pond and application of a containment cover.  The S/S treatment assumes the mixing
ratio of 1 (cement) to 5 (sediment) and a unit cost of $49/tonne from the TDP.  For the 497,200 tonnes to be
treated, the discounted cost is $22.0 million.  The treated material is landfilled at an estimated cost of
$2,680,000/ha (liner and cover included) in a 6 ha facility, resulting in a total discounted cost of $13.9
million.  Other costs (site preparation, leachate collection/treatment, material transfer, monitoring, etc.) are
estimated at $3.8 million.

The final treatment and completion of the cleanup for Option 2 therefore has an NPV of $51.9 million.

1.3.5 Summary of C leanup Costs
The cleanup costs for Option 2 are summarized in Table C.8.  These costs are calculated as Net Present
Value, using a discount rate of 5%.  The costs include all the items described in the previous sections plus
several other factors.  An Engineering cost of 10% is applied, then a Project Management estimate of 10%.
Finally, a 25% contingency is added.
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1.4 Cleanup Op tion 3 Estimated Costs (complete removal, multi-technology treatment / destruction,
and land-based containment at the Coke Ovens Site with on-site treatment of PCB materials and offsite
destruction of concentrated contaminants) 

Cleanup Option 3 involves mechanical dredging of the sediments, passive dewatering, coarse and fine
separation steps to prepare materials for soil washing or thermal desorption/pyrolysis, and thermal drying to
prepare materials for co-firing in a power plant or incineration.  Pretreatment Flowsheet.  The pretreatment
includes separation of the PCB material to concentrate the material for off-site incineration.

For this option, sediments from both Ponds would be dredged, separated and sized.  For the PAH sediment
soil washing (treatment) would be used to separate the coarse fraction (assumed 50% of materials) from the
fine fraction. The coarse fraction is washed during this process and assumed suitable for off-site disposal or
use.  The fine fraction is returned to the material processing stream prior to thermal drying.  It is assumed that
the solids content of the fine fraction received from the soil washing process is 35% or greater.  The PCB
material would be treated separately using thermal desorption/pyrolysis. 

1.4.1 Pretreatment Requirements
The following unit operations are included in the pretreatment for this Option:
• Material processing:  This includes the passive dewatering of dredged material, debris removal/disposal,

processing of PCB materials for thermal desorption/pyrolysis and processing of PAH sediment for soil
washing;

• Wastewater treatment: Wastewater from passive dewatering in the shore-based processes would be
collected and treated to meet the CCME Freshwater and Aquatic Life and Marine Water limits prior to
discharge into the existing sewer interceptor.  Wastewater flows expected with Option 1 are
approximately 225 liters per minute.  Wastewater treatment equipment for this Option was sized using the
expected flows; and

• Vent treatment: Vent treatment for this option consists of a carbon adsorption system for removal of
organics that may be present in the building and particulate removal for air streams from size reduction
and thermal drying processes.  A building ventilation system would collect the inside air for treatment to
remove organics.  A baghouse would be used to filter particulates from the air streams collected from the
enclosed size reduction and thermal drying processes.  

1.4.2 Equipment & Facility Layout
A list of the equipment required for Option 3 is provided in Table C.9.  This list includes the sizes and
expected duties for the required equipment.  Based on the equipment required, it is expected that an area of
approximately 9,000 square meters is needed.  The plot space requirements do not include any land area that
may be necessary for soil washing, thermal desorption/pyrolysis, thermal drying or co-burning in a power
plant, which are assumed to occur at either a nearby location or off-site.



Table C.8: Tar Ponds Cleanup Option 2 - Estimated Costs

Cofferdam Construction 0.05

Initial Costs
Access Construction 0 1 LS 50000 1 $50,000 $50,000
Deposit Coarse fill 0 1 M3 15 9900 $148,500 $148,500
Install Sheetpiling 0 1 M 5000 220 $1,100,000 $1,100,000
Install Armour Stone 0 1 M2 30 2200 $66,000 $66,000
Install Flow Control 0 1 LS 50000 1 $50,000 $50,000
Ongoing Costs
Future Costs
Final Reconfiguration 4 4 LS 100000 1 $100,000 $78,353

Subtotal $1,514,500 $1,492,853

Surface Water Diversion Channel

Initial costs
Sheetpile Route (North & South) 0 1 M 5000 3070 $15,350,000 $15,350,000
Slag 0 1 M3 15 4605 $69,075 $69,075
Install Sediment Release Control 0 1 LS 10000 1 $10,000 $10,000
Excavate Sediment from NP Channel 0 1 M3 50 57467 $2,873,325 $2,873,325
Transfer to Staging Area 0 1 tonnes 5 74,706 $373,532 $373,532
Excavate Sediment from SP Channel 0 1 M3 50 57,659 $2,882,925 $2,882,925
Transfer to Staging Area tonnes 5 74,956 $374,780 $374,780
Divert Surface Flows into Channel 0 1 LS 30000 1 $30,000 $30,000
Incorporate Sewer Overflows 0 1 LS 50000 1 $50,000 $50,000
Ongoing Costs
Future Costs

Subtotal $22,013,638 $22,013,638

Cooling Pond

Initial Costs
Site Preparation 0 1 LS 50000 1 $50,000 $50,000
Ongoing Costs
Excavate All Sediment 1 2 M3 50 29,400 $1,470,000 $1,333,333
Material Transfer (to Landfill) 1 2 tonnes 5 49,980 $249,900 $226,667
Remove and Dispose Remnant Structure 2 3 tonnes 50 100,000 $5,000,000 $4,113,512
Future Costs
Place Backfill Material 3 3 M3 8 25000 $200,000 $164,540
Cover and Vegetate 3 3 ha 10000 1 $10,000 $8,227

Subtotal $6,979,900 $5,896,280

South Pond

Initial Costs
Equipment Mobilization 0 1 LS 500000 1 $500,000 $500,000
Sheetpile PCB Sediment Area 0 1 M 5000 350 $1,750,000 $1,750,000
Ongoing Costs
Excavate PCB Sediment 1 2 M3 42 20,459 $859,278 $779,390
Transfer to Staging Area 1 2 tonnes 5 26,597 $132,984 $120,620
Dredge Balance of Sediment 1 3 M3 42 160,953 $6,760,026 $5,985,554
Transfer to Staging Area 1 3 tonnes 5 209,239 $1,046,195 $926,336
Future Costs

NPV    
Estimated 

Costs
Item Start 

(yr)
Finish 

(yr) Units Unit Cost Quantity Estimated 
Costs



Table C.8: Tar Ponds Cleanup Option 2 - Estimated Costs

NPV    
Estimated 

Costs
Item Start 

(yr)
Finish 

(yr) Units Unit Cost Quantity Estimated 
Costs

Receive/Store Capping Material 3 4 LS 100000 1 $100,000 $82,270
Apply Cap to Bottom of Pond 3 4 M3 25 58115 $1,452,881 $1,195,289
Shoreline Restoration 3 4 M 500 2000 $1,000,000 $822,702
Long-term Monitoring 4 10 LS 10000 6 $60,000 $47,605
Equipment Demobilization 4 4 LS 500000 1 $500,000 $391,763

Subtotal $14,161,363 $12,601,529

North Pond

Initial Costs
Equipment Mobilization 0 1 LS 500000 1 $500,000 $500,000
Ongoing Costs
Dredge All Sediment 1 3 M3 42 283,174 $11,893,308 $10,530,734
Transfer to Staging Area 1 3 tonnes 5 368,126 $1,840,631 $1,629,756
Future Costs
Receive/Store Capping Material 3 4 LS 100000 1 $100,000 $82,270
Remove Temporary Flow Diversion 3 3 LS 50000 1 $50,000 $41,135
Apply Cap to Bottom of Pond 3 4 M3 25 80954 $2,023,853 $1,665,028
Shoreline Restoration 3 4 M 500 3000 $1,500,000 $1,234,054
Long-term Monitoring 4 10 LS 10000 6 $60,000 $47,605
Equipment Demobilization 4 4 LS 500000 1 $500,000 $391,763

Subtotal $18,467,792 $16,122,345

Dredged Material Staging/Processing

Initial costs
Site Preparation 0 1 LS 300000 1 $300,000 $300,000
Equipment Supply/Install 0 1 LS 42060000 1 $42,060,000 $42,060,000
Heated Storage Building 0 1 M2 850 1800 $1,530,000 $1,530,000
Other Water Treatment 0 1 LS 750000 1 $750,000 $750,000
Ongoing Costs
Receive Dredged Product 1 3 tonnes 5 803,604 $4,018,022 $3,557,691
Dispose Debris 1 3 tonnes 50 10045 $502,253 $444,711
Test Product (PCBs) 1 3 LS 75000 1 $75,000 $66,408
PCB Sediment Transfer (Incineration) 1 3 tonnes 5 18704 $93,522 $82,808
PAH Sediment Transfer (S/S treatment) 1 3 tonnes 5 497206 $2,486,029 $2,201,213
S/S Additive Material Staging 1 3 tonnes 5 99441 $497,206 $440,243
Mix S/S Additive Ex Situ 1 3 tonnes 49 497206 $24,363,084 $21,571,892
Material Transfer (Landfill) 1 3 tonnes 5 596647 $2,983,235 $2,641,456
Annual Operation 0 4 LS 384000 4 $1,536,000 $1,361,645
Environmental Monitoring 0 4 LS 20000 4 $80,000 $70,919
Future Costs
Demobilization/Decommissioning 4 4 LS 300000 1 $300,000 $235,058

Subtotal $81,574,350 $77,314,043

Incineration (PCB Sediments)

Initial costs
Ongoing Costs
Product transport 1 3 tonnes 100 18704 $1,870,444 $1,656,153
Incinerate Material 1 3 tonnes 635 18704 $11,877,316 $10,516,574
Ash disposal
Future Costs



Table C.8: Tar Ponds Cleanup Option 2 - Estimated Costs

NPV    
Estimated 

Costs
Item Start 

(yr)
Finish 

(yr) Units Unit Cost Quantity Estimated 
Costs

Subtotal $13,747,760 $12,172,728

Coke Ovens Landfill

Initial Costs
Site preparation 0 1 ha 10000 7 $70,000 $70,000
Leachate Collection/Monitoring 0 1 LS 500000 1 $500,000 $500,000
Ongoing Costs
Construction/Disposal 1 4 ha 2680000 6 $16,080,000 $13,901,533
Future Costs
Long-term Monitoring 4 29 LS 50000 25 $1,250,000 $579,756

Subtotal $17,900,000 $15,051,289

Subtotal $176,359,302 $162,664,705

Engineering @ 10% $17,635,930 $16,266,470

Subtotal $193,995,232 $178,931,175

Project Management @ 10% $19,399,523 $17,893,118

Subtotal $213,394,756 $196,824,293

Contingency @ 25% $53,348,689 $49,206,073

Total Cost $266,743,445 $246,030,366
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Table C.9 :  Cleanup Option 3 – Equipment List

Unit Design Basis
Quantity per
1000 Tonnes

Treated
Description

Passive Dewatering
Units

1000 tonne/day
3.0 m W x 3.7 m L
x 2.4 m H

136
4 sets; Storage of dredged materials during transport; 24
hrs passive dewatering; intermediate storage of treated
materials; 16 units (total) used for PCB materials

Belt Filter Presses
500 tonne/day
2.2 m belt
8.3 m L x 5.2 m H

18
Used in dewatering solids streams from wastewater
treatment operations, design capacity of 50 % total flow,
1,000 lb-dry/hr/m (belt width), 2.2 m belt width max

Primary Screen
(Grizzly)

423 dry tonne/day
1 deck
15 m2/deck

1 Grizzly screen set-up with water wash and tank, CS bar
screens

Secondary Screen
402 dry tonne/day
2 decks
15 m2/deck

1 Multi-screen (>25 mm, >10 mm) vibratory screen set-up
with water wash and tank, CS wire screens

Gravel Washer
21 dry tonne/day
0.7 m f
20 m length

1 Wash oversize material (gravel), twin screws, CS

Toothed-Roll Crusher
40 dry tonne/day
5.0 m f
2 m length

1 Crusher for size reduction of solids

Rotary Dryers

402 dry tonne/day
5.0 m f
50 m length 3 Thermal dryer for dewatering of solids

Equalization Tank
408.8 m3

10.2 m f
5 m high

1 3 day retention time for flow and concentration equalization

Settling Tank
11.4 m3

2.7 m f
2 m high

1 60 minute settling time

Aeration Tank
136.3 m3

5.9 m f
5 m high

1 24 hour retention time

Carbon Filters

1000 kg carbon
per filter
1.5 m f
3 m SWD

2 Two activated carbon filters in parallel to remove residual
organic contamination from wastewater

Baghouse
81,800 std. m3/hr
1487 m2

cloth area
1 Shaker type baghouse to remove particulates in air; based

on 55 m/hr air-to-cloth ratio, fans included

Carbon Adsorption
81,800 std. m3/hr
7.5 m f
18 m high

1 Fixed bed carbon filter

Belt Filter Press
Filtrate Pump(s)

194 m3/hr
10 m head 2 Centrifugal pumps

Initial Passive
Dewatering Decant
Pump(s)

0.42 m3/hr
10 m head 12 Air-diaphragm pumps

Passive Dewatering
Drainage Pump(s)

2 m3/hr
10 m head 2 Centrifugal pumps

Final Passive
Dewatering Decant
Pump(

0.42 m3/hr
10 m head 12 Air-diaphragm pumps

Treated Wastewater
Pump

11 m3/hr
10 m head 2 Centrifugal pumps

Solids Recycle
Pump(s)

1 m3/hr
10 m head 2 Centrifugal pumps
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Civil works that should be included are: sewer interceptor for treated wastewater, piping for wastewater
treatment, foundations and containment (sumps, berms) for major equipment pieces, and heated building with
ventilation system to house major equipment.  Equipment required to transport dredged materials within
material processing unit operations is not included in the major equipment list.

Wastewater treatment equipment may be located outside.  The equipment and accessories should be insulated
and heat tracing would be required.  It may be feasible to partially bury some of this equipment (depending on
secondary containment requirements), which would lower heating requirements.

1.4.3 Pre-treatment  Costs
Equipment costs have been estimated for the major equipment items identified in the equipment list and are
provided in Table C-10.  

Table C.10: Cleanup Option 3 Estimated Equipment Costs 

Unit Cost Capital
CostsUNIT

($/Unit)
Quantit

y. ($)
TANKS
Passive Dewatering Units $31,200 136 $4,243,200
Equalization Tank $434,100 1 $434,100
Settling Tank (Includes Mechanism) $270,300 1 $270,300
Aeration Tank (Includes Aeration System) $996,600 1 $996,600
GENERAL
Belt Filter Presses $725,400 18 $13,057,200
Primary Screen (Grizzly) $122,100 1 $122,100
Secondary Screen $146,700 1 $146,700
Gravel Washer $205,200 1 $205,200
Toothed-Roll Crusher $293,700 1 $293,700
Rotary Dryer $5,799,600 3 $17,398,800
Carbon Filters $21,000 2 $42,000
Baghouse $312,900 1 $312,900
Carbon Adsorption $2,400,000 1 $2,400,000
PUMPS
Initial Passive Dewatering Decant Pumps $8,700 12 $104,400
Passive Dewatering Drainage Pumps $12,600 2 $25,200
Final Passive Dewatering Decant Pumps $8,700 12 $104,400
Treated Wastewater Pump $12,600 2 $25,200
Solids Recycle Pumps $9,300 2 $18,600
Belt Filter Press Filtrate Pumps $15,300 2 $30,600
Estimated Total Costs $40,240,000

These costs do not include the installation of any of the following:  
• Piping & Mechanical – above ground piping, underground piping, valves and fittings;
• Civil – structural steel, buildings, foundations (excavation, concrete), piling, earthwork (site preparation,

yards, roads), paving, curbing, and soil testing;
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• Electrical;
• Instrumentation – instruments, instrument installation, and advance controls;
• Miscellaneous – insulation, painting, and equipment erection;
• Project Management & Engineering – engineering, procurement and expediting, field indirects (including

construction management); and
• Contingency.

Total equipment costs for Option 3 are estimated at $40.2 million (NPV = $40.2 million).

The major equipment items identified in the equipment list do not include general operating equipment (i.e.,
forklifts, cranes, trucks, etc.) and personnel required for the operation of the proposed equipment.  For this
option, the following cost impacts (equipment, personnel, etc.) should also be considered:
• General facility maintenance and operation personnel and equipment;
• Dedicated personnel whose charge is to operate and maneuver the pumps for the passive dewatering

stages;
• Heavy equipment (i.e., crane) for the unloading of dredged materials from the barge.
• Container moving equipment (i.e., forklifts) and personnel to transport containers between material

processing units;
• For this option there are 68 containers to be processed at each stage (dredging, passive dewatering,

processing, and storage);
• Personnel would be required for manual washing of oversize materials (> 150 mm) and filter press

operation; and
• Operation and maintenance costs.

An estimate of the annual operating costs is provided in Table C.11.  Operating costs have been estimated for
pumps and major equipment items with significant energy demands, and carbon usage for wastewater
treatment.  These costs do include the following: miscellaneous chemicals and supplies; auxiliary equipment
(i.e., generator, lighting); security and building provisions; equipment fuel; maintenance costs; carbon usage
for ventilation system; and other miscellaneous costs associated with dredging and material processing
operations.  Total annual operating costs for Option 3 are estimated at $2,360,000.  The net present value
(NPV) over the seven years of operation is $13.7 million.

Table C.11: Cleanup Option 3 – Estimated Annual Operating Costs 

UNIT Number of
Units

Utility
Consumption

Each
Units Unit Cost

Annual
Operating

Costs
TANKS
Passive Dewatering Units 136
Equalization Tank 1
Settling Tank (Includes
Mechanism) 1

Aeration Tank (Includes
Aeration System) 1 12 kW $0.1 $3,600

GENERAL
Belt Filter Presses 18 3.7 kW $0.1 $19,980
Primary Screen (Grizzly) 1 5.6 kW $0.1 $1,680
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UNIT Number of
Units

Utility
Consumption

Each
Units Unit Cost

Annual
Operating

Costs
Secondary Screen 1 7.5 kW $0.1 $2,250
Gravel Washer 1 7.5 kW $0.1 $2,250
Toothed-Roll Crusher 1 37.5 kW $0.1 $11,250
Rotary Dryers 3 50 MMBTU/hr $5 $2,250,000
Carbon Filters 2 4000 kg/year $2.2 $17,600
Carbon Adsorption 1
Baghouse Package 1 120 kW $0.1 $36,000
PUMPS
Initial Passive Dewatering
Decant Pumps

12 0.02 kW $0.1 $72

Passive Dewatering
Drainage Pumps

2 0.1 kW $0.1 $60

Passive Dewatering Decant
Pumps

12 0.02 kW $0.1 $72

Treated Wastewater Pump 2 0.52 kW $0.1 $312
Solids Recycle Pumps 2 0.05 kW $0.1 $30
Belt Filter Press Filtrate
Pumps

2 8.8 kW $0.1 $5,280

Estimated Total Costs $2,360,000

Two other costs associated with the pretreatment are not included in the above considerations.  These are
debris disposal and testing for PCBs.  An estimate of $0.6 million (NPV = $0.5 million) is used for these
costs.

A lump sum amount has been estimated for the provision of a heated building for sediment storage and
housing of the pre-treatment processes.  A 30 m x 60 m building, complete with all services is estimated at
$1.5 million.  Water treatment services and facilities beyond those included in the equipment costs have been
estimated at $0.5 million.

1.4.4 Treatment, Destruction, and Containment Costs
Option 3 is soil washing of the PAH contaminated material with disposal of the residue in a landfill
constructed on the Coke Ovens site and co-burning of the product.  PCB material from both Ponds is
processed by thermal desorption or pyrolysis and the concentrated material is sent off-site for incineration.

The PCB material recovery is based on excavation and pretreatment, as described in the previous Options,
followed by thermal desorption or pyrolysis to concentrate and reduce the volume of the PCB material.  The
Thermal desorption/pyrolysis treats 18,700 tonnes of material that has been dried to 90% solids.  The TDP
estimate for pyrolysis of $105/tonne is used as a representative unit cost.  The total discounted cost is $1.6
million.  Destruction of this reduced quantity of PCB material is completed as described in the previous
Option.   The cost is $0.2 million.  The 16,500 tonnes of treated sediment is combined with the soil washing
material for landfilling

Soil washing is done on the balance of the contaminated sediment, which is 696,100 tonnes.  The unit cost for
soil washing of $120/tonne from the TDP is used here.  The total discounted cost is $68.9 million.  Assuming
50% recovery of product, the feed is split between the washed material and the contaminated product.  The



RAER - Tar Ponds Appendix C - Estimated Costs C-25
February 2003 – Final Report CBCL – ENSR

washed material is dewatered to 35% solids, producing 248,600 tonnes for S/S treatment before landfilling.
With the 16,500 tonnes of material from the Thermal desorption/pyrolysis, the amount to be landfilled is
265,100.  It is assumed that less additive is required to stabilize the washed material compared to the
unwashed sediment and a cost of $30/tonne is used.  The total discounted cost is $6.8 million.  A smaller
landfill is required (4 ha) compared to the previous Option.  At the same landfill unit cost used previously, the
discounted cost is $10.7 million.  Other costs (site preparation, leachate collection/treatment, material transfer,
monitoring, etc.) are estimated at $1.8 million.

The PAH contaminated material from the soil washing process is dried to 90% solids, producing 97,000
tonnes for co-burning.  The unit cost of co-burning from the TDP is $180/tonne; this is adjusted to $100/tonne
for this case because the dredging, treating and transporting costs have already been accounted for.
Therefore, the discounted cost of co-burning is $8.4 million.

The final treatment and completion of the cleanup for Option 3 therefore has an NPV of $98.4 million.

1.4.5 Summary of C leanup Costs
The cleanup costs for Option 3 are summarized in Table C.12.  These costs are calculated as Net Present
Value, using a discount rate of 5%.  The costs include all the items described in the previous sections plus
several other factors.  An Engineering cost of 10% is applied, then a Project Management estimate of 10%.
Finally, a 25% contingency is added.

1.5 Cleanup Op tion 4 Estimated Costs (complete removal, off-site co-burning, destruction of PAH
sediment with off-site incineration of PCB material) 

Cleanup Option 4 is very similar to Option 3, except there are no soil washing and thermal
desorption/pyrolysis steps proposed.  This option involves mechanical dredging of the sediments, passive
dewatering, coarse and fine separation steps, and thermal drying to prepare materials for incineration or co-
burning in a power plant.  The pretreatment includes separation of the PCB material for off-site incineration.

1.5.1 Pretreatment Requirements
The following unit operations are included in the pretreatment for this Option:
• Material processing: This includes the passive dewatering of dredged material, debris removal/disposal,

processing of PCB materials for off-site incineration and processing of the PAH material for off-site co-
burning;

• Wastewater treatment: Wastewater from passive dewatering in the shore-based processes would be
collected and treated to meet the CCME Freshwater and Aquatic Life and Marine Water limits prior to
discharge into the existing sewer interceptor.  Wastewater flows expected with Option 4 are
approximately 225 liters per minute.  Wastewater treatment equipment for this Option was sized using the
expected flows; and

• Vent treatment: Vent treatment for this option consists of a carbon adsorption system for removal of
organics that may be present in the building and particulate removal for air streams from size reduction
and thermal drying processes.  A building ventilation system would collect the inside air for treatment to
remove organics.  A baghouse would be used to filter particulates from the air streams collected from the
enclosed size reduction and thermal drying processes.



Table C.12:  Tar Ponds Cleanup Option 3 - Estimated Costs

Cofferdam Construction 0.05

Initial Costs
Access Construction 0 1 LS $50,000 1 $50,000 $50,000
Deposit Coarse fill 0 1 M3 $15 9900 $148,500 $148,500
Install Sheetpiling 0 1 M $5,000 220 $1,100,000 $1,100,000
Install Armour Stone 0 1 M2 $30 2200 $66,000 $66,000
Install Flow Control 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Future Costs
Final Reconfiguration 7 7 LS $100,000 1 $100,000 $67,684

Subtotal $1,514,500 $1,482,184

Surface Water Diversion Channel

Initial costs
Sheetpile Route (North & South) 0 1 M $5,000 3070 $15,350,000 $15,350,000
Slag 0 1 M3 $15 4605 $69,075 $69,075
Install Sediment Release Control 0 1 LS $10,000 1 $10,000 $10,000
Ongoing Costs
Excavate Sediment from NP Channel 0 1 M3 $50 57467 $2,873,325 $2,873,325
Transfer to Staging Area 0 1 tonnes $5 74,706 $373,532 $373,532
Excavate Sediment from SP Channel 0 1 M3 $50 57,659 $2,882,925 $2,882,925
Transfer to Staging Area 0 1 tonnes $5 74,956 $374,780 $374,780
Divert Surface Flows into Channel 0 1 LS $30,000 1 $30,000 $30,000
Incorporate Sewer Overflows 0 1 LS $50,000 1 $50,000 $50,000
Future Costs

Subtotal $22,013,638 $22,013,638

Sysco Cooling Pond

Initial Costs
Site Preparation 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Excavate All Sediment 1 2 M3 $50 29,400 $1,470,000 $1,333,333
Transfer to Staging Area 1 2 tonnes $5 49,980 $249,900 $226,667
Remove and Dispose Remnant Structure 2 3 tonnes $50 100,000 $5,000,000 $4,113,512
Future Costs
Place Backfill Material 3 3 M3 $8 25000 $200,000 $164,540
Cover and Vegetate 3 3 ha $10,000 1 $10,000 $8,227

Subtotal $6,979,900 $5,896,280

South Pond

Initial Costs
Equipment Mobilization 0 1 LS $500,000 1 $500,000 $500,000
Sheetpile PCB Sediment Area 0 1 M $5,000 350 $1,750,000 $1,750,000
Ongoing Costs
Excavate PCB Sediment 1 6 M3 $42 20,459 $859,278 $708,614
Transfer to Staging Area 1 6 tonnes $5 26,597 $132,984 $109,666
Dredge Balance of Sediment 1 6 M3 $42 160,953 $6,760,026 $5,574,738
Transfer to Staging Area 1 6 tonnes $5 209,239 $1,046,195 $862,757
Future Costs
Receive/Store Capping Material 6 7 LS $100,000 1 $100,000 $71,068
Apply Cap to Bottom of Pond 6 7 M3 $25 58115 $1,452,881 $1,032,536
Shoreline Restoration 6 7 M $500 2000 $1,000,000 $710,681
Long-term Monitoring 7 13 LS $10,000 6 $60,000 $36,072
Equipment Demobilization 7 7 LS $500,000 1 $500,000 $338,420

NPV 
Estimated 

Costs
Item Start 

(yr)
Finish 

(yr) Units Unit Cost Quantity  Estimated 
Costs



Table C.12:  Tar Ponds Cleanup Option 3 - Estimated Costs

NPV 
Estimated 

Costs
Item Start 

(yr)
Finish 

(yr) Units Unit Cost Quantity  Estimated 
Costs

Subtotal $14,161,363 $11,694,552

North Pond

Initial Costs
Equipment Mobilization 0 1 LS $500,000 1 $500,000 $500,000
Ongoing Costs
Dredge All Sediment 1 6 M3 $42 283,174 $11,893,308 $9,807,962
Transfer to Staging Area 1 6 tonnes $5 368,126 $1,840,631 $1,517,899
Future Costs
Receive/Store Capping Material 6 7 LS $100,000 1 $100,000 $71,068
Remove Temporary Flow Diversion 6 6 LS $50,000 1 $50,000 $35,534
Apply Cap to Bottom of Pond 6 7 M3 $25 80954 $2,023,853 $1,438,314
Shoreline Restoration 6 7 M $500 3000 $1,500,000 $1,066,022
Long-term Monitoring 7 13 LS $10,000 6 $60,000 $36,072
Equipment Demobilization 7 7 LS $500,000 1 $500,000 $338,420

Subtotal $18,467,792 $14,811,291

Dredged Material Staging/Processing

Initial costs
Site Preparation 0 1 LS $300,000 1 $300,000 $300,000
Equipment Supply/Install 0 1 LS $40,240,000 1 $40,240,000 $40,240,000
Heated Storage Building 0 1 M2 $850 1800 $1,530,000 $1,530,000
Other Water Treatment 0 1 LS $500,000 1 $500,000 $500,000
Ongoing Costs
Receive Dredged Product 0 6 tonnes $5 803,604 $4,018,022 $3,399,040
Dispose Debris 0 6 tonnes $50 10045 $502,253 $424,880
Test Product (PCBs) 0 6 LS $75,000 1 $75,000 $63,446
Thermal Desorption/Pyrolysis 1 6 tonnes $105 18704 $1,963,966 $1,619,608
PCB Sediment Transfer (Incineration) 1 6 tonnes $5 337 $1,683 $1,388
Desorbed Material Transfer 1 6 tonnes $5 16497 $82,487 $68,024
Soil Washing 1 6 tonnes $120 696088 $83,530,574 $68,884,509
Washed Product Transfer (thermally dried 1 6 tonnes $5 96679 $483,395 $398,637
Washed Residue Transfer (pressure filtere 1 6 tonnes $5 248603 $1,243,014 $1,025,067
S/S Additive Material Staging 1 6 tonnes $5 53020 $265,100 $218,618
Mix S/S Additive Ex Situ 1 6 tonnes $30 265100 $7,953,006 $6,558,544
Treated Material Transfer (Landfill) 1 6 tonnes $5 318120 $1,590,601 $1,311,709
Annual Operation 0 7 LS $2,360,000 7 $16,520,000 $13,655,841
Environmental Monitoring 0 7 LS $20,000 7 $140,000 $115,727
Future Costs
Demobilization/Decommissioning 7 7 LS $300,000 1 $300,000 $203,052

Subtotal $161,239,101 $140,518,091

Incineration (PCB Sediment)

Initial costs
Ongoing Costs
Product transport 1 6 tonnes $100 337 $33,668 $27,765
Incinerate Material 1 6 tonnes $635 337 $213,792 $176,306
Future Costs

Subtotal $247,460 $204,071

Co-burning (PAH Sediment)

InitialCosts
Ongoing Costs
Receive Processed Product 1 6 tonnes $5 96679 $483,395 $398,637



Table C.12:  Tar Ponds Cleanup Option 3 - Estimated Costs

NPV 
Estimated 

Costs
Item Start 

(yr)
Finish 

(yr) Units Unit Cost Quantity  Estimated 
Costs

Co-burn Blended Material 1 6 tonnes $100 96679 $9,667,891 $7,972,744
Future Costs

Subtotal $10,151,285 $8,371,381

Coke Ovens Landfill

Initial Costs
Site preparation 0 1 ha $10,000 5 $50,000 $50,000
Leachate Collection/Monitoring 0 1 LS $200,000 1 $200,000 $200,000
Ongoing Costs
Construction/Disposal 1 7 ha $2,680,000 4 $10,720,000 $8,636,733
Future Costs
Long-term Monitoring 7 27 LS $25,000 20 $500,000 $221,417

Subtotal $11,470,000 $9,108,150

Subtotal $246,245,038 $214,099,637

Engineering @ 10% $24,624,504 $21,409,964

Subtotal $270,869,542 $235,509,601

Project Management @ 10% $27,086,954 $23,550,960

Subtotal $297,956,496 $259,060,561

Contingency @ 25% $74,489,124 $64,765,140

Total Cost $372,445,620 $323,825,701
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1.5.2 Equipment & Facility Layout
A list of the equipment required for Option 4 is provided in Table C.13.  This list includes the sizes and
expected duties for the required equipment.  Based on the equipment required, it is expected that an area of
approximately 9,000 square meters is needed.  The plot space requirements do not include any land area that
may be necessary for thermal drying or co-burning in a power plant, which are assumed to occur at either a
nearby location or off-site.

Table C.13:  Cleanup Option 4 – Equipment List

Unit Design Basis
Quantity per
1000 Tonnes

Treated
Description

Passive Dewatering
Units

1000 tonne/day
3.0 m W x 3.7 m L x
2.4 m H

136
4 sets; Storage of dredged materials during transport; 24 hrs
passive dewatering; intermediate storage of treated
materials; 16 units (total) used for PCB materials

Belt Filter Presses
500 tonne/day
2.2 m belt
8.3 m L x 5.2 m H

18
Used in dewatering solids streams from wastewater
treatment operations, design capacity of 50 % total flow,
1,000 lb-dry/hr/m (belt width), 2.2 m belt width max

Primary Screen
(Grizzly)

423 dry tonne/day
1 deck
15 m2/deck

1 Grizzly screen set-up with water wash and tank, CS bar
screens

Secondary Screen
402 dry tonne/day
2 decks
15 m2/deck

1 Multi-screen (>25 mm, >10 mm) vibratory screen set-up with
water wash and tank, CS wire screens

Gravel Washer
21 dry tonne/day
0.7 m f
20 m length

1 Wash oversize material (gravel), twin screws, CS

Toothed-Roll
Crusher

40 dry tonne/day
5.0 m f
2 m length

1 Crusher for size reduction of solids

Rotary Dryers
402 dry tonne/day
5.0 m f
50 m length

3 Thermal dryer for dewatering of solids

Equalization Tank
408.8 m3

10.2 m f
5 m high

1 3 day retention time for flow and concentration equalization

Settling Tank
11.4 m3

2.7 m f
2 m high

1 60 minute settling time

Aeration Tank
136.3 m3

5.9 m f
5 m high

1 24 hour retention time

Carbon Filters

1000 kg carbon per
filter
1.5 m f
3 m SWD

2 Two activated carbon filters in parallel to remove residual
organic contamination from wastewater

Baghouse
81,800 std. m3/hr
1487 m2

cloth area
1 Shaker type baghouse to remove particulates in air; based

on 55 m/hr air-to-cloth ratio, fans included

Carbon Adsorption
81,800 std. m3/hr
7.5 m f
18 m high

1 Fixed bed carbon filter

Belt Filter Press
Filtrate Pump(s)

194 m3/hr
10 m head 2 Centrifugal pumps

Initial Passive
Dewatering Decant
Pump(s)

0.42 m3/hr
10 m head 12 Air-diaphragm pumps

Passive Dewatering
Drainage Pump(s)

2 m3/hr
10 m head 2 Centrifugal pumps
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Unit Design Basis
Quantity per
1000 Tonnes

Treated
Description

Final Passive
Dewatering Decant
Pump(

0.42 m3/hr
10 m head 12 Air-diaphragm pumps

Treated
Wastewater Pump

11 m3/hr
10 m head 2 Centrifugal pumps

Solids Recycle
Pump(s)

1 m3/hr
10 m head 2 Centrifugal pumps

Civil works that should be included are: sewer interceptor for treated wastewater, piping for wastewater
treatment, foundations and containment (sumps, berms) for major equipment pieces, and heated building with
ventilation system to house major equipment.  Equipment required to transport dredged materials within
material processing unit operations is not included in the major equipment list.

Wastewater treatment equipment may be located outside.  The equipment and accessories should be insulated
and heat tracing would be required.  It may be feasible to partially bury some of this equipment (depending on
secondary containment requirements), which would lower heating requirements.

1.5.3 Pre-treatment  Costs
Equipment costs have been estimated for the major equipment items identified in the equipment list and are
provided in Table C.14.  

Table C.14: Cleanup Option 4 Estimated Equipment Costs 

UNIT Unit Cost
($/Unit) Quantity Capital Costs

($)

TANKS
Passive Dewatering Units $31,200 136 $4,243,200
Equalization Tank $434,100 1 $434,100
Settling Tank (Includes Mechanism) $270,300 1 $270,300
Aeration Tank (Includes Aeration
System) $996,600 1 $996,600

GENERAL
Belt Filter Presses $725,400 18 $13,057,200
Primary Screen (Grizzly) $122,100 1 $122,100
Secondary Screen $146,700 1 $146,700
Gravel Washer $205,200 1 $205,200
Toothed-Roll Crusher $293,700 1 $293,700
Rotary Dryer $5,799,600 3 $17,398,800
Carbon Filters $21,000 2 $42,000
Baghouse $312,900 1 $312,900
Carbon Adsorption $2,400,000 1 $2,400,000
PUMPS
Initial Passive Dewatering Decant
Pumps $8,700 12 $104,400

Passive Dewatering Drainage Pumps $12,600 2 $25,200
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UNIT Unit Cost
($/Unit) Quantity Capital Costs

($)

Final Passive Dewatering Decant
Pumps $8,700 12 $104,400

Treated Wastewater Pump $12,600 2 $25,200
Solids Recycle Pumps $9,300 2 $18,600
Belt Filter Press Filtrate Pumps $15,300 2 $30,600
Estimated Total Costs $40,240,000

These costs do not include the installation of any of the following:  
• Piping & Mechanical – above ground piping, underground piping, valves and fittings;
• Civil – structural steel, buildings, foundations (excavation, concrete), piling, earthwork (site preparation,

yards, roads), paving, curbing, and soil testing;
• Electrical;
• Instrumentation – instruments, instrument installation, and advance controls;
• Miscellaneous – insulation, painting, and equipment erection;
• Project Management & Engineering – engineering, procurement and expediting, field indirects (including

construction management); and
• Contingency.

Total equipment costs for Option 4 are estimated at $40.2 million (NPV = $40.2 million).
The major equipment items identified in the equipment list do not include general operating equipment (i.e.,
forklifts, cranes, trucks, etc.) and personnel required for the operation of the proposed equipment.  For this
option, the following cost impacts (equipment, personnel, etc.) should also be considered:
• General facility maintenance and operation personnel and equipment;
• Dedicated personnel whose charge is to operate and manoeuvre the pumps for the passive dewatering

stages;
• Heavy equipment (i.e., crane) for the unloading of dredged materials from the barge;
• Container moving equipment (i.e., forklifts) and personnel to transport containers between material

processing units;
• For this option there are 68 containers to be processed at each stage (dredging, passive dewatering,

processing, and storage);
• Personnel would be required for manual washing of oversize materials (> 150 mm) and filter press

operation; and
• Operation and maintenance costs.

An estimate of the annual operating costs is provided as Table C.15.  Operating costs have been estimated for
pumps and major equipment items with significant energy demands, and carbon usage for wastewater
treatment.  These costs do include the following: miscellaneous chemicals and supplies; auxiliary equipment
(i.e., generator, lighting); security and building provisions; equipment fuel; maintenance costs; carbon usage
for ventilation system; and other miscellaneous costs associated with dredging and material processing
operations.  Total annual operating costs for Option 4 are estimated at $2,360,000.  The net present value
(NPV) over the 10 years of operation is $18.2 million.
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Table C.15: Cleanup Option 4 – Estimated Annual Operating Costs 

UNIT Number of
Units

Utility
Consumption

Each
Units Unit Cost

Annual
Operating

Costs
TANKS
Passive Dewatering Units 136
Equalization Tank 1
Settling Tank (Includes Mechanism) 1
Aeration Tank (Includes Aeration
System) 1 12 kW $0.1 $3,600

GENERAL
Belt Filter Presses 18 3.7 kW $0.1 $19,980
Primary Screen (Grizzly) 1 5.6 kW $0.1 $1,680
Secondary Screen 1 7.5 kW $0.1 $2,250
Gravel Washer 1 7.5 kW $0.1 $2,250
Toothed-Roll Crusher 1 37.5 kW $0.1 $11,250
Rotary Dryers 3 50 MMBTU/hr $5 $2,250,000
Carbon Filters 2 4000 kg/year $2.2 $17,600
Carbon Adsorption 1
Baghouse Package 1 120 kW $0.1 $36,000
PUMPS
Initial Passive Dewatering Decant
Pumps

12 0.02 kW $0.1 $72

Passive Dewatering Drainage Pumps 2 0.1 kW $0.1 $60
Passive Dewatering Decant Pumps 12 0.02 kW $0.1 $72
Treated Wastewater Pump 2 0.52 kW $0.1 $312
Solids Recycle Pumps 2 0.05 kW $0.1 $30
Belt Filter Press Filtrate Pumps 2 8.8 kW $0.1 $5,280
Estimated Total Costs $2,360,000

Two other costs associated with the pretreatment are not included in the above considerations.  These are
debris disposal and testing for PCBs.  An estimate of $0.6 million (NPV = $0.5 million) is used for these
costs.

A lump sum amount has been estimated for the provision of a heated building for sediment storage and
housing of the pre-treatment processes.  A 30 m x 60 m building, complete with all services is estimated at
$1.5 million.  Water treatment services and facilities beyond those included in the equipment costs have been
estimated at $0.5 million.

1.5.4 Destruction and Disposal Costs
This Option provides off-site destruction of all the Tar Ponds material.

The PCB material is excavated and processed as in Options 1 and 2.  The time to complete this step in this
Option is longer due to the limitation of the Co-burning process.  The cost is therefore discounted over a
longer time and is slightly lower than the other Options at $10.6 million.

The balance of the Tar Ponds sediment, which is 696,100 tonnes at 25% solids, is processed and dried to 90%
solids and produces 193,400 tonnes for co-burning.  Using the same unit cost of $100 from the previous
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Option, the total discounted cost is $14.9 million.  An additional handling cost of $0.7 million is included in
the overall estimate.

The final treatment and completion of the cleanup for Option 4 therefore has an NPV of $26.2 million.

1.5.5 Summary of C leanup Costs
The cleanup costs for Option 4 are summarized in Table C.16.  These costs are calculated as Net Present
Value, using a discount rate of 5%.  The costs include all the items described in the previous sections plus
several other factors.  An Engineering cost of 10% is applied, then a Project Management estimate of 10%.
Finally, a 25% contingency is added.

1.6 Cleanup Op tion 5 Estimated Costs (complete removal, on-site destruction and land-based
containment at the Coke Ovens Site)

Pretreatment operations for Cleanup Option 5 are exactly the same as operations required for Cleanup Option
4 discussed above.  This option involves mechanical dredging of the sediments, passive dewatering, coarse
and fine separation steps, and thermal drying to prepare materials for incineration (Cleanup Option 4
consisted of co-burning in a power plant).  The pretreatment includes separation of the PCB material for on-
site incineration.

1.6.1 Pretreatment Requirements
A description of the unit operations pertinent to Option 5 is provided in Section 1.5.1, i.e., they are the same
as those that pertain to Option 4.  

1.6.2 Equipment & Facility Layout
The list of the equipment required for this Option is the same as that presented for Option 4 in Table C-13.
This list includes the sizes and expected duties for the new equipment items described for this Option.  Based
on the equipment required for this option, it is expected that an area of approximately 9,000 square meters
would be necessary.  The plot space requirements do not include any land area that may be necessary for
thermal drying or incineration, which are assumed to occur at either a nearby location or off-site.

Civil works that should be included are:  sewer interceptor for treated wastewater, piping for wastewater
treatment, foundations and containment (sumps, berms) for major equipment pieces, and heated building with
ventilation system to house major equipment.  Equipment required to transport dredged materials within
material processing unit operations is not included in the major equipment list.

Wastewater treatment equipment may be located outside.  The equipment and accessories should be insulated
and heat tracing would be required.  It may be feasible to partially bury some of this equipment (depending on
secondary containment requirements), which would lower heating requirements.

1.6.3 Pre-treatment  Costs
Equipment costs have been estimated for the major equipment items identified in the equipment list and are
the same as Option 4, as provided in Table C-14.  These costs do not include installation or any of the
following:  
• Piping & Mechanical – above ground piping, underground piping, valves and fittings;



Table C.16:  Tar Ponds Cleanup Option 4 - Estimated Costs

Cofferdam Construction 0.05

Initial Costs
Access Construction 0 1 LS $50,000 1 $50,000 $50,000
Deposit Coarse fill 0 1 M3 $15 9900 $148,500 $148,500
Install Sheetpiling 0 1 M $5,000 220 $1,100,000 $1,100,000
Install Armour Stone 0 1 M2 $30 2200 $66,000 $66,000
Install Flow Control 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Future Costs
Final Reconfiguration 10 10 LS $100,000 1 $100,000 $58,468

Subtotal $1,514,500 $1,472,968

Surface Water Diversion Channel

Initial costs
Sheetpile Route (North & South) 0 1 M $5,000 3070 $15,350,000 $15,350,000
Slag 0 1 M3 $15 4605 $69,075 $69,075
Install Sediment Release Control 0 1 LS $10,000 1 $10,000 $10,000
Ongoing Costs
Excavate Sediment from NP Channel 0 1 M3 $50 57467 $2,873,325 $2,873,325
Transfer to Staging Area 0 1 tonnes $5 74,706 $373,532 $373,532
Excavate Sediment from SP Channel 0 1 M3 $50 57,659 $2,882,925 $2,882,925
Transfer to Staging Area 0 1 tonnes $5 74,956 $374,780 $374,780
Divert Surface Flows into Channel 0 1 LS $30,000 1 $30,000 $30,000
Incorporate Sewer Overflows 0 1 LS $50,000 1 $50,000 $50,000
Future Costs

Subtotal $22,013,638 $22,013,638

Cooling Pond

Initial Costs
Site Preparation 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Excavate All Sediment 1 2 M3 $50 29,400 $1,470,000 $1,333,333
Transfer to Staging Area 1 2 tonnes $5 49,980 $249,900 $226,667
Remove and Dispose Remnant Structure 2 3 tonnes $50 100,000 $5,000,000 $4,113,512
Future Costs
Place Backfill Material 3 3 M3 $8 25000 $200,000 $164,540
Cover and Vegetate 3 3 ha $10,000 1 $10,000 $8,227

Subtotal $6,979,900 $5,896,280

South Pond

Initial Costs
Equipment Mobilization 0 1 LS $500,000 1 $500,000 $500,000
Sheetpile PCB Sediment Area 0 1 M $5,000 350 $1,750,000 $1,750,000
Ongoing Costs
Excavate PCB Sediment 1 9 M3 $42 20,459 $859,278 $661,154
Transfer to Staging Area 1 9 tonnes $5 26,597 $132,984 $102,322
Dredge Balance of Sediment 1 9 M3 $42 160,953 $6,760,026 $5,201,367
Transfer to Staging Area 1 9 tonnes $5 209,239 $1,046,195 $804,974
Future Costs

NPV Estimated 
CostsItem Start 

(yr)
Finish  

(yr) Units Unit Cost Quantity Estimated 
Costs



Table C.16:  Tar Ponds Cleanup Option 4 - Estimated Costs

NPV Estimated 
CostsItem Start 

(yr)
Finish  

(yr) Units Unit Cost Quantity Estimated 
Costs

Receive/Store Capping Material 9 10 LS $100,000 1 $100,000 $61,391
Apply Cap to Bottom of Pond 9 10 M3 $25 58115 $1,452,881 $891,943
Shoreline Restoration 9 10 M $500 2000 $1,000,000 $613,913
Long-term Monitoring 10 16 LS $10,000 6 $60,000 $31,160
Equipment Demobilization 10 10 LS $500,000 1 $500,000 $292,340

Subtotal $14,161,363 $10,910,564

North Pond

Initial Costs
Equipment Mobilization 0 1 LS $500,000 1 $500,000 $500,000
Ongoing Costs
Dredge All Sediment 1 9 M3 $42 283,174 $11,893,308 $9,151,069
Transfer to Staging Area 1 9 tonnes $5 368,126 $1,840,631 $1,416,237
Future Costs
Receive/Store Capping Material 9 10 LS $100,000 1 $100,000 $61,391
Remove Temporary Flow Diversion 9 9 LS $50,000 1 $50,000 $30,696
Apply Cap to Bottom of Pond 9 10 M3 $25 80954 $2,023,853 $1,242,470
Shoreline Restoration 9 10 M $500 3000 $1,500,000 $920,870
Long-term Monitoring 10 16 LS $10,000 6 $60,000 $31,160
Equipment Demobilization 10 10 LS $500,000 1 $500,000 $292,340

Subtotal $18,467,792 $13,646,233

Dredged Material Staging/Processing

Initial costs
Site Preparation 0 1 LS $300,000 1 $300,000 $300,000
Equipment Supply/Install 0 1 LS $40,240,000 1 $40,240,000 $40,240,000
Heated Storage Building 0 1 M2 $850 1800 $1,530,000 $1,530,000
Other Water Treatment 0 1 LS $500,000 1 $500,000 $500,000
Ongoing Costs
Receive Dredged Product 0 9 tonnes $5 803,604 $4,018,022 $3,173,264
Dispose Debris 0 9 tonnes $50 10045 $502,253 $396,658
Test Product (PCBs) 0 9 LS $75,000 1 $75,000 $59,232
PCB Sediment Transfer (Incineration) 1 9 tonnes $5 18704 $93,522 $71,959
PAH Sediment Transfer 1 9 tonnes $5 193358 $966,789 $743,877
Annual Operation 0 10 LS $2,360,000 10 $23,600,000 $18,223,294
Environmental Monitoring 0 10 LS $20,000 10 $200,000 $154,435
Future Costs
Decommissioning 10 10 LS $300,000 1 $300,000 $175,404

Subtotal $72,325,585 $65,568,123

Incineration (PCB Sediment)

Initial costs
Ongoing Costs
Product transport 1 9 tonnes $100 18704 $1,870,444 $1,439,176
Incinerate Material 1 9 tonnes $635 18704 $11,877,316 $9,138,765
Future Costs

Subtotal $13,747,760 $10,577,940

Co-burning (PAH Sediment)

InitialCosts



Table C.16:  Tar Ponds Cleanup Option 4 - Estimated Costs

NPV Estimated 
CostsItem Start 

(yr)
Finish  

(yr) Units Unit Cost Quantity Estimated 
Costs

Ongoing Costs
Receive Processed Product 1 9 tonnes $5 193358 $966,789 $743,877
Co-burn Blended Material 1 9 tonnes $100 193358 $19,335,781 $14,877,532
Future Costs

Subtotal $20,302,570 $15,621,408

Subtotal $169,513,108 $145,707,154

Engineering @ 10% $16,951,311 $14,570,715

Subtotal $186,464,418 $160,277,869

Project Management @ 10% $18,646,442 $16,027,787

Subtotal $205,110,860 $176,305,656

Contingency @ 25% $51,277,715 $44,076,414

Total Cost $256,388,575 $220,382,070
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• Civil – structural steel, buildings, foundations (excavation, concrete), piling, earthwork (site preparation,
yards, roads), paving, curbing, and soil testing;

• Electrical;
• Instrumentation – instruments, instrument installation, and advance controls;
• Miscellaneous – insulation, painting, and equipment erection;
• Project Management & Engineering – engineering, procurement and expediting, field indirects (including

construction management); and
• Contingency.

Total equipment costs for Option 4 are estimated at $40.2 million (NPV = $40.2 million).

The major equipment items identified in the equipment list do not include general operating equipment (i.e.,
forklifts, cranes, trucks, etc.) and personnel required for the operation of the proposed equipment.  For this
option, the following cost impacts (equipment, personnel, etc.) should also be considered:
• General facility maintenance and operation personnel and equipment;
• Dedicated personnel whose charge is to operate and maneuver the pumps for the passive dewatering

stages;
• Heavy equipment (i.e., crane) for the unloading of dredged materials from the barge;
• Container moving equipment (i.e., forklifts) and personnel to transport containers between material

processing units;
• For this option there are 68 containers to be processed at each stage (dredging, passive dewatering,

processing, and storage);
• Personnel would be required for manual washing of oversize materials (> 150 mm) and filter press

operation; and
• Operation and maintenance costs.

An estimate of the annual operating costs is the same as Option 4 and is provided as Table C-15.  Operating
costs have been estimated for pumps and major equipment items with significant energy demands, and carbon
usage for wastewater treatment.  These costs do include the following: miscellaneous chemicals and supplies;
auxiliary equipment (i.e., generator, lighting); security and building provisions; equipment fuel; maintenance
costs; carbon usage for ventilation system; and other miscellaneous costs associated with dredging and
material processing operations.  Total annual operating costs for Option 5 are estimated at $2,360,000.  The
net present value (NPV) over the 10 years of operation is $18.2 million.

Two other costs associated with the pretreatment are not included in the above considerations.  These are
debris disposal and testing for PCBs.  An estimate of $0.6 million (NPV = $0.5 million) is used for these
costs.

A lump sum amount has been estimated for the provision of a heated building for sediment storage and
housing of the pre-treatment processes.  A 30 m x 60 m building, complete with all services is estimated at
$1.5 million.  Water treatment services and facilities beyond those included in the equipment costs have been
estimated at $0.5 million.
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1.6.4 Destruction and Disposal Costs 
This Option is similar to Option 4 except the destruction is done on site (Coke Ovens).  This overcomes
potential obstacles associated with the off-site movement of the material.  The incineration ash is landfilled on
the Coke Ovens site.  

The same quantity of PCB material is incinerated here as in the other Options, but the proximity to the site
lowers the shipping and the total discounted cost for this component of the Option is $9.2 million.

As in the previous Option, 193,400 tonnes of Tar Ponds sediment is incinerated in a conventional unit.  A unit
cost of $200/tonne is assumed, giving a total estimated discounted cost of $29.8 million.  An additional
material handling cost is included at $0.7 million.

The landfilling of the ash is assumed to require 2.5 ha at the previously identified unit cost of $2,680,000/ha
for a total estimated discounted cost of $5.2 million.  Other costs, such as site preparation, material handling,
leachate collection and long term monitoring of the landfill are estimated to cost $0.7 million.

The final treatment and completion of the cleanup for Option 5 therefore has an NPV of $42.1 million.

1.6.5 Summary of C leanup Costs
The cleanup costs for Option 5 are summarized in Table C.17.  These costs are calculated as Net Present
Value, using a discount rate of 5%.  The costs include all the items described in the previous sections plus
several other factors.  An Engineering cost of 10% is applied, then a Project Management estimate of 10%.
Finally, a 25% contingency is added. 

1.7 Cleanup Op tion 6 Estimated Costs (In Situ Containment of the South Pond and North Pond)
This section details the final treatment costs associated with Option 6 and incorporates the requisite costs
associated with the construction detailed in Section 1.1.  Together these amounts provide the cost estimate for
the Option.

Cleanup Option 6 involves in situ capping of the North Pond and South Pond sediments. 

1.7.1 Pretreatment Requirements
The following unit operations are included in the pretreatment for this Option:
• Material processing: This includes the passive dewatering of the dredged material, debris

removal/disposal, processing of PCB materials, 
• Wastewater treatment: Wastewater from passive dewatering in the shore-based processes would be

collected and treated to meet the CCME Freshwater and Aquatic Life and Marine Water limits prior to
discharge into the existing sewer interceptor.  Wastewater flows expected with Option 6 are
approximately 100 liters per minute.  Wastewater treatment equipment for this Option was sized using the
expected flows; and

• Vent treatment: Vent treatment for this Option consists of a carbon adsorption system for removal of
organics that may be present in the building.  A building ventilation system would collect the inside air,
which would then be passed through a carbon bed.



Table C. 17:  Tar Ponds Cleanup Option 5 - Estimated Costs

Cofferdam Construction 0.05

Initial Costs
Access Construction 0 1 LS $50,000 1 $50,000 $50,000
Deposit Coarse fill 0 1 M3 $15 9900 $148,500 $148,500
Install Sheetpiling 0 1 M $5,000 220 $1,100,000 $1,100,000
Install Armour Stone 0 1 M2 $30 2200 $66,000 $66,000
Install Flow Control 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Future Costs
Final Reconfiguration 10 10 LS $100,000 1 $100,000 $58,468

Subtotal $1,514,500 $1,472,968

Surface Water Diversion Channel

Initial costs
Sheetpile Route (North & South) 0 1 M $5,000 3070 $15,350,000 $15,350,000
Slag 0 1 M3 $15 4605 $69,075 $69,075
Install Sediment Release Control 0 1 LS $10,000 1 $10,000 $10,000
Ongoing Costs
Excavate Sediment from NP Channel 0 1 M3 $50 57467 $2,873,325 $2,873,325
Transfer to Staging Area 0 1 tonnes $5 74,706 $373,532 $373,532
Excavate Sediment from SP Channel 0 1 M3 $50 57,659 $2,882,925 $2,882,925
Transfer to Staging Area 0 1 tonnes $5 74,956 $374,780 $374,780
Divert Surface Flows into Channel 0 1 LS $30,000 1 $30,000 $30,000
Incorporate Sewer Overflows 0 1 LS $50,000 1 $50,000 $50,000
Future Costs

Subtotal $22,013,638 $22,013,638

Cooling Pond

Initial Costs
Site Preparation 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Excavate All Sediment 1 2 M3 $50 29,400 $1,470,000 $1,333,333
Transfer to Staging Area 1 2 tonnes $5 49,980 $249,900 $226,667
Remove and Dispose Remnant Structure 2 3 tonnes $50 100,000 $5,000,000 $4,113,512
Future Costs
Place Backfill Material 3 3 M3 $8 25000 $200,000 $164,540
Cover and Vegetate 3 3 ha $10,000 1 $10,000 $8,227

Subtotal $6,979,900 $5,896,280

South Pond

Initial Costs
Equipment Mobilization 0 1 LS $500,000 1 $500,000 $500,000
Sheetpile PCB Sediments Area 0 1 M $5,000 350 $1,750,000 $1,750,000
Ongoing Costs
Excavate PCB Sediments 1 9 M3 $42 20,459 $859,278 $661,154
Transfer to Staging Area 1 9 tonnes $5 26,597 $132,984 $102,322
Dredge Balance of Sediment 1 9 M3 $42 160,953 $6,760,026 $5,201,367
Transfer to Staging Area 1 9 tonnes $5 209,239 $1,046,195 $804,974
Future Costs
Receive/Store Capping Material 9 10 LS $100,000 1 $100,000 $61,391

NPV 
Estimated 

Costs

Estimated 
CostQuantityUnit CostUnitsFinish 

(yr)Item Start 
(yr)



Table C. 17:  Tar Ponds Cleanup Option 5 - Estimated Costs

NPV 
Estimated 

Costs

Estimated 
CostQuantityUnit CostUnitsFinish 

(yr)Item Start 
(yr)

Apply Cap to Bottom of Pond 9 10 M3 $25 58115 $1,452,881 $891,943
Shoreline Restoration 9 10 M $500 2000 $1,000,000 $613,913
Long-term Monitoring 10 16 LS $10,000 6 $60,000 $31,160
Equipment Demobilization 10 10 LS $500,000 1 $500,000 $292,340

Subtotal $14,161,363 $10,910,564

North Pond

Initial Costs
Equipment Mobilization 0 1 LS $500,000 1 $500,000 $500,000
Ongoing Costs
Dredge All Sediment 1 9 M3 $42 283,174 $11,893,308 $9,151,069
Transfer to Staging Area 1 9 tonnes $5 368,126 $1,840,631 $1,416,237
Future Costs
Receive/Store Capping Material 9 10 LS $100,000 1 $100,000 $61,391
Remove Temporary Flow Diversion 9 9 LS $50,000 1 $50,000 $30,696
Apply Cap to Bottom of Pond 9 10 M3 $25 80954 $2,023,853 $1,242,470
Shoreline Restoration 9 10 M $500 3000 $1,500,000 $920,870
Long-term Monitoring 10 16 LS $10,000 6 $60,000 $31,160
Equipment Demobilization 10 10 LS $500,000 1 $500,000 $292,340

Subtotal $18,467,792 $13,646,233

Dredged Material Staging/Processing

Initial costs
Site Preparation 0 1 LS $300,000 1 $300,000 $300,000
Equipment Supply/Install 0 1 LS $40,240,000 1 $40,240,000 $40,240,000
Heated Storage Building 0 1 M2 $850 1800 $1,530,000 $1,530,000
Other Water Treatment 0 1 LS $500,000 1 $500,000 $500,000
Ongoing Costs
Receive Dredged Product 0 9 tonnes $5 803,604 $4,018,022 $3,173,264
Dispose Debris 0 9 tonnes $50 10045 $502,253 $396,658
Test Product (PCBs) 0 9 LS $75,000 1 $75,000 $59,232
PCB Sediment Transfer (Incineration) 1 9 tonnes $5 18704 $93,522 $71,959
PAH Sediment Transfer (Landfill) 1 9 tonnes $5 124301 $621,507 $478,206
PAH Sediment Transfer (Incineration) 1 9 tonnes $5 145018 $725,092 $557,907
Annual Operation 0 10 LS $2,360,000 10 $23,600,000 $18,223,294
Environmental Monitoring 0 10 LS $20,000 10 $200,000 $154,435
Future Costs
Decommissioning 10 10 LS $300,000 1 $300,000 $175,404

Subtotal $72,705,395 $65,860,360

Incineration (PCB Sedimentl)

Initial costs
Mobilization 0 1 LS $100,000 1 $100,000 $100,000
Ongoing Costs
Receive Processed Product 1 9 tonnes $5 18704 $93,522 $71,959
Incinerate Material 1 9 tonnes $635 18704 $11,877,316 $9,138,765
Ash handling (Landfill) 1 9 tonnes $10 4676 $46,761 $35,979
Future Costs
Demobilization 10 10 LS $50,000 1 $50,000 $29,234

Subtotal $12,167,600 $9,375,937



Table C. 17:  Tar Ponds Cleanup Option 5 - Estimated Costs

NPV 
Estimated 

Costs

Estimated 
CostQuantityUnit CostUnitsFinish 

(yr)Item Start 
(yr)

Incineration (PAH Sediment)

InitialCosts
Mobilization 0 1 LS $100,000 1 $100,000 $100,000
Ongoing Costs
Receive Processed Product 1 9 tonnes $5 145018 $725,092 $557,907
Incinerate Sediment 1 9 tonnes $200 145018 $29,003,672 $22,316,298
Ash handling (Landfill) 1 9 tonnes $10 36255 $362,546 $278,954
Future Costs
Demobilization 10 10 LS $50,000 1 $50,000 $29,234

Subtotal $30,241,309 $23,282,393

Coke Ovens Landfill

Initial Costs
Site preparation 0 1 ha $10,000 3 $30,000 $30,000
Leachate Collection/Monitoring 0 1 LS $100,000 1 $100,000 $100,000
Ongoing Costs
Construction/Disposal 1 9 ha $2,680,000 2.5 $6,700,000 $5,155,182
Future Costs
Long-term Monitoring 10 30 LS $25,000 20 $500,000 $185,483

Subtotal $7,330,000 $5,470,665

Subtotal $185,581,497 $157,929,037

Engineering @ 10% $18,558,150 $15,792,904

Subtotal $204,139,646 $173,721,941

Project Management @ 10% $20,413,965 $17,372,194

Subtotal $224,553,611 $191,094,135

Contingency @ 25% $56,138,403 $47,773,534

Total Cost $280,692,014 $238,867,668
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1.7.2 Equipment & Facility Layout
A list of the equipment required for Option 6 is provided in Table C.18.  This list includes the sizes and
expected duties for the required equipment.  Based on the equipment required, it is estimated that an area of
approximately 6,000 square meters is needed.  Associated civil works include a sewer interceptor for treated
wastewater, piping for wastewater treatment, foundations and containment (sumps, berms) for major
equipment pieces, and a heated building with a ventilation system to house the material processing major
equipment.  The equipment required to transport the dredged materials within material processing unit
operations is not included in the major equipment list.

Table C.18:  Cleanup Option 6 – Equipment List

Unit Design Basis
Quantity per
1000 Tonnes

Treated
Description

Passive Dewatering
Units

1000 tonne/day
3.0 m W x 3.7 m L x 2.4
m H

16
16 units (total) used for PCB materials; Storage of dredged
materials during transport; 24 hrs passive dewatering;
intermediate storage of treated materials; 

Belt Filter Presses
50 dry tonne/day
2.2 m belt
8.3 m L x 5.2 m H

1
Used in dewatering solids streams from wastewater treatment
operations, design capacity of 50 % total flow, 1,000 lb-
dry/hr/m (belt width), 2.2 m belt width max

Equalization Tank
216 m3

8.3 m f
4 m high

1 3 day retention time for flow and concentration equalization

Settling Tank
6  m3

2.3 m f
1.5 m high

1 60 minute settling time

Aeration Tank
72 m3

5.5 m f
3 m high

1 24 hour retention time

Carbon Filters
1000 kg carbon per filter
1.5 m f
3 m SWD

2 Two activated carbon filters in parallel to remove residual
organic contamination from wastewater

Belt Filter Press
Filtrate Pump(s)

194 m3/hr
10 m head 1 Centrifugal pumps

Initial Passive
Dewatering Decant
Pump(s)

0.42 m3/hr
10 m head 4 Air-diaphragm pumps

Passive Dewatering
Drainage Pump(s)

2 m3/hr
10 m head 2 Centrifugal pumps

Final Passive
Dewatering Decant
Pump

0.42 m3/hr
10 m head 4 Air-diaphragm pumps

Treated Wastewater
Pump

11 m3/hr
10 m head 1 Centrifugal pumps

Solids Recycle
Pump(s)

1 m3/hr
10 m head 1 Centrifugal pumps

Secondary Screen
(PCB Sediments)

51 dry tonne/day
2 decks
2 m2/deck

1
Multi-screen (>25 mm, > 10 mm) vibratory screen set-up with
water wash and tank, CS wire screens

Rotary Dryer (PCB
Sediments)

51 dry tonne/day
3.0 m f
30 m length

1 Thermal dryer for dewatering of solids

Baghouse
10,400 std. m3/hr
190 m2

cloth area
1

Shaker type baghouse to remove particulates in air; based on 55
m/hr air-to-cloth ratio, fans included

Carbon Adsorption
10,400 std. m3/hr
3.8 m f
9 m high

1 Fixed bed carbon filter
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Wastewater treatment equipment may be located outside.  The equipment and accessories should be insulated
and heat tracing would be required.  It may be feasible to partially bury some of this equipment (depending on
secondary containment requirements), which would lower heating requirements.

1.7.3 Pre-Treatment Costs
Equipment costs have been estimated for the major equipment items identified in the equipment list and are
provided in Table C.19.  

Table C.19: Cleanup Option 6 – Estimated Equipment Costs

Unit Cost Capital
CostsUNIT

($/Unit)
Quantity

($)
TANKS
Passive Dewatering Units $31,200 16 $499,200
Equalization Tank $434,100 1 $217,050
Settling Tank (Includes Mechanism) $270,300 1 $135,150
Aeration Tank (Includes Aeration System) $996,600 1 $498,300
GENERAL
Belt Filter Presses $725,400 1 $725,400
Carbon Filters $21,000 2 $42,000
Secondary Screen - PCB Material $30,900 1 $30,900
Rotary Dryer - PCB Material $1,905,900 1 $1,905,900
Baghouse $64,200 1 $64,200
Carbon Adsorption $696,300 1 $696,300
PUMPS
Passive Dewatering Decant Pumps $8,700 10 $87,000
Passive Dewatering Drainage Pumps $12,600 2 $25,200
Treated Wastewater Pump $12,600 1 $12,600
Solids Recycle Pumps $9,300 1 $9,300
Belt Filter Press Filtrate Pumps $15,300 1 $15,300
Estimated Total Costs $4,970,000

These costs do not include the installation of any of the following:  
• Piping & Mechanical – above ground piping, underground piping, valves and fittings;
• Civil – structural steel, buildings, foundations (excavation, concrete), piling, earthwork (site preparation,

yards, roads), paving, curbing, and soil testing;
• Electrical;
• Instrumentation – instruments, instrument installation, and advance controls;
• Miscellaneous – insulation, painting, and equipment erection;
• Project Management & Engineering – engineering, procurement and expediting, field indirects (including

construction management); and
• Contingency.

Total equipment costs for Option 6 are estimated at $5.0 million (NPV = $5.0 million).
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The major equipment items identified in the equipment list do not include general operating equipment (i.e.,
forklifts, cranes, trucks, etc.) and personnel required for the operation of the proposed equipment.  For this
option, the following cost impacts (equipment, personnel, etc.) should also be considered:
• General facility maintenance and operation personnel and equipment;
• Dedicated personnel whose charge is to operate and manoeuvre the pumps for the passive dewatering

stages;
• Heavy equipment (i.e., crane) for the unloading of dredged materials from the barge.
• Container moving equipment (i.e., forklifts) and personnel to transport containers between material

processing units;
• For this option there are 68 containers to be processed at each stage (dredging, passive dewatering,

processing, and storage);
• Personnel would be required for manual washing of oversize materials (> 150 mm) and filter press

operation; 
• Heavy equipment for moving material within the CDF, as necessary; and
• Operation and maintenance costs.

An estimate of the annual operating costs is provided as Table C.20.  Operating costs have been estimated for
pumps and major equipment items with significant energy demands, and carbon usage for wastewater
treatment.  These costs do include the following: miscellaneous chemicals and supplies; auxiliary equipment
(i.e., generator, lighting); security and building provisions; equipment fuel; maintenance costs; and other
miscellaneous costs associated with dredging and material processing operations.  Total annual operating
costs for Option 6 are estimated at $297,000.  The net present value (NPV) over the 1 year of operation is
$0.3 million.

Table C.20: Cleanup Option 6 – Estimated Annual Operating Costs 

UNIT Number of
Units

Utility
Consumption

Each
Units Unit Cost

Annual
Operating

Costs
TANKS
Passive Dewatering Units 16
Equalization Tank 1
Settling Tank (Includes Mechanism) 1
Aeration Tank (Includes Aeration System) 1 8 kW $0.1 $2,400
GENERAL
Belt Filter Presses 1 3.7 kW $0.1 $1,100
Carbon Filters 2 2000 kg/year $2.2 $8,800
Secondary Screen - PCB Sediments 1 3 kW $0.1 $900
Rotary Dryer - PCB Sediments 1 18 MMBTU/hr $5 $270,000
Baghouse 1 35 kW $0.1 $10,500
Carbon Adsorption 1
PUMPS
Passive Dewatering Decant Pumps 10 0.02 kW $0.1 $60
Passive Dewatering Drainage Pumps 2 0.1 kW $0.1 $60
Treated Wastewater Pump 1 0.52 kW $0.1 $156
Solids Recycle Pumps 1 0.05 kW $0.1 $15
Belt Filter Press Filtrate Pumps 1 8.8 kW $0.1 $2,640
Estimated Total Costs $297,000
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A lump sum amount has been estimated for the provision of a heated building for sediment storage and
housing of the pre-treatment processes.  A 20 m x 40 m building, complete with all services is estimated at
$0.7 million.  Water treatment services and facilities beyond those included in the equipment costs have been
estimated at $0.2 million.

1.7.4 Containment Capping
In situ capping is applied to the South Pond and North Pond sediments.  S/S treatment is included at $13.9
million when discounted.  This includes mixing cement in the top 1m of the sediments using the mixing ratio
of 1 (cement) to 5 (sediment) and a unit cost of $49/tonne from the TDP.  The in situ cap is a multi-layer
design, estimated at $1 million/ha.  For the combined areas of the North and South Ponds the discounted cost
to receive/handle the cap material and install is $20.9 million.

The final treatment and completion of the cleanup for Option 6 therefore has a NPV of $39.4 million.

1.7.5 Summary of C leanup Costs
The cleanup costs for Option 6 are summarized in Table C.21.  These costs are calculated as Net Present
Value, using a discount rate of 5%.  The costs include all the items described in the previous sections plus
several other factors.  An Engineering cost of 10% is applied, then a Project Management estimate of 10%.
Finally, a 25% contingency is added.



Table C.21:  Tar Ponds Cleanup Option 6 - Estimated Costs

Cofferdam Construction 0.05

Initial Costs
Access Construction 0 1 LS $50,000 1 $50,000 $50,000
Deposit Coarse fill 0 1 M3 $15 9900 $148,500 $148,500
Install Sheetpiling 0 1 M $5,000 220 $1,100,000 $1,100,000
Install Armour Stone 0 1 M2 $30 2200 $66,000 $66,000
Install Flow Control 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Future Costs
Final Reconfiguration 4 4 LS $100,000 1 $100,000 $78,353

Subtotal $1,514,500 $1,492,853

Surface Water Diversion Channel

Initial costs
Sheetpile Route (North & South) 0 1 M $5,000 2730 $13,650,000 $13,650,000
Slag 0 1 M3 $15 4095 $61,425 $61,425
Install Sediment Release Control 0 1 LS $10,000 1 $10,000 $10,000
Ongoing Costs
Excavate Sediment from NP Channel 0 1 M3 $50 57467 $2,873,325 $2,873,325
Transfer to area behind Containment 0 1 tonnes $5 74706 $373,532 $373,532
Excavate Sediment from SP Channel 0 1 M3 $50 57659 $2,882,925 $2,882,925
Transfer to area behind Containment 0 1 tonnes $5 74956 $374,780 $374,780
Prepare new channel bed 0 1 M2 $10 76750 $767,500 $767,500
Future Costs
Divert Surface Flows into Channel 1 1 LS $30,000 1 $30,000 $30,000
Incorporate Sewer Overflows 1 1 LS $50,000 1 $50,000 $50,000

Subtotal $21,073,488 $21,073,488

Cooling Pond

Initial Costs
Equipment Mobilization 0 1 LS $50,000 1 $50,000 $50,000
Ongoing Costs
Excavate All Sediment 1 2 M3 $50 29400 $1,470,000 $1,333,333
Transfer to South Pond 1 2 tonnes $5 49980 $249,900 $226,667
Remove and Dispose Remnant Structure 2 3 tonnes $50 100000 $5,000,000 $4,113,512
Future Costs
Place Backfill Material 3 3 M3 $8 25000 $200,000 $164,540
Cover and Vegetate 3 3 ha $10,000 1 $10,000 $8,227

Subtotal $6,979,900 $5,896,280

South Pond

Initial Costs
Equipment Mobilization 0 1 LS $200,000 1 $200,000 $200,000
Install Containment Features 0 1 M3 $15 50000 $750,000 $750,000
Ongoing Costs
In Situ S/S Treatment 1 3 tonnes $49 136163 $6,672,002 $5,907,614
Receive/Store Capping Material 1 4 LS $100,000 1 $100,000 $86,452
Apply In Situ Capping 1 4 ha $1,000,000 10 $10,000,000 $8,645,232
Future Costs
Install Monitoring 3 3 LS $50,000 1 $50,000 $41,135
Long-term Monitoring 4 29 LS $25,000 25 $625,000 $289,878
Equipment Demobilization 4 4 LS $200,000 1 $200,000 $156,705

Subtotal $18,597,002 $16,077,017

NPV 
Estimated 

Costs

Estimated 
CostsUnit Cost QuantityItem UnitsFinish  

(yr)
Start 
(yr)



Table C.21:  Tar Ponds Cleanup Option 6 - Estimated Costs

NPV 
Estimated 

Costs

Estimated 
CostsUnit Cost QuantityItem UnitsFinish  

(yr)
Start 
(yr)

North Pond

Initial Costs
Equipment Mobilization 0 1 LS $200,000 1 $200,000 $200,000
Install Containment Features 0 1 M $15 50000 $750,000 $750,000
Ongoing Costs
In Situ S/S Treatment 1 3 tonnes $49 184063 $9,019,092 $7,985,806
Receive/Store Capping Material 1 4 LS $100,000 1 $100,000 $86,452
Apply In Situ Capping 1 4 ha $1,000,000 14 $14,000,000 $12,103,325
Future Costs
Remove Temporary Flow Diversion 3 3 LS $50,000 1 $50,000 $41,135
Long-term Monitoring 4 29 LS $25,000 25 $625,000 $514,189
Equipment Demobilization 4 4 LS $200,000 1 $200,000 $164,540

Subtotal $24,944,092 $21,845,448

Subtotal $73,108,981 $66,385,085

Engineering @ 10% $7,310,898 $6,638,508

Subtotal $80,419,879 $73,023,593

Project Management @ 10% $8,041,988 $7,302,359

Subtotal $88,461,867 $80,325,952

Contingency @ 25% $22,115,467 $20,081,488

Total Cost $110,577,334 $100,407,441
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Community Workbook
Participant

Please tell us where you live so we can ensure representation from all areas.

Name: _________________________________________________________________________

Date: __________________________________________________________________________

Civic Address: __________________________________________________________________

Postal Code:____________________________ Phone # (optional): ______________________

Fax # (optional): ________________________ E-mail (optional): ________________________

Occupation: ____________________________________________________________________

Former Occupation: _____________________________________________________________

Name of Organization: ___________________________________________________________

Other Organizations you belong to: ________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Would you like to receive a copy of the final Evaluation Criteria report for review?

■    Yes

■   No
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Message from
Dan Fraser, Joint Action Group Chair

The Joint Action Group (JAG) was set up to ensure the community’s views are heard and
considered in decisions regarding the Tar Ponds and Coke Ovens site cleanup. The Public
Participation Process was initiated to ensure community members have an opportunity to
take part in the development of the evaluation criteria that will be used in the selection of
final cleanup options.

The next year is a crucial time in the cleanup process.  The recommendation for a specific
cleanup project must be sent to government no later than March 2003 and our collective
input is important.  This multi-million dollar project will mean jobs, a cleaner place to live, and
a positive outlook for the future.  Experts in facilitation and in the field of cleanup technolo-
gies will assist us during the workshop so that we make informed decisions relating to the
evaluation criteria that will be used to rank the four or more possible cleanup options.

This workbook is one method we will use to gather your inputs on evaluation criteria. In turn
the evaluation criteria will be given to the authors of the Remedial Action Evaluation Report
(RAER) who will use them to assess cleanup options.

Your thoughts are important to us, and we need to hear directly from you. By giving us your
feedback on the evaluation criteria, you are helping us to serve our community better.

Please take the time to invest in our future.  We look forward to your involvement.

Thank you for your participation.

Dan Fraser, JAG Chair
February 2002
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History
The Muggah Creek Watershed and its sources of contamination are a national concern with
serious environmental and health implications. Historically, the lower portion of the Muggah
Creek area was an active waterway, and fish thrived there.  Over the last 100 years, heavy
industrialization has changed this dramatically.

The Tar Ponds now contains about 700,000 tonnes of sediment contaminated with polycyclic
aromatic hydrocarbons (PAHs) including 45,000 tonnes contaminated with polychlorinated
biphenyls (PCBs) in concentrations greater than 50 parts per million.  The sediment is also
contaminated with other chemicals and metals. Compounding the problem is the raw sew-
age flowing into Muggah Creek via approximately 30 outfalls.

The Coke Ovens encompasses 80 hectares with industrial contamination in the soil extending
down into the fractured bedrock. The site contains old, derelict structures; surplus material
such as sulfur, coke and coal; and underground structures and piping that, in some cases,
may still have to be cleaned of coke ovens' by-products. This site is also affected by leachate
from the nearby landfill. As a result, ground and surface water continue to pick up contami-
nants from the Coke Ovens and carry them to the Tar Ponds.

The Tar Ponds and Coke Ovens site contains environmental contamination from more than a
century of steel production as well as sanitary waste. In 1994, an attempt to clean up the Tar
Ponds by digging and incinerating the contaminants was abandoned due to cost, technical
problems, and public opposition.  In 1996, a proposal to cover over (encapsulate) the Tar
Ponds was also abandoned due to public opposition.

The Joint Action Group (JAG) was formed in 1996. Community volunteers negotiated with
the three levels of government to include the Tar Ponds and Coke Ovens site, the Old
Sydney Landfill and sewage discharge into the Tar Ponds as part of a new cleanup project.
This “top-of-the-hill–down” approach addresses the flow of contaminants from the highest
point in the Old Sydney Landfill to the lowest point in the Muggah Creek Watershed where
it connects to Sydney Harbour.

JAG operates under a Memorandum of Understanding (MOU) signed in 1998 by community
representatives and the three levels of government. The environmental and health issues
associated with the watershed are beyond the scope of any one level of government.
Cleanup solutions require the combined resources of federal, provincial and municipal gov-
ernments.  All solutions should reflect JAG's six core principles: environmentally sound,
economically responsible, health conscious, socially acceptable, community driven and
publicly accountable The principles, as set out in the MOU, will guide decisions and recom-
mendations.

In February 2001, JAG adopted a Strategic Action Plan to guide its work during the upcom-
ing 16-24 months.  One of the plan's priorities is to ensure that citizens participate in devel-
oping recommendations on final site-use and cleanup options.



7

Countdown to Cleanup
of the Tar Ponds and Coke Ovens Site

10 Public Participation Plan for community review Jan.-Feb. 02 Community input required to
and comment. endorse plan.

 9 Workshops - Selection of Evaluation Criteria. Feb.-Apr. 02 An opportunity for residents to
have input  into the evaluation
criteria leading to the selection of
cleanup options in Block 5.

 8 Independent analysis of community input. End April 02

 7 Results of independent analysis of evaluation May 1-15 02 Opportunity for community to
criteria to community. comment on Analyst's Report.

 6 CBCL (a local engineering firm) uses the final May-Dec. 02 Continued community education
evaluation criteria report, government regulations, and discussion about possible
results of all site testing, analysis of Tar Pond cleanup options. The Remedial
sludge, and review of all possible cleanup methods Action Evaluation Report will
to create a Remedial Action Evaluation Report identify options that could be
(RAER). used to cleanup the Tar Ponds

and Coke Ovens.

 5 Community considers RAER cleanup options for Jan.-Mar 03 Community reviews advantages
the Tar Ponds and Coke Ovens site. and disadvantages of each

cleanup option.

 4 With community input from Block 5 JAG makes a March 03
recommendation to government partners on
preferred cleanup option.

 3 Government develops a cleanup plan. Mar-June 03

 2 Environmental Assessment of the project under March 03
Federal and Provincial Legislation begins.

 1 Tendering process for the cleanup of the Tar Ponds Fall 04
 and Coke Ovens site begins.

COUNT
DOWN DATE REMARKSACTIVITY

Our Future, Your Choice



8

Purpose
This workbook will help to gather community input on evaluation criteria for assessing
cleanup options for the Tar Ponds and Coke Ovens site.  Before cleanup options can be
discussed, it is essential that the technical experts know what is important to residents (evalu-
ation criteria) concerning the environment, the economy, health, and social acceptability. This
workbook will be used in combination with facilitated sessions and as a stand-alone docu-
ment available on the Internet, by mail, and by fax.

The workbook provides background information on the history of the cleanup project and
suggested evaluation criteria.

The questionnaire portion of this document is designed to gather your input on suggested
criteria, new ideas for criteria, and general comments.  Independent facilitators, technical
experts and JAG staff are available during the facilitated sessions to walk through the ques-
tionnaire with you and record your ideas. If you, your family, friends, neighbours, or associ-
ates would like to meet with us, please call (902) 563-5584.

What are evaluation criteria?

Evaluation criteria are indicators of what may be important to you in the design of the
cleanup process. Evaluation criteria for technology selection are being developed around four
of the six core principles of JAG – environmentally sound, economically responsible, health
conscious, and socially acceptable. Your views on the criteria will assist technical experts
when evaluating cleanup options. For example, evaluation criteria for the principle “eco-
nomically responsible” would answer the question, “What does economically responsible
mean for the Sydney community?” One possible answer might be to maximize the use of
local labour.

Evaluation criteria for the last two core principles of JAG – community driven and publicly
accountable – will be used by an expert evaluation team to assess the complete public
participation process since JAG's inception.

How will community input be used?

Information from the workbooks and other community consultations will be analyzed by a
professional, independent evaluator and used to prepare a final list of evaluation criteria.  A
draft final report, describing the recommended evaluation criteria, will be made available to
the community for a two-week comment period in May 2002. Following the comment
period, the report on the evaluation criteria will be revised and then given to the technical
experts for use in evaluating cleanup options.

The highest-ranking cleanup options will be outlined in a Remedial Action Evaluation Report
(RAER), which will highlight the advantages and disadvantages of each option and explain
how the evaluation criteria were used in preparing the report.  The RAER will be available in
December 2002.  Following its release, JAG will again involve the community to prepare a
final recommendation to government on cleanup options.
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How can you participate in the development of
evaluation criteria?

• Participate individually or with family and friends. Write down your comments and ideas.
A copy of this workbook is available on-line at www.muggah.org or a copy can be
mailed, faxed, or e-mailed to you.

• Participate with community groups, organizations, and school clubs.  You may be inter-
ested in using this workbook in a group setting.  Call JAG at (902) 563-5584 to set up a
meeting.  We can guide you through the background information and the questionnaire.

• Sponsor or attend coffee breaks. A number of small meetings will be held in various
neighbourhoods, usually at a person’s home, where friends and neighbours are invited to
gather.  If you would like to host a coffee break, call JAG. We supply the coffee, tea,
food, the workbook and a facilitator and resource people.

• Participate with community-based workshops. A number of small workshops will be held
with randomly selected members of the public to obtain their input on the evaluation
criteria.  Resource people and a facilitator will be available to provide information and
guide the discussion so everyone has a chance to contribute.

Registering your views

Mail: You may mail the questionnaire with your input to JAG. Our address is: Joint Action
Group, 320 Esplanade, Sydney, Nova Scotia, B1P 7B9.

In person: Visit the JAG office on the 3rd floor of the Civic Centre, 320 Esplanade, Sydney,
Nova Scotia.

Fax: You may fax your comments to us at (902) 563-5240.

Email: If you would like to email your comments to us, please send them to Roschell Clarke,
JAG Community Outreach Officer, at rmclarke@region.cape-breton.ns.ca.

Website:  You may respond on the JAG website at www.muggah.org.  Click on the public
participation tab located on the right hand side of the screen.
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Development of evaluation criteria for use in the
assessment of cleanup options

Introduction

JAG's six core principles and appropriate evaluation criteria are listed on this and the follow-
ing pages.  After considering the suggested evaluation criteria, you will be asked to add your
own suggestions and then rank all of them.

In the technology review, all technologies must meet standards to protect human health
and the environment to be considered as a final option.  Federal and provincial environ-
mental and health regulations and guidelines will be used as assessment tools.

Core Principle: Environmentally Sound

Environmentally Sound: Means actions that support and promote the protection, enhance-
ment, and prudent use of the environment, which are based on sound science and engineer-
ing principles, and that the precautionary principle will be used in decision-making so that
where there are threats of serious or irreversible damage, the lack of full scientific certainty
shall not be used as a basis for postponing measures to prevent and eliminate environmental
degradation.

Evaluation Criterion 1: Reduce detrimental effect on the environment
during implementation

During implementation, certain activities may have an adverse affect on the environment.
Despite best intentions, there may be some adverse secondary effects that are out of our
control.

An example could be, contaminated sediments entering the harbour as they are excavated.
Almost all secondary effects will have some form of control to minimize their impact.  The
effectiveness and reliability of such control measures must be included in an evaluation of
potential cleanup technologies.

Evaluation Criterion 2: Enhance long-term effectiveness and permanence

Long-term effectiveness and permanence refers to expected remaining risk and the ability of
a remedy to provide protection of human health and the environment, over time following a
cleanup.
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Evaluation Criterion 3: Improve marine and land ecosystems

The quality of marine land areas is affected by elements such as toxic substances, excess
nutrients and sedimentation.  In the case of the Tar Ponds and Coke Ovens:

• Toxic substances include various metals, polychlorinated biphenyls (PCBs), polycyclic
aromatic hydrocarbons (PAHs), and other hydrocarbon compounds, dioxins and furans.

• Excess nutrients, such as nitrogen and phosphorous, can cause excess growth of aquatic
plants, which then die and decay, depleting water of dissolved oxygen and killing fish.

• Sedimentation is an increase in the amount of solid particles. When sediment settles, it
can smother the feeding and spawning grounds of fish and can kill aquatic organisms.

The technology that is to be applied to clean up the site may have differing degrees of
impact on the recovery of the marine and land areas.

Evaluation Criterion 4: Minimize energy use

The technologies available to clean up the Tar Ponds and Coke Ovens site may use a variety
of energy sources.  The type and amount of energy source used will impact the environment.
For example some energy sources may release more gases such as carbon dioxide, CO2.  CO2
is a greenhouse gas that contributes to climate change.  Climate change is predicted to
impact the environment through events such as severe storms, coastal erosion, and degrada-
tion of drinking water sources.

Evaluation Criterion 5: Reuse of contaminants

Some cleanup technologies can use contaminated materials to create useful products.  This is
possible as components of many useful products also contain contaminants that are often
found at contaminated sites.  The reason that contaminants pose a concern at such sites is
that they are uncontrolled and may have harmful results to humans or to the environment.

Examples of when contaminants can be reused:
• Use the oil and fuel components of waste to create fuel for power plants.
• Use oil and tarry components of waste to create components that can be used in dyes,

resins, rubber additives, fungicides, asphalt etc.
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Core Principle: Environmentally Sound

EVALUATION CRITERIA

We have suggested evaluation criteria for
you to rank. Please include your own
criteria in the ranking.

RANKING

Please rank evaluation criteria in order of
importance to you with #1 being most
important to you.

Reduce detrimental effect on environment
during implementation

Enhance long-term effectiveness and
permanence

Improve marine and land ecosystems

Minimize energy use

Reuse of contaminants

Are there any other criteria that matter to you
under this core principle? (Please list and
include in ranking.)

Why did you rank the criteria this way?
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Core Principle: Economically Responsible

Economically Responsible: Means ensuring that resources are used efficiently and produc-
tively so that the level of local economic benefits, including direct and indirect benefits, is
acceptable to all parties for the results achieved as compared with the costs incurred.

Evaluation Criterion 1: Use a more reliable technology

Assuming two technologies achieve the same level of cleanup but one method has a longer
and more proven track record, the more reliable technology will reduce the risk of process
upsets and unexpected costs.

The technical experts will only consider technologies that have been successfully proven at
other sites under similar conditions.  Nevertheless, some technologies are considered more
reliable than others. Some are more likely to continue to operate properly when unexpected
conditions are found during the cleanup.

Evaluation Criterion 2: Cost effectiveness

The monetary cost to cleanup a large contaminated site can vary.  There are several different
ways to clean up a site and each may have very different costs but still achieve the same level
of protection for the public and the environment.

The costs, over a short and long period of time, would be compared to the benefits or the
quality of improvement. The improvement would relate to social, health, and environmental
factors.

In cleanups in other parts of Canada, the lowest cost was not always chosen if the quality of
improvement was not great enough.  As well, the highest cost was not always chosen, if the
technology produced a minimal quality of improvement versus a technology that provided
good quality improvements at a lower cost.

Evaluation Criterion 3: Use of local material

Some technologies offer greater opportunities for using locally available materials.  Others
must use brought-in materials.

An example:
• The cap for the Old Sydney Landfill, that is designed to keep out rainfall, is being built

with clay.  It is mined locally and then transported to the site using local labour.
• The cap could, alternatively, have been built using a plastic membrane liner built by non-

local manufacturers.  The liner could be shipped to the site and seamed using labour that
is partially local.  Both caps cost the same to purchase and install.
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Core Principle: Economically Responsible

EVALUATION CRITERIA

We have suggested evaluation criteria for
you to rank. Please include your own
criteria in the ranking.

RANKING

Please rank evaluation criteria in order of
importance to you with #1 being most
important to you.

A more reliable technology

Cost effectiveness

Use of local material

Are there any other criteria that matter to you
under this core principle? (Please list and
include in ranking.)

Why did you rank the criteria this way?
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Core Principle: Health Conscious

Health Conscious: Means that all actions of JAG are based on sound science and recognized
standards and that no such actions will be undertaken whereby the community is exposed to
unacceptable health risks.

Evaluation Criterion 1: Minimize the amount of dust and vapours

The technologies available to clean up the Tar Ponds and Coke Ovens site may potentially
have some effect on health during the cleanup process. The process will be controlled to
minimize the potential for adverse health effects.

All cleanups create some dust from driving/moving machinery around the site or on public
roads. Other sources of dust will be specific to the equipment used or the activity being
undertaken, such as moving dirt, mixing materials, etc.  Stirring up dust during any type of
construction activity is unavoidable.
Dust can be controlled through different methods.  If, for example, roadways are kept wet
with water while machinery is in use, dust is greatly reduced.  Additives can be combined
with water to increase the efficiency of dust control.

Evaluation Criterion 2: Minimize odours

It is likely that there will be times during the cleanup activity that odours will be produced.
The challenge will be to ensure that effective control measures are applied.

Some equipment can be operated with devices to control odours by filtering or masking the
smells produced.   Using control measures is a normal course of action where odours would
be expected to occur.  To prevent or minimize odours during construction, the technology
used to clean up the site must be capable of reducing or controlling odours.

Evaluation Criterion 3: Minimize the amount of noise

Most, if not all, cleanup activities create noise.  There will be different levels of noise that will
affect people.  It is unlikely that any cleanup could be performed without occasionally making
noise that is louder than desirable.

Some control measures, such as mufflers on engine exhaust pipes, can reduce the volume of
noise.  Avoiding certain technologies can also decrease noise.

Other control measures that will not change the level of noise, but make noise more tolerable
include such things as restricting the time of day during which noisy activities can occur.
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Evaluation Criterion 4: Minimize the amount of traffic

All cleanup activities require traffic on the site and on surrounding roads. However, some
technologies cause more traffic than others.  In general, any technology that requires waste
to be moved will result in more traffic on the site, and perhaps off site.

Site traffic can be limited.  The timing of traffic movement can also be specified or controlled.

In some cases, the amount of additional traffic needed to accomplish site work may be
significantly greater, more noticeable, and more uncomfortable over a period of weeks or
even over a few months.  This is probably not easily avoided. However, it should still be
controlled to the greatest extent possible.

In some cases, additional traffic is minor or moderate when compared to daily traffic volume.
It might not even be noticed.

Evaluation Criterion 5: Minimize health risk

This criterion relates to the ability of a technology to create reliable protection of human
health once cleanup levels have been met. This includes the consideration of cleanup residu-
als and the potential risk for exposure to humans.

For example, if contaminants are still in the ground, the need for on-going controls such as
monitoring and maintenance exists.  The health risk may be low; however, it would still be
higher compared to a situation where all the contaminants are successfully destroyed.
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Core Principle: Health Conscious

EVALUATION CRITERIA

We have suggested evaluation criteria for
you to rank. Please include your own
criteria in the ranking.

RANKING

Please rank evaluation criteria in order of
importance to you with #1 being most
important to you.

Minimize the amount of dust and vapours

Minimize odours

Minimize the amount of noise

Minimize the amount of traffic

Minimize health risk

Are there any other criteria that matter to you
under this core principle? (Please list and
include in ranking.)

Why did you rank the criteria this way?
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Core Principle: Socially Acceptable

Socially Acceptable: Means JAG shall ensure that all its major decisions are broadly under-
stood and preferred by the citizenry of the Cape Breton Regional Municipality.

Evaluation Criterion 1: Maximize long-term benefits

Long-term benefits can be defined as those results that prove to enhance the community by
providing some additional resources that would not otherwise be present.

Cleanup activity on the site can be viewed in the same way as other typical construction
projects. There will be direct, positive gains for the community in the short-term through the
activities of the project itself.  There will also be long-term gains through the lasting positive
effects of the project having taken place.  For example, a lasting effect may be an improved
community image attracting new business to CBRM.  A more tangible long-term benefit
might be building a road to the site that after construction becomes a public road.

In many cases, the short-term versus long-term considerations become a decision-making
tool and help determine the direction of the project in the early stages.

Evaluation Criterion 2: Minimize length of construction and cleanup time

Cleanup time can be defined as the amount of time that will be required for cleanup activity
to take place on the site to correct existing problems.  It includes a construction period and
time to reach the soil and water cleanup goals.  Different types of technologies require
different amounts of time to reach the cleanup goals.

The effect of the duration to reach cleanup goals is that it may take longer for negative
environmental impacts to end and positive effects to begin.

Evaluation Criterion 3: Use of local labour

The types of technologies used to clean up a site affect the type and quantity of labour used.
All useable technologies will require some bulldozer operators, truck drivers, administrative
and managerial support, surveyors, engineers, scientists, labourers, and other construction
personnel.  However, some highly sophisticated technologies may require fewer personnel
and/or personnel with skills that may not be locally available.  Technologies that treat the
waste in place (in the ground where it is found) may also be less labour intensive.  For ex-
ample when concrete culverts for storm water flow are needed, it is possible to buy pre-
manufactured concrete culverts.  Even distant factories can deliver these mass-produced
culverts at a reasonable cost.  Alternatively, a contractor may build the culverts in place on
the site using local concrete and labourers.
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Core Principle: Socially Acceptable

EVALUATION CRITERIA

We have suggested evaluation criteria for
you to rank. Please include your own
criteria in the ranking.

RANKING

Please rank evaluation criteria in order of
importance to you with #1 being most
important to you.

Maximize long-term benefits

Minimize length of construction and cleanup
time

Use of local labour

Are there any other criteria that matter to you
under this core principle? (Please list and
include in ranking.)

Why did you rank the criteria this way?
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Evaluation criteria for the last two core principles of JAG – community driven and publicly
accountable – will be used by an expert evaluation team to assess the complete public
participation process since JAG's inception.

Core Principle: Community Driven

Community Driven: Means that the direction, decisions, and actions made by JAG are based
on consultation, input, and agreement of the wider community.

Core Principle: Community Driven
Are there any other criteria that matter to you under this core principle?
(Please list and include in ranking.)



21

Evaluation criteria for the last two core principles of JAG – community driven and publicly
accountable – will be used by an expert evaluation team to assess the complete public
participation process since JAG's inception.

Core Principle: Publicly Accountable

Publicly Accountable: Means the JAG process is founded on the organization answering to
the public, especially those in the community surrounding the Watershed; in order to do this,
JAG commits to the following: 1. Hold open meetings to the public in general. 2. Ensure
accessible records in general. 3. Ensure environmental and health-risk assessments for all
remedial or cleanup tasks (as prescribed by the Canadian Environmental Assessment Act and
the Nova Scotia Environment Act) are acceptable to JAG and consistent with the legislative
authority of the government parties.  4.  Develop ongoing efforts to maximize JAG having a
community-driven process.

Core Principle: Publicly Accountable
Are there any other criteria that matter to you under this core principle?
(Please list and include in ranking.)
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General Comments

What is your greatest concern regarding the cleanup of the Tar Ponds and Coke Ovens site?

How might your life change after the cleanup?

It is the year 2010.  You are driving past the former Tar Ponds and Coke Ovens site.  What
do you see?  What would you like to see?

Final Comments: (Please use additional page if required)
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Final Comments: (continued)



For Environmental Clean-Up Of The Muggah Creek Watershed

JAG
JOINT ACTION GROUP

320 Esplanade, Sydney, Nova Scotia  B1P 7B9
phone (902) 563-5584    fax (902) 563-5240

www.muggah.org
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