
 
 

APPENDIX A 
 

MEMORANDUM OF AGREEMENT  
AND 

FINAL ENVIRONMENTAL IMPACT  
ASSESSMENT GUIDELINES 

 



Agreement Concerning the Establishment of a Joint Review Process 
for the Sydney Tar Ponds and Coke Ovens Sites Remediation Project 

Between 

Her Majesty the Queen in Right of Canada as represented by the  
Minister of the Environment, Canada 

- and - 
Her Majesty the Queen in Right of Nova Scotia as represented by the Minister of 

Environment and Labour, Nova Scotia (“NSEL”) 

Preamble 

WHEREAS the Minister of the Environment, Canada, has statutory responsibilities 
pursuant to the Canadian Environmental Assessment Act; 

WHEREAS the Minister of Environment and Labour, Nova Scotia, has statutory 
responsibilities pursuant to the Nova Scotia Environment Act and has determined the 
Sydney Tar Ponds and Coke Ovens Sites Remediation to be an undertaking pursuant 
to subsection 3(2) of the Environmental Assessment Regulations; 

WHEREAS the Minister of Public Works and Government Services, Canada, and the 
Premier of Nova Scotia signed a Memorandum of Agreement (MOA) on May 12, 2004, 
for the Remediation of the Sydney Tar Ponds and Coke Ovens Sites in the Cape Breton 
Regional Municipality; 

WHEREAS portions of the Sydney Tar Ponds and Coke Ovens Sites are federally and 
provincially owned and the remediation of the Sites is jointly funded; 

WHEREAS the Sydney Tar Ponds Agency (the Proponent) is designated pursuant to 
the MOA for the management and implementation of the Project; 

WHEREAS the Sydney Tar Ponds Agency plans to remediate and rehabilitate the Tar 
Ponds and Coke Ovens Sites, in accordance with the MOA, which is subject to an 
environmental assessment under both the Canadian Environmental Assessment Act 
and the Nova Scotia Environment Act; 

WHEREAS the MOA commits Canada and Nova Scotia to a joint environmental 
assessment; 

WHEREAS the Project was referred to a review panel in accordance with section 29 of 
the Canadian Environmental Assessment Act; 

WHEREAS the Minister of Environment and Labour, Nova Scotia, may, pursuant to 
section 47 of the Nova Scotia Environment Act, enter into an agreement with another 
government agency to conduct a joint environmental assessment review and to adopt 
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for the purposes of the review all or part of that government agency's procedures for 
environmental assessment; 

WHEREAS the Minister of Environment and Labour, Nova Scotia, may, pursuant to 
section 48 of the Nova Scotia Environment Act, enter into an agreement with another 
government agency to provide for a single hearing process; 

WHEREAS the Minister of Environment and Labour, Nova Scotia, and the Minister of 
the Environment, Canada, have determined that a joint panel review of the Project will 
ensure that the project is evaluated according to the spirit and requirements of their 
respective legislation while avoiding unnecessary duplication, delays and confusion that 
could arise from separate environmental assessments; 

WHEREAS the Minister of the Environment, Canada, has determined that a joint review 
panel should be established pursuant to subsection 40(2) of the Canadian 
Environmental Assessment Act; 

THEREFORE, the Minister of Environment and Labour, Nova Scotia, and the Minister of 
the Environment, Canada, hereby establish a joint review panel for the Project in 
accordance with the provisions of this Agreement and the Terms of Reference attached 
hereto as an Appendix. 

1.  Definitions 

For the purpose of this Agreement and of the Appendix attached hereto, 

"Agency" 

means the Canadian Environmental Assessment Agency. 

"Day" 
 means calendar day. 
 
"Environmental Effect" 

means, in respect of the Project, 

a) any change, whether positive or negative, that the Project may cause in the 
Environment, including any change it may cause to a listed wildlife species, 
its critical habitat or the residence of individuals of that species, as those 
terms are defined in subsection 2(1) of the Species at Risk Act and, 
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b) any effect on socio-economic conditions, environmental health, physical and 
cultural heritage, the current use of lands and resources for traditional 
purposes by aboriginal persons, or on any structure, site or thing including 
those of historical, archaeological, paleontological or architectural significance 
and, 

c) any change to the project that may be caused by the environment, whether 
any such change or effect occurs within or outside Canada. 

"Environmental Impact Statement" 

means the document that the proponent has prepared in accordance with the 
Environmental Impact Statement Guidelines to be prepared by the parties. 

"Federal Authority" 

refers to such an authority as defined in the Canadian Environmental 
Assessment Act. 

"Follow-up Program" 

means a program for verifying the accuracy of the environmental assessment of 
the Project, and determining the effectiveness of any measures taken to mitigate 
the adverse environmental effects of the Project. 

"Joint Review Panel" 

means the review panel established jointly by the Minister of Environment and 
Labour, Nova Scotia, and the Minister of the Environment, Canada, pursuant to 
this Agreement. 

"Memorandum of Agreement" 
 
 means the agreement signed by the Premier of Nova Scotia and the Minister of 

Public Works and Government Services, Canada, on May 12, 2004 for the 
remediation of the Sydney Tar Ponds and Coke Ovens Sites in the Cape Breton 
Regional Municipality. 

 
"Mitigation" 

means, in respect of the Project, the elimination, reduction or control of the 
adverse environmental effects of the Project, and may include restitution for any 
damage to the environment caused by such effects through replacement, 
restoration, compensation or any other means. 

“NSEL” 
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means Nova Scotia Environment and Labour. 

"Parties" 

means the signatories to this Agreement. 

"Project"  

means the Sydney Tar Ponds and Coke Ovens Sites Remediation Project, 
located in Sydney, Nova Scotia, as described in the Project Description 
document submitted by the Sydney Tar Ponds Agency and summarized in Part I 
of the Appendix attached hereto. 

"Report" 

means the document produced by the Joint Review Panel which shall contain the 
recommendations of the Joint Review Panel pursuant to the Nova Scotia 
Environment Act and the Joint Review Panel's rationale, conclusions and 
recommendations, including any mitigation measures and follow-up program, 
pursuant to the Canadian Environmental Assessment Act with respect to the 
environmental assessment of the Project. 

"Responsible Authority" 

refers to such an authority as defined in the Canadian Environmental 
Assessment Act. 

2.  Establishment of the Joint Review Panel 

2.1. A process is hereby established for the creation of a joint review panel, pursuant to 
sections 40, 41 and 42 of the Canadian Environmental Assessment Act, and sections 
47 and 48 of the Nova Scotia Environment Act. 

2.2. The Agency and NSEL will make arrangements for the coordination of 
announcements respecting the joint review of the Project, including review process 
initiatives that precede the establishment of the Joint Review Panel. 

3.  Constitution of the Joint Review Panel 

3.1. The Joint Review Panel shall consist of three members, one of whom shall be the 
chair. 

3.2. The Joint Review Panel members including the chair will be appointed by the 
Minister of the Environment, Canada, and the Minister of Environment and Labour, 
Nova Scotia, from a list of nominees selected by the Parties.  Following interviews to be 
conducted jointly by the Agency and NSEL, each of the Parties will select three 
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nominees and at least one nominee selected by each of the Parties will be appointed 
members of the Panel.  The parties will agree on the appointment of a chairperson.  The 
members of the Joint Review Panel will be appointed following release of the final EIS 
Guidelines. 

3.3. The Joint Review Panel members shall be unbiased and free from any conflict of 
interest relative to the Project and are to have knowledge or experience relevant to the 
anticipated environmental effects of the Project. 

4.  Conduct of Assessment by the Joint Review Panel 

4.1. The Joint Review Panel shall conduct its review in a manner that discharges the 
requirements set out in the Canadian Environmental Assessment Act, Part IV of the 
Nova Scotia Environment Act and in the Terms of Reference attached hereto as an 
Appendix. 

4.2. All Joint Review Panel hearings shall be public and shall provide for public 
participation. 

4.3. The Joint Review Panel shall have all the powers and duties of a panel set out in 
section 35 of the Canadian Environmental Assessment Act. 

5.  Secretariat and Administrative Matters 

5.1. Administrative, technical, and procedural support for the Joint Review Panel shall 
be provided by a Secretariat.  The Secretariat shall be the joint responsibility of the 
Agency and NSEL. 

5.2. The Secretariat shall report to the Joint Review Panel and shall be structured so as 
to allow the Joint Review Panel to conduct its review in an efficient and cost-effective 
manner. 

5.3. Prior to the appointment of the Joint Review Panel, the Agency and NSEL shall 
prepare a budget estimate for the joint review. 

5.4. Costs associated with the review will be apportioned between the parties 70% 
federally funded and 30% provincially funded.  A detailed cost-sharing agreement is to 
be finalized by the Agency and NSEL prior to the appointment of the Joint Review 
Panel. 

6.  Record of Joint Review and Report 

6.1. A public registry consisting of all submissions, correspondence, hearing transcripts, 
exhibits and other information received by the Joint Review Panel and all public 
information produced by the Joint Review Panel relating to the environmental 
assessment of the Project shall be maintained by the Secretariat during the course of 
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the review in a manner that provides for convenient public access, and for the purposes 
of compliance with section 55 of the Canadian Environmental Assessment Act and the 
practices of NSEL. 

6.2. On completion of the review of the Project, the Joint Review Panel shall prepare a 
Report for submission to the Minister of the Environment, Canada, and the Minister of 
Environment and Labour, Nova Scotia. 

6.3. The Report shall include recommendations on all factors set out in section 16 of the 
Canadian Environmental Assessment Act and, section 12 of the Nova Scotia 
Environmental Assessment Regulations.  The report shall also include a 
recommendation pursuant to Part IV of the Nova Scotia Environment Act.

6.4. Once completed, the Joint Review Panel will submit the Report, to the Minister of 
the Environment, Canada, and the Minister of Environment and Labour, Nova Scotia, 
and the Parties will then make the Report public. 

6.5. Once the Report is submitted to the Minister of the Environment, Canada, and the 
Minister of Environment and Labour, Nova Scotia, the responsibility for the maintenance 
of the public registry, pursuant to the Canadian Environmental Assessment Act, will be 
transferred to the Responsible Authorities. 

6.6. All Responsible Authorities shall take into consideration the Report submitted by 
the Panel and, with the approval of the Governor in Council, respond to the Report.  
Then, the Responsible Authorities shall take one of the courses of action provided for in 
subsection 37(1) of the Canadian Environmental Assessment Act that is in conformity 
with the approval of the Governor in Council. 

6.7. The Minister of Environment and Labour, Nova Scotia, shall consider the 
recommendation of the Panel, and either approve with conditions, or reject the Project. 

6.8. The Parties will consult and coordinate on the nature and timing of their respective 
decisions on the project. 

7.  Other Government Departments 

7.1. At the request of the Joint Review Panel, Federal Authorities and provincial 
government agencies having specialist knowledge with respect to the Project shall 
provide available information and knowledge in a manner acceptable to the Joint 
Review Panel. 

7.2. Subject to article 7.1 and subsection 12(3) of the Canadian Environmental 
Assessment Act, nothing in this agreement shall restrict participation by way of 
submission to the Joint Review Panel by other federal or provincial government 
departments or bodies. 
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8.  Participant Funding 

8.1. Participant funding for the joint review will be provided and administered by the 
Agency pursuant to the federal Participant Funding Program. 

9.  Amending this Agreement 

9.1. The Parties may amend this Agreement by written memorandum executed by both 
the Minister of the Environment, Canada, and the Minister of Environment and Labour, 
Nova Scotia.  Subject to section 27 of the Canadian Environmental Assessment Act, 
this agreement may, with 30-day written notice, be terminated by either party at any 
time during the joint review. 

  

In witness whereof the Parties hereto have put their signatures this __13_ day of 
__July___ 2005. 

_________Original signed by:_______________ 
Minister of the Environment 
Canada 

__________Original signed by:______________ 
Minister of Environment and Labour 
Nova Scotia 
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Appendix 
Terms of Reference for the Joint Review Process 

Part I - Project Description 

Pursuant to the Memorandum of Agreement, the Sydney Tar ponds Agency (the 
proponent) is proposing to remediate the Sydney Tar Ponds and Coke Ovens Sites in 
the Regional Municipality of Cape Breton (CBRM), Nova Scotia. 

The proposed remediation project would involve the removal of selected polychlorinated 
biphenyl (PCB) and polycyclic aromatic hydrocarbon (PAH) contaminated sediments 
from the Tar Ponds and Coke Ovens Sites, and destroy it in a temporary incinerator that 
will be located within the CBRM.  Sediments that remain in the Tar Ponds would be 
solidified and stabilized in-place.  Water course diversion channels would redirect 
surface water flowing through the Tar Ponds site.  A containment system of barrier walls 
and an engineered cap would be constructed to reduce exposure and to prevent the 
movement of contaminants away from the Tar Ponds site.  The Tar Ponds site surface 
would be restored and landscaped in a manner compatible with the natural 
surroundings of the area and future site uses. 

At the Coke Ovens site, selected remaining contaminated soils would be treated in-
place using landfarming, a form of bioremediation.  Diversion channels and barrier walls 
would reroute groundwater and surface water flowing through the Coke Ovens site.  A 
containment system of barrier walls and soil cover would be constructed to reduce 
exposure to contaminants and to prevent the movement of contaminants from the Coke 
Ovens site.  Coke Ovens site surfaces would be restored and landscaped in a manner 
compatible with the natural surroundings and future sites uses. 

Pre-cleanup activities would include construction of parking lots, equipment and supply 
storage areas, security facilities, offices and washrooms, decontamination facilities for 
personnel, equipment decontamination pads, and isolation pads.  A dedicated use 
water treatment facility may be required.  A temporary incinerator and associated 
facilities would be commissioned, requiring an area of approximately 2 to 5 hectares.  
The proponent plans completion of clean-up and capping of the Coke Ovens site by 
2011, and the Tar Ponds site by 2014.  Final uses of the Tar Ponds and Coke Ovens 
Sites are not part of the proposed project. 

Part II - Components of the Review Process 

1. The Agency and NSEL shall develop joint draft guidelines for the preparation of 
the Environmental Impact Statement building on the preliminary guidance 
contained in the document entitled "Remediation of the Sydney Tar Ponds and 
Coke Oven Sites – Draft Scoping Document" prepared by Public Works and 
Government Services Canada in consultation with Environment Canada and 
Transport Canada and dated February 2005.  The public and stakeholders shall 
be provided with 30 days to review the draft guidelines and provide comments to 
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the Agency and Nova Scotia Environment and Labour. 
 

2. Within 30 days of the close of the comment period specified in clause 1, after 
taking into account the comments received by the public and stakeholders, the 
Parties shall issue the Environmental Impact Statement guidelines (the Final 
Guidelines) to the proponent, 
 

3. The Parties shall require the proponent to prepare the Environmental Impact 
Statement in accordance with the Final Guidelines issued by the Parties.  The 
Parties expect the Proponent to submit the Environmental Impact Statement to 
the Joint Review Panel no later than December 30, 2005 
 

4. The Joint Review Panel shall require the proponent to distribute the 
Environmental Impact Statement for examination and comment by the public and 
stakeholders to determine whether additional information should be provided 
before convening public hearings.  The Environmental Impact Statement shall be 
made available for public examination and comment for a period of 48 days. 
 

5. Written comments received pursuant to clause 4 shall be made public and be 
provided to the proponent by the Joint Review Panel within two days.  The 
proponent shall, as appropriate, provide to the Joint Review Panel its response to 
the written comments not later than 14 days following completion of the period for 
public examination and comment. 
 

6. Should the Joint Review Panel identify deficiencies after reviewing the 
Environmental Impact Statement, and in consideration of any comments received 
from the public, stakeholders or the proponent pursuant to clauses 4 and 5, the 
Joint Review Panel may require additional information it deems necessary from 
the proponent.  Any request for additional information shall be issued within 14 
days following the expiration of the period for public examination and comment 
described in clause 4 or 14 days following receipt of written comments from the 
proponent as described in clause 5, whichever occurs later. 
 

7. The Joint Review Panel shall schedule and announce the start of its public 
hearings once it is satisfied that the necessary information has been provided; it 
shall provide public notice of 21 days prior to the start of the hearings.  The 
hearings shall not exceed 21 days in duration.  A longer period would require 
approval by both parties. 
 

8. The Joint Review Panel will hold its hearings within the Cape Breton Regional 
Municipality. 
 

9. The Joint Review Panel shall deliver its Report to the Parties to this agreement 
within 55 days following the close of the public hearings.  The Parties will then 
make the Report public.



 10

 

Part III - Scope of the Environmental Assessment and Factors to be Considered in 
the Review 

The Minister of the Environment, Canada, and the Minister of Environment and Labour, 
Nova Scotia, have determined that the Joint Review Panel shall include in its review of 
the Project, consideration of the following factors: 

a. Purpose of the Project 
b. Need for the Project 
c. Alternative means of carrying out the Project that are technically and 

economically feasible and the environmental effects of any such alternative 
means 

d. Alternatives to the Project 
e. The location of the proposed undertaking and the nature and sensitivity of the 

surrounding area 
f. Planned or existing land use in the area of the undertaking 
g. Other undertakings in the area 
h. The environmental effects of the Project, including the environmental effects of 

malfunctions or accidents that may occur in connection with the Project and any 
cumulative environmental effects that are likely to result from the Project in 
combination with other projects or activities that have been or will be carried out. 

i. The significance of the effects referred to in h) 
j. The socio-economic effects of the Project 
k. The temporal and spatial boundaries of the study area(s) 
l. Comments from the public that are received during the review 
m. Steps taken by the proponent to address environmental concerns expressed by 

the public 
n. Measures that are technically and economically feasible and that would mitigate 

any significant adverse environmental effects of the Project 
o. Follow-up and monitoring programs including the need for such programs 
p. The capacity of renewable resources that are likely to be significantly affected by 

the Project to meet the needs of the present and those of the future 
q. Residual adverse effects and their significance 
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1. BACKGROUND 

1.1 Context 
 

On May 12, 2004, the Minister of Public Works and Government Services 
Canada (PWGSC) on behalf of Canada, and Premier of Nova Scotia signed a 
Memorandum of Agreement (MOA) with respect to the proposed remediation of 
the Sydney Tar Ponds and Coke Ovens sites (the Project), located in the Cape 
Breton Regional Municipality (CBRM), Nova Scotia. The Project would be carried 
out employing a combination of proven technologies, including permanent 
installation of surface and groundwater controls, bio-remediation, removal and 
destruction of selected polychlorinated biphenyl (PCB) and polycyclic aromatic 
hydrocarbon (PAH) contaminated sediments, solidification and stabilization of 
remaining materials, the construction of permanent engineered caps and 
restoration of the sites to facilitate future use. 
 
The Project is subject to an Environmental Assessment (EA) pursuant to the 
Canadian Environmental Assessment Act (the Act) and the provisions of Part IV 
of the Nova Scotia Environment Act. As such, and in keeping with the MOA, the 
EA will be coordinated to reflect requirements contained in both pieces of 
legislation. 
 
1.2 The Joint Review Panel 
 
A Joint Review Panel (the Panel) consisting of three members will be established 
by the Minister of the Environment, Canada (under the authority of the Act), and 
by the Minister of Environment and Labour, Nova Scotia (under the authority of 
the Nova Scotia Environment Act), to consider the possible environmental effects 
associated with the Sydney Tar Ponds and Coke Ovens remediation project.  
 
1.3 Mandate of the Panel 
 
The Panel will have the responsibility to identify, evaluate and report on the 
potential environmental effects of the Project. The mandate of the Panel is 
defined in the Agreement signed by Federal and Provincial levels of government 
(see Appendix 1). The Agreement and Terms of Reference (TOR) outlines the 
factors the Panel must consider in conducting its EA. These factors have been 
considered in the development of the Environmental Impact Statement (EIS) 
Guidelines. It is the responsibility of the Sydney Tar Ponds Agency (the 
Proponent) to prepare an EIS that identifies and evaluates the effects of the 
Project for submission to the Panel. The Proponent is expected to prepare and 
submit the EIS to the Panel no later than December 30, 2005.  
 
All materials related to the EA of the Project received by the Panel and federal 
and provincial departments will be made publicly available through a Public 
Registry. 
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At the conclusions of the public hearings on the Project, the Panel will prepare a 
report that will include its findings and recommendations and will submit the 
report to the Federal and Provincial Ministers. 

 2. THE PROJECT 
 
Pursuant to the Memorandum of Agreement, the proponent is proposing to 
remediate the Sydney Tar Ponds and Coke Ovens Sites in the Regional 
Municipality of Cape Breton (CBRM), Nova Scotia. 
 
The proposed remediation project would involve the removal of selected PCB 
and PAH contaminated sediments from the Tar Ponds and Coke Ovens Sites, 
and destroy it in a temporary incinerator that will be located within the CBRM. 
Sediments that remain in the Tar Ponds would be solidified and stabilized in-
place. Water course diversion channels would redirect surface water flowing 
through the Tar Ponds site. A containment system of barrier walls and an 
engineered cap would be constructed to reduce exposure and to prevent the 
movement of contaminants away from the Tar Ponds site. The Tar Ponds site 
surface would be restored and landscaped in a manner compatible with the 
natural surroundings of the area and future site uses. 
 
At the Coke Ovens site, selected remaining contaminated soils would be treated 
in-place using landfarming, a form of bioremediation. Diversion channels and 
barrier walls would reroute groundwater and surface water flowing through the 
Coke Ovens site. A containment system of barrier walls and soil cover would be 
constructed to reduce exposure to contaminants and to prevent the movement of 
contaminants from the Coke Ovens site. Coke Ovens site surfaces would be 
restored and landscaped in a manner compatible with the natural surroundings 
and future sites uses. 
 
Pre-cleanup activities would include construction of parking lots, equipment and 
supply storage areas, security facilities, offices and washrooms, decontamination 
facilities for personnel, equipment decontamination pads, and isolation pads. A 
dedicated use water treatment facility may be required. A temporary incinerator 
and associated facilities would be commissioned, requiring an area of 
approximately 2 to 5 hectares. The proponent plans completion of clean-up and 
capping of the Coke Ovens site by 2011, and the Tar Ponds site by 2014. Final 
uses of the Tar Ponds and Coke Ovens Sites are not part of the proposed 
project. 
 
3. THE REVIEW PROCESS 
 
3.1 Environmental Impact Statement 
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An EA is a planning tool intended to identify the environmental effects, mitigation 
and follow-up measures that would be implemented to help ensure significant 
effects are avoided. An Environmental Impact Statement (EIS) is a document, 
which describes the EA effort.  
 
The EIS document produced by the Proponent will identify the potential 
environmental effects of the Project. The EIS will serve as the cornerstone of the 
Panel’s review and evaluation of the potential effects of the Project. The EIS will 
also allow regulators and members of the public to understand the Project, the 
existing environment, and the potential environmental effects of the Project.  The 
public (including Aboriginal peoples), interested parties and government 
representatives will be invited to comment on the completeness and accuracy of 
the EIS in addressing these Guidelines, and to submit materials for the Panel to 
consider. Should the Panel deem further information necessary, it may arrange 
for additional studies, which it will include in the Public Registry. The Panel will 
consider all materials included in the Registry in evaluating the Project. 
 
 
3.2 Timing 
 
The Proponent will prepare and submit the EIS to the Panel. The Panel will make 
the EIS available to the public and other stakeholders for examination and 
comments regarding the document’s completeness, accuracy, and compliance 
with the guidelines. As outlined in the Agreement (Appendix 1) the EIS shall be 
made available for public examination and comment for a period of forty-eight 
(48) days. Comments submitted in writing to the Panel will be provided to the 
Proponent within two days (after the completion of the public examination and 
comment period) and added to the Registry. The proponent shall, as appropriate, 
provide to the Panel its response to the written comments no later than fourteen 
(14) days following the completion of the period of public examination and 
comment. 
 
Following the Proponent’s response, should the Panel believe that deficiencies 
remain in the EIS, or that the Panel requires additional information for a proper 
evaluation of evidence, the Panel may require additional information. The request 
for the additional information shall be issued within fourteen (14) days following 
the expiration of the period for public examination and comments, or fourteen 
(14) days following the receipt of written comments from the proponent. 
 
Once the Panel is satisfied that sufficient information has been provided, it will 
hold public hearings. The Panel will set hearing dates after considering the 
volume of material accumulated for public review and the right of the Proponent 
to a timely hearing. In any event, the Panel will give not less than twenty-one (21) 
days notice of the hearings. 
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Within fifty-five (55) days of completion of the public hearings, the Panel will 
prepare and submit its report to the provincial Minister of Environment and 
Labour and the federal Minister of the Environment. The Report shall include 
recommendations on all factors set out in section 16 of the Act and, section 12 of 
the Nova Scotia Environmental Assessment Regulations. The report shall also 
include a recommendation pursuant to Part IV of the Nova Scotia Environment 
Act. 

4. ENVIRONMENTAL IMPACT STATEMENT 
 
4.1 Purpose of the EIS Guidelines 
 
This document provides specific direction to the Proponent regarding the 
preparation and structure of the EIS. The EIS Guidelines define the issues that 
the Proponent must address. It is the responsibility of the Proponent to provide 
sufficient data and analysis on any potential environmental effects to permit 
proper evaluation by the Panel, the public, and technical and regulatory 
agencies. The Guidelines outline the minimum information required while leaving 
the Proponent some latitude in selecting methods to compile the EIS.   

5. OVERVIEW OF THE ENVIRONMENTAL IMPACT STATEMENT 

5.1 Use of Existing Information 
 
The Proponent is encouraged to consider information in the Public Registry when 
preparing the EIS, and to make use of existing information related to the 
environment affected by the Project. When that information is used to meet some 
of the EIS requirements, include it directly in the EIS or identify its source. This 
may be done through cross-referencing, direct citation or any other means that 
permits immediate access. When relying on existing information, comment on its 
appropriateness and/or relevance over space and time, along with any perceived 
limitations regarding the inferences or conclusions that have been drawn. 
 
The EIS must provide sufficient information to identify, describe and determine 
the significance of potential effects on the environment that could arise from the 
Project.  
 
5.2 Traditional and Community Knowledge and Public Involvement 

5.2.1 Use and Respect for Traditional and Community Knowledge 
 
Traditional and community knowledge makes an important contribution to project 
planning and the assessment process. 
 
Traditional and community knowledge refers to the broad base of knowledge 
held by individuals and collectively by communities that may be based on 
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spiritual teachings, personal observation and experience on land and sea or 
passed on from one generation to another through oral and/or written traditions. 
This tradition is a dynamic, substantive, and distinct living knowledge. 
 
Traditional and community knowledge shall be obtained and presented in one of 
two ways: 

• The Proponent will make best efforts, with the co-operation of other 
parties, to incorporate into its EIS traditional and community knowledge to 
which it has access; and, 

• Alternatively, the Proponent may facilitate the presentation of such 
knowledge by persons and parties having access to this information to the 
Panel during the course of the review. 

5.2.2 Stakeholder Involvement 
 
Within the EIS, the Proponent must demonstrate how concerns of residents, 
Aboriginal people, local government, organizations and other stakeholders who 
are likely to be affected by the Project have been identified and addressed. The 
EIS will describe objectives, methods and results achieved in these discussions.  
 
The Proponent will provide a summary table as a means of showing how the 
public’s concerns have been identified and addressed. 
 
5.3 Presentation of the EIS 
 
The EIS shall be concise, analytical, and complete. When necessary, the reports 
and documents that will be needed to increase the understanding of the 
proposed project, shall be provided in a separate volume. The EIS shall have a 
complete and detailed annotated bibliography of all the studies and reports 
carried out. The EIS should also include documentation demonstrating how these 
Guidelines have been addressed.   
 
5.4 Data Presentation 
 
Whenever necessary to clarify the text and to provide a better understanding of 
what is being discussed/described, the project proponent will include graphs, 
charts, diagrams, maps, and other visual tools . 
 
Whenever possible, the maps will be provided in the same scale and projection, 
and should indicate common and accepted place-names used by the local 
people. 
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5.5 Executive Summary 
 
The Proponent shall provide a plain language Executive Summary (under 
separate cover) that gives the reader a concise but complete overview of the 
EIS. Include background on the Proponent, a brief Project overview, the Project 
setting (physical, biological and human environments), and key findings of the 
assessment. 
 
As it may be used as a stand-alone document, the Executive Summary should 
present the information in a general manner focusing on the main issues and 
findings. Use maps, tables, and figures to aid the presentation. 
 
5.6 Expectations  
 
In accordance with the Guidelines, the proponent must identify and describe the 
environmental (biological, physical, human, and socio-economic) effects likely to 
arise from the Project. If the Proponent omits from the EIS any matters required 
in these Guidelines, then that omission must be clearly indicated so that the 
Panel, the public and other interested parties will have an opportunity to 
comment on and respond to this judgment. When the Panel disagrees with the 
Proponent’s judgment, it may require the Proponent to provide additional 
information. 
 
The Proponent is expected to make use of EA guidance materials published by 
federal and provincial departments. The Proponent must employ properly 
qualified and knowledgeable professionals to conduct the assessment and must 
document the credentials of experts in an appendix. The EIS must support any 
analyses, interpretation of results and conclusions by providing all relevant 
references. 

6. INTRODUCTION TO THE ENVIRONMENTAL IMPACT STATEMENT  
 
Provide an introductory chapter that gives a brief overview of the context for the 
environmental review. The introduction will identify the Proponent, give an 
overview of the Project, describe the setting, discuss the assessment process, 
describe the regulatory environment, and highlight the study strategy and 
methodology. 

6.1 The Proponent 
 
The Proponent shall: 
 

• Identify itself and explain current and proposed ownership of rights and 
interest in the project, operational arrangements, and corporate and 
management structures; 
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• Specify the mechanism used to ensure that corporate policies are 
implemented and respected; 

• Present its environmental policy; 
• Present its policy on external communications/consultation, and 
• Identify key personnel, contractors, and/or sub-contractors responsible for 

preparing the EIS. 
 
6.2 Project Overview and Purpose 
 
The Proponent shall briefly summarize the project, including its purpose, location, 
components, and phases, workforce and equipment, associated activities, 
schedule, and cost 
 

6.3 The Project Setting 
 
The Proponent shall describe the geographic area where the project will be 
located, including an overview of the social, economical, cultural, and ecological 
setting.  Identify or describe the current and potential future land ownership within 
the project area. 

6.4 The Environmental Impact Assessment Process and Approvals 
 
The Proponent shall: 
 

• Identify the planning context for the EA of the Project; 
• Discuss government policies, regulations, and land use plans that have a 

bearing on the Project; 
• Identify the requirement for the EA under the Act and the Nova Scotia 

Environment Act. 
• Summarize the main steps in the EA process and the main approvals 

required to undertake the Project; 
• Briefly explain the EA review process; and 
• Describe the role of the EIS in the overall EA process. 

6.5 Regulatory Process Review 
 
The Proponent shall identify and briefly describe all the federal and provincial 
environmental regulations and laws that require compliance in relation to the 
planning and implementation of the project. Attention should also be given to all 
applicable policies, guidelines, codes, standards, and best management 
practices that would contribute to the avoidance or reduction of adverse impacts 
if followed. 
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The Proponent shall also identify each regulatory approval required for the 
planning and implementation of the project. Describe the approval process for 
each topic identified including: 
 

• Activity requiring approval; 
• At what stage is the approval or the permit required; 
• The regulatory agency in charge of the approval or permit; 
• Name of the approval or permit; and 
• Associated legislation  

 
6.6 International Agreements 
 
The Proponent shall describe the implications of international agreements, 
designations, or action plans that may influence the Project or its environmental 
effects. 

7. PROJECT DESCRIPTION 
 
The Proponent shall provide specific and sufficient detail to clarify the nature of 
the Project and to identify its potential effects. The Project description should, 
when read in combination with the description of the existing environment, allow 
the Panel to understand the selection of Valued Environmental Components 
(VECs), their interactions, and potential effects that may be caused on them by 
the Project.  
 
For the purpose of the EIS, VECs are interpreted as environmental, socio-
economic, human health, reasonable enjoyment of life and property, and cultural, 
historical, archaeological, paleontological and architectural features that may be 
impacted, whether positive or negative, by the proposed project. Although the 
approach to environmental management will influence the entire EIS, describe 
environmental protection and monitoring strategies later in the EIS. The overall 
approach to environmental management should be outlined in this section. 
 
7.1 The Need for, the Purpose of, Alternatives to the Project, and Alternative 
Means of Carrying out the Project  

7.1.1 Need for the Project 
 
With reference to the Memorandum of Agreement, the Proponent shall: 
 

• Describe the need for the project; 
• Explain the problem or opportunity that the Project is intending to solve; 

and 
• Clearly describe the fundamental rationale for the Project 
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7.1.2 Purpose of the Project  
 
The Proponent shall describe the purpose of the Project and identify what will be 
achieved by carrying out the Project. This should include identifying the main 
functions of the project and who will benefit from it. 
 
7.1.3 Alternatives to the Project 
 
The analysis of alternatives to the Project should establish the broad concepts or 
remediation plans that were considered in the process of developing the Project, 
the criteria considered by the Proponent in evaluating those broad concepts or 
plans and in determining the Proponent’s preferred project. Outline the rationale 
for why the Project, as proposed, was preferred by the Proponent. 
 
In light of the need for the Project, as established above, the Proponent shall: 
 

• Describe in general terms, the alternatives to the Project (those 
functionally different ways to achieve the Project need and purpose);  

• The Proponent shall also describe the do nothing alternative; 
• The alternatives to should include broad cleanup options for the Tar 

Ponds and Coke Ovens Sites, the various combinations of destruction, 
treatment and containment (in situ and ex situ), and other activities, such 
as those remediation plans or packages described in the Remedial 
Actions Evaluation Report (RAER); 

• Identify any criteria used to assess the alternatives, such as those listed in 
the Proponent’s Project Description report including the potential health 
and environmental impacts, remediation risks, technology track records, 
public acceptance, economic and social benefits, costs, affordability, 
project duration, and long term operation and maintenance requirements; 

• Discuss how community knowledge was considered and how the public 
was involved in identifying and selecting alternatives to.   

• Identify the reasons for selecting the Project from among the alternatives 
and the reasons for not selecting the other alternatives; and 

• Identify in general terms, the major beneficial and adverse effects of the 
alternatives considered 

 
 

7.1.4 Alternative Means of Carrying out the Project 
 
In summary, this section of the EIS shall include an analysis of the alternative 
means, which from the perspective of the proponent are technically and 
economically feasible methods of carrying out the project (the preferred package 
of remediation options and actions or activities identified in section 7.1.3 and in 
the Project Description).  For those alternative means that are technically and 
economically feasible, the EIS shall detail their environmental effects.   
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The Project, as described in the Proponent’s Project Description, consists of a 
series of actions or activities designed to satisfy the project need and purpose. 
These actions or activities include water control, removal and destruction of 
selected contaminants, treatment of selected contaminants in place, on site 
containment of residual contaminants, site surface restoration and landscaping, 
and long term monitoring and maintenance. 
 
Recognizing that contamination exists in the two locations (Tar Ponds and Coke 
Ovens Sites) as identified in the Project Description, the analysis of the 
alternative means should reflect variations of the actions and activities proposed 
to address the contamination in the two locations. The Proponent shall identify 
the alternate means by which these actions or activities could be carried out. This 
may include, but not be limited to, alternative water control and treatment 
methods, alternative water treatment facility locations, alternative removal and 
incineration methods, alternative solidification, stabilization and landfarming 
methods, alternative containment methods, alternative site surface and 
restoration methods, alternative materials handling methods, alternative 
transportation methods and routes, alternative timing and facility sizing and 
capacity, alternative long term monitoring and maintenance. The Proponent shall 
identify the criteria and/or thresholds used to determine whether any alternative 
means are technically and economically feasible.   
 
For those alternative means that are technically and economically feasible the 
Proponent shall detail their environmental effects. The Proponent shall also 
identify the major relative advantages and disadvantages (potential beneficial 
and adverse effects) of the alternative means and the criteria used to determine 
their advantages or disadvantages. Based on that analysis, identify the reasons 
for selecting the preferred means utilized in the proposed project and for not 
selecting other alternative means. Discuss how traditional and community 
knowledge was considered and how the public was involved in identifying and 
selecting the preferred alternative means. 
 
7.2 The Proposed Project 
 
This section of the Report shall describe the project as it is planned to progress 
through the construction, operation and decommissioning phases of its life. Any 
assumptions that underlie the details of the project design shall be described 
including how remediation criteria for the sites were developed. Where specific 
codes of practice, guidelines and policies apply to items to be addressed, those 
documents shall be cited and may be included as appendices to the EIS, 
including mapping at an appropriate scale. 

7.2.1 Location 
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Describe the ultimate boundaries of the proposed project in a regional context 
showing existing and proposed land uses and infrastructure such as road 
networks, railways, power lines, proximity to settled areas, individual and 
community water supplies, wetlands, ecologically sensitive areas and 
archaeological sites.  

7.2.2 Construction  
 
Describe permanent or temporary structures that will be constructed, including 
wastewater management facilities. Detail general construction practices, hours of 
operation and proposed construction schedules. 

7.2.3 Operations 
 
Describe all phases of operations of all components of the Project. Detail all 
proposed remedial technologies and their design. Describe operation of the 
incinerator. Describe the bioremediation to be carried out on the Coke Ovens 
site. 
Describe material handling, treatment, and disposal plans. Describe plans for the 
removal of contaminants from the Tar Ponds and Coke Ovens site, provisions for 
transportation of materials, including proposed mode and route of transport, 
identity of the volumes and quantities to be transported, provisions for 
decontaminations of trailers/railcars. 
 
Describe provisions for storage of contaminated materials (e.g. location of 
stockpiles), description of loading and transport methods, and provisions for 
minimizing impacts (e.g. erosion prevention, runoff management, measures to 
reduce wind blown particle and contaminant dispersion). 

7.2.4 Decommissioning and Reclamation 
 
Describe the proposed plans for decommissioning the facilities, including all 
infrastructure, and reclamation of any impacted sites. Describe long-term 
monitoring and maintenance requirements. The report shall also discuss the 
future land use options of the property following reclamation. 

7.2.5 Cost and Workforce 
 
For each Project phase, the Proponent shall describe the capital costs, the 
number of workers required by occupation and/or skill. 

 

7.2.6 Modifications 
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The Proponent shall describe the management approach to, and conceptual 
plans for, potential modifications (including expansion or discontinuation) to the 
physical works or activities described above. At the same time the Proponent 
shall specify the conditions or potential risks, which would necessitate 
modifications to the Project. The proposed process to follow when proposing 
modifications to the Project should be described, including plans for informing the 
public 

8. IMPACT ASSESSMENT METHODOLOGY  
 
This section shall include the study strategy, methodology and boundaries, within 
which the  EIS will be prepared.   
 
The following must be clearly defined: 
 

• The VECs within the study boundaries and the methodology used to 
identify the VECs. The methodology shall include input from members of 
the public, government department and agencies and other interested 
parties; 

• The temporal boundaries (i.e. duration of specific project activities and 
potential effects) for construction and operation;  

• The study boundaries, including all space that will be potentially impacted 
by the project as proposed or subject to subsequent modifications and the 
methodology used to identify the study boundaries; 

• Strategy for identifying potential sources of effects, the potential pathways 
by which those effects move in the environment and the potential 
receptors of those effects; 

• Strategy for investigating the interactions between the project and each 
VEC and how that strategy will be used to coordinate the individual 
studies undertaken; and 

• Strategy for predicting and evaluating project effects upon the 
environment, determining necessary mitigation, remediation and/or 
compensation; and evaluating residual effects. 

 
9. EXISTING ENVIRONMENT  
 
This section of the EIS shall provide baseline descriptions of the physical, 
biological and human (socio-economic) environments. A baseline environment is 
the condition that exists prior to Project development.  
 
The Proponent shall clearly indicate baseline data/information that is not 
available or existing data that cannot accurately represent environmental 
conditions in the project area year round. 
 
If the background data have been extrapolated or otherwise manipulated to 
depict environmental conditions in the Project area, modeling methods and 
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equations shall be described and shall include calculations of margins of error 
and other relevant statistical information, such as confidence intervals and 
possible sources of error. The components of the environment to be discussed 
shall include identified VECs and the following: 

9.1 Area Geography 
 
Describe the study area geography and topography. 

9.2 Existing and Planned Land Uses 
 
Describe the patterns of current and planned land use in the Project area 
including, but not limited to, planning strategies, proposed development, and 
development boundaries. This section should include map(s) to illustrate land 
uses and provide distances to significant settlements. 

9.3 Socio-economic Conditions 
 
Describe the current socio-economic conditions of the area. Provide a 
demographic profile of the area, including population and population trends. 
Identify factors that could contribute to in/out migration patterns. Describe 
education, training and skill levels in the area. Describe infrastructure and 
institutional capacity. 
 
Provide details of employment rates, character and make up of the local 
business community, and trends at the local and regional level.  Identify key 
industries in the region and describe their contribution to the local and regional 
economies. Describe any local and regional economic development goals and 
objectives identified through community consultation, or existing economic 
development plans and strategies. Provide details of residential and commercial 
property values. Describe recreational opportunities in the area. 
9.4 Human Health  
 
Assess health of residents of the areas affected by the Project. Employ 
appropriate qualitative and quantitative indicators regarding elements of health  
that may be affected by the Project to create baseline data.  
 
 
 
9.5 Terrain, Geology, and Soils 
 
In relation to terrain, geology, and soils, the Proponent shall describe the 
regional/area setting with reference to the topography, geomorphology, bedrock 
geology, and surficial geology. 
 

17 



9.6 Atmospheric Conditions 
 
The Proponent shall describe the existing or baseline climate conditions and 
climatic variability and trends, including, but not necessarily limited to: 
 

• Prevailing climatic conditions, seasonal variations, predominant winds 
including direction and  speed, temperature and precipitation (snowfall 
snow depth, rain, fog); 

• Occurrence and frequency of storm and extreme weather events; and 
• The focus should be on pertinent climate elements (to which the Project 

may be sensitive). 
 

9.7 Air Quality 
 
The Proponent shall: 
 

• Describe ambient air quality in the area affected by the Project and define 
the spatial boundaries of the study area and monitoring, including a 
rationale for its delineation; 

• In the study area, identify current sources of emissions, seasonal 
variations climatic conditions affecting air quality (e.g., wind direction and 
velocity) and, if known, assimilative capacity. Characterize the existing air 
quality and precipitation chemistry, including PM10, PM 2.5, PAHs, VOCs, 
SO2 and NOx and any other contaminant of potential concern (COPCs);  

• The characterization of air quality should be based on (but not limited to) 
parameters identified in national, provincial, or other relevant air quality 
standards and objectives; 

• Describe any potentially sensitive receptors or locations; and 
• Provide detailed methodology for ambient and emission air quality 

monitoring, including location, methods, instrumentation, calibrations, 
protocols, procedures, and rationale. 
 
 

9.8 Noise 
 
The Proponent shall: 
 

• Describe the existing ambient acoustical environment at the Project site, 
and in any other areas where Project activities could be expected to have 
an environmental effect; 

• Consider the effects of different meteorological conditions on noise 
propagation; and 

• Provide information on any existing relevant standards, guidelines or 
objectives with respect to noise levels.  
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9.9 Water Quality and Quantity 
 
In relation to water quality and quantity, the Proponent shall describe terrestrial 
water quality and quantity in surface water, groundwater, and wetlands, and pay 
particular attention to the interactions of the hydrologic components. 

9.9.1 Surface Water 
 
The Proponent shall: 
 

• Provide a map delineating the watershed(s) and sub-watersheds within 
the Project area; 

• Identify and delineate within the watershed(s) all recharge and discharge 
areas, ponds and lakes;  

• Identify the location, size and class (based on the Canadian Wetland 
Classification System) of any wetland within the predicted zone of 
influence and conduct a wetland evaluation; 

• Describe and quantify the hydrological conditions and water quantity and 
quality for all surface waters by: 

o Describing flow regimes; 
o Seasonal flow patterns; 
o Channel / bed / drainage basin morphology and stability;  
o Sediment load – suspended and bedload; 
o Providing estimates of normal (base and mean) flows and extreme 

(high and low) flows and water levels; and 
o Characterizing baseline water quality, including physical, chemical, 

and bacteriological parameters where relevant to identified water 
use, and related to relevant guidelines or standards. (eg Canadian 
Water Quality Guidelines). 

• Describing sampling protocols and analytical methods used; 
• Identify any storm sewers that collect surface water runoff; and 
• Describe any surface water use in the area, including both current and 

potential future uses. 
 

9.9.2 Ground Water 
 
In relation to ground water, the Proponent shall: 
 

• Provide a description of the regional and local hydrogeology of the Project 
Area. This shall include a discussion of both groundwater quality and 
quantity;  

• Describe the characteristics of surface water and groundwater interactions 
under different climatic and seasonal conditions;  

• Describe any groundwater use in the area, including both current and 
potential future uses; and  

19 



• Utilize the groundwater and surface water data to produce a 
conceptual/analytical model of the ground water conditions under and 
around the Project site.  

 
9.10 Marine Environment 
 
In relation to the marine environment, the Proponent shall describe the existing 
conditions, including water quality, currents, bathymetry and monthly and 
seasonal tidal activity including neap and spring tides. Describe avifauna, marine 
mammals, sport and commercial fishing areas, recreational areas, areas of 
cultural or historical, scientific or biological importance, shipping and navigation, 
and areas of the seafloor with engineering uses (cables, outfalls, water intakes). 
Describe marine sediments including the physical and biological processes 
related to sediment deposition, movement and quality.  Include sediment types 
and physical properties, thicknesses, chemistry, quality and mechanisms and 
rates of sediment transport. 

9.11 Flora, Fauna and Habitat 
 
Identify typical species of flora, habitat types in the Project area, flora species-at-
risk and potential habitat for flora species-at-risk in the Project area. Identify 
typical species of fauna, habitat types in the Project area, fauna species-at-risk 
and potential habitat for fauna species-at-risk in the Project area. Identify fish 
habitat that includes (but not limited to) fish spawning, rearing nursery, food 
supply and migration areas. Field surveys should be described by results, 
methodology, and temporal framework. 

9.12 Heritage Resources 
 
Identify any areas containing features of historical, cultural or archaeological 
importance. Describe the nature of the features located in those areas.  

10. ENVIRONMENTAL EFFECTS ASSESSMENT 
 
The Report shall identify and predict the magnitude and importance of project 
effects, both positive and negative, on the environment. This section shall 
address effects on identified VECs, as well as, but not limited to, the following  
socio-economic, community and biophysical environmental effects.  
 
In addition, this section shall specifically address the environmental effects of 
malfunctions or accidents.  This section shall also address effects of the 
environment on the project including a discussion of how potential climate 
change will impact the project. 
 
10.1 Effects from Existing and Planned Land Uses 
 

20 



The Proponent shall: 
 

• Describe the effect of the proposed Project on present and future 
commercial/residential/institutional/recreational and resource land uses 
within the Project area;  

• Describe the effect of the proposed project on commercial land values and 
new business development; 

• Describe the potential effects from existing or planned land uses in the 
project area; and 

• Describe effects from existing and planning undertakings in the project 
area during the lifetime of the project. 

 
10.2 Effects on Socio-economic Conditions  
 
The Proponent shall describe potential socio-economic effects, positive and 
negative, of the Project. This shall include: 

 
• Describe the potential effects of the proposed project on demographics; 

education, training and skill levels; infrastructure and institutional capacity 
in the area; 

• Describe the potential effect on the economic conditions of the area, 
including business operations in the close proximity to the project; 

• Describe the potential socio-economic benefits of the proposed project; 
• Describe the potential effect on recreational opportunities, including the 

effects on aesthetics (view planes etc); 
• Describe impacts on commercial and residential property values; and  
• Describe anticipated changes in traffic density associated with the Project. 

 
10.3 Effects on Human Health  
 
Describe and evaluate the potential effects of the Project on human health. 
Describe and evaluate potential effects on measures of health that may be 
affected by the Project.  
 
10.4 Effects on Air Quality 
 
In relation to the effects on air quality, the Proponent shall: 
 

• Describe and quantify the fate, transport and effects on air quality during 
construction and operations including transportation related activities with 
particular attention to particulate matter (PM) including PM2.5, PM10 and 
total suspended particulate (TSP), nitrogen oxides (Nox), sulphur dioxide 
(SO2), volatile organic compounds (VOC) and polycyclic aromatic 
hydrocarbons (PAH) acid gases, carbon monoxide, total hydrocarbons, 
metals, dioxins and furans, PCBs and chlorophenol levels anticipated; 
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• Describe the sources, types and estimated quantities of air emissions 
(including fugitive emissions) under routine conditions and in the case of 
malfunctions and accidental events; 

• Describe the fate, transport and effect of stack emissions and quantify 
where possible;  

• Describe the potential for micro-climate modifications in the vicinity of the 
project; and 

• Describe the predicted greenhouse gas emissions providing an inventory 
of greenhouse gas emissions from the Project.  

 
10.5 Noise Effects 
 
The Proponent shall describe the potential effects of any predicted increase in 
noise levels from the project on residential, commercial, recreational and 
institutional areas and sensitive wildlife habitats. 
 
10.6 Effects on Surface Water 
 
The Proponent shall describe the potential effects of the Project on surface water 
bodies and wetlands, including effects on surface water uses. 
 
10.7 Effects on Ground Water 
 
The Proponent shall describe any anticipated changes to groundwater quality 
and quantity. Discuss potential changes in groundwater quality or quantity on 
users of groundwater, fish, fish habitat, surface water quality and quantity, and 
wetlands. 
 
10.8 Effects on Marine Environment 
 
The proponent shall describe the effects of the Project on the marine 
environment. 
 
10.9 Effects on Flora, Fauna, and Habitat 
 
The Proponent shall describe the effects of the project on terrestrial and aquatic 
fauna, and include a full accounting of effects on species of concern and 
significant habitats. 
 
 

10.10 Effects on Heritage Resources 
 
The Proponent shall describe the effects of the Project on heritage resources.   
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10.11 Effects of Accidents and Malfunctions 
 
The Proponent shall describe the scenarios considered and the rationale for their 
use. A range of scenarios, including worst-case, should be considered. The 
Proponent shall describe the environmental effects of accidents and 
malfunctions. 
 
10.12 Effects of the Environment on the Project 
 
The Proponent shall describe how the environment may affect the Project. 

11. PROPOSED MITIGATION  
 
Mitigation includes the elimination, reduction or control of the adverse effects or 
the significant environmental effects of the Project and may include restitution for 
any damage to the environment caused by such effects through replacement, 
restoration, compensation or any other means. 
 
The Proponent shall describe all measures that have or will be taken to avoid or 
mitigate negative effects and maximize the positive environmental effects of the 
Project. The Proponent should also demonstrate the steps taken to avoid 
impacts. Describe compensation that will be provided when environmental 
damage is unavoidable or cannot be adequately mitigated by any other means. 
 
This section shall address, but not necessarily be limited to, the following: 

11.1 Regulatory Compliance 
 
Describe any legislation, regulations, guidelines, policies and specifications that 
will be adhered to during construction and operation of the facility that will lead to 
avoidance or mitigation of adverse environmental effects. 
 
11.2 Existing and Planned Land Uses 
 
Describe the measures planned to minimize the potential adverse effects on 
existing and planned land uses. 
 
11.3 Socio-Economic Effects 
 
Describe actions that will be taken to mitigate adverse effects on socio-economic 
conditions.  This shall include mitigation measures planned to address predicted 
effects on demographics; education, training and skill levels; infrastructure and 
institutional capacity in the area; economic activity, residential and commercial 
property value; recreation opportunities; and traffic patterns. Provide a dispute 
resolution policy for addressing project related complaints and concerns that may 
be received from nearby land owners or residents. 
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11.4 Human Health Effects 
 
Describe actions that will be taken to mitigate adverse effects on human health.   
 
11.5 Air Quality Effects 
 
Describe the use of best available technology that is economically affordable for 
reducing air emissions and if they will or will not be incorporated into the project, 
including the rationale for the decisions. Describe measures that will be taken to 
control emissions from all sources – stationary and mobile. Identify standards 
and targets for air quality both on site and region wide. Describe any greenhouse 
gas mitigation plans. 
 
11.6 Noise Effects 
 
Describe measures that will be taken to mitigate any potential increase in noise 
levels during the Project. 

11.7 Surface Water Quality and Quantity 
 
Describe all mitigation measures that will be used in construction, operation and 
decommissioning phases of the Project to reduce effects to surface water 
resources. Discuss commitments to provide contingency and remediation plans 
for any effect to surface water resources, including decrease of water quality or 
quantity. 

11.8 Groundwater Quality and Quantity 
 
Describe all mitigation measures that will be used in construction, operation and 
decommissioning phases of the Project to reduce effects to groundwater 
resources. Discuss commitments to provide contingency and remediation plans 
for any effect to groundwater resources, including decrease of groundwater 
quality or quantity. 
 
11.9 Marine Environment 
 
Discuss measures that will be taken to minimize the effects of the Project on the 
marine environment.  
 
 
11.10 Flora, Fauna and Habitat 
 
Discuss measures that will be taken to minimize the adverse effects of the 
Project on flora species. Describe the measures that will be taken to minimize the 
adverse effects of the Project on terrestrial and aquatic fauna. 
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11.11 Heritage Resources 
 
Describe the measures that will be taken to minimize the effects of the Project on 
heritage resources. 
 
12. CUMULATIVE EFFECTS 
 
Cumulative effects may occur when the impacts of one project or activity 
combine with the impacts of other past, present and future projects and activities. 
 
The cumulative impacts assessment must include the following five components:  
1) Scoping  
2) Analysis  
3) Mitigation  
4) Significance  
5) Follow-up 
 
Scoping: Identify the VECs, or their indicators, on which the cumulative effects 
assessment is focused, including the rationale for their selection. The spatial and 
temporal boundaries for the cumulative impact assessment must be presented 
for each VEC selected. The sources of potential cumulative effects must be 
identified. Accordingly, identify other projects or activities that have been or will 
be carried out that could produce impacts a) on the selected VEC; and b) within 
the boundaries defined; and c) whose impacts would act in combination with the 
residual impacts of the Project.  
 
Analysis: The analysis of the cumulative effect must enable an understanding of 
the incremental contribution of all projects or activities, and of the Project alone, 
to the total cumulative effect on the VEC over the life of the Project. Different 
types of potential impacts should be discussed, such as synergistic, additive, 
induced and spatial or temporal overlap. Impact pathways and trends should be 
included.  
 
Mitigation: Identify tools and approaches to mitigating cumulative impacts, 
including economic and technical considerations, as well as community 
involvement. Identify proposed mitigation, including a discussion on goals and 
effectiveness. Discuss any proposed application of adaptive management. If 
Project-related cumulative impacts remain following mitigation, discuss the need 
to pursue regional and/or non-Project specific mitigative measures. In this case, 
discuss how the Proponent would contribute to, influence or control the 
implementation of mitigation that extends beyond its Project (e.g., possible 
approaches, policies, coordination, partnerships). Discuss any other proposed 
actions or initiatives that the Proponents would carry out to strengthen or improve 
aspects of the physical, biological or human environments vulnerable to 
cumulative impacts. 
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Significance: For each VEC or indicator assessed, evaluate the significance of 
residual cumulative impacts and discuss the relative contribution of the Project to 
those impacts. Identify how significance was determined. The analysis must 
indicate the Proponents’ view as to whether the Project would be responsible for 
adversely affecting a VEC or indicator beyond an acceptable point and how that 
VEC relates to the state and trends in the broader physical, biological or human 
environments.  
 
Follow-up: Follow-up refers to proposed monitoring that would be undertaken 
following Project approval, specifically to verify the accuracy of cumulative 
impacts predictions and the effectiveness of mitigation.  

13. CAPACITY OF RENEWABLE RESOURCES 
 
Consider the capacity of renewable resources that are likely to be significantly 
affected by the Project to meet the needs of the present and those of the future 
would be affected. 
 
Identify those resources likely to be significantly impacted by the Project, and 
describe how the Project could affect their sustainable use. Identify and describe 
any criteria used in considering sustainable use. 

14. RESIDUAL ADVERSE EFFECTS  
 
This section of the Report shall list and contain a detailed discussion and 
evaluation of the residual effects for each VEC, including the criteria for 
determining significance (under the EA Regulations “significant” means, with 
respect to an environmental effect, an adverse effect in the context of its 
magnitude, geographic extent, duration, frequency, degree of reversibility, 
possibility of occurrence or any combination of the foregoing). Residual effects 
are those adverse effects or significant environmental effects, which cannot or 
will not be avoided or mitigated through the application of environmental control 
technologies or other acceptable means. Those effects that cannot be mitigated 
or avoided shall be clearly distinguished from those effects that will not be 
mitigated or avoided.  
 
These effects become important in the evaluation of a proposed project as they 
represent the environmental cost of the Project. 
 
 
15. EVALUATION OF THE ADVANTAGES AND DISADVANTAGES  
 
This section shall present an overall evaluation of the advantages and 
disadvantages to the environment, including the VECs, during the construction, 
operation and decommissioning phases of the Project. The evaluation of the 
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disadvantages shall include an examination of the significance of each 
disadvantage and a discussion of its justification. 
 
16. PROPOSED COMPLIANCE AND EFFECTS MONITORING AND FOLLOW 
UP PROGRAMS 
 
The Proponent shall include a framework upon which compliance and effects 
monitoring will be based throughout the life of the proposed project, including 
abandonment. Monitoring programs must be designed to determine the 
effectiveness of the implemented mitigation measures. Monitoring should be 
designed to incorporate baseline data, compliance data, and real time data. As 
part of the monitoring program, the Proponent shall describe the compliance 
reporting methods to be used, including reporting frequency, methods and 
format.   
 
The Proponent shall include a proposed monitoring schedule which indicates the 
duration of effects monitoring following Project completion. 
 
The description of the compliance and effects monitoring program shall include 
any contingency procedures/plans for addressing potential exceedances of 
environmental protection standards, guidelines or approvals.  
 
The compliance and effects monitoring program shall also indicate who will be 
responsible for ongoing monitoring as well as any plans to make monitoring 
results available for peer review or public review. 
 
Discuss the need for, and requirements of, a follow-up program, including 
consideration of:  
 

• the need for such a program and its objectives; 
• the main components of the program; 
• how it would be structured; 
• the roles to be played by the Proponent, regulatory agencies, Aboriginal 

people and others in such a program; 
• possible involvement of independent researchers; 
• the sources of funding for the program; and 
• information management and reporting. 

 
17. PUBLIC INFORMATION PROGRAM 
 
This section of the report shall detail the public information program initiated by 
the Proponent. The Proponent shall describe in detail the opportunities that have 
been or will be provided to allow the public to express their concerns and receive 
information on the various phases of project development including planning 
design, EA review, operation, abandonment, site rehabilitation, post 
abandonment and monitoring. This section shall include a description of the 
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various stakeholders for this Project and how they were identified and informed 
of the Project. 
 
The results of public consultation and information sessions shall detail what 
comments were raised, how they were addressed, including any commitments 
made by the Proponent. 

18. ASSESSMENT SUMMARY AND CONCLUSION 
 
This section of the report shall summarize the overall findings with emphasis on 
the main environmental issues identified. 
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Appendix 1  
 

Agreement Concerning the Establishment of a Joint Review Process 
for the Sydney Tar Ponds and Coke Ovens Sites Remediation Project 

Between 
Her Majesty the Queen in Right of Canada as represented by the  

Minister of the Environment, Canada 
- and - 

Her Majesty the Queen in Right of Nova Scotia as represented by the Minister of 
Environment and Labour, Nova Scotia (“NSEL”) 

 
 
Preamble 

WHEREAS the Minister of the Environment, Canada, has statutory 
responsibilities pursuant to the Canadian Environmental Assessment Act; 

WHEREAS the Minister of Environment and Labour, Nova Scotia, has statutory 
responsibilities pursuant to the Nova Scotia Environment Act and has determined 
the Sydney Tar Ponds and Coke Ovens Sites Remediation to be an undertaking 
pursuant to subsection 3(2) of the Environmental Assessment Regulations; 

WHEREAS the Minister of Public Works and Government Services, Canada, and 
the Premier of Nova Scotia signed a Memorandum of Agreement (MOA) on 
May 12, 2004, for the Remediation of the Sydney Tar Ponds and Coke Ovens 
Sites in the Cape Breton Regional Municipality; 

WHEREAS portions of the Sydney Tar Ponds and Coke Ovens Sites are 
federally and provincially owned and the remediation of the Sites is jointly 
funded; 

WHEREAS the Sydney Tar Ponds Agency (the Proponent) is designated 
pursuant to the MOA for the management and implementation of the Project; 

WHEREAS the Sydney Tar Ponds Agency plans to remediate and rehabilitate 
the Tar Ponds and Coke Ovens Sites, in accordance with the MOA, which is 
subject to an environmental assessment under both the Canadian Environmental 
Assessment Act and the Nova Scotia Environment Act; 

WHEREAS the MOA commits Canada and Nova Scotia to a joint environmental 
assessment; 

WHEREAS the Project was referred to a review panel in accordance with 
section 29 of the Canadian Environmental Assessment Act; 
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WHEREAS the Minister of Environment and Labour, Nova Scotia, may, pursuant 
to section 47 of the Nova Scotia Environment Act, enter into an agreement with 
another government agency to conduct a joint environmental assessment review 
and to adopt for the purposes of the review all or part of that government 
agency's procedures for environmental assessment; 

WHEREAS the Minister of Environment and Labour, Nova Scotia, may, pursuant 
to section 48 of the Nova Scotia Environment Act, enter into an agreement with 
another government agency to provide for a single hearing process; 

WHEREAS the Minister of Environment and Labour, Nova Scotia, and the 
Minister of the Environment, Canada, have determined that a joint panel review 
of the Project will ensure that the project is evaluated according to the spirit and 
requirements of their respective legislation while avoiding unnecessary 
duplication, delays and confusion that could arise from separate environmental 
assessments; 

WHEREAS the Minister of the Environment, Canada, has determined that a joint 
review panel should be established pursuant to subsection 40(2) of the Canadian 
Environmental Assessment Act; 

THEREFORE, the Minister of Environment and Labour, Nova Scotia, and the 
Minister of the Environment, Canada, hereby establish a joint review panel for 
the Project in accordance with the provisions of this Agreement and the Terms of 
Reference attached hereto as an Appendix. 

1.0 Definitions 

For the purpose of this Agreement and of the Appendix attached hereto, 

"Agency" 

means the Canadian Environmental Assessment Agency. 

"Day" 
 means calendar day. 
 
"Environmental Effect" 

means, in respect of the Project, 

a) any change, whether positive or negative, that the Project may cause 
in the Environment, including any change it may cause to a listed 
wildlife species, its critical habitat or the residence of individuals of that 
species, as those terms are defined in subsection 2(1) of the Species 
at Risk Act and, 
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b) any effect on socio-economic conditions, environmental health, 
physical and cultural heritage, the current use of lands and resources 
for traditional purposes by aboriginal persons, or on any structure, site 
or thing including those of historical, archaeological, paleontological or 
architectural significance and, 

c) any change to the project that may be caused by the environment, 
whether any such change or effect occurs within or outside Canada. 

"Environmental Impact Statement" 

means the document that the proponent has prepared in accordance with 
the Environmental Impact Statement Guidelines to be prepared by the 
parties. 

"Federal Authority" 

refers to such an authority as defined in the Canadian Environmental 
Assessment Act. 

"Follow-up Program" 

means a program for verifying the accuracy of the environmental 
assessment of the Project, and determining the effectiveness of any 
measures taken to mitigate the adverse environmental effects of the 
Project. 

"Joint Review Panel" 

means the review panel established jointly by the Minister of Environment 
and Labour, Nova Scotia, and the Minister of the Environment, Canada, 
pursuant to this Agreement. 

"Memorandum of Agreement" 
 
 means the agreement signed by the Premier of Nova Scotia and the 

Minister of Public Works and Government Services, Canada, on May 12, 
2004 for the remediation of the Sydney Tar Ponds and Coke Ovens Sites 
in the Cape Breton Regional Municipality. 

 
"Mitigation" 

means, in respect of the Project, the elimination, reduction or control of the 
adverse environmental effects of the Project, and may include restitution 
for any damage to the environment caused by such effects through 
replacement, restoration, compensation or any other means. 
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“NSEL” 

means Nova Scotia Environment and Labour. 

"Parties" 

means the signatories to this Agreement. 

"Project"  

means the Sydney Tar Ponds and Coke Ovens Sites Remediation Project, 
located in Sydney, Nova Scotia, as described in the Project Description 
document submitted by the Sydney Tar Ponds Agency and summarized in 
Part I of the Appendix attached hereto. 

"Report" 

means the document produced by the Joint Review Panel which shall 
contain the recommendations of the Joint Review Panel pursuant to the 
Nova Scotia Environment Act and the Joint Review Panel's rationale, 
conclusions and recommendations, including any mitigation measures and 
follow-up program, pursuant to the Canadian Environmental Assessment 
Act with respect to the environmental assessment of the Project. 

"Responsible Authority" 

refers to such an authority as defined in the Canadian Environmental 
Assessment Act. 

2.0 Establishment of the Joint Review Panel 

2.1 A process is hereby established for the creation of a joint review panel, 
pursuant to sections 40, 41 and 42 of the Canadian Environmental Assessment 
Act, and sections 47 and 48 of the Nova Scotia Environment Act. 

2.2 The Agency and NSEL will make arrangements for the coordination of 
announcements respecting the joint review of the Project, including review 
process initiatives that precede the establishment of the Joint Review Panel. 

3.0 Constitution of the Joint Review Panel 

3.1 The Joint Review Panel shall consist of three members, one of whom shall 
be the chair. 

3.2 The Joint Review Panel members including the chair will be appointed by the 
Minister of the Environment, Canada, and the Minister of Environment and 
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Labour, Nova Scotia, from a list of nominees selected by the Parties.  Following 
interviews to be conducted jointly by the Agency and NSEL, each of the Parties 
will select three nominees and at least one nominee selected by each of the 
Parties will be appointed members of the Panel.  The parties will agree on the 
appointment of a chairperson.  The members of the Joint Review Panel will be 
appointed following release of the final EIS Guidelines. 

3.3 The Joint Review Panel members shall be unbiased and free from any 
conflict of interest relative to the Project and are to have knowledge or 
experience relevant to the anticipated environmental effects of the Project. 

4.0 Conduct of Assessment by the Joint Review Panel 

4.1 The Joint Review Panel shall conduct its review in a manner that discharges 
the requirements set out in the Canadian Environmental Assessment Act, Part IV 
of the Nova Scotia Environment Act and in the Terms of Reference attached 
hereto as an Appendix. 

4.2 All Joint Review Panel hearings shall be public and shall provide for public 
participation. 

4.3 The Joint Review Panel shall have all the powers and duties of a panel set 
out in section 35 of the Canadian Environmental Assessment Act. 

5.0 Secretariat and Administrative Matters 

5.1 Administrative, technical, and procedural support for the Joint Review Panel 
shall be provided by a Secretariat.  The Secretariat shall be the joint 
responsibility of the Agency and NSEL. 

5.2 The Secretariat shall report to the Joint Review Panel and shall be structured 
so as to allow the Joint Review Panel to conduct its review in an efficient and 
cost-effective manner. 

5.3 Prior to the appointment of the Joint Review Panel, the Agency and NSEL 
shall prepare a budget estimate for the joint review. 

5.4 Costs associated with the review will be apportioned between the parties 
70% federally funded and 30% provincially funded.  A detailed cost-sharing 
agreement is to be finalized by the Agency and NSEL prior to the appointment of 
the Joint Review Panel. 

6.0 Record of Joint Review and Report 

6.1 A public registry consisting of all submissions, correspondence, hearing 
transcripts, exhibits and other information received by the Joint Review Panel 
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and all public information produced by the Joint Review Panel relating to the 
environmental assessment of the Project shall be maintained by the Secretariat 
during the course of the review in a manner that provides for convenient public 
access, and for the purposes of compliance with section 55 of the Canadian 
Environmental Assessment Act and the practices of NSEL. 

6.2 On completion of the review of the Project, the Joint Review Panel shall 
prepare a Report for submission to the Minister of the Environment, Canada, and 
the Minister of Environment and Labour, Nova Scotia. 

6.3 The Report shall include recommendations on all factors set out in section 16 
of the Canadian Environmental Assessment Act and, section 12 of the Nova 
Scotia Environmental Assessment Regulations.  The report shall also include a 
recommendation pursuant to Part IV of the Nova Scotia Environment Act.

6.4 Once completed, the Joint Review Panel will submit the Report, to the 
Minister of the Environment, Canada, and the Minister of Environment and 
Labour, Nova Scotia, and the Parties will then make the Report public. 

6.5 Once the Report is submitted to the Minister of the Environment, Canada, 
and the Minister of Environment and Labour, Nova Scotia, the responsibility for 
the maintenance of the public registry, pursuant to the Canadian Environmental 
Assessment Act, will be transferred to the Responsible Authorities. 

6.6 All Responsible Authorities shall take into consideration the Report submitted 
by the Panel and, with the approval of the Governor in Council, respond to the 
Report.  Then, the Responsible Authorities shall take one of the courses of action 
provided for in subsection 37(1) of the Canadian Environmental Assessment Act 
that is in conformity with the approval of the Governor in Council. 

6.7 The Minister of Environment and Labour, Nova Scotia, shall consider the 
recommendation of the Panel, and either approve with conditions, or reject the 
Project. 

6.8 The Parties will consult and coordinate on the nature and timing of their 
respective decisions on the project. 

7.0 Other Government Departments 

7.1 At the request of the Joint Review Panel, Federal Authorities and provincial 
government agencies having specialist knowledge with respect to the Project 
shall provide available information and knowledge in a manner acceptable to the 
Joint Review Panel. 

7.2 Subject to article 7.1 and subsection 12(3) of the Canadian Environmental 
Assessment Act, nothing in this agreement shall restrict participation by way of 
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submission to the Joint Review Panel by other federal or provincial government 
departments or bodies. 

8.0 Participant Funding 

8.1 Participant funding for the joint review will be provided and administered by 
the Agency pursuant to the federal Participant Funding Program. 

9.0 Amending this Agreement 

9.1 The Parties may amend this Agreement by written memorandum executed by 
both the Minister of the Environment, Canada, and the Minister of Environment 
and Labour, Nova Scotia.  Subject to section 27 of the Canadian Environmental 
Assessment Act, this agreement may, with 30-day written notice, be terminated 
by either party at any time during the joint review. 

  

In witness whereof the Parties hereto have put their signatures this __13_ day of 
__July___ 2005. 

_________Original signed by:_______________ 
Minister of the Environment 
Canada 

__________Original signed by:______________ 
Minister of Environment and Labour 
Nova Scotia 
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Appendix 
 
Terms of Reference for the Joint Review Process 
 
Part I - Project Description 

Pursuant to the Memorandum of Agreement, the Sydney Tar ponds Agency (the 
proponent) is proposing to remediate the Sydney Tar Ponds and Coke Ovens 
Sites in the Regional Municipality of Cape Breton (CBRM), Nova Scotia. 

The proposed remediation project would involve the removal of selected 
polychlorinated biphenyl (PCB) and polycyclic aromatic hydrocarbon (PAH) 
contaminated sediments from the Tar Ponds and Coke Ovens Sites, and destroy 
it in a temporary incinerator that will be located within the CBRM.  Sediments that 
remain in the Tar Ponds would be solidified and stabilized in-place.  Water 
course diversion channels would redirect surface water flowing through the 
Tar Ponds site.  A containment system of barrier walls and an engineered cap 
would be constructed to reduce exposure and to prevent the movement of 
contaminants away from the Tar Ponds site.  The Tar Ponds site surface would 
be restored and landscaped in a manner compatible with the natural 
surroundings of the area and future site uses. 

At the Coke Ovens site, selected remaining contaminated soils would be treated 
in-place using landfarming, a form of bioremediation.  Diversion channels and 
barrier walls would reroute groundwater and surface water flowing through the 
Coke Ovens site.  A containment system of barrier walls and soil cover would be 
constructed to reduce exposure to contaminants and to prevent the movement of 
contaminants from the Coke Ovens site.  Coke Ovens site surfaces would be 
restored and landscaped in a manner compatible with the natural surroundings 
and future sites uses. 

Pre-cleanup activities would include construction of parking lots, equipment and 
supply storage areas, security facilities, offices and washrooms, decontamination 
facilities for personnel, equipment decontamination pads, and isolation pads.  
A dedicated use water treatment facility may be required.  A temporary 
incinerator and associated facilities would be commissioned, requiring an area of 
approximately 2 to 5 hectares.  The proponent plans completion of clean-up and 
capping of the Coke Ovens site by 2011, and the Tar Ponds site by 2014.  Final 
uses of the Tar Ponds and Coke Ovens Sites are not part of the proposed 
project. 

Part II - Components of the Review Process 

1. The Agency and NSEL shall develop joint draft guidelines for the 
preparation of the Environmental Impact Statement building on the 
preliminary guidance contained in the document entitled "Remediation of 
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the Sydney Tar Ponds and Coke Oven Sites – Draft Scoping Document" 
prepared by Public Works and Government Services Canada in 
consultation with Environment Canada and Transport Canada and dated 
February 2005.  The public and stakeholders shall be provided with 30 
days to review the draft guidelines and provide comments to the Agency 
and Nova Scotia Environment and Labour. 
 

2. Within 30 days of the close of the comment period specified in clause 1, 
after taking into account the comments received by the public and 
stakeholders, the Parties shall issue the Environmental Impact Statement 
guidelines (the Final Guidelines) to the proponent, 
 

3. The Parties shall require the proponent to prepare the Environmental 
Impact Statement in accordance with the Final Guidelines issued by the 
Parties.  The Parties expect the Proponent to submit the Environmental 
Impact Statement to the Joint Review Panel no later than 
December 30, 2005 
 

4. The Joint Review Panel shall require the proponent to distribute the 
Environmental Impact Statement for examination and comment by the 
public and stakeholders to determine whether additional information 
should be provided before convening public hearings.  The Environmental 
Impact Statement shall be made available for public examination and 
comment for a period of 48 days. 
 

5. Written comments received pursuant to clause 4 shall be made public and 
be provided to the proponent by the Joint Review Panel within two days.  
The proponent shall, as appropriate, provide to the Joint Review Panel its 
response to the written comments not later than 14 days following 
completion of the period for public examination and comment. 
 

6. Should the Joint Review Panel identify deficiencies after reviewing the 
Environmental Impact Statement, and in consideration of any comments 
received from the public, stakeholders or the proponent pursuant to 
clauses 4 and 5, the Joint Review Panel may require additional 
information it deems necessary from the proponent.  Any request for 
additional information shall be issued within 14 days following the 
expiration of the period for public examination and comment described in 
clause 4 or 14 days following receipt of written comments from the 
proponent as described in clause 5, whichever occurs later. 
 

7. The Joint Review Panel shall schedule and announce the start of its public 
hearings once it is satisfied that the necessary information has been 
provided; it shall provide public notice of 21 days prior to the start of the 
hearings.  The hearings shall not exceed 21 days in duration.  A longer 
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period would require approval by both parties. 
 

8. The Joint Review Panel will hold its hearings within the Cape Breton 
Regional Municipality. 
 

9. The Joint Review Panel shall deliver its Report to the Parties to this 
agreement within 55 days following the close of the public hearings.  
The Parties will then make the Report public. 

 

Part III - Scope of the Environmental Assessment and Factors to be Considered 
in the Review 

The Minister of the Environment, Canada, and the Minister of Environment and 
Labour, Nova Scotia, have determined that the Joint Review Panel shall include 
in its review of the Project, consideration of the following factors: 

a. Purpose of the Project 
b. Need for the Project 
c. Alternative means of carrying out the Project that are technically and 

economically feasible and the environmental effects of any such 
alternative means 

d. Alternatives to the Project 
e. The location of the proposed undertaking and the nature and sensitivity of 

the surrounding area 
f. Planned or existing land use in the area of the undertaking 
g. Other undertakings in the area 
h. The environmental effects of the Project, including the environmental 

effects of malfunctions or accidents that may occur in connection with the 
Project and any cumulative environmental effects that are likely to result 
from the Project in combination with other projects or activities that have 
been or will be carried out. 

i. The significance of the effects referred to in h) 
j. The socio-economic effects of the Project 
k. The temporal and spatial boundaries of the study area(s) 
l. Comments from the public that are received during the review 
m. Steps taken by the proponent to address environmental concerns 

expressed by the public 
n. Measures that are technically and economically feasible and that would 

mitigate any significant adverse environmental effects of the Project 
o. Follow-up and monitoring programs including the need for such programs 
p. The capacity of renewable resources that are likely to be significantly 

affected by the Project to meet the needs of the present and those of the 
future 

q. Residual adverse effects and their significance 
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APPENDIX 2 – Glossary and Acronyms 
 

Adverse Effect: means an effect that impairs or damages the environment, 
including an adverse effect respecting the health of humans or the reasonable 
enjoyment of life or property.  
 
Agency: means the Canadian Environmental Assessment Agency.  
 
Agreement: means the Agreement between Canada and Nova Scotia for the 
establishment of the Joint Review Panel (see Appendix 1).  
 
Contingency Plan: means a program intended to address malfunctions, 
accidents or unplanned events that may occur in connection with the proposed 
Project.  
 
Cumulative Environmental Effect: means the additive and interactive effects of 
the proposed Project in combination with other projects or activities that have 
been or will be carried out.  
 
Day: means a calendar day.  
 
Environment: means the components of the earth and includes: 
  
a. land, water and air, including all layers of the atmosphere,  
b. all organic and inorganic matter and living organisms,  
c. the social, economic, recreational, cultural, spiritual and aesthetic conditions 

and factors that influence the life of humans and communities, and  
d. a part or combination of those things referred to in paragraphs (a) to (c) and 

the interrelationships between two or more of them.  
 
Environmental Assessment: means an assessment of the environmental 
effects of the proposed Project that is conducted in accordance with the 
Agreement and Terms of Reference.  
 
Environmental Effect: means, in respect of the Project,  
a. any change, whether positive or negative, that the Project may cause in the 

Environment, including any change it may cause to a listed wildlife species, 
its critical habitat or the residence of individuals of that species, as those 
terms are defined in subsection 2(1) of the Species at Risk Act and,  

b. any effect on socio-economic conditions, environmental health, physical and 
cultural heritage, the current use of lands and resources for traditional 
purposes by aboriginal persons, or on any structure, site or thing including 
those of historical, archaeological, paleontological or architectural 
significance and,  
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c. any change to the project that may be caused by the environment, whether 
any such change or effect occurs within or outside Canada.  

  
Environmental Impact Statement (EIS): means the document that the 
proponent has prepared in accordance with the Environmental Impact Statement 
Guidelines to be prepared by the parties.  
 
EIS Guidelines: means the direction provided to the Proponent by the Panel on 
matters which must be addressed in the Proponent's Environmental Impact 
Statement.  
 
Follow-up Program: means a program to  
 
a. verify the accuracy of the environmental assessment of the proposed Project, 

and  
b. determine the effectiveness of any measures taken to mitigate the adverse 

environmental effects of the proposed Project. 
 
Mitigation: means in respect of the Project, the elimination, reduction or control 
of the adverse environmental effects of the proposed Project, and includes 
restitution for any damage to the environment caused by such effects through 
replacement, restoration, compensation or any other means,  
 
Panel: means the Joint Review Panel appointed pursuant to the Agreement.  
 
Project: means the Sydney Tar Ponds and Coke Ovens Sites Remediation 
Project, located in Sydney, Nova Scotia, as described in the Project description 
document submitted by the Sydney Tar Ponds Agency and summarized in the 
Agreement.  
 
Proponent: means the Sydney Tar Ponds Agency.  
 
Residual Effect or Impact: means an environmental effect remaining after all 
mitigative measures have been applied.  
 
Responsible Authority: refers to such an authority as defined in the Canadian 
Environmental Assessment Act. 
  
Secretariat: means the administrative staff in support of the Joint Panel 
activities, established under the terms of the Agreement.  
 
Terms of Reference: means the Terms of Reference for the Panel, as set out in 
the Agreement (Appendix 1).  
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Valued Environmental Components: means selected components of the 
physical, biological and human environments that may be impacted, positive or 
negative, by the Project and which will be the focus of the environmental 
assessments.  
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1.0 BACKGROUND  
 
The background information provided in this Appendix is based on information contained in the 
RAER for the Tar Ponds and Coke Ovens sites (CBCL/ENSR, 2003).  
 
Located in the heart of the CBRM, the landscape of the Muggah Creek Watershed and its 
estuary 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.  
 
Many of the production activities associated with the early coal and steel industry used raw 
materials, or produced wastes that 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 hydrocarbons (benzene, xylene, toluene), and 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 contained 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 Ovens Brook, Muggah Creek, and Sydney Harbour. 
 
The environments 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 northeastern 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 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 wastewater 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 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 remediation of 
impacted lands and water within the watershed have focused primarily on 4 areas (JAG, 1998): 

• the North and South Ponds of the Muggah Creek (the Tar Ponds); 

• the former Coke Ovens site; 
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• the Coke Ovens Brook Connector (a tributary to Muggah Creek); and 

• the former municipal landfill. 
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2.0 HISTORICAL DATA 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, EC examined effluent discharges from operations of the 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). 
 
Environment Canada subsequently undertook a review of existing data on pollution sources and 
effects in Industrial Cape Breton (EC, 1983).  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 Ovens Brook. 
 
2.1 EARLY REMEDIATION 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 remediation of the Tar Ponds.  
 
In 1984, Acres International Limited 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 cubic yards (yd3) (i.e., >535,500 cubic metres (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 remediation 
Project (EC, 1986) described the planned clean up and discussed the potential for PAH 
releases.  The proposed clean up 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 Ovens Brook would be first 
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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 also reviewed waste incineration processes for the purpose of selecting one for 
the Tar Ponds Remediation (Acres, 1988a).  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 to 80% of 
the total content of PAHs in the samples; 

• concentrations of Heterocyclic Nitrogeneous Compounds (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, 1988b), Acres International Limited reported 
that a large part of the Coke Ovens Brook watershed (within the site) was contaminated with 
organic chemicals derived from past coking operations.  Acres suggested that the remediation 
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 Ovens 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 Ovens 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 Ovens 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 Ovens 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; 
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• 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 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 undertook an investigation of the southeastern shorelines of the Tar Ponds to 
identify areas of potential contamination that may have been covered by infilling (Acres, 1989).  
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 
3 boreholes encountered a contaminated layer that 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 3 monitoring 
wells were installed.  Relevant conclusions from these investigations were: 

• 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 Ovens 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. 
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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 Ovens 
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 1 or 2 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 Ovens 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 technologies (Acres, 1990b).  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 remediation; 

• 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. 
 
A second dyke 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 remediation 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 mega watt (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 
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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 clean up of the Coke 
Ovens Brook and the Coke Ovens site, but activities in these locations were intended to be part 
of a longer-term Project. 
 
Concentrations of PCBs (i.e., polychlorinated biphenyls) in the Tar Ponds sediment were 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 
concentrations 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 PCBs was over 2,000 ppm.  
The quantity of materials contaminated with elevated levels of PCBs was estimated to be 
approximately 4,800 m3.  At this time it was recommended that the PCB material be removed 
from the Pond and transported to an approved storage site.  
 
An independent review of the Tar Ponds remediation 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 2 significant conclusions.  First, although the 
proposed equipment and processes for the remediation 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 clean up process.  Secondly, the capacity of the 
remediation 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 remediation Project in 1994. 
 
2.2 CONTAINMENT APPROACHES TO REMEDIATION 
 
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 of this request, an alternative approach was proposed, based on 
containment of the contaminated sediments in the Tar Ponds.  This in situ (i.e., in-place) 
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: 
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• 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 Ovens 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 remediation approach with a “do nothing” option (JWEL-
IT, 1996a).  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 Ovens 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, 1996b) and assessed remedial methods for the PCB 
contaminated sediment.  A total of 8 areas of PCB contaminated sediment were defined, 
varying considerably in size and thickness.  The total in situ 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, 1996c) 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 clean up of the 
Tar Ponds, and the Project was never implemented. 
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3.0 PUBLIC CONSULTATION 
 
An unprecedented level of consultation has occurred with the public and government 
stakeholders over a 7-year period.  In 1996, citizens of the Sydney community and the 3 levels 
of government formed the JAG to seek consensus around acceptable, safe, and technically 
sound clean up solutions.  Throughout the 7 years when JAG existed, residents of the CBRM 
had numerous opportunities for input into the recommendations made to government 
concerning remedial options for the Tar Ponds and Coke Ovens sites.  Over that period more 
than 100,000 volunteer hours were spent and 900 public meetings were held to gather public 
opinions on what the future remedial options should involve. 
 
3.1 JOINT ACTION GROUP 
 
JAG was comprised of local residents, business people, representatives of the 3 levels of 
government, and representatives from local communities, First Nations, 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 evolved and 
broadened its scope to include the former Coke Ovens site, as well as the downstream impacts 
of the existing Municipal Landfill (JAG, 1998). 
 
A Memorandum of Understanding (MOU) was signed on 19 September 1998 by the 
Government of Canada, the Government of Nova Scotia, the CBRM, and the JAG setting out a 
framework for a community based process (known as the JAG process).  This process 
expressed the collective will of all parties to seek solutions to the environmental and health risks 
associated with the Muggah Creek Watershed (JAG, 1998). 
 
JAG was supported by a Secretariat, managed by a Steering Committee, and reported to a 
Roundtable made up of approximately 40 to 45 community representatives and 6 government 
representatives (2 from each level of government).  JAG’s mission was to educate, involve and 
empower the community, through partnerships, to determine and implement acceptable 
solutions for the Sydney Tar Ponds and Coke Ovens sites, and to assess and address the 
impact on human health (JAG, 1998). 
 
JAG identified the process outlined in the CCME National Guidelines for Decommissioning of 
Industrial Sites (CCME, 1991) as an appropriate process for application to the remediation 
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 remediation plans. 
 
In February 2003, JAG was presented with a report containing a short list of safe and effective 
remedial options.  The RAER (CBCL/ENSR, 2003) identified options that were technically 
feasible and commercially available, and provided a short list of 4 preferred remedial options for 
each of the 2 sites.  This evaluation process also included criteria such as duration of 
remediation and the associated costs for each option. 
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JAG subjected this report to an intense public consultation.  More than 1,700 residents took part 
in workshops to consider the options in detail.  Table 3.1 summarizes the remedial options that 
were assessed by JAG for both sites.   
 
The results of the JAG consultation provided a cross-section of views on how best to remediate 
the Tar Ponds and Coke Ovens.  JAG considered the community response and, in May 2003, 
JAG urged governments to use removal and destruction technologies in the remediation of the 
Tar Ponds and Coke Ovens. 
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TABLE 3.1 Summary of Proposed Remediation Options 
Tar Ponds Remediation Options Description 

Excavation of North Tar Pond, 
Containment in South Tar Pond. 

This option would excavate sediment from the North Tar Pond and place it in 
a bermed containment area to be built in the South Tar Pond.  When 
completed, the containment facility would be fitted with an engineered cap 
and planted with grass.  PCB material would go to an offsite incinerator 
approved for PCB destruction. 

Excavation of both Tar Ponds, 
Containment at Coke Ovens. 

This option would excavate sediments from both Tar Ponds, solidify them, 
and place them in an engineered containment facility at the Coke Ovens site.  
PCB material would go to an offsite incinerator approved for PCB destruction.

Excavation, Soil Washing, 
Bioremediation, Co-Burning, and 
Containment. 

This option would excavate sediment from both Tar Ponds and treat it with 
soil washing and possibly bioremediation.  Fuel material recovered in this 
manner would go to an offsite power plant or cement kiln for co-burning.  PCB 
materials would be treated on site with pyrolysis or thermal desorption, then 
destroyed through offsite incineration, plasma, or hydrogen reduction.  In both 
cases the treated sediment would be sent to the Coke Ovens site and, if 
necessary, placed there in an engineered containment facility. 

Excavation and Co-Burning This option would excavate sediment from both Tar Ponds and send it to a 
power plant or cement kiln for co-burning.  PCB material would go to an offsite 
incinerator approved for PCB destruction. 

Excavation and On-site Incineration This option would excavate sediment from both Tar Ponds and incinerate it on
site in an approved facility or facilities.  Incinerator ash would go to an 
engineered landfill at the Coke Ovens site. 

Containment and Capping of Both 
Ponds 

This option would contain sediment in both ponds under an engineered cap.  
Grass would cover the above-water portions of the cap (all of the South Pond 
and part of the North Pond). 

Coke Ovens Remediation Options Description 
Excavation, Bioremediation and 
Containment 

This option would bioremediate PAH-contaminated surface soils and then 
cover the excavated area with soil and plant with grass.  Cutoff walls would 
prevent subsurface contaminated groundwater and coal tar from intruding into 
the lower reaches of Coke Ovens Brook.  A trench in the old streambed would 
collect coal tar and groundwater, with the groundwater going to a water 
treatment plant. 

Excavation and Containment  The option would excavate the top 2 m of soil from contaminated areas and 
replace it with imported fill.  The contaminated soil would go into an 
engineered landfill on site.  Underground chambers and tunnels would be 
removed or filled, and the site would be covered with soil and planted with 
grass. 

Excavation, Soil Washing and Co-
Burning 

This option would excavate the top 2 m of soil from contaminated areas and 
replace it with imported fill.  Soil washing would separate contaminants from 
excavated soil.  Fuel material recovered in this manner would be sent to an 
offsite power plant or cement kiln for co-burning.  The remaining material 
would go into an engineered landfill on site.  Underground chambers and 
tunnels would be removed or filled, and the site would be planted with grass. 

Excavation, Pyrolysis and Co-Burning This option would excavate the top 2 m of soil from contaminated areas and 
replace it with imported fill.  Pyrolysis would separate contaminants from the 
excavated soil.  Fuel material recovered in this manner would be sent to an 
offsite power plant or cement kiln for co-burning.  The remaining material 
would go into an engineered landfill on site.  Underground chambers and 
tunnels would be removed or filled, and the site would be planted with grass. 

Source:  Imagine What our Community Could Be…. Short List of Options (JAG, 2003) 
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4.0 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 remediation of 
the Tar Ponds and Coke Ovens sites, and to take direct action on a number of immediate issues 
facing the remediation process.  These are identified in this section. 
 
4.1 SITE INVESTIGATIONS 
 
In 1997, in support of a JAG resolution, EC initiated a study to determine the extent of 
contamination that was associated with selected materials and structures remaining on the 
Coke Ovens site (CBEG, 1997).  The report provided a chemical assessment of the residual 
contamination associated with 21 areas of the site, including the remaining structures and/or 
waste materials.  The information was intended to assist with the planned demolition, removal, 
and disposal of these materials and structures.  The main findings of the study were as follows: 

• levels of benzene, toluene, ethylbenzene, and xylene (BTEX)/TPH, and 
PAH/phenols were found to exceed the CCME guidelines in many of site soil and 
water samples; 

• concentrations of certain metals in the soil (i.e., copper and zinc) and water (i.e., iron 
and mercury) samples exceeded CCME guidelines; and 

• samples of tar-like residue collected from the surface of the vessel at the By-
Products Building, and in samples of water taken from the basement of former Coke 
Batteries 5 & 6, showed elevated concentrations of SVOCs (EPA 625), other than 
PAH/phenols. 

 
Additional sampling at 8 locations within the Coke Ovens site was subsequently undertaken to 
supplement the information attained by the 1997 materials sampling program (JWEL, 1998).  
These additional samples identified elevated concentrations of PAHs in the soil at the site of the 
former Coke Batteries, as well as elevated concentrations of a number of parameters at the 
Small Standpipe.   
 
This JWEL report made a number of recommendations including the following for the 
remediation and/or disposal of waste materials from 3 specific areas of the Coke Ovens site: 

• landfill disposal for the sludge waste from the Benzol Tank; 

• incineration of the wood waste from the Cooling Tower Grids; and 

• capping in place of the brick waste in the Brick Storage Area. 
 
Two related studies were also carried out at this time that related to the Coke Ovens site; these 
included:  
 
Assessment of Source of Contamination, Lower Frederick Street (CBEG, 1998): This study 
investigated the water quality of the groundwater seeps located along the former Cape Breton 
DevCo rail bed to the south of Frederick Street.  These seeps were determined to be a result of 
groundwater flowing into and out of an old culvert, as well as the movement of the groundwater 
through the rail bed material itself.  Potential sources of the metal contamination detected in the 
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groundwater seeps were identified as including the Coke Ovens site, the rail bed material, the 
municipal landfill (located to the south and east and upgradient of Lower Frederick Street, but 
within the watershed), fill material, and air borne deposition; and 
 
Sydney Coke Ovens and Tar Ponds: A Preliminary Botanical Inventory and Vegetation Analysis 
(Haber, 1998): This study involved site surveys on both the Tar Ponds and Coke Ovens sites to 
identify existing vegetation, rare species, toxic substances, and the potential for 
phytoremediation of the area.  A diverse array of plant species were identified on the sites, 
including some unusual mosses.  Although the study noted elevated concentrations of certain 
heavy metals, none were identified as hyper-accumulating. 
 
4.2 MUGGAH CREEK WATERSHED PHASE I ENVIRONMENTAL SITE ASSESSMENT 

(ESA) 
 
In 1998, EC, at the request of the Environmental Data Gathering and Research Working Group 
(EDGAR) of JAG, commissioned the Phase I ESA, 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/Conestoga-Rovers & Associates (CRA), 1999) examined all environmental 
investigations and studies on the Muggah Creek 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 focused on the identification of contaminants rather than the delineation of 
contaminated areas. 
 
4.3 MUGGAH CREEK WATERSHED PHASE II ENVIRONMENTAL SITE ASSESSMENTS 

COKE OVENS SITE 
 
The Phase II ESA, which was completed in 2001 by JDAC Environment, focused on the 
collection and interpretation of data pertinent to the Coke Ovens site and several adjoining 
areas, particularly the MAID site, the Coke Ovens Brook Connector, and the Area North of the 
Coke Ovens (NOCO) (JDAC, 2001b).  The program included groundwater monitoring and 
sampling, surface water monitoring and sampling, soil sampling, stratigraphic logging, and 
groundwater modelling. 
 
The Phase II ESA delineated the distribution of metal and organic contaminants in both soil and 
groundwater at the sites and characterized the contaminant transport pathways.  This work was 
augmented by the program undertaken by JDAC Environment to sample surface soils in areas 
outside the study boundary of the Phase II/III Muggah Creek Project (JDAC 2002d).  The key 
issues arising from the referenced study are summarized as follows:  
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• the fill materials on the Coke Ovens site are contaminated with metals and organic 
compounds.  Fills contaminated with coal-related metals have been identified in 
some of the areas of the site that have been used for coal-handling, and there is 
evidence of contaminated fill associated with industrial wastes from previous coking, 
tar processing and light oil processing activities; 

• coke Ovens Brook intercepts much of the groundwater that underlies both the MAID 
site and the Coke Ovens site; 

• semi-solid coal tar occurs along several reaches of the Coke Ovens and Domtar 
Brooks and has the potential to act as an ongoing source of coal tar contaminants to 
surface water in the area; 

• the Domtar site is characterized by extensive soil and groundwater contamination 
including both metals and organic compounds; 

• the understanding of the Canso-Morien contact was enhanced insofar as the actual 
contact surface may not have a consistent slope, but may become shallower as it 
plunges under the Coke Ovens site; 

• the Benzol Plant and By-Products Building area is characterized by concentrated 
occurrences of organic contamination, which is likely related to the processing and 
handling of light oils in this location; 

• the surface and subsurface soils of the Cole Pile Runway, as well as groundwater, 
are contaminated.  Low pH and organics (BTEX and PAH) were noted in the 
groundwater; 

• the MAID site leachate plume migrates westward onto the Coke Ovens site; 

• since only a single site-wide set of data was compiled, the groundwater flow under 
varying hydrologic conditions was not determined.  Seasonal changes in 
groundwater quality and radiological parameters were not fully evaluated ; 

• field programs identified widespread contamination in the surface soils of the NOCO 
site, but there was less evidence of contamination in the sub-surface soils in this 
area; 

• groundwater contamination was identified in several areas and was thought to be 
related, in part, to migration from the MAID site and the Coal Pile Runway; and 

• substantial buried infrastructure still exists within the Coke Ovens site. 
 
4.4 MUGGAH CREEK WATERSHED PHASE III ENVIRONMENTAL SITE AND RISK 

ASSESSMENTS COKE OVENS SITE 
 
The final Environment Site and Risk Assessments Report regarding the Coke Ovens site 
(JDAC, 2002c) included the results of field investigations carried out on the Coke Ovens site in 
2001.  These investigations were designed primarily to assist in the determination of human 
health and ecological risks. 
 
The Coke Ovens site was divided into 5 distinct areas plus the Coke Ovens Brook Connector.  
Samples were collected from surface soil, subsurface soil, surface water, and groundwater.  



Sydney Tar Ponds Agency  
Remediation of Sydney Tar Ponds and Coke Ovens Sites 
Environmental Impact Statement 
Sydney, Nova Scotia 
December 2005 
 
 

 
Project No.: TE4109718  Page B-15 
 

contaminants of concern in each of these media were identified and the extent of contamination 
delineated in each area.  
 
All areas, except the Mullins Bank/Non-Point Source Areas, were determined to have elevated 
concentrations of COPC.  Elevated concentrations of petroleum hydrocarbons and PAHs were 
generally found in the surface soils, while coal tar/oil products were noted to occur in the 
subsurface fills and on the surface.  Elevated levels of inorganics (metals) were most often 
confined to relatively discreet areas of the site.  It was estimated that the primary pathways for 
coal tar migration occur within the surface water channels.  Coal tars exist throughout the 
stream bed of the Coke Ovens Brook where it traverses the site, and in the stream bed of the 
Coke Ovens Brook connector. 
 
The Coke Ovens Site Risk Assessment examined the potential risk of exposure to COPCs for a 
number of well defined human and ecological receptors.  The Risk Assessment examined 
exposure pathways, estimated toxicity, and evaluated each contaminants of concern based on 
established benchmarks for definition of unacceptable risk.  Where the potential for 
unacceptable levels of risk was identified, the Risk Assessment determined SSTLs focused on 
each contaminants of concern, in each media, and based on defined exposure pathways for 
each receptor.  These SSTLs establish those concentrations of contaminants of concern above 
which the risk to human and ecological health is not acceptable. 
 
The Coke Ovens Risk Assessment was supplemented by a report that further delineated the 
RAOs and target SSTLs (CRA, 2002a).   
 
4.5 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 
remediation Project to proceed immediately with a Phase III investigation of the Tar Ponds 
(JDAC, 2001a).  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, 2001a) 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, 2002b); 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, 
2001a), 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.   
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The volume of PAH impacted sediment in the 2 Ponds was estimated at 550,000 m3 and the 
estimated volume of PCB sediment (>50 ppm) was estimated at 45,000 m3 (in situ).  Of this, the 
North Pond contains an estimated 36,000 m3 of PCB 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 
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.  
 
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 4.1. 
 

TABLE 4.1 Contaminant Loadings into Muggah Creek 

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:  Reference: Table 3.1 in Contaminant Loading Study for Muggah Creek (JDAC, 2002a) 
 
The Contaminant Flux from Muggah Creek to Sydney Harbour Study (JDAC, 2002b) modeled 
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 7 tonnes per 
year.  Inputs and outputs for each contaminant type are provided in Table 4.2.  Although the 
table provides the net gain/loss for each contaminant type, there are variations within each type. 
 

TABLE 4.2 Contaminant Inputs and Outputs for Muggah Creek 

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

Includes output from South Pond plus groundwater and sewer outfalls into North Pond 
 
4.6 HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENT (ERA) NORTH AND 

SOUTH PONDS 
 
The Human Health and ERA for the North and South Ponds (JDAC, 2002c) was based on data 
obtained from the Phase III ESA (JDAC, 2001a) and additional field investigations.  The 
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purpose of the risk assessment was to evaluate the potential risks associated with the 
chemicals currently present in the Tar Ponds.  Contaminants of concern were identified by 
comparing the detected chemical concentrations to conservative screening values and 
background levels.  If a contaminant of concern was determined to pose an unacceptable risk or 
hazard, a SSTL was developed. 
 
The Risk Assessment evaluated the potential for adverse effects to human receptors that might 
come into contact with contaminants in the surface water and sediments of the North and South 
Ponds.  Based on possible receptors and exposure pathways, 4 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;  

• for the trespasser who was a life-time resident, carcinogenic PAHs pose a potentially 
unacceptable health hazard; and 

• for the 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. 

 
It should be noted that groundwater flows into the North and South Ponds from all directions so 
there is little likelihood that contamination from the Ponds could reach off-site receptors via 
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 and the Nova Scotia 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 of 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 COPCs 
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 
COPC, based on the ecological receptor and the contaminated media. 
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4.7 TECHNOLOGY DEMONSTRATION PROGRAM (TDP) 
 
In response to a JAG resolution, in 2000, the Nova Scotia Department of Transportation and 
Public Works (NSTPW) contracted Vaughan Engineering Limited to coordinate a TDP 
(Vaughan, 2002) to evaluate the potential for application of a selection of treatment technologies 
to the remediation 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.: circulating fluidized bed co-burning technology;  

• Grace Canada Inc. (Grace): solid phase bioremediation technology; 

• IT Corporation: solidification/stabilization technology; 

• IT Corporation: thermal desorption technology; 

• Science Application International Corporation Canada (SAIC Canada): solvent 
extraction, acid leaching and plasma destruction; 

• TDEnviro: advanced soil washing technology; and 

• UMATAC Industrial Processes: pyrolysis technology. 
 
Each proponent technology received at least one 200 L drum of high concentration PCB 
sediment and one 200 L drum of low concentration PCB sediment.  
 
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 2 principal 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. 
 
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 Resources Inc.’s circulating fluidized bed co-burning technology (for low PCB 
material), SAIC Canada’s plasma destruction (for both the low and high PCB material) and 
UMATAC Industrial Processes’s pyrolysis technologies (for both the low and high PCB 
material).  
 
All 7 bench scale technologies tested produced treated sediments that contained levels of at 
least one heavy metal contaminant above the clean up 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 4.3 and described below: 
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• Colmac Resources Inc. circulating fluidized bed co-burning: Good results indicated 
that this technology was suitable and would be potentially feasible for the treatment 
of low PCB sediments; 

• Grace Canada Inc. 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 Corporation solidification/stabilization: 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 2 samples; 

• IT Corporation thermal desorption: Good results indicated a high reduction of PAHs 
in the feed sediment.  However, IT Corporation believes that thermal desorption 
would be an overlie 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 Industrial Processes 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. 
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TABLE 4.3 Technology Demonstration Program (TDP) Results - Benefits and Limitations 

Proponent TDP Test Results Technology 
Track Record Benefits Limitations 

Colmac 
Resources Inc. 
Circulating 
Fluidized Bed 
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 Canada Inc. 
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 Corporation 
Solidification/ 
Stabilization 
 

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 Corporation 
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 

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 
Industrial 
Processes 
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 
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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 Resources Inc.’s co-burning pilot-scale circulating 
fluidized bed 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.  

• 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). 

 
4.8 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 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).  These Core Principles and Evaluation Criteria included: 

• Environmentally Sound – actions that 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 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 criteria 
included:  

o reduce detrimental effect on environment during implementation; 

o enhance long-term effectiveness and permanence; 

o improve marine and land ecosystems; 

o minimize energy use; and 

o reuse of contaminants. 

• 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 
costs incurred.  Evaluation criteria included:  

o a more reliable technology (i.e., proven technology); 

o cost effectiveness; and 

o use of local material. 
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• Health Conscious - 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 criteria included:  

o minimize the amount of dust and vapours; 

o minimize odours; 

o minimize the amount of noise; 

o minimize the amount of traffic; and 

o minimize health risk. 

• Socially Acceptable – JAG shall ensure that all its major decisions are broadly 
understood and preferred by the citizenry of the CBRM.  Evaluation criteria included:  

o maximize long-term benefits; 

o minimize length of construction and clean up time; and 

o use of local labour. 

• Community Driven - the direction, decisions, and actions made by JAG are based 
on consultation, input, and agreement of the wider community. 

• Publicly Accountable - 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 clean up tasks (as prescribed by the 
CEAA 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. 

 
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 evaluation criteria received 
the highest public ranking: 

• Environmentally Sound – Enhance long term effectiveness and permanence (i.e., 
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 clean up); 

• Economically Responsible – Use a more reliable technology (i.e., assuming 2 
technologies achieve the same level of clean up 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); 

• Health Conscious – Minimize health risk (i.e., the ability of a technology to create 
reliable protection of human health once clean up levels have been met.  This 
includes the consideration of clean up residuals and the potential risk for exposure to 
humans); and 
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• Socially Acceptable – Maximize long-term benefits (i.e., 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). 

 
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. 
 
4.9 ENVIRONMENTAL EFFECTS AND REMEDIATION OF CONTAMINATED 

SEDIMENTS IN SYDNEY HARBOUR 
 
This research initiative led by staff of DFO 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. 
 
4.10 REMEDIAL ACTION EVALUATION REPORT (RAER) 
 
The primary objectives of the RAER project (CBCL/ENSR, 2003a and 2003b) 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 4 preferred remedial options for each site; and  

• document the remedial action evaluations considered. 
 
The RAER Team recommended 6 Clean up Options for the Tar Ponds site that encompassed a 
range of possible and practical solutions: 

• 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; 
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• 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. 
 
Clean up Option 1 for the Tar Ponds site (removal of North Pond sediment and containment 
in CDF in the South Pond with removal and off-site destruction of PCB) was based on the 
containment of most of the contaminated sediments from the Ponds in a newly constructed CDF 
in the South Pond.  PCB materials (>50 mg/kg) would be separated and incinerated off-site.  
Option 1 could be executed in 4 years at an amortized cost of $152.3 million.  Key components 
in the implementation of Clean up Option 1 included 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 CDF; 

• 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 solidification/stabilization as needed to enhance 
the effectiveness of the remediation; 

• 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. 

 
Clean up Option 2 for the Tar Ponds (complete removal and land-based containment on the 
Coke Ovens site with removal and off-site destruction of PCB) involved 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.  Option 2 could be executed in 5 years at an amortized 
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cost of $246.0 million.  Key components in the implementation of Clean up Option 2 included 
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 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; 

• 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 subaqueous 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. 

 
Clean up Option 3 for the Tar Ponds (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) involved 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 Clean up Option 1 or 2.  Residual contaminated materials would be disposed of in 
a new land-based containment facility constructed on the Coke Ovens site.  Option 3 could be 
executed in 7 years at an amortized cost of $323.8 million.  Key components in the 
implementation of Clean up Option 3 included 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, 
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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 subaqueous cap placed over the dredged surfaces of the South and North Ponds. 

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

 
Clean up Option 4 for the Tar Ponds (complete removal, off-site co-burning destruction of 
PAH sediment with off-site incineration of PCB material) involved 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.  
Option 4 could be executed in 11 years at an amortized cost of $220.4 million.  Key components 
in the implementation of Clean up Option 4 included 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. 
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Clean up Option 5 for the Tar Ponds (complete removal, on-site incineration and land-based 
containment at the Coke Ovens site) involved 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.  Option 5 could be executed in 11 years 
at an amortized cost of $238.9 million.  The key components in the implementation of Clean up 
Option 5 included 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. 

 
Clean up Option 6 for the Tar Ponds (in situ containment of the North and South Ponds) was 
based on in situ containment of the contaminated sediments in the Tar Ponds.  Option 6 could 
be executed in 4 years at an amortized cost of $100.4 million.  Key components in the 
implementation of Clean up 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. 
 
The RAER Team recommended 4 Clean up Options for the Coke Ovens site that encompass a 
range of possible and practical solutions: 

• Option 1: in situ containment and in situ treatment (bioremediation); 

• Option 2: complete removal and ex situ containment on the Coke Ovens site; 
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• Option 3: removal and ex situ treatment (soil washing) and destruction (co-burning); 
and 

• Option 4: removal and ex situ treatment (thermal desorption/pyrolysis) and 
destruction (co-burning). 

 
Clean up Option 1 for the Coke Ovens site (in situ containment and in situ treatment - 
bioremediation) was based on the in situ containment of most of the contaminated materials and 
the isolation of surface water from the remaining subsurface contaminants.  In situ treatment 
would be used to reduce the concentrations of contaminants in the surficial soils prior to 
placement of the containment cover or cap.  Option 1 could be executed in 4 years at an 
amortized cost of $68.5 million.  Key components in the implementation of Clean up Option 1 
would include the following: 

• re-route surface water from the Coke Ovens Brook and other site watercourses to a 
newly constructed channel; 

• remove the contaminated sediments from the Coke Ovens Brook and the Coke 
Ovens Brook Connector; 

• install downgradient vertical barriers along the west side of the Coke Ovens site and 
the Coke Ovens Brook Connector to protect against potential non-aqueous phase 
liquids (NAPL) migration; 

• cut-off upgradient groundwater flow into the site using walls and diversionary 
trenches;  

• groundwater collection and treatment system to prevent dissolved phase PAHs from 
contaminating Coke Ovens Brook and the Coke Ovens Brook Connector; 

• in situ landfarm the top 0.5 m of surface soil to bioremediate PAHs and benzene; 

• cover the remaining area of the site with silty/clayey soils to reduce surface water 
infiltration; 

• potentially cover part of the Coke Ovens site with a containment facility (landfill) to 
contain the Tar Pond’s sediments; 

• use institutional controls as required to ensure the safety of future construction 
workers, to address future indoor air issues for on-site buildings, and to meet, or 
exceed, occupational health and safety regulatory requirements with respect to 
vapours and odours; and 

• stabilize and restore the site. 
 
Clean up Option 2 for the Coke Ovens site (removal and land-based containment on the 
Coke Ovens site) involved the excavation of the contaminated fills and sediments with 
contaminant of concern concentrations exceeding the SSTLs and their disposal in an ex situ 
containment facility (landfill) on the Coke Ovens site.  Option 2 could be executed in 5 years at 
an amortized cost of $43.7 million.  Key components of the implementation of Clean up Option 2 
would include the following: 

• re-route surface water from Coke Ovens Brook and other site watercourses to a 
newly constructed channel; 
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• remove contaminated sediments from the Coke Ovens Brook and the Coke Ovens 
Brook Connector; 

• remove contaminated fills; 

• install downgradient vertical barriers along the west side of the Coke Ovens site and 
the Coke Ovens Brook Connector to protect against potential NAPL migration; 

• dispose of contaminated fills and sediments from the Coke Ovens site (and 
potentially) sediments from the Tar Ponds site in a new containment facility (landfill) 
built on the Coke Ovens site;  

• use limited institutional controls to address on-site indoor air issues as needed; and 

• stabilize and restore the site. 

Clean up Option 3 for the Coke Ovens site (removal, ex situ treatment (soil washing) and 
destruction (co-burning), land-based containment at the Coke Ovens site) involved the 
excavation of the contaminated fills and sediments with contaminant of concern concentrations 
exceeding the SSTLs from the site, removal of the contaminants through a soil washing 
treatment, and the subsequent destruction of the concentrated contaminants.  Option 3 could be 
executed in 7 years at an amortized cost of $123.3 million.  Key components of the 
implementation of Clean up Option 3 could include the following: 

• re-route surface water from Coke Ovens Brook and other site watercourses to a 
newly constructed channel; 

• remove contaminated sediments from the Coke Ovens Brook and the Coke Ovens 
Brook Connector; 

• remove contaminated fills; 

• install downgradient vertical barriers along the west side of the Coke Ovens site and 
the Coke Ovens Brook Connector to protect against potential NAPL migration; 

• treat excavated soil and sediment using soil washing with co-burning of washings; 

• if needed, contain treated material from the Coke Ovens site in an on-site landfill; 

• use limited institutional controls to address on-site indoor air issues as needed; and 

• stabilize and restore the site. 

Clean up Option 4 for the Coke Ovens site (removal and ex situ treatment (thermal 
desorption/pyrolysis) and destruction (co-burning)) was based on the excavation of the 
contaminated fills and sediment with contaminant of concern concentrations exceeding the 
SSTLs, the removal or reduction of contaminants through thermal desorption or pyrolysis 
technologies, and the destruction of concentrated contaminants by co-burning.  Option 4 could 
be executed in 7 years at an amortized cost of $109.2 million.  Key components of the 
implementation of Clean up Option 4 could include the following: 

• re-route surface water from Coke Ovens Brook and other site watercourses to a 
newly constructed channel; 

• remove contaminated sediments from the Coke Ovens Brook and the Coke Ovens 
Brook Connector; 
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• remove contaminated fills; 

• install downgradient vertical barriers along the west side of the Coke Ovens site and 
the Coke Ovens Brook Connector to protect against potential NAPL migration; 

• treat excavated soil and sediment using thermal desorption/pyrolysis with co-burning 
of the concentrated contaminants; 

• if needed, contain treated material from the Coke Ovens site in an on-site landfill; 

• use limited institutional controls to address on-site indoor air issues as needed; and 

• stabilize and restore the site. 
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1.0 INTRODUCTION 
 
It is generally understood that the Project proponent (STPA) and all contractors, will be required 
to meet all applicable environmental regulatory requirements during Project implementation.  
For some Project elements, 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.  These 
regulatory requirements, to the extent that they are currently known, have been incorporated in 
Project planning (i.e. this EIS and discussions with regulatory authorities).  However, some of 
the regulatory requirements are not currently known, and some will be established as the 
Project design and regulatory approval process proceeds (e.g. conditions of approval). 
 
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.  This information is provided for general 
guidance only and is not intended to represent a complete or entirely accurate list of all legal 
environmental requirements for the Project.    
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2.0 FEDERAL ENVIRONMENTAL LEGISLATION 
 
The primary federal environmental management legislation that is appropriate to the planning 
and implementation of the Project includes, but is not necessarily limited to, those included in 
Table 2.1.  
 

TABLE 2.1 Potentially Applicable Federal Environmental Legislation 

Legislation Reference 
Potential Related Activity 
Tar Ponds and Coke Ovens 
Remediation 

Government 
Department 
or Agency 

Requirement When Permit 
is Required 

Section 32: 
Destruction of Fish 
 
Section 35: HADD 

Alterations to surface streams, 
wetlands, etc. 
 
Excavated sediments 
 
Sub aqueous capping of 
sediments 
 
Infilling areas of the Tar Ponds and 
estuary 
 
Disposal at sea 
 
Alterations to Tar Ponds 
shorelines 
 
Alterations to surface streams, 
wetlands, etc. 
 
Blasting in or near fish habitat 

DFO: 
Habitat 
Management 

Ministerial 
Authorization 
(includes habitat 
compensation)  
 
Note: DFO has 
indicated that it 
will not require a 
HADD 
authorization for 
this Project. 

Prior to 
Construction 

Fisheries Act 
 

Section 36: 
Deleterious 
Substances 

De-watering sediments 
 
Leachate/spills from on-site 
storage areas (waste materials, 
chemicals) 
 
Wastewater discharges 

EC: 
Environmental
Protection 
Service 

Compliance 
 
Note: 
introduction of 
deleterious 
substances into 
fish inhabited 
waters is 
prohibited. 

N/A 

Navigable 
Waters 
Protection Act 
(NWPA) 

Regulations 

Alteration to navigable marine or 
fresh water systems. 
 
Excavated sediments 
 
Sub aqueous capping of 
sediments  
 
Infilling areas of the Tar Ponds and 
estuary 
 

Transport 
Canada 

 
Permit 
 

Prior to 
Construction 
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Legislation Reference 
Potential Related Activity 
Tar Ponds and Coke Ovens 
Remediation 

Government 
Department 
or Agency 

Requirement When Permit 
is Required 

Disposal at Sea 
Regulations 

Movement /replacing/ sidecasting 
of sediments in the North Tar Pond
 
Disposal of sediments (contained 
or not) in the ocean  
 
Redeposition of treated sediments 
in the North Tar Pond 
 
Placement of cover material 

EC Permit Prior to 
Construction 

Federal Mobile 
PCB Treatment 
and Destruction 
Regulations 

Operation or testing of a mobile 
PCB treatment or destruction 
system 

EC Ministerial 
Authorization 

Prior to 
incinerator 
operation 

Inter-provincial 
Movement of 
Hazardous Waste 
Regulations 

Transport of hazardous wastes 
across provincial boundaries EC Compliance N/A 

Storage of PCB 
Materials 
Regulations 

Collection and storage, 
transportation, treatment and 
disposal of PCB-containing 
contaminated materials 

EC Compliance N/A 

Chlorobiphenyls 
Regulations 

Release of PCB materials (>50 
mg/kg) EC Compliance N/A 

Federal Petroleum 
Storage Tank 
Regulations 

Storage and handling of fuels 
during site remediation EC Compliance N/A 

Canadian 
Environmental 
Protection Act 
(CEPA) 
 

New substances 
Notification 
Regulations 

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

EC Notification N/A 

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 / 
Reporting N/A 

Air Pollution 
Regulations 
 
Oil Pollution 
Prevention 
Regulations 
 
Pollutant 
Discharge 
Reporting 
Regulations 
 
Pollutant 
Substances 
Regulations 

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

Transport 
Canada 

Compliance 
 N/A 

Canada 
Shipping Act 
 

Aids to Navigation 
Protection 
Regulations 

Any activities that affect existing 
navigational aids 

Transport 
Canada Compliance N/A 
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Legislation Reference 
Potential Related Activity 
Tar Ponds and Coke Ovens 
Remediation 

Government 
Department 
or Agency 

Requirement When Permit 
is Required 

 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 

N/A 

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 

N/A 

Migratory 
Birds 
Convention 
Act 

Regulations 
 

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

EC Compliance N/A 

Species at 
Risk Act 
(SARA) 

 

Alteration or disruption of wildlife 
habitat  
 
Noise, dust, air pollutants 
 

EC Compliance N/A 

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 Prior to 

Construction 
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Legislation Reference 
Potential Related Activity 
Tar Ponds and Coke Ovens 
Remediation 

Government 
Department 
or Agency 

Requirement When Permit 
is Required 

Canadian 
Environmental 
Assessment 
Act (CEAA) 

Regulations 

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

Canadian 
Environmental
Assessment 
Agency 

Compliance with 
the Agreement 
for the Joint 
Panel Review of 
the Sydney Tar 
Ponds and Coke 
Ovens sites 
Remediation 
Project  
 
Compliance with 
EIS Guidelines 
for 
environmental 
assessment  
 
Release from 
the Act 

Prior to  
- dispersing 
federal 
funding 
- transfer of 
federal land 
- issuing 
permits and 
authorizations 
on Law List 
regulations  

Source: Adapted from CBCL/ENSR, 2003a and 2003b. 
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3.0 PROVINCIAL ENVIRONMENTAL LEGISLATION 
 
The primary provincial environmental management legislation that is appropriate Project 
planning and implementation are provided in Table 3.1. 
 

TABLE 3.1 Potentially Applicable Provincial Environmental Legislation 

Legislation Reference 
Potential Related Activity 
Tar Ponds and Coke Ovens 
Remediation 

Government 
Department or 
Agency 

Requirement When Permit is 
Required 

Nova Scotia 
Environment 
Act (NSEA) 

Environmental 
Assessment 
Regulations 

Remedial activities such as 
off-site treatment or other 
undertakings listed in 
Regulations 

Nova Scotia 
Department of 
Environment and 
Labour (NSDEL) 

Environmental 
Assessment as 
per Federal/ 
Provincial 
Agreement 

Prior to 
construction/ 
prior to issuing 
subsequent 
permits 

NSEA 

 
Activities 
Designation 
Regulations 

Includes alterations to 
watercourses, wetlands, 
placement of culverts, 
bridges, infills, etc., and 
hazardous waste treatment, 
storage, water, and 
wastewater treatment 

NSDEL Approval Prior to 
construction 

NSEA 
Sulphide Bearing 
Material Disposal 
Regulations 

Excavation and disposal of 
acid producing bedrocks NSDEL 

Compliance / 
Inspection / 
Approval 

Prior to 
excavation or 
disposal of acid 
producing 
bedrocks 

NSEA 
Petroleum 
Management 
Regulations 

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

NSDEL Compliance / 
Registration 

Prior to installing 
tanks 

NSEA 

Dangerous 
Goods 
Management 
Regulations 

Transportation and storage of 
dangerous goods and waste 
dangerous goods 

NSDEL Compliance N/A 

NSEA 
PCB 
Management 
Regulations 

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

NSDEL Compliance N/A 

NSEA Air Quality 
Regulations 

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

NSDEL Compliance 

N/A 

NSEA 
Solid Waste-
Resource 
Regulations 

Disposal of waste materials at 
municipal solid waste disposal 
sites. 

NSDEL Compliance 
N/A 

NSEA 

Water and 
Wastewater 
Facility 
Regulations 

Quality of effluent from 
treatment facility wastewater 
streams 

NSDEL Compliance 

N/A 

Nova Scotia 
Dangerous 
Goods 
Transportation 
Act 

Dangerous 
Goods 
Transportation 
Regulations 

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

NSTPW Compliance / 
Approval 

Prior to 
transportation of 
contaminated 
materials and 
dangerous 
goods 

Nova Scotia 
Endangered 
Species Act 

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

NSDNR Compliance 
N/A 
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Legislation Reference 
Potential Related Activity 
Tar Ponds and Coke Ovens 
Remediation 

Government 
Department or 
Agency 

Requirement When Permit is 
Required 

habitats 

Nova Scotia 
Special 
Places 
Protection Act 

 

Any activity that threatens or 
disturbs sites declared special 
places under the Act 
(archaeological/cultural/ecolog
ical)  
 
 

NSDNR 
 
NSMNH 

Compliance / 
Archaeological 
Research Permit 
for surveys 

Prior to 
archeological 
survey 

Nova Scotia 
Beaches Act Regulations 

Any construction activity that 
takes place between the high 
and low tide mark of a marine 
or estuarine environment 

Nova Scotia Dept 
of Natural 
Resources 

Approval 

Prior to 
installment of 
structures in 
inter-tidal zone 

Nova Scotia 
Occupational 
Health and 
Safety Act 

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

NSDEL HASP / 
Compliance 

Prior to 
construction 

Guidelines and Policies 

Guidelines for the Management of 
Contaminated Sites in Nova Scotia 

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

NSDEL Reference / 
Compliance N/A 

Standards for the Decontamination 
of Impermeable Surfaces 
Contaminated with PCBs 

Cleaning of contaminated 
debris excavated from the Tar 
Ponds 

NSDEL Reference / 
Compliance 

N/A 

Standards for the Decontamination 
of Impermeable Surfaces 
Contaminated with polychlorinated 
dibenzo-p-dioxins (PCDDs) or 
polychlorinated 
dibenzofurans(PCDFs) 

Cleaning of contaminated 
debris excavated from the Tar 
Ponds 

NSDEL Reference / 
Compliance 

N/A 

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 

NSDEL Reference / 
Compliance 

N/A 

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

TPH and PAH contaminated 
soils movement, treatment 
and disposal 

NSDEL Reference / 
Compliance 

N/A 

Policy for Domestic Fuel Oil Spill 
Reference for clean up 
requirements for TPH 
contaminated soils 

NSDEL Reference / 
Compliance 

N/A 

Municipal Solid Waste Landfill 
Guidelines Contaminated waste disposal NSDEL Reference / 

Compliance 
N/A 

Construction and Demolition 
Debris Disposal Site Guidelines 

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

NSDEL Reference / 
Compliance 

N/A 

 
Policy for Facilities for the Thermal 
Treatment of Soils 

Thermal treatment and 
destruction of waste materials NSDEL Reference / 

Compliance 
N/A 

Source: Adapted from CBCL/ENSR 2003a and 2003b. 
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4.0 CBRM BYLAWS AND GUIDELINES 
 
The CBRM has a range of municipal bylaws that may have application to the implementation of 
the Project.  Of specific interest are the Building Bylaw, the Noise Bylaw (which affects both 
hours of operation and/or the selection of equipment and associated methodologies), the Sewer 
Use Guideline and Wastewater Discharge By-Law. 
 
Both the Tar Ponds and the Coke Ovens sites 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 Project. 
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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

• 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.
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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. 
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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. 
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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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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 Coke Ovens Site and one for the Tar Ponds Site.  This
Report summarizes the technology evaluation process and provides recommendations for cleanup options for
the Coke Ovens 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 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. 

RAER Scope
During the evaluation of technologies for the Coke Ovens Site, the RAER Team undertook a logical step-wise
approach that included the following major tasks:
• confirmation of the scope of the Coke Ovens Cleanup Project;
• review of available information and related experience in other areas;
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• 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 Coke Ovens 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 Coke Ovens 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 Coke Ovens 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. 

A Phase III Environmental Site and Risk Assessment, Coke Ovens Site, was conducted in 2002 using a high
degree of conservatism that purposely over-estimated the potential for risk to targeted human and ecological
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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
Coke Ovens 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 Coke Ovens 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 Coke Ovens 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.

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 that fell within the property
boundaries of the former Coke Ovens Site and the Mullins Coal Bank, including the channel of the Coke
Oven Brook and the Coke Oven Brook Connector (to the point where it empties to the South Pond).  This
area includes the former sites of the Dominion Tar Company, the Benzol Plant, the By-Products area, the
Coal runway Pile, Mullins Bank and the Sulfur Building.    The functional scope of the RAER project was
defined by the following elements, provided by the PMC: 
• Coke Ovens Remedial Action Objectives (RAOs) which identify the contaminants of concern (COC), the

media (soil, surface 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 Coke
Ovens 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 12 in situ containment/treatment technologies and 13 ex situ
containment/treatment technologies appropriate to the Coke Ovens Remediation Project.  In addition, 10
material containment, handling and treatment activities were examined. Having identified technologies that
could reasonably be considered as appropriate to address the contamination on the Coke Ovens Site, 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 Coke Ovens Site.  These criteria included the Performance
Criteria, the Key Premises and the Community Evaluation Criteria as
developed by JAG.
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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 16 were
carried forward for consideration for the remediation of the site:
• Natural Attenuation
• In Situ Bioremediation
• Permanent Watercourse Management
• Long-Term Pump-and-Treat
• Passive Coal Tar/Oil Product Collection
• In Situ Solidification
• In Situ Containment
• Solid Phase Bioremediation

• Slurry Phase Bioremediation
• Ex Situ Solidification/Stabilization
• Soil Washing
• Thermal Desorption
• Pyrolysis
• Incineration
• Co-burning
• Landfilling

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

Recommended Cleanup Options
The RAER Team recommended four Cleanup Options for the Coke Ovens Site that encompass a range of
possible and practical solutions; these are:
• Option 1 in situ containment and in situ treatment (bioremediation);
• Option 2 complete removal and ex situ containment on the Coke Ovens Site;
• Option 3 removal and ex situ treatment (soil washing) and destruction (co-burning); and
• Option 4 removal and ex situ treatment (thermal desorption/pyrolysis) and destruction (co-burning).

Coke Ovens Site Cleanup Option 1 (In Situ Containment and In Situ Treatment - Bioremediation)
Cleanup Option 1 for the Coke Ovens Site would be based on the in situ containment of most of the
contaminated materials and the isolation of surface water from the remaining subsurface contaminants.  In
situ treatment would be used to reduce the concentrations of contaminants in the surficial soils prior to
placement of the containment cover or cap.

Key components in the implementation of Cleanup Option 1 would include the following:
• Re-route surface water from the Coke Oven Brook and other site watercourses to a newly constructed

channel;
• Remove the contaminated sediments from the Coke Oven Brook and the Coke Oven Brook Connector;
• Install downgradient vertical barriers along the west side of the Coke Ovens Site and the Coke Oven

Brook Connector to protect against potential NAPL migration;
• Cut-off upgradient groundwater flow into the site using walls and diversionary trenches;
• Pump and treat groundwater to prevent dissolved phase PAHs from contaminating Coke Oven Brook and

the Coke Oven Brook Connector;
• In situ landfarm the top 0.5 m of surface soil to bioremediate PAHs and benzene;
• Cover the remaining area of the site with silty/clayey soils to reduce surface water infiltration; 
• Potentially cover part of the Coke Ovens Site with a containment facility (landfill) to contain the Tar

Pond’s sediments;
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• Use institutional controls as required to ensure the safety of future construction workers, to address future
indoor air issues for on-site buildings, and to meet, or exceed, occupational health and safety regulatory
requirements with respect to vapours and odours; and

• Stabilize and restore the Site.

Option 1 could be executed in four years at an amoritized cost of $68.5 million. 

Coke Ovens Site Cleanup Option 2 (Removal and Land-Based Containment on the Coke Ovens Site)
Cleanup Option 2 for the Coke Ovens Site involves the excavation of the contaminated fills and sediments
with COC concentrations exceeding the SSTLs and their disposal in an ex situ containment facility (landfill)
on the Coke Ovens Site.

Key components of the implementation of Cleanup Option 2 would include the following:
• Re-route surface water from Coke Oven Brook and other site watercourses to a newly constructed

channel;
• Remove contaminated sediments from the Coke Oven Brook and the Coke Oven Brook Connector;
• Remove contaminated fills;
• Install downgradient vertical barriers along the west side of the Coke Ovens Site and the Coke Oven

Brook Connector to protect against potential NAPL migration; 
• Dispose of contaminated fills and sediments from the Coke Ovens Site (and potentially) sediments from

the Tar Ponds Site in a new containment facility (landfill) built on the Coke Ovens Site; 
• Use limited institutional controls to address on-site indoor air issues as needed; and 
• Stabilize and restore the site.

Option 2 could be executed in five years at an amoritized cost of $43.7 million.

Coke Ovens Site Cleanup Option 3 (Removal, Ex Situ Treatment (Soil Washing) and Destruction (Co-
Burning) Land-Based Containment at the Coke Ovens Site)
Cleanup Option 3 for the Coke Ovens Site involves the excavation of the contaminated fills and sediments
with COC concentrations exceeding the SSTLs from the site, removal of the contaminants through a soil
washing treatment, and the subsequent destruction of the concentrated contaminants.

Key components of the implementation of Cleanup Option 3 could include the following:
• Re-route surface water from Coke Oven Brook and other site watercourses to a newly constructed

channel;
• Remove contaminated sediments from the Coke Oven Brook and the Coke Oven Brook Connector;
• Remove contaminated fills;
• Install downgradient vertical barriers along the west side of the Coke Ovens Site and the Coke Oven

Brook Connector to protect against potential NAPL migration; 
• Treat excavated soil and sediment using soil washing with co-burning of washings; 
• If needed, contain treated material from the Coke Oven site in an onsite landfill; 
• Use limited institutional controls to address on-site indoor air issues as needed; and
• Stabilize and restore the site.

Option 3 could be executed in seven years at an amoritized cost of $123.3 million.
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Coke Ovens Site Cleanup Option 4 (Removal and Ex Situ Treatment (Thermal Desorption/Pyrolysis)
and Destruction (Co-Burning))
Cleanup Option 4 for the Coke Ovens Site would be based on the excavation of the contaminated fills and
sediment with COC concentrations exceeding the SSTLs, the removal or reduction of contaminants through
thermal desorption or pyrolysis technologies, and the destruction of concentrated contaminants by co-burning.

Key components of the implementation of Cleanup Option 4 could include the following:
• Re-route surface water from Coke Oven Brook and other site watercourses to a newly constructed

channel;
• Remove contaminated sediments from the Coke Oven Brook and the Coke Oven Brook Connector;
• Remove contaminated fills;
• Install downgradient vertical barriers along the west side of the Coke Ovens Site and the Coke Oven

Brook Connector to protect against potential NAPL migration; 
• Treat excavated soil and sediment using thermal desorption/pyrolysis with co-burning of the concentrated

contaminants;
• If needed, contain treated material from the Coke Oven site in an onsite landfill; 
• Use limited institutional controls to address on-site indoor air issues as needed; and
• Stabilize and restore the site.

Option 4 could be executed in seven years at an amoritized cost of $109.2 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. 
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Table ES.1: Evaluation Matrix

Community Evaluation Criteria
Weighting

Factor
Option

1
Option

2
Option

3
Option

4
Environmentally Sound
Reduce detrimental effect on the
environment during implementation

Medium A B B B

Enhance long term effectiveness and
permanence

Medium C B A A

Improve marine and land ecosystems Medium A A A A

Economically Responsible
A more reliable technology High B A B A

Cost effectiveness Low B A C B

Use of local material Low B A C C

Health Conscious
Minimize health risk High B B A A

Minimize dust and vapours Medium B C C C

Minimize odours Low A C C C

Socially Acceptable
Maximize long term benefits High C B A A

Use of local labour Medium B A B B

Minimize construction and cleanup time Low B B B C

The Remedial Action Evaluation Report for the Coke Ovens 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 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 Coke Ovens 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 Coke Ovens 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. 
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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 Coke
Ovens 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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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 Coke Ovens Site and one for the Tar Ponds Site.  This
Report summarizes the technology evaluation process and provides recommendations for cleanup options for
the Coke Ovens 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 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. 

RAER Scope
During the evaluation of technologies for the Coke Ovens Site, the RAER Team undertook a logical step-wise
approach that included the following major tasks:
• confirmation of the scope of the Coke Ovens Cleanup Project;
• review of available information and related experience in other areas;
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• 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 Coke Ovens 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 Coke Ovens 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 Coke Ovens 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. 

A Phase III Environmental Site and Risk Assessment, Coke Ovens Site, was conducted in 2002 using a high
degree of conservatism that purposely over-estimated the potential for risk to targeted human and ecological
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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
Coke Ovens 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 Coke Ovens 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 Coke Ovens 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.

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 that fell within the property
boundaries of the former Coke Ovens Site and the Mullins Coal Bank, including the channel of the Coke
Oven Brook and the Coke Oven Brook Connector (to the point where it empties to the South Pond).  This
area includes the former sites of the Dominion Tar Company, the Benzol Plant, the By-Products area, the
Coal runway Pile, Mullins Bank and the Sulfur Building.    The functional scope of the RAER project was
defined by the following elements, provided by the PMC: 
• Coke Ovens Remedial Action Objectives (RAOs) which identify the contaminants of concern (COC), the

media (soil, surface 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 Coke
Ovens 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 12 in situ containment/treatment technologies and 13 ex situ
containment/treatment technologies appropriate to the Coke Ovens Remediation Project.  In addition, 10
material containment, handling and treatment activities were examined. Having identified technologies that
could reasonably be considered as appropriate to address the contamination on the Coke Ovens Site, 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 Coke Ovens Site.  These criteria included the Performance
Criteria, the Key Premises and the Community Evaluation Criteria as
developed by JAG.
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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 16 were
carried forward for consideration for the remediation of the site:
• Natural Attenuation
• In Situ Bioremediation
• Permanent Watercourse Management
• Long-Term Pump-and-Treat
• Passive Coal Tar/Oil Product Collection
• In Situ Solidification
• In Situ Containment
• Solid Phase Bioremediation

• Slurry Phase Bioremediation
• Ex Situ Solidification/Stabilization
• Soil Washing
• Thermal Desorption
• Pyrolysis
• Incineration
• Co-burning
• Landfilling

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

Recommended Cleanup Options
The RAER Team recommended four Cleanup Options for the Coke Ovens Site that encompass a range of
possible and practical solutions; these are:
• Option 1 in situ containment and in situ treatment (bioremediation);
• Option 2 complete removal and ex situ containment on the Coke Ovens Site;
• Option 3 removal and ex situ treatment (soil washing) and destruction (co-burning); and
• Option 4 removal and ex situ treatment (thermal desorption/pyrolysis) and destruction (co-burning).

Coke Ovens Site Cleanup Option 1 (In Situ Containment and In Situ Treatment - Bioremediation)
Cleanup Option 1 for the Coke Ovens Site would be based on the in situ containment of most of the
contaminated materials and the isolation of surface water from the remaining subsurface contaminants.  In
situ treatment would be used to reduce the concentrations of contaminants in the surficial soils prior to
placement of the containment cover or cap.

Key components in the implementation of Cleanup Option 1 would include the following:
• Re-route surface water from the Coke Oven Brook and other site watercourses to a newly constructed

channel;
• Remove the contaminated sediments from the Coke Oven Brook and the Coke Oven Brook Connector;
• Install downgradient vertical barriers along the west side of the Coke Ovens Site and the Coke Oven

Brook Connector to protect against potential NAPL migration;
• Cut-off upgradient groundwater flow into the site using walls and diversionary trenches;
• Pump and treat groundwater to prevent dissolved phase PAHs from contaminating Coke Oven Brook and

the Coke Oven Brook Connector;
• In situ landfarm the top 0.5 m of surface soil to bioremediate PAHs and benzene;
• Cover the remaining area of the site with silty/clayey soils to reduce surface water infiltration; 
• Potentially cover part of the Coke Ovens Site with a containment facility (landfill) to contain the Tar

Pond’s sediments;
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• Use institutional controls as required to ensure the safety of future construction workers, to address future
indoor air issues for on-site buildings, and to meet, or exceed, occupational health and safety regulatory
requirements with respect to vapours and odours; and

• Stabilize and restore the Site.

Option 1 could be executed in four years at an amoritized cost of $68.5 million. 

Coke Ovens Site Cleanup Option 2 (Removal and Land-Based Containment on the Coke Ovens Site)
Cleanup Option 2 for the Coke Ovens Site involves the excavation of the contaminated fills and sediments
with COC concentrations exceeding the SSTLs and their disposal in an ex situ containment facility (landfill)
on the Coke Ovens Site.

Key components of the implementation of Cleanup Option 2 would include the following:
• Re-route surface water from Coke Oven Brook and other site watercourses to a newly constructed

channel;
• Remove contaminated sediments from the Coke Oven Brook and the Coke Oven Brook Connector;
• Remove contaminated fills;
• Install downgradient vertical barriers along the west side of the Coke Ovens Site and the Coke Oven

Brook Connector to protect against potential NAPL migration; 
• Dispose of contaminated fills and sediments from the Coke Ovens Site (and potentially) sediments from

the Tar Ponds Site in a new containment facility (landfill) built on the Coke Ovens Site; 
• Use limited institutional controls to address on-site indoor air issues as needed; and 
• Stabilize and restore the site.

Option 2 could be executed in five years at an amoritized cost of $43.7 million.

Coke Ovens Site Cleanup Option 3 (Removal, Ex Situ Treatment (Soil Washing) and Destruction (Co-
Burning) Land-Based Containment at the Coke Ovens Site)
Cleanup Option 3 for the Coke Ovens Site involves the excavation of the contaminated fills and sediments
with COC concentrations exceeding the SSTLs from the site, removal of the contaminants through a soil
washing treatment, and the subsequent destruction of the concentrated contaminants.

Key components of the implementation of Cleanup Option 3 could include the following:
• Re-route surface water from Coke Oven Brook and other site watercourses to a newly constructed

channel;
• Remove contaminated sediments from the Coke Oven Brook and the Coke Oven Brook Connector;
• Remove contaminated fills;
• Install downgradient vertical barriers along the west side of the Coke Ovens Site and the Coke Oven

Brook Connector to protect against potential NAPL migration; 
• Treat excavated soil and sediment using soil washing with co-burning of washings; 
• If needed, contain treated material from the Coke Oven site in an onsite landfill; 
• Use limited institutional controls to address on-site indoor air issues as needed; and
• Stabilize and restore the site.

Option 3 could be executed in seven years at an amoritized cost of $123.3 million.
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Coke Ovens Site Cleanup Option 4 (Removal and Ex Situ Treatment (Thermal Desorption/Pyrolysis)
and Destruction (Co-Burning))
Cleanup Option 4 for the Coke Ovens Site would be based on the excavation of the contaminated fills and
sediment with COC concentrations exceeding the SSTLs, the removal or reduction of contaminants through
thermal desorption or pyrolysis technologies, and the destruction of concentrated contaminants by co-burning.

Key components of the implementation of Cleanup Option 4 could include the following:
• Re-route surface water from Coke Oven Brook and other site watercourses to a newly constructed

channel;
• Remove contaminated sediments from the Coke Oven Brook and the Coke Oven Brook Connector;
• Remove contaminated fills;
• Install downgradient vertical barriers along the west side of the Coke Ovens Site and the Coke Oven

Brook Connector to protect against potential NAPL migration; 
• Treat excavated soil and sediment using thermal desorption/pyrolysis with co-burning of the concentrated

contaminants;
• If needed, contain treated material from the Coke Oven site in an onsite landfill; 
• Use limited institutional controls to address on-site indoor air issues as needed; and
• Stabilize and restore the site.

Option 4 could be executed in seven years at an amoritized cost of $109.2 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. 
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Table ES.1: Evaluation Matrix

Community Evaluation Criteria
Weighting

Factor
Option

1
Option

2
Option

3
Option

4
Environmentally Sound
Reduce detrimental effect on the
environment during implementation

Medium A B B B

Enhance long term effectiveness and
permanence

Medium C B A A

Improve marine and land ecosystems Medium A A A A

Economically Responsible
A more reliable technology High B A B A

Cost effectiveness Low B A C B

Use of local material Low B A C C

Health Conscious
Minimize health risk High B B A A

Minimize dust and vapours Medium B C C C

Minimize odours Low A C C C

Socially Acceptable
Maximize long term benefits High C B A A

Use of local labour Medium B A B B

Minimize construction and cleanup time Low B B B C

The Remedial Action Evaluation Report for the Coke Ovens 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 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 Coke Ovens 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 Coke Ovens 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. 
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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 Coke
Ovens 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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by the RAER team to review and recommend appropriate remedial actions.  
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assessments, including a summary of the contaminants of concern, the contaminated materials, and the scope
of the contamination at the Site. 
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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 Coke
Ovens 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:
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1. INTRODUCTION 

On February 8, 2005, the Sydney Tar Ponds Agency released a formal description of the 
cleanup methodology selected for the Tar Ponds and Coke Ovens Site.  The plan, formulated 
jointly by the Government of Canada, as represented by Environment Canada, and the 
Government of Nova Scotia, as represented by the Sydney Tar Ponds Agency, calls for the 
removal of roughly 145,000 tonnes of the worst contaminants from the sites and their 
destruction in a mobile incinerator, and the in-place treatment of the remaining 1,000,000 
tonnes (approx.) of contaminants, followed by the installation of an engineered capping and 
containment system. 

A broad range of cleanup strategies involving more than twenty-five different remediation 
technologies were considered by the project proponents in developing the final cleanup 
proposal.  Detailed descriptions of these technologies are contained in the Remedial Action 
Evaluation Reports for the Tar Ponds and Coke Ovens Site published in February of 2003 and 
the Considering Technologies Fact Book published by the Joint Action Group in the summer 
of 2002.  In addition, the firm, Conestoga Rovers and Associates (CRA), was retained by the 
Sydney Tar Ponds Agency in June of 2004 to conduct a further review of polychlorinated 
biphenyls (PCB) destruction technologies.  A letter report prepared by CRA in January of 
2005 provides an overview of the results of this evaluation. 

The presence of PCBs in the Tar Ponds, in concentrations of greater than 50 parts per million, 
was the primary motivating factor behind the decision to include a contaminant destruction 
component in the cleanup plan.  To be more specific, the decision to accommodate the 
destruction of PCBs was made in consideration of the following: 

• PCBs are a persistent organic pollutant and, compared to the other contaminants present 
on the two sites, do not degrade readily over time; 

• Removal and destruction of the PCB contaminated sediments is consistent with the 
Government of Canada’s Toxic Substance Management Policy which calls for the virtual 
elimination of substances that are toxic, persistent and bioaccumulative.  This includes 
removal from the environment through remediation when possible; 

• Removal and destruction of PCBs is consistent with the intent of international agreements 
such as the Stockholm Convention on Persistent Organic Pollutants, which the 
Government of Canada ratified on May 23, 2001.  This agreement recommends the 
removal of PCBs from the environment, where practical; 



Alternative Assessment 
Alternative Approaches for Managing the Material Slated for 
Incineration at the Sydney Tar Ponds and Coke Ovens Sites 

Earth Tech (Canada) Inc. Page 1-2 
L:\work\85000\85989\03-Report\Alternatives Report\Final Report\FINAL Task 1 - Assessment of Alternatives for Managing the Matl Slated for Incineration - Dec 5_ec.doc 

• On the strength of input received from the community, the Joint Action Group expressed 
a strong preference for contaminant removal and destruction technologies; and, 

• Incineration has been used to safely destroy similar contaminants in many other 
remediation projects.  It is, in fact, one of the most widely used and accepted means of 
destroying PCBs. 

The aforementioned cleanup plan, including the proposed incinerator, is presently undergoing 
a joint federal and provincial environmental assessment in the form of a full panel review. 

On a number of occasions during the public consultation of the Scoping Document for the 
Federal Environmental Assessment, the question arose as to what might be done with the 
145,000 tonnes of material targeted for destruction in the event that the deployment of a 
mobile incinerator in the region were to be ruled out, for whatever reason.  In July 2005, Earth 
Tech (Canada) Inc. (Earth Tech) was asked by the Sydney Tar Ponds Agency to carry out an 
independent assessment of alternative means of dealing with this material, taking into account 
technologies considered previously, as well as new technologies which have emerged recently.  
The following report contains the results of this assessment. 

1.1. Scope of Work 

The scope of work for the Assessment of Alternatives for managing the material designated 
for Incineration is as follows: 

• Review Remedial Action Evaluation Report (RAER) documentation to select alternative 
methods. Where appropriate, the existing technical evaluation included in the RAER and 
related documents will be applied as is.   

• Utilize technical aspects within the RAER process for evaluating any new 
technologies/approaches which are alternatives to incineration. 

• Update list of precedent projects. 

• Recommend an alternative. 

• As the original RAER effort was comprehensive, it was anticipated that few additional 
technologies/approaches would need to be added. 

The scope of work for the assessment of alternatives to incineration did not include the 
evaluation of the technologies with respect to regulatory acceptance and public approval. The 
purpose of the work was to provide a technical assessment of the available technologies under 
the screening criteria utilized and evaluate and rank it’s proposed effectives for remediating 
the defined contamination within the Tar Ponds and Coke Ovens sites. 
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1.2. Existing Reports 

The library of existing reports for the Sydney Tar Ponds Clean-up is substantial and extends 
back to the early 1980’s.  The present report relied mainly on five recent documents produced 
for the Nova Scotia Department of Transportation and Public Works and the Sydney Tar 
Ponds Agency. 

Remediation of the Sydney Tar Ponds and Coke Ovens Sites, Project Description, Prepared 
for Sydney Tar Ponds Agency, December, 2004 – This document was created as part of the 
Federal Environmental Assessment Process and serves two purposes: 1) to determine the need 
for an environmental assessment, and 2) to promote efficient coordination of the 
environmental assessment. 

Memorandum of Agreement between Canada and Nova Scotia for Remediation of the Sydney 
Tar Ponds and Coke Ovens Sites in the Cape Breton Regional Municipality, May, 2004 – This 
document lays out the remedial undertaking including project parameters, funding 
arrangements, governance, preliminary costs and implementation. 

Tar Ponds Site Remedial Action Evaluation Report (RAER), Prepared for Nova Scotia 
Department of Transportation and Public Works, February, 2003 – This report summarizes the 
technology evaluation process and provides recommendations for clean-up options for the Tar 
Ponds site. 

Coke Ovens Site Remedial Action Evaluation Report (RAER), Prepared for Nova Scotia 
Department of Transportation and Public Works, February, 2003 – This report summarizes the 
technology evaluation process and provides recommendations for clean-up options for the 
Coke Ovens site. 

Technical Evaluation of Sydney Tar Ponds Bench-Scale Demonstration: Final Report, Volume 
1, Summary Report (TDP), Prepared for Nova Scotia Department of Transportation and 
Public Works, 2002 – This report summarizes the result of bench scale testing by various 
treatment technologies for Tar Ponds sediments. 

1.3. Material Slated for Incineration in the Original Project Description 

The Project Description proposed a multi-faceted approach to remediation of the Tar Ponds 
and Coke Ovens sites.  The components of the proposed remedial plan included: 

• Surface Water Control. 

• Pump and Treat. 
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• Ex-Situ Destruction by Incineration of PCB Sediments, polycyclic aromatic 
hydrocarbons (PAH) contaminated sediment from Coke Oven Brook and PAH 
contaminated material from the in-ground tar cell. 

• In-Situ Treatment of remaining sediments by solidification/stabilization and remaining 
surface soils by landfarming. 

• Containment of residual contaminants with barrier walls and engineered cover and cap. 

• Surface restoration and landscaping. 

• Long-term monitoring and maintenance. 

Note that the term PCB Sediments referred to herein is sediment with a PCB concentration 
greater than 50 ppm.   

In particular, the material slated for incineration is summarized in Table 1-1.  

Table 1-1:  Volumes of Impacted Material 

Tar Ponds 
Location PAH-, PCB-, and Metals-

Impacted Sediments, tonnes (m3) 
PCB-Impacted Sediments, (>50 

ppm), tonnes (m3) 
North Pond 360,000 

(280,000) 
47,000 

(36,000) 
South Pond 350,000 

(270,000) 
12,000 
(9,000) 

Total (North and South 
Ponds) 

710,000 
(550,000) 

59,000 
(45,000) 

Coke Ovens 
Location PAH-, PCB-, and Metals-Impacted Materials, tonnes (m3) 

Coke Ovens Site 560,000 
(280,000) 

Coke Ovens Brook 1,300 (slated for incineration) 
(1,000) 

In-Ground Tar Cell 25,000 (slated for incineration) 
(12,500) 

Total 586,300 
(293,500) 

 
It should be noted that the material slated for incineration in the North and South Tar Ponds is 
estimated as 120,000 tonnes (92,000 m3 ex-situ).  Since the PCB-impacted sediment is inter-
layered with other PAH contaminated sediments it is anticipated that a significant volume of 
sediment with concentrations below 50 ppm PCB will be mixed with the PCB sediments 
during excavation activities.     
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For the North Pond, the following additional comments can be made: 

• Most of the PCB sediment is in a single deposit near Battery Point. 

• The contaminated sediment lies in a discreet layer of varying thickness that is located 
between layers of PAH contaminated sediments and slopes downward. 

• Impacted sediment is inter-layered with other PAH contaminated sediments, 

• Sediment also contains concentrations of PAHs and metals (as shown on Table 1.2). 

For the South Pond, the following additional comments can be made: 

• The PCB sediments are primarily located close to the surface of the sediment in a 
relatively accessible location. 

• Sediment also contains concentrations of PAHs and metals (as shown in Table 1.2). 

For the Coke Ovens Brook, the following additional comments can be made: 

• Soil contains visible separate phase product (or tar). 

• Soil also contains concentrations of Petroleum Hydrocarbons (PHC) and metals (as 
shown in Table 1.2). 

For the In-Ground Tar Cell, the following additional comments can be made: 

• Soil contains visible separate phase product (or tar). 

• Soil also contains concentrations of PHC and metals (as shown in Table 1.2). 

Miscellaneous contaminated materials generated during the remediation activities 
(i.e., coveralls, gloves, oil filters, tires, etc.) are also slated for incineration. 

Concentration data was assessed to provide average characteristics for each area.  Selected 
metals, PCBs, PAH and TPH concentrations are shown in Table 1-2. 

Table 1-2:  Characteristics of Material Considered For Incineration Alternatives 

Location 
Heating 
Value 
Btu/lb 

PCB 
ppm 

PAH 
mg/kg

Moisture
% 

Arsenic
mg/kg 

Chromium
mg/kg 

Copper 
mg/kg 

Lead 
mg/kg 

Mercury
mg/kg 

North Pond 8,062 102 5,596 50 66 49 288 321 1.56 
South Pond 11,733 194 1,225 40 62 36 78 97 105 
Coke Ovens 
Brook 

N/A N/A N/A 21 62 32 96 617 5.76 

Tar Cell N/A N/A 125 15 31 64 108 183 0.8 

Note: All values are averages.  Information extracted from EDat and includes sampling at various depths 
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2. ALTERNATIVE ASSESSMENT PROCESS 

The process applied to assess alternatives to incineration is described in this section.  In 
general, the methodology for technology evaluation utilized in the RAER Tar Ponds and Coke 
Ovens sites was also utilized in this assessment.  The process is summarized below: 

• Step 1 – Nominate Candidate Technologies 

• Step 2 – Screen Candidate Technologies Against Performance Criteria (Overall 
Suitability, Scale of Application and Status of Development) 

• Step 3 – Assess Screened Technologies Against the Key Premises (Reduction of 
Detrimental Effects, Reliability and Cost Effectiveness) 

The RAER reports included a fourth step: Comparison to Community Evaluation Criteria.  
This comparison was not carried out as part of this report as the emphasis here is on the 
suitability of the technologies to meet the treatment goals and not on the public perception of 
those technologies.  Further, since this report was initiated due to a perception that 
incineration may not be accepted by the public at large, it was felt that alternatives which 
excluded incineration would then generally be looked upon favorably by the public.  The 
process used to identify alternatives to incineration is illustrated in Figure 1. 

2.1. Step 1 – Nominate Candidate Technologies 

The RAER reports were completed in February 2003, approximately two and a half years 
prior to the preparation of the present report.  Environmental technologies have advanced at a 
rapid pace in the last 25 years and it is possible that new technologies may have become viable 
or existing technologies adapted in new ways in recent years.  A re-evaluation of potentially 
applicable technologies was completed in order to ensure that all potential alternatives to 
incineration are reviewed.  Technologies for the Tar Ponds are specifically those which are 
applicable to the PCB Sediments (i.e., sediments with >50 ppm PCBs).  Technologies for the 
Coke Ovens are specifically those applicable to the Tar Cell and Coke Oven Brook Materials.   

In the Step 1 Assessment, in-situ and ex-situ technologies are grouped separately for both the 
Tar Ponds Sediments and the Coke Ovens PAH Materials. 
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2.1.1. Tar Ponds Sediments In-Situ Containment / Treatment Technologies 

The RAER reviewed the following in-situ technologies for application to the Tar Ponds 
sediments: 

• Natural Attenuation 

• Natural Recovery 

• Solidification/Stabilization 

• Chemical Oxidation 

• Soil Vapour Extraction 

• In-Situ Containment (Capping and Vertical Barriers) 

Earth Tech added the following in-situ technologies to this evaluation based on a systematic 
review of potential emerging and demonstration technologies: 

• Bioremediation (including 
Bioventing) 

• Air Sparging 
• Dual Phase Extraction/Bioslurping 
• Free Product Recovery/Pump and 

Treat/Passive Product Collection 
• In-Well Vapour Stripping 
• Permeable Reactive Barrier Walls 

• Phytoremediation 
• Soil Flushing (Cosolvent, Water 

and Surfactant Flushing) 
• Electrokinetic Remediation 
• In-Situ Thermal Desorption 
• Thermal Treatment (Steam 

Flushing and Radio Frequency 
Heating) 

2.1.2. Tar Ponds Ex-Situ Containment / Treatment Technologies 

The RAER reviewed the following ex-situ technologies for application to the Tar Ponds 
sediments: 

• Solid Phase Bioremediation 
• Slurry Phase Bioremediation 
• Asphalt Batching 
• Solidification/Stabilization 
• Soil Washing 
• Dehalogenation 
• Chemical Extraction (Acid 

Leaching) 
• Chemical Extraction (Solvent 

Extraction) 
• Hydrogen Reduction 

• Solar Detoxification 
• Low Temperature Thermal 

Desorption 
• High Temperature Thermal 

Desorption 
• Pyrolysis 
• Incineration 
• Co-Burning 
• Vitrification 
• Plasma  
• Confined Disposal Facility 
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• Electrochemical Remediation Containment 
• Landfilling 

Earth Tech added the following ex-situ technologies to this evaluation based on a systematic 
review of potential technologies:   

• Sonoprocess  
• Nanoscale Zero Valent Iron 

• Enhanced Bioremediation 

2.1.3. Coke Ovens In-Situ Containment / Treatment Technologies 

The RAER reviewed the following in-situ technologies for application to the Coke Ovens soil: 

• Natural Attenuation 
• Soil Vapour Extraction 
• In-Situ Thermal Desorption 
• Dynamic Underground Stripping 

(Thermal Treatment) 
• In-Situ Containment (Capping and 

Vertical Barriers) 
• Chemical Oxidation 

• Bioventing 
• Permanent Watercourse 

Management 
• Long-Term Pump and Treat 
• Passive Coal Tar/Oil Product 

Collection 
• Solidification/Stabilization 

Earth Tech added the following in-situ technologies to this evaluation based on a systematic 
review of potential technologies: 

• Phytoremediation Nanoscale Zero 
Valent Iron 

• Soil Flushing (Cosolvent, Water 
and Surfactant Flushing) 

• Electrokinetic Remediation 
• Permeable Reactive Barrier Walls 

• Air Sparging 
• Dual Phase Extraction 
• In-Well Vapour Stripping 
• Radio Frequency Heating 

2.1.4. Coke Ovens Ex-Situ Containment / Treatment Technologies 

The RAER reviewed the following ex-situ technologies for application to the Coke Ovens 
soil:  

• Solid Phase Bioremediation  
• Slurry Phase Bioremediation  
• Asphalt Batching 
• Solidification/Stabilization 

• Solar Detoxification 
• Thermal Desorption 
• Pyrolysis 
• Incineration 
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• Soil Washing 
• Solvent Extraction 
• Electrochemical Remediation 

• Co-Burning 
• Landfilling 

Earth Tech added the following ex-situ technologies to this evaluation based on a systematic 
review of potential technologies: 

• Enhanced Bioremediation • Vitrification 

2.2. Step 2 – Screen Candidate Technologies against Performance Criteria 

Performance criteria are technical criteria that assess the success of the application of the 
technology in reducing similar concentrations in other situations.  They are based on the 
technology’s limitations, successes, capability, and similar projects of context and scale.  
There are three Performance Criteria, as follows: 

Step 2a – Screen against Overall Suitability:  This criterion looks at the expected results of 
applying the technology to the cleanup of the sites.  Operational and performance 
characteristics are assessed against site-specific considerations.  The following questions are 
used to help assess the overall suitability of each technology: 

• Is the remedial technology compatible with the depth and in-situ condition of 
contamination and in-situ characteristics of the sediment / soil matrix? 

• Is the remedial technology effective for the contaminants of concern and other residual 
contaminants? 

• Can the remedial technology meet the performance objectives (i.e., meet the SSTLs or 
mitigate exposure pathways)? 

Step 2b – Screen against Scale of Application:  This criterion is an indication of the viability 
of the technology.  Technologies should be able to operate at the capacity required, or have the 
capacity to be scaled up.   The following questions are used to assess the scale of application 
of each technology: 

• Is the remedial technology compatible with the scale and quantity of material to be 
managed? 

• Can the remedial technology provide at least 10 tonnes per hour throughput or process 
rate for ex-situ processes and 10 year target cleanup for in-situ processes? 
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Step 2c – Screen against Status of Development:  This criterion is a measure of how proven 
a technology is.  It is important that technologies provide some confidence as to their ability to 
perform the clean-up, and a good track record is a solid indicator.  The following questions are 
used to assess the status of development of each technology: 

• Has the remedial technology been applied at full scale in the past two years? 

• Is the performance data of the full scale application relevant and acceptable with respect 
to scale and suitability? 

Candidate technologies were first screened in Step 2a, and technologies which passed were 
then evaluated in Step 2b and then Step 2c.  Technologies which passed Step 2c were then 
evaluated as a group and ranked according to their performance against the Key Premises.   

2.3. Step 3 – Assess Screened Technologies against Key Premises 

Technologies which passed the screening in Step 2 were then assessed and ranked against the 
Key Premises.  The Key Premises are based on the Community Evaluation Criteria in the 
RAER and are as follows: 

Key Premise 1 – 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. 

Key Premise 2 – Reliable Technology – Proven technology, appropriate to and capable of 
implementation under conditions similar to the Tar Ponds site. 

Key Premise 3 – Cost Effectiveness – Technologies must be cost effective, when compared 
against other technologies that could achieve similar results.   
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3. STEP 2 – PERFORMANCE CRITERIA SCREENING 

The list of candidate technologies developed in Step 1 of the Alternatives Assessment Process 
was reviewed against the Performance Criteria established in the RAER. The candidate 
technologies identified in Section 2.1 are discussed herein and screened against the 
performance criteria as follows: 

• Step 2a – Screen against Overall Suitability 

• Step 2b – Screen against Scale of Application 

• Step 2c – Screen against Status of Development 

3.1. Step 2a – Screening Against Overall Suitability 

The assessment of Overall Suitability includes a brief overview of each technology as well as 
a discussion of the applicability of the technology to the Tar Ponds and Coke Ovens areas.  
The brief overview is divided into in-situ and ex-situ technologies. 

The following questions were used to help assess the overall suitability of each technology: 

• Is the remedial technology compatible with the depth and in-situ condition of 
contamination and in-situ characteristics of the sediment / soil matrix? 

• Is the remedial technology effective for the contaminants of concern and other residual 
contaminants? 

• Can the remedial technology meet the performance objectives (i.e., meet the SSTLs or 
mitigate exposure pathways)? 

3.1.1. In-Situ Technologies 

3.1.1.1. Natural Attenuation 

Natural attenuation includes natural environmental processes such as dilution, volatilization, 
biodegradation, adsorption, and chemical reactions that can reduce contaminant 
concentrations.  Although not a technology 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.  According to the RAER, there is 
additional input and contaminant accumulation to the South Pond.  As a result, without active 
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reduction at source areas there is little opportunity for the impacts to be remediated through 
natural attenuation. 

It therefore appears that natural attenuation will produce little reduction in contaminant 
concentrations of PAHs or PCBs in the future and is unlikely to significantly change the 
concentration or state of the metals in the sediments.  Hence, it is not considered further for 
the Tar Ponds and Coke Ovens materials as an alternative to incineration. 

3.1.1.2. 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/Fenton’s Reagant (including modified Fenton’s 
Reagant), permanganates, hypochlorites, chlorine, sodium persulphate, 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. 

Unfortunately, the oxidation process is non-selective and the oxidant is consumed by other 
organics and inorganics in the sediments or soil and not necessarily the target contaminant.  
Excess chemical needs to be added to overcome the inherent soil demand.  Chemical oxidation 
would not reduce the concentration of the metals at the site though it may oxidize them, i.e., 
change their state.  Chemical oxidation approaches are typically ineffective in low 
permeability matrices, conditions with mobile free product and contaminants with low 
solubility (such as PCBs and some PAHs).  Of the chemical oxidants presented herein, ozone 
has shown potential for reduction of PAH and PCB compounds (typically ozone is used for 
the vadose zone or applied ex-situ to soil slurries); Fenton’s Reagant has shown potential for 
reduction of PAHs and Sodium persulphate has shown potential for reduction of PCB 
compounds.  These chemical oxidants are being used at pilot, bench scale, and demonstration 
projects.  Few full scale projects for remediating PCB and/or PAH impacts have been 
completed. 

Designing an oxidant delivery system to ensure its efficient and effective distribution in the 
soil or sediments would be difficult.  The presence of separate phase product is generally 
considered to be a factor that eliminates chemical oxidation from consideration.  The 
combination of these concerns, and the impedance associated with the high organic content in 
the sediment, indicates that this technology should not be considered for the Tar Ponds and 
Coke Ovens materials as an alternative to incineration. 
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3.1.1.3. 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, 
burial or mixing-in-place of the near surface sediments with cleaner sediments, thereby 
achieving the SSTLs over time.  Natural recovery is often used with persistent contaminants 
that sorb to soil and sediment particles.   

For the Tar Ponds, 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.  Natural recovery is not considered further for the Tar Ponds or 
Coke Ovens material as an alternative to incineration. 

3.1.1.4. Soil Vapour Extraction 

Soil vapor extraction (SVE) is an in-situ 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 unsaturated soil (or vadose zone).  SVE technologies use a 
vacuum blower system connected to wells via piping manifolds to extract air through the 
system of wells.  The extracted air is collected and treated prior to venting to the atmosphere.  
SVE is operated at a high flow rate to achieve volatile compound removal in addition to 
oxygen replenishment in the subsurface soils.  The gas leaving the soil may then be treated to 
recover or destroy the contaminants.  Factors such as the moisture content, organic content, 
contaminant volatility and air permeability of the soil, will also affect SVE’s effectiveness.   

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 soil or sediments that are typically above the water surface 
with a unsaturated zone of approximately 3 m.  It is not an effective technology for removing 
PCBs, high molecular weight PAHs and metals, but can be effective at removing volatile 
compounds. 

The quantity of complex PAHs and petroleum hydrocarbons and the shallow groundwater 
table indicates that this technology is inappropriate for the Coke Ovens site.  It is also not 
considered further for the Tar Pond material due to the presence of PCBs. 
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3.1.1.5. In-Situ Solidification/Stabilization 

Solidification/Stabilization reduces the mobility of contaminants through both physical and 
chemical means.  Contaminants are physically or chemically bound to the medium to produce 
a non leachable material that is relatively easy to handle.  The process physically binds or 
encloses contaminants within a stabilized matrix.  With in-situ S/S, the sediments and soils are 
mixed in-place and treated. 

Chemical additives (i.e., Portland Cement, lime, organic polymers, silicates, flyash, kiln dust) 
can be added to the contaminated matrix to limit the waste’s solubility and mobility, and lower 
its toxicity.  The chemical additives and water are blended into the soil or sediment.  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. 

In-situ soil stabilization involves placing solidifying/stabilizing agent into contaminated 
subsurface soils or sludge, adding water if necessary, and then performing repeated mixing 
with the bucket of a back hoe or track hoe to mix and stabilize the sludge or soil in place.  
Another method is to inject stabilization chemicals and water in to the soils using rotary 
augers.  After the slurry has been mixed into the area, the auger is removed and the slurry is 
left in place to solidify.  The performance is highly dependent on mixing capabilities.  The 
depth of the contaminants may limit some S/S mixing techniques. 

The Technology Demonstration Program (TDP) in 2002 had one participant utilizing S/S (IT 
Corporation).  The results showed that the treated samples had increased compressive strength 
with leachability test results being similar to untreated sediment. In addition, primary benefits 
of the S/S are improved material handling characteristics and reduced permeability. 

S/S results in an increase in soil strength or bearing capacity, a decrease in hydraulic 
conductivity, and a decrease in leachability of the contaminants.  S/S can treat a broad range 
of contaminants including PCBs, PAHs and metals.  In-situ and ex-situ S/S processes have 
been used in North America to address high levels of contaminants at manufactured gas 
plants. 

In-situ S/S is considered applicable to contaminant types and characteristics at the Tar Ponds 
and Coke Ovens and is considered further in the subsequent screening level. 
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3.1.1.6. In-Situ Containment (Capping and Vertical Barriers) 

In-situ containment involves the construction and placement of barriers that sever the pathway 
between the contaminant source and the receptor.  Containment barriers may be placed around 
its perimeter, as a cover, or in all of these areas, as dictated by site-specific conditions.  
Containment barriers are constructed of clean materials that may include fine grained soils, 
granular materials, armour stone, sheet piles, grout and geotextiles.  If required, impermeable 
clay layers and/or geomembranes can be employed to prevent the movement of precipitation, 
surface and groundwater into the contained area, and/or migration of contaminants.   

Subsurface barriers, such as sheetpiles and bentonite clay walls, are often used to contain 
groundwater, NAPLs and vapours.  Monitoring systems are designed and placed to detect 
contaminant leaching and to ensure the continued integrity of the barrier systems.  
Containment technologies can significantly reduce or eliminate issues related to dust, vapours 
and odours that may be generated by the transportation and handling of materials off-site.  
Although in-situ containment does not remove or destroy the contamination, containment 
technologies can effectively manage exposure risks, can be implemented in a timely manner, 
and are generally economical.  In-situ containment technologies have been selected for use at 
other coal tar sites where there are nearby residential areas, as the most appropriate technology 
to mitigate construction related vapour and odour issues. 

The suitability of in-situ capping to a contaminated site is not greatly affected by the type or 
level of contaminants present, because it physically isolates the underlying material and their 
associated contaminants.  The primary reason for the failure of capped sites is the presence of 
contaminants below the water table that generate dissolved concentrations at unacceptable 
levels.  Since dissolved phase contamination is not an issue over most of the Coke Ovens site, 
in-situ capping is feasible.   

In-situ containment by capping is retained for further consideration as an in-situ cleanup 
technology for both the North and South 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 its ability to contain both PCBs and PAHs, In-Situ Containment is considered 
further for the Tar Ponds and Coke Ovens Sites. 
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3.1.1.7. In-situ Bioremediation (Including Bioventing and Biosparging) 

In-situ bioremediation is the process in which microbes degrade or convert a contaminant into 
more benign compounds.  In aerobic conditions, contaminants will eventually be degraded 
into carbon dioxide, water, and microbial cell mass.  Under anaerobic conditions, 
contaminants will eventually be degraded into methane, limited carbon dioxide, trace 
hydrogen gas, and microbial cell mass.  Contaminants may be converted into intermediate 
products which are less, equally, or more harmful than the original contaminant. 

Usually, biodegradation is accomplished using methods which enhance indigenous microbe 
populations and focus on increasing growth limiting factors in the subsurface (such as 
nutrients and oxygen).  However, where indigenous populations of microbes are not suitable, 
inoculation with specific organisms may be appropriate.  Typically, water mixed with 
nutrients (phosphorous and nitrogen) and/or oxygen (oxygen releasing compounds, hydrogen 
peroxide, oxygen/air (as used in bioventing and biosparging) and ozone is introduced into the 
contaminated zone.  For anaerobic bioremediation or cometabolic bioremediation, organic 
supplements or methane are injected into the subsurface to force the system to a reducing 
environment that supports degradation. 

In-situ bioremediation is not likely to be effective if the constituents are not potentially 
biodegradable.  For constituents such as lubricating oils, diesel oils, PCBs and separate phase 
product, bioremediation is least effective.  Bioremediation would take many years to show 
significant results.   This is supported by bench scale testing of sediments from the South Pond 
in the TDP where results showed no significant reductions in concentrations of PAHs and 
inconclusive results for PCBs.  The bench scale testing simulated an ex-situ bioremediation 
process however, results are indicative of in-situ performance. 

Bioremediation approaches that are dependent on injection of gas (air, oxygen and ozone) are 
dependent on the location of the water table, soil permeability, soil moisture and temperature.  
The thin thickness of the saturated section of the fills and the shallow depth to groundwater 
are expected to greatly limit effectiveness of bioremediation at the Coke Ovens Site.  

In-situ Bioremediation was not considered a suitable technology based on Performance 
Criteria screening for the Tar Ponds and Coke Ovens material. 
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3.1.1.8. Phytoremediation 

Phytoremediation makes use of the natural ability of vegetation to take up, accumulate, and/or 
degrade contaminants, which exist in their environment.  Recent advances in 
phytoremediation have incorporated genetic modification (i.e., hybrid poplars) to emphasize 
desirable characteristics.  Phytoremediation is applicable to a wide range of contaminants, 
however contamination must reside within the root zone of the vegetation being utilized, 
typically within about one to three metres of surface. 

During phytoremediation, the contaminants are taken in by the roots and then move into the 
plant components (trunk, stalk, leaves etc.)  In some applications, the plant breaks down 
organic pollutants and acts as a filter or trap to contain and stabilize metal contaminants.  
Microbial action in the root zone breaks down some of the contaminants before plant uptake. 

Phytoremediation has been used to treat dredged sediment material to reduce contaminant 
concentrations in field demonstrations however, treatment was ineffective at producing 
desirable final concentrations of PCBs.  In another recent demonstration, poplars and willows 
were planted as a final cleanup at a PCB impacted site however, performance data is not yet 
available. 

Based on contaminant concentrations, depth of contaminants and characteristics of 
contaminants in both areas, phytoremediation is not considered an applicable technology for 
site remediation at the Tar Ponds or Coke Ovens sites.   

3.1.1.9. Air Sparging 

Air sparging is an in-situ technology in which air is injected through contaminated 
groundwater to strip or volatilize contaminants.  Injected air moves horizontally and vertically 
through the soil column to flush the contaminants up into the unsaturated zone where a soil 
vapour extraction system is often implemented to remove the vapour phase contaminants.  The 
target contaminant group for air sparging are volatile organic compounds and fuels. 

Based on the contaminant types and limited volatility, this technology is not considered 
further for the Tar Pond and Coke Ovens sites. 
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3.1.1.10. Soil Flushing 

In soil flushing, a solution of water, surfactants or cosolvents is applied to the contaminated 
area.  Injected water and treatment agents are recovered together with the flushed 
contaminants and are separated ex-situ.  Similar to ex-situ soil washing, most organic and 
inorganic contaminants tend to bind and sorb to clay, silt, and organic soil or sediment 
particles.  The flushing solution leaches the contaminants sorbed to the particles into the 
solution, which is then extracted and treated. 

The target contaminant group for soil flushing is inorganic but the technology can also be used 
to treat PAHs and other organics.  The addition of surfactants can increase the solubility of 
some organic compounds.  The technology is ineffective in conditions with low permeability.  
Due to in-situ characteristics of sediments at the Tar Ponds, this approach is not considered 
further.  Few project summaries are available that demonstrate this technology’s application to 
PAH and separate phase product contaminants.  Typically, the focus of the application is on 
free product removal and though significant amounts of product removal have been 
demonstrated, it is likely that residual contamination will act as a long-term source of 
contamination. Soil flushing will likely not eliminate or reduce the need for groundwater 
containment.  Since the current project description incorporates purge wells (groundwater 
treatment) and interceptor walls (groundwater containment) for the Coke Ovens site, soil 
flushing application to the Coke Ovens site has been included for further consideration. 

3.1.1.11. Dual Phase Extraction/Bioslurping 

Dual Phase Extraction (also called Multi Phase Vacuum Extraction or Bioslurping) uses 
pumps to extract both vapour and groundwater from the subsurface and in some cases separate 
phase product.  Extracted liquids and vapours are treated in and collected for disposal. 

A dual phase extraction system is comprised of a single pump system using recovery wells 
with a “slurp” tube and a vacuum pump capable of extracting both liquid and gas or a dual 
pump system using a down hole pump and a vacuum applied to the recovery well.  Ex-situ 
liquid/vapor and oil/water separation units are used and, if required, water and vapor treatment 
units.  Both soil gas and liquid, including groundwater and free product, are removed in a 
single or dual process stream.  Pumping lifts light non-aqueous phase liquids (LNAPLs), such 
as oil, and brings it to the surface, where it is separated from water and air.  When free-product 
removal activities are completed, the dual phase extraction system is easily converted to a 
conventional bioventing system to complete the remediation.  It is applicable at sites with 
water table depths less than 10 to 15 m. 
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Although this system is a more aggressive approach than pump and treat, it requires long-term 
operation and maintenance.  At sites with high hydraulic conductivity and contaminants with 
low volatility, the effectiveness of a dual phase extraction system is reduced to that of a pump 
and treat system.   

Due to the nature of the contaminants (low volatility), dual phase extraction is not considered 
further for application to the Tar Pond and Coke Ovens sites. 

3.1.1.12. Electrokinetic Remediation 

Electrokinetic remediation involves the use of two electrodes placed in the ground.  A small 
direct current is passed between the electrodes to create an electrical field.  The zone between 
the two opposing electrodes is the treatment zone and migration of ions and transport 
mechanisms take place.  Contaminant susceptible to electrokinetic forces are mobilized either 
through movement of soil moisture or groundwater, transport of ions and transport of charged 
particles.  Removal of contaminants at the electrode can be accomplished by electroplating, 
precipitation, or water pumping.  Electrokinetic remediation is applicable to contaminants that 
are readily transported by an induced electric field.  Targeted contaminants are typically heavy 
metals, anions and polar organics in the matrix.  DNAPL contaminants tend not to be 
mobilized due to their uncharged, non-polar attributes.  Electrokinetic remediation is 
associated with applications such as Lasagna™ technique, Cation Selective Membrane, 
Ceramic Casting and Electrochemical Ion Exchange.   

Based on the contaminant types, this technology is not considered further for the Tar Pond and 
Coke Ovens sites. 

3.1.1.13. Free Product Recovery/Pump and Treat/Passive Product Collection 

Historically the most common solution to the presence of unacceptable dissolved phase 
contaminants in groundwater has been to pump the impacted water and treat it to remove the 
contaminants prior to its discharge.  This has been executed at numerous sites, including many 
coal tar sites, to address dissolved phased contaminants in the groundwater.  Sites with free 
product are, however, recognized to be very difficult to cleanup using pump and treat methods 
alone (USEPA, 1996).  The use of pump-and-treat methods on their own to clean up a site has 
been termed “technically impracticable” (USEPA, 2001).  Pump and treat has demonstrated a 
significant lack of success in reducing mass due to the effects of sorption onto geologic media, 
diffusion into low permeability zone, limited solubility, and heterogeneity of the subsurface.  
Consequently, pump and treat is often viewed as a migration-control approach to limit down 
gradient impacts not to conduct mass removal or remediation. 
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It is unlikely that pump-and-treat could cleanup the coal tar and oil products at the site, even 
over several decades, but the method can be used to prevent the migration of groundwater 
where the dissolved concentrations are unacceptable.  Pump and treat is a slow process with 
diminishing returns and results in costly ongoing operation and maintenance of mechanical 
systems for numerous years. 

The collection of groundwater is relatively simple through the use of either wells or trenches.  
The large lateral extent, but thin thickness of the saturated fills at the Coke Ovens site, 
indicates that trenches would probably be the most efficient and effective means of collecting 
groundwater.  The groundwater could then be treated in a permanent treatment plant designed 
and constructed for this specific purpose, or in a publicly-owned wastewater treatment plant 
provided the design is suitable to treat the contaminants in the groundwater.  It could be 
expected that the collected water would likely collect some free product that would need to be 
separated prior to water treatment.  The treatment technologies for such circumstances are 
well developed and have been used at many sites successfully.   

Coal tar and oil are very viscous when compared to water.  On many sites it has been found 
that aggressive pumping of the groundwater does not collect proportionately larger quantities 
of coal tar or oil.  It is often more cost-effective to construct a passive removal system that 
locates wells or trenches in locations where coal tar is known to be present and mobile.  The 
coal tars and oils then flow into the collection system under their own velocity.  The free 
product can be removed at a slow rate, often by short pumping periods interspersed between 
long delays.  It is often possible to remove fluids that are primarily free product.  This 
substantially reduces the quantity of groundwater that must be managed.  Simple gravity i.e., 
settling in a tank for a day or so, is often adequate to separate the product from the water.  On 
many sites, if the regulations allow, the groundwater can be re circulated back into the ground 
adjacent to the removal point. 

Passive collection is particularly effective at sites with relatively well-defined locations of 
separate phase product in relatively large quantities.  The goal is to reduce the concentration of 
the coal tar and oil products to the “residual” condition where they are no longer mobile.   

Given the in-situ characteristics of the sediment, without significant dewatering or rerouting of 
the Tar Ponds flow, pump and treat or product recovery is not considered appropriate for the 
Tar Ponds PCB sediment.  Pump-and-treat/product recovery is considered further for the Coke 
Ovens site. 
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3.1.1.14. In-situ Thermal Desorption 

In-situ thermal desorption is a treatment process that uses heat to extract contaminants through 
volatilization or to destroy contaminants in place.  Heat is applied to the soil from a high 
temperature surface in contact with the soil.  Thermal conduction and convection occur to the 
applied area.  The technology creates in-situ temperatures similar to those used in ex-situ low 
temperature thermal desorption.  As the heat radiates away from the wells, vaporized 
components are drawn back towards the well by an applied vacuum.  The heating/vacuum 
wells are connected through piping to the ex-situ vapour treatment system.  Targeted 
contaminants include free product and other organic compounds including PCBs.  For 
compounds such as PAHs and PCBs, in-situ thermal desportion is used to boil off the soil 
moisture, dry the soil and volatilze the contaminants at temperatures close to their boiling 
points.  Volatilized contaminants are typically removed from the vadose zone using soil 
vapour extraction techniques.   

Heating is independent of soil moisture content, soil type and soil heterogeneity, however, 
excess moisture such as that in the Tar Ponds sediments limits the ability of the system to 
attain the required temperatures.  Groundwater control may be required in some situations to 
control groundwater infiltration into the treatment zone. 

In-situ thermal desorption has been applied in full scale applications to treat free product, 
petroleum hydrocarbons, PCBs, PAHs, pentachlorophenols, and dioxins/furans.  Little impact 
on metal contaminants will be derived however, metals at the Coke Ovens likely have limited 
mobility.  It is not considered further for the Tar Ponds tar cell material as an alternative to 
incineration due to the high moisture content but is considered further for the Coke Ovens site. 

3.1.1.15. In-Well Vapour Stripping 

Air is injected into a double-screened well, to produce a circulation cell around a well through 
which contaminated groundwater is cycled.  Injection of air causes the volatile organic 
compounds in the contaminated groundwater to transfer from the dissolved phase into the 
vapour phase.  As the air rises to the surface of the water, the vapours are collected and treated 
using a soil vapour extraction system or allowed to be discharged to the unsaturated zone for 
biodegradation. 

Similar to the rationale presented for soil vapour extraction, due to low volatility of the 
contaminants, this technology is not considered further for the Tar Pond or Coke Ovens Site. 



Alternative Assessment 
Alternative Approaches for Managing the Material Slated for 
Incineration at the Sydney Tar Ponds and Coke Ovens Sites 

Earth Tech (Canada) Inc. Page 3-12 
L:\work\85000\85989\03-Report\Alternatives Report\Final Report\FINAL Task 1 - Assessment of Alternatives for Managing the Matl Slated for Incineration - Dec 5_ec.doc 

3.1.1.16. Thermal Treatment (Dynamic Underground Stripping) 

Dynamic underground stripping uses steam injected below grade around a contaminant zone 
to drive the contaminants to extraction wells located in the center.  It is a subset of the various 
steam stripping technologies.  Some variations include injecting oxygen to induce Hydrous 
Pyrolysis Oxidation in addition to the thermal aspect.  The contaminants are then pumped out 
of the ground.  The inclusion of oxygen in the process will oxidize or stimulate in-situ 
bioremediation for many of the contaminants.  This technology is still in the demonstration 
stages with a few full scale applications; it is being tested at relatively deep depths and in 
aquifers that would require very high pumping rates for traditional pump-and-treat.  A rule of 
thumb that has been developed by the U.S. Department of Energy is that this technology 
would be most appropriate for sites requiring a pump and treat system operating at over 400 
litres per minute.  The Coke Ovens site has a relatively shallow and thin fill unit with a thin 
saturated thickness that would make this technology very difficult to apply.  It is not 
considered further for the Tar Ponds PCB sediment as an alternative to incineration. 

3.1.1.17. Permeable Reactive Barrier Walls 

Permeable Reactive Barrier Walls are treatment walls typically installed across the flow path 
of contaminated groundwater.  As the groundwater plume travels through the wall, treatment 
agents within the wall degrade or retain the contaminant.  This is a passive treatment 
technology used to protect downgradient receptors.  Permeable treatment walls may be 
installed as permanent, semi-permanent, or replaceable units and may need to be replaced 
periodically.  Contaminants are removed at the wall by physical, chemical and/or biological 
processes depending on the nature of the wall.  Barrier walls may contain metal-based 
catalysts (such as zero valent iron), chelating agents, sorbents, compost, microbes, nutrients or 
combinations of these components used to enhance chemical/biological processes.   

Treatment barrier walls are applicable to a wide range of geologic environments, however 
treatment is only effective on dissolved phase contaminants.  As a result, barrier walls as a 
stand-alone technology are not considered further for the Tar Ponds or Coke Ovens sites. 

3.1.2. Ex-Situ Technologies 

3.1.2.1. 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 
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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).  Often enhancements in the form of nutrients, microbes or porosity adjustments 
are completed to improve bioremediation. 

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.  Emerging bioremediation approaches are 
evaluated in Section 3.1.2.22. 

The sensitivities of solid phase bioremediation technologies to site environmental conditions 
result in a 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 Technology Demonstration Program for removing contaminants from the Tar 
Ponds material.  There was no significant reduction in PAHs and inconclusive results for 
PCBs.  It is not considered further for the Tar Ponds material as an alternative to incineration. 

Some of the Coke Ovens soils are already targeted for ex-situ bioremediation.  However, 
application of bioremediation technologies to the cleanup of the Coke Ovens Tar Cell soils 
may demonstrate that the presence of separate phase product inhibits the biological process.  
Due to characteristics of contaminants in the tar cell, bioremediation is not considered further 
for the Coke Oven tar cell area as an alternative to incineration.  

3.1.2.2. Solar Detoxification 

The contaminated medium is mixed with a catalyst (i.e., 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.  It 



Alternative Assessment 
Alternative Approaches for Managing the Material Slated for 
Incineration at the Sydney Tar Ponds and Coke Ovens Sites 

Earth Tech (Canada) Inc. Page 3-14 
L:\work\85000\85989\03-Report\Alternatives Report\Final Report\FINAL Task 1 - Assessment of Alternatives for Managing the Matl Slated for Incineration - Dec 5_ec.doc 

does not have a role in the treatment of contaminated soil or sediment at the Coke Ovens and 
Tar Ponds sites and is not considered further as an alternative to incineration. 

3.1.2.3. Slurry Phase Bioremediation 

Usually consists of a series of large tanks in which water, nutrients and other additives are 
mixed with excavated soils to produce an aqueous slurry.  The biodegradation process then 
proceeds with the careful control of nutrients, oxygen and pH in the tanks.  The technology is 
based on traditional wastewater treatment and is effective on organic contaminants, but not 
metals.  Batch reactors can treat approximately 100,000 tonnes. A Superfund Site in Texas 
successfully treated 270,000 tonnes of contaminated sludge in less than two years. 

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 aqueous slurry.  This biodegradation process requires careful 
control and the addition of nutrients, oxygen and pH in the bioreactor vessel. 

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 Coke Ovens site.  
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.  It is not considered further for the Tar Ponds and Coke Ovens materials as 
an alternative to incineration. 
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3.1.2.4. 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 designed to volatilize selected contaminants, but not to oxidize them.  
Volatiles in atmospheric gas are commonly removed using carbon adsorption filters, 
condensors, or oxidizers.  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 are not 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 or Coke Ovens 
soils 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 (i.e., S/S) could 
be required prior to disposal. 

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 Coke Ovens soils have a 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.  Low 
temperature thermal desorption is not considered applicable to the Coke Ovens soils.  
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 Tar Ponds PCB 
sediment but the treated material may require further processing for PAHs and other 
contaminants associated with the sediments.  As a stand alone technology, low temperature 
thermal desorption is considered further for application to the Tar Ponds site only with the 
caveat that treatment of residuals may be required. 

3.1.2.5. 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 
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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 therefore not considered further for the Tar Ponds and Coke 
Ovens materials as an alternative to incineration. 

3.1.2.6. High Temperature Thermal Desorption 

This process heats excavated waste materials to high temperatures that will volatilize water 
and organic contaminants.  Thermal desorption employs mechanical tumbling and indirect 
heating in an oxygen starved (oxygen too low to support combustion) atmosphere to drive the 
organics from the soil into the gas phase.  Temperatures and residence times are designed to 
volatilized selected contaminants, but not oxidize them.  Waste gases are further oxidized in a 
secondary combuster and other wastes are treated or sent to a license facility for destruction. 

High temperature thermal desorption heats excavated waste materials to temperatures that 
range from 315°C to 650°C to volatilize water and organic contaminants.  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.  Factors that may limit the applicability and effectiveness of thermal 
desorption system include particle size requirements for handling, presence of fine grained 
clay and silty soils, high organic content, high metals content, high moisture content, presence 
of tarry soils/sediments and presence of abrasive material. 

IT Corporation participated in the Technology Demonstration Program (TDP) with a thermal 
desorption process showing good reduction in contaminants.  The TDP included testing 
conventional thermal desorption on the Tar Ponds sediments at a temperature of 550°C.  
Treated sediment produced from this thermal desorption bench demonstration did not meet all 
of the TDP criteria; however overall organic compound removals were high with an 
approximate 99% removal level for PAHs and >99.99% removal of PCBs from the high PCB 
sediment.  Inorganic compounds were not removed and the concentrations in the treated 
sediment actually increased due to the mass of organics removed, reducing the total weight of 
sample.  IT concluded that conventional thermal desorption would not be a feasible option for 
the Sydney Tar Ponds clean-up effort due to the high organic content.   

Without further testing, IT concluded that a variation of the process for full-scale sediment 
treatment was more appropriate based on the results (Vaughan, 2002).  IT recommended the 
use of a partially pyrolytic, partially oxidative rotary kiln with a secondary combustion 
chamber to overcome the condensate treatment requirement and destruction of any BTEX or 
light hydrocarbons produced by cracking PAH compounds.   
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However, the technology should be considered further to address the contaminants associated 
with the Tar Pond and Coke Ovens sites. 

3.1.2.7. Ex-situ Solidification/Stabilization 

Solidification/Stabilization (S/S) (similar to in-situ Solidification/Stabilization) reduces the 
mobility of contaminants through both physical and chemical means.  Contaminants are 
physically or chemically bound to the medium to produce a non leachable material that is 
relatively easy to handle.  The process physically binds or encloses contaminants within a 
stabilized matrix.  In ex-situ S/S, the sediments and soils are excavated and treated and the 
mixture is then placed in a final storage/disposal location.  As with other technologies, 
excavated soils and sediments may require dewatering prior to treatment. 

Chemical additives (i.e., Portland Cement, lime, organic polymers, silicates, flyash, kiln dust) 
can be added to contaminated matrix to limit the waste’s solubility and mobility, and lower its 
toxicity.  This technology can be applied ex-situ, by excavating and mixing the materials with 
the solidifying/stabilizing agent and then placing the solidified material in containers or 
burying it on site.  Sludge or sediment is excavated, staged and screened to remove materials 
too large to be effectively treated (>2” diameter).  The chemical additives and water are 
blended into the soil or sediment.  Varying the amount of reagent relative to the moisture 
content in the material requiring treatment produces a range of product consistency, from a 
loose product to a monolith similar to pure Portland cement. 

The Technology Demonstration Program (TDP) in 2002 had one participant utilizing S/S (IT 
Corporation) with positive results.  The S/S was completed with a volume increase of 
approximately 40% and no destruction of contaminants. 

Often S/S results in an increase in soil strength or bearing capacity, a decrease in hydraulic 
conductivity, and a decrease in leachability of the contaminants.  S/S can treat a broad range 
of contaminants including PCBs, PAHs and metals.  In-situ and ex-situ S/S processes have 
been used in North America to address high levels of contaminants at manufactured gas 
plants. 

Ex-situ S/S is considered applicable to contaminant types and characteristics at the Tar Ponds 
and Coke Ovens and is considered further in the subsequent screening level. 
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3.1.2.8. Pyrolysis 

Involves indirectly heating contaminated material in a low oxygen environment and causing 
organic contaminants either to be released, broken down, or both, leaving behind a cleaned 
residue.  This process does not typically destroy contaminants, but separates them from the 
bulk material and/or alters them.  By-products include gases, condensed liquids and a solid 
char.  Gases can be combusted and liquids may be usable or require further treatment.  The 
solid char may also be combusted, landfilled or disposed.   

The Tar Pond and Coke Ovens material is high in hydrocarbons, coal/coke fines and other 
organics.  The material and its principle contaminants (PAHs, PCBs (Tar Ponds only) 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. 

The TDP included evaluation of pyrolysis (Vaughan 2002).  The process tested used thermal 
or physical processes (vaporization and volatilization) to separate components of the Tar 
Ponds material into fractions that could be treated, reused, or disposed.  Unlike the other 
treatments, the process 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 process 
employed a combustion step to burn the residual carbon (coal, coke and char) from the 
cleaned sediment, both to ensure complete removal of the organics, and to provide a portion of 
the energy requirements of the process.  Successful results were seen during the TDP from a 
UMATAC system for both PCB and PAH sediment.  It was noted that increased material 
handling would be required and a combustion step employed to burn the residual carbon. 

Based on the TDP results the 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 
soil washing 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.  Wastewater from both the condensed water vaporized from the 
sediments, and discharged from the air emission control equipment, requires treatment prior to 
discharge. 



Alternative Assessment 
Alternative Approaches for Managing the Material Slated for 
Incineration at the Sydney Tar Ponds and Coke Ovens Sites 

Earth Tech (Canada) Inc. Page 3-19 
L:\work\85000\85989\03-Report\Alternatives Report\Final Report\FINAL Task 1 - Assessment of Alternatives for Managing the Matl Slated for Incineration - Dec 5_ec.doc 

Pyrolysis, while effective on both PCB and PAH sediments, includes intensive processing.  
The TDP test indicated that the 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. 

The use of pyrolysis should be further considered for treating Tar Ponds PCB sediments and 
Coke Ovens soils.   

3.1.2.9. Ex-situ Soil Washing 

Excavated soils are cleaned by separating contaminants sorbed onto soil particles with an 
aqueous solution that may contain a basic leaching agent, surfactant, chelating agent, or pH 
adjustment.  Soil washing is generally considered a media transfer technology that 
concentrates contaminants through separation.  It does not destroy or immobilize the 
contaminants.  It also relies on physical separation processes based on size, density or surface 
properties to concentrate the contaminant material into a product stream of reduced volume.  
Physical treatment could include a range of separation activities such as screening, flotation, 
spirals and thickeners.  Most organic and inorganic contaminants tend to bind and sorb to clay, 
silt, and organic soil particles that are stuck to larger particles like sand and gravel.  Soil 
washing separates small particles from the large particles by breaking adhesive bonds.  The 
separated material is smaller in volume and is more easily disposed of.  Wash water from the 
process is recovered and treated, while the treated soils are generally backfilled or disposed in 
an off-site landfill. 

Soil washing has a potential to treat a variety of organic and inorganic contaminants and 
separate phase product, however may encounter difficulty treating a wide variety in one batch.  
Soil contaminated with both metals and organic compounds makes formulating a single 
suitable washing solution difficult.  Specific variants of the technology may be appropriate for 
concentrating the PCB sediments, but post treatment destruction of the PCB contaminated 
component would still be required.  In this case, sequential washing using different wash 
formulations may be required but this is only applicable for water-soluble metals.  High 
organic content of the soil may require pretreatment.   

The Tar Ponds and Coke Ovens material is not homogeneous and may present operational 
challenges for soil washing.  Liberation of all the contaminants to allow them to be 
collected/recovered is necessary for the process to be effective.  Since the primary 
contaminants of concern in Tar Ponds sediments are PAHs and PCBs and PAHs at the Coke 
Ovens site, which sorb tightly to organic and fine-grained materials, it will likely be necessary 
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to remove and trap virtually all of the organics and fines contained within the material.  
Consequently, the application of soil washing technologies to the Tar Pond and Coke Ovens 
sites will likely create a large quantity of residual material requiring treatment or disposal.  
Alternatively, soil washing processes could potentially require re treatment to bring 
contaminant concentrations to acceptable levels.  This could include multiple passes through 
the washing process, using different additives and/or other process changes that would reduce 
treatment capacity.  

TD Enviro Inc. participated in the 2002 TDP, utilizing their Clean Soil Process (CSP) with 
positive results, although waste streams required further treatment.  The TDP tested a 
proprietary soil washing technology (Vaughan, 2002).  This technology was essentially a 
physical separation process that 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).  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.   

Soil washing is not considered further as an alternative to incineration of the Tar Ponds 
material due to the presence of PCBs but is considered further as an alternative to incineration 
of the Coke Ovens material. 

3.1.2.10. Off-Site Incineration 

Incineration using high temperatures to volatilize and combust (in the presence of oxygen) 
organics in waste.  Auxiliary fuels are often employed to initiate and sustain combustion.  The 
destruction and removal for properly operated incinerators typically exceeds 99.9999% 
removal efficiency.  Off-gases and combustion residuals generally require treatment.  Off-site 
incineration involves the transportation of the Tar Ponds PCB sediments (>50 mg/kg) and 
Coke Ovens tar cell soils to an incineration facility remote from the Tar Ponds Site. 

At present, there are only three facilities available in Canada capable of providing large 
capacity contract treatment services for the type of material at the Tar Ponds and Coke Ovens 
sites.  Prior to any waste being shipped to any of the incinerators, its chemical properties must 
be determined and a plan developed for its treatment.  Documentation of the movement, 
treatment, and ultimate disposal of special waste is also required.  Two of the incinerators 
have limitations on concentration or mass loading of PCBs into the process and assessment of 
potential exceedance of the PCB limits will be necessary, though the mass loading limit on the 
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second of these (St. Ambroise) is unlikely to impact shipment from the Tar Ponds.  Of the 
available modes of transportation, trucking is the most likely alternative. 

Off-site incineration is considered applicable to the Tar Pond and Coke Ovens sites as 
alternatives to on-site incineration. 

The three available off-site incinerators are reviewed in the following:   

(1) Belledune, New Brunswick 

The Belledune facility is located on the south shore of the Chaleur Bay in northeastern 
New Brunswick, about thirty-five kilometers northwest of Bathurst and about 750 km 
from Sydney.  Its design was based in large part on Bennett’s St. Ambroise operations.  
The design throughput of the facility is 16.5 tonnes per hour.  The facility has not 
commenced operation but is anticipating start up shortly. 

The Belledune process is designated as a non chlorinated hydrocarbon treatment facility 
permitted to handle a maximum 33 ppm PCB soils.  The management is continuing 
negotiation and there is a possibility that higher concentrations of PCB material may be 
permitted.  The incinerator is a rotary kiln incorporating countercurrent gas flow.  The 
primary kiln chamber operates at 760 degrees C and the secondary chamber operates at 
>1,000 degrees C. 

Belledune is accessible by highway, rail and water pending appropriate approvals. 

The plant manager indicated they prefer lower moisture content materials for energy 
economy but there was not a serious concern expressed about high BTU values such as 
those identified at the Tar Ponds and Coke Ovens site. 

(2) Recupere Sol Option in St. Ambroise, Quebec. 

St Ambroise Quebec is located in the Chicoutimi region of Quebec about a 1,500 km road 
distance from Sydney.  Operating since 2000, the facility has a capacity of 12.5 Tonnes 
per hour with a certificate allowance of 100,000 Tonnes per year.  It is allowed to process 
up to 15.4 kg/hr of PCBs.  There is no limit to the concentration of PCBs in the feedstock 
however, throughput rates may decrease with increasing PCB concentration so as to meet 
the facility’s permits for treatment efficiency.  A recent trial test program has 
demonstrated 99.9999% efficiency for Dioxin and Furans destruction.  Tests have been 
witnessed and audited by USEPA and by DND Canada. 

The incinerator is a rotary kiln incorporating countercurrent gas flow.  The primary 
combustion chamber operates at 650 degrees C to 800 degrees C and the secondary 
chamber operates at >1,000 degrees C.  

St. Ambroise is accessible by highway and rail pending appropriate approvals. 

(3) Swan Hills Treatment Centre Option, Alberta 

The Swan Hills Treatment Centre is located 240 km north west of Edmonton and 
approximately 5,600 km from Sydney.  Operating since 1987, the facility is a fully 
integrated hazardous waste treatment facility.  It is capable of achieving complete 
treatment of hazardous wastes including PCBs, dioxins, furans and other hazardous waste 
compounds with the exception of pathological, explosive and radioactive wastes with no 
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limit to the concentration of PCBs in the feedstock.  The design throughput of the 
incinerators is 8 to 12 tonnes per hour. 

Physical equipment and facilities on site include a stabilization plant, a Physical/Chemical 
processing/neutralization facility, 2 rotary kiln incinerators, a deep-well for disposal of 
inert liquids and a Class One landfill for disposal of treated residuals.  In addition to 
treatment facilities, the site has a variety of storage facilities to store bulk solids, bulk 
liquids, drums (17,000 drum spaces) etc. These storage facilities are in heated and 
unheated buildings, tank farms and other facilities and are used for the storage of 
hazardous waste compounds awaiting treatment. 

Organic wastes in solid, liquid or sludge form are destroyed in the rotary kiln 
incinerator(s) on site with total nominal capacity of 42,000 to 50,000 metric tonnes per 
year. The destructive removal efficiency is 99.9999% or better. 

Swan Hills is reachable by highway only pending appropriate approvals. 

3.1.2.11. 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.  This technology is therefore not considered applicable to the Tar Ponds PCB 
sediments or Coke Ovens tar cell soils and is not an alternative to incineration. 

3.1.2.12. 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 challenge of co-burning is 
determining the right blend of contaminated material for transport, handling and burning.  
Typical blending results in contaminated materials ranging from 5 to 10% of total content, 
requiring existing facilities with high capacities.  Additional ash treatment or disposal would 
be required. 
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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 
requirements, as well as the standards for on-site disposal at the facility.  Facility permit 
requirements would almost certainly limit co-burning to sediments with less than 50 mg/kg of 
PCBs. 

The TDP included co-burning technology, but high PCB sediments were not evaluated.  
Colmac Resources Inc. examined co-burning of high PAH sediment with low PCB 
concentrations and produced good results for the destruction of PAH material during the TDP.  
The ash produced had a high metal content that may limit disposal options.  Gas emissions 
during the pilot test did not meet the required destruction efficiency however, it was noted that 
increased residence times and excess air would ensure complete combustion.  Dewatering of 
sediments and soil to 20% was recommended by Colmac. 

Co-burning is not considered an alternative to incineration for the Tar Pond PCB sediments 
and due to the inability in the TDP to meet the destruction efficiency in emissions, it is not 
considered further for the coal tar contaminated soil from the Coke Ovens site. 

3.1.2.13. 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 a treatment train (Vaughan, 2002).  
Relatively large quantities of acid were used in several passes or stages without substantially 
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reducing metal concentrations in the sediment indicating that this process does not appear to 
be particularly effective for the Tar Pond material tested. It is not considered further for the 
Tar Pond or Coke Ovens material as an alternative to incineration. 

3.1.2.14. 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 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 patented GeoMeltTM technology employed by AMEC is a family of vitrification 
technologies capable of treating PCBs in both in-situ modes and above ground, ex-situ modes.  
The technology uses electrical current to convert contaminated soils and sediments into a 
stable glass and crystalline product by destroying organic components via pyrolysis and 
catalytic reactions. 

Vitrification is considered to be suitable on an overall basis and is passed to the next level of 
screening. 

3.1.2.15. Chemical Extraction (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 involves the injection of a mixture of water and a solution 
of two or more solvents into the zone of contamination.  Solvent extraction can be done in-situ 
or ex-situ in batch or continuous processes.  The solvent mixture consists of a hydrophobic 
solvent and a low concentration of hydrophilic solvent, which act together to encourage 
contaminant solubilization.  Effectively, the solvent solution dissolves into both the aqueous 
phase and the immiscible phase, making their chemical and physical interfacial properties 
similar.  The primary removal mechanisms of solvent extraction are: displacement of free 
product, solubility enhancement, and interfacial tension and viscosity reduction. 
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The solvent, with the dissolved chemicals, or extract, is collected for separation of the 
contaminants, and recycling of the solvent.  For in-situ systems, contaminant and solvent 
solution is recovered using an extraction-well system and treated ex-situ.  The residual solvent 
must also be recovered from the cleaned material/solvent mix, to meet the disposal criteria 
and/or to benefit process economics.  

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 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.  Similar concerns exist for the Tar Cell material.  Solvent 
extraction is not considered further for the Tar Ponds and Coke Ovens materials as an 
alternative to incineration. 

3.1.2.16. Plasma 

Similar to a lightning bolt, this technology uses electricity to create a high temperature plasma 
arc.  Contaminated material is passed through this high temperature arc (3,000 to 8,000°C) 
which breaks down the organics, then recombines them into simple gases such as carbon 
dioxide.  The remaining material is liquefied and cooled 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.  

Plasma units typically have low capacity.  The largest unit that has been identified is MSE 
Technology’s 24 tpd unit. Intensive use of electricity can make this process costly and limits 
the capacity of plants.  SAIC tested plasma at the site as part of the TDP process (Vaughan, 
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2002).  This testing demonstrated that it is highly effective at destroying both low and high 
concentrations of contaminants.  This technology demonstrated that plasma treatment alone 
could treat PCB and PAH materials with very good results. 

The TDP demonstrated that plasma treatment alone would be effective at destroying the 
contaminants in the Tar Pond and Coke Ovens sites and is considered further as an alternative 
to incineration.   

3.1.2.17. 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.  The process (also known as gas phase chemical reduction) can only treat relatively 
pure liquid or gaseous contaminated material.  Contaminants must be removed (concentrated) 
from solids (soils, sediments, etc) by a process such as thermal desorption to prepare them for 
treatment with hydrogen.  Thus, for the Tar Ponds sediments, intensive materials processing 
and pre-treatment is required.   

No participants in the TDP utilized this technology however; ELI Eco Logic (Rockwood, 
Ontario) was identified as a proponent.  This company, in the interim time from the issuance 
of the RAER, is no longer active and an alternate provider of these services is not believed to 
be available.  While the technology does appear to have been successful in remediating small 
quantities of PCBs and other organic contaminants in a concentrated form, due to its inability 
to treat the source material directly, it is not considered further for the Tar Pond or Coke 
Ovens sites as an alternative to incineration. 

3.1.2.18. Confined Disposal Facility Containment 

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 decanting 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. 

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 
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were filled with contaminated sediments dredged from other locations.  Confined disposal 
facilities were 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. 

This technology is most appropriate for dredged harbour sediments.  Therefore, it is 
considered applicable for the Tar Ponds Site but not the Coke Ovens Site. 

3.1.2.19. 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.  It is therefore not considered applicable to the 
contaminated soil or sediment at the Coke Ovens and Tar Ponds sites and is not considered 
further as an alternative to incineration. 

3.1.2.20. Landfilling 

An ex-situ containment facility is typically engineered to meet stringent environmental 
standards.  The contaminated material is placed in lined cells, which would be followed by a 
low permeability cap.  Long-term leachate collection systems and monitoring are required.  
The location and construction of a new containment facility is highly regulated and existing 
landfills are preferred.  Contaminated materials could be pre-processed to increase handling 
and reduce volume.  Such a landfill could be used to dispose residues from other treatment 
processes in addition to the target material. 

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. 
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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.   

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 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.  This technology is an appropriate alternative to 
incineration for the Tar Ponds PCB sediments and the Coke Ovens material. 

3.1.2.21. Sonoprocess 

This technology, developed by Sonic Environmental Solutions Inc., is used to treat PCB 
impacted soil by applying a solvent and low frequency soundwaves.  The Sonic process 
involves exposing the contaminated soil to high energy vibration in order to facilitate the 
reaction rates of target contaminants with appropriate solvent media.  The key to the process is 
the mechanism to impart intense vibrations in a heavy hollow tube held in magnetic 
suspension.  The impacted soil is mixed with a solvent to create a slurry.  As the sediment feed 
and solvent and appropriate chemicals are fed through the structure as a slurry, reactions are 
accelerated to bind and/or alter the contaminants.  In the first stage, the slurry is subjected to 
low frequency sound waves used to separate the PCBs by deagglomeration and unbinding and 
the solvent is used to dissolve the PCBs.  Sodium is then added and the mixture is pumped 
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through the sonic generator to generate a chemical reaction between sodium and chloride in an 
oxygen deficient environment.  The soil is then separated through dewatering and the solvent 
recycled.  The by-products of the process are sodium chloride and low-grade fuel.  The 
chemical reactions as applied to PCBs appear to be similar to the salting type of reactions used 
in traditional PCB cleanup processes.   

Sonochemistry is reasonably well understood but its application to soil cleanup is not yet a 
common occurrence.  Sonic is currently undertaking a project to treat 3,000 tonnes of PCB 
impacted soil.  Sonic indicates that the treated soil can be returned to site.  However, material 
characteristics at the Tar Pond and Coke Ovens indicate the presence of other contaminants 
such as TPH and metals.  The resultant treated soil may require additional treatment. 

Application of this technology in a heavy tar laden material like the Coke Ovens site is 
uncertain.  The applicability of this process to PAH contaminants is also uncertain and is not 
considered further for the Coke Ovens site.  For PCB contamination from the Tar Pond, this 
technology is considered further as an alternative to incineration. 

3.1.2.22. Enhanced Bioremediation 

A biological alternative to conventional treatment of PAH or PCB impacted soil applies 
specialized bacteria.  A variety of techniques have been developed in the last few years to 
address these recalcitrant compounds.  Typically the approaches include addition of 
biostimulants in the form of nutrients and bioaugmentors in the form of specialized 
mircroorganisms.  One recent demonstration project used a biosurfactant producer to enhance 
bioremediation in landfarming of creosote impacted soils.  Reduction of over 85% in total 
PAHs were seen after 11 months of processing.  Another demonstration project, by Adventus 
used their proprietary product Aquamend in a bioreactor to demonstrate the effectiveness at 
reducing pentachlorophenol concentrations.  An enhanced bioremediation process developed 
by Indiana University for remediation of PCBs used naturally occurring bacteria that are able 
to aerobically grow on various PCBs as the sole sources of carbon and energy without 
addition of additional substrate for cometabolism.  The degraded PCBs are either mineralized 
or converted to chlorobenzoic acid. 

Enhanced bioremediation is considered further for treatment of the Tar Pond and Coke Ovens 
material. 



Alternative Assessment 
Alternative Approaches for Managing the Material Slated for 
Incineration at the Sydney Tar Ponds and Coke Ovens Sites 

Earth Tech (Canada) Inc. Page 3-30 
L:\work\85000\85989\03-Report\Alternatives Report\Final Report\FINAL Task 1 - Assessment of Alternatives for Managing the Matl Slated for Incineration - Dec 5_ec.doc 

3.1.2.23. Nanoscale Zero Valent Iron 

As indicated in the U.S. Environmental Protection Agency’s (EPA’s) Emerging Technologies 
for the In-Situ Remediation of PCB-Contaminated Soils and Sediments: Bioremediation and 
Nanoscale Zero-Valent Iron, report dated August 2004, nanoscale zero-valent iron particles 
(having a diameter between 10-9 and 10-7 m) have reduced a wide range of halogenated 
chlorinated solvents.  The high surface area-to-volume ratios, high surface energies, large 
fraction of stepped surfaces, of the nanoscale metals combined with zero valiancy make these 
materials extremely chemically reactive.   Research is investigating the ability of the 
nanoscale particles to reductively dechlorinate PCBs.  However, the technology is not 
applicable to contaminant types other than PCBs. 

This technology is considered further for the treatment of Tar Pond PCB sediments but is not 
considered applicable to contaminant types at the Coke Ovens site. 

3.1.3. Summary of Step 2a – Screening for Overall Suitability 

The results of the Step 2a – Screening for Overall Suitability of the afore-mentioned 40 
technologies are summarized in Table 3-1.  Those technologies recommended for further 
consideration move to the next stage of screening. 

Table 3-1:  Results of Step 2a –Screening against Overall Suitability 

Step 2a – Overall 
Suitability (Tar 

Ponds) 

Step 2a – Overall 
Suitability (Coke 

Ovens) Technology 

Q11 Q22 Q33 Q11 Q22 Q33 
3.1.1.1 Natural Attenuation No Yes No No Yes No 
3.1.1.2 Chemical Oxidation  No No No No No No 
3.1.1.3 Natural Recovery No No No No No No 
3.1.1.4 Soil Vapour Extraction No No No No No No 
3.1.1.5 In-Situ Solidification/ Stabilization Yes Yes Yes Yes Yes Yes 
3.1.1.6 In-Situ Containment (Capping and Vertical Barriers) Yes Yes Yes Yes Yes Yes 
3.1.1.7 In-Situ Bioremediation No No No Yes No No 
3.1.1.8 Phytoremediation No No No Yes No No 
3.1.1.9 Air Sparging No No No No No No 
3.1.1.10 Soil Flushing No No No Yes Yes Yes 
3.1.1.11 Dual Phase Extraction No No No Yes No No 
3.1.1.12 Electrokinetic Remediation No No No No No No 
3.1.1.13 Free Product Recovery/Pump and Treat/Passive Product 
Collection No Yes Yes Yes Yes Yes 

3.1.1.14 In-Situ Thermal Desorption No Yes Yes Yes Yes Yes 
3.1.1.15 In-Well Vapour Stripping No No No No No No 
3.1.1.16 Thermal Treatment No No No No Yes Yes 
3.1.1.17 Permeable Reactive Barrier Walls No No No No Yes No 
3.1.2.1 Solid Phase Bioremediation No No No No No No 
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Step 2a – Overall 
Suitability (Tar 

Ponds) 

Step 2a – Overall 
Suitability (Coke 

Ovens) Technology 

Q11 Q22 Q33 Q11 Q22 Q33 
3.1.2.2 Solar Detoxification No No No No No No 
3.1.2.3 Slurry Phase Bioremediation No No No No No No 
3.1.2.4 Low Temperature Thermal Desorption Yes Yes Yes No No No 
3.1.2.5 Asphalt Batching No Yes Yes No Yes Yes 
3.1.2.6 High Temperature Thermal Desorption Yes Yes Yes Yes Yes Yes 
3.1.2.7 Ex-situ Solidification/Stabilization Yes Yes Yes Yes Yes Yes 
3.1.2.8 Pyrolysis Yes Yes Yes Yes Yes Yes 
3.1.2.9 Soil Washing No No No Yes Yes Yes 
3.1.2.10 Off-Site Incineration Yes Yes Yes Yes Yes Yes 
3.1.2.11 Dehalogenation No No No No No No 
3.1.2.12 Co-Burning No No No Yes Yes No 
3.1.2.13 Chemical Extraction (Acid Leaching No No No No No No 
3.1.2.14 Vitrification Yes Yes Yes Yes Yes Yes 
3.1.2.15 Chemical Extraction (Solvent Leaching) No Yes Yes Yes Yes Yes 
3.1.2.16 Plasma Yes Yes Yes Yes Yes Yes 
3.1.2.17 Hydrogen Reduction No Yes Yes No Yes Yes 
3.1.2.18 Confined Disposal Facility Containment Yes Yes Yes No Yes Yes 
3.1.2.19 Electrochemical Remediation No Yes Yes No Yes Yes 
3.1.2.20 Landfilling Yes Yes Yes Yes Yes Yes 
3.1.2.21 Sonoprocess Yes Yes Yes Yes No No 
3.1.2.22 Enhanced Bioremediation Yes Yes Yes Yes Yes Yes 
3.1.2.23 Nanoscale Zero Valent Iron Yes Yes Yes No No No 

Note: shading indicates movement of technology to next screening step. 
Q1. Is the remedial technology compatible with the depth and in-situ condition of contamination and in-situ 

characteristic of sediment/soil matrix? 
Q2. Is the remedial technology appropriate for the contaminants of concern and other residual contaminants? 
Q3. Can the remedial technology meet the performance objectives (SSTLs or exposure pathway mitigation)? 

3.2. Step 2b – Screening Against Scale of Application 

Screening against the Scale of Application Performance Criteria was the next step in the 
assessment of alternatives to incineration.  The consideration at this screening level focused on 
experience and case studies to determine the relevance or applicability of the technology to the 
required scale for the Tar Ponds and Coke Ovens sites. 

The following fourteen technologies passed the Step 2a – Overall Suitability screening for the 
Tar Pond PCB sediment: 

• In-Situ Solidification/Stabilization 
• High Temperature Thermal 

Desorption 
• Pyrolysis 
• Vitrification 

• In-Situ Containment 
• Low Temperature Thermal 

Desorption 
• Ex-Situ 

Solidification/Stabilization 
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• Landfilling 
• Sonoprocess 
• Confined Disposal Facility 

Containment 

• Off-Site Incineration 
• Plasma 
• Enhanced Bioremediation 
• Nanoscale Zero Valent Iron  

The following fourteen technologies passed the Step 2a – Overall Suitability screening for the 
Coke Ovens tar cell and brook sediment: 

• In-Situ Solidification/Stabilization 
• Soil Flushing 
• In-Situ Thermal Desorption 
• High Temperature Thermal 

Desorption  
• Pyrolysis 
• Off-Site Incineration 
• Plasma 
• Enhanced Bioremediation 

• In-Situ Containment  
• Free Product Recovery Pump 

And Treat/Passive Product 
Collection 

• Ex-Situ Solidification/ 
Stabilization 

• Ex-Situ Soil Washing 
• Vitrification 
• Landfilling 

The RAER report provided a summary of 30 major contaminated sediment sites that have 
been remediated or are subject to recent remediation decisions.  Most of the sites reviewed 
therein had PCB or PAH contaminated sediment, although a few had only metals impacts.  
Solidification/stabilization and containment were the predominant methods being used at sites 
where large volumes of sediments need to be managed.  However, thermal desorption was 
also commonly applied on sites with up to 86,400 m3 of PAH sediments and up to 36,500 m3 
of PCB impacted soils 

A total of 58 precedent remedial projects (including three sites previously reviewed in the 
RAER report) have been reviewed for the present study.  They are included in Table A1 of 
Appendix A and include: 

• Fifteen stabilization projects. 

• Two ex-situ disposal (landfilling) projects. 

• Twenty thermal desorption projects. 

• Three vitrification projects 

• One Sonoprocess project 

• Ten in-situ thermal desorption projects 

• Two pyrolysis projects 
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• Four soil washing projects 

• One Plasma project 

Three off-site incineration facilities were discussed in Section 3.1.10. 

The candidate technologies that passed the Step 2a screening were then assessed against the 
Step 2b Scale of Application criteria.  In particular, the following questions were used to 
assess the candidate technologies against the Step 2b criteria: 

• Is the remedial technology compatible with the scale and quantity of material to be 
managed? 

• Can the remedial technology provide at least a 10 tonnes per hour throughput or process 
rate for ex-situ processes and ten year target cleanup for in-situ processes? 

3.2.1. Solidification/Stabilization (Ex-situ and In-situ) 

Stabilization/solidification can meet the throughput and scale requirements and is progressed 
to the next screening level for further evaluation. 

3.2.2. In-Situ Containment 

In-situ containment as a containment option can meet the throughput and scale requirements 
and is progressed to the next screening level for further evaluation. 

3.2.3. Soil Flushing 

Soil flushing is compatible with the scale and quantity of material to be managed.  No 
representative projects addressing the contaminants of concern were identified and though the 
approach may be coupled with groundwater treatment, it is not expected to meet the target 
levels within a short period of time.  This technology is removed from further consideration as 
an alternative to incineration for the Coke Ovens site. 

3.2.4. Pump and Treat/Product Recovery 

Pump and treat or product recovery systems can meet the scale of the remediation 
requirements, however, the technology is a slow process with diminishing returns and results 
in costly ongoing operation and maintenance of mechanical systems for numerous years.  
Also, no representative projects addressing the contaminants of concern were identified.  This 
technology is removed from further consideration as an alternative to incineration for the Coke 
Ovens site. 
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3.2.5. In-situ Thermal Desorption 

Recent full scale projects have shown success in treatment of large quantities of PAH 
contaminated soils.  In-situ thermal Desorption is compatible with the scale and quantity of 
material to managed and is therefore progressed to the next screening level for further 
evaluation. 

3.2.6. Thermal Desorption (Low and High Temperature) 

Thermal desorption typical throughputs are 15 to 20 tonnes per hour in sandy soils and 7 
tonnes per hour for clay soils. Thermal Desorption is compatible with the scale and quantity of 
material to be managed and is therefore progressed to the next screening level for further 
evaluation.  As stated in Section 3.1.21, the Coke Ovens, having a very high organic content 
as well as a broad range of hydrocarbon contaminants that may be strongly adsorbed on the 
coal and coke fines, 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. 

3.2.7. Pyrolysis 

Pyrolysis can meet the throughput and scale requirements and is progressed to the next 
screening level for further evaluation. 

3.2.8. Ex-Situ Soil Washing 

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 promise for managing larger 
throughput of soil however, at present, the approach is not believed to be able to provide the 
process rate anticipated at the site and, as a primary technology, is removed from further 
consideration. 

3.2.9. Off-site Incineration 

Three off-site incinerators were reviewed and while one is not yet operational, the other two 
have the capacity to accept the throughput expected from remediation of the Tar Pond and 
Coke Ovens sites.  Off-site incineration is progressed to the next screening level for further 
evaluation.  
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3.2.10. Vitrification 

Vitrification units have a low capacity (3 to 5 tonnes per hour for AMEC’s GeoMeltTM 
technology) and, as a primary technology, is removed from further consideration. 

3.2.11. Plasma 

Plasma units are typically low capacity.  The largest unit that has been identified is MSE 
Technology’s 24 tpd unit.  Smaller units would be limited to the destruction of smaller 
quantities of concentrated contaminants such that as a primary technology it is not considered 
further for application to the site and, as a primary technology, is removed from further 
consideration. 

3.2.12. Confined Disposal Containment 

Confined disposal containment as a containment option can meet the throughput and scale 
requirements, since it is mostly applicable to sediments and is progressed to the next screening 
level for further consideration. 

3.2.13. Landfilling  

Landfilling as a containment option can meet the throughput and scale requirements and is 
progressed to the next screening level for further evaluation.  

3.2.14. Sonoprocess 

Sonoprocess is expected to develop into a technology that can manage the throughput and 
scale requirements however, with the first full scale system having treated 13 tonnes of 
material, at this time, is not considered to meet the scale of application requirements and, as a 
primary technology, is removed from further consideration. 

3.2.15. Enhanced Bioremediation 

Representative projects were not identified for enhanced bioremediation.  The technology has 
not yet been commercially applied and has thus been removed from further consideration for 
application to the Tar Pond and Coke Ovens sites. 

3.2.16. Nanoscale Zero Valent Iron 

Representative projects were not identified for nanoscale zero valent iron.  The technology is 
not yet commercially applied and has thus been removed from further consideration for 
application to the Tar Pond and Coke Ovens sites. 
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3.2.17. Summary of Step 2b – Screening for Scale of Application 

The results of the second level of Performance Criteria Screening are summarized in Table 
3-2.  Those technologies recommended for further consideration move to the last stage of 
Performance Criteria Screening – Status of Development. 

Table 3-2:  Step 2b –Screening for Scale of Application 

Step 2b – Scale of 
Application 
(Tar Ponds) 

Step 2b – Scale of 
Application 

(Coke Ovens) Technology 

Q11 Q22 Q11 Q22 
In-Situ and Ex-situ Solidification/Stabilization Yes Yes Yes Yes 
In-Situ Containment Yes Yes Yes Yes 
Soil Flushing N/A Yes No 
Free Product Recover/Pump and Treat/Passive 
Product Collection N/A Yes No 

In-Situ Thermal Desorption N/A Yes Yes 
Low Temperature Thermal Desorption Yes Yes N/A 
High Temperature Thermal Desorption Yes Yes Yes Yes 
Pyrolysis Yes Yes Yes Yes 
Ex-Situ Soil Washing N/A Yes No 
Vitrification Yes No Yes No 
Plasma Yes No Yes No 
Confined Disposal Containment Yes Yes N/A 
Off-Site Incineration Yes Yes Yes Yes 
Landfilling Yes Yes Yes Yes 
Sonoprocess Yes No N/A 
Enhanced Bioremediation No No No No 
Nanoscale Zero Valent Iron No No N/A 

Note: Shading indicates movement of technology to next screening step. 

Q1. Is the remedial technology compatible with the scale and quantity of material to be managed? 
Q2. Can the remedial technology provide at least a 10 tonnes per hour throughput or process rate for ex-situ 

processes and 10 year target cleanup to meet SSTLs or exposure pathway mitigation for in-situ processes? 

3.3. Step 2c – Screening Against Status of Development 

Screening against the Status of Development Performance Criteria was the next step in the 
assessment of alternatives to incineration.  The consideration at this screening level focused 
again on case studies to determine the developmental stage of the technology.  Any 
technology that was considered developing or emerging was not considered to have the 
performance history for application to the Sydney Tar Ponds Remediation.  The technology 
summary was reviewed and the following questions were used to assess the candidate 
technologies against the Step 2c criteria: 

• Has the remedial technology been applied at full-scale in the past two years? 
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• Is the performance data of the full-scale relevant and acceptable with respect to scale and 
suitability? 

The following eight technologies passed the Step 2b – Status of Development Screening for 
the Tar Pond PCB sediment: 

• In-situ and ex-situ 
solidification/stabilization 

• Low temperature thermal 
desorption 

• Landfilling 
• Confined disposal containment 

• Pyrolysis 
• High temperature thermal 

desorption 
• Off-site incineration 
• In-situ containment 

The following seven technologies passed the Step 2b – Scale of Application Screening against 
for the Coke Ovens tar cell and brook sediment: 

• In-situ and ex-situ 
solidification/stabilization 

• In-situ thermal desorption 
• Landfilling  
• Off-site incineration 

• Pyrolysis 
• High temperature thermal 

desorption 
• In-situ containment 

The results of the Step 2c – Screening against Status of Development for the afore-mentioned 
technologies for the Tar Pond and Coke Ovens sites are summarized in Table 3-3. 

The only technology to be removed from consideration in Step 2c was Pyrolysis.  Pyrolysis, 
while a proven technology, has not been utilized as a remedial technology in the past ten years 
as there has not been a vendor for the technology.  In addition, the U.S. Department of 
Defense Federal Remediation Technology Roundtable indicates that although the basic 
concepts of pyrolysis have been validated, the performance data has not been evaluated 
according to methods approved by the U.S. EPA.  Thus, pyrolysis has been removed from 
consideration for both the Tar Ponds and Coke Ovens sites.  The other technologies were 
considered to have appropriate recent full-scale application and advance to the final stage of 
assessment against the Key Premises. 
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Table 3-3:  Step 2c –Screening against Status of Development 

Step 2c – Status 
of Development  

(Tar Ponds) 

Step 2c – Status 
of Development  
(Coke Ovens) Technology 

Q11 Q22 Q11 Q22 
In-situ Solidification/Stabilization Yes Yes Yes Yes 
Ex-situ Solidification/Stabilization Yes Yes Yes Yes 
Pyrolysis No No No No 
High Temperature Thermal Desorption Yes Yes Yes Yes 
Low Temperature Thermal Desorption Yes Yes N/A 
In-situ Thermal Desorption N/A Yes Yes 
Off-site Incineration Yes Yes Yes Yes 
Landfilling Yes Yes Yes Yes 
In-Situ Containment Yes Yes Yes Yes 
Confined Disposal Facility Containment Yes Yes N/A 

Note: Shading indicates movement of technology to next screening step. 

Q1. Has the remedial technology been applied at full-scale in the past two years? 

Q2. Is the performance data of the full-scale relevant and acceptable with respect to scale and suitability? 
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4. STEP 3 – ASSESS SCREENED TECHNOLOGIES AGAINST KEY PREMISES 

In the final evaluation stage, the alternative technologies which passed the screening in Step 2 
were assessed and ranked against the Key Premises to select a preferred alternative to 
incineration for both PCB sediments from the Tar Ponds and for PAH materials from the Coke 
Ovens.  The Key Premises are based on the Community Evaluation Criteria ranked highest by 
the community during the preparation of the RAER and are as follows: 

Key Premise 1 – 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. 

Key Premise 2 – Reliable Technology – Proven technology, appropriate to and capable of 
implementation under conditions similar to the Tar Ponds and Coke Ovens sites. 

Key Premise 3 – Cost Effectiveness – Technologies must be cost effective, when compared 
against other technologies that could achieve similar results.   

The alternative technologies are assessed separately for the Tar Ponds and Coke Ovens sites. 

4.1. Technology Assessment against Key Premises for the Tar Ponds Site 

Based on the previous screening steps, the following eight technologies are considered as 
alternatives to incineration for the Tar Ponds site: 

• In-situ solidification/stabilization 
• High/low temperature thermal 

desorption  
• Landfilling 
• Confined disposal facility 

containment 

• Ex-situ solidification/ 
stabilization  

• Low temperature thermal 
desorption 

• Off-site incineration 
• In-situ containment 

The following sections assess the alternative technologies against the Key Premises.  It should 
be noted that high temperature thermal desorption and low temperature desorption have been 
combined for the assessment of the Key Premises at the Tar Ponds site.  Estimated costs for 
each technology do not include contingencies or other soft costs.  Other considerations include 
remediation risks, treatment duration and long-term operation and maintenance requirements. 
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4.1.1. In-Situ Solidification/Stabilization 

In-Situ Solidification/Stabilization (S/S) is one of the simplest technologies to implement as 
an alternative to incineration for the Tar Ponds materials included in this study.  As is typical 
with S/S implementation, some characterization of both locations would be necessary to 
finalize formulations and processing.  

In-Situ S/S can also be implemented in a relatively short time-frame.  It has very few time 
constrictions or other limiting processes.  Capping and containment are already included in the 
Project Description so it is assumed that this approach will also be applied to these areas of the 
Tar Ponds.  Some dewatering of the treatment area may be required.  Otherwise, the process is 
controlled by the additive supply and equipment utilization.  These are the main cost factors, 
with an estimated total cost of approximately $65/tonne. 

In-Situ S/S does not destroy the contaminants but alters the conditions of the material such 
that risks are significantly reduced.  The main changes are reduced permeability of the treated 
mass and decreased mobility of the contaminants.  The geotechnical properties are also 
improved by S/S treatment.  The technology provides considerable flexibility in the choice of 
additives and formulations so that the effectiveness of the treatment is optimized for the 
location and contaminants.  Long-term monitoring is still required because the contaminated 
material is not removed or destroyed. 

In-Situ S/S was proposed for Tar Ponds PAH sediments in the Project Description and could 
also be utilized to remediate PCB sediments in place.  The process does not produce any 
residual waste streams requiring additional treatment and is a proven technology having been 
utilized at a wide variety of large volume sites in recent years.  Mitigative measures such as 
silt curtains or sheet piling would be required to prevent release of impacted sediments during 
stabilization. 

4.1.2. Ex-Situ Solidification/Stabilization 

Ex-Situ S/S has many of the features of In-Situ S/S as described above.  The biggest 
difference is the need to excavate and process the sediments for treatment ex-situ.  This does 
provide a measure of control for the treatment, as both the material and its processing can be 
readily managed.  It also provides more constraints associated with the need to excavate, 
handle and dispose the material.  This will impact the time and costs, although the material 
handling properties are enhanced by the treatment.  The process does not produce any residual 
waste streams requiring additional treatment and is a proven technology having been utilized 
at a wide variety of large volume sites in recent years.  A total cost of approximately 
$145/tonne is estimated for this process. 
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4.1.3. High and Low Temperature Thermal Desorption 

Thermal desorption would form part of a multi-process treatment train.  For example, Low 
Temperature Thermal Desorption would be followed by treatment of produced gases by 
combustion, hydrogen reduction, carbon adsorption, or condensation.  Produced liquids such 
as liquid PCBs would be destroyed by Incineration, Hydrogen Reduction or Plasma.  Since the 
process does not destroy metals or higher molecular weight PAHs which are both present in 
Tar Pond sediment, containment/landfilling of the solid phase residual may still be required. 

High Temperature Thermal Desorption would also be followed by carbon adsorption of 
volatile gases and combustion of some volatile gases.  Produced hydrocarbon oil with PCBs 
will require destruction through a secondary process such as Incineration, Vitrification, 
Landfilling or Plasma.  Treated material in the TDP occasionally had elevated metals 
concentrations.  Residual soils may have to be landfilled.  Aqueous condensate produced 
during the process would also require several treatment stages.  

For the purposes of further evaluation, low temperature and high temperature thermal 
desorption have been combined.  Significant material handling including separation, 
dewatering, and drying are required for preparation and transport.  The technology utilizes a 
complicated treatment train with numerous residuals requiring handling or treatment causing 
increased costs and larger land area requirements.  The technology should be scaleable to the 
required volume, but there may be difficulty meeting the clean up goals for PCBs.  A pilot or 
demonstration project is likely required.  The estimated cost is $110/tonne for thermal 
desorption plus $70/tonne for excavation and materials handling costs.  Residuals will require 
further treatment and will increase unit costs. 

4.1.4. Off-site Incineration  

Off-site Incineration would require the least deviation from the existing remedial plan in the 
Project Description.  Off–Site Incineration involves excavating, preparing and loading the 
target material on site then transporting it off-site to a stationary commercial treatment facility.  
The resulting ash by-product may have elevated metals content and would likely require 
landfilling or stabilization however liability for the ash would be assumed by the commercial 
vendor.  There are three candidate sites in Canada that are considered potentially capable and 
suitable to handle the volumes of material from the Tar Ponds.  These sites are commercially 
licensed at a permanent location and currently contain the infrastructure necessary to support 
the remediation activities.  The costing is activity based – charges are incurred in proportion to 
the amount and rate at which the material is remediated.  Fixed charges and recurring non-
activity costs are minimized. The cost per tonne of material processed is the highest of all 
options and ranges from $400/tonne to $850/tonne FOB at the treatment site. Other costs will 
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include site excavation-preparation-loading cost at approximately $70/tonne plus 
transportation costs that are dependent on mode of transportation and on distance shipped.  For 
the purposes of this evaluation, total costs of $820 have been used in the evaluation. 

Preliminary budgetary costs are presented for each incinerator site as follows: 

Site Cost of 
Material 

Preparation1 

($/tonne) 

Cost of 
Shipment 
($/tonne) 

Cost of 
Incineration 

($/tonne) 

Total Cost 
($/tonne) 

Belledune, NB 70 250 400 720 
Recupere Sol, QB 70 300 450 820 
Swan Hills, AB 70 450 850 1,370 

1Material preparation estimates developed with consideration of estimates provided in the 
RAER. 

4.1.5. Landfilling 

Landfilling is widely used and easily implemented and can be completed in a short time 
period.  Landfilling does not destroy, treat or alter the contaminated material.  It provides no 
protection beyond its isolating effect.  This is sufficient if properly implemented.  The factors 
involved in landfilling are: 1) more stringent permitting, 2) excavation and materials handling, 
3) construction of the containment cell and, 4) monitoring and maintenance is required to 
ensure the effectiveness over time.   

The PCB Tar Ponds sediments and the Coke Ovens material can be excavated and placed in a 
landfill which could be constructed on the Coke Ovens Site meeting or exceeding Nova Scotia 
Municipal Landfill design requirements.  Design would include primary and secondary 
composite liners constructed in cells.  Capacity is dependent on the needs of both the Tar 
Ponds and Coke Ovens Site.  Material processing of Coke Ovens material is not anticipated.  
Additional activities include closure, maintenance and monitoring programs.   

For comparison purposes, landfilling is costed as a stand-alone technology.  This includes 
lining systems, leachate collection systems and capping in the case of both the Tar Pond and 
Coke Ovens materials.  For the specific quantities at these sites an average cost of $50/tonne is 
estimated.  Excavation is estimated at $70/tonne.  Total costs are $120/tonne. 

4.1.6. In-Situ Containment 

In-Situ Containment as a cleanup option could be implemented quickly thus reducing the 
potential for generating significant detrimental effects on the environment during cleanup.  
In-Situ Containment would contain, but not destroy, the sediments in the North and South 
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Ponds and, given the tendency of the contaminants in the Tar Pond sediments to sorb strongly 
to soils and organics, would provide natural resistance to leaching.  The contaminants 
entrained in the sediments would be isolated from contact with human and ecological 
receptors.   

The design and construction of a cap for the In-Situ Containment area would address the 
erosion control measures necessary to prevent waves, storm surges, and floods from 
physically damaging the cap and physically transporting the contaminants.  However, 
placement of capping materials over contaminated sediments in very shallow water is difficult 
and would need to be managed carefully.   

In-Situ Containment and 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. 

For comparison purposes, In-situ Containment is costed as a stand-alone technology.  This 
cost is comprised of capping activities only as the main containment technology approach. For 
the specific quantities at these sites, total costs are $40/tonne. 

4.1.7. Confined Disposal Facility Containment 

Confined Disposal Facility Containment does not destroy, treat or alter the contaminated 
material.  It provides no protection beyond its isolating effect which is sufficient if properly 
implemented.  The factors involved in Confined Disposal Facility Containment are: 1) more 
stringent permitting, 2) excavation and materials handling, 3) construction of the containment 
cell and, 4) monitoring and maintenance to ensure effectiveness over time 

Based on documented experience to date, the anticipated effectiveness, costs and timelines 
associated with Confined Disposal Facilities can be more predictable than for other 
technologies.  The use of a Confined Disposal Facility is a robust, simple technology that has 
very few complicating factors that would interfere with costs, time and/or reliability. 

Confined Disposal Facilities are typically one of the least expensive alternatives for the 
management of contaminated sediments.  Dredging of the contaminated sediments for 
placement in a Confined Disposal Facility 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 Confined Disposal Facility.  Confined Disposal Facilities 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. 
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For comparison purposes, Confined Disposal is costed as a stand-alone technology.  This 
includes isolation barriers, geotextile liners, drainage systems and capping in the case of both 
the Tar Pond and Coke Ovens materials. For the specific quantities at these sites an average 
cost of $75/tonne is estimated.  Excavation is estimated at $70/tonne.  Total costs are 
$145/tonne. 

Based on the data gathered each technology was provided a comparative rank as shown in 
Table 4-1.  The Cost Effective Scores were prorated with the least expensive alternative given 
a score of 1 and the most expensive alternative given a score of 7. 

Table 4-1:  Assessment of Screened Technologies against Key Premises 

Key Premises (Tar Ponds) 

Technology Reduce 
Detrimental 

Effects 

Reliable 
Technology 

Cost 
Effectiveness Rank 

In-situ 
Solidification/Stabilization 1 1 1.2 1 

Ex-situ 
Solidification/Stabilization 2 1 1.8 2 

In-Situ Containment 3 3 1 3 
High/Low Temperature 
Thermal Desorption 1 3 2.1 4 

Landfilling 3 2 1.6 5 
Confined Disposal Facility 
Containment 3 3 1.8 6 

Off-site Incineration 1 1 7 7 

Solidification/stabilization is ranked as the most favorable Alternative to Incineration because 
it is proven to be capable of treating PCB sediments at large sites and should be less expensive 
than incineration.  In addition, the implementation time for in-situ stabilization is lower than 
for ex-situ methods and it is a relatively simple technology.  It does not destroy the 
contaminants but renders them immobile in place.  Some maintenance of the stabilized in-situ 
material may be required.   

Ex-situ solidification/stabilization is ranked second due to the added potential for detrimental 
effects (increased implementation time) and the increased costs associated with material 
handling.  Ex-situ solidification/stabilization does not destroy the contaminants but renders 
them inert and immobile.  Some maintenance of the stabilized material may be required. 

Thermal Desorption is ranked third as an alternative to incineration.  It should be scaleable to 
the volume of PCB sediments and has the advantage of removing and/or destroying the PCBs 
in the sediments.  It is a relatively complicated ex-situ treatment process, which generates 
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multiple residual products.  Implementation time and schedule risk are greater than for 
incineration and cost may be higher than for incineration.  In addition, any landfilled residuals 
will require long-term monitoring.   

Landfilling is ranked fourth after High/Low Temperature Thermal Desorption.  Although 
landfilling is widely used and can be implemented in a short time period, it does not destroy, 
treat or alter the contaminated material.  Unlike solidification/stabilization which is capable of 
rendering contaminants inert and immobile, landfilling provides no protection beyond its 
isolating effect.  

In-Situ Containment and Confined Disposal Facility Containment are ranked fifth and sixth, 
respectively.  Similar to landfilling, In-situ Containment and Confined Disposal Facility 
Containment do not destroy, treat or alter the contaminated material and provide no protection 
beyond its isolating effect.  However, landfills are typically constructed with leachate 
collection systems whereas In-situ Containment and Confined Disposal Facility Containment 
provide physical isolation by capping and vertical barriers only. 

Off-site incineration was ranked seventh primarily due to cost.  It would have a relatively low 
incremental transportation cost as compared to incineration at an off-site location in Cape 
Breton, although it would have a relatively high absolute unit cost.   

 

4.2. Technology Assessment against Key Premises for the Coke Ovens Site 

Based on previous screening steps, the following technologies are considered as alternatives to 
incineration for the Coke Ovens Site: 

• In-situ solidification/stabilization 
• High temperature thermal 

desorption  
• Off-site incineration 
• In-Situ Containment 

• Ex-situ solidification/ 
stabilization  

• In-situ thermal desorption  
• Landfilling 

The following sections assess the alternative technologies against Key Premises.  Estimated 
costs for each technology do not include contingencies or other soft costs.  Other 
considerations include remediation risks, treatment duration and long-term operation and 
maintenance requirements. 
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4.3. In-Situ Solidification/Stabilization 

In-Situ Solidification/Stabilization (S/S) is one of the simplest technologies to implement as 
an alternative to incineration for the Coke Ovens materials included in this study.  In-Situ 
Stabilization was proposed for Tar Ponds PAH sediments in the Project Description and could 
also be utilized to remediate Coke Ovens PAH soils in place.  The process does not produce 
any residual waste streams requiring additional treatment and is a proven technology having 
been utilized at a wide variety of large volume sites in recent years. Mitigative measures such 
as silt curtains or sheet piling would be required to prevent release of impacted sediments 
during stabilization.  Some characterization of both locations would be necessary to finalize 
formulations and processing, which is a normal part of S/S implementation.   

In-Situ S/S does not destroy the contaminants but alters the conditions of the material such 
that risks are significantly reduced.  The main changes are reduced permeability of the treated 
mass and decreased mobility of the contaminants.  The geotechnical properties are also 
improved by S/S treatment.  The technology provides considerable flexibility in the choice of 
additives and formulations so that the effectiveness of the treatment is optimized for the 
location and contaminants.  Long-term monitoring is still required because the contaminated 
material is not removed or destroyed. 

In-Situ S/S can also be implemented in a relatively short time-frame.  It has very few time 
constrictions or other limiting processes.  Capping and containment are already included in the 
Project Description so it is assumed that this approach will also be applied to the Coke Ovens 
site.  Some dewatering of the treatment area may be required.  Otherwise, the process is 
controlled by the additive supply and equipment utilization.  These are the main cost factors, 
with an estimated total cost of approximately $65/tonne. 

4.3.1. Ex-situ Solidification/Stabilization 

Ex-Situ S/S has many of the features of In-Situ S/S as described above.  The biggest 
difference is the need to excavate and process the sediments.  This does provide a measure of 
control for the treatment, as both the material and its processing can be readily managed.  It 
also provides more constraints associated with the need to excavate, handle and dispose the 
material.  This will impact the time and costs, although the material handling properties are 
enhanced by the treatment.  The process does not produce any residual waste streams 
requiring additional treatment and is a proven technology having been utilized at a wide 
variety of large volume sites in recent years.  A total cost of approximately $145/tonne is 
estimated for this process. 
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4.3.2. High Temperature Thermal Desorption 

Significant material handling efforts including separation, dewatering, and drying are required 
for preparation and transport prior to thermal desorption.  Thermal desorption would form part 
of a multi-process treatment train.  Complicated treatment trains with numerous residuals 
requiring handling or treatment cause increased costs and have larger land area requirements.  
The technology should be scaleable to the required volume, but there may be difficulty 
processing the tarry material at the Coke Ovens site.  High Temperature Thermal Desorption 
followed by carbon adsorption of volatile gases and combustion of some volatile gases would 
be required.  Treated material in the TDP occasionally had elevated metals concentrations 
requiring potential landfilling of residual soils.  Produced aqueous condensate would also 
require several treatment stages.   

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.  A pilot or 
demonstration project is likely required.  Estimated cost is $110/tonne for thermal desorption 
plus $70/tonne excavation and materials handling costs.  Residuals will require further 
treatment and will increase unit costs. 

4.3.3. In-Situ Thermal Desorption 

In-situ thermal desorption has been used successfully at PAH sites treating organic 
contaminants and free product.  In this application the likely treatment involves a period of 
dewatering, heating of the contaminants by conduction and convection by a high-temperature 
surface in contact with the soil to 325°C, and the removal of contaminants with a soil vapour 
extraction system.  During free product and contaminant heating, groundwater management 
and control may be necessary.  Based on the aerial extent of contaminants in the Tar Cell, 
potentially over 100 thermal wells will be required.  The Coke Ovens Brook sediment will be 
excavated and transferred to the tar cell for treatment.  Treatment time is approximately one to 
two years with an estimated cost of $400/tonne. 

4.3.4. Off-Site Incineration  

Off-site Incineration would require the least deviation from the existing remedial plan in the 
Project Description.  After excavating, processing and loading, PAH sediments would be 
shipped to a commercial facility in Canada rather than to a selected mobile incinerator site in 
Cape Breton.  There are three candidate sites in Canada that are potentially capable of 
handling the volumes of material from the Coke Ovens.  These sites are commercially licensed 
at a permanent location and currently contain the infrastructure necessary to support the 
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remediation activities.  The resulting ash by-product of incineration may have elevated metals 
content and would likely require landfilling or stabilization however liability for the ash would 
be assumed by the commercial vendor. 

The costing is activity based – charges are incurred in proportion to the amount and rate at 
which the material is remediated. Fixed charges and recurring non-activity costs are 
minimized. The cost per tonne of material processed is the highest of all options and ranges 
from $400/tonne to $850/tonne FOB at the treatment site. Other costs will include site 
excavation-preparation-loading cost at approximately $70/tonne plus transportation costs that 
are dependent on mode of transportation and on distance shipped.  For the purposes of this 
evaluation, total costs of $820 have been used in the evaluation 

Preliminary budgetary costs are presented for each incinerator site as follows: 

Site 

Cost of 
Material 

Preparation1 
($/tonne) 

Cost of 
Shipment 
($/tonne) 

Cost of 
Incineration 

($/tonne) 

Total Cost 
($/tonne) 

Belledune, NB 70 250 400 720 
Recupere Sol, QB 70 300 450 820 
Swan Hills, AB 70 450 850 1,370 

1Material preparation estimates developed with consideration of estimates provided in the 
RAER. 

4.3.5. Landfilling 

Landfilling is widely used and easily implemented and can be completed in a short time 
period.  Landfilling could be constructed on the Coke Ovens Site meeting or exceeding Nova 
Scotia Municipal Landfill design requirements.  Material processing of Coke Ovens material 
is not anticipated.  Landfilling does not destroy, treat or alter the contaminated material.  It 
provides no protection beyond its isolating effect.  This is sufficient if properly imhplemented.  
The factors involved in landfilling are 1) more stringent permitting, 2) excavation and 
materials handling, 3) construction of the containment cell, and 4) monitoring and 
maintenance to ensure the effectiveness over time.  The Coke Ovens material can also be 
excavated and landfilled.  

For comparison purposes, landfilling is costed as a stand-alone technology.  This includes 
lining systems, leachate collection systems and capping the Coke Ovens materials.  For the 
specific quantities at these sites an average cost of $50/tonne is estimated.  Excavation is 
estimated at $70/tonne.  Total costs are $120/tonne. 
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4.3.6. In-Situ Containment 

In-Situ Containment as a cleanup option could be implemented quickly thus reducing the 
potential for generating significant detrimental effects on the environment during cleanup.  In-
Situ Containment would contain, but not destroy, the contaminated soils at the Coke Ovens 
sites therefore isolating them from contact with human and ecological receptors.  The design 
and construction of a cap for the In-Situ Containment area would address control measures 
necessary to prevent erosion. 

In-Situ Containment and capping is an inexpensive 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. 

For comparison purposes, In-situ Containment is costed as a stand-alone technology.  This 
includes capping with some verticle off-wall installation for the Coke Ovens materials.  For 
the specific quantities, total costs are $10/tonne. 

Based on the assessment of advantages and disadvantages and preliminary cost estimates, each 
technology was provided a comparative rank as shown in Table 4-2.  The costs were prorated 
with the least expensive alternative given a rank of 1 and the most expensive alternative given 
a rank of 7. 

Table 4-2:  Assessment of Screened Technologies against Key Premises Key Premises (Coke Ovens) 

Key Premises (Coke Ovens) 

Technology Reduce 
Detrimental 

Effects 

Reliable 
Technology 

Cost 
Effectiveness Rank 

In-situ Solidification/Stabilization 1 1 1.4 1 
Ex-situ Solidification/Stabilization 2 1 2 2 
In-Situ Thermal Desorption 1 1 3.9 3 
High Temperature Thermal Desorption 1 3 2.3 4 
Landfilling 3 2 1.8 5 
In-Situ Containment 3 3 1 6 
Off-site Incineration 1 1 7 7 

Solidification/stabilization is ranked as the most favorable Alternative to Incineration because 
it is proven to be capable of treating PAH sediments at large sites and is less expensive than 
incineration.  In addition, the implementation time for in-situ stabilization is lower than for 
ex-situ methods and it is a relatively simple technology.  It does not destroy the contaminants 
but renders them inert and immobile in place.  Some maintenance costs for the stabilized 
in-situ material may be required.   
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Ex-situ solidification/stabilization is ranked second due to the added longer implementation 
time and the increased costs associated with material handling.  Ex-situ 
solidification/stabilization does not destroy the contaminants but renders them inert and 
immobile.  Some operations and maintenance costs for the stabilized ex-situ material may be 
required. 

High Temperature Thermal Desorption is ranked third as an alternative to incineration.  It 
should be scaleable to the volume of PAH sediments and have the advantage of removing 
and/or destroying the PAHs in the sediments.  It is a relatively complicated ex-situ treatment 
processes which generates multiple residual products.  Implementation time and schedule risk 
are greater than for incineration and cost may be higher than for solidifaction/stabilization.  In 
addition, any landfilled residuals will require long-term monitoring.   

Landfilling is ranked fourth after High Temperature Thermal Desorption.  Although 
landfilling is widely used and can be implemented in a short time period, it does not destroy, 
treat or alter the contaminated material.  Unlike solidification/stabilization which capable of 
rendering contaminants inert and immobile, landfilling only isolates the contaminants.  

In-Situ Thermal Desorption is a proven technology but was ranked fifth primarily due to cost.  
In-situ Containment is ranked sixth.  Similar to landfilling, In-situ Containment does not 
destroy, treat or alter the contaminated material and provides no protection beyond its 
isolating effect.  However, landfills are typically constructed with leachate collection systems 
whereas In-situ Containment provides physical isolation by capping and vertical barriers only. 
Similarly, Off-Site Incineration has proven reliability and destroys the contaminants but is 
quite expensive and so is ranked seventh.   
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5. CONCLUSIONS 

This report has assessed alternative approaches for managing the material slated for 
incineration at the Sydney Tar Pons and Coke Oven Sites.  Using the methodology for 
technology evaluation as set out in the RAER, 40 technologies were progressively evaluated 
against three Performance Criteria.  The remaining technologies were then ranked against 
three Key Premises.  For both the Tar Pond and Coke Ovens sites, In-Situ 
Stabilization/Solidification was ranked as the preferred alternative. 

For application of the in-situ stabilization/solidification, the approach is expected to be 
integrated with the treatment train described in the Project Description with the exception of 
on-site or near-site incineration.  For instance, both the Tar Pond and Coke Ovens remediation 
involves capping and long-term monitoring.  It is expected that application of the in-situ 
stabilization/solidification will be implemented in conjunction with the surface capping 
incorporated into the Project Description. 

The assessment of alternatives to incineration has focused on primary treatment technologies.  
Though some may have secondary treatment components i.e., thermal desorption requires 
secondary treatment of residuals and by-products, it is the application of the primary treatment 
technologies that has been evaluated.  Ex-situ S/S treatment and landfilling were not 
determined to be the preferred alternative but it is noted that ex-situ S/S could be used as a 
secondary treatment method to enhance the application of landfilling.  However, incorporation 
of ex-situ S/S will not impact the overall ranking.  In-situ S/S is still ranked as the preferred 
approach for both the Tar Pond and Coke Ovens sites.  

The inclusion of in-situ stabilization/solidification into the Project Description has been 
completed under separate cover.  The Project Description was revised to prepare an alternative 
Project Description that omits on-site or near-site incineration. 



In-Situ Technologies
• Natural Attenuation
• Natural Recovery
• Solidification/Stabilization
• Chemical Oxidation
• Soil Vapour Extraction
• In-Situ Containment
• Bioremediation
• Air Sparging
• Dual Phase Extraction/Bioslurping
• Free Product Recovery/Pump and Treat/Passive 

Product Collection
• In-Well Vapour Stripping
• Permeable Reactive Barrier Walls
• Phytoremediation
• Soil Flushing
• Electrokinetic Remediation
• In-Situ Thermal Desorption
• Thermal Treatment
• In-Situ Thermal Desorption
• Dynamic Underground Stripping
• Chemical Oxidation
• Bioventing
• Long-Term Pump and Treat
• Passive Coal Tar/Oil Product Collection
• Dual Phase Extraction
• Radio Frequency Heating

Ex-Situ 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 Temperaturre Thermal Desorption
• High Temperature Thermal Desorption
• Pyrolysis
• Incineration
• Co-Burning
• Vitrification
• Plasma
• Confined Disposal Facility Containment
• Landfilling
• Sonoprocess
• Nanoscale Zero Valent Iron
• Enhanced Bioremediation
• Solvent Extraction

STEP 1

Nominate Candidate Technologies STEP 2a

Results of Screening Against 
Overall Suitability

Q1: Is the remedial technology 
compatible with the depth and in-situ 
condition of contamination and in-situ 
characteristics of the sediment/soil 
matrix?

Q2: Is the remedial technology effective 
for the contaminants of concern and 
other residual contaminants?

Q3: Can the remedial technology meet 
the performance objectives?

Tar Ponds
• In-Situ Solidification/Stabilization
• Confined Disposal Facility Containment
• High Temperature Thermal Desorption
• Pyrolysis
• Vitrification
• Landfilling
• Sonoprocess
• In-Situ Containment
• Low temperature Thermal Desorption
• Ex-Situ Solidification/Stabilization
• Off-Site Incineration
• Plasma
• Enhanced Bioremediation
• Nanoscale Zero Valent Iron

Coke Ovens
• In-Situ Solidification/Stabilization
• Confined Disposal Facility Containment
• Pump and Treat/Product Recovery
• Ex-Situ Solidification/Stabilization
• Ex-Situ Soil Washing
• Vitrification
• Landfilling
• In-Situ Containment
• Soil Flushing
• Thermal Desorption (High & Low Temp.)
• Pyrolysis
• Off-Site Incineration
• Plasma
• Enhanced Bioremediation
• In-Situ Thermal Desorption

STEP 2b

Results of Screening Against 
Scale of Application

STEP 2 – Screen Against Performance Criteria

Q1: Is the remedial technology 
compatible with the scale and 
quantity of material to be managed?

Q2: Can the remedial technology provide 
at least 10 tonnes per hour 
throughput or process rate for ex-situ 
processes and 10 year target 
cleanup for in-situ processes?

Tar Ponds
• In-Situ Solidification/Stabilization
• Confined Disposal Facility Containment
• High Temperature Thermal Desorption
• Pyrolysis

• Landfilling

• In-Situ Containment
• Low Temperature Thermal Desorption
• Ex-Situ Solidification/Stabilization
• Off-Site Incineration

Coke Ovens
• In-Situ Solidification/Stabilization
• Confined Disposal Facility Containment

• Ex-Situ Solidification/Stabilization

• Landfilling
• In-Situ Containment

• High Temperature Thermal Desorption
• Pyrolysis
• Off-Site Incineration

• In-Situ Thermal Desorption

STEP 2c

Results of Screening Against 
Status of Development

Q1: Has the remedial technology been 
applied at full scale in the past two 
years?

Q2: Is the performance data of the full 
scale application relevant and 
acceptable with respect to scale and 
suitability?

Tar Ponds
• In-Situ Solidification/Stabilization
• Confined Disposal Facility Containment
• High Temperature Thermal Desorption

• Landfilling

• In-Situ Containment
• Low temperature Thermal Desorption
• Ex-Situ Solidification/Stabilization

• Off-Site Incineration

Coke Ovens
• In-Situ Solidification/Stabilization

• Ex-Situ Solidification/Stabilization

• Landfilling
• In-Situ Containment

• High Temperature Thermal Desorption

• Off-Site Incineration

• In-Situ Thermal Desorption

STEP 3

Rank Against Key Premises

Technologies ranked in order of preference

KP1: Reduce detrimental effect on the 
environment and health in the long 
term.

KP2: Reliable technology.

KP3: Cost effectiveness.

Tar Ponds
Rank Technology

1. In-Situ Solidification/Stabilization

2. Ex-Situ Solidification/Stabilization

3. High/Low Temperature Thermal 
Desorption

4. Landfilling

5. Off-Site Incineration

6. In-Situ Containment

7. Confined Disposal Facility Containment

Coke Ovens
Rank Technology

1. In-Situ Solidification/Stabilization

2. Ex-Situ Solidification/Stabilization

3. High Temperature Thermal Desorption

4. Landfilling

5. In-Situ Thermal Desorption

6. Off-Site Incineration

7. In-Situ Containment

Sydney Tar Ponds Agency
Assessment of Alternatives for Managing The 

Material Slated for Incineration
Summary of Assessment Process

Figure 1
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Sydney Tar Ponds  1 of 10 
Additional Task 1 – Assessment of Alternatives for Managing the Material 
Slated for incineration in the Original Project Description  PN 85989 

Table A1: Summary of Remedial Projects 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

Stabilization Projects, Ex and In Situ 

Mancelona, 
Michigan 1999 24,033  Tar 

On-site stabilization at 
an abandoned foundry 
using lime and cement 
kiln dust 

  

Yes 
Over 90% 
reduction in 
benzene 
concentrations 

 

Frankfort, 
Indiana 2001 15,900 tons  BTEX and PAHs 

Stabilization of 
impacted soil at former 
MGP site 

  

Yes  
Over 90% 
reduction in 
benzene 
concentrations 

 

Fairbanks, 
Alaska 2003 10,000 cy  Lead, PCB 

Stabilization and 
placement in on-site 
landfill 

  Yes  

Taunton, 
Masachusetts 2003 

4,000 cy of 
tar-impacted 
materials 
8,700 cy of 
sediment from 
Taunton River 

 Tar 

Excavation/dredging 
and stabilization/ 
solidification of tar-
impacted materials 

  

Yes 
Over 90% 
reduction in 
benzene 
concentrations 

 

Chesterton, 
Indiana 

2004 
(esti-
mated) 

4,800  Tar 

In situ stabilization of 
tar using 1,350 tons of 
burnt lime and 
quicklime 

  

Yes 
90% reduction in 
benzene 
concentrations 

 

Madison, 
Indiana 2002 2,400 to 

ns  BTEX and PAH 
Stabilization of tar at 
former MGP site using 
quicklime 

  

Yes 
Over 90% 
reduction in 
benzene 
concentrations 
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Table 1: Summary of Additional Remedial Projects (Continued) 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

Massena, NY 2003 4,500 cy  PCB 
Ex situ cement and 
lime solidification/ 
stabilization  

  Yes  

Gary, IN 
 
Phase I 

2003 
7,800 cy soil, 
1,200 cy 
sediment  

PCB, metals 
Ex situ cement 
stabilization followed 
by capping   Yes 

 

Phase II 2003 
18,300 cy soil, 
500 cy 
sediment 

 PCB 

Ex situ/In situ 
stabilization using 
proprietary additives 
followed by on-site 
disposal and capping 

  Yes  

Palmer, MA 1998 
8,000 cy soil, 
2,500 cy 
sediment 

 
PAH, PCB, 
metals, benzene, 
TCE, PCE 

Ex situ stabilization 
using phosphate $621,095 

Soil: 
PAHs: 1,158 
ppb 
Sediment: 
PAHs: 2,321 
ppb 
PCBs: 0 

Yes 

Sediment: 
PCB concentration 
before treatment: 
>10,000 ppb; after 
treatment 0 ppb 
PAH concentration 
before treatment: 
>1 ppm; after 
treatment 0 ppm 
Soil clean-up goals 
met. 

Ashley River 
Superfund 
Site, South 
Carolina 

2001 2,450 cy  PAH, DNAPL 

In situ S/S using a 
slurry of cement-based 
grout augmented with 
proprietary chemicals 

$229 
per 
cubic 
yard 

Upper trophic 
level receptors No Data  
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Table 1: Summary of Additional Remedial Projects (Continued) 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

 Teledyne 
Wah Chang, 
Superfund 

1997 110,000 cy  

Heavy metals, 
non-halogenated 
compounds and 
PCBs 

In situ S/S, 
containment cap and 
off site disposal 

$10 
million  No TCLP given  

Waite Park 
Wells, MN  140,000 cy  Lead, PCBs 

Ex situ Solidification/ 
stabilization  and on 
site disposal 

~$15 
million    

Double Eagle 
Refinery Co. 
OK 

1999 39,970 cy  Lead, PCBs, 
PAHs 

Ex situ Solidification/ 
stabilization  and off 
site disposal 

 PCB 25 ppm 
PAH 30 ppm 

Yes, except for 
lead  

Douglassville 
Disposal, PA 2002 46,000 cy  Metals, VOCs, 

PCBs, PAHs 
Exsitu S/S, capping and 
onsite disposal  Lead 5 ml/L   

Ex Situ Disposal Only Projects 

Middletown, 
RI 2004 27,000 cy  PAH, PCB, 

metals 

Dredge, gravity water 
separation, ex situ 
disposal 

   In progress 

New Bedford, 
MA 2001 473,000 cy  PCB, metals Dredge, ex situ 

disposal by landfilling   Yes  

Thermal Desorption Projects 

Wallington, 
NJ 

1999-
2000 53,685 cy  PCB (4000ppm) 

and PAH 
Thermal Desorption 
900ºF 

$15.7 
M, 
$292/ cy 

1 ppm PCB Yes 225 ton/day treated 
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Table 1: Summary of Additional Remedial Projects (Continued) 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

North 
Dartmouth, 
Massachu-
ssets 

1993-
1994 36,200 cy  PCB Thermal Desorption 

732ºF 
$6.8 M, 
$155/ton 25 ppm Yes 120 tons/day 

treated 

Brant, NY 1990-
1991 42,000 tons  PCB (11-68 

ppm) 
Thermal Desorption/ 
Dehalogentation $11.6 M <2 ppm PCB Yes  

Cape 
Giradeau, 
Missouri 

1997 52 cy  PCB (as high as 
58,000 ppm) 

Thermal Desorption 
(1600-1800ºF) 

$120-
$200/cy 2 ppm PCB Yes Only a 

demonstration 

Cape Fear 
Superfund 
Site, 
Fayetteville, 
NC 

1999 170,300 tons  
PAHs , arsenic, 
chromium, 
benzene 

Low temperature 
thermal desorption 
system 

$58 per 
ton 100 ppm PAH Yes, but 2 batch 

exceedances  

Madisonville 
Creosote 
Works 

2000 130,000 cy  Benzo(a)pyrene, 
creosote, PAHs 

Low temperature 
thermal desorption 
system 

~$18 
million 

Benzo(a)pyren
e 3 ppm Yes  

Moss-
American, 
Milwaukee, 
WI 

2002 137,000 cy  PAH Thermal desorption, 
disposal on-site 

~$9 
million PAHs 3 ppm No, residual 

material 3-5 ppm  

North Market 
Street, 
Spokane, WA 

2002 60,000 cy  BTEX, PHC, 
PAH 

Mobile thermal 
desoprtion, or off site 

$4 
million 

PAH 1 ppm 
PHC 200 ppm Yes  

Northwest 
Pipe And 
Casing 
Company, OR 

2001 16,430 cy  PCBs, PAHs 
Thermal Desorption 
(exsitu), on site 
disposal 
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Table 1: Summary of Additional Remedial Projects (Continued) 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

Sydney, 
Australia 

2004 
estimated 

75,000 m3  

proposed  
Pesticide, dioxin, 
PAH, phenolics, 
and creosol 

Thermal desorption  1 ppb dioxin   

Pearl Harbour 
Naval 
Complex 

2004 44,500 cy  PCB 

Indirect low-
temperature thermal 
desorption, ex situ 
landfill disposal 

  Yes  

Reading, OH 
Pristine, Inc. 
Superfund 
Site 

1994 12,800 tons  

Chlorinated 
aliphatics, 
pesticides, PAHs, 
and metals 

High temperature 
thermal desorption 
(rotary kiln) 10 tons per 
hour 

 Specified for 
each PAH Yes  

Waukegan, 
IL 

1991-
1992 
 
1992 

38,000 
 
11,300 tonnes 

 
PCB 
 
PCB 

Hydraulic dredging, 
placement into 
permanent containment 
cell on-site for 
sediments between 50 
and 500 ppm; capped 
Thermal desorption 
(pyrolysis) of 
sediments greater than 
500 ppm with SoilTech 
ATP System 

$4 M 50 ppm Yes 

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

Kingston, NH 2002 
Soil: 48,000 
Sediment: 
12,000 

 PCB, TCE, PCE, 
DCE 

Ex situ thermal 
desorption with off-site 
disposal 

  Yes  

Fayetteville, 
MC 1998 

Combined 
soil and 
sediment: 
113,000 cy 

 PAH, metals 

Low temperature 
thermal desorption 
followed by 
solidification 

 PAHs: 100 
mg/kg Yes  
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Table 1: Summary of Additional Remedial Projects (Continued)  

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

Duluth, MN 1996 

Soil: 50,000 
cy (half 
thermally 
treated, half 
to landfill) 
Sediment: 
5,000 cy 

 PAH Thermal desorption 
with off-site landfilling   

Not all thermally 
treated soil met 
industrial clean-
up criteria for 
surficial soils but 
did meet criteria 
for soil > 3.5 ft 

 

Adrian, MI 1993 
Soil and 
sludge: 5,100 
tons 

 

Chlorinated 
aliphatics, PAHs, 
other organics 
and metals.   

High temperature 
thermal desorption with 
solids pretreatment by 
shredding, screening 
and dewatering. 

 Regulatory 
requirements. 

PAHs met goals, 
Mn increased. 

Treated soil 
disposed off-site 
due to elevated 
manganese levels. 

Gray, MN 
McKin 
Company 
Superfund 
Site 

1987 Soil: 11,500 
cuyd  BTEX, PAHs Low temperature 

thermal desorption. $2.9 M PAHs: 10 ppm Goals met.  

Brooks, NY 1995 

Combined 
soil and 
sediment: 
21,000 cy 

 PCB 

Anaerobic low 
temperature thermal 
treatment followed by 
off-site disposal 

$25 M PCBs: 2 ppm 
PAHs: 5 ppm Yes 

Re-treated soil that 
did not meet 
criteria. 

Ashtabula, 
OH 2002 Soil: 20,000 

cy  PCB 

Ex situ treatment with 
low temperature 
thermal desorption with 
thermal oxidizing 
(incineration) 

  Yes  
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 Table 1: Summary of Additional Remedial Projects (Continued) 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

Vitrification 
Idaho Falls, 
ID 1993 9,260 cy  PCB (1-10 ppm) Ex-Situ Vitrification     

Richland, 
Washington unknown 3,100 tons  PCB In-Situ Vitrification $375-

$425/ton 
DRE of 
99.9999% Yes  

Hazen 
Research 
Center , 
Wisconsin 

2001 14 lb/hour 
27,000 lbs  

PCB, Heavy 
Metals, dioxins, 
furans 

Excavation, drying, Ex 
Situ Glass Furnace 
Technology 

$38.72 
per ton  DRE 99.9995% 

PCB Field Demo 

Sonoprocess 

Delta, BC 2005 13 tons 3000 tons PCB (up to 990 
ppm) Sono-process  <2 ppm Yes Batch of 13 tons 

In-situ Thermal Desorption 
Alhambra 
Pole Yard. 2004 16,200 cy  SVOCs, PAHs, 

creosote 
In situ thermal 
treatment     

Dragstrip 
Glenn Falls, 
NY 

2000 90 cy  
SVOCs, 
Avg. 509 ppm 
PCBs 

In situ thermal 
treatment, conductive 
heating using thermal 
blanket 

 <2 ppm PCB Yes Full scale 
demonstration 

Missouri 
Electric 
Superfund 
Site 

2000 52 cy  SVOCs, 
10 ppm PCB 

In situ thermal 
treatment, conductive 
heating 

$120-
200 per 
tonne 

2 ppm Yes Pilot 

Naval 
Facility 
Centerville 
Beach 

2000 1,000 cy  
SVOCs, >500 
ppm PCB, 
dioxins, furans 

In situ thermal 
treatment, conductive 
heating 

 <1 ppm PCB Yes Full Scale 

Mare Island 
Naval 
Facility 

2001 260 cy  SVOCs, <0.33 to 
20,000 ppm PCB 

In situ thermal 
treatment, conductive 
heating 

$100 to 
$250/ton <2 ppm PCB  Field Demo 
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Table 1: Summary of Additional Remedial Projects (Continued) 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

Petro-
Chemical 
Systems, 
Inc. 

2002 330 cy  BTEX and 
SVOCs, VOCs 

In situ thermal 
treatment, conductive 
heating 

$15/ cy   Field Demo 

Silresim 
Superfund 
Site 

2004 1250 cy  BTEX, SVOCs, 
VOCs, PAHs 

In situ thermal 
treatment, electric 
resistive heating 

   Field Demo 

Tanapag 
Village Site 2000 1,000 cy  SVOCs, avg. 

500 ppm PCB 

In situ thermal 
treatment, conductive 
heating using thermal 
blankets 

 <10 ppm PCB Yes Full Scale 

Hunter 
Army 
Airfield, 
Former 
Pumphouse 
No. 2, 
Savannah, 
Georgia 

2005 35,000 cy  BTEX, PAH 
Electrical Resistive 
Heating - Six-Phase 
HeatingTM (SPH) 

$1.3 
million  Yes Full Scale 

Brodhead 
Creek, 
Pennsyl-
vania 

2001   PAH, coal tar  $67.200  Yes  

Pyrolysis 
Waukegan 
Harbour, IL 
Superfund 
Site 

1992 13,000 tons 
sediments  PCB 

Excavation, pyrolysis 
of sediments with 
SoilTech ATP System 

$4M >500 ppm to 
50 ppm Yes  



Appendix A 

Sydney Tar Ponds  9 of 10 
Additional Task 1 – Assessment of Alternatives for Managing the Material 
Slated for incineration in the Original Project Description  PN 85989 

Table 1: Summary of Additional Remedial Projects (Continued) 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

Wide Beach, 
NY 
Superfund 
Site 

1991 36,000 tons  PCB 

Excavation, pyrolysis 
(Anaerobic Thermal 
Processor (ATP), 
indirectly heated rotary 
kiln) 

$265/ 
ton 

5,000 ppm 
treated to <2 
ppm 

Yes  

Soil Washing 

Springfield 
Towhship 
Dump 

1999 12,000 cy  PCB, heavy 
metals and VOCs 

Excavation, soil 
washing refill.     Yes 

Material that did 
not meet criteria 
was rewashed or 
landfilled 

Myers 
Property, 
NJ 

2000   SVOCs, VOCs, 
metals 

Chemical 
dechlorination coupled 
with soil washing 

  

No, technology 
changed to low 
temperature 
thermal 
treatment 

 

Rocky 
Mountain   
House,  AB   
Canada 

 10 tph  Crude oil, burn 
pits 

Slurry preparation, 
surfactant washing, 
solids separation, sand 
and fines separation, 
sand dewatering, 
hydrocarbon recovery, 
(centrifuge), water 
treatmen 

   ART Engineering 

Kearny, 
New Jersey, 
USA 

1999 700 cy  
Organic/Inorgani
c Chemicals, 
PCBs 

Saturated sediment (ex 
situ), BioGenesis(SM) 
Soil and Sediment 
Washing 

   Pilot Scale 
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Table 1: Summary of Additional Remedial Projects (Continued) 

Site Year 

Volume 
(m3 unless 
otherwise 

noted) 

Proposed 
Volume 

(m3 unless 
otherwise 

noted) 

Contaminants Clean-up Approach Cost Clean-up 
Goal Attained? Comments 

Plasma 

SITE Demo 
Butte, 
Montana 

1992 120 lb/hr  Metals, SVOCs Retech, Inc., Plasma 
Centrifugal Furnace 

$757 
per ton 
(2,200 
lb/hour 
plant) 

 DRE 99.99%  

Enchanced Bioremediation 
Technology has not reached commercial scale 
Nanoscale Zero Valent 
Technology has not reached commercial scale 
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1.0 INTRODUCTION 
 
The Sydney Tar Ponds Agency (STPA) intends to remediate the Sydney Tar Ponds and Coke 
Ovens Sites located in Cape Breton Regional Municipality, Nova Scotia (see Figure 1.1).  Part 
of the remediation strategy developed jointly by STPA and Environment Canada for the Tar 
Ponds and Coke Ovens Sites includes destruction of selected PCB and non-PCB containing 
soils and sediments using an approved, temporary incinerator.   
 
AMEC Earth & Environmental was requested by the STPA to develop and implement a process 
to select a suitable site for a temporary PCB incinerator.  This report summarizes the site 
selection process, and the results of this process. 
 
1.1 PROJECT BACKGROUND  
 
The Coke Ovens Site is a former industrial property, approximately 68 hectares (ha) in area, in 
Sydney Nova Scotia, bounded by residential and former industrial developments (Figure 1.1).  
The Coke Ovens Site contained a coke production facility for 90 years (closed in 1988) that 
provided raw carbon feedstock and fuel for the nearby steel mill.  Other industrial facilities were 
located on the site and used by-products of the coking operations in the manufacture of 
commercial goods and products.  An estimated 280,000 m3 (560,000 tonnes) of soil and 
sediment on the Coke Ovens Site is contaminated with, primarily, petroleum hydrocarbons, 
polycyclic aromatic hydrocarbons (PAHs), and metals.  Included in this total is PAH 
contaminated soil in an in-ground Tar Cell and PAH contaminated sediment in Coke Oven 
Brook, the primary drainage course on the site. 
 
The Tar Ponds (including the North and South Tar Ponds) is the name given to a portion of 
Muggah Creek near the Coke Ovens Site that received industrial discharges from upstream 
industrial activities. The North Pond is open to Sydney Harbour and at high tide covers an area 
of 18.6 ha.  It contains an estimated 280,000 m3 (360,000 tonnes) of contaminated sediments.  
The South Pond is separated from the North Pond by a man-made cofferdam and covers an 
area of 12.9 ha.  It contains an estimated 270,000 m3 (350,000 tonnes) of contaminated 
sediments.  Contaminants in the Tar Ponds include, primarily, PAHs, metals, and 
polychlorinated biphenyls (PCBs).  Approximately 45,000 m3 (59,000 tonnes) of the sediment in 
the Tar Ponds is contaminated with PCBs. 
 
Public input and the Remedial Action Evaluation Report were considered in the development of 
the remediation strategy for the Tar Ponds and Coke Ovens.  The remediation strategy consists 
of several components, one of which includes removing sediments containing PCB material 
from the Tar Ponds, PAH contaminated sediment from Coke Ovens Brook (on the Coke Ovens 
Site), and PAH contaminated soil from the in-ground Tar Cell (on the Coke Ovens Site), and 
destroying them in an approved, temporary incinerator that will be set up off-site, near the Tar 
Ponds/Coke Ovens sites.   
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2.0 SITE SELECTION CRITERIA  
 
2.1 PRIMARY PRINCIPLES 
 
The selection process for the proposed incinerator site was based on two primary principles:   

1) Demonstrated protection of public health and safety and the environment is paramount 
and a prerequisite to the acceptance of any site; and  

2) Social, technical, and economic considerations, although important to the overall viability 
of a site and the Project, are secondary, in comparison to health, safety, and the 
environment.  

 
With these principles in mind, criteria for the site selection process were developed as part of 
this Report, and were then used to first develop a list of potential sites and then select 4 
candidate sites (one preferred, and alternates).   
 
2.2 DEVELOPMENT OF SITING CRITERIA 
 
The objective of the overall site selection process was to identify a short list of acceptable sites 
for the location for a temporary incinerator to destroy selected wastes from the Sydney Tar 
Ponds and Coke Ovens sites.  The term “acceptable” was defined in terms of the principles 
above, and the ability of the site to meet certain criteria with respect to protection of health, 
safety, the environment, financial viability, and technical/engineering requirements. 
 
To assist in developing temporary incinerator site selection criteria for use in Sydney, AMEC 
reviewed PCB incinerator and hazardous waste treatment facility siting criteria from various 
jurisdictions and agencies throughout Canada and the United States.  Canadian information 
was gathered from the Government of Canada (1999), the Canadian Council of Ministers of the 
Environment (CCME, 1990), the Atlantic Canada Mobile PCB Incinerator Program (Environment 
Canada, 1992); and the provinces of Alberta (Province of Alberta, 2004), British Columbia 
(Province of British Columbia, 2000), Ontario (Province of Ontario, 1990), and Quebec 
(Province of Quebec, 2004).  American site selection information was gathered from the United 
States Environmental Protection Agency (USEPA, 2004a) for Arizona, Arkansas, Connecticut, 
Florida, Georgia, Hawaii, Illinois, Indiana, Louisiana, Massachusetts, Michigan, Mississippi, New 
Jersey, New York, North Carolina, Ohio, Oklahoma, Oregon, Pennsylvania, Puerto Rico, 
Tennessee, Texas, West Virginia, and several other USEPA references (USEPA, 1997, 2000, 
2002, and 2004b). 
 
Siting criteria from all jurisdictions were assembled in a database and compared for similarities.  
What was noticed from this comparative analysis was a general commonality of emphasis on 1) 
protecting of public health through minimum setback distances from developed urban or rural 
areas (churches, parks, playgrounds, etc.), 2) avoiding sensitive environments such as wetlands 
and floodplains, 3) avoiding technically problematic areas such as geologic faults, mines and 
sinkholes (subsidence), and highly erodible coasts or soils, and 4) and a requirement for public 
input.  While these issues were consistent across jurisdictions, there was no consensus among 
jurisdictions on the recommended distances from developed areas, sensitive environmental 
features, technically problematic areas, or any other identified constraints.  
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Using the existing siting criteria from these various jurisdictions, a set of project-specific siting 
criteria was developed.  Similar to those criteria developed for the previous Atlantic Canada 
Mobile PCB Incinerator Program (Environment Canada, 1992), the site selection process was 
based on a multi-tiered evaluation.  As some of the objectives of that previous program were not 
applicable to this Project, and additional Project related issues were already known, these 
criteria were modified.    These modifications were based on the specifics of this Project, 
pertinent information from other jurisdictions, and STPA input.  
 
Two levels of criteria (Level 1 and Level II) were applied to narrow down the number of sites that 
would be acceptable for siting a temporary incinerator. 
 
Level I criteria (see Table 2.1) were, generally, exclusionary criteria and set minimum standards 
that must be met for any site to be considered further.   
 

TABLE 2.1 Level I Site Selection Criteria 
# Category Level I Criteria 
1 Land Ownership a. Preferred land ownership of Site locations is the Federal, Provincial or Municipal governments 

or associated Crown corporations. 
  b. Site locations must be within a 20 km radius of the source of contaminated material. 
2 a. Earthquake and seismic prone areas (within 61 m of a fault) will not be considered. 
  

Public Health and Safety 
Considerations 
  

b. Areas within 500 meters of residences, occupied public buildings, designated park, outdoor 
recreation area, food processing facilities, feed lots, farming or aquaculture operations, will not 
be considered.  

3 Natural Environmental 
Considerations 

a. Environmentally Significant Areas such as watercourse protection areas, or natural 
environment areas, will not be considered (as designated by Federal, Provincial, or Municipal 
authorities). 

    b. Designated Flood Way areas, 100-year floodplains, aquifers, watersheds, water supply areas, 
and recharge areas identified by local conservation or other specified authorities will not be 
considered. 

    c. Designated natural resource areas (i.e. Wildlife Management Areas, Wetland Habitat, and 
Endangered Species Habitat), and silviculture areas including enhanced forests, plantations, 
and thinned areas on Crown land, as identified by appropriate government agencies will not 
be considered.  

    d. Designated conservation areas, national, provincial and municipal parks and playgrounds will 
not be considered. 

    e. Hazard lands including closed landfills, areas of Karst topography, areas of known surface or 
shallow subsurface mining, or land with unsuitable topography will not be considered.  

    f. Areas within 100 meters of a permanent (year round flow) watercourse will not be considered. 
    g. Areas where the surficial soil does not have suitable characteristics to mitigate or contain 

potential spills, and for whatever reason cannot accommodate a liner, will not be considered. 
4 Social/Cultural 

Considerations 
a. Potential sites outside the political/administrative boundaries of the CBRM will not be 

considered. 
    b. Lands within existing residential areas will not be considered. 
    c. Areas that include major features of known historical, cultural or archaeological value will not 

be considered. 
    d. Special agricultural or aquaculture operations will not be considered.  
5 Economic/Financial 

Considerations 
a. No major constraints to identifying potential sites. 

6 Technical Considerations a. Major underground or overhead utility corridor easements will not be considered. 
    b. Candidate Sites less than two hectares in size will not be considered. 
    c. Sites must have acceptable potential for services (electricity, water). 
    d. Sites will not be located where seasonal road weight restrictions will be exceeded. 
    e. Availability of site access by rail or road. 

 
Key to these criteria were 1) a site must not have a residence located within 500 m of its 
property boundary, 2) a site must be within 20 kilometres (km) of the Tar Ponds/Coke Ovens 
Site, 3) a site must be owned by the Federal, Provincial, or Municipal governments (i.e., private 
land will not be considered), and 4) a site must be greater than 2 hectares (ha) in area.  These 4 
criteria, in addition to the others shown in Table 2.1, were used to identify 10 potential 
incinerator sites from all of the Federal, Provincial, and Municipal properties within 20 km of the 
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Tar Ponds.   Sites that did not meet any one of the Level I criteria were omitted from any further 
consideration.  For example, if a property had a residence within 500 metres (m) of its 
boundary, or a year-round watercourse was located within 100 m, then the site was no longer 
considered.    
 
Level II criteria (see Table 2.2) are a combination of quantitative and qualitative criteria used to 
conduct a comparative analysis of the 10 potential sites (identified using Level I criteria) and 
rank them from most acceptable to least acceptable.   
 

TABLE 2.2 Level II Site Selection Criteria 
# Category Level II Criteria 
1 Public Health and Safety 

Considerations 
a. Number of residences, occupied public buildings, food processing facilities, feed lots, farming 

or aquaculture operations, downwind from 500 to 1000 meters from a Potential Candidate 
Site. 

    b. Distance to emergency response facilities from a Potential Candidate Site. 
2 Natural Environmental 

Considerations 
a. Number, extent and significance (i.e. Crown Forest, Woodland Improvement Area) of 

woodlots that would be cleared. 
    b. Number, extent and significance of a permanent (year round flow) watercourse from 100 to 

500 meters form the site. 
    c. Presence of Environmentally Significant Areas (as designated by federal, provincial or 

municipal authorities) within 500 meters of a Potential Candidate Site (i.e. watercourse 
protection areas, natural environmental areas, hazard lands). 

    d. Designated natural resource areas within 500 meters of a Potential Candidate Site (i.e. 
Wildlife Management Areas, Wetlands Habitat and Endangered Species Habitat), and 
identified by appropriate government agencies.  

    e. Vegetation, aquatic habitat, terrestrial wildlife habitat on site and within 500 meters. 
    f. Presence and number of stream crossings and access routes. 
    g. Number of designated conservation areas or national, provincial, or municipal parks within 

500 meters of a Potential Candidate Site. 
    h. Presence of surficial soil that has the potential to mitigate or contain potential spills. 
    i. Frequency of good dispersive conditions (based on data from Sydney airport). 
    j. Areas above an active or inactive shaft or tunneled mine or other areas of potential 

subsidence.  
3 Social/Cultural 

Considerations 
a. Number of property ownerships required for the establishment of a Potential Candidate Site 

(private or public) 
    b. Number of buildings along the primary and secondary access roads to the Potential Candidate 

Site. 
    c. Presence of historical, archaeological or architecturally significant features within 500 meters 

of a Potential Candidate Site based on relevant government agency input. 
    d. Type of other land uses within 500 meters of a Potential Candidate Site. 
    e. Proximity to population concentrations. 
     f. Number and type of community and recreational features between 500 and 1000 meters of a 

Potential Candidate Site and along primary and secondary access routes. 
4 Economic/Financial 

Considerations 
a. Distance to a Potential Candidate Site from unrestricted (weight) roads, highways 

  b. Distance from source of contaminated materials 
    c. Length of the primary access road requiring construction and/or improvement. 
  d. Transportation costs for materials and equipment 
    e. Estimated site acquisition cost. 
5 Technical Considerations a. Access available by road and/or rail. 
    b. Total site area configuration. The site should be level with suitable foundation and surface 

area for the destruction units, support equipment and waste storage area.  Appropriate access 
should exist for proper implementation of spill cleanup procedures. 

 
The 4 most acceptable sites, which resulted from the Level II evaluation, were selected as 
candidate incinerator sites.   
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3.0 FINDINGS 
 
3.1 LEVEL I CRITERIA  
 
An evaluation of all Federal, Provincial, and Municipal properties within 20 km of the Tar Ponds 
was conducted by constraint mapping using the Level I criteria (see Table 2.1).  The purpose 
was to eliminate properties that do not pass the minimum site selection criteria.  Digital data of 
all of the Level I criteria (i.e., constraints) were obtained from the Province of Nova Scotia and 
Cape Breton Regional Municipality (CBRM) and input into a Geographical Information System 
(GIS) developed for this project.  The GIS was used to identify areas that were suitable for a 
temporary incinerator (see Figure 2.1).   
 
The result of the constraint mapping is that 10 government-owned properties were identified as 
meeting the Level I criteria (see Figure 2.2) and were carried forward as potential sites for 
evaluation using Level II criteria.  
 
The 10 potential incinerator sites selected to move forward to the Level II evaluation included: 

• Site 1: Cape Breton Development Corporation (CBDC) land near the settling pond, 
northwest of the former Victoria Junction Wash Plant, off Lingan Road; 

• Site 2: CBDC, private, and NS lands near the former Pioneer Coal mine, east of the 
Sydney Airport, off Grand Lake Road; 

• Site 3: CBRM land, east of Whitney Pier and north of the landfill and the railroad tracks;  

• Site 4: CBRM land, southwest of Gilholmes Lake, off Mira Road; 

• Site 5: CBRM lands near River Ryan, southwest of Kilkenny Lake, off Lingan Road; 

• Site 6: CBDC lands near River Ryan, south of Waterford Lake, off Lingan Road; 

• Site 7: CBDC land at the site of the former Victoria Junction Wash Plant, off Grand Lake 
Road; 

• Site 8: CBDC lands, northeast of the Lingan Golf Course, off Grand Lake Road;  

• Site 9: CBDC land, located at the inactive Phalen Mine site; and 

• Site 10: CBDC land at North Head in Lingan. 
 
3.2 LEVEL II CRITERIA 
 
Level II was the first level of comparative evaluation among the 10 potential sites.  After the 
Level I constraint mapping, the 10 potential sites were subjected to more restrictive analysis to 
identify disadvantages of their use as a site for a temporary incinerator (see Table 2.2).  The 4 
sites with the least significant constraints (highest scores) are referred to as candidate sites for 
the incinerator facilities.  The following is a summary of the Level II criteria that were used to 
select the 4 candidate sites: 
 

1. Public Health and Safety – As previously outlined, public health and safety have 
primary consideration in the siting of the incinerator facilities.   

a. Number of residences or occupied buildings from 500 to 1000 m downwind of the 
potential site – Since sites were screened out during Level I that had residences 
or occupied buildings within 500 m of the site, the next step was to evaluate 
beyond this distance in the direction of the prevalent winds.  The downwind 
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qualifier is important in the event that upset conditions exist at the incinerator.  
For the purposes for this study, downwind was defined using existing climate 
data to identify statistical wind patterns (i.e. a wind rose).  For the sites, a 
prevalent wind direction was in a Northeasterly direction and encompassed an 
angle of approximately 100o.  While it is recognized that there will be variations in 
wind direction, for the purposes of this comparative analysis between sites, this is 
an appropriate assumption.   

b. Distance to emergency response facilities – The sites were evaluated to consider 
the timeliness of a response in the event of emergency accidental events at the 
site. 

 
2. Natural Environmental Considerations – Secondary to public health and safety but 

also of a high level of consideration are natural environmental features of the sites.   

a. Number, extent and significance (i.e. Crown Forest, Woodland Improvement 
Area) of woodlots that would be cleared – Sites were scored lower if 
considerable clearing of trees were required to develop the site, as opposed to a 
site that required limited or no clearing 

b. Number, extent and significance of a permanent (year round flow) watercourse 
from 100 to 500 meters form the site – Sites that had more watercourses near 
them were scored lower due to the potential effects to watercourse from the site 
development 

c. Presence of Environmentally Significant Areas within 500 meters of a Potential 
Candidate Site (i.e. watercourse protection areas, natural environmental areas, 
hazard lands) – Sites were evaluated for the presence of provincially or federally 
recognized ESAs in close proximity to avoid any potential effects to these 
features during site development. 

d. Designated natural resource areas within 500 meters of a Potential Candidate 
Site (i.e. Wildlife Management Areas, Wetlands Habitat and Endangered Species 
Habitat), and identified by appropriate government agencies - Sites were 
evaluated for the presence of provincially or federally recognized significant 
habitat features in close proximity to avoid any potential effects to these features 
during site development. 

e. Vegetation, aquatic habitat, terrestrial wildlife habitat on site and within 500 
meters – Using aerial photographs, resource mapping, and site visits, a general 
description of the habitat on the site and surrounding area was developed.  Sites 
that had relatively intact and undisturbed habitat features were given a lower 
score, as opposed to sites that had disturbed or fragmented habitat features. 

f. Presence and number of stream crossings and access routes – Sites were 
evaluated for potential access roads and the potential for watercourse crossings 
along those roads.  Sites that had a higher number of watercourses crossings 
were scored lower due to the increased potential for effects on watercourses 
from the development of site access. 

g. Number of designated conservation areas or national, provincial, or municipal 
parks within 500 meters of a Potential Candidate Site property line – Sites were 
evaluated for the presence of areas that were set aside by government agencies 
for conservation purposes.  Sites that had these features in proximity were 
scored lower. 
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h. Presence of surficial soil that has the potential to mitigate or contain potential 
spills – Sites that had soils that were more conducive to the type of activities that 
are proposed for these locations were scored higher.   

i. Frequency of good dispersive conditions (based on data from Sydney airport) – 
Sites that had higher wind conditions and presented good dispersion for stack 
emissions were scored higher. 

j. Areas above an active or inactive shaft or tunneled mine or other areas of 
potential subsidence – Areas that were subjected to mining and could have 
underground workings on the site were scored lower due to the potential for 
subsidence in these areas. 

 
3. Social/Cultural Considerations - Secondary to public health and safety but also of a 

high level of consideration are social/cultural considerations.   

a. Number of property ownerships required for the establishment of a Potential 
Candidate Site (private or public) – Sites that had fewer property owners were 
preferred to sites that had multiple owners and higher potential for prolonged 
negotiations. 

b. Number of occupied buildings along the primary and secondary access roads to 
the Potential Candidate Site – Potential transportation routes were evaluated for 
the number of occupied buildings that would be passed by trucks driving from the 
Tar Ponds/ Coke Ovens Sites to the incinerator site.  Sites were preferred if there 
were lower numbers of buildings from a noise, traffic and nuisance perspective. 

c. Presence of historical, archaeological or architecturally significant features within 
500 meters of a Potential Candidate Site – Sites that were identified by 
government resource agencies as having features that were historical or 
prehistorically significant were scored lower due the potential for disturbance of 
these features. 

d. Type of other land uses within 500 meters of a Potential Candidate Site property 
line – The land uses that are adjacent to the sites were also examined.  Sites that 
had a higher variability of uses or potentially incompatible uses received a lower 
score. 

e. Proximity to population concentrations – Sites were evaluated for their proximity 
to populated centers, with more isolated sites receiving a higher score. 

f. Number and type of community and recreational features between 500 and 1000 
meters of a Potential Candidate Site property line and along primary and 
secondary access routes – These facilities that are frequented by residents were 
identified in areas adjacent to the site and along access routes.  Sites where 
Project activities, and increases in traffic have the potential to negatively impact 
these activities, or create high levels of complaints were scored lower. 

 
4. Economic/Financial Considerations – As there is a limited budget available for the 

incinerator component of the Tar Ponds/Coke Ovens Remediation Project, part of the 
decision making process needs to include the cost of developing the required facilities.  
While exact dollar figures are not yet available for a number of these criteria, relative 
costs can be evaluated between the sites. 
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a. Distance to a Potential Candidate Site from unrestricted (weight) roads, highways 
– Due to the requirement to transport materials to the site year-round, it is 
important to have access to the site that is not restricted by seasonal weight 
restrictions.  As a result, the sites that were in closer proximity to access roads 
that had no weight restrictions were scored higher.  

b. Distance from source of contaminated materials – A large part of the costs of the 
Project will be associated with the transportation of materials to the site.  Sites 
that are closer to the Tar Ponds and Coke Ovens sites are preferred to those 
where trucking costs are higher due to longer distances. 

c. Length of the primary access road requiring construction and/or improvement – 
Its is recognized that most of the sites will require some upgrading or improving 
of the access roads into the sites to accommodate the transportation of material 
as well as the weight of the equipment that is required on the site.  The shorter 
the length of the access road requiring construction or improvement, the lower 
the construction/upgrading costs, and therefore the higher the score. 

d. Transportation costs for materials and equipment – Most of the materials and 
equipment for the development and operation of the facility will be either sourced 
in Sydney or will be outsourced and then brought into Sydney.  There is a cost to 
transport this equipment to the site, therefore, sites closer to Sydney are 
preferred.  

e. Estimated site acquisition cost – The costs of acquiring the site from the current 
owners will constitute part of the site development costs.  While site costs are not 
known at this time, the relative costs of the sites can be compared between sites, 
with sites that are obtainable for a reasonable cost, scoring higher. 

5. Technical Considerations – There are a number of technical requirements for the 
development of these types of facilities.  Each of the sites will have some technical 
challenges but sites that are more conducive from a technical perspective were scored 
higher. 

a. Access available by road and/or rail – The potential exists that if suitable rail 
infrastructure is still in place, it may be possible to transport the material to the 
site via rail cars.  The presence of both road and rail access is the most favorable 
consideration, with road only being less favorable, and rail only being the least 
favorable (road access is required in all situations) 

b. Total site area configuration - The site should be level with suitable foundation 
and surface area to meet site development requirements.  Appropriate access at 
the site will need to exist or be created for proper materials handling and 
implementation of spill cleanup procedures.  If extensive site development is 
required at a site, it received a lower score. 

 
The 10 potential sites were evaluated using the Level II criteria described above.  The results of 
this evaluation are shown in Table 2.3.   
 
The sites were qualitatively evaluated against each other (e.g., very good, good, fair, poor) 
using these criteria to determine which 4 sites were most suitable for development as a site for 
the temporary incinerator.  The ratings were based, in part, on the degree to which a site met 
the criteria.  For example, a site with no subsidence issues rated very good, while, in 
comparison, a site with known subsidence issues rated poor.  In addition, the ratings were  



Description Score Description Score Description Score Description Score Description Score Description Score Description Score Description Score Description Score Description Score
1 Public Health and Safety 

Considerations (possible high score 
of 6) 

a. Number of residences, occupied public buildings , food processing facilities, feed 
lots, farming or aquaculture operations, downwind from 500 to 1000 meters from 
a Potential Candidate Site.

11 2 0 6 0 6 1 6 0 6 20 0 0 6 0 6 0 6 0 6

b. Distance to emergency response facilities from a Potential Candidate Site. Fire 6 km            
Police 12 km  

Hospital 6.5 km

6 Fire 2 km            
Police 3 km  

Hospital 9 km

6 Fire 1 km            
Police 1.4 km  

Hospital 6.4 km

6 Fire 1 km            
Police 7.5 km  

Hospital 2.4 km

6 Fire 4.5 km        
Police 12 km  

Hospital 6 km

6 Fire 11 km           
Police 11 km  

Hospital 5 km

6 Fire 5.5 km        
Police 5 km  Hospital 

9.5 km

6 Fire 5 km           
Police 3.6 km  
Hospital 5 km

6 Fire 4.5 km          Police 
15 km  Hospital 6.5 km

6 Fire 4.5 km          
Police 15 km  

Hospital 6.5 km

6

2 Natural Environmental 
Considerations (possible high score 
of 6)

a. Number, extent and significance (i.e. Crown Forest, Woodland Improvement 
Area) of woodlots that would be cleared.

significant (> 2 ha) 0 minimal 6 moderate (<2 ha) 2 significant (> 2 ha) 0 significant (> 2 ha) 0 significant (> 2 ha) 0 minimal 6 significant (> 2 ha) 0 none 6 none 6

b. Number, extent and significance of a permanent (year round flow) watercourse 
from 100 to 500 meters form the site.

2 watercourses and 5 
lakes

0 3 watercourses 2 3 watercourses and 2 
lakes

2 4 watercourses and 3 
lakes

0 3 watercourses and 1 
lake

2 3 watercourses and 1 
lake

2 3 watercourses and 1 
lake

2 5 watercourses and 
within 1km of 

Lingan Bay 

0 2 watercourxes and 
approx. 1 km from the 

ocean

2 0 watercourses and 
on ocean

6

c. Presence of Environmentally Significant Areas (as designated by federal, 
provincial or municipal authorities) within 500 meters of a Potential Candidate 
Site property line (i.e. watercourse protection areas,  natural environmental areas, 
hazard lands).

1 4 0 6 1 4 1 4 1 4 1 4 2 2 2 2 0 6 0 6

d Designated natural resource areas within 500 meters of a Potential Candidate Site 
(i.e. Wildlife Management Areas, Wetlands Habitat and Endangered Species 
Habitat), and identified by appropriate government agencies. 

0 6 2 4 4 4 2 4 4 4 2 4 4 4 11 0 0 6 0 6

e. Vegetation, aquatic habitat, terrestrial wildlife habitat on site and within 500 
meters.

undisturbed natural 
vegetation, wetland 
habitat adjacent to 
reservoir, forested 

area 

0 extensive 
disturbance, 

reclaimed mine site, 
adjacent 

watercourses 
(AMD), minimal 

natural vegetation 

6 regen forest habitat, 
fragmented habitat,  
Inglis Lake located 
to the west of site, 

adjacent to industrial 
land use (south), and 
residential land use 

(west)

2 Extensive forest and 
wetland habitat, 

watercourses on the 
south side of site, 

multiple powerline 
corridors

0 Extensive forest 
habitat, adjacent to 

Kilkenny Lake, 
water supply area

0 Extensive forest and 
wetland habitat, a 

number of 
watercoures through 

site

0 Heavily disturbed 
site, previous 
industrial use, 

adjacent to Grand 
Lake

6 Extensive forest 
habitat, a number of 

watercourses 
through site, some 

wetland habitat

0 Heavily disturbed site, 
previous industrial use

6 Mix of shruband 
coastal vegetation, 

undeveloped, 

4

f. Presence and number of stream crossings and access routes. No existing access.  
Several stream 

crossings required

0 Existing access 
(upgrade required).  

Several stream 
crossings.

4 No existing access.  
One stream crossing 

required.

2 No existing access.  
One stream crossing 

required.

2 No existing access.  
One stream crossing 

required.

2 No existing access.  
One stream crossing 

required.

2 Existing access (no 
upgrade required).  No 

stream crossings.

6 No existing access.  
Several stream 

crossings required.

0 Existing access (no 
upgrade required).  No 

stream crossings.

6 No existing access.  
No stream crossings 

required.

4

g. Number of designated conservation areas or national, provincial, or municipal 
parks within 500 meters of a Potential Candidate Site property line.

0 6 0 6 0 6 0 6 0 6 0 6 0 6 0 6 0 6 0 6

h. Presence of surficial soil that has the potential to mitigate or contain potential 
spills.

fair (moderate to 
poorly drained soils)

2 fair (moderate to 
poorly drained soils)

2 fair (moderate to 
poorly drained soils)

2 fair (moderate to 
poorly drained soils)

2 fair (moderate to 
poorly drained soils)

2 fair (moderate to 
poorly drained soils)

2 fair (moderate to 
poorly drained soils)

2 fair (moderate to 
poorly drained soils)

2 fair (moderate to poorly 
drained soils)

2 fair (moderate to 
poorly drained soils)

2

i. Frequency of good dispersive conditions (based on data from Sydney airport). good 4 good 4 good 4 good 4 good 4 good 4 good 4 good 4 good 4 good 4
j. Areas above an active or inactive shaft or tunneled mine or other areas of potential 

subsidence. 
none 6 adjacent to 

abandoned strip 
mine

4 none 6 none 6 none 6 none 6 none 6 none 6 moderate potential 4 moderate potential 4

3 a. Number of property ownerships required for the establishment of a Potential 
Candidate Site (private or public)

1 (Devco) 3 multiple 2 1 (CBRM) 3 1 (CBRM) 3 1 (Devco) 3 1 (Devco) 3 1 (Devco) 3 1 (Devco) 3 1 (Devco) 3 1   (Devco)  3

b. Number of buildings along the primary and secondary access roads to the Potential 
Candidate Site.

9 3 362 1 249 2 513 0 9 3 9 3 311 1 339 1 506 0 506 0

c. Presence of historical, archaeological or architecturally significant features within 
500 meters of a Potential Candidate Site property line based on relevant 
government agency input.

none 3 none 3 none 3 none 3 none 3 none 3 none 3 none 3 none 3 historical battery, 
not considered 

significant

3

d. Type of other land uses within 500 meters of a Potential Candidate Site property 
line.

none 3 none 3 none 3 none 3 none 3 none 3 industrial (being 
decommissioned)

3 transportation (rail) 2 industrial, Government 
offices

2  utility (coal fired 
power station)

3

e. Proximity to population concentrations. > 2 km from 
significant 

populated area

3 < 2 km from 
significant populated 

area

2 < 1 km from 
significant populated 

area

1 < 2 km from 
significant populated 

area

2 > 2 km from 
significant 

populated area

3 < 2 km from 
significant populated 

area

2 > 2 km from 
significant populated 

area

3 < 2 km from 
significant populated 

area

2 > 2 km from significant 
populated area

3 > 2 km from 
significant 

populated area

3

f. Number and type of community and recreational features between 500 and 1000 
meters of a Potential Candidate Site property line and along primary and secondary 
access routes.

0 3 0 3 1 baseball field 2 4 - baseball field, 
playground, park (2)

1 0 3 0 3 8 - baseball field, 
playground, park (3), 

tennis court, race 
track, golf course

0 10 -baseball field, 
playground, park (3), 
tennis court, driving 
range, sports club, 
golf course, school 

(2)

0 10 -  baseball field, 
playground (2), park (3), 

tennis court, driving  
range, golf course 

campground

0 10 -  baseball field, 
playground (2), park 

(3), tennis court, 
driving  range, golf 
course campground

0

4 a. Distance to a Potential Candidate Site from unrestricted (weight) roads, highways, 
or active rail lines.

< 1 (rail) 2 < 1 (road) 2 < 1 (road and rail) 3 < 1 (road) 2 < 1 (rail) 2 < 1 (rail) 2 < 1 (rail and road) 3 < 1 (road) 2 < 1 (rail and road) 3 < 1 (rail) 2

b. Distance from source of contaminated materials 9 km 1 ~ 13.5 km 0 ~ 3 km 3 7 km 1 ~ 11 km 0 ~13 km 0 ~ 5 km 3 ~ 10 km 1 ~19 km 0 ~19 km 0
c. Length of the primary access road requiring construction and/or improvement. ~ 1500 m 0 ~ 2000 m 0 <500m 3 ~ 1000 m 1 ~ 1500 m 0 ~ 1500 m 0 None 3 ~ 1500 m 0 None 3 <1000 m 2
d Transportation costs for materials and equipment high 0 moderate 2 low 3 moderate 2 high 1 high 1 moderate 2 moderate 2 high 1 high 1
e. Estimated site acquisition cost. reasonable 3 moderate 2 reasonable 3 reasonable 3 reasonable 3 reasonable 3 reasonable 3 reasonable 3 reasonable 3 reasonable 3

5 Technical Considerations (possible 
high score of 3)

a. Access available by road and/or rail road 1 partial road 0 road and rail 3 road 1 rail only 0 rail only 0 road and rail 3 neither 0 road and rail 3 road 1

b. Total site area configuration. The site should be level with suitable foundation and 
surface area for the destruction units, support equipment and waste storage area.  
Appropriate access should exist for proper implementation of spill cleanup 
procedures.

extensive site 
development 

required

0 extensive site 
development 

required

0 some site 
development 

required

2 extensive site 
development 

required, site may be 
very wet

0 extensive site 
development 

required

0 extensive site 
development 

required

0 minimal additional 
site development 

required

3 extensive site 
development 

required

0 minimal additional site 
development required

3 extensive site 
development 

required

0

TOTAL SCORE 61 76 80 62 66 59 89 51 87 81
RANK 8 5 4 7 6 9 1 10 2 3

Green Very Good Yellow Fair

Blue Good Orange Poor

Social/Cultural Considerations 
(possible high score of 3)

Economic/Financial Considerations 
(possible high score of 3)

Site 10 (North Head)
TABLE 2.3     Level II Potential Candidate Site Evaluation

Site 5 (Kilkenny) Site 6 (Scotchtown) Site 7 (VJ Wash Plant) Site 8 (Crossroads)Site1 (Reservoir) Site 2 (airport) Site 9 (Phalen Mine Site) Site 3 (landfill) Site 4 (Mira Road)# Criteria Level II Criteria
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based, in part on an inter-comparison of the sites with respect to the criteria.  For example, a 
site with no buildings on its primary access road rated better (e.g., very good) than a site with 10 
buildings on its primary access road (e.g., good), which rated better than a site with 100 
buildings on its access road (e.g., fair), which rated better than a site with 1000 buildings on its 
access road (e.g., poor). 
 
A scoring system was developed to judge the degree to which each site met the criteria.  The 
scores allocated to each criteria are described below: 

• Very Good – 3 points (denoted as green in Table 2.3); 

• Good – 2 points (denoted as blue in Table 2.3); 

• Fair – 1 point (denoted as yellow in Table 2.3); and 

• Poor – 0 points (denoted as orange in Table 2.3). 
 
Public health and safety and environmental considerations were given the most emphasis (i.e., 
High Priority) in selecting the candidate sites and were weighted accordingly, by doubling the 
score (i.e., very good – 6 points, good – 4 points, fair – 2 points, poor – 0 points).  All other 
criteria were given a lesser priority and were not weighted in the evaluation. 
 
The 4 Candidate Sites that were selected, based on the Level II evaluation included: 

• Site 7: CBDC land at the site of the former Victoria Junction Wash Plant, off Grand Lake 
Road (see Figure 2.3); 

• Site 9: CBDC land at the site of the former Phalen Colliery in Lingan (see Figure 2.4); 
and 

• Site 10: CBDC land located at North Head in Lingan (see Figure 2.5); 

• Site 3: CBRM land that is located adjacent to the municipal incinerator and landfill (see 
Figure 2.6). 

 
The suggested areas for siting of a temporary incinerator on each of the properties are shown 
on the figures. 
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4.0 SUMMARY AND CONCLUSION 
 
AMEC was tasked to develop and apply criteria to determine acceptable candidate sites for a 
temporary incinerator to be used during the remediation of the Sydney Tar Ponds and Coke 
Ovens Sites.  
 
Two levels of criteria were developed that progressively narrowed the available properties to 4 
candidate sites: 

• Site 7: CBDC property at the site of the former Victoria Junction Wash Plant, off Grand 
Lake Road; 

• Site 9: CBDC property at the site of the former Phalen Colliery in Lingan;  

• Site 10: CBDC property located at North Head in Lingan; and 

• Site 3: CBRM land that is located adjacent to the municipal incinerator and landfill. 
 
Based on the scoring of the 10 potential sites, using Level II criteria, it has been determined that 
Site 7, Victoria Junction (VJ) Wash Plant, is the preferred site for the location of a temporary 
incinerator facility.  The top 3 other acceptable sites, based on the scoring of the Level II criteria 
were Site 9 (Phalen), Site 10 (North Head), and Site 3 (Landfill), respectively.     
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