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1.0 TABLE OF CONCORDANCE TO THE CNSC GENERIC EIS 
GUIDELINES 

Section in 
Generic 

Guideline 
Requirement Section in the EIS 

Part 1 BACKGROUND  
1.0 Introduction  

 

The purpose of this document is to provide information to proponents on the 
requirements for the preparation of an environmental impact statement (EIS) for 
a designated project to be assessed pursuant to the Canadian Environmental 
Assessment Act, 2012 (CEAA 2012). This document specifies the nature, scope 
and extent of the information required. Part 1 of this document provides 
guidance and general instruction on the preparation of the EIS, and part 2 
outlines the information that must be included in the EIS. 

Not Applicable 

 

Section 5 of the CEAA 2012 requires an assessment of the proposed project’s 
potential environmental effects: 

5. (1) For the purposes of this Act, the environmental effects that are to be taken 
into account in relation to an act or thing, a physical activity, a designated project 
or a project are: 

a) a change that may be caused to the following components of the environment 
that are within the legislative authority of Parliament: 

i. fish and fish habitat as defined in subsection 2(1) of the Fisheries Act 

ii. aquatic species as defined in subsection 2(1) of the Species at Risk Act 

iii. migratory birds as defined in subsection 2(1) of the Migratory Birds 
Convention Act, 1994 

iv. any other component of the environment that is set out in Schedule 2 

b) a change that may be caused to the environment that would occur: 

i. on federal lands 

ii. in a province other than the one in which the act or thing is done or where the 
physical activity, the designated project or the project is being carried out 

iii. outside Canada 

c) with respect to Aboriginal peoples, an effect occurring in Canada of any 
change that may be caused to the environment on: 

i. health and socio-economic conditions 

ii. physical and cultural heritage 

iii. the current use of lands and resources for traditional purposes 

Not Applicable 
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Section in 
Generic 

Guideline 
Requirement Section in the EIS 

iv. any structure, site or thing that is of historical, archaeological paleontological 
or architectural significance 

5. (2) However, if the carrying out of the physical activity, the designated project 
or the project requires a federal authority to exercise a power or perform a duty 
or function conferred on it under any Act of Parliament other than this Act, the 
following environmental effects are also to be taken into account: 

a) a change, other than those referred to in paragraphs (1)(a) and (b), that may 
be caused to the environment and that is directly linked or necessarily incidental 
to a federal authority’s exercise of a power or performance of a duty or function 
that would permit the carrying out, in whole or in part, of the physical activity, 
the designated project or the project 

b) an effect, other than those referred to in paragraph (1)(c), of any change 
referred to in paragraph (a) on: 

i. health and socio-economic conditions 

ii. physical and cultural heritage 

iii. any structure, site or thing that is of historical, archaeological, paleontological 
or architectural significance 

 

The Canadian Nuclear Safety Commission (CNSC) will use the proponent’s EIS 
and other information received during the environmental assessment (EA) 
process to prepare an EA report that will inform the issuance of a decision 
statement by the Commission. Therefore, the EIS must include a full description 
of the changes the project will cause to the environment that may result in 
potential effects on areas of federal jurisdiction (i.e., section 5 of the CEAA 
2012) – including changes that are directly linked or necessarily incidental to 
any federal decisions that would permit the project to be carried out. The EIS 
should also include a list of key mitigation measures that the proponent 
proposes to undertake in order to avoid or minimize any adverse environmental 
effects of the project. It is the proponent’s responsibility to provide sufficient data 
and analysis on potential changes to the environment. 

Not Applicable 
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Section in 
Generic 

Guideline 
Requirement Section in the EIS 

2.0 Guiding Principles  
2.1 Government of Canada Interim Measures  

 

On January 27, 2016, the Minister of Environment and Climate Change Canada 
and the Minister of Natural Resources Canada announced an interim approach 
that includes principles and plans for major projects. These principles are the 
first part of a broader strategy to review and restore confidence in Canada’s EA 
processes. 

In particular, the Government of Canada has introduced the principle that direct 
and upstream greenhouse gas emissions linked to the projects under review 
will be assessed. The proponent is expected to take the necessary steps to 
provide sufficient information and evidence in accordance with this principle. For 
more information on assessing greenhouse gas emissions, refer to section 5.1 
(part 2). 

Section 5.2.2 
Greenhouse Gases 

2.2 EA as a Planning Tool  

 

An EA is a planning tool used to ensure that projects are considered in a careful 
and precautionary manner in order to avoid or mitigate possible environmental 
effects and to encourage decision makers to take actions that promote 
sustainable development. 

Not Applicable 

2.3 Public Participation  

 

One of the purposes identified in the CEAA 2012 is to ensure opportunities for 
meaningful public participation during an EA. The CNSC ensures that the public 
is provided with opportunities to participate in the EA. Meaningful public 
participation is best achieved when all parties have a clear understanding of the 
proposed project as early as possible in the review process. The proponent is 
required to provide current information about the project to the public and 
especially to the communities likely to be most affected by the project. 

Section 4.3.1 Public 
Engagement 

2.4 Aboriginal Engagement  

 

A key objective of the CEAA 2012 is to promote communication and cooperation 
with Aboriginal peoples, which include First Nations, Inuit and Métis. The 
proponent is expected to engage with Aboriginal groups that may be affected 
by the project, as early as possible in the project planning process. The 
proponent will provide Aboriginal groups with opportunities to learn about the 
project and its potential effects, to communicate their concerns about the 
project’s potential effects, and to discuss measures to mitigate those effects. 
The proponent is strongly encouraged to work with Aboriginal groups in 
establishing an engagement approach that is reasonable to both parties. The 
proponent will make reasonable efforts to consider traditional Aboriginal 
knowledge into the assessment of environmental impacts. For more information 
on considering Aboriginal traditional knowledge, refer to section 3.3.2 (part 1). 

Information gathered through the EA process and associated engagement by 
the proponent with Aboriginal groups will be used to inform decisions under the 
CEAA 2012. In providing information to the CNSC, the proponent will ensure 
any confidential information shared with them by Aboriginal groups is treated in 

Section 4.3.2 Aboriginal 
Engagement 
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Section in 
Generic 

Guideline 
Requirement Section in the EIS 

the appropriate manner. This information will also contribute to the Crown’s 
understanding of any potential adverse impacts of the project on potential or 
established Aboriginal or Treaty rights and the effectiveness of measures 
proposed to avoid or minimize those impacts, and will assist the Crown in 
meeting its duty to consult obligations. 

The proponent is encouraged to consult the following resources: 

 REGDOC-3.2.2, Aboriginal Engagement (CNSC); and 

 Aboriginal and Treaty Rights Information System (Indigenous and 
Northern Affairs Canada). 

2.5 Application of the Precautionary Approach  

 

In documenting the analyses included in the EIS, the proponent will 
demonstrate that all aspects of the project have been examined and planned in 
a careful and precautionary manner in order to avoid significant adverse 
environmental effects. 

The Canadian Privy Council Office’s A Framework for the Application of 
Precaution in Science-based Decision Making About Risk (refer to bibliography) 
sets out guiding principles for the application of precaution to science-based 
decision making. 

Not Applicable 

3.0 Preparation and Presentation of the EIS  
3.1 Guidance  

 

The proponent is encouraged to consult the CNSC’s draft REGDOC-2.9.1, 
Environmental Protection: Environmental Policy, Assessments and Protection 
Measures for additional guidance on the preparation of the EIS. The proponent 
may also consider consulting the relevant EA policy and guidance documents 
provided on the Canadian Environmental Assessment Agency website. 

The proponent is further encouraged to consult with the CNSC and, if 
applicable, other federal authorities, during the planning and development of the 
EIS and supporting documentation. 

All EIS sections and 
Appendices 

3.2 Study Strategy and Methodology  

 

The proponent is expected to respect the intent of these guidelines and to 
consider the effects that are likely to arise from the project (including situations 
not explicitly identified in these guidelines), the technically and economically 
feasible mitigation measures that will be applied, and the significance of any 
residual effects. Except where specified by the CNSC, the proponent has the 
discretion to select the most appropriate methods to compile and present data, 
information and analysis in the EIS as long as the methods are transparent, 
justifiable and replicable. 

These guidelines may include matters that the proponent does not deem 
relevant or significant to the project. If such matters are omitted from the EIS, 
the proponent will clearly indicate it and provide a justification so that the CNSC, 

Section 5.1 
Environmental 
Assessment Approach 
 
Section 5.2 
Atmospheric 
Environment 
 
Section 5.3 Geological 
and Hydrogeological 
Environment 
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Generic 

Guideline 
Requirement Section in the EIS 

federal authorities, Aboriginal groups, the public and any other interested party 
will have an opportunity to comment on this decision. Where the CNSC 
disagrees with the proponent's decision, it will require the proponent to provide 
the specified information. 

The proponent must explain and justify methods used to predict impacts of the 
project on each valued component (VC) (see section 5.2.1 in part 2 of this 
document for the definition of valued component). VCs include biophysical and 
socioeconomic components, the interactions among them, and their 
relationships within the environment. The information presented must be 
substantiated; in particular, the proponent must describe how the VCs were 
identified and what methods were used to predict and assess the project’s 
potential adverse environmental effects on these components. The value of a 
component not only relates to its role in the ecosystem, but also to the value 
that humans place on it. The culture and way of life of the people using the area 
affected by the project may be considered VCs themselves. The EIS will also 
explain and justify methods used to identify mitigation measures and follow-up 
program elements. 

The EIS will document how scientific, engineering, traditional and local 
knowledge were used to reach conclusions. Assumptions will be clearly 
identified and justified. All data, models and studies will be documented such 
that the analyses are transparent and reproducible. All data collection methods 
will be specified. The uncertainty, reliability and sensitivity of models used to 
reach conclusions must be indicated. The sections in the EIS regarding the 
existing environment and the potential adverse environmental effects 
predictions and assessment must be prepared, using best available information 
and methods, to the highest standards in the relevant subject area. All 
conclusions must be substantiated. 

The EIS will identify all significant gaps in knowledge and understanding related 
to key conclusions, and the steps to be taken by the proponent to address these 
gaps. Where the conclusions drawn from scientific, engineering and technical 
knowledge are inconsistent with the conclusions drawn from traditional and local 
knowledge, the EIS will contain a balanced presentation of the issues and a 
statement of the proponent's conclusions. 

Section 5.4 Surface 
Water 
 
Section 5.5 Aquatic 
Environment 
 
Section 5.6 Terrestrial 
Environment 
 
Section 5.7 Ambient 
Radioactivity and 
Ecological Health 
 
Section 5.8 Human 
Health 
 
Section 5.9 Land and 
Resource Use 
 
Section 5.10 Socio-
economic Environment 

3.3 Use of Information  
3.3.1 Federal Coordination of Information or Knowledge  

 

Section 20 of the CEAA 2012 requires that every federal authority with specialist 
or expert information, or knowledge with respect to a project subject to an EA, 
make that information or knowledge available to the CNSC. The CNSC will 
coordinate the involvement, and notify the proponent, of federal departments 
and other jurisdictions with expert and specialist knowledge specific to the EA. 

Not Applicable 
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Guideline 
Requirement Section in the EIS 

3.3.2 Community Knowledge and Aboriginal Traditional Knowledge  

 

Subsection 19(3) of the CEAA 2012 states that “the environmental assessment 
of a designated project may take into account community knowledge and 
Aboriginal traditional knowledge”. 

The proponent will consider community and Aboriginal traditional knowledge to 
which it has access or that is acquired through Aboriginal and public 
engagement activities, in keeping with appropriate ethical standards and 
obligations of confidentiality. Agreement should be obtained from Aboriginal 
groups regarding the use, management and protection of their existing 
traditional knowledge information during and after the EA. 

Where community and Aboriginal traditional knowledge has been considered 
by the proponent, the EIS will document the following: 

 the traditional knowledge information gathered 

 how the traditional knowledge information was gathered 
(e.g., interviews with key community leaders and elders, collaborative 
field research, Aboriginal traditional knowledge studies, etc.) 

 the source of the traditional knowledge information 

 how the traditional knowledge information gathered was taken into 
consideration by the proponent in the assessment, including both 
methodology (e.g., identifying VCs, establishing spatial and temporal 
boundaries, defining significance criteria) and analysis (e.g., baseline 
characterization, effects prediction, development of mitigation 
measures) 

Section 5.9.4.3 
Traditional Land and 
Resource Use by 
Aboriginal Peoples 

3.3.3 Existing Information  

 

In preparing the EIS, the proponent is encouraged to make use of existing 
information relevant to the project. When relying on existing information to meet 
requirements of the EIS guidelines, the proponent will either include the 
information directly in the EIS or clearly direct the reader to where it may obtain 
the information (i.e., through cross-referencing). When relying on existing 
information, the proponent will also comment on how the data were applied to 
the project, separate factual lines of evidence from inference, and state any 
limitations on the inferences or conclusions that can be drawn from the existing 
information. 

All EIS Sections and 
Appendices 
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Guideline 
Requirement Section in the EIS 

3.3.4 Confidential Information  

 

In implementing the CEAA 2012, the CNSC is committed to promoting public 
participation in the EA of projects and providing access to the information on 
which EAs are based. All documents prepared or submitted by the proponent 
or any other stakeholder in relation to the EA are posted or referenced on the 
Canadian Environmental Assessment Registry and/or the CNSC’s website and 
made available to the public upon request. For this reason, the EIS should not 
contain information that: 

 is sensitive or confidential (i.e., financial, commercial, scientific, 
technical, personal, cultural or other nature) in accordance with the 
Privacy Act and the Access to Information Act, that is treated 
consistently as confidential, and the person affected has not 
consented to the disclosure 

 may cause harm to a person or harm to the environment through its 
disclosure 

If the EIS contains information that should be treated as “confidential” or 
“protected” in accordance with the Privacy Act and the Access to Information 
Act, the proponent should identify and request to the CNSC that such 
information be treated accordingly. 

All EIS Sections and 
Appendices 

Part 2 

EIS CONTENT AND STRUCTURE 
Part 2 of this document provides specific instructions for the content of each 
section in the EIS. The EIS as a whole must reflect the guiding principles in 
part 1 of this document. 

 

1.0 Presentation and Organization of the EIS  

 

To facilitate the identification of the documents submitted, the title page of the 
EIS and its related documents will contain the following information: 

 project name and location 

 title of the document, including the term “environmental impact 
statement” 

 subtitle of the document 

 proponent name and contact information 

 date 

EIS Cover Page 

March 17, 2017 
Project No. 1547525 7  

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 1.0-1 CONCORDANCE TABLES 
REVISION 0 

 

Section in 
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Guideline 
Requirement Section in the EIS 

The EIS will be written in clear, precise language. A glossary of technical words, 
acronyms and abbreviations will be included. It will include charts, diagrams, 
tables, maps and photographs, where appropriate, to clarify the text. 
Perspective drawings that clearly convey the various components of the project 
will also be provided. Wherever possible, maps will be presented in common 
scales and datum to allow for comparison and overlay of mapped features. 

For purposes of brevity and to avoid repetition, cross-referencing within the EIS 
is preferred. The EIS may make reference to the information that has already 
been presented in other sections of the document, rather than repeating it. 

Detailed studies (including all relevant and supporting data and methodologies) 
will be provided in separate appendices and will be referenced by appendix, 
section and page in the text of the main document. The EIS will explain how 
information is organized in the document. This will include a list of all tables, 
figures, and photographs referenced in the text. A complete list of supporting 
literature and references will also be provided. A table of concordance, which 
cross references the information presented in the EIS with the information 
requirements identified in the EIS guidelines, will be provided. The proponent 
will provide copies of the EIS and its summary for distribution, as directed by 
the CNSC, including paper and electronic version in an unlocked, searchable 
PDF format. 

All EIS Sections and 
Appendices 

2.0 Executive Summary  

 

For efficiency, the proponent may consider preparing a summary of the EIS in 
both of Canada’s official languages (French and English), which is to be 
provided to the CNSC at the same time as the EIS. The proponent is also 
encouraged to consider making the executive summary available in the 
language(s) spoken by Aboriginal communities in close proximity to the project 
(e.g., Cree, Dene).  

The summary will include the following: 

 a concise description of all key components of the project and related 
activities 

 a summary of the consultation conducted with Aboriginal groups, the 
public, and government agencies, including a summary of the issues 
raised and the proponent’s responses 

 an overview of the key environmental effects of the project and 
proposed technically and economically feasible mitigation measures 

 the proponent’s conclusions on the residual environmental effects of 
the project after taking mitigation measures into account and the 
significance of those effects 

 

Executive Summary 
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The summary will be provided as a separate document and will have sufficient 
details for the reader to learn and understand the project, potential 
environmental effects, mitigation measures, the significance of the residual 
effects and follow-up program. 

3.0 Introduction and Overview  
3.1 Project Overview  

 

The EIS will describe the project, key project components and associated 
activities, scheduling details, the timing of each phase of the project and other 
key features. If the project is a part of a larger sequence of projects, the EIS will 
outline the larger context. 

The overview is to identify the project’s key components, rather than providing 
a detailed description, which will follow in section 4 (part 2) of this document. 

Section 1.1 Project 
Overview 

3.2 Project Location  

 

The EIS will contain a description of the geographical setting where the project 
will take place. This description should include those aspects of the project and 
its setting that are key to understanding the project’s potential adverse 
environmental effects, including: 

 geographical maps of the project location (at an appropriate scale) 
including project components, project boundaries of the proposed site 
with the Universal Transverse Mercator (UTM) coordinates – the lease 
boundary, site study area, local study area, regional study area, the 
major existing infrastructure, adjacent land uses and any important 
environmental features 

 current land use in the area 

 distance of the project facilities and components to any federal lands 

 the environmental significance and value of the geographical setting 
in which the project will take place and the surrounding area 

 environmentally sensitive areas, such as national, provincial and 
regional parks, ecological reserves, wetlands, estuaries, and habitats 
of federally (Schedule 1 of Species at Risk Act) or provincially listed 
species at risk and other sensitive areas  

 description of local and Aboriginal communities 

 traditional Aboriginal territories, treaty lands, and Indian reserve lands 
and Métis harvesting regions and/or settlements 

Section 1.2 Project 
Location 
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3.3 Regulatory Framework and the Role of Government  

 

The EIS should identify: 

 the environmental and other regulatory approvals and legislation, 
including CEAA 2012, that are applicable to the project at the federal, 
provincial, regional and municipal levels 

 government policies, resource management plans, planning or study 
initiatives pertinent to the project and/or EA and their implications 

 any treaty or self-government agreements with Aboriginal groups that 
are pertinent to the project and/or EA 

 any relevant land use plans, land zoning, or community plans 

 regional, provincial and/or national objectives, standards or guidelines 
that have been used by the proponent to assist in the evaluation of 
any predicted environmental effects 

Section 1.4 Regulatory 
Framework 

4.0 Project Description  
4.1 Purpose of the Project  

 

The EIS will describe the purpose of the project by providing the rationale for 
the project, explaining the background, the problems or opportunities that the 
project is intended to satisfy and the stated objectives from the perspective of 
the proponent. If the objectives of the project are related to broader private or 
public sector policies, plans or programs, this information should also be 
included. 

Section 2.3 Purpose of 
the Project 

4.2 Alternative Means of Carrying out the Project  

 

The EIS will identify and consider the effects of alternative means of carrying 
out the project that are technically and economically feasible as described in 
appendix A, section A.3.2 Alternative means for carrying out the project, of the 
CNSC’s draft REGDOC-2.9.1, Environmental Protection: Environmental Policy, 
Assessments and Protection Measures. 

The proponent will complete the following procedural steps for addressing 
alternative means: 

 Identify and describe in sufficient detail the alternative means to carry 
out the project: 

 develop criteria to determine the technical and economic feasibility of 
the alternative means 

 identify those alternative means that are technically and economically 
feasible 

 

Section 2.5 Alternative 
Means for Carrying Out 
the Project 
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 Identify the effects of each technically and economically feasible 
alternative means: 

 identify those elements of each alternative means that could produce 
effects in sufficient detail to allow a comparison with the effects of the 
project 

 the effects referred to above include both environmental effects and 
potential adverse impacts on potential or established Aboriginal and 
Treaty rights and related interests 

 Describe the methodology used for the analysis of alternative means 
and the conclusion reached (i.e., preferred means). 

For further information regarding the “purpose of” and “alternative means”, 
please consult the Agency’s operational policy statement, titled Addressing 
“Purpose of” and “Alternative Means” under the Canadian Environmental 
Assessment Act, 2012”. 

The CNSC recognizes that projects may be in the early planning stages when 
the EIS is being prepared. Proponents are strongly encouraged to conduct an 
environmental effects analysis where they have not made final decisions about 
the placement of project infrastructure, the technologies to be used, or if several 
options exist for various project components. 

4.3 Scope of Project  

 

The scope of project for the purposes of the EA includes all the phases, 
components, activities and federal decisions proposed by the proponent as 
described in the project description that has been determined to meet the 
requirements of the Prescribed Information for the Description of a Designated 
Project Regulations. The CNSC’s Commission may also determine that other 
components and/or activities in relation to the project are to be included in the 
project scope. 

The proponent will consider all phases, components, activities and federal 
decisions identified in the scope of project as part of the effects assessment. 

Section 3.0 Project 
Description 

4.3.1 Project Components  

 

The EIS will describe the project by presenting the project components, 
associated and ancillary works, and other characteristics that will assist in 
understanding the environmental effects. 

Section 3.1.1 Project 
Overview 

4.3.2 Project Activities  

 

The EIS will include descriptions of each phase associated with the proposed 
project. 

This will include descriptions of the activities to be carried out during each 
phase, the location of each activity, expected outputs and an indication of the 
activity's magnitude and scale. 

Section 3.4 Preparation 
of the Site 
 
Section 3.5 
Construction Phase 
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Although a complete list of project activities should be provided, the emphasis 
will be on activities with the greatest potential to have environmental effects. 
Sufficient information will be included to predict environmental effects and 
address concerns identified by the public and Aboriginal groups. Highlight 
activities that involve periods of increased environmental disturbance or the 
release of materials into the environment.  

The EIS will include a summary of the changes that have been made to the 
project since originally proposed, including the benefits of these changes to the 
environment, Aboriginal peoples, and the public. The EIS will include a schedule 
including time of year, frequency, and duration for all project activities. 

Section 3.6 Operations 
Phase 
 
Section 3.7 
Management of Surface 
Water 
 
3.8 Management of 
Waste Generated by 
the Project 
 
3.9 Management of 
Emissions and Effluents 
 
3.10 Closure Phase 
 
3.11 Post-closure 
Phase 

5.0 Scope of the Environmental Assessment  
5.1 Factors to be Considered  

 

Scoping establishes the EA’s parameters and focuses the assessment on 
relevant issues and concerns. The EA of the designated project must take into 
account the following factors, as listed in subsection 19(1) of the CEAA 2012: 

a) the section 5 environmental effects of the designated project (such as 
changes to fish and fish habitat, aquatic species, migratory birds), 
including the environmental effects of malfunctions or accidents that may 
occur in connection with the designated project, and any cumulative 
environmental effects likely to result from the designated project in 
combination with other physical activities that have been or will be carried 
out 

b) the significance of those environmental effects 

c) comments from the public that are received in accordance with the CEAA 
2012 

d) mitigation measures that are technically and economically feasible and 
that would mitigate any significant adverse environmental effects of the 
designated project 

e) the requirements of the follow-up program in respect of the designated 
project 

f) the purpose of the designated project 

g) alternative means of carrying out the designated project that are 
technically and economically feasible and the environmental effects of any 
such alternative means 

Section 2 Purpose and 
Alternative Means 
 
Section 3 Project 
Description 
 
Section 4.0 Public and 
Aboriginal Engagement 
Activities 
 
Section 5.1 
Environmental 
Assessment Approach 
 
Section 5.2 
Atmospheric 
Environment 
 
Section 5.3 Geological 
and Hydrogeological 
Environment 
 
Section 5.4 Surface 
Water 
 
Section 5.5 Aquatic 
Environment 
 
Section 5.6 Terrestrial 
Environment 
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h) any changes to the designated project that may be caused by the 
environment 

i) the results of any relevant study conducted by a committee established 
under section 73 or 74 of the CEAA 2012 

j) any other matter relevant to the EA that the CNSC requires to be taken 
into account, in accordance with the Nuclear Safety and Control Act 

Pursuant to subsection 19(2) of the CEAA 2012, the scope of the factors to be 
taken into account under paragraphs 19(1)(a), (b), (d), (e), (g), (h) and (j) is 
determined by the CNSC, as the responsible authority. 

Section 5.7 Ambient 
Radioactivity and 
Ecological Health 
 
Section 5.8 Human 
Health 
 
Section 5.9 Land and 
Resource Use 
 
Section 5.10 Socio-
economic Environment 
 
Section 6.0 
Malfunctions and 
Accidents 
 
Section 7.0 Summary of 
Cumulative Effects 
 
Section 8.0 Summary of 
Significance of Residual 
Effects 
 
Section 9.0 Effects of 
the Environment on 
Project 
 
Section 10.0 Monitoring 
and Follow-up 
Programs 

To implement the Government of Canada interim measure with respect to 
upstream greenhouse gas emissions, the CNSC may require consideration of 
these types of emissions in the scope of the EA. On March 19, 2016, a definition 
of upstream GHG emissions was published by Environment Canada and 
Climate Change in the Canada Gazette. The proposed definition of upstream 
includes “all industrial activities from the point of resource extraction to the 
project under review.” The processes that are to be considered as upstream 
activities will vary by the type of resource and the nature of the project under 
assessment. In general, upstream activities will include extraction, processing 
and handling as well as transportation. 

Where there is a reliable and feasible methodology for calculating upstream 
greenhouse gas emissions that are linked to the project, the proponent will be 
required to provide sufficient information to estimate these types of emissions. 
This information should be presented by individual pollutant and should be 
summarized in CO2 equivalent units per year. If upstream greenhouse gas 
emissions are not considered in the assessment, the proponent will provide a 
rationale in the EIS. 

Section 5.2.2 
Greenhouse Gases 
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5.2 Scope of Factors  
5.2.1 Valued Components to be Examined  

 

Valued components (VCs) refer to environmental biophysical or human features 
that may be impacted by a project. The value of a component not only relates 
to its role in the ecosystem, but also to the value people place on it. For example, 
it may have scientific, social, cultural, economic, historical, archaeological or 
aesthetic importance. 

The EIS will identify the VCs linked to section 5 of the CEAA 2012, including the 
ones identified in section 9.2 (part 2) that may be affected by changes in the 
environment, as well as species at risk and their critical habitat as per the 
requirement outlined in section 79 of the Species at Risk Act (SARA). 

Under section 73 of SARA, the Minister of Environment and Climate Change 
Canada may grant permits authorizing an activity affecting a listed wildlife 
species or any part of its residence or critical habitat that would otherwise be 
prohibited. Should the proponent identify a listed wildlife species or any part of 
its residence or critical habitat that would be affected by the project activities, 
the proponent should consult directly with the Canadian Wildlife Service as early 
as possible in the process. 

The final list of VCs to be presented in the EIS will be completed according to 
the evolution and design of the project and reflect the knowledge on the 
environment acquired through public consultation and Aboriginal engagement. 
The EIS will describe what methods were used to predict and assess the 
potential adverse environmental effects of the project on these components. 

The VCs will be described in sufficient detail to allow the reviewer to understand 
their importance and to assess the potential for environmental effects arising 
from the project activities. The EIS will provide a rationale for selecting specific 
VCs and for excluding any VCs or information specified in these guidelines. 
Challenges with particular exclusions may arise, so it is important to document 
the information and criteria used to make each determination. Examples of 
justification include primary data collection, computer modelling, literature 
references, public consultation, expert input or professional judgement. The EIS 
will identify those VCs, processes, and interactions that were identified to be of 
concern during any workshops or meetings held by the proponent, or that the 
proponent considers likely to be affected by the project. In doing so, the EIS will 
indicate to whom these concerns are important and the reasons why, including 
environmental, Aboriginal, social, economic, recreational, and aesthetic 
considerations. If comments are received on a component that has not been 
included as a VC, these comments will be summarised and the rationale for 
excluding the VC will be provided. 

Section 5.1.2 Valued 
Components 
 
Section 5.2.1.2 Valued 
Components – Air 
Quality 
 
Section 5.2.2.2 Valued 
Components – 
Greenhouse Gases 
 
Section 5.3.1.2 Valued 
Components – Geology 
 
Section 5.3.2.2 Valued 
Components – 
Hydrogeology 
 
Section 5.4.1.2 Valued 
Components – 
Hydrology 
 
Section 5.4.2.2 Valued 
Components – Surface 
Water Quality 
 
Section 5.5.2 Valued 
Components – Aquatic 
Environment 
 
Section 5.6.2 Valued 
Components – 
Terrestrial Environment 
 
Section 5.7.2 Valued 
Components – Ambient 
Radioactivity and 
Ecological Health 
 
Section 5.8.2 Valued 
components – Human 
Health 
 
Section 5.9.2 Valued 
Components – Land 
and Resource Use 
 
Section 5.10.2 Valued 
Components – Socio-
economic Environment 

March 17, 2017 
Project No. 1547525 14  

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 1.0-1 CONCORDANCE TABLES 
REVISION 0 

 

Section in 
Generic 

Guideline 
Requirement Section in the EIS 

5.2.2 Spatial and Temporal Boundaries  

 

The spatial and temporal boundaries used in the EA may vary depending on the 
VC and will be considered separately for each VC. The proponent is 
encouraged to consult with the CNSC, federal and provincial government 
departments and agencies, local government and Aboriginal groups, and take 
into account public comments when defining the spatial boundaries used in the 
EIS. 

The EIS will describe the spatial boundaries, including local and regional study 
areas, of each VC to be used in assessing the potential adverse environmental 
effects of the project and provide a rationale for each boundary. Spatial 
boundaries will be defined by taking into account, but not limited to, the following 
criteria: 

a) the physical extent of the proposed project, including any offsite facilities 
or activities 

b) the extent of aquatic and terrestrial ecosystems potentially affected by the 
project 

c) the extent of potential effects arising from noise, light and atmospheric 
emissions 

d) the extent to which traditional land use or treaty rights could potentially be 
affected by the project 

e) current land and resource use for residential, commercial, industrial, 
recreational, cultural and aesthetic purposes by communities whose 
areas include the physical extent of the project 

f) the size, nature and location of past, present and reasonably foreseeable 
projects and activities which could interact with items (b), (c), (d) and (e) 

g) community and Aboriginal traditional knowledge, ecological, and technical 
considerations 

The following geographic study areas should serve as the basis for developing 
project specific and effect-specific study areas: 

 Site study area: The site study area is the project footprint (i.e., where 
project activities would be undertaken including the project’s proposed 
facilities, buildings and infrastructure). 

 Local study area: The local study area is defined as that area existing 
outside the site study area boundary, where measurable changes to 
the environment resulting from the proposed activities from any phase 
of the project, either through normal activities, or from possible 
accidents or malfunctions, may be anticipated. The boundaries must 
change if appropriate following an assessment of the spatial extent of 
potential effects. The geographic boundary will depend on the factor 
being considered (e.g., a local study area defined for the aquatic 

Section 5.2.1.3 
Assessment 
Boundaries – Air 
Quality 
 
Section 5.2.2.3 
Assessment 
Boundaries – 
Greenhouse Gases 
 
Section 5.3.1.3 
Assessment 
Boundaries – Geology 
 
Section 5.3.2.3 
Assessment 
Boundaries – 
Hydrogeology 
 
Section 5.4.1.3 
Assessment 
Boundaries – Hydrology 
 
Section 5.4.2.3 
Assessment 
Boundaries – Surface 
Water Quality 
 
Section 5.5.3 
Assessment 
Boundaries – Aquatic 
Environment 
 
Section 5.6.3 
Assessment 
Boundaries – Terrestrial 
Environment 
 
Section 5.7.3 
Assessment 
Boundaries – Ambient 
Radioactivity and 
Ecological Health 
 
Section 5.8.3 
Assessment 
Boundaries – Human 
Health 
 
Section 5.9.3 
Assessment 
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environment will differ from that defined for the atmospheric 
environment). 

 Regional study area: The regional study area is defined as the area 
within which the potential effects of this project may interact with the 
effects of other projects, resulting in the potential for cumulative 
effects. The geographic boundary for the regional study areas are also 
specific to the factor being considered. 

Within the aforementioned study areas, the boundary of concern will extend to 
a depth that will include the full extent of the surface water and groundwater. 

The EA’s temporal boundaries will span all phases of the project determined to 
be within the scope of the project as specified under section 4.3 above. If 
impacts are predicted after project decommissioning, this should be taken into 
consideration in defining boundaries. At a minimum, the assessment is 
expected to include the period of time during which the maximum impact is 
predicted to occur. Community and Aboriginal traditional knowledge should 
factor into decisions around temporal boundaries. If the temporal boundaries do 
not span all phases of the project, the EIS will identify the boundaries used and 
provide a rationale. 

Boundaries – Land and 
Resource Use 
 
Section 5.10.3 
Assessment 
Boundaries – Socio-
economic Environment 

6.0 Public and Stakeholder Consultation  

 

In accordance with CNSC’s REGDOC-99.3, Public Information and Disclosure, 
the EIS will describe the ongoing and proposed participation activities that the 
proponent will undertake or that it has already conducted on the project. It will 
describe efforts made to distribute project information, as well information and 
materials that were distributed during the public consultation process. The EIS 
will indicate the methods used, where the consultation was held, the persons 
and organizations consulted, the concerns voiced and the extent to which this 
information was incorporated in the design of the project as well as in the EIS. 
The EIS will provide a summary of key issues raised related to the Project and 
its potential environmental effects, as well as describe any outstanding issues 
and ways to address them. 

Section 4.3.1 
Public Engagement 
 
Section 4.3.3 Future 
Engagement Activities 
Planned 

7.0 Aboriginal Engagement  

 

In accordance with the CNSC’s REGDOC-3.2.2, Aboriginal Engagement, the 
EIS will describe the proponent’s engagement activities with potentially affected 
Aboriginal groups. 

The EIS will include, and the proponent should consider engaging with 
potentially affected Aboriginal groups to obtain their views on, the following: 

 the objectives of and the methods used for Aboriginal engagement 
activities 

 each Aboriginal group’s potential or established rights including 
geographical extent, nature, frequency, timing and maps and data sets 

Section 4.3.2 Aboriginal 
Engagement 
 
Section 4.3.3 Future 
Engagement Activities 
Planned 
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(e.g., fish catch numbers) when this information is provided by a group 
to the proponent or available through public records 

 comments, specific issues and concerns raised by Aboriginal groups 
and how the key concerns were responded to or addressed 

 the potential adverse impacts of the project on potential or established 
Aboriginal or treaty rights effects of changes to the environment on 
Aboriginal peoples (health and socioeconomic conditions; physical 
and cultural heritage, including any structure, site or thing that is of 
historical, archaeological, paleontological or architectural significance; 
and current use of lands and resources for traditional purposes) 
pursuant to paragraph 5(1)(c) of the CEAA 2012 

 VCs suggested by Aboriginal groups for inclusion in the EIS, whether 
they were included, and the rationale for any exclusions 

 measures identified to mitigate or accommodate potential adverse 
impacts of the project on the potential or established Aboriginal or 
treaty rights and effects of changes to the environment on Aboriginal 
peoples, including suggestions raised by Aboriginal groups  

A suggested format for providing the information above is the creation of a 
tracking table of key issues raised by each Aboriginal group, including the 
concerns raised related to the project, proposed mitigation options, and where 
appropriate, a reference to the proponent’s analysis in the EIS. 

8.0 Description of the Environment  
8.1 Baseline Environment  

 

The EIS will include a description of the environment, including the components 
of the existing environment and environmental processes, their interrelations 
and interactions as well as the variability in these components, processes and 
interactions over time scales appropriate to the EIS. In characterizing the 
environmental effects of the project, the proponent will consider the current 
baseline environment and environmental trends within the project area. The 
description of the existing baseline and the environmental trends should include 
a consideration of past projects and activities carried out by the proponent 
and/or others within the project area. 

Based on the scope of project described in section 4.3 (part 2), the EIS will 
present baseline information in sufficient detail to enable the identification of 
how the project could affect the VCs and an analysis of those effects. Should 
other VCs be identified during the conduct of the EA, the baseline condition for 
these components will also be described in the EIS. The baseline description 
should include results from studies done prior to any physical disruption of the 
environment due to initial project activities (e.g., site preparation). 

The proponent will use the information in appendix B of the CNSC’s draft 
REGDOC- 2.9.1, Environmental Protection: Environmental Policy, 

Section 5.1.4 
Description of the 
Existing Environment 
 
Section  5.2.1.4 
Description of the 
Environment – Air 
Quality 
 
Section  5.2.2.4 
Description of the 
Environment – 
Greenhouse Gases 
 
Section  5.3.1.4 
Description of the 
Environment – Geology  
 
Section  5.3.2.4 
Description of the 
Environment – 
Hydrogeology  
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Assessments and Protection Measures to develop the characterization of the 
baseline environment. 

If a federal decision (as per section 5(2) of the CEAA 2012) in relation to the 
project may result in environmental changes such as changes on federal lands, 
outside the province or Canada, the proponent will use the information in 
appendix A, section A.3.7, Socio-economic environment, of the CNSC’s draft 
REGDOC-2.9.1, Environmental Protection: Environmental Policy, Assessments 
and Protection Measures, to describe the baseline conditions in relation to these 
potential changes. 

 
Section  5.4.1.4 
Description of the 
Environment – 
Hydrology  
 
Section  5.4.2.4 
Description of the 
Environment – Surface 
Water Quality  
 
Section  5.5.4 
Description of the 
Environment – Aquatic 
Environment  
 
Section 5. 6.4 
Description of the 
Environment – 
Terrestrial Environment  
 
Section  5.7.4 
Description of the 
Environment – Ambient 
Radioactivity and 
Ecological Health 
 
Section  5.8.4 
Description of the 
Environment – Human 
Health  
 
Section  5.9.4 
Description of the 
Environment – Land 
and Resource Use  
 
Section  5.10.4 
Description of the 
Environment – 
Socio-economic 
Environment 
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9.0 Effects Assessment  
9.1 Predicted Changes to the Physical Environment  

 

The assessment will include a consideration of the predicted changes to the 
environment as a result of the project being carried out or as a result of any 
powers, duties or functions that are to be exercised by the federal government 
in relation to the project. These predicted changes to the environment are to be 
considered in relation to each phase of the project (i.e., construction, operation, 
decommissioning) and are to be described in terms of the following: 

 magnitude 

 geographic extent 

 timing 

 frequency 

 duration, 

 reversibility 

As changes to various parts of the physical environment may be inter-related 
as part of an ecosystem, the EIS will explain and describe the connections 
between the changes described. 

The proponent will use the information in appendix C of the CNSC’s draft 
REGDOC- 2.9.1, Environmental Protection: Environmental Policy, 
Assessments and Protection Measures, to assess the environmental effects of 
the project. 

Section 5.1.8 Residual 
Effects Analysis 
Classification and 
Determination of 
Significance 
 
Section 5.2.1.8 
Residual Effects 
Classification and 
Determination of 
Significance – Air 
Quality 
 
Section 5.2.2.8 
Residual Effects 
Classification and 
Determination of 
Significance – 
Greenhouse Gases 
 
Section 5.3.2.6 
Residual Effects 
Analysis – 
Hydrogeology 
 
Section 5.4.1.6 
Residual Effects 
Analysis – Hydrology 
 
Section 5.4.2.6 
Residual Effects 
Analysis – Surface 
Water Quality 
 
Section 5.6.7 Residual 
Effects Assessment 
Results – Terrestrial 
Environment 
 
Section 5.7.8 Residual 
Effects Classification 
and Determination of 
Significance –  
Ambient Radioactivity 
and Ecological Health 
 
Section 5.8.8 Residual 
Effects Classification 
and Determination of 
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Significance - Human 
Health 
 
Section 5.10.8 Residual 
Effects Classification 
and Determination of 
Significance - Socio-
economic Environment 

9.2 Predicted Effects on Valued Components  

 

Based on the predicted changes to the environment identified in section 9.1 
(part 2) above, the proponent is to assess the environmental effects of the 
project on the VCs identified as per section 5.2.1 (part 2). 

Based on the changes to the environment that have been identified in 
section 9.1 (part 2), additional VCs are to be selected based on the following: 

 If there is the potential for the project to result in environmental 
changes on federal lands, another province, or another country, then 
VCs of importance not already identified above are to be listed in this 
section. 

 If federal decisions about the project will lead to an environmental 
change, then these environmental changes are to be considered 
stand-alone VCs. 

All interconnections between VCs and between changes to multiple VCs will be 
described. 

Section 5.1.6 Residual 
Effects Analysis 
 
Section 5.2.1.6 
Residual Effects 
Analysis – Air Quality 
 
Section 5.2.2.6 
Residual Effects 
Analysis – Greenhouse 
Gases 
 
Section 5.3.2.6 
Residual Effects 
Analysis – 
Hydrogeology 
 
Section 5.4.1.6 
Residual Effects 
Analysis – Hydrology 
 
Section 5.4.2.6 
Residual Effects 
Analysis – Surface 
Water Quality 
 
Section 5.6.7 Residual 
Effects Assessment 
Results – Terrestrial 
Environment 
 
Section 5.7.6 Residual 
Effects Analysis – 
Ambient Radioactivity 
and Ecological Health 
 
Section 5.8.6 Residual 
Effects Analysis – 
Human Health 
 
Section 5.10.6 Residual 
Effects Analysis – 
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Socio-economic 
Environment 

9.3 Accidents and Malfunctions  

 

The proponent will use the information in appendix A, section A.3.4, 
Malfunctions and accidents, of the CNSC’s draft REGDOC-2.9.1, 
Environmental Protection: Environmental Policy, Assessments and Protection 
Measures, to assess the potential health and environmental effects from 
postulated accident and malfunction scenarios. 

Section 6.0 
Malfunctions and 
Accidents 

9.4 Cumulative Effects  

 

The proponent will use the information in appendix A, section A.3, Cumulative 
effects, of the CNSC’s draft REGDOC-2.9.1, Environmental Protection: 
Environmental Policy, Assessments and Protection Measures, to assess the 
project’s potential cumulative effects. 

Section 7.0 Summary of 
Cumulative Effects 

9.5 Socio-economic Environment  

 

The proponent will use the information in appendix A, section A.3.7, Socio-
economic environment, of the CNSC’s draft REGDOC-2.9.1, Environmental 
Protection: Environmental Policy, Assessments and Protection Measures, to 
assess the project’s indirect socio-economic effects. 

Section 5.10 Socio-
economic Environment 

9.6 Effects of the Environment on the Project  

 

The proponent will use the information in appendix A, section A.3.9, 
Assessment of effects of the environment on the project, of the CNSC’s draft 
REGDOC-2.9.1, Environmental Protection: Environmental Policy, Assessments 
and Protection Measures, to assess the effects of the environment on the 
project (i.e., severe weather events). 

Section 9.0 Effects of 
the Environment on the 
Project 

10.0 Mitigation Measures  

 

Every EA conducted under the CEAA 2012 will consider measures that are 
technically and economically feasible and that would mitigate any significant 
adverse environmental effects of the project. Measures that are technically and 
economically feasible include application of best industry practices, pollution 
prevention principles such as best available technology and techniques 
economically achievable (BATEA), and radiation protection principles such as 
keeping radiation exposure and doses as low as reasonably achievable 
(ALARA). Under the CEAA 2012, mitigation includes measures to eliminate, 
reduce or control the adverse environmental effects of a project, as well as 
restitution for damages to the environment through replacement, restoration, 
compensation or other means. 

Each measure will be specific, achievable, measurable and verifiable, and 
described in a manner that avoids ambiguity in intent, interpretation and 
implementation. Mitigation measures may be considered for inclusion as 
conditions in the EA decision statement and/or in other compliance and 
enforcement mechanisms provided by other authorities’ permitting or licensing 
processes. 

Section 5.1.5 Project 
Interactions and 
Mitigation  
 
Section 5.2.1.5 Project 
Interactions and 
Mitigation – Air Quality   
 
Section 5.2.2.5 Project 
Interactions and 
Mitigation – 
Greenhouse Gases 
 
Section 5.3.1.5 Project 
Interactions and 
Mitigation – Geology 
 
Section 5.3.2.5 Project 
Interactions and 
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As a first step, the proponent is encouraged to use an approach based on the 
avoidance and reduction of the effect(s) at the source. Such an approach may 
include the modification of the design of the project or relocation of project 
components. 

The EIS will describe the standard mitigation practices, policies and 
commitments that constitute technically and economically feasible mitigation 
measures and that will be applied as part of standard practice regardless of 
location (including the measures directed at mitigating adverse socio-economic 
effects). The EIS will then describe the project’s environmental protection plan 
and its environmental management system, through which the proponent will 
deliver this plan. The plan will provide an overall perspective on how potentially 
adverse effects would be minimized and managed over time. The EIS will further 
discuss the mechanisms the proponent would use to require its contractors and 
sub-contractors to comply with these commitments and policies and with 
auditing and enforcement programs. 

The EIS will then describe mitigation measures that are specific to each 
environmental effect identified. Measures will be written as specific 
commitments that clearly describe how the proponent intends to implement 
them and the environmental outcome the mitigation is designed to address. The 
EIS will describe mitigation measures in relation to species and/or critical habitat 
listed under the Species at Risk Act (SARA). These mitigation measures will be 
consistent with any SARA permit, applicable recovery strategy and/or action 
plan.  

The EIS will specify the actions, works, minimal disturbance footprint 
techniques, best available technology, corrective measures or additions 
planned during the project’s various phases to eliminate or reduce the 
significance of potential adverse effects. The impact statement will also present 
an assessment of the effectiveness of the proposed technically and 
economically feasible mitigation measures. The reason(s) for determining if the 
mitigation measure reduces the significance of a potential adverse effect will be 
made explicit. The proponent is also encouraged to identify mitigation measures 
for effects that are adverse although not significant. 

The EIS will indicate what other technically and economically feasible mitigation 
measures were considered, and explain why they were rejected. Trade-offs 
between cost savings and effectiveness of the various forms of mitigation will 
be justified. The EIS will identify who is responsible for the implementation of 
these measures and the system of accountability. 

For proposed mitigation measures for which there is little experience or that 
have questionable effectiveness, the potential environmental risks and effects 
– should those measures not be effective –will be clearly and concisely 
described. In addition, the EIS will identify the extent to which technological 
innovations will help mitigate environmental effects. Where possible, it will 
provide detailed information on the nature of these measures, their 

Mitigation – 
Hydrogeology 
 
Section 5.4.1.5 Project 
Interactions and 
Mitigation – Hydrology 
 
Section 5.4.2.5 Project 
Interactions and 
Mitigation – Surface 
Water Quality 
 
Section 5.5.5 Project 
Interactions and 
Mitigation – Aquatic 
Environment  
 
Section 5.6.5 Project 
Interactions and 
Mitigation – Terrestrial 
Environment  
 
Section 5.7.5 Project 
Interactions and 
Mitigation – Ambient 
Radioactivity and 
Ecological Health  
 
Section  5.8.5 Project 
Interactions and 
Mitigation – Human 
Health  
 
Section 5.9.5 Project 
Interactions and 
Mitigation – Land and 
Resource Use  
 
 
Section 5.10.5 Project 
Interactions and 
Mitigation – Socio-
economic Environment  
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implementation and management and how these are integrated in the follow-up 
program. 

11.0 Conclusion on Significance  

 

The proponent will use the guidance and information in appendix A, section 
A.3.6, Significance of residual effects, of the CNSC’s draft REGDOC-2.9.1, 
Environmental Protection: Environmental Policy, Assessments and Protection 
Measures, for the preparation of this section of the EIS. 

Section 8.0 Summary of 
Significance of Residual 
Effects 

12.0 Follow-up Program  

 

The proponent will use the guidance and information in appendix A, section 
A.3.10 EA follow-up program, of CNSC’s draft REGDOC-2.9.1, Environmental 
Protection: Environmental Policy, Assessments and Protection Measures for 
the preparation of this section of the EIS. 

Where applicable, the proponent will describe how the follow-up program 
relates to the project’s environmental protection plan and environmental 
management system as mentioned in section 10 above. 

Environmental assessment effects predictions, assumptions and mitigation 
actions that are to be tested in the follow-up program must be converted into 
field-testable monitoring objectives. The monitoring design must include a 
statistical evaluation of the adequacy of existing baseline data to provide a 
benchmark for testing project effects, and the need for any additional pre-
construction or pre-operational monitoring to establish a firmer project baseline. 

The proponent will propose a schedule for the follow-up program. The schedule 
should indicate the timing, frequency and duration of effect monitoring. This 
schedule would be developed after statistical evaluation of the length of time 
needed to detect effects given estimated baseline variability, probable 
environmental effect size and desired level of statistical confidence in the results 
(type 1 and type 2 errors). 

The description of the follow-up program will include any contingency 
procedures or plans or other adaptive management provisions as a means of 
addressing unforeseen effects, or for correcting exceedances, as required, so 
as to comply with benchmarks, regulatory standards or guidelines. 

The follow-up program will describe roles and responsibilities for the program 
and its review process, by both peers and the public.  

The EIS should provide discussion on the follow-up program’s requirements, 
and include: 

 objectives and structure of the follow-up program and the VCs targeted 
by the program 

 

Section 5.1.9 
Monitoring and Follow-
up 
 
Section 5.2.1.9 
Monitoring and Follow-
up – Air Quality   
 
Section 5.2.2.9 
Monitoring and Follow-
up – Greenhouse 
Gases 
 
Section 5.3.1.6 
Monitoring and Follow-
up – Geology 
 
Section 5.3.2.8 
Monitoring and Follow-
up – Hydrogeology 
 
Section 5.4.1.8 
Monitoring and Follow-
up – Hydrology 
 
Section 5.4.2.9 
Monitoring and Follow-
up – Surface Water 
Quality 
 
Section 5.5.6 
Monitoring and Follow-
up – Aquatic 
Environment  
 
Section 5.6.8 
Monitoring and Follow-
up – Terrestrial 
Environment  
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 tabular summary and explanatory text of the main components of the 
program including: 

 a description of each monitoring activity under that component 

 which of the two generic program objectives the activity is relevant to 
(e.g., verify EA predictions, determine effectiveness of mitigation 
measures) 

 the specific statement from the EA that goes along with that generic 
objective and will be the focus for that activity (e.g., program objective: 
verify predicted effects; environmental assessment effect: no 
potential adverse effects) 

 the specific monitoring objective for that activity 

 planned schedule 

 roles and responsibilities to be played by the proponent, regulatory 
agencies, Aboriginal people, local and regional organizations and 
others in the design, implementation and evaluation of the program 
results 

 possible involvement of independent researchers 

 program funding sources 

 information management and reporting (reporting frequency, methods 
and format) 

 possible opportunities for the proponent to include the participation of 
the public and Aboriginal groups, during the development and 
implementation of the program 

The follow-up program plan should be sufficiently described in the EIS to allow 
independent judgment as to the likelihood that it will deliver the type, quantity 
and quality of information required to reliably verify predicted effects (or absence 
of them) and confirm the effectiveness of mitigation measures. 

Section 5.7.9 
Monitoring and Follow-
up – Ambient 
Radioactivity and 
Ecological Health  
 
Section 5.8.9 
Monitoring and Follow-
up – Human Health  
 
Section 5.9.6 
Monitoring and Follow-
up – Land and 
Resource Use  
 
Section 5.10.9 
Monitoring and Follow-
up – Socio-economic 
Environment  
 
Section 10.0 Monitoring 
and Follow-up 
Programs 
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2.0 TABLE OF CONCORDANCE TO THE CNSC REGDOC 2.9.1 
ENVIRONMENTAL POLICY, ASSESSMENTS, AND PROTECTION 
MEASURES 

Section in 
REGDOC 

2.9.1 
Requirement Section in the EIS 

Appendix A Environmental Assessments under the Canadian Environmental 
Assessment Act, 2012  

A.3 Specific CEAA 2012 Environmental Assessment Requirements  

 

Where the information is common to both the EIS and the licence application, 
the applicant may provide the information in either the application or the EIS, 
with appropriate cross-referencing between the submissions. The applicant 
shall clearly indicate where the requirements of both the NSCA and CEAA 2012 
are addressed.  

The EA of a designated project shall take into account the following factors as 
listed in subsection 19(1) of CEAA 2012: 

 the environmental effects of the designated project, including the 
environmental effects of malfunctions or accidents that may occur in 
connection with the designated project and in combination with other 
physical activities that have been or will be carried out  

 the significance of those environmental effects  

 comments from the public that are received in accordance with CEAA 
2012  

 mitigation measures that are technically and economically feasible and 
that would mitigate any significant adverse environmental effects of the 
designated project  

 the requirements of the follow-up program in respect of the designated 
project  

 the purpose of the designated project  

 alternative means of carrying out the designated project that are 
technically and economically feasible and the environmental effects of 
any such alternative means  

 any changes to the designated project that may be caused by the 
environment  

 the results of any relevant study conducted by a committee established 
under section 73 or 74 of CEAA 2012  

 any other matter relevant to the EA that the responsible authority 
requires to be taken into account  

The EIS and supporting technical studies are completed to meet the 
requirements of CEAA 2012, paragraphs 19(1)(a), (b), (d), (e), (f), (g), (h) and, 
if appropriate, (i) and (j) in accordance with the scope of these factors as 

All EIS Sections and 
Appendices 

March 17, 2017 
Project No. 1547525 25  

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 1.0-1 CONCORDANCE TABLES 
REVISION 0 

 

Section in 
REGDOC 

2.9.1 
Requirement Section in the EIS 

determined by the CNSC. The completion of the EIS and, as necessary, 
supporting technical studies is typically delegated to the applicant in accordance 
with section 23 of CEAA 2012. This regulatory document provides requirements 
and guidance to support project planning and early development of these 
documents by the applicant. These requirements and guidance do not negate 
the importance of pre-project consultation or the potential for project-specific EA 
guidelines. 

A.3.1 Purpose of the Project  

 

Paragraph 19(1)(f) of CEAA 2012 states that the EIS shall identify the purpose 
of the project (defined as what is to be achieved by carrying out the project).  

For additional information, see Addressing “Purpose of” and “Alternative Means” 
under the Canadian Environmental Assessment Act, 2012 [17]. 

Section 2.3 Purpose of 
the Project 

A.3.2 Alternative Means for Carrying out the Project  

 

Paragraph 19(1)(g) of CEAA 2012 states that the EIS shall identify and describe 
alternative means to carry out the project that are, from the perspective of the 
applicant, technically and economically feasible.  As identified by the proponent, 
the alternative means include options for locations, development, and 
implementation methods, routes, designs, technologies, mitigation measures, 
and so on. Alternative means may also be related to the construction, operation, 
expansion, decommissioning and abandonment of a physical work. 

The approach and level of effort applied to addressing alternative means is 
established on a project-by-project basis taking into consideration: 

 the characteristics of the project 

 the environmental effects associated with the potential alternative 
means 

 the health or status of valued components (VCs) that may be impacted 
by the alternative means 

 the potential for mitigation and the extent to which mitigation measures 
may address potential environmental effects 

 the level of concern expressed by the public and Aboriginal groups 

The EIS should also describe the environmental effects of each alternative 
means. The criteria used to identify alternative means as unacceptable, and 
how these criteria were applied, should be described, as should the criteria used 
to examine the environmental effects of each remaining alternative means to 
identify the preferred alternative.  

For further guidance, consult Addressing “Purpose of” and “Alternative Means” 
under the Canadian Environmental Assessment Act, 2012 [17]. 

Section 2.5 Alternative 
Means for Carrying Out 
the Project 
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A.3.3 Environmental Effects  

 

Paragraph 19(1)(a) of CEAA 2012 states that the EA must take into account the 
environmental effects of the designated project. 

The environmental effects that must be considered in an EA under CEAA 2012 
are also requirements under the NSCA. As described in section 4, the applicant 
should conduct an ERA in accordance with CSA 288.6, Environmental risk 
assessment at Class I nuclear facilities and uranium mines and mills [6]. 

Section 5.1 
Environmental 
Assessment Approach 
 
Section 5.2 
Atmospheric 
Environment 
 
Section 5.3 Geological 
and Hydrogeological 
Environment 
 
Section 5.4 Surface 
Water 
 
Section 5.5 Aquatic 
Environment 
 
Section 5.6 Terrestrial 
Environment 
 
Section 5.7 Ambient 
Radioactivity and 
Ecological Health 
 
Section 5.8 Human 
Health 
 
Section 5.9 Land and 
Resource Use 
 
Section 5.10 Socio-
economic Environment 

A.3.4 Malfunctions and Accidents  

 

Paragraph 19(1)(a) of CEAA 2012 states that malfunctions and accidents shall 
be assessed in the EA. Malfunctions and accidents should be separated into 
radiological and non-radiological (conventional).  

The applicant should provide an assessment of potential health and 
environmental effects resulting from postulated radiological and conventional 
malfunctions or accidents. The EIS should also include any mitigation measures 
such as monitoring, contingency, clean-up or restoration work in the 
surrounding environment that would be required during or immediately following 
the postulated malfunction and accident scenarios.  

The EIS should provide a description of postulated malfunction and accident 
sequences leading to a radiological or non-radiological release considering, as 
appropriate, internal events, external events and human-induced events, 

Section 6.2 General 
Approach – 
Malfunctions and 
Accidents 
 
Section 6.3 Project 
Overview and 
Identification of 
Hazards – Malfunctions 
and Accidents 
 
Section 6.4 
Radiological 
Malfunctions and 
Accidents 
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including their frequency and an explanation of how these events were 
identified, and any modeling that was performed.  

The applicant can use a bounding approach or use facility- or activity-specific 
information (for example, design, operation, projected environmental releases) 
in the assessment of radiological accidents and malfunctions. If a bounding 
approach is used, the applicant should provide a detailed rationale for the 
selection of each bounding scenario.  

The EIS should include the source, quantity, mechanism, pathway, rate, form 
and characteristics of contaminants and other materials (physical and chemical) 
likely to be released to the surrounding environment during the postulated 
malfunctions and accidents.  

Note: Malfunctions and accidents are reviewed in depth under the NSCA for 
licensing purposes (for example, under REGDOC-2.4.1, Deterministic Safety 
Analysis [18], REGDOC-2.4.2, Probabilistic Safety Assessments for Nuclear 
Power Plants [19] and RD-346, Site Evaluation for New Nuclear Power Plants 
[20]). These scenarios should be taken into consideration by the applicant when 
designing environmental protection measures (see section 4).  

If applicable, the applicant should use operating experience (OPEX) to identify 
any past abnormal operations, accidents and spills to the extent that they are 
relevant to the current assessment for the purposes of identifying malfunction 
and accident scenarios to be assessed. 

Section 6.5 
Conventional (Non-
radiological) 
Malfunctions and 
Accidents 

A.3.5 Cumulative Effects  

 

Paragraph 19(1)(a) of CEAA 2012 states that the applicant shall assess any 
residual adverse environmental effects of the project in combination with other 
past, present or reasonably foreseeable projects and/or activities within the 
study area.  

The applicant should explain the approach and methods used to identify and 
assess cumulative effects. The approach and methods should be consistent 
with Assessing Cumulative Environmental Effects under the Canadian 
Environmental Assessment Act, 2012 [21]. 

Section 7.0 Summary of 
Cumulative Effects 

A.3.6 Significance of Residual Effects  

 

Paragraph 19(1)(b) of CEAA 2012 states that the applicant shall assess the 
significance of any residual effects that persist, taking into consideration the 
proposed mitigation measures. These residual effects are identified during the 
ERA or a characterization of the environmental effects.  

In the EIS, the applicant should include a detailed analysis of the significance 
of each residual effect. The applicant should clearly explain the method and 
definitions used to describe the level of the residual adverse effect (for example, 
low, medium, or high) for each of the issues. The applicant should also describe 
any cumulative environmental effects that are likely to result from the 
designated project in combination with other physical activities that have been 

Section 8.0 Summary of 
Significance of Residual 
Effects 

March 17, 2017 
Project No. 1547525 28  

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 1.0-1 CONCORDANCE TABLES 
REVISION 0 

 

Section in 
REGDOC 

2.9.1 
Requirement Section in the EIS 

or will be carried on and how these levels were combined to reach an overall 
conclusion on the significance of the adverse effects for each valued component 
(VC).  

Guidance  

Some specific issues to be assessed are:  

 magnitude of the effect  

 spatial extent of the effect  

 duration and frequency of the effect  

 degree to which the effect can be reversed or mitigated  

 ecological importance  

The method used to describe the level of the adverse effect should be 
transparent and reproducible.  

The EIS should identify additional criteria used to assign significance ratings to 
any predicted adverse effects. It should contain clear and sufficient information 
to enable the CNSC and the public to understand and review the applicant’s 
judgement of the significance of effects. The applicant should define the terms 
used to describe the level of significance. In assessing significance against the 
criteria, the EIS should, where possible, employ relevant existing regulatory 
documents, environmental standards, guidelines or objectives such as 
prescribed maximum levels of emissions or discharges of specific hazardous 
substances into the environment or maximum acceptable levels of specific 
hazardous substances in the environment. 

A.3.7 Socio-economic Environment  

 

The applicant should characterize the socio-economic environment and identify 
all indirect socio-economic effects.  

An indirect effect is a secondary environmental effect that occurs as a result of 
a change that a project may cause to the environment. Paragraph 5(2)(b) of 
CEAA 2012 refers to any change to the environment caused by the project on 
health and socio-economic conditions, physical and cultural heritage, or any 
structure, site or thing that is of historical, archaeological, paleontological or 
architectural significance.  

For additional guidance, refer to Technical Guidance for Assessing Physical and 
Cultural Heritage or any Structure, Site or Thing that is of Historical, 
Archeological, Paleontological or Architectural Significance under the Canadian 
Environment Assessment Act, 2012 [22]. 

Section 5.10 Socio-
economic Environment 
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A.3.8 Community and Aboriginal Traditional Knowledge  

 

Subsection 19(3) of CEAA 2012 states that community and Aboriginal traditional 
knowledge may be considered in the EA. CNSC staff will provide guidance to 
the applicant at the earliest possible stage in the EA process concerning the 
extent to which community and Aboriginal traditional knowledge shall be 
considered in the EA.  

For additional information, refer to:  

 Considering Aboriginal traditional knowledge in environmental 
assessments conducted under the Canadian Environmental 
Assessment Act, 2012 [23]  

 REGDOC-3.2.2, Aboriginal Engagement [10] (for further information 
on the CNSC’s expectations of applicants for Aboriginal engagement)  

Section 5.9.4.3 
Traditional Land and 
Resource Use by 
Aboriginal Peoples 

A.3.9 Assessment of Effects of the Environment on the Project  

 

Paragraph 19(1)(h) of CEAA 2012 states that the EIS shall take into account 
how the environment could adversely affect the project. The applicant shall also 
take into account any potential effects of climate change on the project, 
including an assessment of whether the project might be sensitive to changes 
in climate conditions during its lifecycle.  

Some adverse environmental conditions are flooding, severe weather, 
biophysical hazards (such as algae), geotechnical hazards and seismic events.  

Section 9.0 Effects of 
the Environment on the 
Project 

A.3.10 EA Follow-up Program  

 

Paragraph 19(1)(e) of CEAA 2012 states that the EIS shall include a framework 
or preliminary program upon which EA follow-up actions will be managed 
throughout the life of the project. 

The applicant should design the follow-up program to verify the accuracy of the 
EA predictions and to determine the effectiveness of the measures implemented 
to mitigate the potential adverse environmental effects of the project.  

The applicant should also design the follow-up program to incorporate pre-
project information that would provide the baseline data; compliance data such 
as established environmental quality criteria; regulatory documents, standards 
or guidelines; and real-time data consisting of observed data gathered in the 
field. As part of the follow-up program, the applicant should describe the 
compliance reporting methods to be used, including reporting frequency, 
methods and format.  

Note: The CNSC, in collaboration with other federal authorities (where 
applicable), verifies and monitors all EA follow-up activities through the CNSC 
licensing and compliance process. EA follow-up monitoring activities may be 
integrated within the applicant’s environmental protection measures. 

Section 5.1.9 
Monitoring and Follow-
up 
 
Section 5.2.1.9 
Monitoring and Follow-
up – Air Quality   
 
Section 5.2.2.9 
Monitoring and Follow-
up – Greenhouse 
Gases 
 
Section 5.3.1.6 
Monitoring and Follow-
up – Geology 
 
Section 5.3.2.8 
Monitoring and Follow-
up – Hydrogeology 
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Section 5.4.1.8 
Monitoring and Follow-
up – Hydrology 
 
Section 5.4.2.9 
Monitoring and Follow-
up – Surface Water 
Quality 
 
Section 5.5.6 
Monitoring and Follow-
up – Aquatic 
Environment  
 
Section 5.6.8 
Monitoring and Follow-
up – Terrestrial 
Environment  
 
Section 5.7.9 
Monitoring and Follow-
up – Ambient 
Radioactivity and 
Ecological Health  
 
Section 5.8.9 
Monitoring and Follow-
up – Human Health  
 
Section 5.9.6 
Monitoring and Follow-
up – Land and 
Resource Use  
 
Section 5.10.9 
Monitoring and Follow-
up – Socio-economic 
Environment  
 
Section 10.0 Monitoring 
and Follow-up 
Programs 

Appendix B Characterization of the Baseline Environment for an Environmental 
Assessment under CEAA 2012  

B.1 Atmospheric Environment  

 

The atmospheric environment includes the climate conditions at the site and in 
the local and regional study areas. It includes the seasonal variations in weather 
conditions within the study areas, to allow the assessment of effects on the 
facility or activity.  

Section  5.2.1.4 
Description of the 
Environment – Air 
Quality 
 
Section  5.2.2.4 
Description of the 
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The applicant or licensee should provide a description of the existing ambient 
air quality in the study areas, with emphasis on characterizing radiological and 
non-radiological analytes. The description should include meteorological 
information such as air temperature, relative humidity, precipitation, wind speed 
and direction, atmospheric pressure, and solar radiation. It should also include 
the occurrence of weather phenomena (for example, lightning, temperature 
inversions and fog). Special consideration should be given to the analysis of 
extreme and rare meteorological phenomena (for example, 
tornadoes).Uncertainties should be described and taken into account when 
discussing the reliability of the information presented.  

The description should also include current ambient daytime and nighttime 
noise levels at the site and local study areas, and include information on its 
source(s), geographic extent and temporal variations. The description should 
provide ambient noise levels for other areas that could be affected by the facility 
or activity. Some examples are:  

 increased traffic along transportation corridors to and from the site 
during construction  

 receptors at residences and sensitive sites (such as hospitals, 
schools, daycare facilities, seniors’ residences, and places of worship)  

The applicant or licensee should describe the influence of regional topography 
or other features that could affect weather conditions in the study areas.  

The baseline information should be sufficient to support the use of an 
atmospheric dispersion model to conduct the site-specific ERA and to support 
an assessment of the effects of the environment on the project (for example, 
tornadoes). 

Environment – 
Greenhouse Gases 

B.2 Surface Water Environment  

 

The surface water environment includes all surface water features and 
hydrology that affect surface water at the site or in the local and regional study 
areas. The applicant or licensee should include delineation of drainage basins 
at appropriate scales.  

When documenting the water quality of all surface water, the applicant or 
licensee should demonstrate the use of appropriate sampling and analytical 
protocols, for the range of analytical parameters with the potential to be 
influenced by the facility or activity. This information should be presented using 
tables, maps and figures to provide an understanding of surface water 
characteristics and conditions at the site and in the local and regional study 
areas.  

The applicant or licensee should describe hydrological regimes within the 
drainage basin, including seasonal fluctuations and year-to-year variability of all 
surface waters. The applicant or licensee should assess normal flow, flooding 
and drought properties of water bodies as well as the interactions between 

Section  5.4.1.4 
Description of the 
Environment – 
Hydrology  
 
Section  5.4.2.4 
Description of the 
Environment – Surface 
Water Quality 

March 17, 2017 
Project No. 1547525 32  

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 1.0-1 CONCORDANCE TABLES 
REVISION 0 

 

Section in 
REGDOC 

2.9.1 
Requirement Section in the EIS 

surface water and groundwater flow systems. The applicant or licensee should 
describe all water sources used for drinking water in the area, including source 
water intakes for drinking water treatment facilities.  

The baseline information should be sufficient to support the use of an aquatic 
dispersion model to conduct the site-specific ERA and to support an 
assessment of the effects of the environment on the facility or activity (for 
example, flooding).  

The applicant or licensee should document the sediment quality of all water 
bodies to be affected by the facility or activity, demonstrating the use of 
appropriate sampling and analytical protocols, for the range of analytical 
parameters with the potential to be influenced by the facility or activity. This 
information should provide an appropriate understanding of sediment 
characteristics and conditions on the site and in the local and regional study 
areas.  

The study design should be fully described, including the allocation of samples 
in space and time, measurement methods and results.  

The applicant or licensee should include an assessment of any limitations or 
gaps in the quality and extent of baseline data and methods, as well as the 
method(s) by which they have been addressed. 

B.3 Aquatic Environment  

 

The aquatic environment includes the aquatic and wetland species at the site 
and within the local and regional study areas, including the flora, fauna and their 
habitats.  

The applicant or licensee should seek information from relevant authorities 
(such as Environment and Climate Change Canada (ECCC), Fisheries and 
Oceans Canada (DFO) and provincial or territorial authorities) on aquatic and 
wetland species and habitat for the local and regional study areas. The applicant 
or licensee should also undertake independent studies to gather the necessary 
information.  

The applicant or licensee should include a description of the food chain and 
food web dynamics as a habitat component as this relates to fish populations, 
and potential effects resulting from the facility or activity (such as impingement 
and entrainment).  

The applicant or licensee should provide detailed habitat mapping that 
demonstrates habitat usage by fish within the study areas. This information 
should include depth profiles, substrate mapping, water temperature profiles, 
and a description of known and potential habitat usage (such as spawning, 
nursery, rearing, feeding and migratory) by fish that occur in the study areas.  

The applicant or licensee should identify any biological species of natural 
conservation status (that is, rare, vulnerable, endangered, threatened or 

Section 5.5.4 
Description of the 
Environment – Aquatic 
Environment 
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uncommon at a federal, provincial or municipal level) and their critical habitats, 
if identified. 

The applicant or licensee should provide baseline characterization of 
radionuclide and hazardous substance levels in aquatic biota to support human 
and ecological risk assessment. 

The applicant or licensee should fully describe the study design, including the 
allocation of samples in space and time, measurement methods and results. 

The applicant or licensee should include an assessment of any limitations or 
gaps in the quality and extent of baseline date and methods, as well as the 
method(s) by which they have been addressed. 

B.4 Geological and Hydrogeological Environment  

 
The geological and hydrogeological environment includes the bedrock and 
overburden geology at both the local and regional scales.  

B.4.1 Geology  

 

The applicant or licensee should characterize the geomorphology, topography, 
quaternary geology and soil characteristics, structural geology, petrology, 
geochemistry, economic geology and hydrogeology. The applicant or licensee 
should also describe the geomechanical properties that apply to the region and 
at the site that will be disturbed. 

The applicant or licensee should provide the geotechnical properties of the 
overburden, including shear strength and liquefaction potential, to allow for the 
assessment of slope stability and bearing capacity of foundations under both 
static and dynamic conditions. 

The description of the structural geology should include regional, local and site-
specific documentation of fractures and faults. It should include a description of 
primary geological features and deformation fabrics both at the site and within 
the local and regional study areas. 

If applicable, the applicant or licensee should describe the coastal 
geomorphology and should include the characteristics of any lakefront or ocean 
bluffs, shoreline, and both near-shore zone and offshore zones. 

The baseline characterization should be sufficient to assess effects of the 
environment on the facility or activity (for example, seismic effects). 

The applicant or licensee should present a geological model that incorporates 
all overburden and bedrock information. If extrapolation is required to derive the 
stratigraphy, the applicant or licensee should explicitly discuss the uncertainties 
and the need for additional field investigations to reduce those uncertainties. 

The applicant or licensee should describe the geotechnical and geophysical 
hazards including the consideration of subsidence, uplift, seismicity (and active 
faulting), and consider the potential for movement at the ground surface 

Section  5.3.1.4 
Description of the 
Environment – Geology  
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(including co-seismic rupture) and earthquake ground motions. A seismic 
hazard assessment should be provided. Where appropriate, the narrative 
descriptions should be supplemented by geological maps, figures, cross-
sections, borehole logs and photographs (with specific location information). 

B.4.2 Hydrogeology  

 

The applicant or licensee should describe the hydrogeology at the site and in 
the local and regional study areas. The description should characterize the 
physical and geochemical properties of all overburden and bedrock 
hydrogeological units (from the ground surface to the uppermost basement unit, 
which is site dependent). 

Units may be characterized as aquifers or aquitards, and unit descriptions 
should include their geochemical characteristics, vertical and lateral 
permeabilities, transport mechanism (diffusion versus advection) and directions 
of groundwater flow. 

The applicant or licensee should identify the groundwater recharge and 
discharge areas, and describe in detail the groundwater interactions with 
surface waters. 

The applicant or licensee should present a conceptual and numerical 
hydrogeological model that discusses the hydrostratigraphy and groundwater 
flow systems.  

The applicant or licensee should provide a description of baseline groundwater 
quality at the site and in the local study area. The applicant or licensee should 
also describe local and regional potable groundwater supplies, including their 
current use and potential for future use. 

Section  5.3.2.4 
Description of the 
Environment – 
Hydrogeology 

B.5 Terrestrial Environment  

 

The terrestrial environment includes flora and fauna, their habitats, any wildlife 
corridors and the soil. 

The applicant or licensee should describe the terrestrial species at the site and 
within the local and regional study areas, including flora, fauna and their habitat. 
The applicant or licensee should identify all biological species risk (that is, 
endangered, threatened, special concern, extirpated at a federal, provincial or 
municipal level) known to occur in the area or where the site is within the range 
of the species.  

The applicant or licensee should describe the presence and importance of 
wildlife habitat within the study areas, including critical habitats for listed species 
(if identified). The applicant or licensee should also describe any wildlife 
corridors and physical barriers to movement. 

The applicant or licensee should identify all protected and conservation areas 
established by federal, provincial and municipal jurisdictions (for example, 

Section 5. 6.4 
Description of the 
Environment – 
Terrestrial Environment 
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wilderness areas, parks, sites of historical or ecological significance, nature 
reserves, federal migratory bird sanctuaries and wildlife management areas). 

The applicant or licensee should describe the existing soil quality (including 
hazardous and radiological substance concentrations) for all study areas, as 
well as any additional soil quality parameters potentially relevant for modelling 
purposes (such as transport and bioavailability of contaminants of potential 
concern). 

The applicant or licensee should provide baseline characterization of 
radionuclide and hazardous substance levels in vegetation and other non-
human biota to support human and ecological risk assessment. The 
characterization should also take into consideration the baseline conditions of 
other applicable environmental components (such as the atmospheric 
environment). 

The applicant or licensee should undertake independent studies to gather the 
necessary information as appropriate. The applicant or licensee should describe 
field studies in terms of representativeness of the target populations where 
possible. The applicant or licensee should fully describe the design of the study, 
including the allocation of samples in space and time, measurement methods 
and results. 

The applicant or licensee should include an assessment of any limitations or 
gaps in the quality and extent of baseline data and methods, as well as the 
method(s) by which they have been addressed. 

B.6 Ambient Radioactivity  

 

The ambient radioactivity arises from the sources, their activity levels and their 
origin, for all applicable environmental media (including air, soil, food, water, 
aquatic sediments and plant or animal tissue). 

The applicant or licensee should describe the ambient radiological conditions at 
the site and in the local and regional study areas. The applicant or licensee 
should include information on the existing conditions, including an inventory of 
sources, their activity levels and their origin (natural or anthropogenic), for all 
applicable environmental media. 

The applicant or licensee should fully describe the design of the study, including 
the allocation of samples in space and time, measurement methods and results. 

The description should include an assessment of any limitations or gaps in the 
quality and extent of the baseline data and methods, as well as the method(s) 
by which they have been addressed. 

Section  5.7.4 
Description of the 
Environment – Ambient 
Radioactivity and 
Ecological Health 
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B.7 Human Health  

 

The potential effects of the facility or activity on human health include both 
radiological sources and non-radiological contaminants. 

The applicant or licensee should describe the current health profiles of the 
communities likely to be affected by the facility or activity, including information 
on population health of the communities in the local and regional study areas. 

The applicant or licensee should provide, to the extent available, information on 
current consumption of locally grown harvests and country foods, and the 
quality by food type, amounts consumed, parts consumed (whole body or 
specific organs). 

Section  5.8.4 
Description of the 
Environment – Human 
Health 

B.8 Aboriginal Land Use  

 

Aboriginal land and resource use includes lands, waters and resources of 
specific value; traditional activities and lifestyle; and traditional dietary habits. 

Traditional land use may include areas where traditional activities such as 
establishing seasonal camps, camping, travel on traditional routes, gathering of 
country foods and medicines (hunting, fishing, trapping, planting and 
harvesting) are being carried out. Traditional land use also includes spiritual 
sites of significance to Aboriginal people. 

The applicant or licensee should identify the lands, water and resources of 
specific social, economic, archaeological, cultural or spiritual value to Aboriginal 
people, including established and asserted Aboriginal or treaty rights that may 
be affected by the facility or activity. 

The applicant or licensee should describe Aboriginal land and resource use at 
the site and in the local and regional study areas. The applicant or licensee 
should identify traditional activities, including activities for food, social, 
ceremonial and other cultural purposes, in relation to such lands, waters and 
resources with a focus on the current use of lands, waters and resources for 
traditional purposes. 

The applicant or licensee should describe the traditional dietary habits and 
dependence on country foods and harvesting for other purposes, including 
harvesting of plants for medicinal purposes. The analysis should focus on the 
identification of potential adverse effects of the facility or activity on the ability of 
future generations of Aboriginal people to pursue traditional activities or lifestyle. 

Section 5.9.4.3 
Traditional Land and 
Resource Use by 
Aboriginal Peoples 
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Appendix C Environmental Effects for an Environmental Assessment under CEAA 
2012  

C.1 Atmospheric Environment  

 

The licensee should characterize the effects of the facility or activity on the 
atmospheric environment during all phases of the lifecycle for the facility or 
activity, including postulated accident and malfunction scenarios. 

The licensee should identify and characterize all atmospheric emissions 
(radiological and non-radiological) expected to be generated during all phases 
of the lifecycle for the facility or activity, including postulated accident and 
malfunction scenarios. This information should include average and maximum 
emissions from planned discharges, point sources and fugitive (non-point 
source) releases (including greenhouse gases). 

The licensee should complete modelling that incorporates baseline (or existing 
ambient) air quality in combination with the predicted site-specific atmospheric 
characteristics (such as shoreline fumigation) to assess potential effects on air 
quality, the transport of atmospheric contaminants and any associated exposure 
to humans and non-human biota receptors. 

The licensee should describe predicted effects of noise on terrestrial and 
aquatic species as well as on nearby residents and communities. The 
description should include both daytime and nighttime noise levels and tonal 
noise. The predicted sound levels should be compared against baseline levels 
and any guidelines published by recognized organizations. 

Section 5.2.1.6 
Residual Effects 
Analysis – Air Quality 
 
Section 5.2.2.6 
Residual Effects 
Analysis – Greenhouse 
Gases 

C.2 Surface Water Environment  

 

The licensee should describe the effects of the facility or activity on the surface 
water environment during all phases of the lifecycle for the facility or activity, 
including accident and malfunction scenarios. 

The licensee should identify and characterize all liquid effluents that could be 
generated during all phases of the facility or activity. Some examples are: 

 average and maximum emissions from point sources  
(concentrations/activity levels and volumes) 

 planned discharges 

 fugitive releases 

 deposition from airborne particulates 

 surface runoff 

Section 5.4.1.6 
Residual Effects 
Analysis – Hydrology 
 
Section 5.4.2.6 
Residual Effects 
Analysis – Surface 
Water Quality 

C.3 Aquatic Environment  

 
For all phases of the lifecycle for the facility or activity, the licensee should 
describe the effects of the facility or activity on aquatic flora and fauna, and 
include a full accounting of effects on species of natural conservation status and 

5.5.5 Project 
Interactions and 
Mitigations – Aquatic 
Environment  
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their habitat. This evaluation should be based on results of field monitoring 
studies or predictions from an ecological risk assessment. 

The description should be clear on how predicted effects to the biota exposed 
to the stressor compare to the expected reference condition for unexposed biota 
on a biological population basis, taking natural variation into account. 
Predictions of effects should include sufficient detail to allow follow-up 
verification. 

Some potential effects are: 

 effects on habitat, including aquatic vegetation and sensitive areas 
such as spawning grounds, nursery areas, winter refuges and 
migration corridors 

 effects on aquatic species, including rare or sensitive species 

 effects of blasting on fish and fish habitat on local aquatic systems 

 contaminant exposures through environmental and food-chain 
transport 

 effects on aquatic biota due to impingement and entrainment 

 effects of infilling on loss of fish habitat and changes to productive 
capacity 

 effects of thermal plume(s) on fish and fish habitat 

 effects on wetlands 

Under the NSCA, the CNSC assesses the ongoing operation of nuclear facilities 
and activities to ensure protection of the environment and the health and safety 
of persons.  

Under the Memorandum of Understanding between CNSC and Fisheries and 
Oceans Canada (DFO), the CNSC is responsible for conducting reviews of 
licence applications to assess the potential effects on fish and fish habitat, and 
to ensure that the assessment process considers the intent and requirements 
of the Fisheries Act, the Species at Risk Act and their associated regulatory and 
policy frameworks. 

C.4 Geological and Hydrogeological Environment  

 
The geological and hydrogeological environment includes the bedrock and 
overburden geology at both the local and regional scales.  
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C.4.1 Geology  

 

The licensee should fully describe any changes to the geology and 
geomorphology resulting from the facility or activity, including any 
interrelationships with the groundwater regime. 

The licensee should describe any changes to the environment resulting from 
the removal of bedrock and/or unconsolidated deposits. The licensee should 
also describe the disturbance of soils or sediments that may be stockpile, used 
for construction purposes or otherwise perturbed. 

The licensee should include an assessment of changes made that would affect 
coastal processes and features (such as changes to the shoreline morphology 
due to construction, erosion or sediment transport). 

5.3.1.5 Project 
Interactions and 
Mitigations – Geology 

C.4.2 Hydrogeology  

 

The licensee should describe and assess any effects the facility or activity may 
have on the groundwater regime including the quantity and quality of 
groundwater and how these effects may influence surface waters. The licensee 
should carry out modelling as needed to develop and test the predicted effects. 

Section 5.3.2.6 
Residual Effects 
Analysis – 
Hydrogeology 

C.5 Terrestrial Environmental   

 

The licensee should describe the effects of the facility or activity on terrestrial 
fauna and flora and include a full accounting of effects on species with elevated 
conservation status and their habitat. This evaluation should be based on 
results of field monitoring studies or predictions from an ecological risk 
assessment. The description should be clear on how predicted effects to the 
biota exposed to the stressor compare to the expected “reference condition” for 
unexposed biota on a biological population basis taking into account natural 
variation. Predictions of the effects should include sufficient detail to allow 
follow-up verification. 

Some potential effects that should be considered are: 

 loss of terrestrial habitat and the quality of lost habitat for relevant 
species 

 disturbance of feeding, nesting or breeding habitats 

 physical barriers to wildlife 

 disruption, blockage, impediment and sensory disturbance (such as 
light effects, noise and vibration) of daily or seasonal wildlife 
movements (such as migration or home ranges) 

 direct and indirect wildlife mortality 

 reduction in wildlife productivity 

Section 5.6.7 Residual 
Effects Assessment 
Results – Terrestrial 
Environment 
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 contaminant exposures through environmental and food-chain 
transport 

 effects on biodiversity 

C.6 Ambient Radioactivity  

 

The licensee should describe the effects of the facility or activity on ambient 
radioactivity. Humans and non-human biota exposed to ambient radioactivity 
should be assessed for all relevant routes of exposure (both internal and 
external exposure scenarios). 

To support the assessment of human health (see section 3.2.7), the licensee 
should provide information on radiation levels to which members of the public 
may be exposed, including consideration of consumers of country food whose 
exposure pathways may differ due to cultural norms; for example, any dietary 
characteristics of Aboriginal peoples. 

Section 5.7.6 Residual 
Effects Analysis – 
Ambient Radioactivity 
and Ecological Health 

C.7 Human Health  

 

The licensee should describe the potential effects of the facility or activity on the 
physical well-being of Aboriginal groups and other people resulting from 
biophysical effects, including the effects of the facility or activity on all 
environmental components (for example, atmospheric environment) and the 
resulting effects on human health. 

Some examples are: 

 an analysis of the effects of the facility or activity on the health and 
safety of the public, including the possible effects from malfunctions 
and accidents (radiological and conventional) 

 the predicted radiation doses to members of the public resulting from 
activities within the scope of the facility or activity and any resulting 
health effects 

 a description of quantitative risk assessment modeling conducted, 
where necessary, for any malfunctions and accidents 

 an assessment of the potential effects on human health from all non-
radiological contaminants released from the facility or activity, through 
all potential exposure pathways 

 potential effects of noise generated from the facility or activity on 
human receptors within the study area(s) 

Section 5.8.6 Residual 
Effects Analysis – 
Human Health 
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C.8 Aboriginal Land and Resource Use  

 

The licensee should identify any change that the facility or activity is likely to 
cause in the environment and any effect of any such change on the health and 
socio-economic conditions, physical and cultural heritage and on the current 
use of lands and resources for traditional purposes by any Aboriginal group 
including effects on hunting, trapping, fishing and gathering. 

The licensee should identify any concerns raised by Aboriginal people about the 
facility or activity in relation to any Aboriginal or treaty rights. 

For further information on the CNSC’s expectations of licensees for Aboriginal 
engagement, see REGDOC-3.2.2, Aboriginal Engagement. [10] 

5.9.5 Project 
Interactions and 
Mitigations – Land and 
Resource Use 

 

 

 

March 17, 2017 
Project No. 1547525 42  

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
SECTION 4.0 PUBLIC AND ABORIGINAL ENGAGEMENT 
ACTIVITIES 
REVISION 0 

 

March 17, 2017 
Project No. 1547525   

 

APPENDIX 4.0-1 
Poster Boards 
 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 4.0-1: POSTER BOARDS 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 1  

 

 
Figure 1: Near Surface Disposal Facility Project Description (July 2016) 
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Figure 2: Near Surface Disposal Facility Graphic Representation (July 2016) 
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Figure 3: Near Surface Disposal Facility Proposed Locations (July 2016) 
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Figure 4: Valued Components – Near Surface Disposal Facility (July 2016) 
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Figure 5: Near Surface Disposal Facility Biodiversity (July 2016) 
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Figure 6: Cultural Resource Management (July 2016) 
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Figure 7: Proposed Waste Solution (October 2016) 
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Figure 8: Site Selection (October 2016)
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Figure 9: What Will the Facility Look Like? (October 2016)
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Figure 10: Waste Streams (October 2016) 
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Figure 11: Cultural Resource Management (October 2016) 
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Figure 12: What You Told Us (October 2016) 
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Figure 13: Protecting the Environment (October 2016) 
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Figure 14: Regulatory Oversight (October 2016) 
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1.0 PRINT ADVERTISING 
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2.0 SAMPLE FACEBOOK ADVERTISING POST 
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3.0 SAMPLE TWITTER ADVERTISING POST 
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Figure 1: Feedback form for Canadian Nuclear Laboratories – Public Open Houses  
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Table 1: Environmental Stewardship Council (ESC) Member Organization 

Petawawa Research Forest Canadian Nuclear Safety Commission 

Deep River Horticultural Society Renfrew County Council 

Ottawa Riverkeeper Métis Nation of Ontario  

City of Pembroke Town of Deep River 

Pontiac MRC Upper Ottawa Valley Ducks Unlimited 

Parkline Sportsmen Club Four Seasons Conservancy 

Concerned Citizens of Renfrew County Algonquins of Pikwàkanagàn 

Garrison Petawawa Town of Laurentian Hills 

Pembroke Area Field Naturalists Old Fort William Cottagers' Association 

Canadian Nuclear Safety Commission Town of Petawawa 

Public Dialogue Alternatives Ontario Ministry of Natural Resources and Forestry 
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1.0 ENVIRONMENTAL STEWARDSHIP COUNCIL MEETING #29 
Thursday, October 29, 2015 – CNL Chalk River Laboratories 

1.1 Agenda 
8:30 – 9:00 AM Arrive at Chalk River Laboratories 

9:00 – 9:30 AM Refreshments, B700 Room 201 

9:30 AM Safety briefing, Welcome and Introductions Pat Quinn 

9:40 – 9:50 AM Review of actions, previous meeting record and new business. John Vincett 

9:50 – 10:50 AM CNL Business Update Mark Lesinski 

10:50 – 11:00 AM Bio break  

11:00 – 11:15 AM AECL’s roles & responsibilities Shannon Quinn 

11:15 – 11:30 AM Quarterly Environmental Performance Report George Dolinar 

11:30 – 12:00 PM Future effects monitoring and how it relates to the 
Environmental Risk Assessment (ERA) Adrienne Ethier 

12:00 – 12:45 PM Lunch  

12:45 – 1:15 Tree Swallows Update David Lee 

1:15 – 1:45 PM Decommissioning & Waste Management Update Kurt Kehler 

1:45 – 2:00 PM Recap / Review of Actions / Dates for 2016 meetings John Vincett 

2:15 – 3:15 PM Hydrogen Isotope Technology (HIT) Laboratory Tour Sam Suppiah 
Hugh Boniface 

3:15 – 3:30 PM Adjournment – Depart site  

 

1.2 List of Participants 
ESC Participants: 

 Bruce Bigham, Deep River Horticultural Society 

 Ole Hendrickson, Concerned Citizens of 
Renfrew County 

 Meghan Hendry, Garrison Petawawa 

 Bob Kingsbury, Renfrew County Council 

 John McKay, Four Seasons Conservancy 

 Craig Robinson, Old Fort William 
Cottagers’ Association 

 Theresa Sabourin, Councillor, Town of Petawawa 

 

ESC Alternates: 

 John Muff, Pembroke Area Field Naturalists  

 Christine Reavie, City of Pembroke 

 Lindsey Russell, Petawawa Research Forest 
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CNL Participants: 

 Shaun Cotnam, Senior Director, Compliance 

 Kevin Daniels, Health, Safety, Security and 
Environment (HSSE) 

 George Dolinar, Environmental Program Authority 

 Kurt Kehler, Vice President Decommissioning and 
Waste Management 

 Nicole LeBlanc, Public Affairs Officer 

 David Lee, Environmental Scientist, 
Environmental Technologies 

 Mark Lesinski, President & CEO 

 Steve Liblong, Director, Waste Management & 
Environmental Restoration 

 Mitch MacKay, Communications Officer 

 Pat Quinn, Director, Corporate Communications 

Invited Observers: 

 Wasif Islam, Canadian Nuclear Safety 
Commission (CNSC) 

Facilitator: 

 John Vincett, Public Dialogue Alternatives 

Invited Guests: 

 Adrienne Ethier, CNL 

 Shannon Quinn, AECL 

 Maude Emilie Page, AECL 

 Lou Riccoboni, CNL 

Absent: 

 Peter Arbour, Petawawa Research Forest 

 Meredith Brown, Ottawa Riverkeeper 

 Ron Gervais, City of Pembroke 

 James Gibson, Municipalité régionale de comté 
de Pontiac 

 Steve Gutzman, Parkline Sportsmen Club 

 Ken Hooles, Pembroke Area Field Naturalists 

 Marc Laurin, Métis Nation of Ontario, North Bay 

 Joan Lougheed, Town of Deep River 

 Bob MacKenzie, Upper Ottawa Valley 
Ducks Unlimited 

 Jim Meness, Councillor, Algonquins of 
Pikwàkanagàn 

 Jed Reinwald, Town of Laurentian Hills 

 Karen Stokes, Ontario Ministry of Natural 
Resources, Pembroke 
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1.3 Presentation Graphic 
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1.0 ENVIRONMENTAL STEWARDSHIP COUNCIL MEETING #30 
Thursday, March 24, 2016 – Best Western Pembroke Inn, 
Pembroke ON 

1.1 Agenda 
9:15 – 9:30 AM Refreshments  

9:30 AM Safety briefing, welcome and introductions Pat Quinn  

9:40 – 9:50 AM Review of actions, previous meeting record and new 
business John Vincett 

9:50 – 10:10 AM CNL Business Update  Mark Lesinski 

10:10 – 10:45 AM Decommissioning & Waste Management Update Kurt Kehler 

10:45 – 11:00 AM Bio break  

11:00 – 12:00 PM MODAR Technology Greg Hersak 

12:00 – 12:45 PM Lunch  

12:45 – 1:30 PM NPD Decommissioning Update Dr. Todd Butz 

1:30 – 2:00 PM Quarterly Environmental Performance Report George Dolinar 

2:00 – 2:15 PM Bio Break  

2:15 – 3:00 PM Blanding’s Turtle Research at CRL Annie Morin / 
Gabriel Blouin-Demers 

3:00 – 3:15 PM In the Community Nicole LeBlanc 

3:15 – 3:30 PM Recap | Review of Actions | Date for next mtg:  
2016 June 16 at CNL John Vincett  

 

1.2 List of Participants 

ESC Participants: 
 Peter Arbour, Petawawa Research Forest  

 Bruce Bigham, Deep River Horticultural Society  

 Meredith Brown, Ottawa Riverkeeper  

 James Gibson, Municipalité régionale de comté 
de Pontiac  

 Steve Gutzman, Parkline Sportsmen Club 

 Ole Hendrickson, Concerned Citizens of 
Renfrew County  

 Meghan Hendry, Garrison Petawawa 

 Ken Hooles, Pembroke Area Field Naturalists 

 Bob Kingsbury, Renfrew County Council  

 Marc Laurin, Métis Nation of Ontario, North Bay 

 Joan Lougheed, Town of Deep River  

 Bob MacKenzie, Upper Ottawa Valley 
Ducks Unlimited  

 John McKay, Four Seasons Conservancy 

 Jim Meness, Councillor, Algonquins of 
Pikwàkanagàn  

 Jed Reinwald, Town of Laurentian Hills 

 Craig Robinson, Old Fort William 
Cottagers’ Association  

 Theresa Sabourin, Councillor, Town of Petawawa 

 Karen Stokes, Ontario Ministry of Natural 
Resources, Pembroke 
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ESC Alternates: 

 Christine Reavie, City of Pembroke 

CNL Participants: 

 Shaun Cotnam, Senior Director, Compliance  

 Kevin Daniels, Health, Safety, Security and 
Environment (HSSE)  

 George Dolinar, Environmental Program Authority  

 Kurt Kehler, Vice President Decommissioning 
and Waste Management  

 Nicole LeBlanc, Public Affairs Officer  

 Mark Lesinski, President and CEO 

 Steve Liblong, Director, DWM Science & 
Technology Transition Advisor 

 Mitch MacKay, Communications Officer  

 Pat Quinn, Director, Corporate Communications 

Invited Observers: 

 Wasif Islam, CRL Compliance and Licensing Division, Canadian Nuclear Safety Commission 

 Maude-Émilie Pagé, Director, Communication, AECL 

Facilitator: 

 John Vincett, Public Dialogue Alternatives 

Invited Guests: 

 Gabriel Blouin-Demers, University of Ottawa  

 Brian Colby, CNL  

 Todd Butz, CNL  

 Greg Hersak, CNL  

 Annie Morin, CNL 

Absent:  

 Ron Gervais, City of Pembroke 

 David Lee, Environmental Scientist, Environmental Technologies 
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1.3 NSDF ESC Presentation – March 24, 2016 
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1.0 ENVIRONMENTAL STEWARDSHIP COUNCIL MEETING #31 
Thursday, June 16, 2016 – CNL Chalk River Laboratories 

1.1 Agenda 
1:30 - 2:00 PM Arrive at Chalk River Laboratories, B700 Room 201 
2:00 PM Safety briefing, Welcome and Introductions Pat Quinn 
2:10 – 2:20 PM Review of actions, previous meeting record and new business. John Vincett 
2:20 – 2:35 PM CNL Business Update Mark Lesinski 
2:35 – 3:00 PM Decommissioning & Waste Management  Update Kurt Kehler 
3:00 – 3:15 PM Refreshments & Bio Break  
3:15 – 3:30 PM Approach to Environmental Remediation at CRL  Brian Colby 
3:30 – 3:45 PM What is an Environmental Assessment (EA)? George Dolinar 

4:00 – 5:30 PM 

Near Surface Disposal Facility - East Mattawa Road Site & 
Site 11A 
• Ecological Study 
• Archaeological Study 

Annie Morin/ 
Sue Titterington/ 
Jim Buckley 

5:30 – 6:30 PM Travel to Rolphton  
6:30 PM Dinner - Rolphton Motel  
7:00 – 7:15 PM Quarterly Environmental Performance Report (during dinner) George Dolinar 
7:15 – 7:30 PM Recap / Review of Actions / Next meeting John Vincett 

8:00 PM NPD Site – Viewing of Chimney Swift Roosting 
• Roosting is scheduled to begin around sunset ~ 9:03 p.m. Annie Morin 

9:15 PM Adjournment - Depart NPD Site & Return to CRL  
 

1.2 List of Participants 
ESC Participants: 
 Peter Arbour, Petawawa Research Forest 

 Bruce Bigham, Deep River Horticultural Society  

 James Gibson, Municipalité régionale de comté 
de Pontiac  

 Ole Hendrickson, Concerned Citizens of 
Renfrew County  

 Ken Hooles, Pembroke Area Field Naturalists 

 Marc Laurin, Métis Nation of Ontario, North Bay 

 Joan Lougheed, Town of Deep River  

 John McKay, Four Seasons Conservancy 

 Craig Robinson, Old Fort William 
Cottagers’ Association  

 Theresa Sabourin, Councillor, Town of Petawawa 

ESC Alternates: 
 Matthew Cybulski, Garrison Petawawa 

 Ann Giardini, Town of Laurentian Hills 
 John Muff, Pembroke Area Field 

NaturalistsCynthia Williams, Health, Safety, 
Security and Environment (HSSE) 
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CNL Participants: 

 Shaun Cotnam, Senior Director, Compliance  

 George Dolinar, Environmental Program Authority  

 Kurt Kehler, Vice President Decommissioning and 
Waste Management  

 Nicole LeBlanc, Public Affairs Officer  

 David Lee, Environmental Scientist, 
Environmental Technologies  

 Mark Lesinski, President & CEO 

 Steve Liblong, Director, Waste Management & 
Environmental Restoration 

 Mitch MacKay, Communications Officer  

 Pat Quinn, Director, Corporate Communications 

Invited Observers: 

 Wasif Islam, Canadian Nuclear Safety Commission (CNSC) 

 Maude-Emilie Page, AECL 

Facilitator: 

 John Vincett, Public Dialogue Alternatives 

Invited Guests: 

 Jim Buckley, CNL 

 Brian Colby, CNL 

 Annie Morin, CNL 

 Sue Titterington, CNL

Absent:  

 Meredith Brown, Ottawa Riverkeeper  

 Kevin Daniels, Health, Safety, Security and 
Environment (HSSE)  

 Christina Davis, Ontario Ministry of Natural 
Resources & Forestry 

 Ron Gervais, City of Pembroke  

 Steve Gutzman, Parkline Sportsmen Club 

 Meghan Hendry, Garrison Petawawa 

 Bob Kingsbury, Renfrew County Council  

 Bob MacKenzie, Upper Ottawa Valley Ducks 
Unlimited  

 Jim Meness, Councillor, Algonquins of 
Pikwàkanagàn 

 Jed Reinwald, Town of Laurentian Hills 
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1.3 NSDF ESC Presentation – June 16, 2016 
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1.4 Recorded Comments ESC Meeting – June 16, 2016 
The following Questions and Answers (Q&As) were recorded during the proceeding of the 2016 June 16 meeting 
of the Environmental Stewardship Council (ESC). This is not a verbatim record; the document does capture 
key points. 

Q&As recorded reflect member questions posed to ESC presenters or CNL subject matter experts present at the 
2016 June 17 meeting. 

Presentation – CNL Decommissioning and Waste Management Update (K. Kehler) – 
NSDF Update (J. Buckley) 
1. Are there any plans that involve the demolition of other CRL stacks (chimneys)? (Bird habitat) 

 No 

2. How large and what would the depth be of the NSDF? 

 We have a 15% design. 

 There is a difference between the two sites. 

 Not visible tie into existing topography. 

 Constructed using specified clay, the structure will reach an elevation of 20-25 m above grade. 

3. Where will you source the clay for the facility? 

 There is clay in Ontario, sourcing in eastern Ontario. 

 We will look into importing. 

 Possibility of synthetic sources. 

 WL has nice clay. 

 Required clay will share characteristics with clay required/ used in Port Hope and Port Granby  

4. How long does the waste stay in the ground and what is done when it is decontaminated? 

 This is permanent disposal. 

 There is no intent to recover material disposed in this site. 

 The facility will be monitored. 

 Will be non-radioactive in several 100 years. 

5. Would this facility sustain glaciation? 

 Environmental studies will take climate change into consideration. 

 Environmental study will look at that in its models and will take that into consideration as a risk and part 
of design. 

 It was noted that decay and nature of the radionuclides disposed of within the facility would be of a nature 
that impact on the facility caused by glaciation would be inconsequential 
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6. How long will it be radioactive? 

 Essentially 300 years. 

 Materials will experienced significant decay over the 200 to 300 timeframe 

7. How much long-lived radionuclides will be in the facility? 

 The facility will have limits. WAC 

 Some Uranium (Pu) will go into the facility. 

 Inventory limits will be decided upon, subject to what is suitable and what is safe. 

NSDF EMR and 11a Field Visit 
8. What is meant by valued components? 

 Species at risk act, federal, provincial. 

 This is proposed by CNL 

 Specific to the region 

 Takes into account the connectivity of habitat as requested by ESC. 

9. Any species at risk that are birds? 

 Yes, migratory birds.  

 SME advised that the presence of Golden Wing Warbler and Wood Thrush. Poster board map indicates 
monitoring sites. 

10. What is the date to complete alternative means? 

 March 2017. 

11. Will we see the alternative means presented at the ESC? 

 Data is being collected in stages 

 Yes ESC will be given chance to review in November – (Note fall meeting is scheduled for Thursday, 
October 13, 2016 at Best Western Pembroke Inn.) 

 CNL will make sure all data is made available. 

 Share all mitigation measures.  

12. Looking at the map it doesn’t line up with the site footprint schematic found on the poster board, why is this? 

 The design is only at 15% 

 The site footprint will allow for space to develop. 

 Defining entire area for impact.  
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13. Is Perch Lake self-contained? 

 The Perch Lake Drainage Basin was outlined (as indicated) on the poster board 

 Perch Lake drains to the Ottawa River via Perch Creek. 

14. What is the dark green area on the map? 

 Petawawa Research Forest plantation. 

 Petawawa Research Forest (PRF) has been consulted and PRF advises that the plantation is no longer 
of any research value. 

15. Do you have a topographic map? 

 Yes, we can provide to the ESC. 

16. Is the light green area wetlands? 

 Yes – the areas indicated on the map (poster board) is wetland. 

17. Is this facility similar to the WMA-C? 

 Somewhat, WMA-C does not have bottom liner. 

 WMA-C designed to just prevent water infiltration. 

18. When the facility is capped and the grass is down, what is the radioactivity off the top? 

 It will be at or below the regulatory levels. 

19. Which of the purple are will be cleared first? (Note purple indicates EMR and 11A locations) 

 The actual design and site footprint must be developed first. 

 Early thinking is that work will begin at the point of higher elevation on the site. (Furthest away from Perch 
Creek) 

 Will confirm approach once details are available (i.e. completed design) 

20. Can you provide present day examples of this technology and how old are some of these facilities? 

 Yes, Fernald is good example. 

 The facility is closed and now part of a nature preserve 

 The Fernald facility technology is 25 to 30 years old and has a design specification for a 300 year life 

 More can be provided. 

21. Can you provide examples of facilities that are located in a similar climate, geology (earthquake), soil type 
etc.? 

 Of course each area is unique but we can find some similar examples. 

22. Could you provide us with some examples of NSDF? 

 Yes. (Note parties can be directed to the NSDF web page for comparators as well - Fernald Preserve, 
Hamilton, Ohio, USA, Integrated Disposal Facility, Richland, Washington, USA, Low Level Waste 
Repository, Cumbria, UK 
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23. What was the pre-1945 population of the general area before expropriation of the CRL land? 

 ~44 households. 

 ~60 families. 

 ~300 people. 

Note: Families expropriated in 1945 represent families relocated due to prior Camp Petawawa expropriations (circa 1919). 

24. Which site affects the environment more, the 11A site appears to have less environment impact? 

 Site 11A is on land that not been impacted, so therefore more impactful. 

 The EMR site is on land that has been impacted by CNL activities. The EMR site offers the following 
benefits: 

o Opportunity to remediate soils and property in the vicinity, 
o EMR site is in close proximity to the CRL Lab site reducing transportation during its operational 

period 

 Site 11A would remain “pristine” factoring into end use of CRL lands and potential return of this portion 
of the site to broader use.  

25. Could Pu material be disposed of in the NSDF? 

 Yes, small concentrations of Pu may be disposed in the NSDF. Based on the waste streams from reactors 
on site and other research reactors – those radionuclides are a component of many of the CNL LL waste 
streams, and suitable for the NSDF application, and can be demonstrated as safe. 

 

 

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
SECTION 4.0 PUBLIC AND ABORIGINAL ENGAGEMENT 
ACTIVITIES 
REVISION 0 

 

March 17, 2017 
Project No. 1547525   

 

APPENDIX 4.0-8 
Environmental Stewardship Council Meeting #32, October 13, 
2016 
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1.0 ENVIRONMENTAL STEWARDSHIP COUNCIL MEETING #32, 
OCTOBER 12, 2016 
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APPENDIX 4.0-9 
World Nuclear University Site Visit, July 15, 2016 
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1.0 WNU SITE VISIT – JULY 15, 2016 
1.1 WNU Tour Agenda 
Time Details 
0830 hrs. Participants depart Best Western Pembroke Inn for CNL 

0900 hrs. Arrive at CNL Outer Gate. 
Park buses in front of the Brockhouse Building and register inside. Met by CNL escorts 

0930 – 1015 hrs. B432 Library Auditorium: Welcome & Overview presentation Mark Lesinski / 
Philip Kompass 

 GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP 6 

1030 – 1115 hrs. B150 NRU 
B456 Mechanical 
Equipment 
Development 

B469 Fuel & Fuel 
Channel Safety Lab 

B375 Fuel & 
Material Cells 

B380 Autoclave 
Facility 

NPD 
• Grab boxed lunches 

from B700 and 
depart at 1030 hrs. 

• NPD tour: 1100 – 
1300 hrs. 

• Depart NPD at 1300 
hrs. and drop off in 
front of B700 

1130 – 1215 hrs. B466 
Thermalhydraulics 

B330 Analytical 
Chemistry 

B145 Small-Scale 
Burst Test Facility 

B375 Surface 
Science Lab B145 CRIPT 

1230 – 1300 hrs. B432 Library Auditorium: Lunch 

1315 – 1400 hrs. 
B432 Codes & 
Modelling 
presentation 

B375 Surface 
Science Lab 

B300 Fuel 
Development Lab 

B137 Hydrogen 
Isotopes 
Technology Lab 

B466 
Thermalhydraulics 

NSDF 
• B700, Rm. 201: 

poster session / 
discussion from 
1330 – 1430 hrs. 

• Tour – 1430 – 1500 
hrs. (bus to depart 
B700 at 1430 hrs. 

• After tour, bus to 
return to B700 

1415 – 1500 hrs. 
B137 Hydrogen 
Isotopes 
Technology Lab 

B234 Universal 
Cells B150 NRU 

B456 Mechanical 
Equipment 
Development 

B432 Codes & 
Modelling 
presentation 

1500 hrs. Depart site. 
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1.2 WNU NSDF Presentation – July 15, 2016 
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1.3 WNU Site Visit Feedback Forms – July 15, 2016 
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APPENDIX 4.0-10 
NGO Site Visit, July 26, 2016 
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1.0 NGO SITE VISIT – JULY 26, 2016 
1.1 Northwatch and CELA Site Visit Agenda – July 26, 2016 

Environmental Assessments – Tours 
Agenda For Northwatch Tour 

Tuesday, July 26, 2016 – CNL Chalk River Laboratories 

08:00 – 08:20 

Visitor arrival at Outer Gate – Chalk River Laboratories – met by Corporate 
Communications (Van) 
(Note: visitors may want access to their own vehicle to travel to NPD – arrangements will 
be made for parking near Outer Gate) 

08:20 – 08:30 Building 700, Room 201 - Safety briefing, Welcome and Introductions Pat Quinn 
08:30 – 08:45 CNL Overview Pat Quinn 
08:45 - 09:00 NSDF Overview Jim Buckley 
09:00 – 09:15 NPD Overview Patrick Daly  
09:15 – 09:45 Environmental Monitoring at CNL - Questions and answers George Dolinar 
09:45 – 10:00 Bio break and refreshments – Board bus  

10:15 – 11:00 

NSDF – East Mattawa Road Site/ 11A Drive by 
• Ecological Study 
• Archaeological Study 
• Questions and answers 

Jim Buckley 

11:00 – 11:30 
Depart CRL – Drive to NPD 
(Note: visitors may want access to their own vehicle to travel to NPD – 
arrangements will be made for parking near Outer Gate) 

 

11:30 – 12:15 

NPD 
• Preferred Option 
• Timeline of work 
• Questions and answers 

Patrick Daly 

12:15 – 12:30 Depart site Pat Quinn 
 

TBC – Northwatch Participants 
 Meredith Brown, Ottawa River Keeper 

 Ole Hendrickson, Concerned Citizens of Renfrew 
County 

 Brennain Lloyd, Northwatch 

 Theresa McClenaghan, Canadian Environmental 
Law Association 

TBC – CNL Participants 
 Jim Buckley 

 Todd Butz 

 Patrick Daly 

 George Dolinar 

 Crystal Donak 

 Martin Klukas 

 Nicole LeBlanc 

 Mitch MacKay 

 Annie Morin 

 Pat Quinn 

 Sue Titterington  

 Meggan Vickerd 
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1.2 Northwatch and CELA Site Visit Presentation – July 26, 2016 
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1.3 Northwatch and CELA Site Tour Participants – July 26, 2016 
Northwatch Participants: 
1) Meredith Brown, Riverkeeper, Ottawa Riverkeeper (Could not attend) 

2) Ole Hendrickson, Researcher, Concerned Citizens of Renfrew County (Attended - OH) 

3) Brennain Lloyd, Project Coordinator, Northwatch (Attended – BL) 

4) Theresa McClenaghan, Executive Director and Counsel, Canadian Environmental Law Association 
(Attended – TM) 

5) Jacqueline Wilson, Counsel, Canadian Environmental Law Association (Could not attend) 

CNL Participants: 
1) Jim Buckley, Director NSDF 

2) Patrick Daly, Head of NPD Closure Project 

3) Crystal Donak, Communications Officer 

4) Treavor Grant, Senior Counsel Major Projects 

5) Martin Klukas – Environmental Assessment Analyst  

6) Pat Quinn, Director, Corporate Communications 

7) Annie Morin, Environmental Specialist 

8) Nancy Stack, Legal Counsel, Major Projects 

9) Sue Titterington, Environmental Analyst 
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APPENDIX 4.0-11 
Site Visit: Canadian Conference on Nuclear Waste Management, 
Decommissioning and Environmental Restoration, September 15, 
2016 
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1.0 CANADIAN CONFERENCE ON NUCLEAR WASTE MANAGEMENT, 
DECOMMISSIONING AND ENVIRONMENTAL RESTORATION SITE 
VISIT, SEPTEMBER 15, 2016 
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APPENDIX 4.0-12 
Rotary Club of North Renfrew Presentation, July 20, 2016 
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1.0 ROTARY CLUB OF NORTH RENFREW PRESENTATION, JULY 2016 
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APPENDIX 4.0-13 
Petawawa Showcase 
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1.0 PETAWAWA SHOWCASE 
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APPENDIX 4.0-14 
Media Coverage 
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1.0 MEDIA COVERAGE 
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APPENDIX 4.0-15 
CONTACT Newsletter – Project Issue, June 2016 
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1.0 FORMAL PUBLIC FEEDBACK 
1.1 NSDF – Formal Feedback and Draft Response (August 12, 2016) 

Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 20-06-16 POH - RdJ N/A Yes 
I am not clear on the crew that will 
be hired to demolish the old site – 
what qualifications are necessary? 

Proposed response to commenter: 
CNL will be employing CNL staff to lead 
and conduct demolition activities at the 
Chalk River site. At times, demolition 
activities may be supplemented with 
contractor support. 
 
Demolition activities will be conducted per all 
regulatory requirements. This includes all 
necessary health and safety qualifications, 
environmental protection and operator 
licences etc. 
 
Any external employment opportunities at 
CNL for in support of these or other project 
related activities will be posted on 
www.cnl.ca website with all needed 
qualifications listed within the job description.  

NSDF 20-06-16 POH - RdJ N/A Yes Excellent presentation. No questions.  Comment recorded, no response required. 

NSDF 20-06-16 POH - RdJ No No 
Very good to know that all 
environmental issues are being 
studied. 

Comment recorded, no response required. 

http://www.cnl.ca/
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Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 29-06-16 POH - 
Sheenboro 

Yes-
email Yes- 

Design of disposal facility built to 
withstand what magnitude of 
earthquake and what safety measures 
are in place should this occur? 

Proposed response to commenter:  
The NSDF will be designed to meet all 
applicable international, national and 
provincial codes and standards. The design 
of the facility begins with an analysis that 
measures the amount of radiation that will be 
released in the unlikely event of failure of the 
isolation system comprising the base liner 
and cover systems. The analysis will 
determine exactly how earthquake-resistant 
the facility should be. This approach is 
consistent with the way seismic design is 
performed for all of CNL’s nuclear structures, 
which aims at achieving an adequate margin 
of safety against failure.  
 
In studies conducted to date at the two 
candidate sites, both concluded that the soils 
are of adequate stability and integrity and are 
not subject to liquefaction in the event of an 
earthquake 

NSDF 29-06-16 POH - 
Sheenboro No Yes 

Why does Canada continue to 
take waste from the U.S.? Or is it 
vice versa? 

Response provided 2016 06 29: 
Question discussed during open house: 
explanation of GTRI program was provided 
explaining that Canada is currently 
repatriating material to the US. 
 
On 2016 07 11 - A follow-up call was placed 
to confirm that the commenter had received 
sufficient information. No further information 
was required. 
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Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 29-06-16 POH - 
Sheenboro No Yes 

Still waiting on cell service for the ZEC. 
Great presentation and we do need 
the workforce in our area. 

Response provided 2016 06 29 –
Request unrelated to NSDF/ NPD projects.  
Note: This request is in direct relations to 
Emergency Preparedness measures for the 
ZEC. Corporate Communications and 
Emergency Protection Branch: re-issued 
relevant correspondence to commenter. 

NSDF 29-06-16 POH - 
Sheenboro Yes No 

Will consideration be given to provide 
jobs or buy material, such as sand that 
could be delivered by large, to the 
closest full time residents to the site, 
in Sheenboro QC?  

Proposed response to commenter:  
The NPD Closure and NSDF Projects will 
competitively procure material and services. 
This could include local suppliers.  
 
CNL employment opportunities that may 
arise due to project activities will be posted 
on the www.cnl.ca website. 

http://www.cnl.ca/
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Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 29-06-16 POH - 
Sheenboro Yes No 

Will you continue to monitor and 
publish/post test results on the fish we 
catch and eat from the Ottawa River? 

Proposed response to commenter:  
CNL is committed to both studying and 
continuously improving the low impact of 
our operations on the environment. 
The Environmental Protection Program 
maintains a comprehensive effluent and 
environmental monitoring program of more 
than 400 sampling locations with 
approximately 30,000 analyses performed 
each year at our Chalk River Laboratories 
(CRL).  
Updated environmental performance 
reporting results can be found here:  
 
http://www.cnl.ca/site/media/Parent/CRL_Per
formance_Eng.pdf 
 
CNL does study the fish in the Ottawa river 
and our results are published annually in the 
Annual Safety Report which is submitted to 
the Canadian Nuclear Safety Commission. 
An executive summary is available on our 
website and the full report can be provided to 
interested individuals upon request.  
 
http://www.cnl.ca/site/media/Parent/CRL-
509243-ASR-2014_Eng.pdf 

NSDF 06-07-16 POH - PEM No Yes Good plan, build away Comment recorded, no response required. 

http://www.cnl.ca/site/media/Parent/CRL_Performance_Eng.pdf
http://www.cnl.ca/site/media/Parent/CRL_Performance_Eng.pdf
http://www.cnl.ca/site/media/Parent/CRL-509243-ASR-2014_Eng.pdf
http://www.cnl.ca/site/media/Parent/CRL-509243-ASR-2014_Eng.pdf
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Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 06-07-16 POH - PEM No No 

Long overdue. Biggest concern is the 
destruction of habitat. I believe the 
best site is the EMR site because it is 
near currently active areas. 

Comment recorded, no response required.  
 
Recommended action – project ensure 
response in existing Q&A’s – DRAFT 
Response: Factors under consideration in 
choosing a preferred site include technical 
issues such as the space available, 
topography, geology and subsurface 
hydrogeology. Other factors are 
environmental sensitivities, such as the 
presence of species at risk and items of 
archaeological significance; the relative 
distances for vehicles to travel that will carry 
the waste to the NSDF, and the existence (or 
not) of the necessary infrastructure to 
support a safe and efficient NSDF operation. 

NSDF 06-07-16 POH - PEM No No 
This is long overdue and EMR should 
be the site chosen for the project 
because of its benefits over the other. 

Comment recorded, no response required. 

NSDF 06-07-16 POH - PEM No No 
We need more projects to happen at 
CNL. This is a very good thing for the 
surrounding area (economy) 

Comment recorded, no response required. 

NSDF 06-07-16 POH - PEM No Yes 

This facility is very much needed to 
cost effectively handle the volume of 
low level waste from the CNL site 
decommissioning and historical waste. 
Questions were well answered by 
Christine. 

Comment recorded, no response required. 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 4.0-22: FORMAL PUBLIC FEEDBACK 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 6  

 

Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 06-07-16 POH - PEM Yes Yes 
Interested to see the calculations on 
the leachate control and how the 
leachate will be treated. 

Proposed response to commenter:  
The NSDF will be built to protect the 
environment. It will include a base liner 
system which will prevent the release of 
contaminants to subsurface and 
groundwater. The system is made up of two 
liners. The primary liner will contain a 
leachate collection system. The secondary 
liner will have a leak detection system. 
A wastewater treatment plant will be built to 
manage any leachate and wastewater from 
the NSDF. The environmental monitoring 
systems will monitor air, water and 
groundwater consistent with CRL site licence 
requirements. 
 
Estimated volumes of leachate are calculated 
at XX liters annually. 

NSDF 07-07-16 POH - PET Yes Yes 

The EMR site seems to be the best 
choice given the two options. I'm glad 
to see they're taking a conservative 
approach. 

Comment recorded, no response required. 

NSDF 07-07-16 POH - PET No Yes Nothing comes to mind presently. Comment recorded, no response required. 
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Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 07-07-16 POH - PET No Yes 

The collection systems/buildings for 
Port Granby and Port Hope took years 
to be designed and built. How can this 
facility be built in the very short time 
line that is being proposed for this 
LLW disposal facility? 

Comment recorded, no response required  
 
Recommended action – project ensure 
response in exiting Q&A’s – DRAFT 
Response: The NSDF design will resemble 
the plan for the Port Granby Project and 
other waste landfills established on several 
US Department of Energy sites; e.g. Idaho 
CERCLA Disposal Facility, Fernald On Site 
Disposal and the Oak Ridge Environmental 
Management Waste Management Facility.  
 
As the NSDF project will use facility 
approaches similar to these projects it can 
follow a more accelerated time line.  

NSDF 07-07-16 POH - PET Yes Yes Very informative posters and the staff 
on hand were extremely helpful. Comment recorded, no response required. 

NSDF 07-07-16 POH - PET Yes Yes Fire protection for NSDF? NEED ANSWER 
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Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 12-07-16 POH - CR Yes Yes 

Concerns: waste coming from WL, 
future possibility of waste coming from 
decommissioning for OH or from the 
U.S. 

Proposed response to commenter:  
Given the stringent safety and licensing 
requirements that govern a disposal facility, 
it makes economic sense to consolidate all 
waste in one facility, at the Chalk River 
Laboratories site.  
 
Since the vast majority of the waste (80%-
90% responsive only) destined for the NSDF 
exists or will be generated at the CRL site, 
and because the Whiteshell Laboratories site 
is being closed, the decision has been made 
to build the facility at Chalk River. Only a very 
small volume of waste (<40,000 m3) will be 
brought from the Whiteshell laboratories. 

NSDF 12-07-16 POH - CR N/A N/A East Mattawa Road site would be the 
best plan. Comment recorded, no response required. 

NSDF 12-07-16 POH - CR Yes Yes 

Will waste from Whiteshell MB be 
coming to Chalk River? I do hope that 
CNL goes with the preferred site (near 
Perch Lake) for the NSDF as it seems 
to have a lower environmental impact 
as well as being further away from the 
community. Plus it will be nicer not 
having to see it as you drive in, in the 
morning coming down the hill by 
Maskinonge Lake 

Proposed response to commenter:  
Yes, it is anticipated that Chalk River would 
accept waste from the decommissioning 
project at Whiteshell Laboratories. 
Given the stringent safety and licensing 
requirements that govern a disposal facility, 
it makes economic sense to consolidate all 
waste in one facility, at the Chalk River 
Laboratories site.  
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Project Date Event 
Contact 

with 
Answer 

Add to 
Mailing 

List 
Written Comment from Stakeholder CNL Action Required 

NSDF 12-07-16 POH - CR Yes Yes 

Comments written within document: 
pg. 3-1. Therefore CRL is to undergo 
final closure less than 50 years from 
now? pg. 4-1. 42 football fields.  

Proposed response to commenter:  
The NSDF will help create the conditions 
for the revitalization of the Chalk River 
Laboratories, as CNL will be 
decommissioning more than 100 buildings 
and structures that are no longer needed to 
make way for new science buildings. It will 
also remediate various waste management 
areas at the Chalk River site, contributing to 
reducing Canada’s liabilities. The NSDF will 
be receiving waste and operating supporting 
infrastructure – such as the water treatment 
plant – until approximately 2070.  

NSDF 15-07-16 Received 
by Mail N/A Yes Ensure no leakage! Comment recorded, no response required. 
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1.2 Formal Industry Comments on NSDF – The WNU Visit 

Project Do you have any questions or comments about the Near Surface Disposal Facility? 

1. NSDF No, very comprehensive explanation. Thank you.  
2. NSDF It was great to hear the overview of the project! Thank you. 

3. NSDF 
Is about public opinion. How to convince people to allow these kind of facility? Community, 
even when you show people that things are well designed and there's no risk, there's always 
an opportunist politician who convinces people that what you say is not true.  

4. NSDF 
Coming from a part of the industry that does not engage with the public very often for security 
reasons, it is very interesting to see the level of detail gone into ensure all stakeholders are 
involved and have a say. AECL/CNL should be very proud of this work.  

5. NSDF 

I think that it is the right path forward. With an environmental/radiological monitoring program, 
this seems like the most responsible waste storage solution. I am interested in how/if the 
aboriginal community will support the plan, but it seems that you have already engaged them. 
I would like to see more done to segregate the waste and incinerate what you can, instead of 
just putting it all into the Waste Management area. 

6. NSDF 
Yes. I already had answers for these from the researcher, thanks. My questions were 
regarding: The volume of disposal place. The way to expand the capacity of disposal. 
The procedure to communicate with local and community.  

7. NSDF No, I had sufficient time to ask all my questions. No specific comments, except for wishing you 
success for the execution of the project! 

8. NSDF I could not understand well why NSDF is needed. Before this project, where was low level 
waste disposed? 

9. NSDF 
Systematic and comprehensive process has been in place. I personally am interested in 
contaminated soil and groundwater management because we are facing similar challenges 
at Fukushima Daiichi decommissioning.  

10. NSDF I have a question: How to deal with the water from rain or river in Near Surface Disposal 
Facility 
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Figure 1: NSDF – Industry Comments 
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1.0 PROJECT INTRODUCTORY LETTER 
 

July 15, 2016 

 
Attention: 
Address 

 
Reference: Federal Environmental Assessment, Canadian Nuclear Laboratories – Proposed Near 

Surface Disposal Facility and Nuclear Power Demonstration Closure Projects 

Dear , 

I am writing to invite discussions and determine your interest in engaging with Canadian Nuclear Laboratories 
(CNL) on two CNL projects. One project proposed for the Chalk River Laboratories (CRL) site and the second 
occurring at the Nuclear Power Demonstration site in Rolphton, Ontario. These CNL projects may be of interest to 
you and your community. 

The first project is the proposed siting and construction of a Near Surface Disposal Facility (NSDF) to be 
located and operated at CNL’s Chalk River site. The facility will be used for disposal of low-level radioactive waste 
and other suitable waste streams. This project is identified by the Canadian Environmental Assessment Review 
(CEAR) number 80122. 

The second project, Nuclear Power Demonstration (NPD) Closure project in Rolphton, Ontario, is the proposed 
in situ (leaving in place) decommissioning approach for the NPD reactor. This project is identified by the CEAR 
number 80121. 

Both projects include federal environmental assessments (EAs) under the Canadian Environmental Assessment 
Act (CEAA 2012), and regulated under the authority of the Canadian Nuclear Safety Commission (CNSC). 

As an objective of the EA under CEAA 2012, CNL is to identify, minimize or avoid adverse environmental effects 
before they occur, and incorporate environmental factors into decision- making. 

We would like to ensure that representatives of your community are informed of our project and have the 
opportunity to provide meaningful feedback on the following: 

• Whether the project may have environmental effect on any lands and/or resources currently used by Aboriginal 
peoples for traditional purposes; 

• Whether the project may have any perceived impacts on Aboriginal and Treaty Rights; 

• Whether local and traditional knowledge can assist in describing the existing environment; and, 

• The view of Aboriginal communities on proposed valued ecosystems components (environmental attributes) 
that have been identified for the assessment. 
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Information on the status of the ongoing EA’s can be found online on the CNSC’s website 
(www.nuclearsafety.gc.ca) and the Canadian Environmental Assessment Agency (CEA Agency) Public Registry 
(http://www.ceaa.gc.ca/050/index-eng.cfm) The CEA Agency also has a Glossary of terms which may be of 
assistance (http://www.ceaa.gc.ca/default.asp?lang=En&n=B7CA7139-1). 

We are interested in hearing your views with respect to the projects, and/or any potential adverse impacts that the 
project activities may have on your community. If you would like more information, please contact me directly at 
(613) 584-8500 or visit our project websites,  www.cnl.ca/nsdf or www.cnl.ca/npd. 

Aboriginal involvement in the EA process is important and appreciated. To ensure satisfactory engagement on 
these projects, if I do not hear from you, I will contact you in the coming weeks to discuss participation in the 
EA process. 

Sincerely, 

 

 

 

Patrick Quinn 
Director, Corporate Communications 

 

 

http://www.nuclearsafety.gc.ca/
http://www.ceaa.gc.ca/050/index-eng.cfm
http://www.ceaa.gc.ca/default.asp?lang=En&amp;n=B7CA7139-1
http://www.cnl.ca/nsdf
http://www.cnl.ca/npd
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APPENDIX 4.0-24 
Algonquins of Pikwàkanagàn Meeting and Site Tour, Dec. 1, 2015 
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1.0 ALGONQUINS OF PIKWÀKANAGÀN MEETING & SITE TOUR – 
TUESDAY, DECEMBER 01, 2015, 
CNL CHALK RIVER LABORATORIES 

1.1 Agenda 

Participants CNL 

• Chief Kirby Whiteduck 
• Councillor Sherrylyn Sarazin 
• Councillor Ron Bernard 
• Councillor Jerry Lavalley 
• Councillor Cliff Meness 
• Vicky Two-Axe, Executive Director 
• Candace Bennett, Manager of AOPFNLP 
• Amanda Two-Axe Kohoko, Employment 

Development Officer 
• Lisa Meness, Funding Research Coordinator 
• Taylor Ozawamike, AOPFN HVAC LP 

• Mark Lesinski, President and CEO 
• Esther Zdolec, Vice-President, 

Human Resources 
• Kevin Daniels, General Manager, Health, Safety, 

Security and Environment (HSSE) 
• Lou Riccoboni, Vice President, Corporate Affairs 
• Kurt Kehler, Vice President Decommissioning 

and Waste Management 
• Jim Buckley, Director, NSDF Facility 
• Pat Quinn, Director, Corporate Communications 

Mitch MacKay, Communications Officer 
• Nicole LeBlanc, Public Affairs Officer 
• Christie Cleary, Talent Acquisition Specialist, 

Human Resources 
 

10:30 - 11:00 AM Arrive at Chalk River Laboratories / Refreshments 
11:00 AM Safety briefing, Welcome and Introductions Pat Quinn 
11:15 AM Canadian Nuclear Laboratories (CNL) Vision 2026 Mark Lesinski 
11:45 Algonquin of Pikwàkanagàn Overview Chief Kirby Whiteduck 
12:15 PM Lunch, B700 Room 201 

12:45 PM Human Resources Employment Overview Esther Zdolec / 
Christy Cleary 

1:30 PM CNL Site Walking Tour & NRU Philip Kompass 
3:00 PM Depart Site  
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1.2 Presentation Graphic 
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APPENDIX 4.0-25 
Métis Nation of Ontario Presentation, July 20, 2016 
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1.0 AGENDA AND PRESENTATION – MÉTIS NATION OF ONTARIO 
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APPENDIX 4.0-26 
Algonquins of Ontario Meeting, Aug. 10, 2016 
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1.0 ALGONQUINS OF ONTARIO MEETING – AUGUST 10, 2016, 
CNL CHALK RIVER LABORATORIES 

1.1 Agenda 

1:00 – 1:20 PM Arrive at Chalk River Laboratories –Met at outer gate, 
proceed to site in Corporate Communications van Corporate Communications 

1:20 – 1:25 PM Safety briefing, Welcome and Introductions Pat Quinn 
1:30 – 1:40 PM CNL Overview Pat Quinn 
1:40 – 2:00 Algonquins of Ontario Overview AOO 
2:00 - 2:15 PM Environmental Assessment George Dolinar 
2:15 – 2:35 PM NSDF Overview Jim Buckley 
2:35 – 3:00 PM NPD Overview Patrick Daly 
3:00 – 3:15 PM Refreshments / Preparation for departure / Board van 

3:20 – 4:20 PM 
NSDF - East Mattawa Road Site and 11 A Site 
• Poster Boards – Ecological Study, Archaeological Study 
• Questions and answers 

Annie Morin / 
Sue Titterington / 
Courtney Cameron 

4:20 – 4:45 PM 
Drive to NPD 
Note: Guests have the option to drive in their own vehicles or 
remain in the CNL van 

 

4:45 – 5:45 PM 
NPD – Upper Parking Deck 
• Poster Board Overview 
• Questions and answers 

Patrick Daly 

5:45 PM Depart NPD Site  
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1.2 List of Participants 

Algonquins of Ontario Participants: 
1) Megan Aikens, Communications and Policy Strategist, AOO Consultation Office 

2) Ethan Huner, Senior Resource Technician, AOO Consultation Office 

3) Jim Hunton, Technical Advisor and Environment Land Use Planner to the AOO 

4) Lucas Tyukodi, Biologist/Resource Technician, AOO Consultation Office 

 

CNL Participants: 
1) Jim Buckley, Director NSDF 

2) Courtney Cameron, Kinickinick Heritage Consulting 

3) Patrick Daly, Head of NPD Closure Project 

4) George Dolinar, Director, Environmental Protection 

5) Nicole LeBlanc, Communications Officer 

6) Annie Morin, Environmental Specialist 

7) Sharon Needham, Manager, NSDF Regulatory 

8) Pat Quinn, Director, Corporate Communications 

9) Sue Titterington, Environmental Analyst 
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APPENDIX 4.0-27 
Update Letters, November 2016 
  



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 4.0-27: UPDATE LETTERS, NOVEMBER 2016 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 1  

 

1.0 NOVEMBER 2016 PROJECT UPDATE LETTERS 
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APPENDIX 4.0-28 
Algonquins of Ontario Correspondence, 2016-2017 
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1.0 2016-07-29 ALGONQUINS OF ONTARIO VISIT AGENDA 
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2.0 2016-08-10 ALGONQUINS OF ONTARIO PRESENTATION 
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3.0 2016-08-10 ALGONQUINS OF ONTARIO MEETING NOTES 
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4.0 2016-12 LETTER CNL TO ALGONQUINS OF ONTARIO 
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STAGE 1 ARCHAEOLOGICAL ASSESSMENT OF THE NUCLEAR POWER DEMONSTRATION (NPD) 

PROPERTY PART OF LOTS 41-45, 48 & TOWN PLOT, RANGE A & B ROLPH TWP. (GEO), TOWNSHIP OF 
LAURENTIAN HILLS, RENFREW COUNTY 

In October 2016, Canadian Nuclear Laboratories contracted Kinickinick Heritage Consulting to prepare 
a Stage 1 archaeological assessment of the Nuclear Power Demonstration (NPD) property near 
Rolphton.  The nuclear power plant itself is being decommissioned and there are no plans for 
construction in the surrounding 385 ha.  As such, this Archaeological Assessment was not triggered by 
construction, but rather, to provide stakeholders with background information about the history and 
archaeological potential of the NPD property outside of the project footprint.  Furthermore, there is 
potential for this land to change in land tenure in the future, strengthening the need for a thorough 
background study of the 358 ha of forested hillside that surround the former nuclear power plant.  The 
objective of a Stage 1 archaeological assessment is to provide background information about the 
geography, history, land use, previous archaeological fieldwork and existing archaeological sites in the 
vicinity; and current condition of the property and setting.  These data are used to evaluate Pre-
Contact and Historical archaeological potential.  

NPD is in the CbGj and CbGk Borden Blocks.  There are no archaeological sites on the NPD property; 
however, there are several beyond the NPD property boundary, namely: the Meilleur Bay (CbGj-3) site 
excavated by Clyde Kennedy in 1957; Boom Creek (CbGj-1) and Fraser Bay (CbGj-2) recorded by Barry 
Mitchell in 1984; and Postes des Rapides-des-Joachim (CbGk-1), which has archaeological material 
spanning the 19th century that relates to the local Indigenous community. 

The NPD property today consists of a shutdown nuclear power plant surrounded on the south and east 
by landscaped terraces where the former training centre buildings were located with associated and 
parking lots.  Historical photographs of NPD under construction clearly show that disturbance 
throughout the nuclear power plant grounds was deep and extensive, including the river shore.  The 
NPD property has 95 m relief and the slopes are steep, although there is an area of lower rock knobs 
and muskeg in the former Town Plot that drains into the Ottawa River near a small sandy point called 
“Hydro Beach”.  The Town Plot wetland terrain would have been a complex kaleidoscope of islands and 
channels during the Middle Archaic period.  The land on both sides of the entrance road, between the 
plant and the highway, were active shorelines during the Early Archaic and Late Palaeo-Indian periods.  
The high terrain south of the highway were shorelines during the Champlain Sea maximum, during the 
Palaeo-Indian period. 

Given that Pre-Contact archaeological potential is predicted primarily by proximity to water, and given 
that every elevation of the NPD property was once an active river shoreline, the whole property 
between 200 m and the modern waterline is one big relic shoreline and therefore, it all has 
archaeological potential.  Nevertheless, there were times of shoreline stasis—sometimes for millennia, 
sometimes a few centuries or generations—where human activity would have been concentrated and 
artifacts more likely to be deposited.  The Pre-Contact archaeological predictive model for the NPD 
property takes these longer-lived shorelines into account and maps them in distinctive colours.  
Furthermore, in the NPD model, the full 150 m width is considered to have high archaeological 
potential and the areas in between have been given moderate archaeological potential, instead of low 
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potential as the standards allow.  In these respects, the NPD model of Pre-Contact archaeological 
potential is more rigorous than the Ministry of Culture standards and guidelines require. 
As the historical research clearly shows, there were generations of settlers on the NPD property, 
raising families and constructing buildings and docks.  The map of historical archaeological potential 
presented in (Figure 12), is based on the proximity to historical roads. High historical archaeological 
potential is predicted in that area. 

In conclusion, although the area to be impacted as a result of the proposed decommissioning of the 
nuclear power plant itself has nil archaeological potential, there is high archaeological potential on 
areas of the NPD property that will not be impacted by the decommissioning activities.  The 
archaeological potential ranges from historic, (e.g., farmstead sites) to Pre-Contact sites of varying 
periods.  Since this assessment was not triggered by any construction plans, there are no cultural 
resource management recommendations.  Should any construction be planned in the future that may 
impact the area recognized as holding high archaeological potential, a further Stage 1&2 assessment 
would be in order. 
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STAGE 1 ARCHAEOLOGICAL ASSESSMENT OF THE  
NUCLEAR POWER DEMONSTRATION (NPD) PROPERTY 

PART OF LOTS 41-45, 48 & TOWN PLOT, RANGE A & B ROLPH TWP. (GEO), 
TOWNSHIP OF LAURENTIAN HILLS, RENFREW COUNTY 

 
1.0 Assessment Context 

In October 2016, Canadian Nuclear Laboratories contracted Ken Swayze, of Kinickinick Heritage 
Consulting, to prepare a Stage 1 archaeological assessment, according to the Standards and 
Guidelines for Consultant Archaeologists (OMCT&S 2011), of the Nuclear Power Demonstration (NPD) 
property near Rolphton (Figures 1, 2 and 3).  It is the nuclear power plant itself that is being 
decommissioned; there are no plans for construction in the surrounding property (950 Acres, or 385 
hectares).  As such, this assessment was not triggered by construction but, rather, to provide 
stakeholders with background information concerning the history and archaeological potential of the 
NPD property.   

There is a Historic Plaque (Figure 4) on the highway near Rolphton overlooking the dam that was 
erected by the Ontario Heritage Foundation, an agency of the Government of Ontario, to celebrate 
the NPD achievement. It states: 

 
“On June 4 1962 the Nuclear Power Demonstration (NPD) Reactor 3 km east of Rolphton supplied 
the Ontario power grid with the first nuclear-generated electricity in Canada.  A joint project of 
Atomic Energy of Canada Limited, Ontario Hydro and Canadian General Electric. NPD was the 
prototype and proving ground for research and development that led to commercial application 
of the CANDU system for generating electric power from a nuclear plant using natural uranium 
fuel, heavy water moderator and coolant in a pressure tube configuration with on-power 
refueling. As a science and engineering research centre, NPD produced internationally significant 
knowledge and techniques.  It was also a training centre for nuclear plant operators. NPD closed 
in 1987 after exceeding its operational goals.”  

The NPD facility is now being decommissioned, a process which affects only 2.5 ha, of the NPD site; 
the location of the former nuclear power plant and associated amenity corridors.  That said, for the 
purpose of this Stage 1 Archaeological Assessment, the entire NPD site has been included in the 
scope to ensure appropriate context and a thorough collection on past land use, as; this forested 
hillside campus may see a change in land tenure.  

The objective of a Stage 1 archaeological assessment is to provide background information about the 
geography, history, land use, previous archaeological fieldwork, existing archaeological sites and 
current condition of the property and setting.  These data are used to evaluate archaeological 
potential.  
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2.0 Historical Context 

The historical background information below includes: 1) traditional Algonquin oral history; 2) a 
history of the Algonquin people; 3) a history of the NPD property. As such, the discussion moves from 
the general to the particular.  

2.1 Algonquin Oral History 

The traditional history of the Algonquin includes a concept of the postglacial world.  The Algonquin 
creation story refers to an ancient flood that destroyed an earlier world.  Only Original Man survived.  
He found himself, with only a few animals and birds for company, floating in a water-world. With 
kindness, ingenuity, and selflessness, the animals provided a home called “Turtle Island”, where he 
and his offspring lived after receiving the breath of life from him through the Mide shell.  One of 
those descendants was the hero Nanaboozhoo (or Nanabush, or Wiskedjak) who survived a second 
flood in a similar fashion.  The original world of the Algonquin was truly a water world that, like Turtle 
Island, grew larger and larger with time as the ice withdrew. 

There are several traditional stories (from Morrison 2007:19) that resonate with the geological post-
glacial landscape evolution described below.  A story from the Temiskaming Reserve refers to a giant 
beaver, who used a mountain for a lodge and ponded a huge lake in the upper Dumoine River. 
Wiskedjak came hunting it and broke the giant beaver dam, which caused a flood to sluice through 
the Allumette Basin and the Calumet chutes of the Ottawa River.  Similarly, the Nipissing and Amikwa 
people told Nicolas Perrot, in the 1600s, that a giant beaver had entered Lake Nipissing from the 
French River and built a series of dams as it traveled eastward through the Mattawa River and down 
the Ottawa River, which later became rapids and portages.  Charlevoix, who traveled through 
Nipissing territory in 1721, reports a similar story and recounts that the beaver was buried in a 
mountain on the north shore of Lake Nipissing. Joseph Misabi told the surveyor Robert Bell in 1891 
that in ancient times Kitchigami (Lake Superior) was the pond of the great beaver Manitou called 
Amik and his dam was at Bawating (Sault Ste Marie rapids). Wiskedjak and his wife came hunting him 
and they broke the dam, which caused the giant beaver to hurry along the north channel of Lake 
Huron, up the French River forming a series of dams and rapids along the way.  The beaver continued 
down the Mattawa and Ottawa Rivers to the Noddaway (St.-Lawrence) River where he died and 
formed the mountain at Montreal Island. 

There is also a traditional story, based on a wampum belt that was held by Elder William Commanda, 
called the Prophecy of the Seven Fires, which refers to time-periods the history of the Algonquin.  This 
story is relevant because it shows that the Algonquin know that their ancestors arrived a very long 
time ago, when the world was predominantly water and the landscape was emerging from it.  It also 
provides an opportunity to associate geological and archaeological (cultural) periods to the time of 
each “fire period” in the story.  

The prophet of the First Fire warned the inhabitants of the Atlantic Region that they would be 
destroyed if they stayed there and he called for a migration up a great river to large inland bodies of 
water (which sound like the Champlain Sea and the Ancestral Great Lakes).  The First Fire and Second 
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Fire may be the times that archaeologists call the “Palaeo-Indian”; “Early Archaic” and “Middle 
Archaic” periods, which have a radiocarbon dates that span from about 11,500 to 6,000 BP. By the 
time the Third Fire prophecy occurred, the Anishinabe were adapted to life on lakes and rivers and 
their economy focused on littorial environments.  The Third Fire spans many thousands of years and 
includes what archaeologists call the Archaic and Woodland Periods.  

In terms of glacial and postglacial lake phases in the traditional territory of the Algonquin-Nipissing, 
the First, Second, and Third Fires happened, successively, during the Lake Algonquin and Champlain 
Sea maximum (First Fire) and during the recessional (Third Period) Champlain Sea and Mattawa Early 
Flood and Mattawa Base Flow periods (as per Lewis and Anderson 1989). Modern water levels began 
about 5,000 BP also in the Third Fire period, during the Late Archaic. 

In the prophecy of the Fourth Fire the Anishinabe two prophets (indicated by a double diamond 
shape in the centre of the wampum belt) warned of the imminent arrival of a Light-Skinned Race, 
who would either show the face of brotherhood or bring death.  The time of the Fourth Fire is called 
the proto-historic period and occurred during Late Woodland times.  The prophecy of the Fifth Fire 
soon followed and warned of suffering and false promises.  The Fifth Fire occurred during the 
“Historical Period” from the 17th to 19th centuries when missionaries, warfare, expropriation, and 
colonialism had great effect on traditional Algonquin culture.  The prophecy of the Sixth Fire, or 
Colonial Period, occurred in the 20th century, when cultural assimilation caused a new sickness to 
afflict the Algonquin and it foretold that the sacred bundles and scrolls of the Midewiwin Way would 
be first hidden from danger, then revealed again to inspire the emergence of New People and inspire 
a reborn Algonquin.  We are now, perhaps, in the time of the Seventh Fire when all the people have a 
choice to make between respect for life on Turtle Island or see its destruction. 

This integration of geological and archaeological time scales with the seven “fires” of the prophecy 
belt is the consultant’s own interpretation, not necessarily that of others (e.g., Figure 11).  The 
consultant thinks that the association between the First, Third, Fourth and subsequent fires with the 
Palaeo-Indian/Early Archaic, Archaic & Woodland, Proto-Historic, Historic and Modern, is straight-
forward enough—it is the Second Fire which is most difficult to integrate.  It was a time of social 
upheaval and it occurred a long time ago at the end of the First Fire journey and the beginning of the 
long, long, golden years of the Third Fire.  Since it was a time of social upheaval, the consultant has 
associated it with the Marquette-Ottawa Low Stand simply because that was a time of great 
environmental stress and catastrophe. 
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2.2 Algonquin History 

The objective of this historical outline is to present Algonquin history from the proto-historic to the 
early 20th century with commentary what can, or could, be corroborated by the archaeological 
record and to provide a discussion of nature of the archaeological deposits of each period.  Such 
information, ultimately, will lead to an improved ability to predict where archaeological sites will 
most likely be found. 

This Algonquin history identifies factors that must have affected technological and settlement 
pattern change that, theoretically, should be reflected in the archaeological record.  These include: 1) 
technological change from “quartz time” to the “iron age” and resultant change in cold season 
settlement patterns from, fish and stored nuts and wild rice, to fur harvesting and reliance on deer, 
moose, and beaver; 2). Beginning in the mid-19th century there was a homesteading movement in 
the upper Madawaska Valley, which involved technological change and a more sedentary settlement 
pattern.  While the first changes will be hard to test, because of the difficulty of finding and 
identifying the deposits, the archaeological remains and features of the Algonquin settlers should be 
“relatively easy” to identify.  

2.2.1 Proto-Historic Period 

European whalers and fishermen began to interact on a regular basis with the Algonquin’s and the 
Haudonausonee, (Iroquoian-speaking “People of the Long House”) and Inuit people in the St. 
Lawrence estuary as early as the late 1500s (Bailey 1969).  They introduced iron knives, hatchets, and 
metal cooking vessels that must have had a great effect on Algonquin life style and economy: for 
tasks that could be completed in hours with hatchets and crooked knives had previously, taken days 
of “quartz time”.  On the other hand, numerous contagious diseases were introduced for the first 
time in the proto-historic period and tribal warfare became endemic, as successive people competed 
for advantage in the fur trade.  Finally, as the luxuries and trophies of trade became necessities, the 
traditional economy of the Algonquin came to be based on the fur trade.  

Champlain and various missionaries provide most of the written record of the early contact period.  
The French then believed that the Algonquin identified their own subgroups according to the river 
basin they occupied: thus the Kitchisipirini, Keinouche, Ottagowtowuemin, and Onontchataronon 
lived, respectively, at: Alumette/Morrisons Island, Muskrat River, Upper Allumette/Holden basin, and 
South Nation; while the Matouweskarini occupied the Madawaska River valley (Pendergast 1999).  
Kirby Whiteduck (1995) has reviewed the historical record of this period, from the Algonquin point of 
view, and he points out that historical interpretation should take into account the numerous factors 
that biased the authors of these histories.  

The archaeological record of this transitional period is poorly known generally because it was a 
fleeting moment in time.  A hallmark of sites of this period in the Ottawa Valley is so-called St. 
Lawrence Iroquois pottery, characterized by high collars with castellations and corncob motifs, which 
was found at the Highland Lake site (von Gernet 1991) in Griffith Township and near the Eardley 
escarpment in Low P. Q. In the 1970s, Dave Croft observed this distinctive pottery at Astrolabe Lake, 
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near Cobden, however, he was not able to sample the site and it has since been destroyed (Swayze 
2000).  It is worth noting that these sites, and others of the period, are strategically situated off the 
main waterways in locations that provide a view of any approach and offer a choice of “back door” 
exits.  The archives of the Canadian Museum of Civilization (CMC) contain a report that describes 
Algonquin graves from this period that were found in the Westmeath area.  The dead were buried in 
birch bark coffins, sprinkled with red ochre, with trade goods such as swords, rings, and crucifixes but 
also with native-made pottery (Swayze 2000). 

From an archaeological perspective, the proto-historic period is marked by technological changes 
that saw stone and native pottery replaced by iron, brass, and ceramics.  The new technology must 
have provided the Algonquin of the day with more time on their hands.  Although some of this time 
must been spent acquiring a surplus of furs, other time may have been spent on regalia and 
ceremonial elaboration.  There also must have been a shift in settlement patterns in this period.  In 
the pre-contact and early proto-historic, sites must have been located so as to facilitate access to 
food resources; while, in the early historic period, access to fur-bearing animals would have been of 
increasing importance. In the Stone Age, First Nations only trapped enough furbearers to clothe their 
own family for the winter; but in the Iron Age they laboured all winter to accumulate bales of furs in 
order to purchase food and clothing.  In order to take advantage of seasonal resource availability 
Algonquin groups moved frequently over the course of the year and, although population 
aggregation was possible at some locations, usually in the summer, in the winter people scattered 
widely in order to trap and hunt.  The winter season settlement pattern of this period probably 
differed from pre-contact times. Whereas in the past a fishery near stores of rice or nuts may have 
been important, in the proto-historic a focus on ungulates, bear, and beaver may have been the case. 
Moose hunting in particular may have become less risky as access to firearms became common.  
However, since there are so few sites recorded from the proto-historic period, these predictions 
cannot be tested. 

2.2.2 Iroquoian or Beaver Wars 

Although the ancestors of the Algonquin have probably been on the Algonquin Dome since early 
postglacial period (Swayze 2009; Swayze and McGhee 2011), the ancestors of the Haudonosonee 
have interacted with them and shared some of the land base for thousands of years (Sioui 1999, 
Porter 2008).  

In the early French regime, the hostility between Algonquin and Haudonausonee, which had 
originated in the proto-historic, escalated from violent raids and skirmishes into full-scale warfare, 
from 1640 to 1650, that resulted in the destruction of “Huronia”. Although they were driven from 
“Huronia”, the “Hurons,”, or more properly the Wendat, (like the “St. Lawrence Iroquois” before 
them) were not extirpated (like the passenger pigeon), since large numbers of them were captured 
and adopted by the Seneca and Mohawk Nation. Others went to Quebec and became established as 
the Huron of Sillery, while others went to Montreal and lived with the Mohawk. Still others settled in 
the mid-west and became known as the Wyandot.  
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The period of the Beaver Wars, from 1650 to 1675, is often referred to as a ‘period of dispersal’ 
because Algonquin and Ojibway withdrew from shorelines of the major lakes and rivers and some 
families moved temporarily to the St. Lawrence settlements, or farther afield to Timiskaming or Lake 
Nipigon. With regards to the so-called “period of dispersal”, the reader should remember that 
European observers (and potential historians) were, obviously, few in number at that time—and they 
did not frequently travel the back-country—and reports that the territory was completely abandoned 
were probably exaggerated. It seems unlikely that hunter-gatherers, who knew every tributary 
stream of their territory, would completely abandon the Lake Nipissing basin and the Ottawa Valley 
in order to avoid Iroquois war parties (Holmes 1993: ii). Nevertheless, until 1701, when the French in 
Montreal made peace with the Iroquois, the shores of the main travel routes must have been thinly 
occupied and avoided. Even though the Iroquois hunted widely over the Ontario peninsula and some 
established villages on the north shore of Lake Ontario, it should be noted that the Algonquins and 
Ojibway defended their territory and took offensive action. 

Unfortunately, there are no known sites from this period in the upper Ottawa valley or elsewhere in 
traditional Algonquin and Nipissing territory. Ideal locations for sites of this period would be the 
Algonquin Dome where rivers such as the Madawaska, Bonnechere, Petawawa, Gull, and Muskoka 
have their source. 

2.2.3 The French Regime 1701 until 1759 

The histories of Champlain and the Jesuit Relations speak of the “Nipissing” as a people apart from 
the “Algonquins” as if the homeland of the former was the shores of Lake Nipissing. However, by the 
18th century the historical records invariably state that the two groups considered the entire drainage 
from Lake Nipissing to the St. Lawrence River to be their ancestral homeland. 
In the Ottawa River watershed in the historical period, the Nipissing and Algonquin both lived 
together and acted together in economic and political matters. They wrote joint petitions to 
successive Colonial Government officials that described their territory as a single undivided land—
although they always signed the documents under the heading of “Algonquin” or “Nipissing”. From 
the etic point of view of the outsider—like missionaries, British colonial officers, or this consultant—
this close association between the Algonquin and the Nipissing, makes it seem that they were 
essentially the same people. Their language, material culture, and customs were apparently the same 
and they intermarried and resided together. The emic, or internalist, view was not revealed partly 
because Europeans largely wrote (or translated, or edited) the historical record and, partly, because 
the Nipissing and Algonquin of the time did not see that an explanation of the difference between 
the two terms was called for. Since the Algonquin and Nipissing kinship system must have been 
similar, perhaps this dichotomy of self-identity acted like a moiety, or division, of the community 
irrespective of clan structure. 

“Our old Chiefs and principal warriors…[decided that]..the whole of our hunting grounds should be 
divided into two parts as equally as possible according to the different situations abounding in 
furs, and part to be enjoyed by the Algonquin tribe, and the other for the benefit of the Nipissings; 
the part or proportion allotted to each band or clan might have a certain extent in proportion to 
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the number of the band…By this arrangement, the various chiefs or heads of bands had an 
opportunity of nursing their beavers and otters…by dividing the portion belonging to the band into 
two equal parts, which were still very extensive, and hunting and changing alternately every two 
or three years from one part to the other…” (Holmes 1993, Document 315 Note: although the 
intent is clear, this paragraph of the document is fragmentary) 

 
In addition, the Europeans of the historical period were ignorant of the traditional clan system that 
both groups used and they superimposed their own system.  

In the French Regime period, the Algonquin and Nipissing began to visit the Sulpician mission at Lake 
of Two Mountains for up to two months each year, usually in the summer.  Although some spent the 
greater part of the year at the mission, most people continued to make seasonal rounds in their own 
territory.  The church records of this period may underestimate the total population of Algonquin 
and Nipissing by assuming that all had become Christian. Although the fur trade economy required 
considerable labour during the winter months, by the 17th and 18th centuries the Algonquin and 
Nipissing had become successful merchants of a scarce luxury product and they generally received 
good prices for their furs (see Indians in the Fur Trade by Arthur Ray 1998).  

Except for scattered trading posts, the Algonquin and Nipissing were the sole occupants of the 
Ottawa Valley in this period and, of course, they chose to live, as much as possible, at the most 
attractive locations in their territory.  These included: the islands in the Ottawa River, the mouths of 
principal tributaries, the junctions of principal tributary streams, the foot of rapids and falls, at the 
ends of portage routes, and around wild rice lakes and reliable fisheries.  Since these attractive 
locations were generally the first to be later chosen by settlers and industrialists, the archaeological 
deposits formed in French Regime period have been greatly impacted and probably most have been 
lost to posterity.  Nevertheless, some deposits from this period must remain along the shores of the 
major waterways; however, as noted above, the archaeological record of the Ottawa valley is sparse 
because of the relative lack of field survey as compared to southern Ontario. 

2.2.4 Pre-Confederation British Colonial Period 1760 to 1867 

After the fall of New France, in 1759, the Algonquin and Nipissing came under the administration of 
the colonial government’s Indian Affairs Department, represented initially by Sir William Johnson.  
Although the Proclamation of 1763 recognized the territorial rights of First Nations, including those 
of the Nipissing and Algonquin, by 1772 they found it necessary to deliver a formal claim to the land 
from Long Sault on St. Lawrence to Lake Nipissing. They also protested against the liquor trade in 
their hunting grounds.  Twelve Nipissing and seven Algonquin signed the 1772 petition.  In the next 
two generations, up to 1841, they resubmitted the same petition nine more times. 

The Algonquin and Nipissing fought for the British during the American Revolution and the War of 
1812. In 1841 Chief Ka-on-di-no-kitch reminded Superintendent Hughes of this: 

“During the last two wars with the United States, our ancestors as well as ourselves, were called 
upon by our fathers the then Governors and told that we had lands to defend, as well as our white 
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bretheren. We obeyed; we knew it was our duty to defend our hunting grounds. We gave the war 
whoop, we fought, and bled, in defending the rights of our great father, and our soil, and we 
would assure our father, the Governor- General, that we are ready to do so again whenever called 
upon.” (Holmes, 1993, Document 249). 

The 1840s was a time of encroachment and alienation throughout peninsular Ontario as well as the 
Lake Huron basin and the Ottawa Valley.  In petition after petition The Nipissing and the Algonquin 
pointed out that they were loyal allies and war veterans and they stressed that, when the invasion of 
loggers and settlers began, they had been patient and helpful towards the newcomers and had not, 
generally, resorted to violent resistance.  

In 1840 the Algonquin and Nipissing addressed a comprehensive petition to Lord Sydenham, 
Governor of Lower Canada, including statements that clearly indicate that their economy and land 
use patterns were changing: 

“That day is now arrived—which we never expected to see—your red Children the Nipissing and 
Algonquin, have never been in the habit of tilling the ground, from time immemorial our chief and 
only dependence for a livelihood sprang from the chase from which we procured abundance. Not 
so now—our hunting grounds are entirely ruined—our beaver & other fur have been destroyed by 
the constant fires made by the lumber men in our majestic forests; our deer have disappeared—
our timber to the amount of hundreds of thousands of pounds, is annually taken from those very 
hunting grounds, which by our Great Father’s orders were to be removed for us and us only…As 
we…can no longer depend on the chase for support, we must set ourselves to the hoe—or else 
starve—we demand your assistance” (Holmes, 1993, Document 241). 

Similarly, Chief Ka-on-di-no-kitch (Nipissing) in council at Lake of Two Mountains with Superintendent 
Hughes: 

“…we have already told you that our hunting grounds, which are vast and extensive and once 
abounded in the richest furs and swarmed with deer of every description, are now ruined. We 
own…that we are partly the cause of these present misfortunes: we were too good and generous: 
we permitted strangers to come and settle on our grounds and to cultivate the land; wood 
merchants to destroy our valuable timber, who have done us much injury, as by burning our rich 
forests, they have annihilated our beaver and our peltries and driven away our deer…but we had 
good hearts and took pity on our white brethren; we know that they must live as well as 
ourselves… we never thought of futurity and we were silent at these encroachments. But now we 
are pitiful ourselves and are obliged to crave assistance…” [in order to settle on farmsteads] 
(Holmes, 1993, Document 249). 

Despite their reliance on country food until this period, there is historical evidence that the 
Algonquin had been gardening and raising maize since at least the 17th century, if not since the 
Middle Woodland period.  Champlain reported in 1613 Chief Nibacis’ village had gardens and 
cornfields and Chief Tessouat’s village garden included peas—of which the knowledge and seed stock 
had only been recently acquired.  According to Superintendent Hughes, the Algonquin and Nipissing 
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of Lake of Two Mountains used hoes and spades to raise “Indian corn, peas, beans, potatoes, 
pumpkins, oats, and hay” (Holmes, 1993, Document 297).  Given that they only spent the summer 
months at the mission, and that they could not attain title to these lands or sell the produce on the 
open market, these gardening efforts were on a small scale.  

In a petition dated 1849 some Algonquin and Nipissing described their decision to acquire land and 
farm as follows: 

“When you see us traveling from one end of the rivers and lakes to the other in our frail canoes, 
you are surprised at our way of life and you find us very poor.  We confess that this is certainly 
true. We are poverty stricken, because day by day we are being stripped of our possessions. Our 
lands are rapidly passing into the hands of the Whites.  You have long advised us to cultivate the 
land; long too have we failed to listen to such salutary advice.  Is this surprising?  We were rich in 
bygone days.  We lacked for nothing.  The forests were inhabited by animals of every species and 
we sold the carcasses to eager merchants for a very good price.  But now it is no longer thus…we 
are reduced to dire poverty. We want to imitate the Whites.  This is why we are asking for land to 
farm…we want to farm near our hunting grounds… (Holmes, 1993, Document 330). 

In 1862 Nipissing and Algonquin again petitioned the Governor General of Canada, Viscount Monk, 
and claimed that the Ottawa Valley had been their home since time immemorial.  They protested the 
incursion of white trappers who stripped the fur-bearing animals from their territory, while they 
always left enough animals to breed. 

“We have no desire to interfere with the Lumbermen, whose legitimate object is the manufacture 
of timber, nor with the settler whose object is the cultivation of the soil, but what we consider a 
real grievance is the custom pursued by white trappers who infest our hunting grounds for the 
sole purpose of trapping.  The Indian, whose hunting ground is secured to him according to 
ancient usages amongst his own people under the regulation of his Chief, pays every attention to 
the increase of (particularly the muskrat and beaver) which are purely local, whilst the white 
trappers invariably exterminate them.” (Holmes, 1993, Document 398) 

Eight Chiefs and over 250 individual Algonquin and Nipissing, whose hunting grounds were in the 
Madawaska Valley, petitioned Monk in 1863 for a specific tract of land on the upper South 
Madawaska adjacent Canisbay Township (see Figure 2): 

“That in times past [our] hunting grounds were in the country watered by the Madawaska and 
adjoining streams about 150 miles from…Two Mountains, but owing to that country having 
become during the last few years thickly settled it has rendered useless and destroyed [our] 
hunting grounds and has compelled [us] to travel still further westward until at present [our] 
hunting grounds are from 300 to 350 miles from (Two Mountains]”.  

That [we] are desirous of having a tract of land near our present hunting grounds granted or 
reserved for them for the purpose of building up an Indian Village capable of supporting four 
hundred families, a desire we sincerely trust will be gratified,...[since] the whole country was once 
[ours] and the land of the departed braves, [our] fathers.” 
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“That such a tract of land, as would suit the purposes required, [we] have found in the Township 
of Lawrence, next adjoining the Township of Eyre, [which] would meet all the requirements [since 
it] is near their hunting grounds, is suitable for the village, and would be the greatest blessing that 
could be bestowed on [us]… (Holmes, 1993, Document 400] 

The local Member of Parliament (Robert Bell) found supporters for the Lawrence Reserve and the 
Department of Indian Affairs recommended it to the Commissioner of Crown Lands, who heeded the 
appeal.  In 1866 he notified the Indian Agent at Arnprior that he had: 

 “…reserved the south east quarter of the Township of Lawrence from sale during the pleasure of 
the Crown for the use of the Algonquin Indians for a settlement. The Indians are not to have any 
right to the merchantable timber on the land nor are they to interrupt those parties who hold 
timber licences for it from cutting and carrying off the timber.” (Holmes, 1993, Document 407) 

William Spragge, Deputy Superintendent of Indian Affairs, even went so far as to recommend that, 
“given the rugged character of the terrain”, the northeast quarter of the Lawrence Township should 
be added to double the size of the reserve (Holmes, 1993, Document 408). 

2.2.5 Post-Confederation Federal-Provincial Colonial Period 

Two years later, however, after Confederation, when Upper Canada became the Province of Ontario, 
Pon Sogmogneche, High Chief of the Algonquin and Nipissing, was still waiting for official recognition 
of the reserve: 

“Some time since I was given to understand that there was a tract of land granted to me for use 
of my tribe of Indians in the Township of Lawrence on the Madawaska River.  I wish to know if the 
boundary lines will be run and the lots laid out so that each one of my tribe settling will know his 
portion and I wish for a document from you as soon as practible to shew that I have authority to 
settle without molestation on the said land and that it is laid apart for use of my Indians.” 
(Holmes, 1993, Document 412). 

In 1878, when Niven surveyed the Township of Nightingale, which is on the east side of Lawrence 
Township and also on the Madawaska, he noted two “Indian” clearings (Holmes, 1993, Document 
445). 

In 1886, Chief Nogon-nak-suk-way forwarded another request for land in Lawrence Township to L. 
Vankoughnet, the Deputy Superintendent General of Indian Affairs: 

“I am requested by the Chief Non-non-she-gushig and his band to make enquiries on their behalf. 
The said Chief and his band…now desire, unitedly, to locate on some good land that they might 
see fit for farming purposes in the Township of Lawrence, or in some other.  And such lands if 
found to be set apart for them as an Indian reserve.” (Holmes, 1993, Document 477) 

Vankoughnet replied to this request saying: “I beg in reply to state that the Algonquin band of 
Indians have a Reserve on the River Desert in the Township of Maniwaki on the upper Ottawa 
where there is plenty of land to accommodate them.” (Holmes, 1993, Document 478).  
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Two years later, in 1888, an Algonquin or Nipissing, who said he was the Chief of 30 families or 150 
people (his return address was a post office near Barrys Bay), wrote to Indian Affairs on behalf of the 
Lawrence Township band: 

 “It seems the South East quarter of the Township of Lawrence has been reserved for the 
Algonquin Indians, their Chief Non-no-che-ke-shick has requested me to write to [Indian Affairs] to 
have that reserve cancelled in exchange for some other nearer a market.” (Holmes, 1993, 
Document 480). 

Indian Affairs replied that in order for this exchange to take place, Non-no-che-ke-shick and his band, 
“for whom part of Lawrence was set aside”, must pass a resolution stating their intention and specify 
the land desired in exchange so that tract could be assessed for suitability and if the result was 
favourable, then “the Government of Ontario should be applied to for an exchange of the tract in 
Lawrence for land selected by the Indians.” (Holmes, 1993, Document 481).  

No further correspondence on the Madawaska reserve issue was found until 1894; when Chief Peter 
Sharbot revived the Lawrence Reserve request with Indian Affairs Canada, stating that his band had 
been in occupation since 1849 (Document 500).  In 1896 Chief Sharbot provided a list of families, 
totaling 46 people (Document 514).  The Crown forwarded the matter to Ontario Department of 
Crown Lands with a request that the claim be investigated (Documents 503 and 512). Although 
Superintendent Thomson of Algonquin Park did visit Lawrence Township, “The report of the 
inspection by Superintendent Thomson was not made as he died before he could write a report” 
(1993:174).  Nevertheless, Crown Lands provided an account of the inspection (Document 522), 
which must have stemmed from comments Thompson made before he died.  This document is 
quoted at length below, because it provides information about potential for archaeological material 
of 19th century Algonquin settlement.  

“…Mr. Thomson visited the township in August last, that he did not find a single Indian settler in 
the township and the only attempt at clearing or settling which he found was a small 
improvement, if it could be called such, made by one Francois Antoine, which consisted of an 
attempt to clear up part of lots 3 and 4 in the 9th and 10th Cons. the nature of the work being 
roughly under brushing in the Indian style about 1½ acre.  He [Thomson] states that the nature of 
the land in the township is such that it is well adapted for settlement, the greater part of the 
township being fine, arable, rolling land, dipping to the east and south.  The soil is black loam and 
sand mixed, the timber beech, black and yellow birch, spruce and pine, the quantity of pine 
estimated to be some 45 million feet, which is scattered through the township.” 
“The township of Lawrence is situated upon the confines of Algonquin National Park, which as you 
know was reserved as a home for game of all descriptions, the intention being to preserve the 
beauty of the Park and to afford a harbour for the different wild animals, birds, etc. which are 
natives of this Province.  The formation of a settlement of Indians upon the borders of a territory 
of this kind would, in my opinion, be attended with great danger to the preservation of the game 
in the Park.  You know the predatory habits of these people, how they roam about, and how 
difficult it is to keep watch of their movements in the forest or get them to recognize a law which 
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applies to white people, with respect at the rate to the killing of game, should be made to apply to 
the Indian, who depends for his livelihood in a great measure upon what he can kill in the forest.  
There being such a large quantity of pine timber still growing in the township is another difficulty. 
The Department does not open to sale to white people lands upon which there is still a 
considerable quantity of pine timber growing, and where there is about 40 or 50 million feet of 
pine in a township, it would not be a proper thing to open it to indiscriminate settlement.” 
“It would appear from what Mr. Simpson says that there is a considerable number of Indians in 
the Township of Nightingale, some 32 individuals in all, many of whom have entered into 
possession of lots and made small clearings, and have been there for a considerable period.  I 
think it would be well that these people should be given to understand by your Department that 
they have no rights there, and that they must not expect that these lands will, as a matter of 
course, be allowed to them.” 

Undaunted, in 1896, Chief Sharbot suggested to Indian Affairs (Document 527) an alternate site in 
Sabine Township: “You will see by the enclosed letter that the Indians at Long Lake in Lawrence 
Township have located a place to live on away from Lawrence or Nightingale…” (Holmes, 1993, 
Document 528).  In 1897, in a letter to Agent Bennett, Chief Sharbot elaborated: 

 “In regard to the Reserve, which we are trying to get.  I might say that the land we wish to secure 
lies at the head of Hay Lake in the township of Sabine to the south west end of the lake, there are 
four families living there now, all with more or less clearance and there would be probably ten 
families altogether living there should that part of the township to be set aside for the purpose of 
a reserve. 

“Kindly let me know what further steps I should take in this matter.  We are all Algonquin’s. 
(Holmes, 1993, Document 534) 

Three weeks later, Chief Sharbot, in response to Bennett’s reply, sent another letter to Agent 
Bennett: 

“Yours of January 20th to hand and in reply beg to enclose you letter received from Dept. Crown 
Lands through Mr. Simpson Park Superintendent.  We also wish to say that we were not aware 
that the lands in question were not in the market and that there are at present four families of 
Indians living there all more or less clearance, while three more families are intending to locate 
there in the spring”. 

“The reasons we have for desiring this location are that it is in a country fifteen miles from the 
nearest railway and about seven or eight miles from the nearest white settlers who have been 
living in the same township for over eighteen years, the land is also well situated on the water 
ways being on Hay Lake which is emptied into Long Lake of the Madawaska River and also near 
the Mink Lakes tributary to the York Branch of the Madawaska.”  

“The pine is all cut off this part of the country and if you could induce the Indian Dpt. to grant us 
one fourth of this township for settlement we would be self-supporting and independent of 
government assistance in every way”. (Holmes, 1993, Document 535) 
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Agent Bennett’s superiors at Indian Affairs instructed him, in April 1897, to tell the “Indians of 
Sabine” to “go to Golden Lake Reserve” and in May, the exasperated agent had to inform head office 
that: 

“…the Indians at Sabine do not belong to Golden Lake Reserve, also there is no room for them on 
the Reserve…So there is no use in asking them to come to live on the Reserve. …If it is possible it 
would be better to get the reserve for them in Sabine. I understand that there are two parties, and 
that they are not agreed on the place to locate.  I think it would be advisable to send someone 
and call a meeting of all the Indians and find out the particulars and then report to govt.” 
(Holmes, 1993, Document 542). 

Indian Affairs duly sent Agent Bennett to meet with the Sabine band and report (Holmes, 1993, 
Document 546), which he did promptly, for he filed a report dated July 15 1897. Because of its 
relevance to archaeological potential Bennett’s letter report is cited, in full, below: 

“I visited the Indians at Sabine (who are Algonquins) as authorized by Department, and found 
three families settled on land bordering on Hay Lake in the Township of Sabine, and others and 
others waiting to settle on the proposed Reserve.  The names and ages of the Indians whom I 
found there are: 

 Mat Whiteduck  Aged  37  years wife and family 
 Amab Lavally   28  “ 
 Henry Macoose  35  “ 
 Exavier Levally   24  unmarried 
 Denis     “   29  “ 
 Lemab Sharbot  20  “ 
 Peter Sharbot   65  widower 
 Frank Sharbot   29  wife and family 
 William Levally  30  “ 
 Louis      “   50  widower 
 John     “   32  wife and family 

“Three families are living on land on Sabine with improvements made thereon the other Indians 
who are there but afraid to make any improvements until they are sure of the Reserve being set 
aside for them”. 

“The area of the Reserve they want is ten lots in width and seven in length, there is about 1500 
acres of a drownded [sic] marsh in the south east corner of the Township of Sabine, I think 
however, that 4000 acres would be sufficient for these Indians and would recommend that lots 1 
to 10 inclusive in con. 4-5-6-7 of the Township of Sabine be acquired for them.  This tract of land is 
not fit for settlement and I do not think it will be settled upon by white settlers.” (Holmes, 1993, 
Document 547) 

In 1893, these townships were incorporated into Algonquin Park and, in 1894, Peter Sharbot and 32 
Algonquin settlers were evicted (Allen 2007). Kidd (1948) recognized some of these Algonquin 
homestead remains at Rock Lake, during his excavations in 1939; however, Kidd’s interest was 
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primarily deposits of the pre-contact period.  Allen has carried out archaeological assessments at 
Franceways homestead at Rock Lake and elsewhere on the upper Madawaska. 

2.3 History of the NPD Property 

For most of the Historical Period, The Upper Ottawa Valley was uninhabited by Europeans, and 
visited only by traders, store keepers, and missionaries and, even less frequently, by military figures 
and explorers.  During the French Regime, the few traders and factors had a limited, structured, 
relationship with the local people, although there was evidently a steady trickle of interaction and 
cultural defection of Coureurs du Bois and Voyageurs into the local Anishinabe communities. 
European habitation and settlement continued to be restricted after the British Conquest and the 
policy respecting the sovereign land of various Indigenous peoples was “spelled out” in the 
Declaration of 1763.  Exceptions were made, however, for the migration of United Empire Loyalists 
and Six Nations into central and southwestern Ontario.  

However, everything changed because of the Napoleonic Wars (called the War of 1812 here and in 
the USA); when Ottawa Valley potash and pine suddenly became indispensable to the British.  After 
the Napoleonic Wars, despite the Declaration of 1763, many veterans were settled in Algonquin 
territory and many American immigrants and entrepreneurs followed.  By the 1820s the square 
timber was being cut on the Ottawa River tributary and depot farms and stopping places became 
established along the riverbanks above Pembroke.  Townships were surveyed everywhere and, 
although military veterans were a priority, there was a general increase in settler population in the 
first half of the century.  At first the development was along the river bank and the Ottawa River was 
the main highway for streamers, log rafts, canoes, and sleighs but later roads became more 
important.  In the 1850s, construction began on the Pembroke-Mattawan Road but it was impassable 
for wagons for months of the year. After Confederation the economy of the Upper Ottawa Valley 
shifted from square timber to saw logs and the settlement pattern moved inland along the surveyed 
roads.  

NPD is surrounded by three areas of historical importance; the first is its situation at the foot of the 
Rapides-des-Joachim, an island between courses of whitewater—like Morrisons Island in Pembroke 
and the Chaudiere at Le Breton Flats in Ottawa.  Historically, this island was (and still is) known as 
“Swisha” and it was first an Indigenous village and later became well known as a trading post. 
Secondly, NPD is located just upstream from Stewarts Point (Figure 3), a well-known sandy beach—
like Pointe aux Bapteme in Deep River and Sandy Hook in the Chats Lake reach—where a famous 
stopping place once stood.  The third important NPD historical feature is the Mattawan Road that 
originally ran through it.  The old Mattawan roadway follows the modern road allowance to the east 
side of the plant and then it angled up the hill, along a route similar to the modern entrance road, 
and joined what is now Highway 17 (Figures 8 and 9).  

There is an old river road from the west side of the plant that continues parallel to the river until it 
meets Highway 635 (the Swisha Road).  This old river road also runs through a former clearing where 
it intersects a smaller trail that turns south and goes straight up the hillside to intersect modern 
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Highway 17 at a former hamlet known as “Five Oaks”.  The old bush road, however, is historical for it 
may have been an early short cut route that avoided some of the tortuous Swisha Road. 

NPD History 

[Note: the following historical account was researched and prepared by Sandra Kingsmith and is 
presented below as received.] 

This report concerns the following lands in Rolph Township, Renfrew County: 

Lot 41 Range A   128 acres 
   “  41     “      B     39    “ 
   “  42     “      A                     135    “ 
   “  42     “      B     26     “ 
   “  43     “      A   118    “ 
   “  43     “      B     46    “  
   “  44     “      A         72    “ 
   “  44     “      B   123   “ 
   “  45     “      B   159   “ 
Part of Town Plot Reserve             556   “   
Total Acreage                                1402    “ 

[Note: this is larger than actual NPD acreage of 952 A because it includes parts of lots 41, 42, and 45 
that are not part of NPD.  It also does not consider that part of lot 48 Range A]. 

It is arranged by decade with information mostly from Land Titles Abstracts, Census records, property 
assessment rolls, and the original Survey Map of Rolph Township.  The following definitions will be 
helpful: 

Location ticket: the affidavit sworn by a person (called the locatee) who wished to acquire a 
particular piece of land from the Crown as a Free Land Grant. He was to swear that he was over 18 
years of age and wanted the land for cultivation, not its minerals or pine trees.  He then had to meet 
the imposed settlement duties:  clear and cultivate 12 acres, build a house 18’ x 24’, and live there 
for at least 4 years.  Then he could apply for legal title.  See the definition for “Patent”. 

Patent: a “Letters Patent” which transfers full ownership of a property or of a property from part   
the government or Crown to an individual or private corporation or company. 

Significant dates: 
1854 – Mattawa Road surveyed, constructed soon after. 
1855 – Rolph Township founded.  

1856 Survey by Robert Hamilton, Provincial Land Surveyor   
• A clearing, approximately 15 acres, labelled “John Moore” straddles the boundary between 

Lots 40 and 41 Range A. 
• The name “John Moore” is written on the Ottawa River at the boundary of Lots 40 and 41 

Range B, near present day Stewart Point.  
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• A clearing, approximately 25 acres, labelled “E. Sullivan” straddles the boundary between 
the southwest end of Lot 43 Range A and several adjoining lots. 

• On Lot 43 Range B, there is a road running from the Mattawa Road to the Ottawa River. 
• A road passes through Lot 44 Range A, from the Mattawa Road to a clearing outside our 

area of interest. 
• A clearing, approximately 20 acres straddles the Mattawa Road, between Lots 44 Range A 

and B. 

1860  
Lots 41, 42 Range A and B owned by the Crown, occupied by John Moore Sr. 
Lots 43           “          “             “         the Crown, occupied by Florence Sullivan.  
Lots 44           “          “              “        the Crown, occupied by John Moore Sr.                     
Lot 45 Range B owned by the Crown. 
Part of Town Lot Reserve owned by the Crown. 

1860—Lots 43 Range A and B, Florence Sullivan and wife sell both lots to Hector McKenzie for $750.  
(Note that the Sullivan’s don’t actually own this land. Presumably they are selling the 
“improvements” – land cleared and buildings.) 
1861—Lot 43 Range A is patented by Hector McKenzie. 
1862—Lot 43 Range B is patented by Hector McKenzie. 

1861 Census 
Probably on Lot 41 Range 
John Moore Sr., lumberer, with wife, 10 children, and 1 servant are living in a one-storey log house. 

1870 
Lots 41, 42 Range A and B owned by the Crown, partly cleared and probably occupied by John Moore 
Sr. 
Lots 43 Range A and B owned by Philemon Evans. 
Lots 44      “          “           “         the Crown, partly cleared by John Moore Sr. 
Lot 45 Range B                  “        the Crown. 
Part of Town Plot Reserve owned by the Crown. 

1871 Census of Canada 
Probably on Lot 41 Range A (by 1891, the family has an 11 room log house on this land). 
John Moore Sr., lumberer, and wife, with a household totaling 18 people: 13 children, 4 workers, and 
a school teacher. Two of his sons are also lumbermen.                                     
His oldest son John Jr. is recorded with a wife and child in a separate census entry. (He patented Lots 
39 Range A and B in 1880) Probably on Lot 43 Range A and B                                                                                      
Philemon Evans, farmer, with wife, no children.  
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Changes   
1871 - Lot 45 Range B-- William Brock receives a Location Ticket.  

1872 - Lots 41, 42, and 44 Range A and B are patented by John Moore Sr.  These lands were bought 
and sold between family members, mortgaged, and the mortgages repaid, until 1889, when John 
Moore died.   

1875 - Lots 43 Range A and B were sold by Philemon Evans and wife to the Canada Land Credit 
Company for $1000.   

1876 - Lot 45 Range B - George Carr received a Location Ticket. Brock (see above) must have 
abandoned the land.  Affidavits sworn by two of Carr’s neighbors, supporting his application, stated 
that George Carr was head of a family, with a son and a daughter.  

1880 
Lots 41, 42 Range A and B owned by John Moore Sr. 
Lots 43            “           “             “        Philemon Evans. 
Lots 44            “           “             “        John Moore Sr. 
Lot 45 Range B                           “        the Crown, George Carr had “located” here in 1876. 
Part of Town Plot Reserve          “        the Crown. 

1881 Census of Canada 
Probably on Lot 41, 42 Range A and B  
John Moore, 64, lumberer, with wife, 3 children of his own, and 7 others (potentially grandchildren) 
(by 1891 they have an 11 room log house on this land). 
Sons John Jr., Alexander, and Isaac live nearby but it is not possible to tell whether or not they are 
within the area of interest.  John Jr. probably lives on Lot 39 Range B which he patented in 1880. 
Lots 43 Range A and B—Philamon Evans 40, farmer, with wife, 2 children, his brother and sister-in-
law.  
Lots 44 Range A and B--possibly occupied by John Sr. offspring. 
Lot 45 Range B—George Carr, 31, farmer, with wife and 5 children, possibly 1 servant. 

Changes 
1886 - Lot 45 Range B   patented by George Carr. 
1889 -     “        “        sold by George Carr & wife to John Moore Sr. for $100. 

1889 - Death of John Moore Sr. 

1890 
Lots 41, 42 Range A and B owned by John Moore Sr.  
Lots 43           “           “            “         Philemon Evans. 
Lots 44           “           “            “         John Moore Sr.  
Lot 45    Range B                      “         John Moore Sr. 
Part of Town Plot Reserve          “       the Crown.  
1891 Census of Canada 
Lots 41, 42 Range A and B  
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Almira Moore, farmer, widow, with 4 granddaughters, and two grandsons whose occupations are 
shantyman and logger. In a 1 story, 11 room wooden house.  
Five other grown sons and their families live nearby, but it is not possible to tell where. 
Son John Jr. probably lives on Lots 39 A and B which he patented in 1880. 

Lots 43 Range A and B 
Philemon Evans farmer, with wife, a brother and sister-in-law, their 3 children, and 3 workers in a 
one and a half story, 6 room, wooden house. 

Changes 

1891-95 -  Lots 41,42 Range A and B - These and other land totaling 450 acres are sold between the 
widow Almira Moore and family members, mortgaged, mortgages repaid, etc. until 1895 when Mary 
Moore (this could be either John Jr’s sister or his wife) and John Moore Jr. sold to Mary S Dunlop, 
widow, and Cornelius Chapman. 

1892 - Lot 45 Range B - Elmira Moore, widow, executrix of will of late John Moore, the elder, sells to 
Thomas Deacon for $1. 

1898 - Lot 45 Range B - Thomas Deacon and wife sell to Robert Miller for $100. 

1898 - Lots 44 Range A and B - Elmira Giroux, (formerly Elmira Moore) now wife of Joseph Giroux 
sold to Rebecca Moore, wife of Alexander Moore for $150. 

1900 
Lots 41, 42 Range A and B owned by Cornelius Chapman and Mary S. Dunlop (widow). 
Lots 43, Range A and B owned by Philemon Evans. 
Lots 44               “                 “       Rebecca Moore, wife of Alexander Moore. 
Lot 45 Range B                     “       Robert Miller. 
Part of Town Plot Reserve      “       the Crown. 

1900 – Lot 45 Range B – Robert Miller sold to Andrew Gregoire “reserving 10 acres off the SW end”. 

1901 Census of Canada, sch. 1 and 2 
Lots 41, 42 Range A and B - leased by John Moore Jr., lumberer, a widower with 4 children.  They 
have an eleven room wooden house and 4 barns.  
Lots 43 Range A and B – owned by Philemon Evans 57, farmer, with wife, his brother and sister-in-
law, their 2 children, and 2 workers, in a one and a half story, 6 room wooden house. 
Lots 44 Range A and B - occupied by Benjamin Moore, (probably son of late John Moore Sr. He has a 
wife, 7 children, and a boarder.  They have a 5 room wooden house and 5 barns. 
Lot 44 Range A also has a school, with 3 barns, on one acre, with one room, and 24 students. 

1901 - Lots 41, 42 Range A and B - sold by Elmira Giroux (formerly wife of John Moore) to Rebecca 
Moore, wife of Alexander Moore. 

1902 - Lots 43 Range A and B - It seems that Philemon Evans defaulted on a mortgage he had taken 
out with the Can. L & N Inv. Co. in 1875.  They then sold the land to Thomas B. Marion for $100. 
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1903 - Lot 45 Range B - Gregoire gave up the land to Thomas Marion and Co. who held a mortgage on 
it.  

1906 - Part of Town Plot Reserve patented by Finlay Watt.   

1910  
Lots 41, 42 Range A and B owned by Cornelius Chapman.    
Lots 43                     “                “        Thomas B. Marion. 
Lots 44                     “                “        Rebecca Moore, wife of Alexander Moore. 
Lot   45 Range B       “               “       Thomas B.  Marion. 
Part of Town Plot Reserve         “        Finlay Watt  

Changes 

1911 - Lots 41 Range A and B are sold by Cornelius Chapman and wife to Richard M Stewart. 

1911 - Lots 42 Range A and B are sold to Richard Stewart. 

1918 - part of Lot 45 Range B (10 acres on the SW end) Isaac Moore made a will, leaving it to his wife 
(This was separated from the rest of the lot in 1900). 

1911 Census of Canada and 1911 Assessment Roll for Rolph Township 
NOTE:  the 1911 Assessment does not differentiate between buildings of no value and no buildings 
present. 

Richard Stewart, lumberman, freeholder, resident: 
Lot 41 Range A - total 128 acres, 28 cleared 100 wooded. 
Lot 42 Range A      “     138    “        8     “     138 wooded. 
He had a wife, 8 children, and a boarder. 
Total value of buildings $550. 

Thomas Marion, merchant, freeholder, non-resident: 
Lot 43 Range A - total 166 acres—100 wooded, 39 slash, 36 swamp. 
Lot 43 Range B – total   30     “        30   “ 
Pt Lot 45 Range B – total 10 acres cleared. 
Total value of buildings $0  

Alexander Moore, farmer, freeholder, resident: 
Lot 44 Range A – total 123 acres---12 cleared, 111 wooded. 
Lot 44 Range B- total 59 acres---5 cleared, 45 wooded.  Total value of buildings $550. 
He had a wife and 6 children. 

Frank Mireaux, labourer, resident: 
Lot 45 Range B – total 50 acres—50 wooded, 50 slash, 50 swamp 
Value of buildings $0 (The Carr’s lived on this lot for a short time before they sold it to John Moore Sr. 
in 1889, so if there were buildings they would have probably been in bad shape.  
9 residents, including 5 children.  
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Garfield John Moore, farmer’s son, resident (possibly son of John Jr.): 
Lot 45 Range B—no other information. 
He is living alone, listed separately from the Mireaux family above. 
Joseph Giroux, freeholder, farmer, resident: 
Part of Township Plot Reserve – total 25 acres, all cleared. 
Total value of buildings $0. 
He had a wife, no children. 

Finlay Watt, freeholder, non-resident: 
Part of Township Plot Reserve – total 600 acres, all wooded. 
Total value of buildings $0. 

1920 
Lots 41 Range A and B owned by Richard Stewart. 
   “    42     “          “           “               “            “ 
   “    43     “          “           “          Thomas B. Marion.  
   “    44     “          “           “          Rebecca Moore, wife of Alexander Moore. 
   “    45 Range B               “         Thomas B. Marion.  
Part of Town Plot Reserve ”      Finlay Watt.   

From 1920 on. 
1943-1960 – Hydro Electric Power Commission of Ontario purchased all of:  
Lot 43 Range A and B 
Lot 44 Range B  
Lot45RangeB  
Part of Township Reserve Plot 
And part of:  Lots 41 Range A and B 
Lots 42 Range A and B 
Lot 44 

1945 - The dam was built at Rolphton. 

1950 - Power was first produced. 

1956 - Construction of NPD was commenced, a joint venture of Ontario Hydro, Canadian General 
Electric, A.E.C.L., and the Province of Ontario. 

1960 – Rolf Township closed road allowances on the following lots and sold the land to Hydro:  
Lot 43 Range B Lot 44 Range B 
Lot 45 Range B  
Part of Township Reserve Plot 

1961 – Construction of NPD was completed  

1962 -1987 – N.P.D.S. operated 
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1989 – Hydro transferred all its land to A.E.C.L. except for Part of Township Reserve Plot, where it 
transferred only 367 of 556 acres. 

Summary 

In 1854 when Robert Hamilton surveyed Rolph Township, there was already activity there. John 
Moore Sr. was the major land owner early on.  By the time of his death in 1889 he owned half of the 
lots in NPD and others outside it, as well as a Timber Limit downstream of Stewart Point.  His sons 
also owned land and some of their descendants still live in the general area.  After his death these 
holdings were gradually sold off, some to family members. In the early twentieth century, Thomas 
Marion, merchant, and his wife, trading under the name Thomas Marion and Co., held mortgages in 
the area and owned four lots.  They don’t seem to have lived on any of them.  

All the land was pretty rugged; there was not much farming.  In 1875, the Timber Limits in the area 
belonged to J. Sneddon.  According to the 1911 Assessment roll for Rolph Township it was still mostly 
wooded, with some “slashland” and swamp.  Of a total of 1402 acres, only 88 were cleared in 1911. 
There seems to have been as much logging as farming.  In 1915 the Stewarts sold timber from their 
land (potentially Lots 42 A & B and Lot 4). 

In 1928, the 556 acres of Part of Town Plot Reserve, which was wooded in 1911, was sold to the 
Chapeau Lumber Co., part of a deal involving “other lands with plant machinery and chattels, etc. 
etc.” but there is no indication there was ever a mill on the site.  It shines a light on the economy of 
the 20’s/30’s when we see that the deal just mentioned in 1928 was for $44,777, then in 1937 the 
land was sold for unpaid taxes amounting to $151.38. 

A local resident, Laura Sneddon, who grew up in the 1930’s at Stewart Point, just downstream from 
Lot 41 B, remembers the area as “rocky, sandy, mostly wooded”, no houses or old foundations, no 
docks, or remains of docks along the shore “between Stewart Point and Swisha”.  There was a big 
dock at Stewart Point, but that is outside the area of interest.  There was better land on the “other” 
(i.e., East) side of present-day Highway 17.  It’s interesting to note, this is where all the clearings were 
on the 1856 map.  The local Timber Limit belonged to Hurley.  She also recalls the community of Five 
Oaks.  During her childhood, it consisted of a store and a gas station.  It disappeared in the 1960’s, 
about the time Hydro took over land around there.  It might have been on the 10 acres of Lot 45 B 
that is West of the present-day highway. 

3.0 Archaeological Context 

This section considers the known and recorded archaeological sites in the immediate vicinity of the 
study area as well as previous research and a discussion of the early postglacial period in the Ottawa 
Valley.  

3.1 Known and Recorded Sites in the Upper Ottawa Valley 

There are only a few areas in the Upper Ottawa Valley alley where Pre-Contact period archaeological 
sites are known to be concentrated.  These are briefly mentioned below.  



27 
 

The Allumette Lake sites were discovered and documented primarily by Clyde Kennedy over 30 years 
ago (Kennedy 1962; 1965; 1966).  They are located on the banks of Morrison and Allumette Islands 
and span the cultural time periods from Middle to Late (Laurentian) Archaic, through the Middle 
Woodland, to the Late Woodland—a span of over 5,000 years.  Of particular interest and importance 
were the Archaic burials, with their elaborate grave goods of native copper, and other exotic 
materials.  The till ridge that makes up part of Atwater Phase 3 is at similar elevation and height 
above the modern water as Allumette Island (Swayze 2007). Clyde Kennedy has observed that the 
archaic archaeological deposits are found 20 feet or so above modern water level (Kennedy 1976). 

The Wilbur Lake catena, centring on the Kant site (BjGg-l), has attracted the attention of 
archaeologists for over 80 years beginning with Wintemberg (1917a, b) and later Emerson (1949) and 
Pendergast (1957).  However, the most comprehensive research on the Kant-related sites was 
carried out by Barry Mitchell (1987; 1988; 1989; 1990; 1991).  Although primarily of the Middle 
Woodland cultural period, the Wilbur Lake deposits span five millennia from Late Archaic to Late 
Woodland. 

The suite of sites discovered and documented at Mud Lake, in the Muskrat River Basin, are a result of 
the research of Robertson and Croft (1971; 1973; 1974; 1975) and Croft (1986). Once again, these 
sites span the last 5,000 years, although a Middle Woodland manifestation predominates. 

The ‘small sites’ reported by Mitchell (et al. 1970) consist of 13 small deposits found along the upper 
Petawawa River (including Travers Lake and Montgomery Lake), date from Archaic to Historic.  At the 
same time that Mitchell was conducting the Petawawa River small sites survey, Hurley and Kenyon 
(1970) were locating and testing sites on Grand Lake, at the headwaters of the Indian River.  Kennedy 
also conducted survey on Grand Lake. Later, Mitchell excavated at the Montgomery Lake site—as did 
Kennedy, independently—which is in CFB Petawawa (Kennett 1999). 

J-Andersen (1995) provides a review of the studies from Round Lake (Ballantine 1982), the upper 
Madawaska River (Wright 1977), Basin Lake (Ross 1975), and Highland Lake (von Gernet 1991).  
Some other ‘inland’ sites include: an isolated find reported by Swayze (n.d.) near the Snake River 
Marsh, and a small campsite near a first order stream in Bromley Twp. (ibid.), and three similar finds 
reported by Croft (1986; 1987a,b). Kennedy (1965) also reports small sites on the Bonnechere River, 
near the Fourth Chute, below Eganville. 

The Cotnam Island site BkGg-1 is a small, heavily impacted, Middle Woodland site on the shore of 
Lost Channel (Swayze 1996a,b).  A local history of Cotnam Island (Sexsmith 1990:3) reports that 
arrowheads and a ground stone adze were discovered in a garden on lower Allumette Lake in the 
1960’s and although Clyde Kennedy, a local avocational archaeologist, wished to investigate, 
permission to excavate was not extended. Sexsmith (ibid.) and David Croft, a local avocational 
archaeologist, both report Upper Canada coins from the Becketts Rapids  area and Croft also reports 
that ground stone tools were found on the shore of Hazley Bay.  Wintemberg (1917a,b) mentions 
artifacts from Peter White’s farm, now part of City of Pembroke. 
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Kennedy (1976) has noted that, in the upper valley, Late Archaic sites on the Ottawa River shoreline, 
such as Morrisons Island, are located about 5 m (25 feet) above the modern water level and Middle 
Archaic sites, such as Allumettes Island, are on still higher relic shorelines. 

3.2 Historic Plaques and Archaeological Sites in the NPD Area 

3.2.1 Historical Plaques 

There is a Historic Plaque on the highway near Rolphton overlooking the dam that was erected by the 
Ontario Heritage Foundation, an agency of the Government of Ontario, to celebrate the NPD 
achievement.  It has been quoted in full in the introduction. 

3.2.2 Archaeological Sites in the NPD Vicinity  

Charles Borden (1952) designed a site registration system that is used throughout Canada.  A 
“Borden Block” is a co-ordinate system that uses upper and lower case letters and is ten degrees 
latitude (long) by ten degrees longitude (wide).  Canadian archaeologists refer to “Borden Blocks” 
and “Borden Numbers” and “Bordenize” sites when they register them.  Sites within a Borden Block 
are numbered sequentially. NPD is in the CbGj and CbGk Borden Blocks.  

The Meilleur Bay site is the only known site on the Ontario side of the CbGj block.  The Meilleur Bay 
(CbGj-3) site was excavated by Clyde Kennedy in 1957 but not reported until 1964: 

The main archaeological work during the 1964 season was to have been devoted to excavation of the 
Meilleur Bay site, a possible Palaeo-Indian site.  Two projectile points, flint flakes, broken quartz, and 
bits of calcined bone were found at the MB1 site when several squares were excavated in 1957. 
Material from the site was examined by T. E. Lee, then of the National Museum of Canada. 

Just as first work got underway at MB, The Ontario Department of Highways established a picnic area 
adjacent to the site.  As excavations could be carried out only in the evenings and on weekends, 
there was no way of protecting an open site from the numerous tourists who stopped to picnic.  The 
Dept. of Highways indicated it intended to abandon this picnic area and to establish a new one across 
the bay.  Therefore, it was decided to postpone further excavations until this change has been made. 

Squares excavated at MB1 in 1964 yielded only a few flint flakes. (Kennedy 1964:1-2) 

The 1964 report has only ink outline drawings of two projectile points; the first is a lanceolate, 95 
mm long, 25 mm wide, and 8 mm thick.  It is slightly asymmetric (left lateral is nearly straight, the 
right is convex) and has a lenticular cross section, and a straight base with a slightly stemmed.  A note 
states the base is “thinned”.  The second point is also 95 mm long but it has straight laterals that 
converge at the tip.  This piece has a bulbous cross section and it is noted that the base is “thick”. 
Another notes, the flaking is distinctive.  

The consultant notes that the Meilleur Bay site is on a modern river shore, only 5 m (25 feet) above 
the modern water line.  As such, it could be no older than early late Archaic in age, a fact that Clyde 
acknowledged in later reports.  The radiocarbon date of 4365 +/- 85 (S-900), which is provided in the 
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Borden Form, seems appropriate.  Although it is not stated on the Borden form, the collection is 
curated at the Museum of History in Gatineau QC. 

According to the Ministry of Culture site database, Borden numbers (CbGj-4 through CbGj-8) have 
been “taken out by M. Kevill for data correction”.  

There are two registered archaeological sites on the Quebec side of the Borden block: Boom Creek 
(CbGj-1) and Fraser Bay (CbGj-2).  Boom Creek, both recorded by Barry Mitchell (1984) is located on 
the Ottawa River shore opposite NPD and is said to contain Late Archaic, Middle Woodland, and 
Euro-Canadian archaeological material from a 1963 collection and a 1983 collection.  The Fraser Bay 
site, also recorded by Mitchell (1984), is a Middle Woodland and Euro-Canadian site. Mitchell’s 
artifact collections are held at the Museum of History in Gatineau (Old System VIII-E accession 1323). 

There are no sites registered in CbGk on the Ontario side and only one, called Postes des Rapides-
des-Joachim, on the Quebec side.  This trading post, registered by Linda Lorrain in 1978 in a report 
titled “Les fortes de l’Outaouais”, is said to have archaeological material spanning the 19th century.  It 
should be pointed out that, as a fur trade post deposit, the artifact collections from this site would 
relate to the local Indigenous community, despite the European origin of the material.  The location 
and disposition of this collection is unknown. 

3.3 Surficial Geology and Soils 

The following account references the dates of geological episodes to cultural time periods in order to 
underline the effect these processes had upon the relative attractiveness of the property for human 
use, either for habitation or specific resource exploitation activities.  The cultural periods referred to, 
and their approximate dates before present (BP) are: Palaeo-Indian 11,500-10,000 BP; Early Archaic 
10,000-6,000 BP; Middle Archaic 6,000-4,500 BP; Late Archaic 4,500-2,500 BP; Woodland 2,500 BP-
1,600 AD and Historic 1600-1900 AD.  The consultant refers to a chronological framework established 
by Chapman 1975; and Lewis and Anderson 1989. Dates are expressed here as either ‘years ago’, or 
‘BP’, which means Before Present (the ‘present’ being 1950 AD.) 

The most significant and dramatic effect of deglaciation, in eastern Ontario, was the creation of the 
Champlain Sea, which existed for almost two millennia and its recession, through a series of fluvial 
lakes, for another millennium (Figure 10). Beginning about 12,700 BP the entire St. Lawrence 
Lowlands was submerged under the Champlain Sea (Gilbert 1994:6).  The maximum extent of the 
Champlain Sea has been radiocarbon dated (from shells) to 11,400 BP, at 170 m a.s.l. near Shawville, 
and to 11,000, at 160 m near Martindale in the Gatineau Valley—dates are approximate—and at 
Almonte and Rigaud, the high water level has been dated, to 11,200 BP, at 154 m, and 160 m a.s.l., 
respectively (Fulton and Richard (1987: Table 7).  Thus, the period of maximum extent of the 
Champlain Sea corresponded with the Palaeo-Indian period. Over the next millennium the delta of an 
enormous river prograded down the Ottawa Valley from Petawawa to Hawksbury.  But then, as the 
sea level rose, the land rebounded from the weight of the ice-sheet until, by 10,000 BP—Late Palaeo-
Indian/Early Archaic—the Ancestral Ottawa River flowed into a riverine/lacustrine body of water 
called Lake Lampsilis.  This post-glacial lake was still much higher than the Ottawa River today. 



30 
 

According to Fulton and Richard (1987:25) the level of this body of water was still as high as 94 m 
a.s.l. at Deschênes in 10,100 BP. It has been dated from three locations in the Ottawa vicinity to 
between 7,870 BP and 8,830 BP at 60 to 70 m a.s.l. (Fulton and Richard 1987:26, Table 7). 

During the Palaeo-Indian and Early Archaic periods, the entire Upper Great Lakes, and northern 
Ontario and northern Québec, drained through the Ottawa Valley, first debouching solely through 
the Barron and Petawawa Rivers, and later also via the North Bay/Mattawa route.  The volume of 
water through the Ottawa system was enormous—almost inconceivable—relative to today.  This 
gargantuan flow was compounded at intervals, between 10,800-10,000 BP and again between 9,500-
8,000 BP, by  ‘slugs’ of floodwater from post-glacial Lake Agassiz, which then occupied much of the 
prairie provinces (Teller 1988).  These ‘slugs’, with additional volumes of 500 km3 to 4,000 km3, 
would obviously have been of catastrophic in nature, and would have affected the habitability of the 
shorelines of the recessional stages of the Champlain Sea and the Ancestral Ottawa River.  Lewis and 
Anderson (1989) have estimated that the flow of the Ancestral Ottawa River during one of these 
slugs was 200,000 m3/s, or 200 times the average flow today.  The floodwaters almost certainly had 
an effect upon the archaeological record of low lying areas, scouring some away, and deeply burying 
others.  

After about 8,000 BP (in Middle Archaic times) post-glacial Lakes Agassiz and Barlow-Ojibway ceased 
to support recessional Lake Lampsilis in the Ottawa drainage basin but the upper Great Lakes still 
contributed to the flow of the Ancestral Ottawa, until about 5,500, when two other outlets also 
began to drain them to the south.  After the flow over the Nipissing-Mattawa threshold ceased, 
about 4,700 BP, the modern continental drainages—and environment—became established (Fulton 
and Richard 1987:28).  

Given that NPD is a short distance and only a few metres higher than Chalk River Laboratories (CRL), 
the graph of former river levels is appropriate.  In Figure 11 the river level graph (Catto et al 1982) 
shows time in radiocarbon years on the x axis and metres above sea level on the y axis. Here, the 
graph has been annotated in red type to indicate the consultant’s interpretation of the time periods 
from the Prophecy of the Seven Fires wampum belt.  Cultural Periods have been added, in black type 
along the x axis.  

Seven of the successive river levels have been highlighted by colour to match the scheme used in 
Figure 12, the archaeological predictive model based on this graph.  In Figures 11 and 12 the 
Champlain Sea maximum, from 180 to over 200 m elevation, is shown in red, orange and vertical red 
and orange lines.  This period, between 10,800 and 10,000 B.P., is usually referred to as the “Palaeo-
Indian” cultural period but in the Ottawa-Nipissing basin the consultant has found that the Gulf of 
Maine Archaic tradition is the cultural affiliation that best suits the expedient country stone 
technology that characterizes every early postglacial relic shoreline.  This is the time of the First and 
Second Fires, when people first inhabited the fossil islands that make up “Turtle Island”.  These early 
postglacial people inhabited a maritime-littoral environment, like an extension of the Labrador coast, 
and they relied on sea mammals, pelagic fish, rafts of water fowl, and herds of caribou, calving in the 
tundra-parkland between the river and the ice front.  Like other northern maritime cultures, their 
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weapons included composite-bladed tools and a variety of points made from (perishable) bone, 
antler, and ivory.  This mode of life contrasts with the prevailing view (more characteristic of 
southeastern North America and the Plains) of highly mobile Palaeo-Indian big-game hunters who 
relied on exotic chert obtained in long distance trade to make special diagnostic projectile points.  

The Early Archaic cultural period was heralded by a sudden plunge in water level during the five-
century long (10,100-9,600 B.P.).  This Ottawa Marquette Low stand, at 150 m elevation, is shown in 
brown and brown and red vertical lines.  The rebounding high stand at 170 m, due to the Early 
Mattawa Flood event, is shown in yellow and light green vertical stripes.  The Early Mattawa Base 
Flow, at 159 m, which lasted a thousand years, is shown in light green and light green and brown 
vertical stripes.  These Early Archaic manifestations graded into Mattawa Base Flow levels, during the 
Middle Archaic cultural period, which persisted between 140 m and 130 m elevation for several 
millennia, are shown in dark blue and blue vertical stripes.  Like the older shores, the Middle Archaic 
in the Upper Valley is an expression of the Gulf of Maine Archaic tradition.  The modern shoreline, 
which has been habitable since the Late Archaic and through the Woodland and Historical Periods 
(five thousand to 200 years ago) is shown in light blue.  The modern shoreline includes the drainage 
basin of a small stream and wetland system in the Town Plot and the periphery of several small 
ponds, at various elevations. 

The bedrock of the NPD site and the Rolphton-Swisha vicinity consists of migmatetic rocks and 
gneisses of undetermined protolith; including layered biotite gneiss and, locally, quartzofeldspathic 
varieties of pegmatite occur. (OGS Map 2544 No. 38). Migmatite is a mixture of metamorphic rock 
and igneous rock created when gneiss partially remelts and recrystallizes as igneous rock.  It is 
characteristically folded, layered, and occurs in dykes and veins. Quartzofeldspathic rock is an 
igneous rock composed of large grains of quartz and feldspar.  Because these minerals are very hard, 
quartzofeldspathic material was often selected by ancient hunter-gatherers for use as tools. 

4.0 Analysis and Conclusion 

According to the Standards and Guidelines for Consultant Archaeologists (OMTCS 2011), there are a 
number of factors that can contribute to the archaeological discovery potential of a study area.  
These include proximity to known, or recorded, archaeological sites; proximity to major or minor 
water sources; proximity to former water bodies; presence of sandy soils suitable for indigenous 
methods of agriculture; presence of high ground suitable for lookouts; and existence of historical 
records indicating past habitation or land use. 

Given that there are no planned impacts to the NPD property, the consultant did not carry out an 
official “property inspection” but, on November 9 2016, he was taken on a tour of the property by 
the NPD Operations Manager (Meggan Vickerd), of CNL, to become acquainted with the general 
nature of the terrain and to view evidence of deep and extensive previous disturbance caused by 
construction and operation of the nuclear power plant. 

The NPD property today consists of a shutdown nuclear power plant surrounded on the south and 
east by landscaped terraces where the training centre buildings and parking lots once stood (Figures 



32 
 

14 and 18b).  Figure 15a is an oblique aerial view of the plant about 1960 soon after construction was 
completed, which shows the training centre buildings, the administration building, and considerable 
soil surface disturbance on the south side of the plant.  Historical photographs of NPD under 
construction (Figures 15b, 15c and 16) clearly show that disturbance throughout the power plant 
grounds, including the river shore, was deep and extensive.  Although most of the disturbed area 
occurs around the former power plant, there is a small mound of construction fill (from the 
excavation of the nuclear power plant) about 300 m west along the river road (Figure 5 and 18a).  
This small dump is on the north side of river road at its junction with the bush road up to the 
highway.  It lies adjacent a former clearing that predates NPD construction (see Figures 9 and 7). 

With a total area of approximately 385 ha, NPD property is situated 3 km east of Rolphton and lies 
mostly on the lower north side of Highway 17, although parts of lots 42 and 43 are on the south side 
of the highway at the property’s height of land (Figures 2 and 5).  The terrain has 95 m relief, from 
about 115 m at the modern waterline, to over 205 m south of the highway (Figure 6).  The slopes are 
steep in most places, although there is an extensive area of lower terrain, consisting of rock knobs 
and muskeg, in the former Town Plot in the northwest part of NPD. This drainage system rises on the 
north side of the highway, west of the plant and empties into the Ottawa River near a small sandy 
point called “Hydro Beach” by local people (Figure 7) because it was frequented by employees of that 
department. According to local resident Pat Stewart, there are rock stairs down to the shore in this 
area.  There are several small isolated ponds across the property (Figure 20d), including one between 
the river and the historical clearing along River Road. Although the waterway itself is not part of NPD 
property, there is an interesting spring-fed pond in the northeast corner of NPD about 150 m inland 
from the river (Figures 19c and 19d).  Some time ago the spring outflow was dredged into a canal 
that leads to the base of Stewarts Point.  In the consultant’s experience, sources of year-round 
potable water beside the main river shore were attractive places to camp in the past. Some 400 m 
above the springs is another isolated pond, which may have been a similar feature in the Middle 
Archaic.  The wetland terrain in the Town Plot would have been a complex kaleidoscope of islands 
and channels during the Middle Archaic period.  The land on both sides of the entrance road, 
between the plant and the highway, were active shorelines during the Early Archaic and Late Palaeo-
Indian periods.  The high terrain south of the highway were shorelines during the Champlain Sea 
maximum, during the Palaeo-Indian period. 

Given the location of NPD on Precambrian bedrock, the Ministry has made special conditions that 
apply to Pre-Contact archaeological potential evaluations. In most of Ontario, for instance, the 
terrain within 300 m of any feature of archaeological interest, such as a relic shoreline, is considered 
to have high archaeological potential and would require Stage 2 assessment if there were plans for 
construction.  Assessment normally is carried out at 5 m intervals for the first 300 m and at 10 m 
intervals thereafter.  The special conditions for northern and eastern Ontario recognizes only 150 m 
of archaeological potential from any area of archaeological interest—and only the first 50 m is 
considered to have high potential, requiring 5 m interval assessment, while the remainder of 99 m is 
considered of moderate archaeological potential and can be tested at 10 m intervals. 
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Given that Pre-Contact archaeological potential is predicted primarily by proximity to water (in 
particular to major shorelines that provide transportation corridors as well as biodiversity) and, given 
that every elevation of the NPD property was once an active river shoreline, it is now all one relic 
shoreline between 200 m and the modern waterline and, therefore, it all has archaeological 
potential.  Nevertheless, there are specific episodes, associated with specific elevations, and times of 
relative shoreline stasis—sometimes for millennia, sometimes a few centuries or generations—
where human activity would have been concentrated and artifacts more likely to be deposited.  The 
Pre-Contact archaeological predictive model for NPD, in (Figure 12), takes these longer-lived 
shorelines into account and maps them by highlighting the relative contour lines (200, 180, 170, 159, 
150, 140, and 130 m above sea level) in distinctive colours (respectively: red, orange, yellow, light 
green, brown, dark green, dark blue, and light blue).  Furthermore, in the NPD model the full 150 m 
width is considered to have high archaeological potential.  In addition, the areas in between each 150 
m wide relic shoreline buffer have been given moderate archaeological potential, instead of low 
potential as the standards allow.  According to the NPD model then, there is Pre-Contact 
archaeological potential everywhere—except where there has been deep and extensive disturbance 
during construction and operation of the plant.  In these respects, the NPD model is more rigorous 
than the Ministry of Culture standards and guidelines require. 

The red and orange shorelines represent the Pleistocene shorelines associated with the maximum 
extent of Champlain Sea. These Palaeo-Indian age shorelines are on the southern side of Highway 17, 
on the higher ground.  The Ottawa Marquette Low Stand, which occurred at the end of the Palaeo-
Indian period, can be found in an apron below the northern, lower, side of Highway 17.  The Early 
Archaic flood event occurred on the south side of Highway 17; while the Early Archaic shoreline at 
159 m is a wide band halfway down the hillside.  The Middle Archaic shorelines consist of a 
patchwork of fossil islands on the lower terrain.  

As the historical research presented above clearly shows, there were generations of settlers on the 
NPD property, raising families and constructing buildings.  Some of these cultural features may have 
been eradicated or disturbed by plant construction and operation but undoubtedly many features 
remain unrecognized.  Two historical maps (Figures 8 and 9) have been included which show cultural 
features and land tenure.  Historical archaeological potential is often predicted by a historical atlas 
that shows the location of buildings within a lot, or by considering the terrain for 100 m on either 
side of a historical road to have high historical archaeological potential.  The map of historical 
archaeological potential presented here (Figure 13) is based on the proximity to historical roads and 
it classifies all roads as historical—even parts of modern Highway 17 and Highway 635, for they may 
have followed the routes of earlier roads. 

In conclusion, although the plant itself has nil archaeological potential, there is high archaeological 
potential widely across the NPD property, for both historical farmstead sites, as well as Pre-Contact 
sites of every age. 
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5.0 Recommendations 

This assessment was not triggered by any construction plans, so there are no cultural resource 
management recommendations for the NPD Closure Project.  Should any construction be planned in 
the future, a further Stage 1&2 assessment would be in order. 

6.0 Advice on Compliance with Legislation 

Standards 
1. Advice on compliance with legislation is not part of the archaeological record.  However, for 

the benefit of the proponent and approval authority in the land use planning and 
development process, the report must include the standard statements: 

a) This report is submitted to the Minister of Tourism and Culture as a condition of licensing 
in accordance with Part VI of the Ontario Heritage Act, R.S.O. 1990, c0.18.  The report is 
reviewed to ensure that it complies with the standards and guidelines that are issued by 
the Minister, and that the archaeological fieldwork and report recommendations ensure 
the conservation, protection and preservation of the cultural heritage of Ontario.  When 
all matters relating to archaeological sites within the project area of a development 
proposal have been addressed to the satisfaction of the Ministry of Tourism and Culture, a 
letter will be issued by the ministry stating that there are no further concerns with regard 
to alterations to archaeological sites by the proposed development. 

b) It is an offence under Sections 48 and 69 of the Ontario Heritage Act for any party other 
than a licensed archaeologist to make any alteration to a known archaeological site or to 
remove any artifact or other physical evidence of past human use or activity from the site, 
until such time as a licensed archaeologist has completed archaeological fieldwork on the 
site, submitted a report to the Minister stating that the site has no further cultural 
heritage value or interest, and the report has been filed in the Ontario Public Register of 
Archaeological reports referred to in Section 65.1 of the Ontario Heritage Act. 

c) Should previously undocumented archaeological resources be discovered, they may be a 
new archaeological site and therefore subject to Section 48 (1) of the Ontario Heritage 
Act. The proponent or person discovering the archaeological resources must cease 
alteration of the site immediately and engage a licensed consultant archaeologist to carry 
out archaeological fieldwork, in compliance with sec. 48 (1) of the Ontario Heritage Act. 

d) The Cemeteries Act, R.S.O. 1990 c.C.4 and the Funeral, Burial and Cremation Services Act, 
2002, S.O. 2002,c.33 (when proclaimed in force) require that any person discovering 
human remains must notify the police or coroner and the Registrar of Cemeteries at the 
Ministry of Small Business and Consumer Services. 

2. Reports recommending further archaeological fieldwork or protection for one or more 
archaeological sites must include the following standard statement: “Archaeological sites 
recommended for further archaeological fieldwork or protection remain subject to Section 
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48(1) of the Ontario Heritage Act and may not be altered, or have artifacts removed from 
them, except by a person holding an archaeological licence.” 
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Figure 2: Geographic Localion ofNPD 
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Figure 4:-Photograph of the NPD historical plaque oear Rolphton 
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Figure 6:  Topographic map of NPD 5 m contour interval 
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Figure 18b: Looking southeast over area of former training facilities 

Figun; l8c: View of a reforested landfill on the southwest edge of (he pl a~ 
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Figure 20a: An active eagle nest overlooking the river, lot 44 

Figure 20e: -Looking north down low voltage transmission line corridor 

Figure 20: Photographs ofNPD, November 9 2016 
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Table 5.1-1-1: Project Interactions with Valued Components – Biophysical Environment and Human Health 

Project Phase Key Project Component/Activity(a) 

Atmospheric Environment Geologic and 
Hydrogeologic Environment Surface Water Environment Aquatic Environment Terrestrial 

Environment 

Ambient 
Radioactivity 

and Ecological 
Health 

Human Health 

Air Quality Greenhouse 
Gases Geology 

Groundwater 
Quantity and 

Quality 
Hydrology Surface Water 

Quality Fish Fish Habitat All VCs All VCs Worker Public 

Construction 

General activities for site preparation, 
construction of the ECM, WWTP, 
operations support facilities, and site 
infrastructure. 

  ●  ● ● ● ● ●(a)    

Blasting   ●   ● ● ● ●    
Vehicle traffic on-site (CRL and NSDF)   ●   ●   ●(a)    
Domestic waste (solid and liquid) 
management         ●    
Surface water management   ● ● ● ● ● ● ●    
Site Security         ●    

Operations 

Staged development, placement of 
waste in the ECM, and progressive 
closure of disposal cells and installation 
of interim cover 

            

Vehicle traffic on-site (CRL and NSDF)         ●    
Operation of the WWTP         ●    
Discharge of treated effluent    ● ● ● ● ● ●    
Domestic waste (solid and liquid) 
management         ●    
Surface water management   ●   ● ● ● ●    
General activities that require the use of 
vehicles and equipment (i.e., air 
emissions) 

  ●   ● ● ● ●    

Leachate generation and collection   ● ●  ● ● ● ●    
Sewage Management     ● ● ● ● ●    

Closure 

Surface water management   ●  ● ● ● ● ●    
Operation of the WWTP         ●    
Discharge of treated effluent    ● ● ●(a) ● ● ●    
Leachate generation and collection   ● ●  ● ● ● ● ● ● ● 
Installation of the final cover system, 
restoration and grading of the site   ●  ● ● ● ● ●    
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Table 5.1-1-1: Project Interactions with Valued Components – Biophysical Environment and Human Health 

Project Phase Key Project Component/Activity(a) 

Atmospheric Environment Geologic and 
Hydrogeologic Environment Surface Water Environment Aquatic Environment Terrestrial 

Environment 

Ambient 
Radioactivity 

and Ecological 
Health 

Human Health 

Air Quality Greenhouse 
Gases Geology 

Groundwater 
Quantity and 

Quality 
Hydrology Surface Water 

Quality Fish Fish Habitat All VCs All VCs Worker Public 

Post-closure 
Leachate generation       ● ● ●    
Landfill gas generation         ●    

Notes: 
(a) Some project activities have more than one effects pathway; consequently, there can be more than one type of project interaction. 

 – Primary Pathway; ● – Secondary Pathway or No Linkage; Blank cell – No interaction anticipated. 

Table 5.1-1-2: Project Interactions with Valued Components – Land and Resource Use and Socio-Economic Environment 

Project Phase Key Project Component/Activity 

Land and Resource Use Socio-economic Environment 

Land and 
Resource 
Tenures 

Outdoor Tourism 
and Recreation 

Archaeological 
Sites 

Traditional 
Land and 

Resource Use 
Labour 
Market 

Economic 
Development 

Government 
Finances 

Housing and 
Accommodations 

Services and 
Infrastructure Quality of Life Public Safety 

Construction Ground disturbance   ●         
Construction and 
Operations 

General construction and operations 
activities ● ●  ●        

All phases 

Employment of personnel, procurement 
of goods and services, and expenditures 
from the NSDF Project 

           
Use of services and infrastructure, and 
commercial accommodations for NSDF 
Project 

         ●  
Contributions to government finances 
through the payment of property taxes       ●     
Physical hazards associated with the 
NSDF Project            ● 

Notes: 

 – Primary Pathway; ● – Secondary Pathway or No Linkage; Blank cell – No interaction anticipated. 

 

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
SECTION 5.2 ATMOSPHERIC ENVIRONMENT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525   

 

APPENDIX 5.2-1 
Meteorology Assessment 
 



CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-1: METEOROLOGY ASSESSMENT 
REVISION 0 

March 17, 2017 
Project No. 1547525 

This page intentionally left blank 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-1: METEOROLOGY ASSESSMENT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 i  

 

Table of Contents 

1.0 INTRODUCTION............................................................................................................................................................. 1 

2.0 CLIMATE AND METEOROLOGICAL DATA SOURCES ............................................................................................... 2 

2.1 Climate Normals ................................................................................................................................................ 2 

2.2 Dispersion Meteorological Data Set .................................................................................................................. 3 

3.0 CLIMATE AND METEOROLOGY FOR THE NSDF PROJECT ..................................................................................... 4 

3.1 Temperature ...................................................................................................................................................... 4 

3.2 Relative Humidity ............................................................................................................................................... 7 

3.3 Precipitation ....................................................................................................................................................... 8 

3.4 Wind Speed and Direction ................................................................................................................................10 

3.5 Atmospheric Pressure ......................................................................................................................................15 

3.6 Solar Radiation .................................................................................................................................................16 

3.7 Mixing Height Summary ....................................................................................................................................17 

4.0 EXTREME WEATHER PHENOMENA ..........................................................................................................................20 

5.0 SUMMARY AND CONCLUSIONS ................................................................................................................................20 

6.0 REFERENCES ..............................................................................................................................................................21 

 
TABLES 
Table 1: Location of Climate Stations ............................................................................................................................. 2 

Table 2: Sources of Meteorological Data included in the MOECC Dispersion Meteorological Data Set ......................... 3 

Table 3: Monthly Temperature Distribution for the Chalk River AECL Climate Normals ................................................. 4 

Table 4: Monthly Temperature Distribution for the MOECC Dispersion Meteorology Data Set ...................................... 6 

Table 5: Monthly Temperature Distribution for the CNL On-Site Meteorological Station ................................................ 6 

Table 6: Monthly and Annual Average Relative Humidity from Ottawa Climate Normals ............................................... 7 

Table 7: Precipitation Summary for the MOECC Dispersion Meteorology Data Set ....................................................... 9 

Table 8: Monthly Wind MOECC Dispersion Meteorology Data Set compared to Ottawa Climate Normals ...................10 

Table 9: Monthly and Annual Average Atmospheric Pressure MOECC Dispersion Meteorology Data Set 
Compared to Ottawa Climate Normals ............................................................................................................15 

Table 10: Daily Solar Radiation .......................................................................................................................................16 

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-1: METEOROLOGY ASSESSMENT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 ii  

 

FIGURES 
Figure 1: Monthly Temperature Distribution for the MOECC Dispersion Meteorology Data Set Compared to 

Chalk River AECL Climate Normals .................................................................................................................. 5 

Figure 2: Precipitation Comparison between the MOECC Data Set and Chalk River AECL Precipitation Normals ......... 8 

Figure 3: Annual and Seasonal Wind-roses for the MOECC Dispersion Meteorology Data Set .....................................12 

Figure 4: Annual and Seasonal Wind-roses for the CNL On-Site Station Data ...............................................................13 

Figure 5: Daytime and Nighttime Wind-roses for the MOECC Dispersion Meteorology Data Set ...................................14 

Figure 6: Daytime and Nighttime Wind-roses for the CNL On-Site Station Data .............................................................14 

Figure 7: Annual and Seasonal Mixing Height Summary for the MOECC Dispersion Meteorology Data Set .................18 

Figure 8: Convective and Mechanical Mixing Height Summary for the MOECC Dispersion Meteorology Data Set .......19 

 

No table of contents entries found. 

 

 
 

 

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-1: METEOROLOGY ASSESSMENT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 1  

 

1.0 INTRODUCTION 
This Appendix has been prepared to support the Air Quality Assessment of the Environmental Impact Statement 
(EIS) for the Canadian Nuclear Laboratories (CNL) Near Surface Disposal Facility (NSDF) Project. This 
Appendix summarizes the current climate conditions at the Chalk River Laboratories (CRL) property, including the 
NSDF Project site, and assesses the suitability of the dispersion meteorological data set provided by the Ontario 
Ministry of Environment and Climate Change (MOECC) for use in the non-radiological dispersion modelling for the 
effects assessments.  

Meteorological parameters analyzed include wind speed and direction, temperature, precipitation, relative 
humidity, atmospheric pressure, and solar radiation, as well as the occurrence of extreme and rare meteorological 
phenomena, as required by the REGDOC-2.9.1, for the characterization of the atmospheric baseline environment 
(CNSC 2016). An analysis of the mixing height as the degree of contaminant mixing (or dilution within the 
atmosphere) as it directly influences air dispersion, is also included.  

This Appendix also describes the methods, data, and assumptions that were used to validate the meteorological 
data set used in the dispersion modelling assessment of the NSDF Project. The purpose of the validation of the 
dispersion meteorology is to address the following questions: 

 Is the 5-year MOECC data set for the Facility representative of long-term climate in the area? 

 Is the 5-year MOECC data set for the Facility representative of on-site meteorological conditions? 

The validation was carried out by: 

 obtaining a pre-processed meteorological data set for air dispersion modelling from the MOECC for the NSDF 
Project in order to have a data set ready to use for dispersion modelling and future permitting purposes; 

 comparing the MOECC data set to regional climate data to demonstrate that the data set is comparable to 
long-term averages at the NSDF Project site; and, 

 comparing the MOECC data set to on-site meteorological data to demonstrate that the data set is appropriate 
for dispersion modelling at the NSDF Project site. 

These steps are detailed in the following sections. 
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2.0 CLIMATE AND METEOROLOGICAL DATA SOURCES 
This section summarizes the data sources used in the meteorology assessment prepared as part Section 5.2.1 
Air Quality of the EIS. 

2.1 Climate Normals 
Climate normals are used to summarize or describe the average climatic conditions of a particular location. Climate 
normals, which are long-term usually averages of observed climate data from Environment and Climate Change 
Canada (ECCC) climate stations located near the NSDF Project are used to describe the long-term record of 
general meteorological conditions in the region and are used to validate the MOECC dispersion meteorological 
data set. Additional information on climate change and climate projection is available in the Appendix 10.1 Climate 
Change. 

The nearest 30-year (1981 to 2010) climate station is located on the CRL property, and is less than 1 kilometre 
(km) north of the NSDF Project centroid. For meteorological parameters not monitored at the Chalk River AECL 
station, the next closest climate normals station with the required parameters, Ottawa MacDonald-Cartier 
International Airport (Ottawa), was used for the assessment (ECCC 2016a). Table 1 presents the location of 
climate stations used in this assessment. 

Table 1: Location of Climate Stations 

Station Name Climate ID Distance from NSDF 
Centroid (km) 

Direction from 
the NSDF Project Use 

Normal 
Period(b) 
(Dates) 

Chalk River AECL(a) 6101335 1 North 

MOECC data set 
validation through 
consistency 
review with NSDF 
Project surface 
data from MOECC 

1981 – 2010 

Ottawa 
MacDonald-Cartier 
Int’l Airport(a) 

6106000 158 Southeast 

MOECC data set 
validation as 
additional 
consistency check 
for Chalk River 
data and NSDF 
Project surface 
data from MOECC 

1981 – 2010 

ID = Identification  
(a) ECCC 2016a. 
(b) Normal period as defined by ECCC. 
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2.2 Dispersion Meteorological Data Set 
A request was made to the MOECC on June 15, 2016 to obtain a localized pre-processed meteorological data set 
for the NSDF Project site for use in AERMOD plume model air dispersion model to support the EIS. On-site 
meteorological data provided by CNL (CNL 2016b) was included in the request to the MOECC for inclusion in the 
site-specific meteorological data set. The MOECC developed an AERMOD-ready meteorological data set for the 
NSDF Project and it was provided for use in the EIS on July 14, 2016. The five year (2011 to 2015) dispersion 
meteorology data set was created with the aid of AERMET, a meteorological pre-processor model for AERMOD, 
using meteorological data from the stations identified in Table 2. The data set consists of surface and upper air 
meteorological variables, including precipitation for the assessment of dust deposition (MOECC 2016a and 
2016b). The data set is centered on the NSDF Project site.  

Table 2: Sources of Meteorological Data included in the MOECC Dispersion Meteorological Data Set 

Station Name 
Environment 

Canada 
Station ID 

Distance from 
the NSDF 

Project (km) 
Direction from 

the NSDF Project Data File Use Dates 

CNL(a) — 
Located on CRL 
property at Perch 
Lake 

Northwest portion 
of the NSDF 
Project site 

Surface data 2011 – 2015 

Petawawa AWOS 2(b) 6106396 11 Southeast south Surface data 2011 – 2015 
Pembroke(b) 6106367 22 Southeast Surface data 2011 – 2015 
Ottawa 
MacDonald-Cartier Int’l 
Airport(b) 

6106000 158 Southeast Surface data 
2011 – 2015 

Maniwaki(b) 7034482 650 Northeast Upper air data 2011 – 2015 
AWOS = Automated Weather Observing System 
(a)  CNL 2016b. 
(b)  ECCC 2016b. 
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3.0 CLIMATE AND METEOROLOGY FOR THE NSDF PROJECT 
This section presents the closest available climate normal and compares the MOECC dispersion modelling data 
set to the appropriate climate normal. The expected values of weather parameters, including temperature, relative 
humidity, precipitation, wind speed and direction, atmospheric pressure, and solar radiation, can be expressed in 
terms of normal values obtained from the long-term averages. 

3.1 Temperature 
A summary of the monthly temperature distribution for the climate normals from the Chalk River AECL station is 
shown in Table 3. The daily average temperature in the winter season is approximately -9.3 degrees Celsius (°C), 
while the daily average temperature in the summer season is approximately 19.1°C. The extreme minimum 
temperature was -39°C while the extreme maximum temperature was 36°C. Temperatures below -10°C have 
occurred in November through April, while temperatures above 30°C occur occasionally in May through August. 

Table 3: Monthly Temperature Distribution for the Chalk River AECL Climate Normals 

Climate Normals 
Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual(a) 

Daily Average (°C) -11.8 -9.2 -2.9 5.5 12.5 17.8 20.3 19.1 14.4 7.6 0.7 -6.9 5.6 
Standard Deviation 
(°C) 3.6 2.6 2.0 1.8 1.7 1.4 1.1 1.3 1.5 1.4 1.7 3.4 0.8 

Daily Maximum (°C) -6.7 -3.5 2.7 11.2 18.7 24.0 26.2 24.8 19.6 12.0 4.2 -2.8 10.9 
Daily Minimum (°C) -16.8 -14.9 -8.5 -0.3 6.2 11.6 14.2 13.3 9.1 3.1 -2.9 -11.0 0.3 
Extreme Maximum 
(°C) 11.1 15.0 23.9 31.7 34.0 36.0 39.4 37.2 34.5 29.5 22.2 14.5 39.4 

Extreme Minimum 
(°C) -39.0 -35.6 -32.0 -19.4 -8.9 -1.7 3.3 -3.0 -2.0 -9.0 -21.0 -38.0 -39.0 

Days with Maximum 
Temperatures 
Above 30°C 

0 0 0 0 1 3 4 3 0 0 0 0 11 

Days with Minimum 
Temperatures 
Below  
-10°C 

23 19 12 1 0 0 0 0 0 0 3 15 72 

Note: 
(a) Data are annualized and may not appear to add across columns due to rounding. 
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Figure 1, below, uses a “box-and-whisker” plot to show the range of temperatures obtained from the MOECC data 
set compared to reported climate normals from the Chalk River AECL station. The box in the graph represents the 
middle 50% of the observations (i.e., from the 25th to 75th percentiles). The whiskers extend up to the maximum 
observation and down to the minimum. The diamond represents the average of the observations in each month. 
The green lines on the graph represent the climate normals at the Chalk River AECL station for the extreme 
maximum (dotted line above the average normal), the daily maximum (dashed line above the average normal), 
the average (solid line), the daily minimum (dashed line below the average normal), and the extreme minimum 
temperatures (dotted line below the average normal) for each month. The hourly temperature data in the data set 
generally falls within the extreme climate normals except in March and December, when the extreme maximum 
temperatures were above the climate normals, and September, when the extreme minimum temperatures were 
below the normals. 

 
Figure 1: Monthly Temperature Distribution for the MOECC Dispersion Meteorology Data Set Compared to 

Chalk River AECL Climate Normals  

A more detailed breakdown of the monthly temperature distribution in the MOECC meteorological data set is 
shown in Table 4. In the MOECC data set, the average temperature in the winter season is approximately -9.0°C, 
while the extreme minimum temperature was -35.7°C. The average temperature in the summer season is 
approximately 19°C. The extreme maximum temperature was 36°C in the summer. Temperatures above 30°C 
can occur in June, July, and August, while temperatures below -10°C occur in December through March. Overall, 
the MOECC data set contained similar daily average temperatures compared to the reported climate normals; 
daily average temperatures were nearly the same in January and June through August, however the MOECC data 
set was between 0.4°C and 1.9°C higher than the climate normals in May and for the September through 
December period. The MOECC data set was between 0.4°C and 1.0°C lower than the climate normals for the 
February through April period. Temperatures in the MOECC data set generally fell within the range shown in the 
reported climate normals and are therefore considered representative for the region. 
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Table 4: Monthly Temperature Distribution for the MOECC Dispersion Meteorology Data Set 

MOECC Data Set Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual(a) 

Daily Average (°C) -11.7 -10.2 -3.3 4.6 13.7 17.7 20.4 18.9 14.8 8.4 1.3 -5.0 5.9 
Standard Deviation (°C) 8.4 7.4 7.8 5.7 6.3 5.2 5.3 4.7 6.0 5.5 6.2 7.3 12.8 
Daily Maximum (°C) -6.8 -5.4 2.0 10.0 19.9 23.4 26.6 24.5 20.6 12.9 5.3 -1.8 11.0 
Daily Minimum (°C) -18.1 -16.1 -9.4 -1.0 6.8 11.4 13.5 13.0 8.8 3.6 -3.5 -9.0 0.1 
Extreme Maximum (°C) 7.2 9.3 28.2 26.0 32.7 34.3 36.0 35.6 30.6 27.7 18.2 15.6 36.0 
Extreme Minimum (°C) -35.7 -31.2 -28.4 -12.3 -4.4 2.7 6.0 4.9 -2.8 -7.3 -18.4 -30.7 -35.7 
Days with Maximum 
Temperatures Above 30°C 0 0 0 0 1 2 6 2 0 0 0 0 11 

Days with Minimum 
Temperatures Below -10°C 25 22 13 0 0 0 0 0 0 0 4 12 77 

Note: 
(a) Data are annualized and may not appear to add across columns due to rounding. 

A similar table is presented for the five years of available temperature data from the CNL on-site station in Table 5. 
Temperatures measured at the CNL on-site station are similar to the climate normals from the Chalk River AECL 
station, both having reported an annual daily average temperature of 5.6°C. Temperature trends between the CNL 
on-site station and the MOECC data set are similar and support the conclusion that the MOECC data set is 
representative of conditions at the NSDF Project.  

Table 5: Monthly Temperature Distribution for the CNL On-Site Meteorological Station 

CNL On-Site Data Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual(a) 

Daily Average (°C) -11.9 -10.3 -3.1 4.5 13.9 17.5 19.8 18.3 14.2 7.9 0.6 -5.5 5.6 
Standard Deviation (°C) 8.9 8.2 7.9 6.0 6.7 6.2 5.9 5.3 6.1 5.7 5.9 7.2 12.8 
Daily Maximum (°C) -6.2 -4.6 2.8 10.5 20.8 24.0 27.2 25.1 20.8 13.0 5.2 -1.9 11.5 
Daily Minimum (°C) -19.1 -17.2 -10.0 -1.4 6.8 10.5 12.8 11.8 8.1 3.2 -4.0 -9.7 -0.6 
Extreme Maximum (°C) 6.9 11.4 26.3 25.3 34.0 35.5 36.0 33.9 30.9 29.3 18.3 14.7 36.0 
Extreme Minimum (°C) -36.3 -33.9 -31.7 -13.4 -4.6 2.7 0.0 0.0 -2.2 -7.2 -18.3 -31.9 -36.3 
Days with Maximum 
Temperatures Above 30°C 0 0 0 0 2 3 8 3 0 0 0 0 16 

Days with Minimum 
Temperatures Below -10°C 25 22 14 1 0 0 0 0 0 0 4 12 78 

Note: 
(a) Data are annualized and may not appear to add across columns due to rounding. 
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3.2 Relative Humidity 
Relative humidity is the ratio of the actual water vapour in the air to the maximum amount the air can hold at a 
given temperature (ECCC 2016a). Table 6 presents the monthly average relative humidity climate normals from 
the Ottawa Station recorded for 6:00 a.m. and 3:00 p.m. local time. Although the Ottawa station is located over 
150 km from the NSDF Project, it has been used as a regional comparison as there is no closer station reporting 
long-term relative humidity climate normals. 

Table 6: Monthly and Annual Average Relative Humidity from Ottawa Climate Normals  

Month 
Average Relative Humidity 

(%) 

6:00 a.m. 3:00 p.m. 
January 76.5 67.5 
February 74.9 61.3 

March 73.7 56.6 
April 73.5 50.2 
May 1.0 1.0 
June 81.1 53.1 
July 84.4 53.7 

August 87.9 55.0 
September 89.6 59.1 

October 86.1 61.6 
November 83.5 68.1 
December 81.8 72.2 

Annual 80.8 59.0 

 

As identified in Section 3.3, in order to model deposition additional weather variables, including relative humidity, 
were included in the surface meteorological data. The relative humidity from the MOECC data set shows the 
expected diurnal variability, with relative humidity ranging from 25 to 100%. The average relative humidity during 
the daytime is 66.4%, while the average is 78.3% during the nighttime. Overall, the relative humidity data appears 
to be representative of what would be expected in the NSDF Project site. 

Relative humidity is not measured at the on-site CNL meteorological station; therefore, no comparison between 
measured on-site data and regional or climate normals data is possible. 
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3.3 Precipitation 
The 30-year climate normal from the Chalk River AECL station calculates an average annual precipitation of 
approximately 859 millimetres equivalent (mm[eq]) for the region, with the highest precipitation typically occurring 
in the summer at 252 mm[eq]. The greatest extreme daily precipitation also occurs in summer at 71 mm[eq]. 
Winter and spring have comparable precipitation amounts but approximately 70% of the precipitation in winter is 
attributed to snow. Winter extreme daily precipitation is typically 35.9 mm[eq]. 

In order to model deposition, additional weather variables including hourly precipitation rate and precipitation code 
were added into the surface meteorological data. A special request was made to the MOECC to include these 
parameters into the dispersion meteorology data set. For AERMOD, precipitation data is flagged as liquid 
precipitation when the temperature is equal to or above 0°C (precipitation code 11) and as solid precipitation when 
the temperature is below 0°C (precipitation code 22). 

Figure 2 illustrates the comparison of the 5-year average MOECC data set with the 30-year average climatic 
normal for the Chalk River AECL station. The Chalk River AECL climate normals showed somewhat greater 
precipitation than the MOECC dispersion modelling data set in February, March, and May, and significantly 
more precipitation in September, and November. This variability between the two sets of data is not unexpected 
given that the climate normals are based on a 30-year period while the MOECC’s data covers only five years, 
none of which are included in the existing climate normals. 

 
Figure 2: Precipitation Comparison between the MOECC Data Set and Chalk River AECL Precipitation Normals  
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Table 7 illustrates monthly total precipitation and its yearly total for the five years for the MOECC dispersion 
meteorology data set. From the observed 5-year meteorology, an annual average of 874 mm[eq] of precipitation 
are expected. The greatest seasonal precipitation occurs during the summer months at 275 mm[eq] and the 
greatest extreme daily precipitation rate of 33.6 mm[eq] occurring in the winter. Winter typically has the least 
amount of precipitation, at 171 mm[eq], with approximately 80% occurring as snow. 

Table 7: Precipitation Summary for the MOECC Dispersion Meteorology Data Set 

Month Rainfall (mm) Snowfall (cm) Precipitation 
(mm) 

Extreme Daily 
Precipitation 

(mm) 

Days with 
Measurable 
Precipitation 

January 7.7 50.3 58.0 4.2 15 
February 8.5 27.7 36.3 20.0 13 

March 24.4 26.8 51.1 6.5 11 
April 68.3 8.5 76.8 7.1 13 
May 78.3 0.0 78.3 11.6 13 
June 98.1 0.0 98.1 14.5 12 
July 90.7 0.0 90.7 32.2 9 

August 86.2 0.0 86.2 18.6 12 
September 70.0 0.0 70.0 18.0 11 

October 102.3 0.1 102.4 12.5 16 
November 39.5 9.2 48.7 7.8 14 
December 26.0 51.1 77.0 33.6 16 

Annual 699.9 173.7 873.6 33.6 154 

mm = millimetres; cm = centimetres 

Precipitation is not measured at the on-site CNL meteorological station and regional data was used to complete 
the MOECC dataset; therefore, no comparison between measured on-site data and regional or climate normals 
data is possible. 
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3.4 Wind Speed and Direction 
A comparison of the winds reported in the MOECC data set compared to the long term average from the 
Ottawa station is provided in Table 8. Winds were predominantly from the west at the Ottawa station, with an 
annual average wind speed of 13 kilometres per hour (km/h). 

Wind climate normals from the Ottawa MacDonald-Cartier International Airport (Ottawa) station were used for 
this comparison as there were no long term wind data (1981 to 2010) available for stations located closer to the 
NSDF Project. 

Table 8: Monthly Wind MOECC Dispersion Meteorology Data Set compared to Ottawa Climate 
Normals 

Month Season 

MOECC Data Set 
(2011-2015) 

Ottawa Climate Normals 
(1981-2010) 

Average Wind 
Speed 
(km/h) 

Most Frequent 
Direction 

Average Wind 
Speed 
(km/h) 

Most Frequent 
Direction 

January 
Winter 

10.2 SE 14.6 W 
February 10.3 NW 14.3 W 

March 
Spring 

11.4 NW 14.4 W 
April 11.9 NW 15.0 E 
May 9.9 SE 13.1 W 
June 

Summer 
9.0 SE 11.4 W 

July 8.3 W 10.7 W 
August 8.1 W 10.2 SW 

September 
Fall 

8.4 SE 11.1 S 
October 9.8 SE 12.7 W 

November 10.3 SE 13.8 W 
December Winter 10.0 SE 14.2 W 

SE = Southeast; NW= Northwest; W = West; SE = Southeast 
km/h = kilometres per hour 

In the MOECC data set, annual winds are predominantly from the southeast. In the winter, winds are generally 
from the southeast averaging 10 km/h or more. In the spring, wind speeds are similar to the winter season, 
but winds are generally from the northwest. In the summer, the winds shift toward the west and wind speeds are 
lower. Finally, in the fall season, the winds are predominantly from the southeast, increasing in speed through 
October and November. 

In the MOECC data set, winds were highest in early spring, and lowest (slowest) in the summer. Monthly average 
wind speeds were lower (slower) in all months than reported in the climate normals. The differences in reported 
wind speeds and directions are likely due to the difference in locations, as the regional climate station (Ottawa) is 
located at an airport near an urban center while the CNL on-site station, the primary source of wind data in the 
MOECC data set, is located in a rural area, approximately 1 km southwest of the Ottawa River and more than 
150 km northwest of the Ottawa climate station. 
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Over the entire dispersion modelling data set (43,824 hours), 9.8% of the winds were defined as “calm.” 
Calm hours were defined as hours having a wind speed less than 3.6 km/h or 1 m/s to correspond with the MOECC 
treatment of hours with wind speeds of less than 1 metre per second (m/s) in the pre-processed meteorological 
data set. The annual average wind speed in the data set was 9.8 km/h. 

A wind-rose showing the annual and seasonal winds in the MOECC data set is provided on Figure 3. For the 
purposes of this and following “seasonal” figures, “Spring” is assumed to be from March 1 to May 31, 
“Summer” from June 1 to August 31, “Fall” from September 1 to November 30, and “Winter” from December 1 to 
February 28 (or February 29 in leap years). 

The on-site meteorological station records wind speed and direction at ground level (1.5 m), 30 m, and 60 m 
(CNL 2016a). Since wind data at 10 m was not available, hourly data recorded at ground level from the CNL on-site 
station have been summarized for comparison purposes to the Ottawa climate normals. Figure 4 shows a 
wind-rose for the annual and seasonal winds measured on-site from January 2011 to December 2015 (excluding 
August 5, 2015 to September 1, 2015 which were missing from the data). 

Figure 5 shows the diurnal (daytime vs. nighttime) wind-roses for the MOECC data set. Nighttime winds are 
noticeably lower in speed than those during the day, averaging 8.6 km/h during the night compared to 11 km/h 
during the day. This behaviour is expected as nighttime atmospheric conditions are more stable than daytime 
conditions when convective mixing occurs due to incoming solar radiation. Similarly, Figure 6 shows the diurnal 
wind-roses for the on-site data. Again, nighttime winds are noticeably lower in speed than those during the day, 
averaging 7.1 km/h during the night compared to 9.5 km/h during the day. Based on the comparisons shown, 
although winds in the MOECC data set differ slightly from the long-term averages for the Ottawa area, they are 
consistent with the 2011-2015 on-site data and are appropriate for dispersion modelling for the NSDF Project. 

  



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-1: METEOROLOGY ASSESSMENT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 12  

 

 
Figure 3: Annual and Seasonal Wind-roses for the MOECC Dispersion Meteorology Data Set 
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Figure 4: Annual and Seasonal Wind-roses for the CNL On-Site Station Data  
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Figure 5: Daytime and Nighttime Wind-roses for the MOECC Dispersion Meteorology Data Set 

 
Figure 6: Daytime and Nighttime Wind-roses for the CNL On-Site Station Data  
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3.5 Atmospheric Pressure 
Atmospheric pressure is the force in unit area exerted by the atmosphere on a surface. The higher the altitude, 
the lower the atmospheric pressure will be as less force will be applied on the surface. A comparison of the monthly 
average atmospheric pressure from the Ottawa climate normals station with the 5-year average MOECC data set 
with is presented in Table 9. Although the Ottawa station is located over 150 km from the NSDF Project, it has 
been used as a regional comparison, as there is no closer station reporting long-term (1981to 2010) atmospheric 
pressure climate normals.  

Table 9: Monthly and Annual Average Atmospheric Pressure MOECC Dispersion Meteorology 
Data Set Compared to Ottawa Climate Normals  

Month 

Atmospheric Pressure 
(kPa) 

MOECC Data Set 
(2011 – 2015) 

Ottawa Climate Normals 
(1981 – 2010) 

January 99.9 100.2 
February 99.9 100.3 

March 100.0 100.2 
April 99.7 100.0 
May 100.0 100.1 
June 99.8 99.9 
July 99.7 100.0 

August 99.8 100.2 
September 100.1 100.3 

October 99.9 100.3 
November 100.2 100.3 
December 100.1 100.3 

Annual 99.9 100.2 

kPa = kilopascal 

Overall, atmospheric pressures reported in the MOECC data set were consistently slightly lower than those 
reported in the Ottawa climate normals (the difference ranged from 0.1 to 0.4 kilopascals [kPa] lower). This is 
representative of the area as less pressure is exerted on its surface as the NSDF Project is located at a higher 
elevation than the Ottawa station. 
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3.6 Solar Radiation 
Solar radiation data from Petawawa A is provided in Table 10. The solar radiation for the Ottawa International 
Airport station has also been provided in Table 10 for comparison purpose. Both stations have the same annual 
average daily solar radiation. Within 150 km of the NSDF Project site, there are no ECCC climate normals stations 
that monitor solar radiation. However, solar radiation data is available through RETScreen (Natural Resources 
Canada 2013). RETScreen allows the user to select an ECCC station and provides the site reference conditions 
for the station selected, including daily solar radiation based on data from the National Aeronautics and Space 
Administration (NASA). The nearest ECCC station to the NSDF Project site in RETScreen in Petawawa A 
(Climate ID: 6106398). 

Table 10: Daily Solar Radiation 

 Daily Solar Radiation – Horizontal 
(kWh/m2/d) 

Month Petawawa A Ottawa International Airport 

January 1.62 1.54 
February 2.58 2.60 

March 3.79 3.68 
April 4.59 4.61 
May 5.17 5.41 
June 5.64 5.91 
July 5.74 5.90 

August 4.90 4.96 
September 3.74 3.60 

October 2.42 2.33 
November 1.49 1.29 
December 1.30 1.16 

Annual 3.59 3.59 

kWh/m2/d = Kilowatt hours per square metre per day 

Solar radiation is a required element for the Air Quality assessment, as indicated in Appendix B of  REGDOC-2.9.1 
(CNSC 2016); however; it is not one of the elements included in MOECC dispersion meteorological data sets. 
Solar radiation is not recorded by the on-site CNL station therefore no comparison to the daily solar radiation from 
the NSDF Project to the Petawawa AWOS 2 station is possible. Given the proximity of the Petawawa AWOS 2 
station, solar radiation from this station is considered representative for the NSDF Project. 
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3.7 Mixing Height Summary 
Mixing height describes the height above ground of the atmospheric layer in which turbulent flow occurs because 
of the influence of surface characteristics such as albedo, Bowen ratio and surface roughness. Mixing height can 
be described as “convective”, resulting from solar heating (daylight hours only); or mechanical, resulting from wind 
flow over terrain. Mixing height is not reported in long-term climate normals. For this parameter, the MOECC data 
set was reviewed to assess if the data appear reasonable for the region. 

Convective and mechanical mixing heights are presented below, by hour of day, for each season, and as an 
annual summary from MOECC dispersion meteorology data set. The convective mixing height is a result of the 
upward movement of an air mass driven by the temperature lapse rate as a function of surface characteristics. 
Convective mixing heights increase during the day as the sun rises and decrease after sunset when temperatures 
drop. Mechanical mixing is mostly driven by winds over the Earth’s surface and the surface roughness. Mixing 
height greatly influences dispersion by providing a region of turbulent flow through which emissions can mix and 
disperse, and through the daily growth/collapse cycle of the convective mixing layer, which greatly affects ground 
concentrations of emissions. 

The annual and seasonal summary of mixing heights by hour of day is shown in Figure 7. The mixing heights from 
the MOECC data set show the expected seasonal variability. For example, the mixing layer begins to build at 
7:00 am in the summer, but not until 10:00 am in the winter. This is consistent with the fact that sunrise is later 
during the winter than in the summer. Overall, the mixing layer data appears to be representative of what would 
be expected in the NSDF Project site. 

The daytime mixing heights for both convective and mechanical mixing and the nighttime mixing heights for 
mechanical mixing are compared in Figure 8. Convective mixing heights are effectively zero from sunset until just 
after sunrise. 
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Figure 7: Annual and Seasonal Mixing Height Summary for the MOECC Dispersion Meteorology Data Set 
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Figure 8: Convective and Mechanical Mixing Height Summary for the MOECC Dispersion Meteorology Data Set 
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4.0 EXTREME WEATHER PHENOMENA 
Extreme weather conditions, including extreme temperature (either high or low), precipitation, and winds, have 
been discussed in the previous sections. In addition, the CNSC REGDOC-2.9.1 indicates that extreme weather 
phenomena should also be included in the air quality assessment. Thunderstorm winds and tornadoes have been 
identified as an extreme weather phenomenon of particular concern for the NSDF site. The CRL Site 
Characteristics Document (AECL 2013) identifies tornados as having a one in 100,000 year frequency, with a 
maximum wind speed of 225 km/h and maximum static pressure drop of 2.8 kPa.  

5.0 SUMMARY AND CONCLUSIONS 
This appendix presents a summary of the climate conditions at the CRL property and NSDF Project site. 
Comparisons between the MOECC dispersion meteorological data set, the Chalk River AECL, the Ottawa 
MacDonald-Cartier International Airport climate and the on-site CNL station show that climatic conditions at the 
NSDF Project can be appropriately represented by the MOECC dispersion modelling data set. The 5-year 
dispersion meteorological data set appears representative of long-term climate in the region, when compared to 
the 30-year climate normals (1981 to 2010) from the Chalk River AECL and Ottawa MacDonald-Cartier 
International Airport climate stations, and also appears representative of the local conditions at the NSDF Project 
site over the last five years (2011 to 2015), when compared to the CNL on-site meteorological station. Based on 
the analyses presented in this Appendix, the data set processed by the MOECC is suitable for dispersion modelling 
at the NSDF Project site. 

  



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-1: METEOROLOGY ASSESSMENT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 21  

 

6.0 REFERENCES 

AECL (Atomic Energy of Canada Limited). 2013. Safety Analysis Branch CRL Site Characteristics 
CR-03510-SAB-001 Revision 3 

CNL (Canadian Nuclear Laboratories). 2016a. Near Surface Disposal Facility Site Selection Report. 
232-10300-TN-001, Rev. 1. April 2016. 

CNL. 2016b. Meteorological Condition for the Environmental Impact Study for the Near Surface Disposal Facility. 
CW-511300-FM-001, Revision 5. April 28 2016.  

CNSC (Canadian Nuclear Safety Commission). 2016. REGDOC-2.9.1. Final Environmental Protection: 
Environmental Policy, Assessments and Protection Measures. December 2016. ISBN: 978-0-660-
06255-6. 

Environment and Climate Change Canada (ECCC). 2016a. Canadian Climate Normals 1981-2010 Station Data. 
[Updated February 2016; Accessed July 2016] 
http://climate.weather.gc.ca/climate_normals/index_e.html. 

ECCC. 2016b. Historical Climate Data. [Updated November 2015; Accessed July 2016]. 
http://climate.weather.gc.ca/.  

MOECC (Ontario Ministry of the Environment and Climate Change) . 2016a. Site-specific Meteorological Data 
for Canadian Nuclear Laboratories, Surface File.  

MOECC. 2016b. Site-specific Meteorological Data for Canadian Nuclear Laboratories, Upper Air File.  

Natural Resources Canada. 2013. RetSCREEN4 Software. http://www.nrcan.gc.ca/energy/software-tools/7465   

 
 

  



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-1: METEOROLOGY ASSESSMENT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 22  

 

 

 

 

This page intentionally left blank 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
SECTION 5.2 ATMOSPHERIC ENVIRONMENT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525   

 

APPENDIX 5.2-2 
Air Quality Baseline Report 
 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-2: AIR QUALITY BASELINE REPORT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 i  

 

Table of Contents 

1.0 INTRODUCTION............................................................................................................................................................. 1 

1.1 Non-Radiological Indicator Compounds ............................................................................................................ 2 

1.2 Applicable Guidelines ........................................................................................................................................ 3 

1.3 Existing Emissions Sources ............................................................................................................................... 5 

2.0 DATA SOURCES ........................................................................................................................................................... 5 

3.0 ASSESSMENT OF BACKGROUND AIR QUALITY .....................................................................................................11 

3.1 Comparison of Monitored Data by Indicator Compound ...................................................................................11 

3.2 Summary of Monitored Data by Station ............................................................................................................22 

4.0 SUMMARY OF BACKGROUND AIR QUALITY............................................................................................................24 

5.0 REFERENCES ..............................................................................................................................................................25 

 
TABLES 
Table 1: Ontario and Canadian Regulatory Air Quality Objectives and Criteria ......................................................... 4 

Table 2: 2014 Air Emission Totals for Industry within 25 km of the Local Study Area ............................................... 5 

Table 3: Location of Air Monitoring Stations .............................................................................................................. 6 

Table 4: Availability of Ambient Air Quality Data........................................................................................................ 7 

Table 5: Summary of 24-Hour PM2.5 Monitoring Results for Comparison to the Canada-wide Standard (Ontario 
AAQC)(a) .....................................................................................................................................................13 

Table 6: Summary of 3-year average 8-Hour O3 Monitoring Results for Comparison to the Canada-wide 
Standard .....................................................................................................................................................21 

Table 7: Summary of Background Air Quality in Petawawa, Ontario (2009 – 2013) in µg/m³(a) ................................22 

Table 8: Summary of Background Air Quality in Ottawa Downtown, Ontario (2009 – 2013) in µg/m³(a) ...................23 

Table 9: Background Air Quality Values (90th Percentile, Average for Annual Only) ................................................24 

 
FIGURES 
Figure 1: Ambient Air Quality Monitoring Stations and NPRI Reporting Facilities ...................................................... 9 

Figure 2: PM2.5 Monitoring Data for 2009 through 2013 ............................................................................................12 

Figure 3:  NO2 Monitoring Data for 2009 through 2013 ..............................................................................................14 

Figure 4:  SO2 Monitoring Data for 2009 through 2013 ...............................................................................................16 

Figure 5:  CO Monitoring Data for 2009 through 2013 ................................................................................................18 

Figure 6:  O3 Monitoring Data for 2009 through 2013 .................................................................................................20 

Figure 7:  Pb Monitoring Data for 2009 through 2013 .................................................................................................21 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-2: AIR QUALITY BASELINE REPORT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 1  

 

1.0 INTRODUCTION 
This Appendix was prepared to support the Environmental Impact Statement (EIS) for the Canadian Nuclear 
Laboratories (CNL) Near Surface Disposal Facility (NSDF) Project. This Appendix summarizes the available 
non-radiological ambient air quality monitoring data for stations located outside of the Regional Study Area (RSA). 
These data are used to assess the existing conditions for non-radiological air quality in the Local Study Area (LSA) 
and the RSA that will be added as background to dispersion modelling results as part of the effects assessment. 

As described in Section 5.2.1.3.1 Spatial Boundaries, the LSA is defined as the area within which there is potential 
for measurable changes to measurement indicators resulting from the proposed NSDF Project activities. The LSA 
includes the SSA and corresponds to the Chalk River Laboratories (CRL) property boundary. The RSA is defined 
as the area within which the potential effects of the NSDF Project may interact with the effects of other existing or 
reasonably foreseeable projects. The RSA is equivalent to approximately a 10 kilometre (km) by 10 km rectangle 
surrounding the LSA, and oriented parallel to the Ottawa River. 

This Appendix documents the methods, data, and assumptions that were used to assess the non-radiological 
background air quality at the NSDF Project and in the LSA and RSA. The assessment was carried out by: 

 identifying the non-radiological indicator compounds expected to be emitted from the NSDF Project; 

 identifying and comparing non-radiological air quality guidelines in Ontario and Canada for the indicator 
compounds; 

 identifying existing emission sources located within 25 kilometres (km) of the LSA with shared indicator 
compounds; 

 assessing air quality data sources for use in the background air quality assessment; and, 

 comparing air quality monitored data to the applicable air quality guidelines. 

These steps are detailed in Sections 1.1, 1.2 and 1.3. 
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1.1 Non-Radiological Indicator Compounds 
The assessment of air quality focused on predicting changes in the concentrations of selected non-radiological 
indicator compounds. These indicator compounds represent non-radiological compounds that are expected to be 
emitted from the NSDF Project, and include some of the compounds identified in the Annual Safety Report Effluent 
Verification Monitoring at Chalk River Laboratories in 2015 (CRL 2015 Effluent Verification Monitoring Report; 
CNL 2016) and other compounds based on the understanding of the NSDF Project. These compounds are 
generally accepted as indicative in changing air quality, and for which relevant air quality criteria exist. The selected 
non-radiological indicator compounds fall into the following four categories: 

 particulate matter: suspended particulate matter (SPM), particles nominally smaller than 10 µm in diameter 
(PM10), and particles nominally smaller than 2.5 µm in diameter (PM2.5); 

 combustion gases: NOX represented by nitrogen dioxide (NO2), sulphur dioxide (SO2), carbon monoxide 
(CO), and acrolein (C3H4O);  

 decomposition of waste: hydrogen sulfide (H2S), vinyl chloride (C2H3Cl), and odour; and, 

 metals: lead (Pb) and mercury (Hg). 

These compounds are associated with various NSDF Project activities as well as activities at the CRL Main 
Campus. Particulate matter is typically associated with airborne dust from vehicles travelling on on-site unpaved 
roads/haul routes, as well as material loading and unloading activities. Products of combustion (particulate matter, 
NO2, SO2, CO, and Pb) are associated with the exhaust from on-site vehicles and stationary combustion from the 
WWTP process and comfort heating equipment. In addition, at the request of Canadian Nuclear Safety 
Commission (CNSC) as part of their comments on the draft EIS, C3H4O was included to represent Volatile Organic 
Compounds (VOCs) from combustion. Emissions from the decomposition of waste (H2S, C2H3Cl, and odour) were 
not included in the CRL 2015 Effluent Verification Monitoring Report (CNL 2016), but are the result of breakdown 
of waste material within the NSDF Project; and therefore, included as indicator compounds. Other contaminants 
identified as indicator compounds that occur from the decomposition of the waste such as CO and Hg were also 
included from the engineered containment mound (ECM). Odour emissions from the WWTP were also included. 
Metals are associated with number 6 fuel oil consumption at the CRL Main Campus (CNL 2016), and are expected 
to decrease before the operation of the NSDF due to ongoing facility improvements such as the conversion from 
fuel oil heating to natural gas heating. Total VOCs and halocarbon refrigerants are not considered indicator 
compounds; and therefore, were not retained for the air quality baseline assessment. 

In addition to the compounds above, ozone (O3) was also included in the air quality baseline assessment as it will 
be used to calculate the NO2 in the effects assessment. Ozone is not emitted directly into atmosphere but is 
associated with the reaction of NOX and VOCs (MOECC 2015). 
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1.2 Applicable Guidelines 
The relevant air quality criteria used for screening air quality effects in the region include the Ontario criteria, and 
federal standards and objectives where provincial guidelines are not available. The Ontario Ministry of the 
Environment and Climate Change (MOECC) has set guidelines related to ambient air concentrations and are 
summarized in Ontario’s Ambient Air Quality Criteria (AAQC) document (MOECC 2012). The Ontario AAQCs are 
characterized as desirable ambient air concentrations, and have been set at levels that are protective of human 
health and the environment. The Ontario AAQCs are not regulatory limits, and therefore, exceedances are 
permitted. The Ontario AAQCs are used for screening the air quality effects in environmental assessments, in 
studies using ambient air monitoring data, and as assessment of general air quality in a community or across the 
province (MOECC 2012). 

There are two sets of federal objectives and criteria: the National Ambient Air Quality Objectives (NAAQOs) and 
the Canadian Ambient Air Quality Standards (CAAQSs; formerly National Ambient Air Quality Standards 
[NAAQS]). Similar to the Ontario AAQCs, the NAAQOs are benchmarks that can be used to facilitate air quality 
management on a regional scale, and provide goals for outdoor air quality that protect public health, 
the environment, or aesthetic properties of the environment (Canadian Council of Ministers of the Environment 
[CCME] 1999). The federal government has established the following levels of NAAQOs (Health Canada 1994): 

 the maximum Desirable level defines the long-term goal for air quality and provides a basis for an 
anti-degradation policy for unpolluted parts of the country and for the continuing development of control 
technology; and 

 the maximum Acceptable level is intended to provide adequate protection against adverse effects on soil, 
water, vegetation, materials, animals, visibility, personal comfort, and well-being. 

The CAAQSs have been developed under the Canadian Environmental Protection Act (CEPA), and include 
standards for PM2.5 and ozone that must be achieved by 2020. In 2015 the standard was phased in, with the final 
standard phase in date in 2020 (Government of Canada 2013). Like the Ontario AAQCs, the CAAQSs are not 
regulatory limits and are used as national targets for PM2.5 and ozone, excluding Quebec (CCME 2014). 

A summary of the applicable Ontario and federal objectives and criteria are listed in Table 1. 
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Table 1: Ontario and Canadian Regulatory Air Quality Objectives and Criteria 

Substance Averaging 
Period 

Ontario 
Ambient Air 

Quality 
Guidelines(a) 

(µg/m3) 

Canadian 
Ambient Air 

Quality 
Standards(b) 

(µg/m3) 

National Ambient Air Quality 
Standards and Objectives(c) 

(µg/m3) 

Desirable Acceptable 

SPM(d) 
24-Hour 120 — — 120 

Annual 60(e) — 60 70 

PM10 24-Hour 50(f) — — — 

PM2.5 
24-Hour 30(g) 27 — — 

Annual — 8.8 — — 

NO2 

1-Hour 400(h) — — 400 

24-Hour 200(h) — — 200 

Annual — — 60 100 

SO2 

1-Hour 690 — 450 900 

24-Hour 275 — 150 300 

Annual 55 — 30 60 

CO 
1-Hour 36,200 — 15,000 35,000 

8-Hour 15,700 — 6,000 15,000 

C3H4O 
1-Hour 4.5 — — — 

24-Hour 0.4 — — — 

O3 
1-Hour 165 — 100 160 

8-Hour — 62 — — 

Pb 
24-Hour 0.5 — — — 

30-Day 0.2(i) — — — 

Hg 24-Hour 2 — — — 

H2S 
10-Minute 13 — — — 

24-Hour 7 — — — 

C2H3Cl 24-Hour 1 — — — 

Odour(j) (OU/m³) 10-minute 1(k) — — — 
µg/m3  = microgram per cubic metre 
(a) MOECC (2012) 
(b) CAAQS published in the Canada Gazette Volume 147, No. 21 - May 25, 2013. Final standard phase in date of 2020 used. 
(c) CCME (1999) 
(d) SPM in Ontario is defined as Suspended Particulate Matter (<44 µm diameter) 
(e) Geometric mean 
(f) Interim AAQC and is provided as a guide for decision making (MOECC 2012) 
(g) Compliance is based on the 98th percentile of the annual monitored data averaged over three years of measurements. 
(h) Standard is for nitrogen oxides (NOX) but is based on the health effects of NO2. 
(i) Arithmetic mean 
(j) Odour unit per cubic metre (OU/m3) 
(k) The Ontario Guideline is based on the 99.5th percentile on a 10-minute averaging period, in OU/m3 (MOECC 2008) 
— = No guideline available 
Bolded values represent the criteria used in the assessment. 
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1.3 Existing Emissions Sources 
There are two industrial facilities that report Criteria Air Contaminant (CAC) and pollutant releases, disposals, and 
transfers for recycling under Part 1A to the National Pollutant Release Inventory (NPRI) within 25 km of the LSA 
(ECCC 2016). The only facility within the RSA is CNL. These emissions contribute to the local air quality and the 
consideration of cumulative effects. Reporting facilities and emission totals are summarized in Table 2. These 
sources are minor contributors of the non-radiological indicator compounds, with the exception of the lead 
emissions from the Department of National Defence.  

Table 2: 2014 Air Emission Totals for Industry within 25 km of the Local Study Area 

Company 
Name 

Distance 
to the 
NSDF 

Project 
(km)(a) 

Direction 
from the 

NSDF 
Project 

Emissions 
(tonnes) 

Emissions 
(kg) 

NOX SO2 CO SPM PM10 PM2.5 Hg Pb 

Canadian 
Nuclear 
Laboratories 

1 North 65.124 223.901 — 17.668 3.933 10.13 0.145 2.042 

Department 
of National 
Defence 

16 Southeast 37.537 — 35.391 — 2.2 1.459 — 20.404 

— = Not available 
km = kilometre; tonnes = metric tonnes; kg = kilograms 
(a)  Distance from the NSDF centroid. 

 

2.0 DATA SOURCES 
Although air quality data is provided in the CRL 2015 Effluent Verification Monitoring Report (CNL 2016), the data 
is based on emission estimates (emission factors), rather than monitored data, and represents emissions solely 
from the CRL Main Campus. Other industries outside the RSA are not considered in the baseline and therefore 
data from monitored data sources was used and is considered to be more representative of background air quality. 
Site-specific air quality monitoring was not carried out as part of this assessment. Data from the Canadian Air and 
Precipitation Monitoring Network (CAPMoN) network was received from ECCC for the station located at the CRL 
site (CAPMCAON1CHA); however due to limited data availability (only 2009 to 2011 and only certain indicator 
compounds) the data was not considered for the air quality baseline assessment.  

Therefore the background air quality was assessed using observations from the Environment and Climate Change 
Canada (ECCC) National Air Pollution Surveillance Network (NAPS) air quality monitoring stations (ECCC 2013) 
at locations outside the RSA. It is understood that there is an ECCC air quality monitoring location at the CRL site. 
Data from this station has been requested but not yet received. Should it be received, it will be incorporated into 
the assessment in a future draft. The closest air quality monitoring station otherwise is located in Petawawa, 
however not all indicator compounds are monitored at the Petawawa station. The next closest air quality monitoring 
station with additional indicator compounds is the Ottawa Downtown monitoring station. Some indicator 
compounds (C3H4O, Hg, H2S, C2H3Cl, and odour) were not monitored at either monitoring station. The relative 
locations of each of the air monitoring stations selected to describe the background air quality is summarized in 
Table 3 and presented on Figure 1. 
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Table 3: Location of Air Monitoring Stations 

City NAPS 
Station ID Location Latitude and 

Longitude 

Distance to 
the NSDF 
Project(a) 

(km) 
Direction 

Petawawa 66201 Outside Regional 
Study Area 

45.996722, 
-77.441194 7 South-southwest, 

generally downwind 
Ottawa 

Downtown 60104 Outside Regional 
Study Area 

45.43433, 
-75.676 148 Southeast, generally 

upwind 
ID = Identification 
km = kilometre 

(a)  Distance from the NSDF Centroid. 

The air flow into the Chalk River area is predominantly from the southeast. The air quality monitoring station in 
Ottawa Downtown (NAPS ID 60104) captures this air flow into Chalk River; however, the station is located 
approximately 150 km from the NSDF Project. The results can be considered to provide conservative air quality 
estimates (likely to be greater than the existing conditions in the RSA) given its urban location and proximity to the 
Canada-United States’ border. The Petawawa station (NAPS ID 66201) is generally downwind of the NSDF Project 
and is considered to be the most representative station of the RSA, due to proximity and similarity in geographic 
siting (rural location and distance from the Ottawa River). The majority of the stations located outside the 100 km 
radius only monitor PM2.5 and O3. As mentioned above, the closest station which monitors some of the remaining 
indicator compounds is the Ottawa Downtown station.  

Table 4 provides a summary of the monitoring data available from each of these stations for the period from 2000 
through 2013. At the time of this assessment, complete datasets were available up until 2013, with only partial 
information being available for 2014 and 2015. Not all compounds have the same data availability period for a 
given station, as additional compounds are added to the station at different dates as required by the ECCC 
(i.e., SO2 and CO were only monitored starting in 2006). 

  



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-2: AIR QUALITY BASELINE REPORT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 7  

 

Table 4: Availability of Ambient Air Quality Data 

Compound Petawawa Ottawa Downtown 

SPM — — 
PM10 — 2000 - 2013 
PM2.5 2007 - 2013 2000 - 2013 
NO2 — 2000 - 2013 
NO — 2000 - 2013 
SO2 — 2006 - 2012 
CO — 2006 - 2013 

C3H4O — — 
O3 2007 - 2013 2000 - 2013 
Pb  — 2006 - 2013 
Hg — — 
H2S — — 

C2H3Cl — — 
Odour(a) — — 

”—” indicates that data for the parameter were not available at that station. 
(a) Responses to odour are based on short-term exposure and presence, which is based on olfactory perception of the individual to which the 

odour is exposed. Background odour can be estimated through a community odour survey; however, this type of sampling has not been 
conducted in the area; therefore background odour values are not available. 

 

There is no monitoring data available for SPM and PM10 at the Petawawa station, however, an estimate of the 
background SPM and PM10 concentrations can be estimated from the available PM2.5 monitoring results. PM2.5 is a 
subset of PM10, and PM10 is a subset of SPM. Therefore, it is reasonable to assume that the ambient concentrations 
of SPM will be greater than corresponding PM10 levels, and PM10 concentrations will be greater than the 
corresponding levels of PM2.5. The mean levels of PM2.5 in Canadian locations are found to be about 50% of the PM10 
concentrations and about 25% of the SPM concentrations (Brook et al. 2011). By applying this ratio it is possible to 
estimate the background SPM and PM10 concentrations for the RSA. 
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3.0 ASSESSMENT OF BACKGROUND AIR QUALITY  
The continuous monitoring stations listed in Table 3 were used to reflect the existing conditions in the RSA. The 
existing air quality levels, based on background air concentrations from available monitoring stations are 
summarized in the following sections. The available air monitoring data represents the combined effect of 
emissions from sources near to each of the monitoring stations, as well as the effect of the emissions transported 
into the region. The emissions transported into the region could be considered to be the “background air quality”, 
which would be added to dispersion modelling results as part of the impacts assessment.  

Although gaseous monitoring equipment records concentrations in units of parts per million parts (ppm) or parts 
per billion parts (ppb), regulatory criteria are established on the basis of micrograms per cubic metre (µg/m³). 
In this section, monitoring results for gaseous compounds are presented in the units of µg/m³, to facilitate the 
comparison of monitoring to criteria. The conversion from ppm to µg/m³ is unique to each compound, based on 
the molecular weight of the compound and standard atmospheric conditions (1 atmosphere of pressure and 25°C). 
In contrast, particulate and metals monitoring equipment records concentrations in units of µg/m³, allowing for 
direct comparison to the regulatory criteria. 

3.1 Comparison of Monitored Data by Indicator Compound 
Figures 2 to 7 present simplified box-and-whisker plots showing the available concentration data. The box on the 
figures represents the bounds of the middle 50% of the data points. The top of the box represents the 75th 
percentile concentration, while the bottom of the box represented the 25th percentile concentration. The line 
through the middle of the box represents the median, or 50th percentile concentration. The orange diamond 
represents the average concentration and the green circle represents the 90th percentile. On these figures, the 
whiskers extend up to the maximum, and down to the minimum concentration.  

The 90th percentile of the 1-hour, 8-hour and 24-hour measurements are typically used to represent the 
background air quality value when conducting an impact assessment as this value is exceeded only 10% of 
the time. The annual average concentration is used for annual background levels (Alberta Environment 2013) and 
based on the limited measurement data. The average concentration for the shorter time periods provides an 
indication of what air quality would typically be at the location. The 75th percentile provides an indication of the 
concentration below which the vast majority of the existing air quality readings occurred. Significant differences 
between the average and 75th percentile readings provide an indication that the background air quality is 
dominated by infrequent, but extreme events. 
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Fine Particulate Matter (PM2.5)  
Particulate emissions occur due to anthropogenic activities (such as industrial, transportation, and residential 
sources) and natural sources. Suspended particulate matter is classified based on its aerodynamic particle size, 
primarily due to the different health effects that can be associated with the particles of different diameters. 
In Ontario, PM2.5 emissions have been demonstrating a steady decline over time, decreasing by approximately 
22% from 2004 to 2013 (MOECC 2015). 

While the maximum annual value of PM2.5 at the Ottawa Downtown (Ottawa_D) station may exceed the Ontario 
AAQC (based on the Canada-wide Standard) and the CAAQS, as shown on Figure 2, the standards are calculated 
as the 98th percentile of the annual monitored data averaged over three years of measurements. Table 5 lists the 
24-Hour PM2.5 ambient monitoring results calculated according to this methodology. The Ontario AAQC and the 
CAAQS have not been exceeded at either station. 

 
Figure 2: PM2.5 Monitoring Data for 2009 through 2013 
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Table 5: Summary of 24-Hour PM2.5 Monitoring Results for Comparison to the Canada-wide Standard 
(Ontario AAQC)(a) 

Years 
24-Hour PM2.5 

[µg/m³] 

Ottawa_D Petawawa 
2007–2011 20.17 17.07 
2008–2012 16.92 14.24 
2009–2011 13.32 9.56 
2010–2012 15.90 12.59 

µg/m³ = microgram per cubic metre 
(a) Ontario AAQC for PM2.5 is the Canada-wide Standard (CWS) for PM2.5 which is based on the 98th percentile of the annual monitored data 

averaged over three years of measurements. 

NOx and NO2 Concentrations 
NOx is emitted in two primary forms: nitric oxide (NO) and nitrogen dioxide (NO2). NO reacts with ozone in the 
atmosphere to create NO2. The primary source of oxides of nitrogen (NOx) in the region is the combustion of fossil 
fuels. Emissions of NOX result from the operation of stationary sources such as incinerators, boilers, and 
generators, as well as the operation of mobile sources such as vehicles, haul trucks, and other equipment. 

The annual mean concentrations of NO2 in Ontario have decreased by 42% from 2005 to 2014 (MOECC 2015). 
While NO2 monitoring was not available at the Petawawa station, no exceedances of the 1-hour or 24-hour AAQC 
for NO2 were recorded at the Ottawa Downtown station between 2009 and 2013 (Figure 3). 
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Figure 3:  NO2 Monitoring Data for 2009 through 2013 
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SO2 Concentrations 
The primary source of sulphur dioxide (SO2) in Ontario is the combustion of fossil fuels in the electricity and smelter 
sectors. Emissions have decreased significantly due to the phase out of coal-fired generating stations in the 
province. A summary of the monitored SO2 concentrations are summarized on Figure 4. While SO2 monitoring 
was not available at the Petawawa station, no exceedances of the 1-hour or 24-hour AAQC for SO2 were recorded 
at the Ottawa Downtown station between 2009 and 2013. 
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Figure 4:  SO2 Monitoring Data for 2009 through 2013  
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Carbon Monoxide (CO) 
Carbon Monoxide is a colourless, odourless, tasteless, and, at high concentrations, toxic gas. It is produced 
primarily from the incomplete combustion of fossil fuels, as well as natural sources, with approximately 70% of 
emissions arising from the transportation sector in Ontario (MOECC 2015). While CO monitoring was not available 
at the Petawawa station, no exceedances of the 1-hour or 8-hour AAQC for CO were recorded at the Ottawa 
Downtown station between 2009 and 2013 (Figure 5). 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-2: AIR QUALITY BASELINE REPORT 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 18  

 

 
 

 
Figure 5:  CO Monitoring Data for 2009 through 2013  
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Ozone (O3) 
Ground-level ozone is formed when NOx and VOCs react in the presence of sunlight. Ground-level ozone 
exceeded the 1-hour AAQC at 8 stations in Ontario in 2014 (MOECC 2015). A summary of the monitored 
O3 concentrations are summarized on Figure 6. The maximum 1-hour concentration of O3 was just below the 
Ontario AAQC. Currently there is no 8-hour AAQC for O3, but there is a Canada-wide Standard which has been 
used for comparison to the data. While the maximum 8-hour concentration of O3 may exceed the standard at both 
stations, compliance with the Canada-wide Standard is based on the fourth highest 8-hour value annually, 
averaged over a 3-year period. Table 6 presents a summary of the 3-year averaging methodology using 8-hour 
O3 ambient monitoring results. The Canada-wide Standard has not been exceeded at either station. 
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Figure 6:  O3 Monitoring Data for 2009 through 2013 
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Table 6: Summary of 3-year average 8-Hour O3 Monitoring Results for Comparison to the 
Canada-wide Standard 

Years 
8-Hour Ozone 

(µg/m³) 

Ottawa_D Petawawa 

2007–2011 118.83 123.65 

2008–2012 116.67 121.93 
2009–2011 111.37 116.77 
2010–2012 116.69 121.10 
2011–2013 114.40 118.81 

µg/m³ = microgram per cubic metre 

Lead (Pb) 
Ambient lead (Pb) concentrations in air have declined significantly in Canada since the removal of leaded gasoline, 
by approximately 99% from 1984 – 2008 (ECCC 2013). While lead monitoring was not available at the Petawawa 
station, no exceedances of the 24-hour AAQC for Pb were recorded at the Ottawa Downtown station between 
2009 and 2013 (Figure 7). 

 
Figure 7:  Pb Monitoring Data for 2009 through 2013 
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3.2 Summary of Monitored Data by Station 
For each of the Petawawa and Ottawa Downtown stations, monitoring data for the years 2009 through 2013 were 
summarized by indicator compound for the averaging period relevant to the AAQC. To provide an understanding 
of the variability of the monitoring data, the average, 75th percentile, 90th percentile, and maximum values are 
summarized in Table 7 and Table 8. As discussed Section 3.1, the 90th percentile of the 1-hour, 8-hour, and 24-
hour measurements are typically used to represent the background air quality value when conducting an impact 
assessment and the annual average concentration is used for annual background levels (Alberta Environment and 
Sustainable Resource Development 2013). The average concentration for the shorter time periods provides an 
indication of what air quality would typically be at the location. The 75th percentile provides an indication of the 
concentration below which the vast majority of the existing air quality readings occurred. 

Table 7: Summary of Background Air Quality in Petawawa, Ontario (2009 – 2013) in µg/m³(a) 

Indicator Averaging Period Average 75th 90th Max 

SPM 
24-hour 15.03 20.30 30.95 97.83 
Annual 14.53 — — 19.43 

PM10 24-hour 7.51 10.15 15.48 48.92 

PM2.5 
24-hour 3.76 5.08 7.74 24.46 
Annual 3.63 — — 4.86 

NO2 
1-Hour — — — — 

24-Hour — — — — 
Annual — — — — 

SO2 
1-Hour — — — — 

24-Hour — — — — 
Annual — — — — 

CO 
1-Hour — — — — 
8-Hour — — — — 

C3H4O 
1-Hour — — — — 

24-Hour — — — — 

O3 
1-Hour 53.89 68.69 84.39 157.00 
8-Hour 66.28 78.25 93.93 147.68 

Pb 
24-Hour — — — — 
30-Day — — — — 

Hg 24-Hour — — — — 

H2S 
10-Minute — — — — 

1-Hour — — — — 
C2H3Cl 24-Hour — — — — 
Odour(b) 10-Minute — — — — 

µg/m³ = microgram per cubic metre 
(a) Data measured in parts per billion (ppb) or parts per million (ppm), were converted to µg/m³ assuming standard temperature and pressure 

(25°C and one atmosphere of pressure). 
(b) Values are in odour units per cubic metre (OU/m3). 
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Table 8: Summary of Background Air Quality in Ottawa Downtown, Ontario (2009 – 2013) in µg/m³(a) 

Indicator Averaging Period Average 75th 90th Max 

SPM 
24-hour 20.64 28.00 41.50 178.50 
Annual 20.68 — — 27.99 

PM10 24-hour 10.32 14.00 20.75 89.25 

PM2.5 
24-hour 5.16 7.00 10.38 44.63 
Annual 5.17 — — 7.00 

NO2 
1-Hour 14.86 18.81 31.98 95.93 

24-Hour 14.88 19.30 28.61 63.25 
Annual 14.86 — — 16.15 

SO2 
1-Hour 1.05 2.62 2.62 185.98 

24-Hour 1.05 1.95 2.62 27.29 
Annual 1.05 — — 2.23 

CO 
1-Hour 298.69 343.57 458.10 1717.86 
8-Hour 347.39 415.15 486.73 1096.16 

C3H4O 
1-Hour — — — — 

24-Hour — — — — 

O3 
1-Hour 49.05 64.76 78.50 164.85 
8-Hour 62.48 76.05 89.95 157.24 

Pb 
24-Hour 0.0034 0.0045 0.0046 0.0092 
30-Day — — — — 

Hg 24-Hour — — — — 

H2S 
10-Minute — — — — 

1-Hour — — — — 
C2H3Cl 24-Hour — — — — 
Odour(b) 10-Minute — — — — 

µg/m³ = microgram per cubic metre 
(a) Data measured in parts per billion (ppb) or parts per million (ppm), were converted to µg/m³ assuming standard temperature and pressure 

(25°C and one atmosphere of pressure). 
(b) Values are in odour units per cubic metre (OU/m3). 
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4.0 SUMMARY OF BACKGROUND AIR QUALITY 
This section presents the existing air quality for the RSA to be added as background to the dispersion modelling 
results as part of the effects assessment. Due to proximity and similarity in geographic siting (rural location and 
distance from the Ottawa River), the Petawawa station is considered to be the most representative station of the 
RSA, and therefore represents the background for indicator compounds monitored at that station. For some of the 
remaining indicator compounds, monitored data from the Ottawa Downtown have been used in the background 
although the station is located approximately 150 km from the NSDF Project. The results from the Ottawa 
Downtown station can be considered to provide conservative air quality estimates (likely to be greater than 
the existing conditions in the RSA) given its urban location and proximity to the Canada-United States’ border. 
Table 9 provides the background air quality values, based on Petawawa station and the Ottawa Downtown 
stations. 

Table 9: Background Air Quality Values (90th Percentile, Average for Annual Only) 

Indicator Averaging Period Background Petawawa 
(7 km SSW) 

Ottawa Downtown 
(148 km SE) 

SPM 
24-hour 30.95 30.95 41.50 
Annual 14.53 14.53 20.68 

PM10 24-hour 15.48 15.48 20.75 

PM2.5 
24-hour 7.74 7.74 10.38 
Annual 3.63 3.63 5.17 

NO2 
1-Hour 31.98 — 31.98 

24-Hour 28.61 — 28.61 
Annual 14.86 — 14.86 

SO2 
1-Hour 2.62 — 2.62 

24-Hour 2.62 — 2.62 
Annual 1.05 — 1.05 

CO 
1-Hour 458.10 — 458.10 
8-Hour 486.73 — 486.73 

C3H4O 
1-Hour — — — 

24-Hour — — — 

O3 
1-Hour 84.39 84.39 78.50 
8-Hour 93.93 93.93 89.95 

Pb 
24-Hour 0.0046 — 0.0046 
30-Day — — — 

Hg 24-Hour — — — 

H2S 
10-Minute — — — 

1-Hour — — — 
C2H3Cl 24-Hour — — — 
Odour(a) 10-Minute — — — 

Notes: SSW = South southwest; SE = Southeast 
µg/m³ = microgram per cubic metre. 
Bolded values represent the background air quality. 
(a) Values are in odour unit per cubic metre (OU/m3). 
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1.0 INTRODUCTION 
This Appendix was prepared to support the Environmental Impact Statement (EIS) for the Canadian Nuclear 
Laboratories (CNL) Near Surface Disposal Facility (NSDF) Project. The following sections summarize the emission 
calculations methods followed to quantify the air quality and greenhouse gas (GHG) emissions for use in the 
non-radiological dispersion modelling and the GHG assessment.  

This Appendix documents the methods, input parameters, and assumptions that were used to estimate the 
emission rates for the non-radiological indicator compounds and GHG emissions for the NSDF Project. 
The emission estimation methods described within this Appendix follow generally accepted practices for 
conducting Environmental Assessments and, where appropriate, guidance in Appendix C of REGDOC-2.9.1 
(CNSC 2016), and the Ontario Ministry of the Environment and Climate Change (MOECC) document “Procedure 
for Preparing an Emission Summary and Dispersion Modelling Report” Version 3.0 (March 2009; ESDM 
Procedure Document). 

2.0 ASSESSMENT OF COMPOUNDS AND ACTIVITIES 
The assessment of air quality focused on predicting changes in the concentrations of selected non-radiological 
indicator compounds, as well as a GHG assessment that focused on predicting the emissions of GHGs expressed 
as carbon dioxide equivalent (CO2e) and comparing them to provincial and federal emissions. 

2.1 Air Quality – Indicator Compounds 
The selected non-radiological indicator compounds fall into four categories: 

 particulate matter: suspended particulate matter (SPM), particles nominally smaller than 10 micrometres 
(µm) in diameter (PM10), and particles nominally smaller than 2.5 µm in diameter (PM2.5) 

 combustion gases: NOX represented by nitrogen dioxide (NO2), sulphur dioxide (SO2), carbon monoxide 
(CO), and acrolein (C3H4O)  

 decomposition of waste: hydrogen sulfide (H2S), vinyl chloride (C2H3Cl), and odour 

 metals: lead (Pb) and mercury (Hg) 

Emissions were assessed for the NSDF Project activities during the construction and operations phases. 
Scientifically accepted and well documented emission factors, such as AP-42 from the United States 
Environmental Protection Agency (U.S. EPA 1995) were also used.  

Compounds that will be emitted from the NSDF Project in negligible amounts and/or activities that discharge a 
compound in a negligible amount were excluded from further analysis. The rationale for these exclusions is 
provided in Section 2.2. Table 1 and Table 2 provide a summary of the activities for which emissions were 
calculated in the air quality assessment, as well as a summary of the compounds expected to be released for the 
construction and operations phases, respectively. 
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Table 1: Activities and Non-Radiological Indicator Compounds Released/Expected During Construction 

NSDF Project Activity(a) Source Source Description 
 Non-Radiological Indicator Compounds 

SPM PM10 PM2.5 NOx/NO2 SO2 CO C3H4O Hg Pb H2S C2H3Cl Odour 
— 

Engineered Containment Mound 
(ECM) 

ECM cover — — — — — — — — — — — — 
— ECM passive vents — — — — — — — — — — — — 
All construction activities(b) ECM construction (material handling) X X X — — — — — — — — — 
All construction activities(b) ECM construction (vehicle exhaust) X X X X X X X —(c) —(c) — — — 
All construction activities(b) Unpaved Roads Vehicle exhaust and fugitive road dust X X X X X X X —(c) —(c) — — — 
All construction activities(b) Stockpile Stockpile X X X — — — — — — — — — 
— Waste Water Treatment Plant 

(WWTP) 
Wastewater treatment activities — — — — — — — — — — — — 

— WWTP natural gas combustion — — — — — — — — — — — — 
— 

Support Activities 

Vehicle decontamination facility natural gas combustion — — — — — — — — — — — — 
— Administration office natural gas combustion — — — — — — — — — — — — 
— Operations support centre natural gas combustion — — — — — — — — — — — — 
— Diesel emergency power generators(f)  — — — — — — — — — — — — 

X = applicable indicator compound for source activity; — = not applicable 
(a)  As described in the air quality pathway analysis of the EIS (Section 5.2.1.5). 
(b)  Construction activities include site preparation, construction of the ECM, development of the surface water management structures, construction of the WWTP and other support facilities, and on-site road access development. 
(c)  Hg and Pb occur as trace elements from the combustion of diesel fuel and are excluded from the diesel combustion sources emissions and were therefore not assessed. 
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Table 2: Activities and Non-Radiological Indicator Compounds Released/Expected During Operations 

NSDF Project Activity(a) Source Source Description 
 Non-Radiological Indicator Compounds 

SPM PM10 PM2.5 NOx/NO2 SO2 CO C3H4O Hg Pb H2S C2H3Cl Odour 
— 

Engineered Containment Mound 
(ECM) 

ECM cover — — — — — X — X — X X X 
— ECM passive vents — — — — — X — X — X X X 
Staged development of the ECM 
disposal cells, placement of waste in 
the ECM, and progressive closure of 
disposal cells and installation of 
cover 

ECM operations (material handling) X X X — — — — — — — — — 

Staged development of the ECM 
disposal cells, placement of waste in 
the ECM, and progressive closure of 
disposal cells and installation of 
cover 

ECM operations (vehicle exhaust) X X X X X X X —(b) —(b) — — — 

On-site transportation of waste Unpaved Roads Vehicle exhaust and fugitive road dust X X X X X X X —(b) —(b) — — — 
Staged development of the ECM 
disposal cells Stockpile Stockpile X X X — — — — — — — — — 

Operation of WWTP Waste Water Treatment Plant 
(WWTP) 

Waste water treatment activities — — — — — — — — — — — X 
Operation of WWTP WWTP natural gas combustion X(c) X(c) X(c) X(c) X(c) X(c) — —(d) X — — — 
— 

Support Activities 

Vehicle decontamination facility natural gas combustion X(c) X(c) X(c) X(c) X(c) X(c) — —(d) X — — — 
— Administration office natural gas combustion X(c) X(c) X(c) X(c) X(c) X(c) — —(d) X — — — 
— Operations support centre natural gas combustion X(c) X(c) X(c) X(c) X(c) X(c) — —(d) X — — — 
— Diesel emergency power generators —(e) —(e) —(e) —(e) —(e) —(e) —(e) —(b) —(b) — — — 

X = applicable indicator compound for source activity; — = not applicable 
(a) As described in the air quality pathway analysis of the EIS (Section 5.2.1.5). 
(b) Hg and Pb occur as trace elements from the combustion of diesel fuel and are excluded from the diesel combustion sources emissions and were therefore not assessed. 
(c) Contaminants are presented for completeness however they have not been carried through for the dispersion modelling assessment as they were identified as negligible as identified in Table 3. 
(d) Hg occurs as a trace element in the combustion of natural gas and is excluded from the natural gas combustion sources and were therefore not assessed. 
(e) The emergency power generator was excluded from the air quality assessment as it is only used during monthly routine maintenance testing and to provide electricity during a power outage when other equipment is not in operation  therefore emission are expected to be insignificant compared to overall site 
emissions. 
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2.2 Activities Not Considered in the Air Quality Assessment 
There are many activities associated with the NSDF Project that produce emissions; however, not all activities 
produce emissions for any or all compounds that are relevant to the overall emissions assessment. All activities 
that potentially produce emissions were evaluated to assess their relevance, however only activities that were 
considered to be relevant were included in the assessment. 

The following lists rationale as to why certain activities and/or emissions of certain compounds can be excluded 
from the assessment:  

 the emission rates of certain compounds are minor relative to the overall emissions at the NSDF Project;  

 the emissions of certain sources are known to not be relevant due to the type of operations in the assessment; 
and, 

 the location of the source relative to the rest of the sources on-site (i.e., the source is located far away from 
any potential receptors).  

Table 3 lists the activities that were not assessed and the accompanying rationale.  

Table 3: Emission Sources or Contaminants Not Included in the Air Quality Assessment 

Activity/Compound Rationale for Excluding from the Air Quality Assessment 

Natural gas combustion for 
WWTP process and comfort 
heating 

NOx, CO, SO2, SPM, PM10, and PM2.5 emissions from these sources occur 
seasonally (i.e., do not occur at all times during a year) and are minor compared to 
emissions from the mobile combustion sources. Only Pb emissions were included in 
the dispersion modelling. 

WWTP and associated 
equipment (i.e., equalization 
tanks) 

The treatment of wastewater may result in the release of hydrogen sulfide, 
mercaptans, chlorine and various other chemicals, to a smaller extent. With the 
exception of odour, the emissions from the WWTP have been excluded from the 
assessment as they are expected to have a negligible effect on the overall air quality. 

WWTP collection equalization 
pond 

Potential odourous emissions from this source are minor and do not occur at all 
times, as the pond is used infrequently for peak flow management and WWTP 
maintenance. 

Diesel emergency power 
generators 

The emergency power equipment only operates periodically during monthly routine 
maintenance testing and for very short duration (20 minutes; rather than 
continuously). Additionally, the emergency power generator will only be used to 
supply electricity during power outage when other equipment is not operation; and 
therefore, is not included in the representative scenario and the modelling is meant to 
represent normal operations for the NSDF Project. 

Diesel pumps, air compressors, 
and lighting equipment at all 
NSDF buildings 

This equipment is part of miscellaneous equipment and only operates periodically and 
for short durations. Emissions rates from these sources are minor compared to 
emissions from the other diesel equipment on-site, and therefore, are not included in 
the representative scenarios. 

Snow removal equipment 
Emissions from this equipment occur seasonally and are infrequent (i.e., only during 
the winter following a snowfall), and therefore, are not included in the representative 
scenario. 

Operations support activities, 
such as maintenance activities 

Emissions from these sources are infrequent, relatively minor, and do not occur at all 
times compared to the other activities that are occurring regularly and/or continuously. 
For example, these activities may include minor vehicles maintenance. 
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2.3 GHG Compounds 
Only direct GHG emissions within the SSA have been considered in this assessment. Direct emissions include 
emissions that are owned or controlled by CNL such as fuel use and GHG emitted from the decomposition of the 
waste within the ECM. Indirect GHG emissions, such as electricity, are emissions that are a consequence of 
the CNL activities but occur at sources owned or controlled by another entity and therefore are excluded from the 
assessment.  

The GHG indicator compounds included the following: 

 carbon dioxide (CO2) 

 methane (CH4) 

 nitrous Oxide (N2O) 

There are no NSDF Project activities which are expected to emit Sulphur hexafluoride (SF6), Perfluorocarbons 
(PFCs) or Hydrofluorocarbons (HFCs); therefore, these compounds are not included in the GHG assessment.  

The GHG emissions were calculated from the decomposition of the waste through the ECM cover and for 
stationary combustion sources and mobile equipment based on the equipment/vehicle information provided by 
CNL for both the construction and operations phases. In addition, GHG emissions associated with land clearing 
were also considered. The GHG emission estimation assumptions are documented in Section 3.0 and were 
calculated using methods described in the guidance documents for the following legislative GHG reporting 
programs (the GHG Reporting Programs): 

 Ontario’s GHG Emissions Reporting Regulation (O. Reg. 452/09); and,  

 Environment and Climate Change Canada GHG Emissions Reporting Program (the GHGRP). 

2.4 Activities Not Considered in the GHG Emissions Assessment 
There are many activities associated with the NSDF Project that produce GHG emissions; however, not all 
activities produce emissions for any or all compounds that are relevant to the overall emissions assessment. 
All activities that potentially produce emissions were evaluated to assess their relevance, however only activities 
that were considered to be relevant were included in the assessment. 

Table 4 lists the activities that were not assessed and the accompanying rationale. 
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Table 4: Emission Sources and Contaminants Not Included in the GHG Assessment 

Activity/Compound Rationale for Excluding from the GHG Assessment 

WWTP and associated 
equipment (i.e. equalization 
tanks) 

The process of treatment of wastewater may result in a minor release of 
greenhouse gases. These emissions have been excluded from the 
assessment as they are negligible in comparison to the other GHG emissions 
from the NSDF Project relative to other present sources. At approximately, 29 
tonnes CO2eq per year, GHG emissions from the WWTP process are less 
than 1% of the total GHG emissions and therefore have not been carried 
through the assessment. 

Diesel emergency power 
generators 

The emergency diesel generators only operate periodically during monthly 
routine maintenance testing and for very short duration (20 minutes) (rather 
than continuously). Additionally, the emergency power generator will only be 
used to supply electricity during power outage when other equipment is not in 
operation, and therefore, is not included in the representative scenario. These 
emissions have been excluded from the assessment as they are expected to 
be negligible in comparison to the other GHG emissions from the NSDF 
Project relative to other present sources. 

Diesel pumps, air compressors, 
and lighting equipment at all 
NSDF buildings 

This equipment is part of miscellaneous equipment and only operates 
periodically and for short durations. Emissions rates from these sources are 
minor compared to emissions from the other diesel equipment on-site, and 
therefore, are not included in the representative scenarios. 

Snow removal equipment 

Emissions from this equipment occur seasonally and are infrequent (i.e., only 
during the winter following a snowfall), and therefore, are not included in the 
representative scenario. These emissions have been excluded from the 
assessment as they are expected to be negligible in comparison to the other 
GHG emissions from the NSDF Project relative to other present sources. 

 

3.0 ASSUMPTIONS  
The following table documents the assumptions made as part of the estimation of non-radiological indicator 
compounds and GHG emission rates.  
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Table 5: Air Quality and GHG Emissions Assessment Assumptions List 

Activity 
Data Sources / Assumptions 

Parameter Value Unit Source / Assumption 

Engineered 
Containment Mound 

(ECM) operations 

Modelled Site EMR Site — Preferred Site as identified in the CNL Site Selection Report (CNL 2016) 
ECM footprint 6.25 m3 Conceptual (15%) Design Brief (CH2M HILL 2016) 

ECM actual height 35 m 60% Design, Final Cover Geosynthetics Plan, Deliverable 13.4, Revision B (AECOM 2016a), Final cover geosynthetics plan drawing, DWG 
1550-106120-101-01-GA-D (192.9 m - 158 m = 32 m) 

ECM modelled height 17.5 m Actual height of ECM divided by 2 
Number of passive vents 3 — Assumed based on Landfill Gas Management Plan (AECOM 2016a) spacing requirements of 250 m 
Passive vent height 3 m 3 m above final cover surface, from Landfill Gas Management Plan (AECOM 2016a) 
Passive vent diameter 152 mm Landfill Gas Management Plan (AECOM 2016a) 

Decomposition of Waste Emissions 39,900 m3/year Landfill Gas Management Plan, Deliverable 4.3, Revision B (60% Design Deliverable) based on parameters of Lo = 7 m3/Mg and k = 0.02 l/year  
Assumed 50% methane and 50% carbon dioxide by volume 

Odour concentration 10,000 OU/m3 Based on the 'upper range' estimate of odour concentration from the MOECC's Interim Guide to Estimate and Assess Landfill Air Impacts 
(MOECC 1992) 

Surface area of daily tipping face 50 m2 Estimated based on similar facilities 

Daily waste receipt 81 tonnes/day 
Estimated based on ECM designed for 525,000 m3 waste volume over a 25 year period which yields 21,000 m3 of waste per year. Assuming the 
facility operates 5 days/week, 52 weeks/year, the volume of waste transferred to the facility is 81 m3/day or 81 tonnes/day assuming a density of 
1 tonne/m3. 

Depth of daily cover applied 0.15 m 150 mm-thick soil layer as per Conceptual (15%) Design Brief (CH2M HILL 2016) 
Density of daily cover 0.80 tonnes/m3 Estimated based on similar facilities 
Non-road equipment data See Equipment List — List provided by CNL (Request for Information #11) 

Equipment Tier Tier 2 — Assumed that all equipment will comply with U.S. EPA Tier 2 emissions standards at a minimum, since Tier 2 standards were completed 
phased-in by 2006, and more stringent Tier 4 emissions standards now apply for new equipment 

Hours of operation Daytime only — Assumed 7:00 - 19:00 for construction and operations phases 

Unpaved Roads 

Silt content 6.4 % U.S. EPA AP-42 Section 13.2.2, mean silt loading for municipal solid waste landfills 

Dust Control Efficiency 75% % Assumed based on combination of mitigation controls (i.e., application of water, speed limit) identified in Dust Management Plan, Deliverable 
4.1, Revision A (AECOM 2016a) based on WRAP Fugitive Dust Handbook (2006) 

Average vehicle height 3.50 m Typical height of waste hauling trucks 

Vehicle Data See Equipment List — 
List provided by CNL. CNL confirmed 10 trucks delivering waste per day in email dated July 25, 2016. Anticipated vehicles include waste hauling 
trucks such as tandem, triaxle and semitrailers with sea containers as well as various support and maintenance vehicles such as four-by-four 
pickup trucks, heaving equipment, and landscaping equipment (Conceptual 15% Design Brief, pg. 38) 

Vehicle weights Various — Vehicle weights were estimated based similar projects and vehicle websites. 
Road width 3.75 m Based on 60% Design, Landfill Development/ Sequencing Plan (AECOM 2016a) 
All Roads Unpaved — Confirmed by CNL in RFI #30 dated February 2017 

Vehicle 
Exhaust - Road 

Vehicle Tier Tier 2 — 
Assumed that all equipment will comply with at a minimum U.S. EPA Tier 2 emissions standards. Tier 2 standards are vehicle emission 
standards that were phased-in between 2004 and 2009. More stringent standards, Tier 3 standards will replace the Tier 2 standards starting in 
2017.  

Annual hours of operations of each vehicle See Equipment 
List - Op phase tab — Assume each truck remains at the facility for 1 hour while it drops off its waste, 260 days per year 

Load factor Various — The loader factor for road vehicles was conservatively estimated to be 0.9. 
Stockpile Area 21,650 m2 Estimated based on stockpile area from 60% Site Plan (DWG No. NSDF-20700-002-01-GA-D), Deliverable 7.1 
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Table 5: Air Quality and GHG Emissions Assessment Assumptions List 

Activity 
Data Sources / Assumptions 

Parameter Value Unit Source / Assumption 

Waste Water 
Treatment Plant 

(WWTP) 

Hours of operation 24 hrs/day Conservative worst case assumption 
Design flow 11.36 m3/hr 60% Design, Deliverable 1.15 WWTP Material and Energy Report 
Odour concentration from WWTP 1,000 OU/m3 Tricking filter, Odor Threshold Emission Factors for Common WWTP Processes (St. Croix Sensory Inc., 2008) based on a similar facility 
WWTP stack flow rate 24,7000 cfm Residue Management Area exhaust stack flow rate (Single Line HVAC Diagrams, Deliverable 10.4 (AECOM 2016a) 
Fuel Type Natural gas — 60% Design, Building Services Summary Report (AECOM 2016a) 
Natural gas equipment thermal heat input 12.02 MMBTU/hr 60% Design, Building Services Summary Report (AECOM 2016a) 

Emergency Power 
Generators 

Number of generators 2 — Emergency power required for the WWTP and lighting along fence line. Confirmed 2 units in equipment list 
Number of generators tested at one time 1 — Maintenance testing occurs once a month for 20 minutes.  
Fuel Type Diesel — Can be either powered by diesel or natural gas. Assumed diesel for worst-case emissions 
Generator rating 274 hp Based on emergency equipment rating for a similar facility 

Natural Gas Heating 
Equipment 

Fuel Type Natural gas — 60% Design, Building Services Summary Report (AECOM 2016a) 
Natural gas equipment total maximum 
thermal heat input 4.28 MMBtu/hr 60% Design, Building Services Summary Report (AECOM 2016a) 

Land Clearing 
Area 33.45 ha 60% Design (AECOM 2016a) 
Project lifetime 50 years Section 1 of the EIS 
Land type — — Assumed the entire area is forested; Natural Temperate Continental Forest, North America (IPCC Volume 4 Chapter 4) 

m = metres; m2 = square metres; m3 = cubic metres; m3/year = cubic metres per year; OU/m3 = Odour Unit per cubic metre; tonnes/day = tonnes per day; tonnes/m3 = tonnes per cubic metre; g/m2 = grams per square metre; % = percent; hrs/day = hours per day; m3/hr = cubic metres per hour; 
MMBTU = million British Thermal Units; MMBTU/hr = million British Thermal Units per hour; hp = horse power      
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4.0 CALCULATIONS 
The emission calculations during the Construction and Operations phases of the NSDF Project are described below. 
Sample calculations are provided to demonstrate how the emission estimates were developed. The emission rates 
for the non-radiological indicator compounds are all in units of grams per seconds (g/s), which are required for the 
dispersion models, with the exception of odour, which is in odour units per second (OU/s), and GHG which are 
expressed in tonnes per year. The dispersion model assumes the emission rate is constant over an hourly period, 
which is the smallest time-step within the models used for predictions. The emission rates for GHG emissions are in 
tonnes of equivalent CO2e per year, as required under the assessment methods discussed in Section 4.2.5. 

4.1 Indicator Compounds – Emission Calculations 
Non-radiological indicator compounds emissions for particulates (SPM, PM10, PM2.5), NOx, SO2, CO, C3H4O, H2S, 
C2H3Cl, odour and metals (Pb and Hg), were calculated for activities described in the NSDF Project description 
for the construction and operations phases. These included the emissions from the ECM cover and passive vents, 
material handling at the ECM, vehicles exhaust (non-road and on-road vehicles), fugitive dust from unpaved roads, 
wind erosion from the stockpile, odour from the waste water treatment plant and lead from stationary combustion 
sources.  

The assessment follows scientifically accepted and well documented calculation methods and emission factors, 
such as AP-42 from the United States Environmental Protection Agency (U.S. EPA 1995) and the MOECC ESDM 
Procedure Document.  

4.1.1 Engineered Containment Mound Cover and Passive Vents 
Potential emissions from the ECM cover and passive vents from the decomposition of the waste within the ECM 
were estimated using landfill gas generation rates from Landfill Gas Management Plan (AECOM 2016b).  The 
landfill gas generation rates were estimated using the LandGEM model (1991) developed by the U.S. EPA 
(AECOM 2016b).  

The key input parameters for the model are the projected annual tonnages of waste disposed in the landfill 
footprint, the landfill gas production potential (Lo) and the landfill gas generation factor (k). Lo is a measure of the 
ultimate methane yield in cubic metres of methane per tonne of waste (m3/tonne) and k is the methane generation 
rate constant in year-1. AECOM used a value of Lo of 7 m3/tonne and a k value of 0.002 year-1and assumed to 
comprise of 50% methane and 50% carbon dioxide by volume (AECOM 2016b).The projected annual tonnages 
of waste were based on a waste capacity of 1,000,000 m3 and an expected operations period of 50 years.  

The resulting theoretical LFG generation rate estimates obtained from the LandGEM model are considered 
conservative estimates due to the projected waste composition differing from a typical municipal solid waste 
composition (AECOM 2016b). The maximum  landfill gas emission per year from the LandGEM Simulation No. 2 
included in the Landfill Gas Management Plan was used in the emission estimates for the indicators compounds, 
odour, and greenhouse gas emissions. It was assumed that 90% of emissions generated from the decomposition 
of waste are emitted through the passive vents and the remaining 10% emitted from the ECM cover given than 
the majority of the landfill gas will be emitted through the passive vents (AECOM 2016b). Each passive vent was 
assumed to emit 30% of emission generated from the decomposition of waste.  Mercury, hydrogen sulphide, and 
vinyl chloride were calculated from their estimated respective concentrations in the LFG were obtained from the 
U.S. EPA AP-42 Chapter 2.4 (Table 2.4-1) – Draft Version (U.S. EPA, 2008).  
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The following is a sample calculation for the emission rate of carbon monoxide from the ECM cover: 

ER = conc.
µg
m3 × LFG 

m3

yr
×

1 yr
365 days

 ×
1 day
24 hrs

 ×
1 hr

3,600 s
 ×

1 g
1,000,000 µg 

× 10% 

Where:  

ER  ........................ = emission rate (m3/s), 
conc.  .................... = concentration of the contaminant in the landfill gas (µg/m3) obtained from 

U.S. EPA AP-42 Chapter 2.4 
LFG  ...................... = average landfill gas emissions per yr (m3/yr) (obtained from LandGEM). 

 
 

ER = 27,935 
µg
m3 × 39,900

m3

yr
×

1 yr
365 days

 ×
1 day
24 hrs

 ×
1 hr

3,600 s
 ×

1 g
1,000,000 µg 

× 10% 

ER = 3.53E − 6
g
s
 

Emissions from each of the passive vents and from the remaining indicator compounds that are LFG constituents 
were calculated in the same manner presented above. 

4.1.2 NSDF Material Handling 
Material handling activities are expected to occur during both the construction and operations phase of the NSDF 
Project. These are characterized during construction by the movement of material during the preparation of 
the NSDF Project site, including excavation for the ECM. During operation of the NSDF Project the following 
activities will take place at the ECM: depositing of waste and application of daily cover. Potential emissions from 
these activities include particulate matter as a result of the disturbance of material during handling. It was assumed 
that material handling operations will occur throughout the typical operating hours for the NSDF Project during 
both the construction and operations phases (refer to the Table 5 for hours of operation).  

Predictive emission factors for particulate emissions were developed using equations from the U.S. EPA 
document entitled Compilation of Air Pollutant Emission Factors, AP-42, Fifth Edition, Volume I: Stationary Point 
and Area Sources (AP-42), which is published on-line at http://www.epa.gov/ttn/chief/ap42/index.html. 
Equations documented in AP-42 Section 13.2.4, dated 11/06 were used. The following predictive emissions 
equation was used in determining the emission factors for material handling: 

 

EF = k × 0.0016 ×
� U

2.2�
1.3

�M
2�

1.4  

Where:  

EF  ........................ = particulate emission factor (kg/Mg) 
k  ........................... = particle size multiplier for particle size range (see Table 6) 
U  .......................... = mean wind speed (m/s) 
M  .......................... = moisture content of material (percent) (%). 
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Table 6: Particle Size Assumptions Material Transfer 

Size Range k 

SPM 0.74 
PM10 0.35 
PM2.5 0.053 

k = particle size multiplier for particle size range 

 

The following is a sample calculation for the SPM emission factor from the material handling of waste at the NSDF 
Project during the operations phase. A mean wind speed of 2.93 metres per second (m/s) obtained from the 
MOECC pre-processed meteorological data (2011 to 2015) was used for the calculation. A moisture content of 
12% for miscellaneous fill material was used, which was obtained from Table 13.2.4.1 of the U.S. EPA AP-42. 

EF = 0.74 × 0.0016 ×
�2.93

2.2 �
1.3

�12
2 �

1.4  

EF = 0.0001
kg
Mg

 

 

The following is a sample calculation for the SPM emission rate for a waste handling rate of 81 tonnes/day and 
application of daily cover of 9 tonnes/day. 

 

ER waste handling =
0.0001 kg

Mg
 ×  

81 Mg
day

  ×  
1 day
12 hr

 × 
1 hr

3,600 s
 × 

1,000 g
1 kg

  

ER waste handling = 2.61 E − 04 
g
s

  

ER daily cover =
0.0001 kg

Mg
 ×  

9 Mg
day

  ×  
1 day
12 hr

 ×  
1 hr

3,600 s
 × 

1,000 g
1 kg

  

ER daily cover = 3.03 E − 05 g
s
 The emission rates of PM10 and PM2.5 were calculated as presented above. The 

emission rates from the construction phase were calculated as presented above, assuming the quantity of fill 
excavated per day is equivalent to the daily waste receipt rate and no application of daily cover.  
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4.1.3 Non-Road Vehicles – Exhaust Emissions 
Crank case emission factors and load factors for non-road Engine Modelling (Compression Ignition) – 
U.S. EPA 009d (July 2010, U.S. EPA 2010a) (Crank case document) were used to calculate the exhaust (tailpipe) 
emissions from on-Site vehicles during construction and operation phases. A load factor of 1.0 was assumed for 
equipment that did not have an explicitly defined a load factor or a representative load factor to use in the pieces 
of equipment identified in the Crank case document. For conservatism, it was assumed that all on-Site vehicles 
comply with Tier 2 emission standards.  

The following predictive emissions equation was used to calculate the combustion emission rates for on-Site 
vehicles: 

ER = EF × engine horsepower rating × load factor ×
1 hr

3,600 s
 

Where:  

ER = ...................... emission rate (g/s) 
EF = ...................... emission factor (g/hp-hr). 

 
The following is a sample calculation for the SPM emissions for the compactor to be located at the NSDF Project: 
 

ER =
0.1316 g
hp − hr

 × 565 hp × 1.00 ×
1 hr

3,600 s
 

ER = 2.07E − 02 g/s 

The emissions rates for SPM, PM10 and PM2.5, NOx, SO2, and CO were calculated using the same equation. The 
emission rate for C3H4O was calculated by first converting the hydrocarbon emission factor from the Crank case 
document to an emission factor for total VOCs (US EPA 2010b) and then by applying the estimated percent weight 
of acrolein to the VOC emission factor (University of California 2004). The emission rates for non-road vehicles 
were calculated for both the NSDF Project Construction and Operations phases based on the type and number of 
equipment present (e.g., dozers, excavators, and trucks). Emission calculations for both phases assume all 
equipment is operating at the same time and all are located at the NSDF Project. The emissions calculated were 
then modelled at the locations were they are anticipated to occur (i.e., on cell 1 for the construction of the NSDF 
Project and over the entire surface area during the operations phase). Additional information on the modelling 
sources are described in Appendix 5.2-4 – Dispersion Modelling.  
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4.1.4 On-Road Vehicles – Exhaust Emissions 
Emission factors for the vehicle exhaust for on-road vehicles for the construction and operations phases were 
obtained using the U.S. EPA’s mobile source emission factor model MOBILE6.2. The Canadian version of MOBILE 
6.2, which integrates the Canadian climate and fuel compositions emission model, was used for this assessment 
(MOBILE6.2C, Version 6.2.3). 

The following inputs to MOBILE6.2C were created by following the Ministry of Transportation’s Environmental 
Guide for Assessing and Mitigating the Air Quality Impacts and Greenhouse Gas Emissions of Provincial 
Transportation Projects (MTO 2012). 

 The month of evaluation was July which is the preferred month by the MTO.  

 The diurnal patterns in temperature were derived using the measured data (2011 to 2015) from the CNL 
on-site station (Refer to Appendix 5.2-1 – Meteorology for more details).  

 The diurnal patterns in relative humidity were derived using measured data (2011 – 2015) from the MOECC 
dispersion meteorology data set (Refer to Appendix 5.2-1 – Meteorology for more details). 

 The vehicle characteristics parameters including the vehicle miles travel (VMT) fraction, age distribution, 
annual mileage accumulation rates, and diesel fractions for the 16 vehicle classes, were based on the default 
input data built into the MOBILE6.2C. 

 Ontario’s drive clean program requires the diesel sulphur content of 15 parts per million (ppm) which was 
used. The emission reductions due to Ontario’s Emissions Inspection and Maintenance (I/M) Program have 
not been considered as a conservative approach. 

 Local was used as the road type and the speed of 20 kilometres per hour (km/hr) were used. 

 Fuel composition and properties was representative of Ontario. 

The main inputs to the MOBILE 6.2C for this assessment are summarized in Table 7. 
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Table 7: MOBILE 6.2C Inputs 
External Conditions Input 
Calendar year of evaluation 2020 
Month July 
Altitude Low 
Temperature Hourly temperature at the CNL on-site station 
Humidity Hourly relative humidity from the MOECC meteorological data set 

Pressure 29.5 in Hg based on the annual average pressure from the MOECC 
meteorological data set 

Fuel Options   
RVP (PSI) 8.9 psi 
Diesel sulphur content 15 ppm (Ontario Drive Clean) 
Gasoline sulphur content 25 ppm 
Air Toxics   
Gasoline aromatics (%) 28.4 
Gasoline olefin (%) 10.3 
Gasoline benzene (%) 0.8 
Vapor percentage of gasoline at 200 F (%) 47.3 
Vapor percentage of gasoline at 300 F (%) 83.3 
Oxygenate volume% of Ethanol or 
Ethyl Alcohol (Ethanol) 10% volume and 20% market share 

Vehicle Fleet Characteristic   
Distribution of Vehicle Registrations default 
Diesel fractions default 
Annual mileage accumulation rates default 
Vehicle Miles Travelled (VMT) fraction default 
Natural gas vehicles (NGVs) fraction default 
Alternate emission factors for NGVs default 
Activity Commands   
Fractions of Vehicle Miles Traveled (VMT) default 
VMT by facility, hour and speed default 
Starts per day default 
Distribution of vehicle starts during the day default 
Soak distribution default 
hot soak activity default 
Diurnal soak activity default 
Weekday trip length distribution default 
Weekend trip length distribution default 
Use weekend vehicle activity default 
Facility type Local 

psi = Pounds per Square Inch; RVP = Reid Vapour Pressure; ppm = parts per million; % = percent; F = Degrees Fahrenheit 
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The emission factors developed for the trucks are provided in Table 8. These emission factors were converted 
from VMT to vehicle kilometres travelled (VKT) and used for estimating emissions from on-road vehicles in both 
the construction and operations phases. 

Table 8: Emission Factors for Fleet Trucks Calculated Using MOBILE6 

Compound Emission Factor (g/VKT) 

SPM 4.25E-02 

PM10 4.25E-02 

PM2.5 2.45E-02 

NOX 1.09E+00 

SO2 8.14E-03 

CO 5.89E-01 

Total VOC* 3.09E-01 

g/VKT = grams per vehicle kilometres travelled 

* C3H4O emissions were estimated using the total VOC emission factor from MOBILE6 and by applying a 0.059% 
factor based on the document “Chemical Composition of Vehicle-Related Volatile Organic Compound Emissions 
in Central California” (University of California 2004). 

The following equation was used to calculate the vehicle kilometres travelled per hour (VKT/hr): 

 
𝑉𝑉𝑉𝑉𝑉𝑉
ℎ𝑟𝑟

=  # 𝑜𝑜𝑜𝑜 𝑉𝑉𝑟𝑟𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐻𝐻𝑜𝑜𝑇𝑇𝑟𝑟

 ×  𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ 𝑇𝑇𝑇𝑇𝑅𝑅𝑇𝑇𝐿𝐿𝑇𝑇𝑇𝑇𝐿𝐿𝑅𝑅 (𝑘𝑘𝑘𝑘) 

 

The following is a sample calculation for VKT/hr on one segment (UP1) of the unpaved roads: 

 

𝑉𝑉𝑉𝑉𝑇𝑇
ℎ𝑇𝑇

=  
 8 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘𝑇𝑇
𝐻𝐻𝑅𝑅𝑇𝑇𝑇𝑇

 ×  0.177 𝑘𝑘𝑘𝑘 

VKT/hr = 1.42 

Each of the road segments UP1 to UP7 were calculated using the equation above. The road segments for the 
construction and operation phases are presented in Appendix 5.2-4 – Dispersion Modelling, Figures 5 and 6, 
respectively. The length of the segments were estimated based on the 60% Design (AECOM 2016a). The value 
of 11.10 VKT/hr represents total vehicle kilometres travelled per hour on all road segments during the construction 
phase and the value of 11.40 VKT/hr represents total vehicle kilometres travelled per hour on all segments during 
the operation phase. The value for roads operation phase is used in the sample calculation for SPM below. 
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The following predictive emissions equation was used to calculate the tailpipe emission rates for on-Site vehicles 
travelling on roads: 

ER = EF × VKT ×
1 hr

3,600 s
 

Where:   

ER = ...................... emission rate (g/s)  
EF = ...................... emission factor (g/VKT) 
VKT = .................... 11.40 VKT (calculated VKT for all road segments). 

 
The following is a sample calculation for SPM emissions for on-Site vehicles tailpipe emissions on road segments 
during the operation phase.  

𝐸𝐸R =  
0.0425 g

VKT
×

11.40 VKT
hr

×
1 hr

3,600 s
 

ER = 1.35E − 04 g/s 

Suspended particulate matter, PM10 and PM2.5, SO2, CO, and C3H4O were calculated using the same equation.  

4.1.5 On-Road Vehicles – Unpaved Road Dust 
The predictive equation in U.S. EPA AP-42 Chapter 13.2.2 – Unpaved Roads (November 2006) was used to 
calculate the fugitive dust emissions from unpaved roadways. The equation accounts for a control efficiency for 
the implementation of dust control measures. The equation is as follows: 

EF = �k �
s

12
�
a

× �
W
3
�
b

× 281.9 � (1 − control efficiency) 

Where: 

EF  ........................ = particulate emission factor (g/VKT) 
k  ........................... = empirical constant for particle size range (pounds (lbs) per vehicle mile travelled 

(VMT)) (see Table 9) 
s  ........................... = road surface silt content (%) assumed to be 6.4% (as per U.S. EPA AP-42 

Section 13.2.2 for Municipal Solid Waste [MSW] landfills) 
W  ......................... = average weight (tons) of the vehicles traveling the road, 
a ............................ = empirical constant for particle size range (dimensionless) (see Table 9) 
b ............................ = empirical constant for particle size range (dimensionless) (see Table 9) 
281.9 ..................... = conversion from pounds per vehicle miles travelled to grams per vehicle kilometres 

travelled 
control efficiency ... = reduction of fugitive dust emissions of 75% due to implementation of a water truck 

and on-site speed limit. 
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Table 9: Particle Size Assumptions for Unpaved Road Dust 

Size Range k (lb/VMT) a b 

SPM 4.9 0.7 0.45 
PM10 1.5 0.9 0.45 
PM2.5 0.15 0.9 0.45 

lb/VMT = pounds per vehicle miles travelled 

The following is a sample calculation for SPM for the emission factor for vehicles that will travel along unpaved 
segment 1 (UP1), along the perimeter of the NSDF Project to the vehicle decontamination facility. It was estimated 
that the fleet vehicles will have an average weight of 31.7 tons. A control efficiency of 75% was selected to 
represent the implementation of the Dust Management Plan (DMP) for the NSDF Project, which will include road 
watering and a speed limit. 

EF = �4.9 �
6.4
12
�
0.7

× �
31.7

3
�
0.45

× 281.9� (1 − 75%) 

EF = 642.5 g/VKT 

The following is a sample calculation for the SPM emission rate for vehicles travelling along the same unpaved 
road segment: 

ER =
642.5 g

VKT
×

1.42 VKT
hr

×
1 hr

3600 s
 

ER = 2.53E − 01 g/s 

The emission rates of PM10 and PM2.5 were calculated as presented above. 

4.1.6 Stockpiles Fugitive Dust 
The U.S. EPA AP-42 emission factors from U.S. EPA Control of Open Fugitive Dust Source (EPA-45/3-88-008), 
September 1988, Page 4-17 were used to calculate the fugitive dust emissions associated with the stockpile. The 
following predictive emissions equation was used in determining the emission factors for material handling: 

EF = 1.9 ×  �
s

1.5
� ×  �

f
15
� × 𝑇𝑇𝑇𝑇𝑅𝑅𝑇𝑇𝑠𝑠𝐿𝐿𝐿𝐿 𝑓𝑓𝑅𝑅𝑇𝑇𝐿𝐿𝑅𝑅𝑇𝑇 ×  (1 − 𝑇𝑇𝑅𝑅𝐿𝐿𝐿𝐿𝑇𝑇𝑅𝑅𝑇𝑇 𝐿𝐿𝑓𝑓𝑓𝑓𝑠𝑠𝑇𝑇𝑠𝑠𝐿𝐿𝐿𝐿𝑇𝑇𝑐𝑐) 

Where:  

EF  ........................ = particulate emission factor (kg/ha/day), 
s  ........................... = silt loading (%) 
f  ............................ = percent of time the wind speed is greater than 5.4 m/s (%),  
Scaling factor ........ = a scaling factor for particulate (see Table 11), and 
Control efficiency .. = reduction of fugitive dust emissions due to implementation of a BMP for fugitive dust. 
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Table 10: Scaling Factor 

Size Range k 

SPM 1 
PM10 0.5 
PM2.5 0.075 

k = particle size multiplier for particle size range 

The percent of time the wind speed is greater than 5.4 m/s was obtained from the MOECC pre-processed 
meteorological data (2011 to 2015) used for the dispersion modelling assessment. Refer to Appendix 5.2-1 for 
more details on the dispersion meteorological data. 

The following is a sample calculation for the SPM emission factor for emissions that will occur from the soil stock 
pile. The silt content for clay/dirt mix of 9.2% from Table 13.2.4-1 of the U.S. EPA AP-42 Section 13.2.4 was 
conservatively used for soil.  

EF = 1.9 ×  �
9.2
1.5

� × �
7.5
15
� × 1  

EF = 5.845 
𝑘𝑘𝐿𝐿

ha − day
 

The silt content for cover of 9.0% from Table 13.2.4-1 in the U.S. EPA AP-42 Section 13.2.4 was used for the fill 
stockpile. 

The following is a sample calculation for the SPM emission rate for the fill stockpile. A control efficiency of 75% 
was selected to represent the implementation of a fugitive dust DMP. 

ER = EF × A ×
1 ha

10,000 m2  ×  
1 hr

3,600 s
 ×  

1,000 g
1 kg

 ×  
1 day
24 hr

 x (1 − control efficiency) 

Where:  

EF  ........................ = particulate emission factor (kg/ha/day) 
A  .......................... = Exposed area (m2)  
Control efficiency = reduction of fugitive dust emissions due to implementation of a DMP for fugitive dust 

ER = 5.718
kg

ha − day
 x 16,000 m2  ×

1 ha
10,000 m2  ×  

1 hr
3,600 s

 ×  
1,000 g

1 kg
 ×  

1 day
24 hr

 ×  (1 − 75%) 

ER = 2.65E − 02 g/ s  

The emission rates of PM10 and PM2.5 were calculated as presented above. 
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4.1.7 General Stationary Combustion 
The NSDF Project includes four buildings that will be heating by natural gas: the WWTP, the vehicle 
decontamination facility, the administration office, and the operations support centre. In addition to heating 
requirements, the WWTP will require natural gas for the treatment process. 

Annual natural gas consumption for the WWTP and the other support buildings was obtained from the 90% Energy 
Model Analysis (AECOM 2017).  The natural gas consumption for each individual support building (i.e., the vehicle 
decontamination facility, administration office, and operations support centre) was scaled based on the maximum 
thermal input provided in the Building Services Summary Report (AECOM 2016c).   

All emission factors, with the exception of SPM, were obtained from U.S. EPA AP-42 Section 1.4 - Natural Gas 
Combustion (9/98) from uncontrolled small boilers ( less than 100).  As a conservative measure the uncontrolled 
emission factor was used in estimating the emissions. The SPM emission factor was obtained from the Canadian 
Energy Partnership for Environmental Innovation (CEPEI) Natural Gas Combustion Emissions Calculator. The 
emission factors in lb/ 106 standard cubic feet (scf) were converted to kg/106 cubic metres based on a conversion 
factor of 16 provided in the U.S. EPA AP-42 Section 1.4.  

The following is a sample calculation for the waste water treatment building for the emission rate of NOx: 

 

ER = Annual natural gas consumption 
𝑘𝑘3

yr
 ×  emission factor NOx

kg
106𝑘𝑘3  ×

1 yr
365 days

 ×
1 day
24 hrs

 ×
1 hr

3600 s
×

1000 g
1 kg

 

ER = 456,841
𝑘𝑘3

yr
 × 1,600

kg 
106𝑘𝑘3  ×

1 yr
365 days

 ×
1 day
24 hrs

 ×
1 hr

3600 s
×

1000 g
1 kg

 

ER = 2.32E − 02
𝐿𝐿
𝑇𝑇
 

As identified in Section 2.2, emissions from natural gas comfort heating sources occur seasonally (i.e., do not 
occur at all times during a year) and are minor compared to emissions from the mobile combustion sources, with 
the exception of Pb emissions.  
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4.1.8 Waste Water Treatment Plant - Odour 
Potential odour emissions from the WWTP were estimated based on a conservative detection threshold (i.e. 
emission factor) of 1000 OU for a trickling filter from the published paper titled ‘Odor Threshold Emission Factors 
for Common WWTP Processes’ (St. Croix Sensory Inc. 2008). This represents a WWTP where emissions are 
collected and emitted through a stack equipped with emission control. Given that the WWTP will be treating 
primarily stormwater from the NSDF, since leachate is produced in relatively low rates (AECOM 2016d), and there 
is no odour in stormwater, the odour threshold was scaled to reflect the estimated breakdown of WWTP influent.  
The stack flow rate was obtained from the Single Line HVAC Diagrams (AECOM 2016e). 

The following is a sample calculation for the emission rate of odour from the waste water treatment plant 
pretreatment area: 

 

ER = odour concentration 
OU
m3 ×  flow rate

m3

𝑇𝑇
  

ER = 18 
OU
m3  ×  11.66 

m3

s
 ER = 215 OU/s 
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4.2 GHG – Emission Calculations 
The GHG emissions, including carbon dioxide (CO2), methane (CH4) and nitrous Oxide (N2O), were calculated for 
the ECM cover (decomposition of waste), stationary combustion sources, and mobile equipment (vehicle exhaust). 
Emissions for the operations phase of the NSDF Project were calculated using the maximum annual landfill gas 
generation rate estimated using the U.S. EPA LandGEM model (refer to Section 4.1.1) and equipment/vehicle 
information provided by CNL for both the construction and operations phases. 

The assessment generally followed the calculation methods in the Ontario MOECC Publication entitled Guideline 
for Greenhouse Gas Emissions Reporting (MOECC 2015), as set out under O. Reg. 452/09 under the 
Environmental Protection Act, as well as the ISO (International Organization of Standardization) 14064-1 standard 
entitled Specification with Guidance at the Organizational Level for Quantification and Reporting of Greenhouse 
Gas Emissions and Removals (ISO 2006).  

4.2.1 Engineered Containment Mound Cover – Operation Phase only 
The GHG emissions from the ECM cover were estimated using the LandGEM model developed by the U.S. EPA. 
LandGEM predicts the maximum CO2 and CH4 annual emission rates. The LandGEM model inputs are discussed 
in Section 4.1.1.  

The GHG emissions from the ECM cover are based on the maximum annual LFG emissions from LandGEM 
results and a composition by volume of 50% methane and 50% carbon dioxide. CH4 density was assumed as 
0.656 kilogram per cubic metre (kg/m3) at 25°C and 101.3 kilopascal (kPa) and CO2 density was assumed as 
1.808 kg/m3 at 25°C and 101.3 kPa. 

The following is a sample calculation for the CH4 emissions through the ECM cover: 

𝐸𝐸𝐶𝐶𝐻𝐻4 = CH4 LFG emissions �𝑚𝑚
3

𝑦𝑦𝑟𝑟
� ×  density kg

m3 ×  1 tonnes
1000kg

  

𝐸𝐸𝐶𝐶𝐻𝐻4 = 20,000 𝑚𝑚3

𝑦𝑦𝑟𝑟
 ×  0.656 kg

m3 ×  1 tonnes
1000kg

  

𝐸𝐸𝐶𝐶𝐻𝐻4 = 13.12 
tonnes

yr
 

Carbon dioxide emissions were calculated in the same manner as presented above. There are no nitrous oxide 
emissions emitted from the decomposition of waste emitted from the cover.  
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4.2.2 On-Road and Non-Road Equipment (Mobile Equipment) – Operation and 
Construction Phase 

The GHG emissions from mobile equipment from the NSDF Project were calculated based on fuel consumption 
and fuel-specific emission factors on an energy basis as presented in Appendix 18 of the O. Reg. 452/09 Guideline 
for calculating CO2, CH4 and N2O emissions. For the purposes of this assessment, Calculation Methodology 2 
(Equations 280-2 and 280-5) from the O. Reg. 452/09 Guideline was used. This method is based on equipment 
rating, load factor, and the default fuel specific emission factor (kilogram per gigajoule [kg/GJ] or gram per 
gigajoule [g/GJ]) from Table 20-2, Table 20-3, and Table 20-4 of ON.20 (General Stationary Combustion). 

The equations below present the methods for calculating CO2, CH4 and N2O emissions from mobile equipment: 

Total CO2 emissions from mobile equipment: 

𝐸𝐸𝐶𝐶𝐶𝐶2 = hi,k × hpi,k × LFi,k × BSFCi,k × EFi,CO2 

Where: 

ECO2  ...................... = Annual CO2 emissions from combustion of fuel in mobile equipment sources 
(tonnes CO2) 

hi,k  ........................  = total annual hours of operation for the mobile equipment sources (hr)  
hpi,k  ....................... = rated equipment horsepower for mobile equipment (hp)  
LFi,k  ...................... = load factor for mobile equipment, between 0 and 1 
BSFCi,k  ................. = brake-specific fuel consumption for mobile equipment (L/hp-hr)  
EF  ........................  = Fuel-specific default CO2 emission factor, from section ON.20 (tonnes CO2/L) 

 

Total CH4 and N2O emissions from mobile equipment operation: 

ECH4/N2O = hi,k × hpi,k × LFi,k × BSFCi,k × EFi,g × 0.000001 

Where: 

ECH4/N2O  ................ = Annual CH4 or N2O emissions from combustion of fuel in mobile equipment sources 
(tonnes CH4 or N2O) 

hi,k  ........................ = total annual hours of operation for the mobile equipment sources (hr)  
hpi,k  ....................... = rated equipment horsepower for mobile equipment (hp)  
LFi,k  ...................... = load factor for mobile equipment, between 0 and 1 
BSFCi,k  ................. = brake-specific fuel consumption for mobile equipment (L/hp-hr)  
EF i,g  ..................... = Fuel-specific default CH4 or N2O emission factor, from section ON.20 (g/L) 
0.000001 = Conversion factor from g to tonnes 

It was assumed that all mobile equipment is fueled by diesel. The annual fuel consumption for each vehicle type 
was calculated based on an assumed vehicle horsepower, brake specific fuel consumption and load factors from 
the Crank case document (U.S. EPA 2010a).  
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The following is a sample calculation for the emission rate of CO2 from the compactor: 

𝐸𝐸𝐶𝐶𝐶𝐶2 = �hi,k × hpi,k × LFi,k × BSFCi,k� × EFi,CO2 × # of equipment 

𝐸𝐸𝐶𝐶𝐶𝐶2 = (3,744
 hr
yr

× 565 hp × 1.0 × 0.367
lb

hp − hr
× 0.45359

kg
lb

×
1 L

0.845 kg
) × 2663

g
L

×
1 tonne

1,000,000g
× 1 compactor 

𝐸𝐸𝐶𝐶𝐶𝐶2 = (416,732
L

year
) × 2663

g
L

×
1 tonne

1,000,000g
× 1 compactor 

𝐸𝐸𝐶𝐶𝐶𝐶2 = 1,110
tonnes 𝐶𝐶𝐶𝐶2

year
 

4.2.3 General Stationary Combustion – Operation Phase Only 
Stationary combustion sources for the NSDF Project includes natural gas used in the WWTP process and for 
comfort heating. Stationary combustion methods from Appendix 10 of the O. Reg. 452/09 Guideline have been 
used to calculate the GHG emissions from the construction and operations phases.  

For the purposes of this assessment, Calculation Methodology 1 (Equations 20-1 and 20-10) from the 
O. Reg. 452/09 Guideline was used. This method is based on fuel consumption, default high heat values (HHV), 
and the default fuel specific emission factors (kg/GJ or g/GJ) from Table 20-2, Table 20-3, and Table 20-4. 

The equations below present the method for calculating CO2, CH4 and N2O emissions from general stationary 
combustion: 

Total CO2 emissions from stationary fuel combustion: 

𝐸𝐸𝐶𝐶𝐶𝐶2 = Fuel × HHV × EF × 0.001 

Where: 

ECO2  ...................... = Annual CO2 emissions from combustion of fuel in stationary sources (tonnes CO2) 
Fuel  ...................... = Volume of the fuel combusted in the calendar year (m3)  
HHV ...................... = Default high heat value of the fuel from Table 20-1 or 20-1a (GJ/m3) 
EF  ........................ = Fuel-specific default CO2 emission factor, from Tables 20-2 and 20-3 of ON.20 

(General Stationary Combustion) (kg/GJ) 
0.001 = Conversion factor from kilograms (kg) to tonnes 
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Total CH4 and N2O emissions from stationary fuel combustion: 

ECH4/N2O = Fuel × HHV × EF × 0.000001 

Where: 

ECH4/N2O  ................ = Annual CH4 or N2O emissions from combustion of fuel in stationary sources (tonnes 
CH4 or N2O) 

Fuel  ......................  = Volume of the fuel combusted in the calendar year (m3)  
HHV ......................  = Default high heat value of the fuel from Table 20-1 or 20-1a (GJ/m3) 
EF  ........................ = Fuel-specific default CH4 or N2O emission factor, from Tables 20-2 and 20-4 of 

ON.20 (General Stationary Combustion) (g/GJ) 
0.000001 = Conversion factor from g to tonnes 

 

Fuel consumption for the natural gas combustion equipment was estimated based on heating requirements for 
other representative facilities buildings of similar size and professional judgment.  

The following is a sample calculation for the emission rate of CO2 from the Waste water treatment plant: 

𝐸𝐸𝐶𝐶𝐶𝐶2 = Fuel × HHV × EF × 0.001 

𝐸𝐸𝐶𝐶𝐶𝐶2 = 456,841 
𝑘𝑘3

𝑐𝑐𝑇𝑇
× 0.038 

𝐺𝐺𝐺𝐺
𝑘𝑘3 × 49.03 

𝑘𝑘𝐿𝐿
𝐺𝐺𝐺𝐺

× 0.001 

𝐸𝐸𝐶𝐶𝐶𝐶2  = 851.16
tonnes 𝐶𝐶𝐶𝐶2

yr
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4.2.4 Land Clearing 
Land clearing for the NSDF Project results in GHG emissions. These emissions take into account both the loss of 
a carbon sink (i.e. the vegetative cover) in future years as well as the one-time loss of carbon stored in the biomass 
from the cleared area. 

One-Time Loss of Carbon Stored in Biomass 

CO2 emissions will also result from a one-time release of carbon currently stored in the biomass after land clearing 
but are dependent on the disposal method and as this is unknown the emissions have been amortized over the 
lifetime of the NSDF Project. These emissions are calculated as follows: 

𝐿𝐿𝑅𝑅𝑠𝑠𝑇𝑇𝐿𝐿𝑇𝑇𝑇𝑇𝑑𝑑 =  𝐴𝐴 ∗ 𝐵𝐵𝑊𝑊 ∗ (1 + 𝑅𝑅) ∗ 𝐶𝐶𝐶𝐶 ∗ 𝑓𝑓𝑅𝑅 
Where: 

A =  the total area of forested land (ha); 

BW = the average above-ground biomass (tonnes dry matter ha-1) 

R = the ratio of below to above-ground biomass 

CF = the carbon fraction of dry matter (tonnes C tonnes dry matter-1) 

fd = the fraction of biomass, assumed to be 1. 

Parameter Value used Reference Note 

BW 95 tonne dm ha-1  IPCC Volume 4  
Chapter 4, Table 4.7 

Natural Temperate Continental 
Forest, North America. Assumed 
to be the average of 60 for 
forests < 20 years old and 130 
for forests >20 years old. 

R 0.46  IPCC Volume 4  
Chapter 4, Table 4.4 

Temperate forests, higher value 
between other broadleaf and 
conifer forest with <50 tonnes ha-

1 

CF 0.47 IPCC Volume 4  
Chapter 4, Table 4.3 All temperate and boreal forests 

 

𝐿𝐿𝑅𝑅𝑠𝑠𝑇𝑇𝐿𝐿𝑇𝑇𝑇𝑇𝑑𝑑 = 33.45 ℎ𝑅𝑅 ∗  95 𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝑅𝑅𝑘𝑘 ℎ𝑅𝑅−1 ∗ (1 + 0.46) ∗ 0.47 ∗ 1 
 

𝐿𝐿𝑅𝑅𝑠𝑠𝑇𝑇𝐿𝐿𝑇𝑇𝑇𝑇𝑑𝑑 = 2,181 𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝐶𝐶 
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Using the molecular weights, the annual amount of carbon dioxide emitted was calculated. 

𝐶𝐶𝐶𝐶2 = 2, 181 𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝐶𝐶 ∗  
44
12

 

𝐶𝐶𝐶𝐶2 = 7,995.43 𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝐶𝐶𝐶𝐶2 

The emissions presented as annual emissions over the lifetime of the project (50 years): 

𝐶𝐶𝐶𝐶2  = 7,995 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑡𝑡𝑇𝑇 𝐶𝐶𝐶𝐶2 
50 𝑦𝑦𝑡𝑡𝑦𝑦𝑟𝑟𝑇𝑇

  

𝐶𝐶𝐶𝐶2  = 159.91 
𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝐶𝐶𝐶𝐶2

𝑐𝑐𝐿𝐿𝑅𝑅𝑇𝑇
 

 

Loss of Carbon Sink Potential 

Emissions from the loss of a carbon sink represents the amount of carbon which could have been removed from 
the atmosphere by the vegetative cover in the area had the land not been cleared, it represents lost carbon removal 
potential in the years after land clearing. The equation below present the method for calculating the annual 
increase in biomass carbon stored due to biomass growth (CG) (tonne C yr-1). This annual carbon storage is 
considered a loss for this project since this carbon storage will be removed when the land is cleared. 

𝐶𝐶𝐺𝐺 = 𝐴𝐴 ∗ 𝐺𝐺𝑊𝑊 ∗ (1 + 𝑅𝑅) ∗ 𝐶𝐶𝐶𝐶 

Where: 

A =  the total area of forested land (ha)  

GW =  the average annual above-ground biomass growth (tonnes dry matter ha-1 yr-1) 

R =  the ratio of below to above-ground biomass 

CF = the carbon fraction of dry matter (tonnes C tonnes dry matter-1) 

The total area is of land is the total area that will be cleared for the project, which is 33.45 ha. In the interest of 
conservatism, the entire area is assumed to be temperate forest.   

All required biomass and carbon fraction data was obtained from the IPCC guidelines chapter 4, as shown below. 

Parameter Value used Reference Note 

GW 4 tonne dm ha-1 yr-1 IPCC Volume 4  
Chapter 4, Table 4.9  

Natural Temperate Continental Forest, 
North America 

R 0.46  IPCC Volume 4  
Chapter 4, Table 4.4 

Temperate forests, higher value 
between other broadleaf and conifer 
forest with <50 tonnes ha-1 

CF 0.47 IPCC Volume 4  
Chapter 4, Table 4.3 All temperate and boreal forests 
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𝐶𝐶𝐺𝐺 = 33.45 ℎ𝑅𝑅 ∗ 4 𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝑅𝑅𝑘𝑘 ℎ𝑅𝑅−1𝑐𝑐𝑇𝑇−1 ∗ (1 + 0.46) ∗ 0.47 

𝐶𝐶𝐺𝐺 = 92 
𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝐶𝐶
𝑐𝑐𝐿𝐿𝑅𝑅𝑇𝑇

 

Using the molecular weight of carbon (12 g/mol) and carbon dioxide (44 g/mol), the annual amount of carbon 
dioxide that would be stored in the area was calculated. 

𝐶𝐶𝐶𝐶2 𝑇𝑇𝐿𝐿𝑅𝑅𝑇𝑇𝑅𝑅𝐿𝐿𝐿𝐿 𝑇𝑇𝑅𝑅𝑇𝑇𝑇𝑇 = 92 
𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝐶𝐶
𝑐𝑐𝐿𝐿𝑅𝑅𝑇𝑇

∗  
44
12

 

𝐶𝐶𝐶𝐶2 𝑇𝑇𝐿𝐿𝑅𝑅𝑇𝑇𝑅𝑅𝐿𝐿𝐿𝐿 𝑇𝑇𝑅𝑅𝑇𝑇𝑇𝑇 = 337 
𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝐶𝐶𝐶𝐶2

𝑐𝑐𝐿𝐿𝑅𝑅𝑇𝑇
 

Therefore the annual amount of carbon dioxide storage that will be lost from clearing the land is 337 tonnes 
CO2/year. Since this is a loss of a carbon sink, we are including this as annual emissions of CO2. These annual 
emissions are associated with the construction phase of the project since the sink is removed during construction.  

Therefore the total CO2 emission rate from this source is: 

 𝑇𝑇𝑅𝑅𝐿𝐿𝑅𝑅𝑇𝑇 𝐶𝐶𝐶𝐶2𝐸𝐸𝑘𝑘𝑠𝑠𝑇𝑇𝑇𝑇𝑠𝑠𝑅𝑅𝐿𝐿𝑇𝑇 = 337 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑡𝑡𝑇𝑇 𝐶𝐶𝐶𝐶2
𝑦𝑦𝑡𝑡𝑦𝑦𝑟𝑟

+ 159.91 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑡𝑡𝑇𝑇 𝐶𝐶𝐶𝐶2
𝑦𝑦𝑡𝑡𝑦𝑦𝑟𝑟

 

𝑇𝑇𝑅𝑅𝐿𝐿𝑅𝑅𝑇𝑇 𝐶𝐶𝐶𝐶2𝐸𝐸𝑘𝑘𝑠𝑠𝑇𝑇𝑇𝑇𝑠𝑠𝑅𝑅𝐿𝐿𝑇𝑇 = 496.56 
𝐿𝐿𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝑇𝑇 𝐶𝐶𝐶𝐶2

𝑐𝑐𝐿𝐿𝑅𝑅𝑇𝑇
 

 

4.2.5 Global Warming Potentials 
Emissions from CO2, CH4 and N2O were converted to CO2e. The GHG emissions are expressed as tonnes of 
equivalent CO2, by multiplying the annual emissions of each GHG by its 100-year global warming potential (GWP). 
The GWP of each gas represents the gas’s ability to trap heat in the atmosphere in comparison to CO2. The federal 
and provincial GWPs that are used to calculate the GHG emissions from the NSDF Project are listed in Table 11. 
Federal GWPs were used to compare against the Canada-wide GHG emissions and provincial GWPs were used 
to calculate reportable emissions and compare against the Ontario GHG emissions.  

Table 11: Federal and Provincial Global Warming Potentials 

GHG Compound GHGRP GWP O. Reg. 452/09 GWP 

CO2 1 1 
CH4 25 21 
N2O 298 310 
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4.2.6 Methods Summary 
Table 12 presents a summary of the emission’s methods and the references for the sources included in this GHG 
assessment for the NSDF Project. 

Table 12: GHG Assessment Methodology Summary 

NSDF Project Activity(1) Source Source Category Methods 

Construction Phase 
Site preparation, construction 
of the ECM, development of 
surface water management  
structures, construction of the 
WWTP and other support 
facilities, and on-site road and 
access development 

Mobile Equipment (non-road 
and road vehicle exhaust 
emissions) 

Mobile Combustion  ON-280 Mobile Equipment 
Operation 

Site Preparation Land Clearing 
Loss of Carbon Sink Site Preparation IPCC 2006 Vol 4, Chapter 4 

Operations Phase 
Operation of the WWTP Stationary Combustion 

(WWTP natural gas 
combustion and natural gas 
heating ) 

Stationary 
Combustion 

ON-20 General Stationary 
Combustion 

Staged development of 
disposal cells, on-site 
transportation of waste and 
placement of the waste in the 
ECM, progressive closure of 
disposal cells and installation 
of cover 

Mobile Equipment (non-road 
and road vehicle exhaust 
emissions) 

Mobile Combustion ON-280 Mobile Equipment 
Operation 

ECM (decomposition of waste) ECM Cover and Passive Vents Waste Emissions Estimated using LandGEM 
model. 

Site Preparation Loss of Carbon Sink Site Preparation IPCC 2006 Vol 4, Chapter 4 
(1) As described in the pathway analysis of the EIS (Section 5.2.2.5). 

 

5.0 EMISSION RATES 
This section outlines the emission rates to be used in the Air Quality Assessment, in g/s, which were calculated 
for each activity as described in Section 4.0.  

5.1 Air Quality Assessment 
Table 13 and Table 14 summarize the emission rates for each activity at the NSDF Project and the percentage 
that each source contributes to the overall emissions from the NSDF Project during the construction phase. 
Table 15 and Table 16 summarize the emission rates for each activity at the NSDF Project and the percentage 
that each source contributes to the overall emissions from the NSDF Project during the operations phase. 
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Table 13: Summary of Emission Rates during the Construction Phase 

NSDF Project Activity(a) Source Activity 
 Non-Radiological Indicator Compound Emission Rate (g/s) 

SPM PM10 PM2.5 NOx/NO2 SO2 CO C3H4O Hg Pb H2S C2H3Cl Odour 
(OU/s) 

— 

Engineered Containment 
Mound 

ECM cover — — — — — — — — — — — — 

— ECM passive vents — — — — — — — — — — — — 

All construction activities(b) ECM construction (material handling) 2.61E-04 1.24E-04 1.87E-05 — — — — — — — — — 

All construction activities(b) ECM construction (vehicle exhaust) 7.42E-02 7.42E-02 7.42E-02 2.36E+00 2.74E-03 4.60E-01 6.47E-05 —(c) —(c) — — — 

All construction activities(b) Unpaved Roads Vehicle exhaust and fugitive road dust 1.98E+00 5.35E-01 5.36E-02 3.35E-03 2.51E-05 1.82E-03 5.63E-07 —(c) —(c) — — — 

All construction activities(b) Stockpile Stockpile 3.60E-02 1.80E-02 2.70E-03 — — — — — — — — — 

— 
Waste Water Treatment Plant 

Waste water treatment activities — — — — — — — — — — — — 

— WWTP natural gas combustion — — — — — — — — — — — — 

— 

Support Activities 

Vehicle Decontamination Facility natural gas combustion — — — — — — — — — — — — 

— Administration Office natural gas combustion — — — — — — — — — — — — 

— Operations Support Centre natural gas combustion — — — — — — — — — — — — 

— Diesel emergency power generators — — — — — — — — — — — — 
Notes: 
(a) As described in the air quality pathway analysis of the EIS (Section 5.2.1.5). 
(b) Construction activities include site preparation, construction of the ECM, development of the surface water management structures, construction of the WWTP and other support facilities, and on-site road access development. 
(c) Hg and Pb occur as trace elements from the combustion of diesel fuel and are excluded from the combustion sources emissions. 
% = percent; OU/s = Odour Unit per second 
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Table 14: Summary of Percentage Contributions of Emissions during the Construction Phase 

NSDF Project Activity(a) Source Activity 
 Non-Radiological Indicator Compound Emission Rate (%) 

SPM PM10 PM2.5 NOx/NO2 SO2 CO C3H4O Hg Pb H2S C2H3Cl Odour 
(OU/s) 

— 

Engineered Containment 
Mound 

ECM cover — — — — — — — — — — — — 

— ECM passive vents — — — — — — — — — — — — 

All construction activities(b) ECM construction (material handling) 0.01% 0.02% 0.01% — — — — — — — — — 

All construction activities(b) ECM construction (vehicle exhaust) 3.55% 11.83% 56.87% 99.86% 99.09% 99.61% 99.14% —(c) —(c) — — — 

All construction activities(b) Unpaved Roads Vehicle exhaust and fugitive road dust 94.72% 85.28% 41.04% 0.14% 0.91% 0.39% 0.86% —(c) —(c) — — — 

All construction activities(b) Stockpile Stockpile 1.72% 2.87% 2.07% — — — — — — — — — 

— Waste Water Treatment 
Plant 

Waste water treatment activities — — — — — — — — — — — — 

— WWTP natural gas combustion — — — — — — — — — — — — 

— 

Support Activities 

Vehicle Decontamination Facility natural gas 
combustion — — — — — — — — — — — — 

— Administration Office natural gas combustion — — — — — — — — — — — — 

— Operations Support Centre natural gas 
combustion — — — — — — — — — — — — 

— Diesel emergency power generators — — — — — — — — — — — — 
Notes: 
(a) As described in the air quality pathway analysis of the EIS (Section 5.2.1.5). 
(b) Construction activities include site preparation, construction of the ECM, development of the surface water management structures, construction of the WWTP and other support facilities, and on-site road access development. 
(c) Hg and Pb occur as trace elements from the combustion of diesel fuel and are excluded from the combustion sources emissions. 
% = percent; OU/s = Odour Unit per second 
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Table 15: Summary of Emission Rates during the Operations Phase 

NSDF Project Activity(a) Source Source Description 
 Non-Radiological Indicator Compound Emission Rate (g/s) 

SPM PM10 PM2.5 NOx/NO2 SO2 CO C3H4O Hg Pb H2S C2H3Cl Odour (OU/s) 
— 

Engineered 
Containment 
Mound 

ECM cover — — — — — 3.53E-06 — 1.27E-10 — 5.64E-06 4.59E-07 1.27E+00 
— ECM passive vents — — — — — 3.18E-05 — 1.14E-09 — 5.08E-05 4.13E-06 1.14E+01 
Staged development of the 
ECM disposal cells, placement 
of waste in the ECM, and 
progressive closure of disposal 
cells and installation of cover 

ECM operations (material 
handling) 2.92E-04 1.38E-04 2.09E-05 — — — — — — — — — 

Staged development of the 
ECM disposal cells, placement 
of waste in the ECM, and 
progressive closure of disposal 
cells and installation of cover 

ECM operations (vehicle 
exhaust) 8.33E-02 8.33E-02 8.33E-02 2.62E+00 3.04E-03 5.21E-01 7.28E-05 —(b) —(b) — — — 

On-site transportation of waste Unpaved Roads Vehicle exhaust and 
fugitive road dust 2.03E+00 5.49E-01 5.50E-02 3.44E-03 2.58E-05 1.87E-03 5.78E-07 —(b) —(b) — — — 

Staged development of the 
ECM disposal cells Stockpile Stockpile 9.56E-03 4.78E-03 7.17E-04 — — — — — — — — — 

Operation of WWTP 
Waste Water 
Treatment Plant 

Waste water treatment 
activities — — — — — — — — — — — 3.68E+02 

Operation of WWTP WWTP natural gas 
combustion 6.95E-05(c) 6.95E-05(c) 6.95E-05(c) 2.32E-02(c) 1.39E-04(c) 1.95E-02(c) — —(d) 1.16E-07 — — — 

— 

Support Activities 

Vehicle Decontamination 
Facility natural gas 
combustion 

1.48E-05(c) 1.48E-05(c) 1.48E-05(c) 4.93E-03(c) 2.96E-05(c) 4.14E-03(c) — 
—(d) 

2.47E-08 — — — 

— Administration Office 
natural gas combustion 8.39E-07(c) 8.39E-07(c) 8.39E-07(c) 2.80E-04(c) 1.68E-06(c) 2.35E-04(c) — —(d) 1.40E-09 — — — 

— Operations Support Centre 
natural gas combustion 2.35E-06(c) 2.35E-06(c) 2.35E-06(c) 7.84E-04(c) 4.71E-06(c) 6.59E-04(c) — —(d) 3.92E-09 — — — 

— Diesel emergency power 
generators —(e) —(e) —(e) —(e) —(e) —(e) —(e) —(b) —(b) — — — 

Notes: 
(a) As described in the air quality pathway analysis of the EIS (Section 5.2.1.5). 
(b) Hg and Pb occur as trace elements from the combustion of diesel fuel and are excluded from the combustion sources emissions. 
(c) Contaminants are presented for completeness however they have not been carried through for the dispersion modelling assessment as they were identified as negligible as identified in Table 3. 
(d) Hg occurs as trace element from the combustion of natural gas and is excluded from the natural gas combustion sources emissions. 
(e) The emergency power generator was excluded from the air quality assessment as it is used during monthly routine maintenance testing and to provide electricity during a power outage when other equipment is not in operation. 
 
% = percent; OU/s = Odour Unit per second 
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Table 16: Summary of Percentage Contributions of Emissions during the Operations Phase 

NSDF Project Activity(a) Source Source Description 
 Non-Radiological Indicator Compound Emission Rate (g/s) 

SPM PM10 PM2.5 NOx/NO2 SO2 CO C3H4O Hg Pb H2S C2H3Cl Odour (OU/s) 
— 

Engineered 
Containment 
Mound 

ECM cover — — — — — 0.00% — 10% — 10% 10% 0.33% 
— ECM passive vents — — — — — 0.01% — 90% — 90% 90% 2.99% 
Staged development of the ECM 
disposal cells, placement of 
waste in the ECM, and 
progressive closure of disposal 
cells and installation of cover 

ECM operations (material 
handling) 0.01% 0.02% 0.02% — — — — — — — — — 

Staged development of the ECM 
disposal cells, placement of 
waste in the ECM, and 
progressive closure of disposal 
cells and installation of cover 

ECM operations (vehicle 
exhaust) 3.92% 13.06% 59.88% 98.77% 93.81% 95.17% 99.21% —(b) —(b) — — — 

On-site transportation of waste Unpaved Roads Vehicle exhaust and fugitive 
road dust 95.62% 86.15% 39.53% 0.13% 0.79% 0.34% 0.79% —(b) —(b) — — — 

Staged development of the ECM 
disposal cells Stockpile Stockpile 0.45% 0.75% 0.52% — — — — — — — — — 

Operation of WWTP 
Waste Water 
Treatment Plant 

Waste water treatment 
activities — — — — — — — — — — — 96.68% 

Operation of WWTP WWTP natural gas 
combustion 0.00%(c) 0.01%(c) 0.05%(c) 0.87%(c) 4.29%(c) 3.56%(c) — —(d) 79.45% — — — 

— 

Support Activities 

Vehicle Decontamination 
Facility natural gas 
combustion 

0.00%(c) 0.00%(c) 0.01%(c) 0.19%(c) 0.91%(c) 0.76%(c) — —(d) 16.90% — — — 

— Administration Office natural 
gas combustion 0.00%(c) 0.00%(c) 0.00%(c) 0.01%(c) 0.05%(c) 0.04%(c) — —(d) 0.96% — — — 

— Operations Support Centre 
natural gas combustion 0.00%(c) 0.00%(c) 0.00%(c) 0.03%(c) 0.15%(c) 0.12%(c) — —(d) 2.69% — — — 

— Diesel emergency power 
generators —(e) —(e) —(e) —(e) —(e) —(e) — —(b) —(b) — — — 

Notes: 
(a) As described in the air quality pathway analysis of the EIS (Section 5.2.1.5). 
(b) Hg and Pb occur as trace elements from the combustion of diesel fuel and are excluded from the diesel combustion sources emissions. 
(c) Contaminants are presented for completeness however they have not been carried through for the dispersion modelling assessment as they were identified as negligible as identified in Table 3. 
(d) Hg occurs as trace element from the combustion of natural gas and is excluded from the natural gas combustion sources emissions. 
(e) The emergency power generator was excluded from the air quality assessment as it is used during monthly routine maintenance testing and to provide electricity during a power outage when other equipment is not in operation. 
g/s = grams per second; OU/s = Odour Unit per second 
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5.2 Greenhouse Gas Assessment 
The GHG emissions were estimated for the construction and operations phases of the NSDF Project. For the 
construction phase, the emissions consist of road and non-road vehicles and equipment. For the operations phase, 
emissions represent mobile and stationary fuel combustion sources and emissions from the ECM cover. The 
following Table 17 and Table 18 present the emissions from the construction and operations phases, respectively. 
Tonnes of CO2e were calculated using the provincial GWPs from the O.Reg. 452/09 Guideline. 

Table 17: Summary of GHG Emissions during the Construction Phase 

NSDF Project Activity(1) Source 
GHG Annual Emissions 

(tonnes) tonnes of 
CO2e 

% NSDF 
Project 

CO2 CH4 N2O 
Construction of the ECM, 
development of surface 
water management  
structures, construction of 
the WWTP and other 
support facilities, and on-
site road and access 
development 

Mobile Combustion (road 
and non-road vehicles) 6,530 0.3 1 6,841 93.2% 

Site preparation 
Land Clearing - Loss of 
Carbon Stored in 
Biomass 

160 — — 160 2.2% 

Site preparation Land Clearing - Loss of 
Carbon Sink Potential 337 — — 337 4.6% 

Total 7,027 0.3 1 7,338 100.0% 
tonnes = metric tonne; % = percent 

Table 18: Summary of GHG Emissions during the Operations Phase 

NSDF Project Activity(a) Source 
GHG Annual Emissions 

(tonnes) tonnes of 
CO2e 

% NSDF 
Project 

CO2 CH4 N2O 
ECM (waste 
decomposition) ECM Cover 36 13 — 312 3.6% 

Operation of the WWTP Stationary Fuel 
Combustion 1,071 0.02 0.02 1,077 12.3% 

Staged development of 
disposal cells, on-site 
transportation of waste 
and placement of the 
waste in the ECM, 
progressive closure of 
disposal cells and 
installation of cover 

Mobile Combustion (road 
and non-road vehicles) 6,706 0.3 1 7,026 80.3% 

Operations – Cleared 
Land 

Land Clearing - Loss of 
Carbon Sink Potential 337 — — 337 3.8% 

Total 8,150 13 1 8,752 100.0% 
tonnes = metric tonne; % = percent 
(a) As described in the GHG pathway analysis of the EIS (Section 5.2.2.5). 
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6.0 CONSERVATISM IN EMISSION CALCULATIONS 
Table 19 outlines the areas where conservatism was assumed in the emission rate calculations for air quality and 
GHG emissions which results in an assessment that is not likely to under-predict the emissions associated with 
the Project.  

Table 19: Areas of Conservatism in the Emission Rate Calculations 

Project 
Activity NSDF Project Phase Conservatism 

ECM Cover and 
Passive Vents 
(Operations) 

Operations 

The odour and greenhouse emission rates are based on the maximum waste 
capacity of 1,000,000 m3. 

The gas from the ECM was estimated to comprise of 50% methane and 50% CO2, 
which will lead to overestimating the GHG emissions from this source.  

ECM 
Construction 

and Operations 

Construction and 
Operations 

Assumes the ECM that 81 tonnes of material will be handled on a daily basis. 

Assumes the ECM that 9 tonnes of material will be handled for daily cover on a 
daily basis during operations. 

Assumes that all non-road vehicles will be in operations at the same time and at 
maximum firing rate. 

Vehicles 
Emissions  

(on-road and  
non-road) 

Construction and 
Operations 

Assumed that all equipment will comply with U.S. EPA Tier 2 emissions 
standards, Tier 2 standards are currently being phased-out and new 
equipment will be required to comply with Tier 3 emissions standards starting 
in 2017. 

Fugitive Dust 
from Unpaved 

Roads 

Construction and 
Operations 

See discussion below in Section 6.1. 

Natural gas 
combustion Operations 

An uncontrolled emission factor for small boilers <100 MMBtu from U.S. EPA 
AP-42 Section 1.4 was used for the calculations 

Based on annual natural gas consumption for the Baseline Design (AECOM 2017)  

Land Clearing Construction 
Conservatively assumes that the entire area to be cleared is temperate forest 
which results in the GHG emissions from land clearing. 
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6.1 Fugitive Dust from Unpaved Roads 
Roadway segments at the NSDF Project were assessed assuming that all on-Site road segments are unpaved  
and using their respective anticipated traffic. Emission estimation equations from Chapter 13.2.2 of the AP-42 
Emission Factor (U.S. EPA 2006) were used to calculate fugitive road dust from unpaved roads. These emission 
estimates are conservative and will overestimate emissions from facility roadways for the following reasons:  

 The U.S. EPA AP-42 equations were developed from measured emissions from public roadways and as a 
result will tend to over-estimate low speed vehicle traffic from construction and industrial sites.  

 All roadways at the NSDF Project were modelled assuming simultaneous and continuous use; however, it is 
unlikely that this situation will occur in reality.  

 As the dust best management practices are revised through continuous improvements, the emissions from 
the on-Site roadways are likely to decrease. 

 Seasonal variability for fugitive dust emissions was not considered in the assessment. 
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1.0 INTRODUCTION 
This Appendix was prepared to support the Environmental Impact Statement (EIS) for the Canadian Nuclear 
Laboratories (CNL) Near Surface Disposal Facility (NSDF) Project. This Appendix describes the dispersion model 
and modelling approach used to conduct the non-radiological air dispersion modelling as part of the impacts 
assessment. More specifically, this Appendix documents the methods, inputs, and assumptions that were used to 
prepare and complete the dispersion modelling to predict ground-level concentrations of non-radiological indicator 
compounds and deposition rates resulting from the NSDF Project. The modelling approach described within this 
Appendix follows generally accepted practices for conducting environmental assessments and, where appropriate, 
follows guidance in the Ontario Ministry of the Environment and Climate Change (MOECC) document 
“Guideline A-11: Air Dispersion Modelling Guideline for Ontario, Version 2.0”, dated March 2009 (ADMGO) 
PIBS 5165e02 (MOECC 2009). 

2.0 AIR DISPERSION MODEL 
The likely environmental effects for the air quality indicators were evaluated with the aid of the AERMOD dispersion 
model (Version 15181) developed by the United States Environmental Protection Agency (U.S. EPA).  

The selection of this model was based on the following capabilities: 

 has a technical basis that is scientifically sound, and is in keeping with the current understanding of dispersion 
in the atmosphere; 

 applies formulations that are clearly delineated and are subjected to rigorous independent scrutiny;  

 makes predictions that are consistent with observations;  

 is recognized by federal and provincial regulators as one suitable for use; 

 evaluates the various source configurations and indicator compounds associated with the NSDF Project; 

 the terrain surrounding the NSDF Project is relatively simple and can be addressed by the terrain features of 
the model; 

 allows for the use of localised meteorological data; 

 incorporates building downwash effects; and, 

 long range transport of compounds is not anticipated. 

More specifically, AERMOD is recognized by federal and Ontario regulators as one of the regulatory default 
dispersion models and is suitable to model construction activities, waste disposal operations, and fugitives. 
The same model was used for predicting concentrations and deposition rates of non-radiological compounds 
(those compounds used by other disciplines in assessing the indirect effects of air quality). 
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AERMOD consists of the model and two pre-processors; the AERMET meteorological pre-processor and 
the AERMAP terrain pre-processor (Figure 1). The following approved dispersion model and pre-processors were 
used in the assessment: 

 AERMOD dispersion model (v. 15181);  

 AERMAP surface pre-processor (v. 11103); and, 

 Building Profile Input Program (BPIP) building downwash pre-processor (v. 42104). 

AERMET was used by the MOECC to prepare a 5-year meteorological data set for the NSDF Project site. 
The meteorological data set incorporated data from the CNL on-site station. Additional information on the 
meteorology is presented in Appendix 5.2-1. 

 
Figure 1: AERMOD Model System 

2.1 Model Development 
The AERMOD dispersion modelling system was developed by the U.S. EPA as a replacement to the long-standing 
Industrial Source Complex (ISC) model, as the model recommended by the U.S. EPA for regulatory applications 
in the United States. This model has also been adopted in Ontario as the regulatory model recommended for 
permitting and regulatory applications (MOECC 2009). The model is generally based on Gaussian plume 
dispersion theory (U.S. EPA 2004a), but also incorporates a series of specific algorithms to reflect current 
understanding of dispersion theory (U.S. EPA 2004a). 

2.2 Model Calibration 
Regulatory dispersion models do not readily lend themselves to modification to incorporate site-specific 
characteristics in the equations themselves. However, the model does require site-specific meteorological data to 
operate. Digital terrain data for the site and surrounding area are also required inputs to the AERMAP 
pre-processor and used to characterize how the local topography could affect the dispersion of air contaminants. 
Building heights are required inputs to assess building downwash using the BPIP pre-processor. 

AERMOD
(dispersion model)

AERMAP
(terrain

preprocessor)

AERMET
(meteorological 
preprocessor)
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2.3 Model Validation 
Part of the rigorous process used by the U.S. EPA prior to adopting AERMOD as a regulatory model 
(U.S. EPA 2004a) was a significant peer review process to confirm that the model could accurately predict 
ground-level concentrations when compared to monitoring data (U.S. EPA 2003, 2004a). 

2.4 Model Uncertainty and Sensitivity 
Dispersion models employ assumptions that simplify the random processes associated with atmospheric motions 
and turbulence. While this simplification limits the model’s ability to replicate individual events, the strength of the 
model lies in the ability to predict overall values for a given set of meteorological conditions. The process 
undertaken by the U.S. EPA ensured that the model predictions can be relied on as reasonable estimate of the 
likely concentrations. AERMOD is based on known theory, and proven to reliably produce repeatable results. 
To limit the uncertainty associated with emissions input to the model, conservative assumptions were made where 
practical (Table 1). Finally, five years of meteorological data are used as an input to the model to ensure the full 
range of possible meteorological conditions is evaluated. 
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Table 1: Reliability Summary for the AERMOD Dispersion Model 

Model Name Developer Use in Assessment Development Calibration Validation Uncertainty and 
Sensitivity 

AERMOD 
(Version 15181) 

United States 
Environmental 
Protection Agency 

Predict air quality 
concentrations and 
deposition 

AERMOD was 
developed to replace 
the long-standing 
ISC model as the 
model recommended 
by the U.S. EPA. 
 
AERMOD is based 
on Gaussian plume 
dispersion theory 
(U.S. EPA 2004a) 
that has been used 
for more than 
30 years. 
 
The application of 
specific algorithms 
has been updated to 
reflect current 
understanding of 
dispersion theory 
(U.S. EPA 2004a). 

Site-specific 
meteorological data 
were used in the 
modelling 
(Section 3.1). 
 
Digital terrain data 
for the site and 
surrounding area 
input to the model 
(Section 3.2.1). 

AERMOD has been 
adopted by the U.S. 
EPA as it is preferred 
and recommended 
dispersion model 
(U.S. EPA 2005). 
Prior to adoption, the 
U.S. EPA completed 
a rigorous review of 
the model 
performance 
(U.S. EPA 2003, 
2005). 

AERMOD is based 
on known theory, 
and proven to 
reliably produce 
repeatable results. 
 
Uncertainty 
associated with 
emissions is 
managed by making 
conservative 
assumptions. 
 
Model predictions 
are sensitive to 
fluctuations in the 
meteorology, which 
can be managed by 
using a five-year 
data set. 
 
Five years of data 
should include the 
full range of possible 
meteorological 
conditions. 
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3.0 MODEL INPUTS 
To predict ambient air concentrations with the aid of AERMOD, a series of inputs are required that parameterize 
the sources of emissions as well as their transport. These inputs can be grouped into categories: 

 Dispersion meteorological data; 

 Terrain and receptors;  

 Building downwash; and, 

 Emissions and source configurations. 

Each of these input categories are discussed separately in the following sections. 

3.1 Dispersion Meteorological Data 
The MOECC, as well as other agencies, recommends that five years of hourly data be used in the model to cover 
a wide range of potential meteorological conditions (MOECC 2009). A localized pre-processed meteorological 
data set for the NSDF Project was requested directly from the MOECC on June 15, 2016 and obtained on 
July 14, 2016. The data set was created with the aid of AERMET using meteorological data from the CNL on-site 
station (CNL 2016) and from the Petawawa AWOS 2, Pembroke, and Ottawa MacDonald-Cartier International 
Airport Environment and Climate Change Canada stations (ECCC 2016). Upper air data was used from the 
Maniwaki, Quebec station. The data set covers the period of January 2011 to December 2015. Details regarding 
the dispersion meteorology and the suitability of the MOECC pre-processed data set for modelling the NSDF 
Project are provided in Appendix 5.2-1. 

The wind rose for the MOECC meteorological dataset showing the direction as “blowing from” is provided below 
(Figure 2). 

The meteorological input files used by the AERMOD dispersion model are generated using the AERMET 
pre-processor, which is designed to be run in three stages: 

1) Extracts the data and assesses data quality; 

2) Merges the available data for 24-hour periods and writes these data to an intermediate file; and, 

3) Reads the merged data file and develops the necessary boundary layer parameters for dispersion 
calculations by AERMOD. 

The AERMET pre-processor produces two meteorological data files. The first file contains boundary layer scaling 
parameters (e.g., surface friction velocity, mixing height, and Monin-Obukhov length) as well as wind speeds, wind 
directions and temperature at a reference-height (i.e., 10 m). The second file contains one or more levels (a profile) 
of winds, temperature, and the standard deviation of the fluctuating components of the wind. These files are used 
as inputs to AERMOD. 
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Figure2: MOECC Dispersion Meteorology Data Set Wind Rose 
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3.2 Terrain and Modelling Receptors 
Terrain elevations have the potential to influence air quality and odour concentrations at individual receptors, 
therefore surrounding terrain data is required when using regulatory dispersion models in both simple and complex 
terrain situations (U.S. EPA 2004a). Digital terrain data is used in the AERMAP pre-processor to determine the 
base elevations of receptors, sources and buildings. AERMAP then searches the terrain height and location that 
has the greatest influence on dispersion for each receptor (U.S. EPA 2004a). This is referred to as the hill height 
scale. The base elevation and hill height scale produced by AERMAP are directly inserted into the AERMOD input 
file. 

3.2.1 Digital Terrain Data 
Digital terrain data was obtained from the MOECC (7.5 minute format) (MOECC 2011). The Digital Elevation Model 
(DEM) files used in the modelling for the NSDF Project are as follows: 

 1463_3.DEM 

 1463_4.DEM 

 1464_3.DEM 

 1464_4.DEM 

 1465_3.DEM 

 1465_4.DEM 

3.2.2 Modelling Domain 
The modelling domain was set to be 20 kilometres (km) by 20 km in size to encompass the site, local, regional 
study areas for the NSDF Project (SSA, LSA, and RSA), as shown on Figure 3. This domain is large enough to 
capture the potential air quality effects of the NSDF Project on the surrounding area.  

3.2.3 Model Receptors 
Two modelling grids were developed to assess the air quality concentration and deposition rates from the NSDF 
Project.  

3.2.3.1 Air Quality Receptor Grid 
Air quality concentrations were predicted at selected groups of receptors which include a grid of receptors, 
at specified densities, covering the entire modelling domain. This grid includes over 3,300 receptor locations. 
The receptor locations were positioned inside the modelling domain in the following placement: 

 spacing of 10 metres (m) along the LSA; 

 spacing of 100 m within 1,000 m from the SSA; 

 spacing of 200 m between 1,000 m and 2,000 m from the SSA; and, 

 spacing of 500 m between 2,000 m and 10,000 m from the SSA. 
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This positioning allows for more receptors closer to the emission sources. All receptors within the LSA boundary 
were removed for the air quality assessment. Receptors outside the RSA were also removed. The air quality 
receptor grid is illustrated on Figure 3. 

3.2.3.2 Deposition Receptor Grid 
A uniform modelling grid shown with spacing of 100 m was placed within the RSA and LSA to capture the maximum 
deposition rates to be used for the Terrestrial and Aquatics Biodiversity, Socio-Economics and Non-Radiological 
Risk Assessments components of the Environmental Assessment. All receptors within the SSA boundary were 
removed for the deposition assessment. The deposition receptor grid for other valued components is illustrated 
on Figure 4. 
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3.3 Building Downwash 
For point sources, AERMOD relies on the PRIME (Plume Rise Model Enhancement) downwash algorithm. 
The PRIME algorithm is designed to incorporate the two fundamental features associated with building downwash: 
enhanced plume dispersion coefficients due to the turbulent wake, and reduced plume rise caused by a 
combination of the descending streamlines in the lee of the building and the increased entrainment in the wake. 

Building downwash occurs when the aerodynamic turbulence induced by a nearby building causes a contaminant 
emitted from an elevated source to be mixed rapidly toward the ground (downwash), resulting in higher 
ground-level concentrations. For the air dispersion modelling, the building must be represented as rectangular 
prisms with flat tops. To calculate the building downwash it is necessary to enter a representative height of the 
building which is not necessarily the highest point on the building. Building heights from the 60% design documents 
have been used and are provided as part of the BPIP input file. The following buildings have been included in the 
model: 

 Waste Water Treatment Plant (WWTP); 

 vehicle decontamination facility; 

 administration office; and, 

 operations support centre. 

3.4 Emissions and Source Configurations 
Air emission rates were estimated for the NSDF Project works and activities for which a measurable change from 
existing conditions is anticipated and may occur. These emission rates were then used as inputs for the dispersion 
modelling that provided estimates of maximum ground-level concentrations resulting from the NSDF Project 
emissions. Appendix 5.2-3 – Emission Estimates provides a detailed description of the methods, inputs, and 
assumption used to estimate emission rates.  

The model source types used in this assessment include: point, area, and volume sources. Figure 5 and Figure 6 
illustrates the model source locations used in this assessment for the construction and operations phases, 
respectively. 
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3.4.1 Point Sources 
Point sources are typically stacks or vents. For the NSDF Project, the passive landfill vents, the WWTP pre-
treatment area process stack, the WWTP residue management area process stack, and the natural gas 
combustion equipment at the NSDF buildings were modelled as point sources. Point sources associated with the 
buildings were only modelled in the operation phase as they are being built during the construction phase.  

The locations of the passive landfill vents were estimated based on the lateral spacing interval of 250 m (AECOM 
2016a).  Passive vent stack parameters, including vent height and diameter, were obtained from the Landfill Gas 
Management Plan (AECOM 2016a).  A velocity of 0.001 m/s was assumed based on recommended stack 
parameter values for modelling passive sources from the MOECC (MOECC 2009). 

The WWTP pre-treatment and residue management area process source were modelled using stack parameters 
obtained from the Single Line HVAC Diagrams (AECOM 2016b).  The stack exit diameter and temperature were 
confirmed by CNL through an information request (CNL 2017). 

The lead emissions from the natural gas combustion equipment located at the NSDF buildings were modelled as 
a single point source at each building, with the exception of the administration building, which represents less than 
1% of total lead emissions and was therefore were not modeled   Rationale for excluding other contaminants from 
natural gas combustion modelling is provided in Appendix 5.2-3. The location of the natural gas combustion 
equipment stacks were assumed to be located in the centre of the each building. The stack parameters were 
conservatively estimated based on typical combustion equipment stack parameters and adjusted to be 
conservative.  

The point source model input parameters used in the model are presented in Table 2. 
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Table 2: Point Source Summary 

Source Description 
(and ID #) 

Stack 
Height 
Above 
Grade 

(m) 

Stack 
Volumetric 
Flow Rate 

(Am³/s) 

Stack 
Inner 

Diameter  
(m) 

Stack Exit 
Gas Temp 

(°C) 

UTM 
Northing  

(m) 
UTM Easting 

(m) 
Indicator 

Compound 

Emission Rate  
During 

Construction 
(g/s) 

Emission Rate  
During 

Operation 
(g/s) 

NSDF Passive Vents (S1) 
Operations Phase only 

3 0.00018 0.152 Ambient 
316496.11 
316708.30 
316741.46 

5101417.38 
5101529.01 
5101317.24 

CO — 3.18E-05 
H2S — 5.08E-05 
Hg — 1.14E-09 

C2H3Cl — 4.13E-06 
Odour(a) — 1.14E+01 

WWTP Pre-treatment Area 
(S4) 

Operations Phase only 
16.5 11.7 0.2 20 316328.49 5101373.51 Odour1 — 2.15E+02 

WWTP residue 
management area (S4) 

Operations Phase only 
16.5 8.3 0.2 20 316668.31 5101786.4 Odour1 — 1.53E+02 

WWTP natural gas 
combustion (S4) 

Operations Phase only 
14.5 0.0785 1.0 20 316647.92 5101801.27 Pb — 1.16E-07 

Vehicle decontamination 
facility natural gas 
combustion (S4) 

Operations Phase only 

8 0.0785 1.0 20 316480.09 5101717.19 Pb — 2.47E-08 

Operations support centre 
natural gas combustion 

(S4) 
Operations Phase only 

4.2 0.0785 1.0 20 316511.75 5101707.35 Pb — 3.92E-09 

m = metres; am3/s = actual cubic metre per second; °C = Degrees Celsius; g/s = grams per second. 
(a) Emission rates are in odour units per second (OU/s). 
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3.4.2 Area Sources 
Area sources are used to model low level or ground releases. In general, area sources result in much higher 
ground level concentrations than those of volume or point sources. The ECM and stock piles were modelled as 
an area source. The emissions from the working face of the ECM, including the non-roads vehicle activities (tailpipe 
exhaust and material transfers), and the ECM cap were included in the ECM area source. The area sources 
parameters used in the model are presented in Table 3. The ECM area source release height above grade was 
estimated to be 50% the height of the ECM, which is considered to be a conservative approach accepted by 
MOECC. 
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Table 3: Area Source Summary 

Source 
Description (and 

ID #) 

Release Height 
Above Grade 

(m) 
Area  
(m2) 

UTM Northing  
(m) 

UTM Easting  
(m) 

Indicator 
Compound 

Emission Rate  
During 

Construction 
(g/s-m2) 

Emission Rate 
During Operations 

(g/s-m2) 

Cell (S1) 
Construction 
Phase only 

4 28,767 

316599.05 
316700.33 
316758.03 
316789.05 
316818.58 
316755.19 
316721.15 
316693.56 
316654.28 
316613.29 
316585.5 

316556.72 

5101301.96 
5101399.94 
5101325.86 
5101294.17 
5101262.30 
5101211.46 
5101199.74 
5101199.21 
5101202.28 
5101217.02 
5101236.06 
5101258.15 

CO 1.60E-05 — 
SPM 2.59E-06 — 
PM10 2.58E-06 — 
PM2.5 2.58E-06 — 
NOX 8.20E-05 — 
SO2 9.53E-08 — 

C3H4O 2.25E-09 — 

ECM (S1) 
Operations Phase 
only 

17.5 62,656 

316359.86 
316448.44 
316505.64 
316584.27 
316618.81 
316659.36 
316703.30 
316736.47 
316735.29 
316722.10 
316722.10 
316671.40 
316630.08 
316587.00 
316546.93 
316525.15 
316491.30 
316423.89 
316361.33 

5101452.14 
5101493.75 
5101530.18 
5101572.48 
5101581.32 
5101556.48 
5101498.19 
5101449.99 
5101422.68 
5101407.51 
5101407.51 
5101360.58 
5101351.74 
5101314.41 
5101300.71 
5101307.39 
5101331.20 
5101372.00 
5101431.51 

CO — 8.31E-06 

H2S — 9.00E-11 

Hg — 2.02E-15 

C2H3Cl — 7.33E-12 

Odour — 2.02E-05 

SPM — 1.33E-06 

PM10 — 1.33E-06 

PM2.5 — 1.33E-06 

NOX — 4.18E-05 

SO2 — 4.86E-08 

C3H4O — 1.16E-09 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-4: DISPERSION MODELLING 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 23  

 

Table 3: Area Source Summary 

Source 
Description (and 

ID #) 

Release Height 
Above Grade 

(m) 
Area  
(m2) 

UTM Northing  
(m) 

UTM Easting  
(m) 

Indicator 
Compound 

Emission Rate  
During 

Construction 
(g/s-m2) 

Emission Rate 
During Operations 

(g/s-m2) 

Stockpile(S3) 4 21,650 

316909.83 
316914.62 
316905.17 
316848.36 
316900.96 
316992.19 
317001.64 
316936.93 

5101489.84 
5101384.89 
5101337.94 
5101265.48 
5101217.41 
5101204.05 
5101298.02 
5101461.98 

SPM 1.66E-06 4.41E-07 

PM10 8.32E-07 2.21E-07 

PM2.5 1.25E-07 3.31E-08 

m = metres; m2 = square metres g/s-m2 = grams per square metre seconds 
CO = carbon monoxide; SPM = suspended particulate matter;  PM10  = particulate matter less than 10 microns in diameter PM2.5 = particulate matter less than 2.5 microns in diameter; SO2 = 
sulphur dioxide H2S = hydrogen sulfide  Hg = mercury  = C2H3Cl =  vinyl chloride
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3.4.3 Volume Sources 
Volume sources are used to model releases from a variety of industrial sources that cannot be classified as a point 
or area source. The MOECC has suggested that roads should be modelled as a series of individual volume 
sources creating a line that follows the road (MOECC 2009). The roads in the assessment were modelled using 
this volume source approach. The roads were divided into contiguous volume sources with a release height of 
3.5 m which is assumed to be the height of the haul truck (National Stone, Sand and Gravel Association 2004). 
The roads at the NSDF site are all unpaved and are 6 m wide (AECOM 2016c). The emission rate for the entire 
road segment was divided amongst the total volume sources for the entire segment. There are six unpaved road 
segments considered in the operations phase and five unpaved road segment considered in the construction 
phase. 

The volume sources for roads are summarized in Table 4. 

Table 4: Volume Source Summary 

Source 
Description 
(and ID #) 

Release 
Height 
Above 
Grade 

(m) 

Initial Lateral 
Dimension of 

Volume(a) 
(m) 

Initial 
Vertical 

Dimension of 
Volume(b) 

(m) 

Indicator 
Compound 

# of AERMOD 
Sources 

Comprising 
Segment 

Emission Rate 
per Model 

Source during 
Construction 

(g/s) 

Emission 
Rate per 

Model Source 
during 

Operation 
(g/s) 

Unpaved 
Roads  

(S2) - UP1 
3.50 3.66 1.63 

SPM 

8 

3.16E-02 2.37E-02 
PM10 8.53E-03 6.40E-03 
PM2.5 8.54E-04 6.40E-04 
NOX 5.34E-05 4.01E-05 
SO2 4.00E-07 3.00E-07 
CO 2.90E-05 2.17E-05 

C3H4O 8.98E-09 6.73E-09 

Unpaved 
Roads  

(S2) – UP2 
3.50 3.66 1.63 

SPM 

5 

2.97E-02 2.23E-02 
PM10 8.02E-03 6.01E-03 
PM2.5 8.03E-04 6.02E-04 
NOX 5.02E-05 3.77E-05 
SO2 3.76E-07 2.82E-07 
CO 2.72E-05 2.04E-05 

C3H4O 8.44E-09 6.33E-09 

Unpaved 
Roads  

(S2) – UP3 
3.50 3.66 1.63 

SPM 

32 

2.82E-02 2.35E-02 
PM10 7.62E-03 6.35E-03 
PM2.5 7.63E-04 6.36E-04 
NOX 4.769E-05 3.97E-05 
SO2 3.57E-07 2.98E-07 
CO 2.59E-05 2.16E-05 

C3H4O 8.02E-09 6.68E-09 
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Table 4: Volume Source Summary 

Source 
Description 
(and ID #) 

Release 
Height 
Above 
Grade 

(m) 

Initial Lateral 
Dimension of 

Volume(a) 
(m) 

Initial 
Vertical 

Dimension of 
Volume(b) 

(m) 

Indicator 
Compound 

# of AERMOD 
Sources 

Comprising 
Segment 

Emission Rate 
per Model 

Source during 
Construction 

(g/s) 

Emission 
Rate per 

Model Source 
during 

Operation 
(g/s) 

Unpaved 
Roads  

(S2) – UP4 
3.50 3.66 1.63 

SPM 

27 

— 2.28E-02 
PM10 — 6.15E-03 
PM2.5 — 6.16E-04 
NOX — 3.85E-05 
SO2 — 2.88E-07 
CO — 2.09E-05 

C3H4O — 6.47E-09 

Unpaved 
Roads  

(S2) – UP5 
3.50 3.66 1.63 

SPM 

15 

— 1.31E-02 
PM10 — 3.53E-03 
PM2.5 — 3.53E-04 
NOX — 2.21E-05 
SO2 — 1.66E-07 
CO — 1.20E-05 

C3H4O — 3.71E-09 

Unpaved 
Roads  

(S2) – UP6 
3.50 3.66 1.63 

SPM 

7 

3.24E-02 2.43E-02 
PM10 8.76E-03 6.57E-03 
PM2.5 8.77E-04 6.58E-04 
NOX 5.48E-05 4.11E-05 
SO2 4.11E-07 3.08E-07 
CO 2.97E-05 2.23E-05 

C3H4O 9.22E-09 6.91E-09 

Unpaved 
Roads  

(S2) – UP7 
3.50 3.66 1.63 

SPM 

17 

2.65E-02 — 
PM10 7.16E-03 — 
PM2.5 7.17E-04 — 
NOX 4.48E-05 — 
SO2 3.36E-07 — 
CO 2.43E-05 — 

C3H4O 7.54E-09 — 
m = metres; g/s= grams per second 
Notes: 
(a) Initial lateral dimension = (Haul Route Width + 9.75 m)/4.3. 
(b) Initial vertical dimension = (2 x height of haul truck in m)/4.3. 
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4.0 MODEL OPTIONS  
This section describes the modelling parameters used in the modelling assessment. 

4.1 Options Used in the AERMOD Model 
The options used in the AERMOD model are summarized in Table 5. 

Table 5: Options Used in the AERMOD Model 

Modelling Parameter Description Used in Concentration 
Modelling? 

Used in Deposition 
Modelling? 

DFAULT Specifies that regulatory default options 
will be used. Yes 

No, using Method 2 for 
deposition which is a 
non-default option 

CONC Specifies that concentration values will 
be calculated. Yes No 

DEPOS Total deposition flux values will be 
calculated 

No, concentration values 
are therefore greater than if 
this parameter was 
selected 

Yes, this parameter is 
necessary to obtain the 
deposition rates 

OLM 
Specifies that the non-default Ozone 
Limiting Method for NO2 conversion will 
be used. 

No, NO2 will be converted 
post processing, as 
described in Section 5.2 

No, not included in 
deposition modelling 

DDEP Specifies that dry deposition will be 
calculated. 

No, concentration values 
are therefore greater than if 
this parameter was 
selected 

Yes, this parameter is 
necessary to obtain the 
deposition rates 

WDEP Specifies that wet deposition will be 
calculated. 

No, concentration values 
are therefore greater than if 
this parameter was 
selected 

Yes, this parameter is 
necessary to obtain the 
deposition rates 

FLAT Specifies that the non-default option of 
assuming flat terrain will be used. 

No, the model will use 
elevated terrain as detailed 
in the AERMAP output. 

No, the model will use 
elevated terrain as 
detailed in the 
AERMAP output. 

NOSTD Specifies that the non-default option of 
no stack-tip downwash will be used. No No 

AVERTIME Time averaging periods calculated. 1-hr, 8-hr, 24-hr, monthly, 
annual Annual 

URBANOPT 

Allows the model to incorporate the 
effects of increased surface heating 
from an urban area on pollutant 
dispersion under stable atmospheric 
conditions. 

No No 

URBANROUGHNESS Specifies the urban roughness length 
(m). No No 

FLAGPOLE 
Specifies that receptor heights above 
local ground level are allowed on the 
receptors. 

No No 

NO2 = nitrogen dioxide 
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4.2 Particle Deposition 
AERMOD has the ability to model both wet and dry deposition; however, modelling deposition results in 
plume depletion, which reduces predicted ground level concentrations. To be conservative, deposition and plume 
depletion were not included in the predictions of ground level concentrations for the effects assessment but 
deposition was included for values provided to other disciplines. Daily and annual wet and dry depositions were 
modelled in separate model runs and the resulting deposition data was calculated at each receptor. 

AERMOD provides estimates for both dry and wet deposition of particulates using either a well-defined particle 
size distribution (Method 1) or by applying an assumption that the compounds of interest are predominantly emitted 
as particles that are smaller than 10 microns (Method 2). Although it is estimated that more than 10% of the 
particulate matter is greater than 10 microns in size, Method 2 has been applied to the dispersion modelling as a 
well-known particle size distribution in not available for the NSDF Project (U.S. EPA 2004b). In Method 2, 
the deposition velocity of the particles is calculated as the weighted average of the deposition velocity for particles 
in the fine mode (i.e., less than 2.5 µm in diameter) and the deposition velocity for the coarse mode (i.e., greater 
than 2.5 µm in diameter). Method 2 is a non-default option in AERMOD. 

The parameters for Method 2 are entered for each source which emits particulate in the deposition modelling. 
For each source, the fraction of particles less than 2.5 µm in diameter (between 0 and 1) and the representative 
mass mean aerodynamic particle diameter in micrometers are entered. The particle fractions for road dust 
are based on the particle size multipliers from the U.S. EPA AP-42 Chapter 13.2.1 and Chapter 13.2.2 
(U.S. EPA 1995). The mass mean diameters for deposition were calculated on the estimated emission rates per 
particulate size and are outlined in the Table 6. 

Table 6: Deposition Parameters for PM2.5 

Source Arithmetic Mass Mean Diameter Mass Fraction Distribution 

Paved Roads 1.9 0.023(a) 
Unpaved Roads 1.9 0.038(b) 
Note: 
(a) Mass fractions were calculated based on particle size multipliers (k) from U.S. EPA AP-42 Chapter 13.2.1. 
(b) Mass fractions were calculated based on particle size multipliers (k) from U.S. EPA AP-42 Chapter 13.2.2. 
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5.0 POST-PROCESSING 
Most air quality concentration results are output directly from the model, however there are certain parameters, 
including averaging periods less than 1 hour and conversion of nitrogen dioxide (NO2) using existing regional 
ozone concentrations that require post-processing. These post-processing methods are described in the following 
sections. 

5.1 Time Average Conversions 
The smallest time scale that AERMOD predicts is a 1-hour average value. There are instances when criteria are 
based on different averaging times, and in these cases the following conversion factor, recommended by the 
MOECC for conversion from a 1-hour averaging period to the applicable averaging period less than 1-hour could 
be used (MOECC 2009). An example is given below for converting from a 1-hour averaging period to a 10-minute 
averaging period: 

 

Where:  

F ....... = the factor to convert from the averaging period t1 output from the model (MOECC assumes 
AERMOD predicts true 60 minute averages) to the desired averaging period t0 (assumed to be 
10-minutes in the example above), and 

N ...... = the exponent variable; in this case the MOECC value of n = 0.28 is used for conversion. 
 

For averaging periods greater than 1-hour, the AERMOD output was used directly. 

Modelling of odour based compounds (whole odour and H2S) was completed in accordance to the MOECC 
Technical Bulletin titled Methodology for Modelling Assessments of Contaminants with 10-minute Average 
Standards and Guidelines (MOECC 2008).  
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5.2 Conversions of NOx to NO2 
Emissions of oxides of nitrogen (NOX) were used as inputs to the AERMOD model. Ambient predictions of NO2, 
one of the indicator compounds, can be calculated from modelled NOX values using the Ozone Limiting Method 
(OLM). The OLM consists of comparing the maximum modelled NOx concentration to the background ozone (O3) 
concentration to assess the limiting factor to NO2 (Cole and Summerhays 1979). The following equations present 
the methodology:  

If background [O3] >0.90 [NOx], total conversion: [NO2] = [NOx] 

If background [O3] <0.90 [NOx], NO2 is limited by O3: [NO2] = [O3] + 0.10 [NOx] 

For the air quality assessment, the 24-hour and annual NO2 concentrations were calculated assuming total 
conversion of NOx since no background ozone values were available for those periods. The 1-hour NO2 
concentrations were calculated using the 90th percentile of the ground-level ozone concentration from the 
Petawawa, Ontario station for the years 2009 to 2013. A sample calculation is presented below for 1-hour NO2: 

Background [O3] = 78.50 µg/m3 (Petawawa Station, 2009-2013) 

Modelled maximum [NOx] = 608.64 µg/m3 

0.90 [NOx] = 547.78 µg/m3 

[O3] <0.90 [NOx], therefore [NO2] = [O3] + 0.10 [NOx] applies: 

[NO2] = 78.50 µg/m3 + 0.10 (608.64 µg/m3) 

[NO2] = 139.36 µg/m3 

Additional information on the background air quality assessment is presented in Appendix 5.2-2. 

 
6.0 CONSERVATISM IN MODELLING APPROACH  
Table 7 outlines the areas where conservatism was assumed in the modelling approach which results in an 
assessment that is not likely to under-predict the air quality associated with the NSDF Project. 

Table 7: Areas of Conservatism in the Modelling Approach 

Area Conservatism 

All operations for the NSDF Project were modelled to be 
occurring simultaneously during their respective 
assessment phases (i.e., construction and operations) 
including the material handling activities, waste receipts, 
and operating vehicles. 

The modelling assessment includes all operations occurring 
simultaneously and continuous over the entire modelling 
period. Variable emission rates were not used for the 
material handling activities and vehicle traffic although 
these activities are planning to only occur during the 
daytime and weekdays. 

Waste receipt for the maximum capacity of 1,000,000 m3 
was modelled 

All emission rate calculations were completed for the 
maximum amount of waste received during the entire life of 
the NSDF Project. 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.2-4: DISPERSION MODELLING 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 30  

 

Table 7: Areas of Conservatism in the Modelling Approach 

The ECM cap was modelled as an area source. 

Modelling the ECM emissions as an area source assumes 
that emissions are being released from the entire area, 
however in reality emissions will only be emitted from 
discrete areas on the source. 

Wet and dry depletion and deposition were not included in 
the model for concentration modelling. 

The modelling will likely yield higher concentrations since 
contaminants will be deposited from the air by dry or wet 
depletion and deposition processes. 

 

It is assumed that the conservative emission rates, when combined with the conservative operating conditions and 
conservative dispersion modelling assumptions description herein, are not likely to under predict the modelled 
concentrations at each of the identified receptors. 

6.1 Fugitive Dust Modelling 
The parameters that were required for fugitive dust modelling from unpaved roads include the locations of the 
roadway segments, base elevations, effective heights of the emissions, and the initial plume size in the lateral and 
vertical directions.  

It is recognized that this modelling approach will result in higher predicted concentrations close to the roadways than 
actual values for the following reasons:  

 There has been extensive research on the estimation of the “transportable fraction” of fugitive dust 
from roadways. Studies completed by the Desert Research Institute in Nevada and in the San Joaquin Valley, 
CA (Watson et al. 1996) showed a large (i.e., greater than 90%) decrease in dust concentration within 100 m 
of an unpaved road (Watson et al. 1996; Watson et al. 2000). A value of 75% reduction has been suggested 
beyond 50 m for unpaved roadway emissions. This value would increase at greater distances. This 
adjustment was not be made to the dispersion modelling concentration results.  

 When the roads are wet or snow-covered, the emissions will be reduced or eliminated. AERMOD has the 
capacity to have a variable emission rate that could account for actual meteorological emissions; however 
variable emission rates were not used in this assessment for conservatism. 

Despite the limitations of the emission rate estimates and dispersion modelling, these are the best estimates 
available. The above noted biases in the emission estimates are cumulative. 

In addition, the best management practices will further reduce emissions; specifically, watering was assumed to 
be used on unpaved roads to decrease emissions from roads and a truck-wheel wash station will be used to 
reduce track out. 
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1. predevelopment model output.txt[12/13/2016 1:28:49 PM]

****************************
** SIMULATION NUMBER:   1 **
****************************
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 375.923
| Ptotal= 30.40 mm |                          B=   1.501
--------------------                          C=   0.711

used in:   INTENSITY =  A / (t + B)^C

Duration of storm  =  4.00 hrs
Storm time step    =  5.00 min
Time to peak ratio =  0.33

The CORRELATION coefficient is = 0.9997

TIME       INPUT INT.           TAB. INT.
(min)        (mm/hr)              (mm/hr)

5. 106.40 99.33
10. 66.20 66.21
15. 50.10 51.22
30. 31.20 32.34
60. 19.40 20.10
120.          12.10 12.39
360.           5.70 5.71
720.           3.50 3.49
1440.           2.20 2.13

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
0.08    2.35 |  1.08    8.04 |  2.08    5.57 |  3.08    3.01
0.17    2.48 |  1.17   11.38 |  2.17    5.16 |  3.17    2.91
0.25    2.61 |  1.25   23.46 |  2.25    4.81 |  3.25    2.82
0.33    2.77 |  1.33   99.33 |  2.33    4.51 |  3.33    2.73
0.42    2.96 |  1.42   29.73 |  2.42    4.26 |  3.42    2.65
0.50    3.17 |  1.50   17.22 |  2.50    4.04 |  3.50    2.58
0.58    3.43 |  1.58   12.62 |  2.58    3.84 |  3.58    2.51
0.67    3.75 |  1.67   10.16 |  2.67    3.66 |  3.67    2.45
0.75    4.14 |  1.75    8.59 |  2.75    3.51 |  3.75    2.39
0.83    4.66 |  1.83    7.51 |  2.83    3.36 |  3.83    2.33
0.92    5.36 |  1.92    6.70 |  2.92    3.23 |  3.92    2.27
1.00    6.38 |  2.00    6.07 |  3.00    3.12 |  4.00    2.22

-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=  40.86   Curve Number   (CN)= 36.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.51

     Unit Hyd Qpeak  (cms)=   3.060

PREDEVELOPMENT MODEL OUTPUT
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     PEAK FLOW       (cms)=   0.075 (i)
     TIME TO PEAK    (hrs)=   2.083
     RUNOFF VOLUME    (mm)=   1.353
     TOTAL RAINFALL   (mm)=  30.399
     RUNOFF COEFFICIENT   =   0.044
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   2 **
****************************
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 516.528
| Ptotal= 40.64 mm |                          B=   1.501
--------------------                          C=   0.716
                        used in:   INTENSITY =  A / (t + B)^C

                        Duration of storm  =  4.00 hrs
                        Storm time step    =  5.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         145.00               135.21
                      10.          89.90                89.87
                      15.          67.90                69.40
                      30.          42.10                43.68
                      60.          26.10                27.06
                     120.          16.20                16.62
                     360.           7.60                 7.61
                     720.           4.70                 4.64
                    1440.           2.90                 2.83
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.08    3.10 |  1.08   10.68 |  2.08    7.37 |  3.08    3.96
                 0.17    3.26 |  1.17   15.15 |  2.17    6.82 |  3.17    3.83
                 0.25    3.44 |  1.25   31.48 |  2.25    6.36 |  3.25    3.71
                 0.33    3.65 |  1.33  135.21 |  2.33    5.96 |  3.33    3.60
                 0.42    3.89 |  1.42   39.97 |  2.42    5.62 |  3.42    3.49
                 0.50    4.18 |  1.50   23.02 |  2.50    5.33 |  3.50    3.39
                 0.58    4.52 |  1.58   16.82 |  2.58    5.06 |  3.58    3.30
                 0.67    4.94 |  1.67   13.51 |  2.67    4.83 |  3.67    3.22
                 0.75    5.47 |  1.75   11.42 |  2.75    4.62 |  3.75    3.14
                 0.83    6.15 |  1.83    9.96 |  2.83    4.43 |  3.83    3.06
                 0.92    7.09 |  1.92    8.88 |  2.92    4.26 |  3.92    2.99
                 1.00    8.45 |  2.00    8.04 |  3.00    4.11 |  4.00    2.92
  
  
-------------------------------------------------------------------------------
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--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=  40.86   Curve Number   (CN)= 36.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.51
 
     Unit Hyd Qpeak  (cms)=   3.060
 
     PEAK FLOW       (cms)=   0.150 (i)
     TIME TO PEAK    (hrs)=   2.000
     RUNOFF VOLUME    (mm)=   2.607
     TOTAL RAINFALL   (mm)=  40.639
     RUNOFF COEFFICIENT   =   0.064
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   3 **
****************************
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 894.325
| Ptotal= 67.71 mm |                          B=   1.500
--------------------                          C=   0.723
                        used in:   INTENSITY =  A / (t + B)^C

                        Duration of storm  =  4.00 hrs
                        Storm time step    =  5.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         248.00               231.08
                      10.         153.20               152.97
                      15.         115.60               117.83
                      30.          71.40                73.83
                      60.          44.10                45.51
                     120.          27.20                27.82
                     360.          12.70                12.65
                     720.           7.80                 7.67
                    1440.           4.80                 4.65
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.08    5.04 |  1.08   17.61 |  2.08   12.10 |  3.08    6.47
                 0.17    5.30 |  1.17   25.10 |  2.17   11.19 |  3.17    6.25
                 0.25    5.60 |  1.25   52.70 |  2.25   10.42 |  3.25    6.05
                 0.33    5.95 |  1.33  231.08 |  2.33    9.77 |  3.33    5.86
                 0.42    6.35 |  1.42   67.11 |  2.42    9.21 |  3.42    5.69
                 0.50    6.82 |  1.50   38.34 |  2.50    8.72 |  3.50    5.53
                 0.58    7.39 |  1.58   27.90 |  2.58    8.28 |  3.58    5.38
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                 0.67    8.08 |  1.67   22.35 |  2.67    7.90 |  3.67    5.24
                 0.75    8.95 |  1.75   18.84 |  2.75    7.55 |  3.75    5.10
                 0.83   10.08 |  1.83   16.41 |  2.83    7.24 |  3.83    4.98
                 0.92   11.63 |  1.92   14.61 |  2.92    6.96 |  3.92    4.86
                 1.00   13.90 |  2.00   13.22 |  3.00    6.70 |  4.00    4.75
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=  40.86   Curve Number   (CN)= 36.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.51
 
     Unit Hyd Qpeak  (cms)=   3.060
 
     PEAK FLOW       (cms)=   0.464 (i)
     TIME TO PEAK    (hrs)=   2.000
     RUNOFF VOLUME    (mm)=   7.647
     TOTAL RAINFALL   (mm)=  67.712
     RUNOFF COEFFICIENT   =   0.113
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   4 **
****************************
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 894.325
| Ptotal=111.66 mm |                          B=   1.500
--------------------                          C=   0.723
                        used in:   INTENSITY =  A / (t + B)^C

                        Duration of storm  = 24.00 hrs
                        Storm time step    = 10.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         248.00               231.08
                      10.         153.20               152.97
                      15.         115.60               117.83
                      30.          71.40                73.83
                      60.          44.10                45.51
                     120.          27.20                27.82
                     360.          12.70                12.65
                     720.           7.80                 7.67
                    1440.           4.80                 4.65
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
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                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    1.31 |  6.17    3.82 | 12.17    3.42 | 18.17    1.79
                 0.33    1.34 |  6.33    4.10 | 12.33    3.33 | 18.33    1.77
                 0.50    1.36 |  6.50    4.43 | 12.50    3.24 | 18.50    1.75
                 0.67    1.38 |  6.67    4.84 | 12.67    3.15 | 18.67    1.73
                 0.83    1.40 |  6.83    5.35 | 12.83    3.07 | 18.83    1.71
                 1.00    1.43 |  7.00    6.02 | 13.00    3.00 | 19.00    1.69
                 1.17    1.45 |  7.17    6.92 | 13.17    2.93 | 19.17    1.67
                 1.33    1.48 |  7.33    8.24 | 13.33    2.86 | 19.33    1.66
                 1.50    1.51 |  7.50   10.36 | 13.50    2.80 | 19.50    1.64
                 1.67    1.53 |  7.67   14.58 | 13.67    2.74 | 19.67    1.62
                 1.83    1.56 |  7.83   29.64 | 13.83    2.68 | 19.83    1.61
                 2.00    1.60 |  8.00  152.97 | 14.00    2.63 | 20.00    1.59
                 2.17    1.63 |  8.17   37.45 | 14.17    2.58 | 20.17    1.57
                 2.33    1.66 |  8.33   21.87 | 14.33    2.53 | 20.33    1.56
                 2.50    1.70 |  8.50   16.15 | 14.50    2.48 | 20.50    1.54
                 2.67    1.74 |  8.67   13.05 | 14.67    2.43 | 20.67    1.53
                 2.83    1.78 |  8.83   11.07 | 14.83    2.39 | 20.83    1.51
                 3.00    1.82 |  9.00    9.68 | 15.00    2.35 | 21.00    1.50
                 3.17    1.87 |  9.17    8.65 | 15.17    2.31 | 21.17    1.49
                 3.33    1.92 |  9.33    7.84 | 15.33    2.27 | 21.33    1.47
                 3.50    1.97 |  9.50    7.20 | 15.50    2.23 | 21.50    1.46
                 3.67    2.02 |  9.67    6.66 | 15.67    2.20 | 21.67    1.45
                 3.83    2.08 |  9.83    6.22 | 15.83    2.17 | 21.83    1.43
                 4.00    2.15 | 10.00    5.83 | 16.00    2.13 | 22.00    1.42
                 4.17    2.21 | 10.17    5.50 | 16.17    2.10 | 22.17    1.41
                 4.33    2.29 | 10.33    5.21 | 16.33    2.07 | 22.33    1.40
                 4.50    2.37 | 10.50    4.96 | 16.50    2.04 | 22.50    1.39
                 4.67    2.45 | 10.67    4.73 | 16.67    2.01 | 22.67    1.37
                 4.83    2.55 | 10.83    4.53 | 16.83    1.98 | 22.83    1.36
                 5.00    2.65 | 11.00    4.34 | 17.00    1.96 | 23.00    1.35
                 5.17    2.76 | 11.17    4.18 | 17.17    1.93 | 23.17    1.34
                 5.33    2.89 | 11.33    4.02 | 17.33    1.91 | 23.33    1.33
                 5.50    3.03 | 11.50    3.88 | 17.50    1.88 | 23.50    1.32
                 5.67    3.19 | 11.67    3.75 | 17.67    1.86 | 23.67    1.31
                 5.83    3.37 | 11.83    3.64 | 17.83    1.84 | 23.83    1.30
                 6.00    3.58 | 12.00    3.52 | 18.00    1.81 | 24.00    1.29
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=  40.86   Curve Number   (CN)= 36.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.51
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    1.31 | 6.083    3.82 |12.083    3.42 | 18.08    1.79
                0.167    1.31 | 6.167    3.82 |12.167    3.42 | 18.17    1.79
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                0.250    1.34 | 6.250    4.10 |12.250    3.33 | 18.25    1.77
                0.333    1.34 | 6.333    4.10 |12.333    3.33 | 18.33    1.77
                0.417    1.36 | 6.417    4.43 |12.417    3.24 | 18.42    1.75
                0.500    1.36 | 6.500    4.43 |12.500    3.24 | 18.50    1.75
                0.583    1.38 | 6.583    4.84 |12.583    3.15 | 18.58    1.73
                0.667    1.38 | 6.667    4.84 |12.667    3.15 | 18.67    1.73
                0.750    1.40 | 6.750    5.35 |12.750    3.07 | 18.75    1.71
                0.833    1.40 | 6.833    5.35 |12.833    3.07 | 18.83    1.71
                0.917    1.43 | 6.917    6.02 |12.917    3.00 | 18.92    1.69
                1.000    1.43 | 7.000    6.02 |13.000    3.00 | 19.00    1.69
                1.083    1.45 | 7.083    6.92 |13.083    2.93 | 19.08    1.67
                1.167    1.45 | 7.167    6.92 |13.167    2.93 | 19.17    1.67
                1.250    1.48 | 7.250    8.24 |13.250    2.86 | 19.25    1.66
                1.333    1.48 | 7.333    8.24 |13.333    2.86 | 19.33    1.66
                1.417    1.51 | 7.417   10.36 |13.417    2.80 | 19.42    1.64
                1.500    1.51 | 7.500   10.36 |13.500    2.80 | 19.50    1.64
                1.583    1.53 | 7.583   14.58 |13.583    2.74 | 19.58    1.62
                1.667    1.53 | 7.667   14.58 |13.667    2.74 | 19.67    1.62
                1.750    1.56 | 7.750   29.64 |13.750    2.68 | 19.75    1.61
                1.833    1.56 | 7.833   29.65 |13.833    2.68 | 19.83    1.61
                1.917    1.60 | 7.917  152.97 |13.917    2.63 | 19.92    1.59
                2.000    1.60 | 8.000  152.96 |14.000    2.63 | 20.00    1.59
                2.083    1.63 | 8.083   37.45 |14.083    2.58 | 20.08    1.57
                2.167    1.63 | 8.167   37.45 |14.167    2.58 | 20.17    1.57
                2.250    1.66 | 8.250   21.87 |14.250    2.53 | 20.25    1.56
                2.333    1.66 | 8.333   21.87 |14.333    2.53 | 20.33    1.56
                2.417    1.70 | 8.417   16.15 |14.417    2.48 | 20.42    1.54
                2.500    1.70 | 8.500   16.15 |14.500    2.48 | 20.50    1.54
                2.583    1.74 | 8.583   13.05 |14.583    2.43 | 20.58    1.53
                2.667    1.74 | 8.667   13.05 |14.667    2.43 | 20.67    1.53
                2.750    1.78 | 8.750   11.07 |14.750    2.39 | 20.75    1.51
                2.833    1.78 | 8.833   11.07 |14.833    2.39 | 20.83    1.51
                2.917    1.82 | 8.917    9.68 |14.917    2.35 | 20.92    1.50
                3.000    1.82 | 9.000    9.68 |15.000    2.35 | 21.00    1.50
                3.083    1.87 | 9.083    8.65 |15.083    2.31 | 21.08    1.49
                3.167    1.87 | 9.167    8.65 |15.167    2.31 | 21.17    1.49
                3.250    1.92 | 9.250    7.84 |15.250    2.27 | 21.25    1.47
                3.333    1.92 | 9.333    7.84 |15.333    2.27 | 21.33    1.47
                3.417    1.97 | 9.417    7.20 |15.417    2.23 | 21.42    1.46
                3.500    1.97 | 9.500    7.20 |15.500    2.23 | 21.50    1.46
                3.583    2.02 | 9.583    6.66 |15.583    2.20 | 21.58    1.45
                3.667    2.02 | 9.667    6.66 |15.667    2.20 | 21.67    1.45
                3.750    2.08 | 9.750    6.22 |15.750    2.17 | 21.75    1.43
                3.833    2.08 | 9.833    6.22 |15.833    2.17 | 21.83    1.43
                3.917    2.15 | 9.917    5.83 |15.917    2.13 | 21.92    1.42
                4.000    2.15 |10.000    5.83 |16.000    2.13 | 22.00    1.42
                4.083    2.21 |10.083    5.50 |16.083    2.10 | 22.08    1.41
                4.167    2.21 |10.167    5.50 |16.167    2.10 | 22.17    1.41
                4.250    2.29 |10.250    5.21 |16.250    2.07 | 22.25    1.40
                4.333    2.29 |10.333    5.21 |16.333    2.07 | 22.33    1.40
                4.417    2.37 |10.417    4.96 |16.417    2.04 | 22.42    1.39
                4.500    2.37 |10.500    4.96 |16.500    2.04 | 22.50    1.39
                4.583    2.45 |10.583    4.73 |16.583    2.01 | 22.58    1.37
                4.667    2.45 |10.667    4.73 |16.667    2.01 | 22.67    1.37
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                4.750    2.55 |10.750    4.53 |16.750    1.98 | 22.75    1.36
                4.833    2.55 |10.833    4.53 |16.833    1.98 | 22.83    1.36
                4.917    2.65 |10.917    4.34 |16.917    1.96 | 22.92    1.35
                5.000    2.65 |11.000    4.34 |17.000    1.96 | 23.00    1.35
                5.083    2.76 |11.083    4.18 |17.083    1.93 | 23.08    1.34
                5.167    2.76 |11.167    4.18 |17.167    1.93 | 23.17    1.34
                5.250    2.89 |11.250    4.02 |17.250    1.91 | 23.25    1.33
                5.333    2.89 |11.333    4.02 |17.333    1.91 | 23.33    1.33
                5.417    3.03 |11.417    3.88 |17.417    1.88 | 23.42    1.32
                5.500    3.03 |11.500    3.88 |17.500    1.88 | 23.50    1.32
                5.583    3.19 |11.583    3.75 |17.583    1.86 | 23.58    1.31
                5.667    3.19 |11.667    3.75 |17.667    1.86 | 23.67    1.31
                5.750    3.37 |11.750    3.64 |17.750    1.84 | 23.75    1.30
                5.833    3.37 |11.833    3.64 |17.833    1.84 | 23.83    1.30
                5.917    3.58 |11.917    3.52 |17.917    1.81 | 23.92    1.29
                6.000    3.58 |12.000    3.52 |18.000    1.81 | 24.00    1.29
  
     Unit Hyd Qpeak  (cms)=   3.060
 
     PEAK FLOW       (cms)=   0.721 (i)
     TIME TO PEAK    (hrs)=   8.583
     RUNOFF VOLUME    (mm)=  20.377
     TOTAL RAINFALL   (mm)= 111.655
     RUNOFF COEFFICIENT   =   0.183
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   5 **
****************************
****************************
** SIMULATION NUMBER:   6 **
****************************
  
--------------------
|    READ STORM    |    Filename: C:\Users\dforrest\AppD                       
|                  |              ata\Local\Temp\                              
|                  |              8b109f61-c11a-4446-b707-6575fbe74e00\cf24a078
| Ptotal=193.00 mm |    Comments: * Timmins Storm                         
--------------------
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 1.00   15.00 |  4.00    3.00 |  7.00   43.00 | 10.00   13.00
                 2.00   20.00 |  5.00    5.00 |  8.00   20.00 | 11.00   13.00
                 3.00   10.00 |  6.00   20.00 |  9.00   23.00 | 12.00    8.00
  
-------------------------------------------------------------------------------

--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=  40.86   Curve Number   (CN)= 36.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.51



1. predevelopment model output.txt[12/13/2016 1:28:49 PM]

 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083   15.00 | 3.083    3.00 | 6.083   43.00 |  9.08   13.00
                0.167   15.00 | 3.167    3.00 | 6.167   43.00 |  9.17   13.00
                0.250   15.00 | 3.250    3.00 | 6.250   43.00 |  9.25   13.00
                0.333   15.00 | 3.333    3.00 | 6.333   43.00 |  9.33   13.00
                0.417   15.00 | 3.417    3.00 | 6.417   43.00 |  9.42   13.00
                0.500   15.00 | 3.500    3.00 | 6.500   43.00 |  9.50   13.00
                0.583   15.00 | 3.583    3.00 | 6.583   43.00 |  9.58   13.00
                0.667   15.00 | 3.667    3.00 | 6.667   43.00 |  9.67   13.00
                0.750   15.00 | 3.750    3.00 | 6.750   43.00 |  9.75   13.00
                0.833   15.00 | 3.833    3.00 | 6.833   43.00 |  9.83   13.00
                0.917   15.00 | 3.917    3.00 | 6.917   43.00 |  9.92   13.00
                1.000   15.00 | 4.000    3.00 | 7.000   43.00 | 10.00   13.00
                1.083   20.00 | 4.083    5.00 | 7.083   20.00 | 10.08   13.00
                1.167   20.00 | 4.167    5.00 | 7.167   20.00 | 10.17   13.00
                1.250   20.00 | 4.250    5.00 | 7.250   20.00 | 10.25   13.00
                1.333   20.00 | 4.333    5.00 | 7.333   20.00 | 10.33   13.00
                1.417   20.00 | 4.417    5.00 | 7.417   20.00 | 10.42   13.00
                1.500   20.00 | 4.500    5.00 | 7.500   20.00 | 10.50   13.00
                1.583   20.00 | 4.583    5.00 | 7.583   20.00 | 10.58   13.00
                1.667   20.00 | 4.667    5.00 | 7.667   20.00 | 10.67   13.00
                1.750   20.00 | 4.750    5.00 | 7.750   20.00 | 10.75   13.00
                1.833   20.00 | 4.833    5.00 | 7.833   20.00 | 10.83   13.00
                1.917   20.00 | 4.917    5.00 | 7.917   20.00 | 10.92   13.00
                2.000   20.00 | 5.000    5.00 | 8.000   20.00 | 11.00   13.00
                2.083   10.00 | 5.083   20.00 | 8.083   23.00 | 11.08    8.00
                2.167   10.00 | 5.167   20.00 | 8.167   23.00 | 11.17    8.00
                2.250   10.00 | 5.250   20.00 | 8.250   23.00 | 11.25    8.00
                2.333   10.00 | 5.333   20.00 | 8.333   23.00 | 11.33    8.00
                2.417   10.00 | 5.417   20.00 | 8.417   23.00 | 11.42    8.00
                2.500   10.00 | 5.500   20.00 | 8.500   23.00 | 11.50    8.00
                2.583   10.00 | 5.583   20.00 | 8.583   23.00 | 11.58    8.00
                2.667   10.00 | 5.667   20.00 | 8.667   23.00 | 11.67    8.00
                2.750   10.00 | 5.750   20.00 | 8.750   23.00 | 11.75    8.00
                2.833   10.00 | 5.833   20.00 | 8.833   23.00 | 11.83    8.00
                2.917   10.00 | 5.917   20.00 | 8.917   23.00 | 11.92    8.00
                3.000   10.00 | 6.000   20.00 | 9.000   23.00 | 12.00    8.00
  
     Unit Hyd Qpeak  (cms)=   3.060
 
     PEAK FLOW       (cms)=   1.323 (i)
     TIME TO PEAK    (hrs)=   7.250
     RUNOFF VOLUME    (mm)=  55.261
     TOTAL RAINFALL   (mm)= 193.000
     RUNOFF COEFFICIENT   =   0.286
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 



1. predevelopment model output.txt[12/13/2016 1:28:49 PM]

-------------------------------------------------------------------------------



2. Post development model final.txt[12/13/2016 1:31:05 PM]

****************************
** SIMULATION NUMBER:   1 **
****************************

--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.011     1.67     0.82
        + ID2= 2 (0200):    33.45   0.148     1.83     2.84
          ==================================================
          ID = 3 (0300):    40.86   0.158     1.83     2.48

     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   2 **
****************************

--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.022     1.67     1.59
        + ID2= 2 (0200):    33.45   0.288     1.75     5.27
          ==================================================
          ID = 3 (0300):    40.86   0.310     1.75     4.60

     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   3 **
****************************

--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.072     1.67     4.76
        + ID2= 2 (0200):    33.45   0.845     1.75    14.40
          ==================================================
          ID = 3 (0300):    40.86   0.914     1.75    12.65

     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   4 **
****************************

--------------------

POST-DEVELOPMENT MODEL FINAL



2. Post development model final.txt[12/13/2016 1:31:05 PM]

| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.116     8.25    13.09
        + ID2= 2 (0200):    33.45   1.275     8.33    35.44
          ==================================================
          ID = 3 (0300):    40.86   1.388     8.33    31.39
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   5 **
****************************
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.006     2.42     0.51
        + ID2= 2 (0200):    33.45   0.091     2.50     1.84
          ==================================================
          ID = 3 (0300):    40.86   0.097     2.50     1.60
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   6 **
****************************
****************************
** SIMULATION NUMBER:   7 **
****************************
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.181     7.08    37.19
        + ID2= 2 (0200):    33.45   1.888     7.08    86.96
          ==================================================
          ID = 3 (0300):    40.86   2.069     7.08    77.94
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

=====================================================================================
======================

       V    V   I    SSSSS  U   U    A    L
       V    V   I    SS     U   U   A A   L
        V  V    I     SS    U   U  AAAAA  L
        V  V    I      SS   U   U  A   A  L
         VV     I    SSSSS  UUUUU  A   A  LLLLL

        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM
       O   O    T      T    H   H   Y Y   MM MM  O   O
       O   O    T      T    H   H    Y    M   M  O   O    Company
        OOO     T      T    H   H    Y    M   M   OOO Serial         

Developed and Distributed by Clarifica Inc. 
Copyright 1996, 2007 Clarifica Inc.
All rights reserved.

*****  D E T A I L E D   O U T P U T *****

  Input   filename: C:\Program Files (x86)\Visual Otthymo 2.4\VO2\voin.dat
  Output  filename: C:\Users\dforrest\AppData\Local\Temp\d065af8c-78a4-4c72-b989-2b66ba505a36\Scenario.out        

  Summary filename: C:\Users\dforrest\AppData\Local\Temp\d065af8c-78a4-4c72-b989-2b66ba505a36\Scenario.sum   

DATE: 11/16/2016 TIME: 09:00:48       

USER:

COMMENTS: ____________________________________________________________

-----------------------------------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   1 **
  ****************************

--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 375.923
| Ptotal= 30.39 mm |                          B=   1.501
--------------------                          C=   0.711

used in:   INTENSITY =  A / (t + B)^C

Duration of storm  =  4.00 hrs
Storm time step    = 10.00 min
Time to peak ratio =  0.33

POST-DEVELOPMENT MODEL OUTPUT DETAILED



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         106.40                99.33
                      10.          66.20                66.21
                      15.          50.10                51.22
                      30.          31.20                32.34
                      60.          19.40                20.10
                     120.          12.10                12.39
                     360.           5.70                 5.71
                     720.           3.50                 3.49
                    1440.           2.20                 2.13
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    2.50 |  1.17   13.37 |  2.17    5.10 |  3.17    2.90
                 0.33    2.80 |  1.33   66.21 |  2.33    4.47 |  3.33    2.72
                 0.50    3.22 |  1.50   16.82 |  2.50    4.00 |  3.50    2.57
                 0.67    3.82 |  1.67    9.94 |  2.67    3.64 |  3.67    2.44
                 0.83    4.78 |  1.83    7.39 |  2.83    3.34 |  3.83    2.32
                 1.00    6.68 |  2.00    5.99 |  3.00    3.10 |  4.00    2.21
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    2.50 | 1.083   13.37 | 2.083    5.10 |  3.08    2.90
                0.167    2.50 | 1.167   13.37 | 2.167    5.10 |  3.17    2.90
                0.250    2.80 | 1.250   66.21 | 2.250    4.47 |  3.25    2.72
                0.333    2.80 | 1.333   66.21 | 2.333    4.47 |  3.33    2.72
                0.417    3.22 | 1.417   16.82 | 2.417    4.00 |  3.42    2.57
                0.500    3.22 | 1.500   16.82 | 2.500    4.00 |  3.50    2.57
                0.583    3.82 | 1.583    9.94 | 2.583    3.64 |  3.58    2.44
                0.667    3.82 | 1.667    9.94 | 2.667    3.64 |  3.67    2.44
                0.750    4.78 | 1.750    7.39 | 2.750    3.34 |  3.75    2.32
                0.833    4.78 | 1.833    7.39 | 2.833    3.34 |  3.83    2.32
                0.917    6.68 | 1.917    5.99 | 2.917    3.10 |  3.92    2.21
                1.000    6.68 | 2.000    5.99 | 3.000    3.10 |  4.00    2.21
  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.033 (i)



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

     TIME TO PEAK    (hrs)=   1.917
     RUNOFF VOLUME    (mm)=   3.550
     TOTAL RAINFALL   (mm)=  30.391
     RUNOFF COEFFICIENT   =   0.117
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.029 (i)
     TIME TO PEAK    (hrs)=   1.667
     RUNOFF VOLUME    (mm)=   1.766
     TOTAL RAINFALL   (mm)=  30.391
     RUNOFF COEFFICIENT   =   0.058
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.033     1.92     3.55
        + ID2= 2 (0002):     8.31   0.029     1.67     1.77
          ==================================================
          ID = 3 (0100):    14.67   0.058     1.75     2.54
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 
     PEAK FLOW       (cms)=   0.091 (i)
     TIME TO PEAK    (hrs)=   1.833
     RUNOFF VOLUME    (mm)=   3.080
     TOTAL RAINFALL   (mm)=  30.391
     RUNOFF COEFFICIENT   =   0.101
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0003):    18.78   0.091     1.83     3.08
        + ID2= 2 (0100):    14.67   0.058     1.75     2.54
          ==================================================
          ID = 3 (0200):    33.45   0.148     1.83     2.84
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.011 (i)
     TIME TO PEAK    (hrs)=   1.667
     RUNOFF VOLUME    (mm)=   0.818
     TOTAL RAINFALL   (mm)=  30.391
     RUNOFF COEFFICIENT   =   0.027
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.011     1.67     0.82
        + ID2= 2 (0200):    33.45   0.148     1.83     2.84
          ==================================================
          ID = 3 (0300):    40.86   0.158     1.83     2.48
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   2 **
  ****************************
  
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 516.528
| Ptotal= 40.63 mm |                          B=   1.501
--------------------                          C=   0.716
                        used in:   INTENSITY =  A / (t + B)^C



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

                        Duration of storm  =  4.00 hrs
                        Storm time step    = 10.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         145.00               135.21
                      10.          89.90                89.87
                      15.          67.90                69.40
                      30.          42.10                43.68
                      60.          26.10                27.06
                     120.          16.20                16.62
                     360.           7.60                 7.61
                     720.           4.70                 4.64
                    1440.           2.90                 2.83
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    3.29 |  1.17   17.85 |  2.17    6.75 |  3.17    3.81
                 0.33    3.69 |  1.33   89.87 |  2.33    5.91 |  3.33    3.58
                 0.50    4.24 |  1.50   22.48 |  2.50    5.28 |  3.50    3.38
                 0.67    5.04 |  1.67   13.23 |  2.67    4.80 |  3.67    3.20
                 0.83    6.32 |  1.83    9.80 |  2.83    4.41 |  3.83    3.05
                 1.00    8.86 |  2.00    7.94 |  3.00    4.08 |  4.00    2.91
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    3.29 | 1.083   17.85 | 2.083    6.75 |  3.08    3.81
                0.167    3.29 | 1.167   17.85 | 2.167    6.75 |  3.17    3.81
                0.250    3.69 | 1.250   89.87 | 2.250    5.91 |  3.25    3.58
                0.333    3.69 | 1.333   89.87 | 2.333    5.91 |  3.33    3.58
                0.417    4.24 | 1.417   22.48 | 2.417    5.28 |  3.42    3.38
                0.500    4.24 | 1.500   22.48 | 2.500    5.28 |  3.50    3.38
                0.583    5.04 | 1.583   13.23 | 2.583    4.80 |  3.58    3.20
                0.667    5.04 | 1.667   13.23 | 2.667    4.80 |  3.67    3.20
                0.750    6.32 | 1.750    9.80 | 2.750    4.41 |  3.75    3.05
                0.833    6.32 | 1.833    9.80 | 2.833    4.41 |  3.83    3.05
                0.917    8.86 | 1.917    7.94 | 2.917    4.08 |  3.92    2.91
                1.000    8.86 | 2.000    7.94 | 3.000    4.08 |  4.00    2.91



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.061 (i)
     TIME TO PEAK    (hrs)=   1.917
     RUNOFF VOLUME    (mm)=   6.390
     TOTAL RAINFALL   (mm)=  40.628
     RUNOFF COEFFICIENT   =   0.157
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.056 (i)
     TIME TO PEAK    (hrs)=   1.583
     RUNOFF VOLUME    (mm)=   3.254
     TOTAL RAINFALL   (mm)=  40.628
     RUNOFF COEFFICIENT   =   0.080
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.061     1.92     6.39
        + ID2= 2 (0002):     8.31   0.056     1.58     3.25
          ==================================================
          ID = 3 (0100):    14.67   0.109     1.75     4.61
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 
     PEAK FLOW       (cms)=   0.180 (i)
     TIME TO PEAK    (hrs)=   1.833
     RUNOFF VOLUME    (mm)=   5.781
     TOTAL RAINFALL   (mm)=  40.628
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     RUNOFF COEFFICIENT   =   0.142
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0003):    18.78   0.180     1.83     5.78
        + ID2= 2 (0100):    14.67   0.109     1.75     4.61
          ==================================================
          ID = 3 (0200):    33.45   0.288     1.75     5.27
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.022 (i)
     TIME TO PEAK    (hrs)=   1.667
     RUNOFF VOLUME    (mm)=   1.591
     TOTAL RAINFALL   (mm)=  40.628
     RUNOFF COEFFICIENT   =   0.039
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.022     1.67     1.59
        + ID2= 2 (0200):    33.45   0.288     1.75     5.27
          ==================================================
          ID = 3 (0300):    40.86   0.310     1.75     4.60
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   3 **
  ****************************
  
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 894.325
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| Ptotal= 67.69 mm |                          B=   1.500
--------------------                          C=   0.723
                        used in:   INTENSITY =  A / (t + B)^C

                        Duration of storm  =  4.00 hrs
                        Storm time step    = 10.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         248.00               231.08
                      10.         153.20               152.97
                      15.         115.60               117.83
                      30.          71.40                73.83
                      60.          44.10                45.51
                     120.          27.20                27.82
                     360.          12.70                12.65
                     720.           7.80                 7.67
                    1440.           4.80                 4.65
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    5.35 |  1.17   29.64 |  2.17   11.07 |  3.17    6.22
                 0.33    6.02 |  1.33  152.97 |  2.33    9.68 |  3.33    5.83
                 0.50    6.92 |  1.50   37.45 |  2.50    8.65 |  3.50    5.50
                 0.67    8.24 |  1.67   21.87 |  2.67    7.84 |  3.67    5.21
                 0.83   10.36 |  1.83   16.15 |  2.83    7.20 |  3.83    4.96
                 1.00   14.58 |  2.00   13.05 |  3.00    6.66 |  4.00    4.73
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    5.35 | 1.083   29.64 | 2.083   11.07 |  3.08    6.22
                0.167    5.35 | 1.167   29.64 | 2.167   11.07 |  3.17    6.22
                0.250    6.02 | 1.250  152.97 | 2.250    9.68 |  3.25    5.83
                0.333    6.02 | 1.333  152.97 | 2.333    9.68 |  3.33    5.83
                0.417    6.92 | 1.417   37.45 | 2.417    8.65 |  3.42    5.50
                0.500    6.92 | 1.500   37.45 | 2.500    8.65 |  3.50    5.50
                0.583    8.24 | 1.583   21.87 | 2.583    7.84 |  3.58    5.21
                0.667    8.24 | 1.667   21.87 | 2.667    7.84 |  3.67    5.21
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                0.750   10.36 | 1.750   16.15 | 2.750    7.20 |  3.75    4.96
                0.833   10.36 | 1.833   16.15 | 2.833    7.20 |  3.83    4.96
                0.917   14.58 | 1.917   13.05 | 2.917    6.66 |  3.92    4.73
                1.000   14.58 | 2.000   13.05 | 3.000    6.66 |  4.00    4.73
  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.168 (i)
     TIME TO PEAK    (hrs)=   1.917
     RUNOFF VOLUME    (mm)=  16.833
     TOTAL RAINFALL   (mm)=  67.694
     RUNOFF COEFFICIENT   =   0.249
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.165 (i)
     TIME TO PEAK    (hrs)=   1.583
     RUNOFF VOLUME    (mm)=   9.055
     TOTAL RAINFALL   (mm)=  67.694
     RUNOFF COEFFICIENT   =   0.134
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.168     1.92    16.83
        + ID2= 2 (0002):     8.31   0.165     1.58     9.05
          ==================================================
          ID = 3 (0100):    14.67   0.310     1.75    12.43
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

     PEAK FLOW       (cms)=   0.535 (i)
     TIME TO PEAK    (hrs)=   1.750
     RUNOFF VOLUME    (mm)=  15.935
     TOTAL RAINFALL   (mm)=  67.694
     RUNOFF COEFFICIENT   =   0.235
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0003):    18.78   0.535     1.75    15.94
        + ID2= 2 (0100):    14.67   0.310     1.75    12.43
          ==================================================
          ID = 3 (0200):    33.45   0.845     1.75    14.40
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.072 (i)
     TIME TO PEAK    (hrs)=   1.667
     RUNOFF VOLUME    (mm)=   4.764
     TOTAL RAINFALL   (mm)=  67.694
     RUNOFF COEFFICIENT   =   0.070
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.072     1.67     4.76
        + ID2= 2 (0200):    33.45   0.845     1.75    14.40
          ==================================================
          ID = 3 (0300):    40.86   0.914     1.75    12.65
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   4 **
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  ****************************
  
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 894.325
| Ptotal=111.66 mm |                          B=   1.500
--------------------                          C=   0.723
                        used in:   INTENSITY =  A / (t + B)^C

                        Duration of storm  = 24.00 hrs
                        Storm time step    = 10.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         248.00               231.08
                      10.         153.20               152.97
                      15.         115.60               117.83
                      30.          71.40                73.83
                      60.          44.10                45.51
                     120.          27.20                27.82
                     360.          12.70                12.65
                     720.           7.80                 7.67
                    1440.           4.80                 4.65
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    1.31 |  6.17    3.82 | 12.17    3.42 | 18.17    1.79
                 0.33    1.34 |  6.33    4.10 | 12.33    3.33 | 18.33    1.77
                 0.50    1.36 |  6.50    4.43 | 12.50    3.24 | 18.50    1.75
                 0.67    1.38 |  6.67    4.84 | 12.67    3.15 | 18.67    1.73
                 0.83    1.40 |  6.83    5.35 | 12.83    3.07 | 18.83    1.71
                 1.00    1.43 |  7.00    6.02 | 13.00    3.00 | 19.00    1.69
                 1.17    1.45 |  7.17    6.92 | 13.17    2.93 | 19.17    1.67
                 1.33    1.48 |  7.33    8.24 | 13.33    2.86 | 19.33    1.66
                 1.50    1.51 |  7.50   10.36 | 13.50    2.80 | 19.50    1.64
                 1.67    1.53 |  7.67   14.58 | 13.67    2.74 | 19.67    1.62
                 1.83    1.56 |  7.83   29.64 | 13.83    2.68 | 19.83    1.61
                 2.00    1.60 |  8.00  152.97 | 14.00    2.63 | 20.00    1.59
                 2.17    1.63 |  8.17   37.45 | 14.17    2.58 | 20.17    1.57
                 2.33    1.66 |  8.33   21.87 | 14.33    2.53 | 20.33    1.56
                 2.50    1.70 |  8.50   16.15 | 14.50    2.48 | 20.50    1.54
                 2.67    1.74 |  8.67   13.05 | 14.67    2.43 | 20.67    1.53
                 2.83    1.78 |  8.83   11.07 | 14.83    2.39 | 20.83    1.51
                 3.00    1.82 |  9.00    9.68 | 15.00    2.35 | 21.00    1.50
                 3.17    1.87 |  9.17    8.65 | 15.17    2.31 | 21.17    1.49
                 3.33    1.92 |  9.33    7.84 | 15.33    2.27 | 21.33    1.47
                 3.50    1.97 |  9.50    7.20 | 15.50    2.23 | 21.50    1.46
                 3.67    2.02 |  9.67    6.66 | 15.67    2.20 | 21.67    1.45
                 3.83    2.08 |  9.83    6.22 | 15.83    2.17 | 21.83    1.43
                 4.00    2.15 | 10.00    5.83 | 16.00    2.13 | 22.00    1.42
                 4.17    2.21 | 10.17    5.50 | 16.17    2.10 | 22.17    1.41
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                 4.33    2.29 | 10.33    5.21 | 16.33    2.07 | 22.33    1.40
                 4.50    2.37 | 10.50    4.96 | 16.50    2.04 | 22.50    1.39
                 4.67    2.45 | 10.67    4.73 | 16.67    2.01 | 22.67    1.37
                 4.83    2.55 | 10.83    4.53 | 16.83    1.98 | 22.83    1.36
                 5.00    2.65 | 11.00    4.34 | 17.00    1.96 | 23.00    1.35
                 5.17    2.76 | 11.17    4.18 | 17.17    1.93 | 23.17    1.34
                 5.33    2.89 | 11.33    4.02 | 17.33    1.91 | 23.33    1.33
                 5.50    3.03 | 11.50    3.88 | 17.50    1.88 | 23.50    1.32
                 5.67    3.19 | 11.67    3.75 | 17.67    1.86 | 23.67    1.31
                 5.83    3.37 | 11.83    3.64 | 17.83    1.84 | 23.83    1.30
                 6.00    3.58 | 12.00    3.52 | 18.00    1.81 | 24.00    1.29
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    1.31 | 6.083    3.82 |12.083    3.42 | 18.08    1.79
                0.167    1.31 | 6.167    3.82 |12.167    3.42 | 18.17    1.79
                0.250    1.34 | 6.250    4.10 |12.250    3.33 | 18.25    1.77
                0.333    1.34 | 6.333    4.10 |12.333    3.33 | 18.33    1.77
                0.417    1.36 | 6.417    4.43 |12.417    3.24 | 18.42    1.75
                0.500    1.36 | 6.500    4.43 |12.500    3.24 | 18.50    1.75
                0.583    1.38 | 6.583    4.84 |12.583    3.15 | 18.58    1.73
                0.667    1.38 | 6.667    4.84 |12.667    3.15 | 18.67    1.73
                0.750    1.40 | 6.750    5.35 |12.750    3.07 | 18.75    1.71
                0.833    1.40 | 6.833    5.35 |12.833    3.07 | 18.83    1.71
                0.917    1.43 | 6.917    6.02 |12.917    3.00 | 18.92    1.69
                1.000    1.43 | 7.000    6.02 |13.000    3.00 | 19.00    1.69
                1.083    1.45 | 7.083    6.92 |13.083    2.93 | 19.08    1.67
                1.167    1.45 | 7.167    6.92 |13.167    2.93 | 19.17    1.67
                1.250    1.48 | 7.250    8.24 |13.250    2.86 | 19.25    1.66
                1.333    1.48 | 7.333    8.24 |13.333    2.86 | 19.33    1.66
                1.417    1.51 | 7.417   10.36 |13.417    2.80 | 19.42    1.64
                1.500    1.51 | 7.500   10.36 |13.500    2.80 | 19.50    1.64
                1.583    1.53 | 7.583   14.58 |13.583    2.74 | 19.58    1.62
                1.667    1.53 | 7.667   14.58 |13.667    2.74 | 19.67    1.62
                1.750    1.56 | 7.750   29.64 |13.750    2.68 | 19.75    1.61
                1.833    1.56 | 7.833   29.65 |13.833    2.68 | 19.83    1.61
                1.917    1.60 | 7.917  152.97 |13.917    2.63 | 19.92    1.59
                2.000    1.60 | 8.000  152.96 |14.000    2.63 | 20.00    1.59
                2.083    1.63 | 8.083   37.45 |14.083    2.58 | 20.08    1.57
                2.167    1.63 | 8.167   37.45 |14.167    2.58 | 20.17    1.57
                2.250    1.66 | 8.250   21.87 |14.250    2.53 | 20.25    1.56
                2.333    1.66 | 8.333   21.87 |14.333    2.53 | 20.33    1.56
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                2.417    1.70 | 8.417   16.15 |14.417    2.48 | 20.42    1.54
                2.500    1.70 | 8.500   16.15 |14.500    2.48 | 20.50    1.54
                2.583    1.74 | 8.583   13.05 |14.583    2.43 | 20.58    1.53
                2.667    1.74 | 8.667   13.05 |14.667    2.43 | 20.67    1.53
                2.750    1.78 | 8.750   11.07 |14.750    2.39 | 20.75    1.51
                2.833    1.78 | 8.833   11.07 |14.833    2.39 | 20.83    1.51
                2.917    1.82 | 8.917    9.68 |14.917    2.35 | 20.92    1.50
                3.000    1.82 | 9.000    9.68 |15.000    2.35 | 21.00    1.50
                3.083    1.87 | 9.083    8.65 |15.083    2.31 | 21.08    1.49
                3.167    1.87 | 9.167    8.65 |15.167    2.31 | 21.17    1.49
                3.250    1.92 | 9.250    7.84 |15.250    2.27 | 21.25    1.47
                3.333    1.92 | 9.333    7.84 |15.333    2.27 | 21.33    1.47
                3.417    1.97 | 9.417    7.20 |15.417    2.23 | 21.42    1.46
                3.500    1.97 | 9.500    7.20 |15.500    2.23 | 21.50    1.46
                3.583    2.02 | 9.583    6.66 |15.583    2.20 | 21.58    1.45
                3.667    2.02 | 9.667    6.66 |15.667    2.20 | 21.67    1.45
                3.750    2.08 | 9.750    6.22 |15.750    2.17 | 21.75    1.43
                3.833    2.08 | 9.833    6.22 |15.833    2.17 | 21.83    1.43
                3.917    2.15 | 9.917    5.83 |15.917    2.13 | 21.92    1.42
                4.000    2.15 |10.000    5.83 |16.000    2.13 | 22.00    1.42
                4.083    2.21 |10.083    5.50 |16.083    2.10 | 22.08    1.41
                4.167    2.21 |10.167    5.50 |16.167    2.10 | 22.17    1.41
                4.250    2.29 |10.250    5.21 |16.250    2.07 | 22.25    1.40
                4.333    2.29 |10.333    5.21 |16.333    2.07 | 22.33    1.40
                4.417    2.37 |10.417    4.96 |16.417    2.04 | 22.42    1.39
                4.500    2.37 |10.500    4.96 |16.500    2.04 | 22.50    1.39
                4.583    2.45 |10.583    4.73 |16.583    2.01 | 22.58    1.37
                4.667    2.45 |10.667    4.73 |16.667    2.01 | 22.67    1.37
                4.750    2.55 |10.750    4.53 |16.750    1.98 | 22.75    1.36
                4.833    2.55 |10.833    4.53 |16.833    1.98 | 22.83    1.36
                4.917    2.65 |10.917    4.34 |16.917    1.96 | 22.92    1.35
                5.000    2.65 |11.000    4.34 |17.000    1.96 | 23.00    1.35
                5.083    2.76 |11.083    4.18 |17.083    1.93 | 23.08    1.34
                5.167    2.76 |11.167    4.18 |17.167    1.93 | 23.17    1.34
                5.250    2.89 |11.250    4.02 |17.250    1.91 | 23.25    1.33
                5.333    2.89 |11.333    4.02 |17.333    1.91 | 23.33    1.33
                5.417    3.03 |11.417    3.88 |17.417    1.88 | 23.42    1.32
                5.500    3.03 |11.500    3.88 |17.500    1.88 | 23.50    1.32
                5.583    3.19 |11.583    3.75 |17.583    1.86 | 23.58    1.31
                5.667    3.19 |11.667    3.75 |17.667    1.86 | 23.67    1.31
                5.750    3.37 |11.750    3.64 |17.750    1.84 | 23.75    1.30
                5.833    3.37 |11.833    3.64 |17.833    1.84 | 23.83    1.30
                5.917    3.58 |11.917    3.52 |17.917    1.81 | 23.92    1.29
                6.000    3.58 |12.000    3.52 |18.000    1.81 | 24.00    1.29
  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.247 (i)
     TIME TO PEAK    (hrs)=   8.500
     RUNOFF VOLUME    (mm)=  40.348
     TOTAL RAINFALL   (mm)= 111.655
     RUNOFF COEFFICIENT   =   0.361
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.255 (i)
     TIME TO PEAK    (hrs)=   8.250
     RUNOFF VOLUME    (mm)=  23.323
     TOTAL RAINFALL   (mm)= 111.655
     RUNOFF COEFFICIENT   =   0.209
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.247     8.50    40.35
        + ID2= 2 (0002):     8.31   0.255     8.25    23.32
          ==================================================
          ID = 3 (0100):    14.67   0.470     8.33    30.70
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 
     PEAK FLOW       (cms)=   0.810 (i)
     TIME TO PEAK    (hrs)=   8.417
     RUNOFF VOLUME    (mm)=  39.141
     TOTAL RAINFALL   (mm)= 111.655
     RUNOFF COEFFICIENT   =   0.351
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

          ID1= 1 (0003):    18.78   0.810     8.42    39.14
        + ID2= 2 (0100):    14.67   0.470     8.33    30.70
          ==================================================
          ID = 3 (0200):    33.45   1.275     8.33    35.44
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.116 (i)
     TIME TO PEAK    (hrs)=   8.250
     RUNOFF VOLUME    (mm)=  13.090
     TOTAL RAINFALL   (mm)= 111.655
     RUNOFF COEFFICIENT   =   0.117
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.116     8.25    13.09
        + ID2= 2 (0200):    33.45   1.275     8.33    35.44
          ==================================================
          ID = 3 (0300):    40.86   1.388     8.33    31.39
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   5 **
  ****************************
  
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 434.000
| Ptotal= 25.01 mm |                          B=   6.000
--------------------                          C=   0.787
                        used in:   INTENSITY =  A / (t + B)^C

                        Duration of storm  =  6.00 hrs
                        Storm time step    = 10.00 min
                        Time to peak ratio =  0.33
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

                 0.17    1.03 |  1.67    5.08 |  3.17    2.67 |  4.67    1.31
                 0.33    1.11 |  1.83   12.11 |  3.33    2.38 |  4.83    1.25
                 0.50    1.22 |  2.00   48.96 |  3.50    2.14 |  5.00    1.19
                 0.67    1.35 |  2.17   15.85 |  3.67    1.96 |  5.17    1.14
                 0.83    1.51 |  2.33    8.38 |  3.83    1.80 |  5.33    1.09
                 1.00    1.74 |  2.50    5.75 |  4.00    1.67 |  5.50    1.05
                 1.17    2.05 |  2.67    4.42 |  4.17    1.56 |  5.67    1.01
                 1.33    2.52 |  2.83    3.61 |  4.33    1.47 |  5.83    0.97
                 1.50    3.33 |  3.00    3.06 |  4.50    1.39 |  6.00    0.94
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    1.03 | 1.583    5.08 | 3.083    2.67 |  4.58    1.31
                0.167    1.03 | 1.667    5.08 | 3.167    2.67 |  4.67    1.31
                0.250    1.11 | 1.750   12.11 | 3.250    2.38 |  4.75    1.25
                0.333    1.11 | 1.833   12.11 | 3.333    2.38 |  4.83    1.25
                0.417    1.22 | 1.917   48.96 | 3.417    2.14 |  4.92    1.19
                0.500    1.22 | 2.000   48.96 | 3.500    2.14 |  5.00    1.19
                0.583    1.35 | 2.083   15.85 | 3.583    1.96 |  5.08    1.14
                0.667    1.35 | 2.167   15.85 | 3.667    1.96 |  5.17    1.14
                0.750    1.51 | 2.250    8.38 | 3.750    1.80 |  5.25    1.09
                0.833    1.51 | 2.333    8.38 | 3.833    1.80 |  5.33    1.09
                0.917    1.74 | 2.417    5.75 | 3.917    1.67 |  5.42    1.05
                1.000    1.74 | 2.500    5.75 | 4.000    1.67 |  5.50    1.05
                1.083    2.05 | 2.583    4.42 | 4.083    1.56 |  5.58    1.01
                1.167    2.05 | 2.667    4.42 | 4.167    1.56 |  5.67    1.01
                1.250    2.52 | 2.750    3.61 | 4.250    1.47 |  5.75    0.97
                1.333    2.52 | 2.833    3.61 | 4.333    1.47 |  5.83    0.97
                1.417    3.33 | 2.917    3.06 | 4.417    1.39 |  5.92    0.94
                1.500    3.33 | 3.000    3.06 | 4.500    1.39 |  6.00    0.94
  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.021 (i)
     TIME TO PEAK    (hrs)=   2.667
     RUNOFF VOLUME    (mm)=   2.352
     TOTAL RAINFALL   (mm)=  25.010
     RUNOFF COEFFICIENT   =   0.094
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.018 (i)
     TIME TO PEAK    (hrs)=   2.333
     RUNOFF VOLUME    (mm)=   1.155
     TOTAL RAINFALL   (mm)=  25.010
     RUNOFF COEFFICIENT   =   0.046
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.021     2.67     2.35
        + ID2= 2 (0002):     8.31   0.018     2.33     1.15
          ==================================================
          ID = 3 (0100):    14.67   0.036     2.42     1.67
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 
     PEAK FLOW       (cms)=   0.055 (i)
     TIME TO PEAK    (hrs)=   2.500
     RUNOFF VOLUME    (mm)=   1.963
     TOTAL RAINFALL   (mm)=  25.010
     RUNOFF COEFFICIENT   =   0.078
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0003):    18.78   0.055     2.50     1.96
        + ID2= 2 (0100):    14.67   0.036     2.42     1.67
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          ==================================================
          ID = 3 (0200):    33.45   0.091     2.50     1.84
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.006 (i)
     TIME TO PEAK    (hrs)=   2.417
     RUNOFF VOLUME    (mm)=   0.512
     TOTAL RAINFALL   (mm)=  25.010
     RUNOFF COEFFICIENT   =   0.020
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.006     2.42     0.51
        + ID2= 2 (0200):    33.45   0.091     2.50     1.84
          ==================================================
          ID = 3 (0300):    40.86   0.097     2.50     1.60
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   7 **
  ****************************
  
  
--------------------
|    READ STORM    |    Filename: C:\Users\dforrest\AppD                       
|                  |              ata\Local\Temp\                              
|                  |              d065af8c-78a4-4c72-b989-2b66ba505a36\cf24a078
| Ptotal=193.00 mm |    Comments: * Timmins Storm                         
--------------------
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 1.00   15.00 |  4.00    3.00 |  7.00   43.00 | 10.00   13.00
                 2.00   20.00 |  5.00    5.00 |  8.00   20.00 | 11.00   13.00
                 3.00   10.00 |  6.00   20.00 |  9.00   23.00 | 12.00    8.00
  
-------------------------------------------------------------------------------



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083   15.00 | 3.083    3.00 | 6.083   43.00 |  9.08   13.00
                0.167   15.00 | 3.167    3.00 | 6.167   43.00 |  9.17   13.00
                0.250   15.00 | 3.250    3.00 | 6.250   43.00 |  9.25   13.00
                0.333   15.00 | 3.333    3.00 | 6.333   43.00 |  9.33   13.00
                0.417   15.00 | 3.417    3.00 | 6.417   43.00 |  9.42   13.00
                0.500   15.00 | 3.500    3.00 | 6.500   43.00 |  9.50   13.00
                0.583   15.00 | 3.583    3.00 | 6.583   43.00 |  9.58   13.00
                0.667   15.00 | 3.667    3.00 | 6.667   43.00 |  9.67   13.00
                0.750   15.00 | 3.750    3.00 | 6.750   43.00 |  9.75   13.00
                0.833   15.00 | 3.833    3.00 | 6.833   43.00 |  9.83   13.00
                0.917   15.00 | 3.917    3.00 | 6.917   43.00 |  9.92   13.00
                1.000   15.00 | 4.000    3.00 | 7.000   43.00 | 10.00   13.00
                1.083   20.00 | 4.083    5.00 | 7.083   20.00 | 10.08   13.00
                1.167   20.00 | 4.167    5.00 | 7.167   20.00 | 10.17   13.00
                1.250   20.00 | 4.250    5.00 | 7.250   20.00 | 10.25   13.00
                1.333   20.00 | 4.333    5.00 | 7.333   20.00 | 10.33   13.00
                1.417   20.00 | 4.417    5.00 | 7.417   20.00 | 10.42   13.00
                1.500   20.00 | 4.500    5.00 | 7.500   20.00 | 10.50   13.00
                1.583   20.00 | 4.583    5.00 | 7.583   20.00 | 10.58   13.00
                1.667   20.00 | 4.667    5.00 | 7.667   20.00 | 10.67   13.00
                1.750   20.00 | 4.750    5.00 | 7.750   20.00 | 10.75   13.00
                1.833   20.00 | 4.833    5.00 | 7.833   20.00 | 10.83   13.00
                1.917   20.00 | 4.917    5.00 | 7.917   20.00 | 10.92   13.00
                2.000   20.00 | 5.000    5.00 | 8.000   20.00 | 11.00   13.00
                2.083   10.00 | 5.083   20.00 | 8.083   23.00 | 11.08    8.00
                2.167   10.00 | 5.167   20.00 | 8.167   23.00 | 11.17    8.00
                2.250   10.00 | 5.250   20.00 | 8.250   23.00 | 11.25    8.00
                2.333   10.00 | 5.333   20.00 | 8.333   23.00 | 11.33    8.00
                2.417   10.00 | 5.417   20.00 | 8.417   23.00 | 11.42    8.00
                2.500   10.00 | 5.500   20.00 | 8.500   23.00 | 11.50    8.00
                2.583   10.00 | 5.583   20.00 | 8.583   23.00 | 11.58    8.00
                2.667   10.00 | 5.667   20.00 | 8.667   23.00 | 11.67    8.00
                2.750   10.00 | 5.750   20.00 | 8.750   23.00 | 11.75    8.00
                2.833   10.00 | 5.833   20.00 | 8.833   23.00 | 11.83    8.00
                2.917   10.00 | 5.917   20.00 | 8.917   23.00 | 11.92    8.00
                3.000   10.00 | 6.000   20.00 | 9.000   23.00 | 12.00    8.00
  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.377 (i)
     TIME TO PEAK    (hrs)=   7.167



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

     RUNOFF VOLUME    (mm)=  96.537
     TOTAL RAINFALL   (mm)= 193.000
     RUNOFF COEFFICIENT   =   0.500
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.347 (i)
     TIME TO PEAK    (hrs)=   7.000
     RUNOFF VOLUME    (mm)=  61.438
     TOTAL RAINFALL   (mm)= 193.000
     RUNOFF COEFFICIENT   =   0.318
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.377     7.17    96.54
        + ID2= 2 (0002):     8.31   0.347     7.00    61.44
          ==================================================
          ID = 3 (0100):    14.67   0.717     7.08    76.65
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 
     PEAK FLOW       (cms)=   1.171 (i)
     TIME TO PEAK    (hrs)=   7.083
     RUNOFF VOLUME    (mm)=  95.016
     TOTAL RAINFALL   (mm)= 193.000
     RUNOFF COEFFICIENT   =   0.492
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------



3. post development model output detailed.txt[12/13/2016 1:32:27 PM]

 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0003):    18.78   1.171     7.08    95.02
        + ID2= 2 (0100):    14.67   0.717     7.08    76.65
          ==================================================
          ID = 3 (0200):    33.45   1.888     7.08    86.96
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.181 (i)
     TIME TO PEAK    (hrs)=   7.083
     RUNOFF VOLUME    (mm)=  37.190
     TOTAL RAINFALL   (mm)= 193.000
     RUNOFF COEFFICIENT   =   0.193
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.181     7.08    37.19
        + ID2= 2 (0200):    33.45   1.888     7.08    86.96
          ==================================================
          ID = 3 (0300):    40.86   2.069     7.08    77.94
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  
 FINISH
=====================================================================================
======================
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7. post development climate change final.txt[12/13/2016 1:34:27 PM]

****************************
** SIMULATION NUMBER:   1 **
****************************

--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.013     1.67     0.98
        + ID2= 2 (0200):    33.45   0.176     1.83     3.36
          ==================================================
          ID = 3 (0300):    40.86   0.189     1.83     2.93

     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   2 **
****************************

--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.027     1.67     1.86
        + ID2= 2 (0200):    33.45   0.336     1.75     6.09
          ==================================================
          ID = 3 (0300):    40.86   0.362     1.75     5.32

     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   3 **
****************************

--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.085     1.67     5.62
        + ID2= 2 (0200):    33.45   0.986     1.75    16.70
          ==================================================
          ID = 3 (0300):    40.86   1.067     1.75    14.69

     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   4 **
****************************

--------------------

POST-DEVELOPMENT CLIMATE CHANGE FINAL



7. post development climate change final.txt[12/13/2016 1:34:27 PM]

| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.136     8.25    15.35
        + ID2= 2 (0200):    33.45   1.475     8.33    40.73
          ==================================================
          ID = 3 (0300):    40.86   1.608     8.33    36.13
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
****************************
** SIMULATION NUMBER:   5 **
****************************
****************************
** SIMULATION NUMBER:   6 **
****************************



8. post development climate change detail.txt[12/13/2016 1:35:32 PM]

=====================================================================================
======================

       V    V   I    SSSSS  U   U    A    L
       V    V   I    SS     U   U   A A   L
        V  V    I     SS    U   U  AAAAA  L
        V  V    I      SS   U   U  A   A  L
         VV     I    SSSSS  UUUUU  A   A  LLLLL

        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM
       O   O    T      T    H   H   Y Y   MM MM  O   O
       O   O    T      T    H   H    Y    M   M  O   O    Company
        OOO     T      T    H   H    Y    M   M   OOO Serial         

Developed and Distributed by Clarifica Inc. 
Copyright 1996, 2007 Clarifica Inc.
All rights reserved.

*****  D E T A I L E D   O U T P U T *****

  Input   filename: C:\Program Files (x86)\Visual Otthymo 2.4\VO2\voin.dat
  Output  filename: C:\Users\dforrest\AppData\Local\Temp\80672f96-f080-495e-897c-42951540a0f4\Scenario.out         

  Summary filename: C:\Users\dforrest\AppData\Local\Temp\80672f96-f080-495e-897c-42951540a0f4\Scenario.sum    

DATE: 11/16/2016 TIME: 09:01:29       

USER:

COMMENTS: ____________________________________________________________

-----------------------------------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   1 **
  ****************************

--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 403.631
| Ptotal= 32.81 mm |                          B=   1.507
--------------------                          C=   0.710

used in:   INTENSITY =  A / (t + B)^C

Duration of storm  =  4.00 hrs
Storm time step    = 10.00 min
Time to peak ratio =  0.33

POST-DEVELOPMENT CLIMATE CHANGE DETAIL
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                    The CORRELATION coefficient is = 0.9996
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         114.77               106.78
                      10.          71.40                71.24
                      15.          54.00                55.14
                      30.          33.60                34.84
                      60.          20.90                21.67
                     120.          13.00                13.36
                     360.           6.10                 6.16
                     720.           3.80                 3.77
                    1440.           2.40                 2.31
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    2.71 |  1.17   14.45 |  2.17    5.52 |  3.17    3.14
                 0.33    3.04 |  1.33   71.24 |  2.33    4.84 |  3.33    2.95
                 0.50    3.48 |  1.50   18.16 |  2.50    4.33 |  3.50    2.78
                 0.67    4.13 |  1.67   10.75 |  2.67    3.94 |  3.67    2.64
                 0.83    5.18 |  1.83    7.99 |  2.83    3.62 |  3.83    2.51
                 1.00    7.23 |  2.00    6.48 |  3.00    3.36 |  4.00    2.40
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    2.71 | 1.083   14.45 | 2.083    5.52 |  3.08    3.14
                0.167    2.71 | 1.167   14.45 | 2.167    5.52 |  3.17    3.14
                0.250    3.04 | 1.250   71.24 | 2.250    4.84 |  3.25    2.95
                0.333    3.04 | 1.333   71.24 | 2.333    4.84 |  3.33    2.95
                0.417    3.48 | 1.417   18.16 | 2.417    4.33 |  3.42    2.78
                0.500    3.48 | 1.500   18.16 | 2.500    4.33 |  3.50    2.78
                0.583    4.13 | 1.583   10.75 | 2.583    3.94 |  3.58    2.64
                0.667    4.13 | 1.667   10.75 | 2.667    3.94 |  3.67    2.64
                0.750    5.18 | 1.750    7.99 | 2.750    3.62 |  3.75    2.51
                0.833    5.18 | 1.833    7.99 | 2.833    3.62 |  3.83    2.51
                0.917    7.23 | 1.917    6.48 | 2.917    3.36 |  3.92    2.40
                1.000    7.23 | 2.000    6.48 | 3.000    3.36 |  4.00    2.40
  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.038 (i)
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     TIME TO PEAK    (hrs)=   1.917
     RUNOFF VOLUME    (mm)=   4.157
     TOTAL RAINFALL   (mm)=  32.810
     RUNOFF COEFFICIENT   =   0.127
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.035 (i)
     TIME TO PEAK    (hrs)=   1.667
     RUNOFF VOLUME    (mm)=   2.080
     TOTAL RAINFALL   (mm)=  32.810
     RUNOFF COEFFICIENT   =   0.063
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.038     1.92     4.16
        + ID2= 2 (0002):     8.31   0.035     1.67     2.08
          ==================================================
          ID = 3 (0100):    14.67   0.068     1.75     2.98
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 
     PEAK FLOW       (cms)=   0.109 (i)
     TIME TO PEAK    (hrs)=   1.833
     RUNOFF VOLUME    (mm)=   3.652
     TOTAL RAINFALL   (mm)=  32.810
     RUNOFF COEFFICIENT   =   0.111
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
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-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0003):    18.78   0.109     1.83     3.65
        + ID2= 2 (0100):    14.67   0.068     1.75     2.98
          ==================================================
          ID = 3 (0200):    33.45   0.176     1.83     3.36
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.013 (i)
     TIME TO PEAK    (hrs)=   1.667
     RUNOFF VOLUME    (mm)=   0.979
     TOTAL RAINFALL   (mm)=  32.810
     RUNOFF COEFFICIENT   =   0.030
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.013     1.67     0.98
        + ID2= 2 (0200):    33.45   0.176     1.83     3.36
          ==================================================
          ID = 3 (0300):    40.86   0.189     1.83     2.93
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   2 **
  ****************************
  
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 557.389
| Ptotal= 43.60 mm |                          B=   1.500
--------------------                          C=   0.717
                        used in:   INTENSITY =  A / (t + B)^C
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                        Duration of storm  =  4.00 hrs
                        Storm time step    = 10.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         156.30               145.65
                      10.          96.90                96.75
                      15.          73.20                74.68
                      30.          45.40                46.98
                      60.          28.10                29.08
                     120.          17.50                17.85
                     360.           8.20                 8.17
                     720.           5.10                 4.98
                    1440.           3.10                 3.03
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    3.52 |  1.17   19.14 |  2.17    7.22 |  3.17    4.08
                 0.33    3.95 |  1.33   96.75 |  2.33    6.33 |  3.33    3.83
                 0.50    4.54 |  1.50   24.13 |  2.50    5.66 |  3.50    3.62
                 0.67    5.39 |  1.67   14.18 |  2.67    5.14 |  3.67    3.43
                 0.83    6.77 |  1.83   10.50 |  2.83    4.72 |  3.83    3.26
                 1.00    9.49 |  2.00    8.50 |  3.00    4.37 |  4.00    3.11
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    3.52 | 1.083   19.14 | 2.083    7.22 |  3.08    4.08
                0.167    3.52 | 1.167   19.14 | 2.167    7.22 |  3.17    4.08
                0.250    3.95 | 1.250   96.75 | 2.250    6.33 |  3.25    3.83
                0.333    3.95 | 1.333   96.75 | 2.333    6.33 |  3.33    3.83
                0.417    4.54 | 1.417   24.13 | 2.417    5.66 |  3.42    3.62
                0.500    4.54 | 1.500   24.13 | 2.500    5.66 |  3.50    3.62
                0.583    5.39 | 1.583   14.18 | 2.583    5.14 |  3.58    3.43
                0.667    5.39 | 1.667   14.18 | 2.667    5.14 |  3.67    3.43
                0.750    6.77 | 1.750   10.50 | 2.750    4.72 |  3.75    3.26
                0.833    6.77 | 1.833   10.50 | 2.833    4.72 |  3.83    3.26
                0.917    9.49 | 1.917    8.50 | 2.917    4.37 |  3.92    3.11
                1.000    9.49 | 2.000    8.50 | 3.000    4.37 |  4.00    3.11
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     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.070 (i)
     TIME TO PEAK    (hrs)=   1.917
     RUNOFF VOLUME    (mm)=   7.342
     TOTAL RAINFALL   (mm)=  43.602
     RUNOFF COEFFICIENT   =   0.168
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.066 (i)
     TIME TO PEAK    (hrs)=   1.583
     RUNOFF VOLUME    (mm)=   3.763
     TOTAL RAINFALL   (mm)=  43.602
     RUNOFF COEFFICIENT   =   0.086
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.070     1.92     7.34
        + ID2= 2 (0002):     8.31   0.066     1.58     3.76
          ==================================================
          ID = 3 (0100):    14.67   0.127     1.75     5.31
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 
     PEAK FLOW       (cms)=   0.211 (i)
     TIME TO PEAK    (hrs)=   1.833
     RUNOFF VOLUME    (mm)=   6.695
     TOTAL RAINFALL   (mm)=  43.602
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     RUNOFF COEFFICIENT   =   0.154
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0003):    18.78   0.211     1.83     6.70
        + ID2= 2 (0100):    14.67   0.127     1.75     5.31
          ==================================================
          ID = 3 (0200):    33.45   0.336     1.75     6.09
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.027 (i)
     TIME TO PEAK    (hrs)=   1.667
     RUNOFF VOLUME    (mm)=   1.860
     TOTAL RAINFALL   (mm)=  43.602
     RUNOFF COEFFICIENT   =   0.043
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.027     1.67     1.86
        + ID2= 2 (0200):    33.45   0.336     1.75     6.09
          ==================================================
          ID = 3 (0300):    40.86   0.362     1.75     5.32
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   3 **
  ****************************
  
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 963.099
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| Ptotal= 73.30 mm |                          B=   1.508
--------------------                          C=   0.722
                        used in:   INTENSITY =  A / (t + B)^C

                        Duration of storm  =  4.00 hrs
                        Storm time step    = 10.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         267.30               249.09
                      10.         165.10               165.06
                      15.         124.60               127.20
                      30.          77.00                79.76
                      60.          47.50                49.21
                     120.          29.30                30.10
                     360.          13.70                13.70
                     720.           8.40                 8.32
                    1440.           5.20                 5.05
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    5.82 |  1.17   32.13 |  2.17   12.01 |  3.17    6.75
                 0.33    6.54 |  1.33  165.06 |  2.33   10.51 |  3.33    6.34
                 0.50    7.52 |  1.50   40.57 |  2.50    9.39 |  3.50    5.98
                 0.67    8.94 |  1.67   23.72 |  2.67    8.52 |  3.67    5.67
                 0.83   11.25 |  1.83   17.52 |  2.83    7.82 |  3.83    5.39
                 1.00   15.82 |  2.00   14.16 |  3.00    7.24 |  4.00    5.14
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    5.82 | 1.083   32.13 | 2.083   12.01 |  3.08    6.75
                0.167    5.82 | 1.167   32.13 | 2.167   12.01 |  3.17    6.75
                0.250    6.54 | 1.250  165.06 | 2.250   10.51 |  3.25    6.34
                0.333    6.54 | 1.333  165.06 | 2.333   10.51 |  3.33    6.34
                0.417    7.52 | 1.417   40.57 | 2.417    9.39 |  3.42    5.98
                0.500    7.52 | 1.500   40.57 | 2.500    9.39 |  3.50    5.98
                0.583    8.94 | 1.583   23.72 | 2.583    8.52 |  3.58    5.67
                0.667    8.94 | 1.667   23.72 | 2.667    8.52 |  3.67    5.67
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                0.750   11.25 | 1.750   17.52 | 2.750    7.82 |  3.75    5.39
                0.833   11.25 | 1.833   17.52 | 2.833    7.82 |  3.83    5.39
                0.917   15.82 | 1.917   14.16 | 2.917    7.24 |  3.92    5.14
                1.000   15.82 | 2.000   14.16 | 3.000    7.24 |  4.00    5.14
  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.195 (i)
     TIME TO PEAK    (hrs)=   1.917
     RUNOFF VOLUME    (mm)=  19.438
     TOTAL RAINFALL   (mm)=  73.299
     RUNOFF COEFFICIENT   =   0.265
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.193 (i)
     TIME TO PEAK    (hrs)=   1.583
     RUNOFF VOLUME    (mm)=  10.564
     TOTAL RAINFALL   (mm)=  73.299
     RUNOFF COEFFICIENT   =   0.144
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.195     1.92    19.44
        + ID2= 2 (0002):     8.31   0.193     1.58    10.56
          ==================================================
          ID = 3 (0100):    14.67   0.361     1.75    14.41
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
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     PEAK FLOW       (cms)=   0.624 (i)
     TIME TO PEAK    (hrs)=   1.750
     RUNOFF VOLUME    (mm)=  18.492
     TOTAL RAINFALL   (mm)=  73.299
     RUNOFF COEFFICIENT   =   0.252
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0003):    18.78   0.624     1.75    18.49
        + ID2= 2 (0100):    14.67   0.361     1.75    14.41
          ==================================================
          ID = 3 (0200):    33.45   0.986     1.75    16.70
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.085 (i)
     TIME TO PEAK    (hrs)=   1.667
     RUNOFF VOLUME    (mm)=   5.616
     TOTAL RAINFALL   (mm)=  73.299
     RUNOFF COEFFICIENT   =   0.077
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.085     1.67     5.62
        + ID2= 2 (0200):    33.45   0.986     1.75    16.70
          ==================================================
          ID = 3 (0300):    40.86   1.067     1.75    14.69
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  ****************************
  ** SIMULATION NUMBER:   4 **
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  ****************************
  
--------------------
| CHICAGO STORM    |    IDF curve parameters: A= 963.099
| Ptotal=121.12 mm |                          B=   1.508
--------------------                          C=   0.722
                        used in:   INTENSITY =  A / (t + B)^C

                        Duration of storm  = 24.00 hrs
                        Storm time step    = 10.00 min
                        Time to peak ratio =  0.33
 
                    The CORRELATION coefficient is = 0.9997
 
                     TIME       INPUT INT.           TAB. INT.
                    (min)        (mm/hr)              (mm/hr)
                       5.         267.30               249.09
                      10.         165.10               165.06
                      15.         124.60               127.20
                      30.          77.00                79.76
                      60.          47.50                49.21
                     120.          29.30                30.10
                     360.          13.70                13.70
                     720.           8.40                 8.32
                    1440.           5.20                 5.05
 
  
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                 0.17    1.43 |  6.17    4.15 | 12.17    3.72 | 18.17    1.95
                 0.33    1.45 |  6.33    4.45 | 12.33    3.62 | 18.33    1.93
                 0.50    1.48 |  6.50    4.82 | 12.50    3.52 | 18.50    1.91
                 0.67    1.50 |  6.67    5.26 | 12.67    3.43 | 18.67    1.88
                 0.83    1.53 |  6.83    5.82 | 12.83    3.34 | 18.83    1.86
                 1.00    1.55 |  7.00    6.54 | 13.00    3.26 | 19.00    1.84
                 1.17    1.58 |  7.17    7.52 | 13.17    3.18 | 19.17    1.82
                 1.33    1.61 |  7.33    8.94 | 13.33    3.11 | 19.33    1.80
                 1.50    1.64 |  7.50   11.25 | 13.50    3.04 | 19.50    1.78
                 1.67    1.67 |  7.67   15.82 | 13.67    2.98 | 19.67    1.77
                 1.83    1.70 |  7.83   32.13 | 13.83    2.92 | 19.83    1.75
                 2.00    1.74 |  8.00  165.06 | 14.00    2.86 | 20.00    1.73
                 2.17    1.77 |  8.17   40.57 | 14.17    2.80 | 20.17    1.71
                 2.33    1.81 |  8.33   23.72 | 14.33    2.75 | 20.33    1.70
                 2.50    1.85 |  8.50   17.52 | 14.50    2.70 | 20.50    1.68
                 2.67    1.89 |  8.67   14.16 | 14.67    2.65 | 20.67    1.66
                 2.83    1.94 |  8.83   12.01 | 14.83    2.60 | 20.83    1.65
                 3.00    1.98 |  9.00   10.51 | 15.00    2.56 | 21.00    1.63
                 3.17    2.03 |  9.17    9.39 | 15.17    2.51 | 21.17    1.62
                 3.33    2.09 |  9.33    8.52 | 15.33    2.47 | 21.33    1.60
                 3.50    2.14 |  9.50    7.82 | 15.50    2.43 | 21.50    1.59
                 3.67    2.20 |  9.67    7.24 | 15.67    2.39 | 21.67    1.58
                 3.83    2.27 |  9.83    6.75 | 15.83    2.36 | 21.83    1.56
                 4.00    2.34 | 10.00    6.34 | 16.00    2.32 | 22.00    1.55
                 4.17    2.41 | 10.17    5.98 | 16.17    2.29 | 22.17    1.53
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                 4.33    2.49 | 10.33    5.67 | 16.33    2.25 | 22.33    1.52
                 4.50    2.58 | 10.50    5.39 | 16.50    2.22 | 22.50    1.51
                 4.67    2.67 | 10.67    5.14 | 16.67    2.19 | 22.67    1.50
                 4.83    2.77 | 10.83    4.92 | 16.83    2.16 | 22.83    1.48
                 5.00    2.88 | 11.00    4.72 | 17.00    2.13 | 23.00    1.47
                 5.17    3.01 | 11.17    4.54 | 17.17    2.10 | 23.17    1.46
                 5.33    3.14 | 11.33    4.37 | 17.33    2.08 | 23.33    1.45
                 5.50    3.30 | 11.50    4.22 | 17.50    2.05 | 23.50    1.44
                 5.67    3.47 | 11.67    4.08 | 17.67    2.02 | 23.67    1.43
                 5.83    3.66 | 11.83    3.95 | 17.83    2.00 | 23.83    1.42
                 6.00    3.89 | 12.00    3.83 | 18.00    1.97 | 24.00    1.41
  
  
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0001) |   Area    (ha)=   6.36   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.50
 
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP.

  
                               ---- TRANSFORMED HYETOGRAPH ----
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr
                0.083    1.43 | 6.083    4.15 |12.083    3.72 | 18.08    1.95
                0.167    1.43 | 6.167    4.15 |12.167    3.72 | 18.17    1.95
                0.250    1.45 | 6.250    4.45 |12.250    3.62 | 18.25    1.93
                0.333    1.45 | 6.333    4.45 |12.333    3.62 | 18.33    1.93
                0.417    1.48 | 6.417    4.82 |12.417    3.52 | 18.42    1.91
                0.500    1.48 | 6.500    4.82 |12.500    3.52 | 18.50    1.91
                0.583    1.50 | 6.583    5.26 |12.583    3.43 | 18.58    1.88
                0.667    1.50 | 6.667    5.26 |12.667    3.43 | 18.67    1.88
                0.750    1.53 | 6.750    5.82 |12.750    3.34 | 18.75    1.86
                0.833    1.53 | 6.833    5.82 |12.833    3.34 | 18.83    1.86
                0.917    1.55 | 6.917    6.54 |12.917    3.26 | 18.92    1.84
                1.000    1.55 | 7.000    6.54 |13.000    3.26 | 19.00    1.84
                1.083    1.58 | 7.083    7.52 |13.083    3.18 | 19.08    1.82
                1.167    1.58 | 7.167    7.52 |13.167    3.18 | 19.17    1.82
                1.250    1.61 | 7.250    8.94 |13.250    3.11 | 19.25    1.80
                1.333    1.61 | 7.333    8.94 |13.333    3.11 | 19.33    1.80
                1.417    1.64 | 7.417   11.25 |13.417    3.04 | 19.42    1.78
                1.500    1.64 | 7.500   11.25 |13.500    3.04 | 19.50    1.78
                1.583    1.67 | 7.583   15.82 |13.583    2.98 | 19.58    1.77
                1.667    1.67 | 7.667   15.82 |13.667    2.98 | 19.67    1.77
                1.750    1.70 | 7.750   32.13 |13.750    2.92 | 19.75    1.75
                1.833    1.70 | 7.833   32.14 |13.833    2.92 | 19.83    1.75
                1.917    1.74 | 7.917  165.06 |13.917    2.86 | 19.92    1.73
                2.000    1.74 | 8.000  165.05 |14.000    2.86 | 20.00    1.73
                2.083    1.77 | 8.083   40.57 |14.083    2.80 | 20.08    1.71
                2.167    1.77 | 8.167   40.57 |14.167    2.80 | 20.17    1.71
                2.250    1.81 | 8.250   23.72 |14.250    2.75 | 20.25    1.70
                2.333    1.81 | 8.333   23.72 |14.333    2.75 | 20.33    1.70
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                2.417    1.85 | 8.417   17.52 |14.417    2.70 | 20.42    1.68
                2.500    1.85 | 8.500   17.52 |14.500    2.70 | 20.50    1.68
                2.583    1.89 | 8.583   14.16 |14.583    2.65 | 20.58    1.66
                2.667    1.89 | 8.667   14.16 |14.667    2.65 | 20.67    1.66
                2.750    1.94 | 8.750   12.01 |14.750    2.60 | 20.75    1.65
                2.833    1.94 | 8.833   12.01 |14.833    2.60 | 20.83    1.65
                2.917    1.98 | 8.917   10.51 |14.917    2.56 | 20.92    1.63
                3.000    1.98 | 9.000   10.51 |15.000    2.56 | 21.00    1.63
                3.083    2.03 | 9.083    9.39 |15.083    2.51 | 21.08    1.62
                3.167    2.03 | 9.167    9.39 |15.167    2.51 | 21.17    1.62
                3.250    2.09 | 9.250    8.52 |15.250    2.47 | 21.25    1.60
                3.333    2.09 | 9.333    8.52 |15.333    2.47 | 21.33    1.60
                3.417    2.14 | 9.417    7.82 |15.417    2.43 | 21.42    1.59
                3.500    2.14 | 9.500    7.82 |15.500    2.43 | 21.50    1.59
                3.583    2.20 | 9.583    7.24 |15.583    2.39 | 21.58    1.58
                3.667    2.20 | 9.667    7.24 |15.667    2.39 | 21.67    1.58
                3.750    2.27 | 9.750    6.75 |15.750    2.36 | 21.75    1.56
                3.833    2.27 | 9.833    6.75 |15.833    2.36 | 21.83    1.56
                3.917    2.34 | 9.917    6.34 |15.917    2.32 | 21.92    1.55
                4.000    2.34 |10.000    6.34 |16.000    2.32 | 22.00    1.55
                4.083    2.41 |10.083    5.98 |16.083    2.29 | 22.08    1.53
                4.167    2.41 |10.167    5.98 |16.167    2.29 | 22.17    1.53
                4.250    2.49 |10.250    5.67 |16.250    2.25 | 22.25    1.52
                4.333    2.49 |10.333    5.67 |16.333    2.25 | 22.33    1.52
                4.417    2.58 |10.417    5.39 |16.417    2.22 | 22.42    1.51
                4.500    2.58 |10.500    5.39 |16.500    2.22 | 22.50    1.51
                4.583    2.67 |10.583    5.14 |16.583    2.19 | 22.58    1.50
                4.667    2.67 |10.667    5.14 |16.667    2.19 | 22.67    1.50
                4.750    2.77 |10.750    4.92 |16.750    2.16 | 22.75    1.48
                4.833    2.77 |10.833    4.92 |16.833    2.16 | 22.83    1.48
                4.917    2.88 |10.917    4.72 |16.917    2.13 | 22.92    1.47
                5.000    2.88 |11.000    4.72 |17.000    2.13 | 23.00    1.47
                5.083    3.01 |11.083    4.54 |17.083    2.10 | 23.08    1.46
                5.167    3.01 |11.167    4.54 |17.167    2.10 | 23.17    1.46
                5.250    3.14 |11.250    4.37 |17.250    2.08 | 23.25    1.45
                5.333    3.14 |11.333    4.37 |17.333    2.08 | 23.33    1.45
                5.417    3.30 |11.417    4.22 |17.417    2.05 | 23.42    1.44
                5.500    3.30 |11.500    4.22 |17.500    2.05 | 23.50    1.44
                5.583    3.47 |11.583    4.08 |17.583    2.02 | 23.58    1.43
                5.667    3.47 |11.667    4.08 |17.667    2.02 | 23.67    1.43
                5.750    3.66 |11.750    3.95 |17.750    2.00 | 23.75    1.42
                5.833    3.66 |11.833    3.95 |17.833    2.00 | 23.83    1.42
                5.917    3.89 |11.917    3.83 |17.917    1.97 | 23.92    1.41
                6.000    3.89 |12.000    3.83 |18.000    1.97 | 24.00    1.40
  
     Unit Hyd Qpeak  (cms)=   0.486
 
     PEAK FLOW       (cms)=   0.284 (i)
     TIME TO PEAK    (hrs)=   8.500
     RUNOFF VOLUME    (mm)=  46.189
     TOTAL RAINFALL   (mm)= 121.119
     RUNOFF COEFFICIENT   =   0.381
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
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-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0002) |   Area    (ha)=   8.31   Curve Number   (CN)= 39.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   3.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.28
 
     Unit Hyd Qpeak  (cms)=   1.134
 
     PEAK FLOW       (cms)=   0.296 (i)
     TIME TO PEAK    (hrs)=   8.250
     RUNOFF VOLUME    (mm)=  27.057
     TOTAL RAINFALL   (mm)= 121.119
     RUNOFF COEFFICIENT   =   0.223
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0100) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0001):     6.36   0.284     8.50    46.19
        + ID2= 2 (0002):     8.31   0.296     8.25    27.06
          ==================================================
          ID = 3 (0100):    14.67   0.544     8.33    35.35
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0003) |   Area    (ha)=  18.78   Curve Number   (CN)= 58.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.40
 
     Unit Hyd Qpeak  (cms)=   1.793
 
     PEAK FLOW       (cms)=   0.936 (i)
     TIME TO PEAK    (hrs)=   8.417
     RUNOFF VOLUME    (mm)=  44.932
     TOTAL RAINFALL   (mm)= 121.119
     RUNOFF COEFFICIENT   =   0.371
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0200) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
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          ID1= 1 (0003):    18.78   0.936     8.42    44.93
        + ID2= 2 (0100):    14.67   0.544     8.33    35.35
          ==================================================
          ID = 3 (0200):    33.45   1.475     8.33    40.73
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
--------------------
| CALIB            |
| NASHYD    (0004) |   Area    (ha)=   7.41   Curve Number   (CN)= 25.0
|ID= 1 DT= 5.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.30
 
     Unit Hyd Qpeak  (cms)=   0.943
 
     PEAK FLOW       (cms)=   0.136 (i)
     TIME TO PEAK    (hrs)=   8.250
     RUNOFF VOLUME    (mm)=  15.349
     TOTAL RAINFALL   (mm)= 121.119
     RUNOFF COEFFICIENT   =   0.127
 
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
 
-------------------------------------------------------------------------------
 
--------------------
| ADD HYD   (0300) |
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)
          ID1= 1 (0004):     7.41   0.136     8.25    15.35
        + ID2= 2 (0200):    33.45   1.475     8.33    40.73
          ==================================================
          ID = 3 (0300):    40.86   1.608     8.33    36.13
 
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
 
-------------------------------------------------------------------------------
  
 FINISH
=====================================================================================
======================
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TABLE 1 
List of Non-Radiological Contaminants of Potential Environmental 
Concern (COPECs) for the CRL Site 

Contaminant Location Media Comment 
CH4 Powerhouse Air Release to air (SEA) 
CO2 Powerhouse Air Release to air (SEA) 
Hydrofluorocarbons (HFC) General Site Air Release to air (SEA) 

NOx Heating Boilers Air Conservative estimate for Point 
of Impingement 

Phosphorus Process Sewer Effluent Based on WTC maximum value 

Road Salt Roads, Ditches, Snow 
dumps Water, Soil Saline soils, runoff to surface 

water (SEA) 
Sodium hydroxide Sanitary Sewer Effluent Boiler blowdown 

SOx Heating Boilers Air Conservative est. for Point 
of Impingement 

Aluminium 

Duke Stream Site Runoff 
Perch Creek Site Runoff 
Powerhouse Drain Effluent 
Process Sewer Effluent 
Sanitary Sewer Effluent 
Storm Sewer O-3 Effluent 
Storm Sewer O-4 Effluent 
Stream O-1 Effluent 
Stream O-2 Site Runoff 
Stream O-5 Effluent 

Arsenic Upwelling Area* Sediment 

Cadmium 

Duke Stream Site Runoff 
Powerhouse Drain Effluent 
Sanitary Sewer Effluent 
Upwelling Area* Sediment 

Chlorine 

Process Sewer Effluent Shock treatment of cooling 
water (SEA) 

Process Sewer Effluent Estimate from Cl usage 
Sanitary Sewer Effluent Estimate from Cl usage 
Storm Sewer O-3 Effluent Estimate from Cl usage 
Stream O-1 Effluent Estimate from Cl usage 

Chromium 

Bulk Storage Stream Sediment 
Duke Stream Sediment 
Lower Bass Lake Sediment 
Main Stream Sediment 
Maskinonge Lake Sediment 
Perch Creek Sediment 
Perch Lake Sediment 
Stream O-1 Sediment 
Stream O-5 Sediment 
Upwelling Area* Sediment 

March 17, 2017 

Project No. 1547525 1/3 



TABLE 1 
List of Non-Radiological Contaminants of Potential Environmental 
Concern (COPECs) for the CRL Site 

Contaminant Location Media Comment 

Copper 

Bulk Storage Stream Site Runoff 
Bulk Storage Stream Sediment 
Duke Creek Sediment 
Duke Stream Sediment 
Inactive Landfill Groundwater 
Lower Bass Lake Sediment 
Lower Bass Lake Site Runoff 
Main Stream Sediment 
Maskinonge Lake Sediment 
Perch Creek Sediment Sediment 
Perch L. Inlet 2 Sediment 
Powerhouse Drain Effluent 
Process Sewer Effluent 
Sanitary Sewer Effluent 
South Swamp Sediment 
Storm Sewer O-3 Effluent 
Storm Sewer O-4 Effluent 
Stream O-1 Sediment 
Stream O-2 Site Runoff 
Stream O-5 Effluent 
Stream O-5 Sediment 
Upwelling Area* Sediment 
WMA B Groundwater 

Iron 

Duke Stream Site Runoff 
Perch Creek Site Runoff 
Powerhouse Drain Effluent 
Sanitary Sewer Effluent 
Storm Sewer O-3 Effluent 
Stream O-1 Site Runoff 
Stream O-2 Site Runoff 

Lead 

Bulk Storage Stream Site Runoff 
Duke Stream Sediment 
Duke Stream Site Runoff 
LDA Groundwater 
Lower Bass Lake Site Runoff 
Powerhouse Drain Effluent Based on maximum value** 
Process Sewer Effluent 
Sanitary Sewer Effluent 
Stream O-2 Runoff 
Stream O-5 Site Runoff 
Upwelling Area* Sediment 
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TABLE 1 
List of Non-Radiological Contaminants of Potential Environmental 
Concern (COPECs) for the CRL Site 

Contaminant Location Media Comment 

Mercury 

LDA Groundwater 
Nitrate Plant Groundwater Based on fish consumption in SW 
Process Sewer Effluent Based on WTC maximum value 
WMA A Groundwater 
WMA B Groundwater 
WMA C Groundwater Based on fish consumption in SW 
WMA F Groundwater Based on fish consumption in SW 

Zinc 
Sanitary Sewer Effluent 
Storm Sewer O-1 Effluent 
Upwelling Area* Sediment 

1,1 Dichloroethylene 
WMA B Groundwater 
WMA C Groundwater 

Benzo(a)pyrene 
Perch Creek Sediment 
Sanitary Sewer Effluent Based on maximum value** 

bis(2-ethylhexyl) phthalate Process Sewer Effluent 
Carbon tetrachloride WMA B Groundwater 

Chloroform 

Powerhouse Drain Effluent 
Sanitary Sewer Effluent 
Storm Sewer O-3 Effluent 
Storm Sewer O-4 Effluent 
Stream O-1 Site Runoff 

Chrysene Perch Creek Sediment 

Fluoranthene 
Perch Creek Sediment 

Sanitary Sewer Effluent 
Naphthalene Perch Creek Sediment 
PCBs (total) LDA Groundwater 
Phenanthrene Perch Creek Sediment 

Phenolics 

Powerhouse Drain Effluent Based on maximum value** 
Sanitary Sewer Effluent Based on maximum value** 
Stream O-1 Effluent 
Stream O-2 Site Runoff 

Propanol Sanitary Sewer Effluent Estimate from site usage 

Pyrene 
Perch Creek Sediment 
Sanitary Sewer Effluent 

Trichloroethylene 
WMA B Groundwater 
WMA C Groundwater 

*  Upwelling Area refers to Process Sewer outfall area. 
** If the maximum value found through monitoring exceeded 10 times the surface water guideline, the parameter is included 

as a COPEC, even if the average was below that guideline. 
LDA  Liquid Dispersal Areas. 
SEA  Significant Environmental Aspect as identified by AECL’s Environmental Protection Program.  
WTC Waste Treatment Centre. 
SW Surface Water. 
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TABLE 2  
Ottawa River Water Quality: Non-Radioactive Substances (Data from 2002 and 2003) 

Parameter Unit 
EER 

Benchmarks 
(Table 3-11) 

Ottawa River Locations 

Stonecliffe 
(45 km 

upstream) 

Rolphton 
(26 km 

upstream) 

CRL Water 
Intake

(a)

CRL Gray 
Dock 

(0.130 km 
downstream) 

Perch Creek 
Outfall (CRL 
downstream 
boundary) 

Pointe au Baptême 
(CRL downstream 

boundary) 

Petawawa 
(18 km 

downstream) 

pH pH - 7.3 7.4 6.9 to 7.3 7.2 to 7.6 7.4 to 7.6 7.2 to 7.6 7.3 

Alkalinity (HCO3-) mg/L - 22.7 to 22.9 20.8 to 21 No Data 16.2 to 24.6 18 to 23.2 19.5 to 22.9 18.5 to 28.3 

Sulfate (SO42-) mg/L - 7.1 to 7.2 7.2 No Data 7.1 to 7.2 7.5 7.2 6.8 

Phosphate (PO43-) mg/L - 0.15 0.15 No Data 0.06 to 0.15 0.15 0.15 0.02 to 0.15 

Cadmium (Cd) mg/L 1.5E-0.4 <3.0E-03 <3.0E-03 <8.0E-04 < 3.0E-03 <3.0E-03 to 
1.0E-03 <3.0E-03 to 1.0E-03 <3.0E-03 

Copper (Cu) mg/L 2E-03 1.1E-03 to 
3.0E-03 1.0E-03 1.0E-03 to 

4.5E-03 
7.0E-05 to 

5.0E-03 
7.0E-05 to 

2.5E-03 7.0E-05 to 3.4E-03 1.0E-03 to 
2.0E-03 

Iron (Fe) mg/L 0.3 0.091 to 0.094 0.09 to 0.091 0.15 to 0.37 0.127 to 0.211 0.154 to 0.175 0.173 to 0.186 0.090 to 0.094 

Lead (Pb) mg/L 1.88E-02 <6.0E-04 <6.0E-04 to 
4.0E-03 

<2.0E-03 to 
<1E-02 < 6.0E-04 <6.0E-04 to 

3.0E-03 <6.0E-04 to 3.0E-03 2.0E-03 to 
4.0E-03 

Magnesium (Mg) mg/L - 1.9 1.8 No Data 1.5 to 2.3 1.7 to 2.0 1.6 to 2.0 1.7 

Mercury (Hg) ug/L 2.3E-04 No Data No Data 
0.02 to 
0.035

(b) No Data No Data No Data No Data 

Nickel (Ni) mg/L - <2.0E-04 <2.0E-04 5.0E-04 to 
2.6E-03 <2.0E-04 <2.0E-04 <2.0E-04 <2.0E-04 

Potassium (K) mg/L - 0.7 to 0.74 0.67 to 0.7 No Data 0.65 to 1.0 0.73 to 0.87 0.75 to 0.91 0.68 to 0.69 
Selenium (Se) mg/L - <1.2E-01 <1.2E-01 No Data <1.2E-01 <1.2E-01 <1.2E-01 <1.2E-01 
Sodium (Na) mg/L - 2.6 to 2.7 2.6 No Data 4.5 to 6.7 2.6 to 2.8 2.4 to 2.6 2.4 

Zinc (Zn) mg/L 3.0E-02 <6.0E-03 1.1E-02 to 
2.5E-02 

6.0E-03 to 
1.0E-02 <6.0E-03 <6.0E-03 to 

7.0E-02 <6.0E-03 to 5.0E-02 <6.0E-03 to 
1.1E-02 

(a) Range from quarterly sampling performed in 2003 
(b) Mercury data from quarterly sampling in 2002 

< Means less than the Lower limit of Detection (LLD) 
Values that are bolded, exceed the EER Benchmark 
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TABLE 3  
Surface Water Benchmark Values (BVs) 

ATG Parameter Unit Benchmark Value Source(a) 

3 pH none 6.5-9.0 CWQG [62] 
4b Nitrates mg/L 13(c) CWQG [62] 
6 Total Phosphorus mg/L 4-100(d) CWQG [62] 
8 Total Suspended Solids mg/L see note(e) CWQG [62] 
9 Aluminium µg/L 460 ERA [61] 
9 Boron µg/L 5,420 ERA [61] 
9 Cadmium µg/L 0.15 ERA [61] 
9 Chromium µg/L 44 ERA [61] 
9 Copper µg/L 2 ERA [61] 
9 Lead µg/L 18.8 ERA [61] 

9 Nickel µg/L e0.76[ln(hardness)]+1.06 CWQG [62] 

9 Vanadium µg/L 6 Interim PWQO [64] 
9 Zinc µg/L 30 ERA [61] 
9a Iron µg/L 300 ERA [61] 
9a Uranium µg/L 15 CWQG [62] 
10 Antimony µg/L 610 ERA [61] 
10 Arsenic µg/L 48 ERA [61] 
10 Selenium µg/L 25 ERA [61] 
12 Mercury µg/L 0.23 EER [65] 
14 Phenolics µg/L 200 ERA [61] 
16 Bromodichloromethane µg/L 200 Interim PWQO [64] 
16 Bromoform µg/L 60 Interim PWQO [64] 
16 Bromomethane µg/L 0.9 Interim PWQO [64] 
16 Carbon Tetrachloride µg/L 65 EER [65] 
16 Chlorobenzene µg/L 1.3 CWQG [62] 
16 Chlorodibromomethane µg/L 40 Interim PWQO [64] 
16 Chloroform µg/L 1,240 ERA [61] 
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TABLE 3  
Surface Water Benchmark Values (BVs) 

ATG Parameter Unit Benchmark Value Source(a) 

16 Chloromethane µg/L 700 Interim PWQO [64] 
16 1,2-Dichlorobenzene µg/L 0.7 CWQG [62] 
16 1,3-Dichlorobenzene µg/L 150 CWQG [62] 
16 1,4-Dichlorobenzene µg/L 26 CWQG [62] 
16 1,1-Dichloroethane µg/L 200 Interim PWQO [64] 
16 1,2-Dichloroethane µg/L 100 CWQG [62] 
16 1,1-Dichloroethylene µg/L 40 Interim PWQO [64] 
16 Trans-1,2-Dichloroethylene µg/L 200 Interim PWQO [64] 
16 1,2 Dichloropropane µg/L 0.7 Interim PWQO [64] 
16 Trans-1,3-Dichloropropylene µg/L 7 Interim PWQO [64] 
16 Ethylene Dibromide µg/L 5 Interim PWQO [64] 
16 Methylene Chloride µg/L 98.1 Interim CWQG [62] 
16 1,1,2,2-Tetrachloroethane µg/L 70 Interim PWQO [64] 
16 Tetrachloroethylene µg/L 110 Interim CWQG [62] 
16 1,1,1-Trichloroethane µg/L 10 Interim PWQO [64] 
16 1,1,2-Trichloroethane µg/L 800 Interim PWQO [64] 
16 Trichloroethylene µg/L 5,760 ERA [61] 
16 Vinyl Chloride µg/L 600 Interim PWQO [64] 
24 Total heptachlorodibenzofurans pg/L 15(f) ODWS IMAC [66] 
24 Total heptachlorodibenzo-p-dioxins pg/L 15(f) ODWS IMAC [66] 
24 Total hexachlorodibenzofurans pg/L 15(f) ODWS IMAC [66] 
24 Total hexachlorodibenzo-p-dioxins pg/L 15(f) ODWS IMAC [66] 
24 Total pentachlorodibenzofurans pg/L 15(f) ODWS IMAC [66] 
24 Total pentachlorodibenzo-p-dioxins pg/L 15(f) ODWS IMAC [66] 
24 Total tetrachlorodibenzofurans pg/L 15(f) ODWS IMAC [66] 
24 Total tetrachlorodibenzo-p-dioxins pg/L 15(f) ODWS IMAC [66] 
25 Solvent Extractables (Oil and Grease) mg/L see note(g) PWQO [64] 
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TABLE 3  
Surface Water Benchmark Values (BVs) 

ATG Parameter Unit Benchmark Value Source(a) 

27 Polychlorinated Biphenyls µg/L 189 ERA [61] 
30 Chloride mg/L 121 ERA [61] 

a CWQG=Canadian Water Quality Guideline; EER=Ecological Effects Review; ERA=Ecological Risk Assessment; PWQO=Provincial Water Quality Objective; ODWS=Ontario Drinking 
Water Standard; IMAC=Interim Maximum Acceptable Concentration; AO=Aesthetic Objective. 

b Radiological Benchmark Values are based on Ecological Effects Concentrations (EECs) derived for aquatic receptors in the Perch Lake basin. They should be used with caution when 
applied to aquatic systems outside of the Perch Lake basin. 

c All nitrate concentrations presented here will be for the ion only (i.e. as mg NO3 /L). 
d Range based on trophic level of lake: ultra-oligotrophic <4, oligotrophic 4-10, mesotrophic 10-20, meso-eutrophic 20-35, eutrophic 35-100, and hyper-eutrophic >100. 
e Clear flow: Maximum increase of 25 mg/L from background levels for any short-term exposure (e.g. 24-h period).  Maximum average increase of 5 mg/L from background levels for longer 

term exposures (e.g. inputs lasting between 24 h and 30 d). High flow: Maximum increase of 25 mg/L from background levels at any time when background levels are between 25 and 
250 mg/L. Should not increase more than 10% of background levels when background is ≥ 250 mg/L. 

f Total toxic equivalents when compared with tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). The toxic equivalence factor expresses the toxicity of dioxins and furans in terms of the most 
toxic form of dioxin, 2,3,7,8-TCDD. 

g Oil or petrochemicals should not be present in concentrations that: can be detected as a visible film, sheen, or discolouration on the surface; can be detected by odour; can cause tainting 
of edible aquatic organisms; can form deposits on shorelines & bottom sediments that are detectable by sight or odour, or are deleterious to resident aquatic organisms. 
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TABLE 4 
Perch Creek Weir (PCW) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

3 pH pH 6.87 6.95 6.74 6.39 6.3 6.74 6.59 6.74 6.67 100% 
4b Nitrates mg/L < 0.01 < 0.06 0.04 0.12 < 0.06 < 0.06 < 0.12 < DL 0.01 < 0.07 100% 
5a Dissolved Organic Carbon mg/L 10.5 12.4 9.2 16.5 13.9 12.1 15.5 9.1 12.3 
5b Total Organic Carbon mg/L 10.9 13.0 10.0 16.9 14.2 12.7 16.2 9.6 12.9 
6 Phosphorus mg/L < 0.1 < 0.1 < DL 0.1 < 0.03 < SRI < 0.08 < SRI < SRI < SRI 100% 
7 Conductivity µS/cm 117.5 117.6 100.4 109.1 81.5 111.1 152.5 125.2 138.9 
8 Total Suspended Solids mg/L < 3 < 3 < DL 3 < 2 < 2 < 3 < DL 2 < DL 2 < 2 100% 
9 Aluminium µg/L < 39 67 56 135 90 < 74 90 270 180 100% 
9 Boron µg/L - - - - < 4 < 4 < SRI < 25 < 12.5 100% 
9 Cadmium µg/L - - - - < 0.0185 < 0.0185 < 0.011 < 0.01 < 0.0105 100% 
9 Chromium µg/L - - - - < 0.9 < 0.9 < SRI < SRI < SRI 100% 
9 Copper µg/L < 4 < 5 27 10.5 < 1 < 9.5 < SRI < SRI < SRI 100% 
9 Lead µg/L - - - - < SRI < SRI < SRI < SRI 100% 
9 Lithium µg/L - - - - < 0.6 < 0.6 < SRI < SRI < SRI 
9 Nickel µg/L - - - - < 0.4 < 0.4 < SRI < SRI < SRI 100% 
9 Strontium µg/L - - - - 27.5 27.5 50 57 53.5 
9 Vanadium µg/L - - - - < 0 < 0 < 2 < 2 < 2 100% 
9 Zinc µg/L < 1 < 25 7 6.6 3.1 < 9.8 < SRI < SRI < SRI 100% 
9a Iron µg/L 1490 1545 1955 1585 1110 1643.8 2400 2500 2450 0% 
9a Uranium µg/L < 0.01 < 0.04 0.04 0.058 < 0.032 < 0.036 < 0.08 < 0.06 < 0.07 100% 
12 Mercury µg/L 0.010 0.010 0.004 0.008 0.006 0.008 < 0.004 < 0.003 < 0.003 100% 
14 Phenolics µg/L < 1.9 < 1.9 < 2.0 < 0.8 < 2.8 < 1.9 4.8 3.3 4.1 100% 
16 Bromodichloromethane µg/L < SRI < 0.3 < 0.5 < 0.5 < 0.4 < 0.3 < 0.1 < 0.1 < 0.1 100% 
16 Bromoform µg/L < SRI < 0.7 < 0.6 < 0.6 < 0.5 < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 Bromomethane µg/L < SRI < 0.4 < 0.7 < 0.7 < 0.9 < 0.5 < 0.5 < 0.5 < 0.5 100% 
16 Carbon Tetrachloride µg/L < SRI < 0.6 < 0.6 < 0.6 < 0.4 < 0.4 < 0.8 < 0.8 < 0.8 100% 
16 Chlorobenzene µg/L < SRI < 0.3 < 0.5 < 0.5 < 0.4 < 0.3 < 0.1 < 0.1 < 0.1 100% 
16 Chlorodibromomethane µg/L < SRI < 0.4 < 0.7 < 0.7 < 0.6 < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 Chloroform µg/L < SRI < 0.5 < 0.8 < 0.5 < 0.35 < 0.43 < 0.1 < 0.1 < 0.1 100% 
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TABLE 4 
Perch Creek Weir (PCW) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

16 Chloromethane µg/L < SRI < 0.5 < 0.9 < 0.9 < 1 < 0.7 < 0.5 < 0.5 < 0.5 100% 
16 1,2-Dichlorobenzene µg/L 0.1 < 0.7 < 0.5 < 0.5 < 0.5 < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 1,3-Dichlorobenzene µg/L 0.1 < 0.7 < 0.4 < 0.4 < 0.4 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 1,4-Dichlorobenzene µg/L 0.1 < 0.2 < 0.4 < 0.4 < 0.4 < 0.3 < 0.2 < 0.2 < 0.2 100% 
16 1,1-Dichloroethane µg/L < SRI < 0.4 < 0.5 < 0.5 < 0.4 < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 1,2-Dichloroethane µg/L 0.7 < 0.5 < 0.6 < 0.6 < 0.5 < 0.6 < 0.2 < 0.2 < 0.2 100% 
16 1,1-Dichloroethylene µg/L < SRI < 0.3 < 0.5 < 0.5 < 0.4 < 0.3 < 0.1 < 0.1 < 0.1 100% 
16 Trans-1,2-Dichloroethylene µg/L < SRI < 0.3 < 0.5 < 0.5 < 0.4 < 0.3 < 0.1 < 0.1 < 0.1 100% 
16 1,2-Dichloropropane µg/L < SRI < 0.6 < 0.6 < 0.6 < 0.4 < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 Cis-1,3-Dichloropropylene µg/L < SRI < 0.5 < 0.5 < 0.5 < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 
16 Trans-1,3-Dichloropropylene µg/L < SRI < 0.7 < 0.5 < 0.5 < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 Ethylene Dibromide µg/L 0.5 < 0.3 < 0.5 < 0.5 < 0.5 < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 Methylene Chloride µg/L < SRI < 0.4 < 0.7 < 0.7 < 0.9 < 0.5 < 0.5 < 0.5 < 0.5 100% 
16 1,1,2,2-Tetrachloroethane µg/L < SRI < 0.7 < 0.5 < 0.5 < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 Tetrachloroethylene µg/L < SRI < 0.3 < 0.5 < 0.5 < 0.4 < 0.3 < 0.1 < 0.1 < 0.1 100% 
16 1,1,1-Trichloroethane µg/L < SRI - < 0.5 < 0.5 < 0.4 < 0.5 < 0.1 < 0.1 < 0.1 100% 
16 1,1,2-Trichloroethane µg/L < SRI < 0.2 < 0.4 < 0.4 < 0.4 < 0.3 < 0.2 < 0.2 < 0.2 100% 
16 Trichloroethylene µg/L < SRI < 0.4 < 0.7 < 0.7 < 0.5 < 0.5 < 0.1 < 0.1 < 0.1 100% 
16 Trichlorofluoromethane µg/L < SRI < 0.3 < 0.5 < 0.5 < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 
16 Vinyl Chloride µg/L < SRI < 0.4 < 0.7 < 0.7 < 0.6 < 0.5 < 0.2 < 0.2 < 0.2 100% 
25 Solvent Extractables mg/L < 2 < 3 3 6 5 < 4 4 2 3 100% 
27 Polychlorinated Byphenyls µg/L - 0.05 < 0.1 < 0.1 < 0.08 < 0.08 < 0.05 < 0.05 < 0.05 100% 
30 Chloride mg/L - - - 18.76 12.87 13.61 33.49 18.59 26.04 100% 
93 Flow m³/day 2313 10588 2889 14027 17445 9452 21218 3006 12112 
97 Hardness mg/L 16 30 34 29 23 27 36 41 39 

a Averages were determined by setting the smallest reporting increment (SRI) to zero. 
b Calculated by comparing each of the results for 2015 to the Benchmark Values in Table 3. 
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TABLE 5 
Perch Lake Inlet 1 (PL1) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

3 pH pH 6.44 7.08 6.54 6.05 6.05 6.50 6.13 6.82 6.47 50% 
4b Nitrates mg/L <SRI 0.01 < 0.01 <DL < 0.01 < 0.02 < 0.01 < 0.04 <SRI < 0.02 100% 
5a Dissolved Organic Carbon mg/L 16.3 12.6 7.6 17.2 13.4 13.4 14.1 9 11.5 
5b Total Organic Carbon mg/L 17.1 13.4 7.9 17.9 14 14.1 11.7 9.3 10.5 
6 Phosphorus mg/L 0.1 < 0.1 < 0.1 <DL < 0.03 < 0.02 < 0.09 <DL 0.02 <SRI < 0.02 100% 
7 Conductivity µS/cm 119.3 142.9 90.3 120.4 147.5 117.6 163.1 231 197.1 
8 Total Suspended Solids mg/L 3 < 3 < 6 < 1 < 2 < 18 <DL 2 <DL 2 < 2 100% 
9 Aluminium µg/L 97 < 65 56 147 104 < 93 90 96 93 100% 
9 Boron µg/L 6 < 6 < 7 <DL < 7.5 < 6.6 < 5.9 <SRI <DL 2 < 1 100% 
9 Cadmium µg/L 0.1 < 0.1 < 0.03 0.042 < 0.015 < 0.0744 < 0.03 < 0.02 < 0.025 100% 
9 Chromium µg/L 1.0 < 0.5 < <SRI <SRI < 1.4 < 0.3 <SRI <SRI <SRI 100% 
9 Copper µg/L 4.0 < 3.8 < 3.1 24.2 < 1.5 < 7.8 <SRI <SRI <SRI 100% 
9 Lead µg/L 0.5 < 1.0 < 2.0 < <SRI <SRI < 0.7 <DL 8 <SRI < 4 100% 
9 Lithium µg/L 0.3 < 0.5 < <SRI < 0.4 < 0.6 < 0.4 <SRI <SRI <SRI 
9 Nickel µg/L 0.1 < 0.5 < <SRI < 1 < 0.4 < 0.3 <DL 2 <SRI < 1.5 100% 
9 Strontium µg/L 56.0 59.5 36.0 42 47 48.8 N/A N/A N/A 
9 Vanadium µg/L 1 < 1 < <SRI < 1 < 0 < 1 50 90 70 
9 Zinc µg/L 4 < 5 2 <DL 10.4 3.1 < 6.1 <DL 1 <SRI < 1 100% 

9a Iron µg/L 820 728 251 570 480 642.8 <DL 3 <SRI < 1.5 100% 
9a Uranium µg/L < 0.01 700 760 730 0% 
10 Antimony µg/L <SRI 0.2 < <SRI <SRI <SRI < 0.1 < 0.034 < 0.06 < 0.047 100% 
10 Arsenic µg/L 1 < 1 < <SRI <SRI <SRI < 0 <SRI <SRI <SRI 100% 
10 Selenium µg/L <SRI 3 < 2 <DL <SRI <SRI < 1 <SRI <SRI <SRI 100% 
12 Mercury µg/L 0.010 0.010 0.001 <DL 0.027 0.01 < 0.012 <DL 1 <SRI < 1 100% 
14 Phenolics µg/L 1.9 < 1.9 < 1.9 <DL < 1.2 < 3.1 < 1.6 < 0.006 <DL 0.004 < 0.005 100% 
16 Bromodichloromethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.3 < 0.3 5.7 3.4 4.6 100% 
16 Bromoform µg/L <SRI 0.3 < 0.6 < < 0.6 < 0.4 < 0.3 < 0.2 < 0.1 < 0.2 100% 
16 Bromomethane µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.6 < 0.4 < 10 < 0.2 < 5.1 100% 
16 Carbon Tetrachloride µg/L <SRI 0.6 < 0.6 < < 0.6 < 0.4 < 0.4 < 0.2 < 0.5 < 0.4 100% 
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TABLE 5 
Perch Lake Inlet 1 (PL1) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

16 Chlorobenzene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.3 < 0.3 < 0.5 < 0.8 < 0.7 100% 
16 Chlorodibromomethane µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.5 < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 Chloroform µg/L <SRI 0.5 < 0.6 < 0.5 < 0.3 < 0.32 < 0.1 < 0.2 < 0.2 100% 
16 Chloromethane µg/L <SRI 0.5 < 0.9 < < 0.9 < 0.7 < 0.5 < 0.2 < 0.1 < 0.15 100% 
16 1,2-Dichlorobenzene µg/L <SRI 0.7 < 0.5 < < 0.5 < 0.4 < 0.4 < 0.1 < 0.5 < 0.3 100% 
16 1,3-Dichlorobenzene µg/L <SRI 0.2 < 0.4 < < 0.4 < 0.3 < 0.2 < 0.2 < 0.2 < 0.2 100% 
16 1,4-Dichlorobenzene µg/L <SRI 0.2 < 0.4 < < 0.4 < 0.3 < 0.3 < 0.2 < 0.2 < 0.2 100% 
16 1,1-Dichloroethane µg/L <SRI 0.4 < 0.5 < < 0.5 < 0.3 < 0.3 < 0.5 < 0.2 < 0.4 100% 
16 1,2-Dichloroethane µg/L <SRI 0.5 < 0.6 < < 0.6 < 0.4 < 0.4 < 0.2 < 0.1 < 0.2 100% 
16 1,1-Dichloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.3 < 0.3 < 0.2 < 0.2 < 0.2 100% 
16 Trans-1,2-Dichloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.3 < 0.3 < 0.1 < 0.1 < 0.1 100% 
16 1,2-Dichloropropane µg/L <SRI 0.6 < 0.6 < < 0.6 < 0.4 < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 Cis-1,3-Dichloropropylene µg/L <SRI 0.5 < 0.5 < < 0.5 < 0.4 < 0.3 < 0.2 < 0.1 < 0.2 100% 
16 Trans-1,3-Dichloropropylene µg/L <SRI 0.7 < 0.5 < < 0.5 < 0.4 < 0.3 < 0.1 < 0.2 < 0.2 
16 Ethylene Dibromide µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.3 < 0.2 < 0.2 < 0.2 100% 
16 Methylene Chloride µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.6 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 1,1,2,2-Tetrachloroethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.3 < 0.8 < 0.5 < 0.7 100% 
16 Tetrachloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.3 < 0.3 < 0.1 < 0.2 < 0.2 100% 
16 1,1,1-Trichloroethane µg/L - - 0.5 < < 0.5 < 0.3 < 0.5 < 0.1 < 0.1 < 0.1 100% 
16 1,1,2-Trichloroethane µg/L <SRI 0.2 < 0.4 < < 0.4 < 0.3 < 0.2 < 0.1 < 0.1 < 0.1 100% 
16 Trichloroethylene µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.4 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 Trichlorofluoromethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.3 < 0.5 < 0.1 < 0.3 100% 
16 Vinyl Chloride µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 
25 Solvent Extractables mg/L 4 < 1 < 1 4 4 < 14 < 0.1 < 0.2 < 0.2 100% 
93 Flow m³/day 741 1522 866 4942 1568 1700 3 2 3 100% 
97 Hardness mg/L 18 28 18 23 25 22 1933 2490 2212 
a Averages were determined by setting the smallest reporting increment (SRI) to zero. 
b Calculated by comparing each of the results for 2015 to the Benchmark Values in Table 6-2. 
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TABLE 6  
Perch Lake Inlet 2 (PL2) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

3 pH pH 5.94 6.24 5.93 5.81 6.06 5.98 6.22 6.16 6.19 0% 

4b Nitrates mg/L 0.01 
< 0.04 < 0.03 < 0.03 0.07 < 0.03 < 0.09 < 0.09 100% 

5a Dissolved Organic Carbon mg/L 33.3 21.9 14.6 18.3 23.3 22 20.8 18.7 19.7 

5b Total Organic Carbon mg/L 33.9 23.9 15.6 18.6 24.2 23 16.2 19.8 18 

6 Phosphorus mg/L 0.1 < 0.1 < 0.1 <DL < 0.03 < 0.03 < 0.08 <DL 0.03 <DL 0.06 < 0.04 100% 

7 Conductivity µS/cm 147.1 142.8 89.8 154.6 156.7 133.6 236 352 294 

8 Total Suspended Solids mg/L 13 < 3 < 3 <DL < 4 < 9 < 6 10 22 16 100% 

9 Aluminium µg/L 195 139 97 136 122 142 120 112 116 100% 

9 Boron µg/L 9 < 6 < 4 <DL < 7 < 6.2 < 6.5 < 10 < 20 < 15 100% 

9 Cadmium µg/L 0.2 < 0.1 < 0.02 0.031 < 0.012 < 0.0878 < 0.017 < 0.01 < 0.0135 100% 

9 Chromium µg/L 1.0 < 0.7 < <SRI < 1 < 1.4 < 0.7 <SRI <SRI <SRI 100% 

9 Copper µg/L <SRI 9.6 < 7.8 < 51 < 1.5 < 17.1 <SRI <SRI <SRI 100% 

9 Lead µg/L 2 < 1 < 2 < <SRI <SRI < 1.3 <SRI <SRI <SRI 100% 

9 Lithium µg/L 0.6 < 0.8 < <SRI < 0.4 < 0.5 < 0.5 <SRI <SRI <SRI 

9 Nickel µg/L 0.1 < 0.5 < <SRI < 1 < 0.5 < 0.4 <SRI <SRI <SRI 100% 

9 Strontium µg/L 47.5 38.0 27.0 36.5 35 < 0 N/A N/A N/A N/A 

9 Vanadium µg/L 5 1 < 1 <DL < 1 < 0 37.3 50 78 64 

9 Zinc µg/L 4.0 < 8.9 9 10.1 4.1 < 2 <DL 1 <DL 1 < 1 100% 

9a Iron µg/L 5150 1605 610 1400 3745 < 8 <DL 2 <SRI < 1 100% 

9a Uranium µg/L < 0.01 2191.3 2200 6800 4500 0% 

10 Antimony µg/L <SRI 0.4 < <SRI <SRI <SRI < 0.01 < 0.07 < 0.06 < 0.065 100% 

10 Arsenic µg/L 1 < 1 < 1 <DL <SRI <SRI < 0.1 <SRI <SRI <SRI 100% 

10 Selenium µg/L <SRI 2 < 3 <DL <SRI < 0 < 1 <SRI <SRI <SRI 100% 

12 Mercury µg/L 0.010 0.010 0.002 0.008 0.007 < 1 <DL 1 <SRI < 1 100% 
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TABLE 6  
Perch Lake Inlet 2 (PL2) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

14 Phenolics µg/L 2.6 1.9 < 1.9 < 0.9 < 3.7 < 0.008 < 0.005 <DL < 0.005 100% 

16 Bromodichloromethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 1.8 <DL 0.9 <DL 1.6 < 1.3 100% 

16 Bromoform µg/L <SRI 0.7 < 0.6 < < 0.6 < 0.5 < 0.3 < 0.2 < 0.1 < 0.2 100% 

16 Bromomethane µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.9 < 0.5 < 10 < 0.2 < 5.1 100% 

16 Carbon Tetrachloride µg/L <SRI 0.6 < 0.6 < < 0.6 < 0.4 < 0.5 < 0.2 < 0.5 < 0.4 100% 

16 Chlorobenzene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.5 < 0.5 < 0.8 < 0.7 100% 

16 Chlorodibromomethane µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.6 < 0.3 < 0.1 < 0.1 < 0.1 100% 

16 Chloroform µg/L <SRI 0.5 < 0.8 < 0.65 < 0.35 < 0.5 < 0.1 < 0.2 < 0.2 100% 

16 Chloromethane µg/L <SRI 0.5 < 0.9 < < 0.9 < 1 < 0.49 < 0.2 < 0.1 < 0.15 100% 

16 1,2-Dichlorobenzene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.5 < 0.6 < 0.1 < 0.5 < 0.3 100% 

16 1,3-Dichlorobenzene µg/L <SRI 0.2 < 0.4 < < 0.4 < 0.4 < 0.3 < 0.2 < 0.2 < 0.2 100% 

16 1,4-Dichlorobenzene µg/L <SRI 0.2 < 0.4 < < 0.4 < 0.4 < 0.3 < 0.2 < 0.2 < 0.2 100% 

16 1,1-Dichloroethane µg/L <SRI 0.4 < 0.5 < < 0.5 < 0.4 < 0.3 < 0.5 < 0.2 < 0.4 100% 

16 1,2-Dichloroethane µg/L 0.5 0.5 < 0.6 < < 0.6 < 0.5 < 0.4 < 0.2 < 0.1 < 0.2 100% 

16 1,1-Dichloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.6 < 0.2 < 0.2 < 0.2 100% 

16 Trans-1,2-Dichloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.3 < 0.1 < 0.1 < 0.1 100% 

16 1,2-Dichloropropane µg/L <SRI 0.6 < 0.6 < < 0.6 < 0.4 < 0.3 < 0.1 < 0.1 < 0.1 100% 

16 Cis-1,3-Dichloropropylene µg/L <SRI 0.5 < 0.5 < < 0.5 < 0.5 < 0.5 < 0.2 < 0.1 < 0.2 100% 

16 Trans-1,3-Dichloropropylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.5 < 0.4 < 0.1 < 0.2 < 0.2 

16 Ethylene Dibromide µg/L <SRI 0.5 < 0.5 < < 0.5 < 0.5 < 0.3 < 0.2 < 0.2 < 0.2 100% 

16 Methylene Chloride µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.9 < 0.4 < 0.2 < 0.2 < 0.2 100% 

16 1,1,2,2-Tetrachloroethane µg/L <SRI 0.7 < 0.5 < < 0.5 < 0.5 < 0.5 < 0.8 < 0.5 < 0.7 100% 

16 Tetrachloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.4 < 0.1 < 0.2 < 0.2 100% 

16 1,1,1-Trichloroethane µg/L - - 0.5 < < 0.5 < 0.4 < 0.3 < 0.1 < 0.1 < 0.1 100% 

16 1,1,2-Trichloroethane µg/L <SRI 0.6 < 0.4 < < 0.4 < 0.4 < 0.5 < 0.1 < 0.1 < 0.1 100% 
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TABLE 6  
Perch Lake Inlet 2 (PL2) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

16 Trichloroethylene µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 100% 

16 Trichlorofluoromethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.5 < 0.5 < 0.5 < 0.1 < 0.3 100% 

16 Vinyl Chloride µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.6 < 0.3 < 0.2 < 0.2 < 0.2 

24 Total tetrachlorodibenzo-
p-dioxin pg/L < 7.3 < 0.5 < 0.1 < 0.2 < 0.2 100% 

24 Total tetrachlorodibenzofurans pg/L < 1.6 < 7.3 < 1 < 1.1 < 1 100% 

24 Total pentachlorodibenzo-
p-dioxin pg/L < 1.7 < 1.6 < 1 < 0.9 < 1 100% 

24 Total 
pentachlorodibenzofurans pg/L < 1.9 < 1.7 < 1 < 0.7 < 0.9 100% 

24 Total hexachlorodibenzo-
p-dioxin pg/L < 4.7 < 1.9 < 1 < 1.2 < 1.1 100% 

24 Total hexachlorodibenzofurans pg/L < 0.8 < 4.7 < 1 < 1.1 < 1 100% 

24 Total heptachlorodibenzo-
p-dioxin pg/L < 3.8 < 0.8 < 1 < 0.8 < 0.9 100% 

24 Total 
heptachlorodibenzofurans pg/L < 1.9 < 3.8 < 1 < 1 < 1 100% 

25 Solvent Extractables mg/L 2 < 4 4 7 11 < 1.9 < 1 < 1.1 < 1.1 100% 

27 Polychlorinated Byphenyls µg/L - 0.05 < 0.10 < < 0.1 < 0.08 < 4 6 6 6 100% 

93 Flow m³/day 1664 4208 2225 6108 6731 < 0.08 < 0.05 < 0.05 < 0.05 100% 

97 Hardness mg/L 23 85 17 23 29 3551 19280 7275 13278 
a Averages were determined by setting the smallest reporting increment (SRI) to zero. 
b Calculated by comparing each of the results for 2015 to the Benchmark Values in Table 6-2. 
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TABLE 7  
Main Stream above Plant Road (MAR) Non-Radiological Monitoring Results- Main Stream above Plant 
Road (MAR) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015(c) Conformance 
Rate(b) Spring Fall Average(a) 

3 pH pH 5.96 6.87 5.81 5.64 5.71 6.07 
4b Nitrates mg/L 0.01 < 0.02 < <SRI < 0.03 < 0.07 < 0.02 
5a Dissolved Organic Carbon mg/L 32.6 < 29.4 < 18.0 24.1 19.9 < 26 
5b Total Organic Carbon mg/L 34.0 < 31.4 < 18.8 < 26.5 20.4 < 27.7 
6 Phosphorus mg/L 0.1 < 0.1 < 0.1 <DL < 0.04 < 0.1 < 0.09 <DL 0.05 <SRI < 0.03 100% 
7 Conductivity µS/cm 144.5 119.8 77.1 170.6 241 128 
8 Total Suspended Solids mg/L 3 < 3 < 4 < 1 < 2 < 3 
9 Aluminium µg/L 91 < 95 78 102 < 48 < 91 180 131 156 100% 
9 Boron µg/L 6.5 < 2.0 < <SRI < 7.5 < 6.8 < 4 <DL 3 <SRI < 1.5 100% 
9 Cadmium µg/L 0.2 < 0.1 < 0.1 0.0245 < 0.0105 < 0.0936 < 0.05 < 0.02 < 0.035 100% 
9 Chromium µg/L <SRI 0.9 < <SRI <SRI < 0.7 < 0.2 <SRI <SRI <SRI 100% 
9 Copper µg/L 6.5 < 7.5 < 6.4 13.8 < 1.4 < 8.6 <SRI <SRI <SRI 100% 
9 Lead µg/L 0.5 < 1.0 < 2.0 < <SRI <SRI < 0.9 <SRI <SRI <SRI 100% 
9 Lithium µg/L 0.4 < 0.8 < <SRI < 0.4 < 0.7 < 0.4 <SRI <SRI <SRI 
9 Nickel µg/L 0.1 < 1.0 < <SRI < 1.5 < 0.3 < 0.7 <SRI <SRI <SRI 100% 
9 Strontium µg/L 41.0 32.9 25.3 40.2 47 < 0 
9 Vanadium µg/L 1 < <SRI 1 <DL < 1 < 0 34.9 32 66 49 
9 Zinc µg/L 8 < 23 5 6.7 6.2 < 1 <DL 1 <SRI < 1 100% 

9a Iron µg/L 1045 530 320 630 330 < 10.7 < 6 <SRI < 3 100% 
9a Uranium µg/L < 0.01 631.3 
10 Antimony µg/L <SRI 0.3 < <SRI <SRI < -0.4 0 
10 Arsenic µg/L 1 < 2 < 1 <DL <SRI <SRI < 0.1 
10 Selenium µg/L <SRI 2 < 2 <DL <SRI <SRI < 1 
12 Mercury µg/L 0.010 0.010 0.012 0.009 0.007 < 1 
14 Phenolics µg/L 1.9 < 1.9 < 2.5 < 0.6 < 5.3 < 0.01 
16 Bromodichloromethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 1.7 
16 Bromoform µg/L <SRI 0.7 < 0.6 < < 0.6 < 0.5 < 0.3 
16 Bromomethane µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.9 < 0.5 
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TABLE 7  
Main Stream above Plant Road (MAR) Non-Radiological Monitoring Results- Main Stream above Plant 
Road (MAR) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015(c) Conformance 
Rate(b) Spring Fall Average(a) 

16 Carbon Tetrachloride µg/L <SRI 0.6 < 0.6 < < 0.6 < 0.4 < 0.5 
16 Chlorobenzene µg/L <SRI 0.5 < 0.5 < < 0.5 < 0.4 < 0.5 
16 Chlorodibromomethane µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.6 < 0.4 
16 Chloroform µg/L <SRI 0.5 < 1.0 < 0.5 < 0.35 < 0.5 
16 Chloromethane µg/L <SRI 0.5 < 0.9 < < 0.9 < 1 < 0.5 
16 1,2-Dichlorobenzene µg/L <SRI 0.7 < 0.5 < < 0.5 < 0.5 < 0.6 
16 1,3-Dichlorobenzene µg/L <SRI 0.7 < 0.4 < < 0.4 < 0.4 < 0.4 
16 1,4-Dichlorobenzene µg/L <SRI 0.8 < 0.4 < < 0.4 < 0.4 < 0.4 
16 1,1-Dichloroethane µg/L 2.3 0.4 < 0.5 < < 0.5 < 0.4 < 0.4 
16 1,2-Dichloroethane µg/L 0.6 0.5 < 0.6 < < 0.6 < 0.5 < 0.9 
16 1,1-Dichloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.6 
16 Trans-1,2-Dichloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.3 
16 1,2-Dichloropropane µg/L <SRI 0.3 < 0.6 < < 0.6 < 0.4 < 0.3 
16 Cis-1,3-Dichloropropylene µg/L <SRI 0.5 < 0.5 < < 0.5 < 0.5 < 0.4 
16 Trans-1,3-Dichloropropylene µg/L <SRI 0.7 < 0.5 < < 0.5 < 0.5 < 0.4 
16 Ethylene Dibromide µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.5 < 0.4 
16 Methylene Chloride µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.9 < 0.3 
16 1,1,2,2-Tetrachloroethane µg/L <SRI 0.7 < 0.5 < < 0.5 < 0.5 < 0.5 
16 Tetrachloroethylene µg/L <SRI 0.6 < 0.5 < < 0.5 < 0.4 < 0.4 
16 1,1,1-Trichloroethane µg/L - - 0.5 < < 0.5 < 0.6 < 0.4 
16 1,1,2-Trichloroethane µg/L <SRI 0.2 < 0.4 < < 0.4 < 0.4 < 0.5 
16 Trichloroethylene µg/L 0.9 0.4 < 0.7 < < 0.7 < 0.5 < 0.3 
16 Trichlorofluoromethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.5 < 0.7 
16 Vinyl Chloride µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.6 < 0.3 
25 Solvent Extractables mg/L 2.3 < 4.9 3 9 11 < 0.5 
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TABLE 7  
Main Stream above Plant Road (MAR) Non-Radiological Monitoring Results- Main Stream above Plant 
Road (MAR) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015(c) Conformance 
Rate(b) Spring Fall Average(a) 

30 Chloride mg/L - - - 53.12 81.78 < 5 
93 Flow m³/day 2176 2762 6796 7599 10092 53.12 27.34 86.46 56.9 100% 
97 Hardness mg/L 17 22 16 25 28 4833 

a Averages were determined by setting the smallest reporting increment (SRI) to zero. 
b Calculated by comparing each of the results for 2015 to the Benchmark Values in Table 6-2. 
c Note: most MAR analysis was moved from the MAR station to the MSC station in 2015 to align the radiological monitoring program with the non-radiological monitoring program. 
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TABLE 8 
East Swamp Weir (ESW) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

3 pH pH 6.62 7.04 6.65 6.34 6.31 6.36 6.57 6.46 50% 
4b Nitrates mg/L 0.04 < 0.05 0.09 0.05 < 0.02 < 0.16 < 0.04 < 0.1 100% 
5a Dissolved Organic Carbon mg/L 13.7 12.9 8.2 15.6 13.7 12.5 12.1 12.3 
5b Total Organic Carbon mg/L 13.7 13.9 8.4 15.8 14.1 13.3 13 13.1 
6 Phosphorus mg/L 0.1 < 0.1 < 0.1 <DL < 0.04 < 0.03 <SRI 0.11 < 0.07 100% 
7 Conductivity µS/cm 81.9 70.8 84.0 75.6 70.9 74.5 94.8 84.7 
8 Total Suspended Solids mg/L 3 < 4 < 5 < 4 < 6 <DL 2 7 < 4 100% 
9 Aluminium µg/L 116 116 88 149 91 140 950 545 50% 
9 Boron µg/L < 5.7 <SRI < 30 < 15.5 100% 
9 Cadmium µg/L 0.191 < 0.016 < 0.03 < 0.023 100% 
9 Chromium µg/L < 1.4 <SRI <DL 2 < 1.5 100% 
9 Copper µg/L 0.4 9.6 8.7 < 2.8 < 8.8 <SRI <SRI <SRI 100% 
9 Lead µg/L 0.5 < 1.0 < 1 < <SRI <SRI <SRI <SRI <SRI 100% 
9 Lithium µg/L < 0.3 <SRI <SRI <SRI 
9 Nickel µg/L < 0.4 <SRI <SRI <SRI 100% 
9 Strontium µg/L 30 37 59 48 
9 Vanadium µg/L 3 2 < 2 <DL < 1 < 1 <DL 1 < 6 < 4 100% 
9 Zinc µg/L 1.2 6.3 8.7 12.5 7.8 0 <SRI < 0 100% 

9a Iron µg/L 2570 2350 3150 2530 1610 1700 10100 5900 0% 
10 Antimony µg/L 0.1 < 0.7 0.6 < <SRI < -0.5 < 0.08 < 0.14 < 0.11 100% 
10 Arsenic µg/L <SRI 1 < 1 < <SRI <SRI <SRI <SRI <SRI 100% 
10 Selenium µg/L <SRI 2 < 1 < <SRI <SRI <SRI <SRI <SRI 100% 
12 Mercury µg/L 0.010 0.010 0.010 0.009 0.007 <DL 1 <SRI < 1 100% 
14 Phenolics µg/L < 2.8 < 0.009 <DL 0.007 < 0.008 100% 
16 Bromodichloromethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 3.3 <DL 1 < 2.2 100% 
16 Bromoform µg/L <SRI 0.7 < 0.6 < < 0.6 < 0.5 < 0.1 < 0.1 < 0.1 100% 
16 Bromomethane µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.9 < 0.2 < 0.2 < 0.2 100% 
16 Carbon Tetrachloride µg/L <SRI 0.6 < 0.6 < < 0.6 < 0.4 < 0.5 < 0.5 < 0.5 100% 
16 Chlorobenzene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.8 < 0.8 < 0.8 100% 
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TABLE 8 
East Swamp Weir (ESW) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

16 Chlorodibromomethane µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.6 < 0.1 < 0.1 < 0.1 100% 
16 Chloroform µg/L 0.3 < 0.3 < 1 < 0.5 < 0.35 < 0.2 < 0.2 < 0.2 100% 
16 Chloromethane µg/L <SRI 0.5 < 0.9 < < 0.9 < 1 < 0.1 < 0.1 < 0.1 100% 
16 1,2-Dichlorobenzene µg/L 0.2 0.7 < 0.5 < < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 100% 
16 1,3-Dichlorobenzene µg/L <SRI 0.7 < 0.4 < < 0.4 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 1,4-Dichlorobenzene µg/L <SRI 0.8 < 0.4 < < 0.4 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 1,1-Dichloroethane µg/L <SRI 0.4 < 0.5 < < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 1,2-Dichloroethane µg/L <SRI 0.5 < 0.6 < < 0.6 < 0.5 < 0.1 < 0.1 < 0.1 100% 
16 1,1-Dichloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 Trans-1,2-Dichloroethylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 1,2-Dichloropropane µg/L <SRI 0.3 < 0.6 < < 0.6 < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 Cis-1,3-Dichloropropylene µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.5 < 0.1 < 0.1 < 0.1 100% 
16 Trans-1,3-Dichloropropylene µg/L <SRI 0.7 < 0.5 < < 0.5 < 0.5 < 0.2 < 0.2 < 0.2 
16 Ethylene Dibromide µg/L <SRI 0.5 < 0.5 < < 0.5 < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 Methylene Chloride µg/L 0.1 0.4 < 0.7 < < 0.7 < 3.3 < 0.2 < 0.2 < 0.2 100% 
16 1,1,2,2-Tetrachloroethane µg/L <SRI 0.7 < 0.5 < < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 100% 
16 Tetrachloroethylene µg/L <SRI 0.6 < 0.5 < < 0.5 < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 1,1,1-Trichloroethane µg/L - - 0.5 < < 0.5 < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 1,1,2-Trichloroethane µg/L <SRI 0.2 < 0.4 < < 0.4 < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 Trichloroethylene µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 Trichlorofluoromethane µg/L <SRI 0.3 < 0.5 < < 0.5 < 0.5 < 0.1 < 0.1 < 0.1 100% 
16 Vinyl Chloride µg/L <SRI 0.4 < 0.7 < < 0.7 < 0.6 < 0.2 < 0.2 < 0.2 
24 Total tetrachlorodibenzo-p-dioxin pg/L < 4.5 < 0.2 < 0.2 < 0.2 100% 
24 Total tetrachlorodibenzofurans pg/L 2.4 < 1 < 1.1 < 1 100% 

24 Total pentachlorodibenzo-p-
dioxin pg/L < 5.1 < 1 < 1.4 < 1.2 100% 

24 Total pentachlorodibenzofurans pg/L 7.3 < 1.2 < 1.1 100% 
24 Total hexachlorodibenzo-p-dioxin pg/L 23.3 < 1 < 1.1 < 1.1 100% 
24 Total hexachlorodibenzofurans pg/L 20.7 < 1.3 < 1.1 100% 
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TABLE 8 
East Swamp Weir (ESW) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015 Conformance 
Rate(b) Spring Fall Average(a) 

24 Total heptachlorodibenzo-
p-dioxin pg/L 5.3 < 1 < 0.7 < 0.9 100% 

24 Total heptachlorodibenzofurans pg/L 10.9 < 1 < 1 < 1 100% 
25 Solvent Extractables mg/L 2 < 1 < 1 < 6 5 < 1 < 0.9 < 0.9 100% 
27 Polychlorinated Byphenyls µg/L - 0.05 < 0.10 < < 0.1 < 0.08 2 2 2 100% 
93 Flow m³/day 143 427 151 366 458 < 0.05 < 0.05 < 0.05 100% 
97 Hardness mg/L 16 24 28 26 24 681 167 424 

a Averages were determined by setting the smallest reporting increment (SRI) to zero. 
b Calculated by comparing each of the results for 2015 to the Benchmark Values in Table 6-2. 
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TABLE 9 
South Swamp Weir (SSW) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015(c) 
Conformance 

Rate(b) Spring Fall Average(a) 

3 pH pH 6.23 - 5.87 - 5.59 6.05 
4b Nitrates mg/L - - 0.01 <DL - 0.13 < 0.01 
5a Dissolved Organic Carbon mg/L 9.4 - 7.7 - 12.2 8.6 
5b Total Organic Carbon mg/L 9.6 - 8.1 - 12.7 8.9 
6 Phosphorus mg/L 0.1 < - 0.1 <DL - < 0.03 < 0.1 
7 Conductivity µS/cm 130.3 - 89.9 - 56.9 110.1 
8 Total Suspended Solids mg/L 3 < - 7 - < 3 < 5 
9 Aluminium µg/L <SRI - 43 - 280 < 22 
9 Boron µg/L 10 10 
9 Cadmium µg/L 0.1 < - 0.02 - 0.019 < 0.06 
9 Chromium µg/L < 0.9 < < 0.9 
9 Copper µg/L 32 32 
9 Lead µg/L < 0.4 < < 0.4 
9 Lithium µg/L < 0.3 < < 0.3 
9 Nickel µg/L < 0 < < 0 
9 Strontium µg/L 38 - 34 - 30 36 
9 Vanadium µg/L < 1 < < 1 
9 Zinc µg/L <SRI - 4.8 - 7.2 < 2.4 

9a Iron µg/L 440 - 580 - 610 510 
9a Uranium µg/L < 0 < < 0 
12 Mercury µg/L 0.010 - 0.002 - 0.008 0.006 
14 Phenolics µg/L 8.6 8.6 
16 Bromodichloromethane µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 Bromoform µg/L <SRI - 0.6 < - < 0.6 < 0.3 
16 Bromomethane µg/L <SRI - 0.7 < - < 0.7 < 0.4 
16 Carbon Tetrachloride µg/L <SRI - 0.6 < - < 0.6 < 0.3 
16 Chlorobenzene µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 Chlorodibromomethane µg/L <SRI - 0.7 < - < 0.7 < 0.4 
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TABLE 9 
South Swamp Weir (SSW) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015(c) 
Conformance 

Rate(b) Spring Fall Average(a) 

16 Chloroform µg/L 0.3 - 0.9 - < 0.5 < 0.6 
16 Chloromethane µg/L <SRI - 0.9 < - < 0.9 < 0.5 
16 1,2-Dichlorobenzene µg/L 0.2 - 0.5 < - < 0.5 < 0.4 
16 1,3-Dichlorobenzene µg/L <SRI - 0.4 < - < 0.4 < 0.2 
16 1,4-Dichlorobenzene µg/L <SRI - 0.4 < - < 0.4 < 0.2 
16 1,1-Dichloroethane µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 1,2-Dichloroethane µg/L <SRI - 0.6 < - < 0.6 < 0.3 
16 1,1-Dichloroethylene µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 Trans-1,2-Dichloroethylene µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 1,2-Dichloropropane µg/L <SRI - 0.6 < - < 0.6 < 0.3 
16 Cis-1,3-Dichloropropylene µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 Trans-1,3-Dichloropropylene µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 Ethylene Dibromide µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 Methylene Chloride µg/L 0.1 - 0.7 < - < 0.7 < 0.4 
16 1,1,2,2-Tetrachloroethane µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 Tetrachloroethylene µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 1,1,1-Trichloroethane µg/L - - 0.5 < - < 0.5 < 0.5 
16 1,1,2-Trichloroethane µg/L <SRI - 0.4 < - < 0.4 < 0.2 
16 Trichloroethylene µg/L <SRI - 0.7 < - < 0.7 < 0.4 
16 Trichlorofluoromethane µg/L <SRI - 0.5 < - < 0.5 < 0.3 
16 Vinyl Chloride µg/L <SRI - 0.7 < - < 0.7 < 0.4 
25 Solvent Extractables mg/L - - 1 - < 1 < 1 
30 Chloride mg/L 31.26 - 29.89 - 9.22 31 
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TABLE 9 
South Swamp Weir (SSW) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015(c) 
Conformance 

Rate(b) Spring Fall Average(a) 

93 Flow m³/day 31 - 64 - 16 48 
97 Hardness mg/L 4 - 16 - 12 10 
a Averages were determined by setting the smallest reporting increment (SRI) to zero. 
b Calculated by comparing each of the results for 2015 to the Benchmark Values in Table 6-2. 
c Due to dry weather conditions, there was no flow at the SSW sampling station during either the spring or fall sampling period, resulting in no non-radiological monitoring 

results for the 2015 calendar year. 
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TABLE 10  
Perch Lake Inlet 4 (PL4) Non-Radiological Monitoring Results 

ATG Parameter Unit 2010 2011 2012 2013 2014 5-Year 
Average 

2015(a) 
Spring Fall Average 

3 pH pH 7.08 5.98 6.20 5.75 6.14 6.25 5.95 6.42 6.18 
4b Nitrates mg/L 0.01 < 0.01 0.01 < 0.02 0.04 < 0.01 <SRI - < 0.01 
5a Dissolved Organic Carbon mg/L 9.6 17.2 8.3 16.2 17.1 12.8 16.6 14.9 15.8 
5b Total Organic Carbon mg/L 10.5 18.5 8.6 17.1 17.6 13.7 10.6 15.8 13.2 
6 Phosphorus mg/L 0.1 < 0.2 < 0.1 < < 0.06 < 0.02 < 0.12 <SRI <DL 0.05 < 0.03 
7 Conductivity uS/cm 43.3 60.0 36.1 41.3 44.7 45.2 31.3 44.3 37.8 
8 Total Suspended Solids mg/L 3 < 4 < 3 < < 4 < 2 < 4 <DL 1 <DL 2 < 1 
9 Aluminium µg/L 70 <DL 96 58 < 58 82 < 71 102 200 151 
9 Boron µg/L <SRI 4 < < SRI < 4 < 1.4 < 2 <SRI < 10 < 5 
9 Cadmium µg/L 0.1 < 0.01 0.004 0.026 < 0.011 < 0.0351 < 0.021 < 0.01 < 0.0155 
9 Chromium µg/L 1 <DL 1 < <SRI <SRI < 1.3 < 0.5 <SRI <SRI <SRI 
9 Copper µg/L <SRI 4.7 < <SRI < 0.5 8.3 < 1.3 <DL 3 <SRI < 1.5 
9 Lead µg/L <SRI 1.0 < <SRI <SRI <SRI < 0.3 <DL 12 <SRI < 6 
9 Lithium µg/L <SRI 0.2 < 0.7 <DL < 0.3 < 0.5 < 0.3 <SRI <SRI <SRI 
9 Nickel µg/L 1.0 0.5 < 1.0 <DL < 1 < 0.4 < 0.9 <DL 2 <SRI < 1 
9 Strontium µg/L 32.0 55.0 26.1 < 16.1 31.5 < 32.3 31 33 32 
9 Vanadium µg/L 1 <DL 1 < 1 <DL < 1 < 0 < 1 <DL 1 <SRI < 1 
9 Zinc µg/L 4.0 <DL 3.4 < 0.9 <DL < 2.1 12 < 2.6 < 6 < 4 < 5 
9a Iron µg/L 380 2199 280 < 541 545 < 849.9 330 890 610 
9a Uranium µg/L 0.02 0.02 0.01 0.045 < 0.024 < 0.024 < 0.04 < 0.04 < 0.04 
10 Antimony µg/L < -0.1 < -0.1 <SRI < 0.5 < -0.5 
10 Arsenic µg/L <SRI <SRI <SRI < 2 < 1 
10 Selenium µg/L <SRI <SRI <DL 1 < 3 < 2 
12 Mercury µg/L 0.006 0.006 < 0.002 <DL 0.005 < 0.004 
14 Phenolics µg/L < 2.9 < 2.9 2.5 4.5 3.5 
16 Chloroform µg/L 0.1 < 0.1 < 0.3 < < 0.1 < 0.3 < 0.15 < 0.1 < 0.1 < 0.1 
16 1,1,1 Trichloroethane µg/L < 0.3 < 0.3 < 0.1 < 0.1 < 0.1 
25 Solvent Extractables mg/L 2 3 1 3 < 4 2 3 1 2 
30 Chloride mg/L 1.1 1.1 < 0.34 < 0.65 < 0.5 

a Averages were determined by setting the smallest reporting increment (SRI) to zero. 
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TABLE 11 
Main Stream Culvert (MSC) Non-Radiological Monitoring Results 

ATG Parameter Unit 2014 
2015 

Conformance Rate(b) 
Spring Fall Average(a) 

3 pH pH 6.33 6.67 6.5 50% 
4b Nitrates mg/L < 0.04 < 0.04 < 0.04 100% 
5a Dissolved Organic Carbon mg/L 14.5 12.3 13.4 
5b Total Organic Carbon mg/L 15 13 14 
6 Phosphorus mg/L <SRI <SRI <SRI 100% 
7 Conductivity µS/cm 292 553 422.5 
8 Total Suspended Solids mg/L <DL 2 3 < 3 100% 
9 Aluminium µg/L 120 136 128 100% 
9 Boron µg/L <SRI <DL 6 < 3 100% 
9 Cadmium µg/L < 0.021 < 0.02 < 0.0205 100% 
9 Chromium µg/L <SRI <SRI <SRI 100% 
9 Copper µg/L <SRI <SRI <SRI 100% 
9 Lead µg/L <SRI <SRI <SRI 100% 
9 Lithium µg/L <SRI <SRI <SRI 
9 Nickel µg/L <SRI <SRI <SRI 
9 Strontium µg/L 60 90 75 
9 Vanadium µg/L <DL 1 <DL 1 < 1 100% 
9 Zinc µg/L <DL 3 <SRI < 1.5 100% 
9a Iron µg/L 900 1640 1270 0% 
9a Uranium µg/L < 0.05 < 0.06 < 0.055 100% 
10 Antimony µg/L <SRI <SRI <SRI 100% 
10 Arsenic µg/L <SRI <SRI <SRI 100% 
10 Selenium µg/L <DL 1 <SRI < 1 100% 
12 Mercury µg/L < 0.004 <DL 0.004 < 0.004 100% 
14 Phenolics µg/L 4.7 <DL 1.7 < 3.2 100% 
16 Bromodichloromethane µg/L < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 Bromoform µg/L < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 Bromomethane µg/L < 0.9 < 0.5 < 0.5 < 0.5 100% 
16 Carbon Tetrachloride µg/L < 0.4 < 0.8 < 0.8 < 0.8 100% 
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TABLE 11 
Main Stream Culvert (MSC) Non-Radiological Monitoring Results 

ATG Parameter Unit 2014 
2015 

Conformance Rate(b) 
Spring Fall Average(a) 

16 Chlorobenzene µg/L < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 Chlorodibromomethane µg/L < 0.6 < 0.2 < 0.2 < 0.2 100% 
16 Chloroform µg/L < 0.35 < 0.1 < 0.1 < 0.1 100% 
16 Chloromethane µg/L < 1 < 0.5 < 0.5 < 0.5 100% 
16 1,2-Dichlorobenzene µg/L < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 1,3-Dichlorobenzene µg/L < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 1,4-Dichlorobenzene µg/L < 0.4 < 0.2 < 0.2 < 0.2 100% 
16 1,1-Dichloroethane µg/L < 0.4 0.1 < 0.1 < 0.1 100% 
16 1,2-Dichloroethane µg/L < 0.5 < 0.2 < 0.2 < 0.2 100% 
16 1,1-Dichloroethylene µg/L < 0.4 < 0.1 < 0.1 < 0.1 100% 
16 Trans-1,2-Dichloroethylene µg/L < 0.4 < 0.1 < 0.1 < 0.1 100% 

systems that remove 90Sr from two of the more important groundwater plumes. For the other contaminants of concern the overall risks are judged to be low with trends indicating stable conditions. 
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1.0 NON-RADIOLOGICAL DOSE ASSESSMENT METHODS  
The non-radiological dose assessment for ecological health considered the following scenarios for the surface 
water environment:  

 The four model scenarios described in Section 5.4.2.6.1.2:  

 Scenario 1 (operational phase years 2020 to 2025): the ECM is defined as one single active cell where 
leachate effluent is discharged to an infiltration area (i.e., upstream of the East Swamp Weir) after 
treatment at the WWTP;  

 Scenario 2 (operational phase years 2065 to 2070): the ECM is operating with multiple active and closed 
cells (six closed, three interim cells, and one active cell) with the cover intact and leachate being 
discharged after treatment at the WWTP;  

 Scenario 3 (post-closure phase after year 2100): all ten cells of the ECM are closed with the cover intact 
and the WWTP decommissioned (i.e., discharge of untreated effluent);  

 Scenario 4 (post-institutional control phase after year 2400): bathtub effect occurs with spill-over along 
the southern border of the ECM due to degradation and inevitable failure of the cover; and 

The four surface water model scenarios were completed for a select group of parameters termed parameters of 
potential concern (POPCs) as defined in Section 5.4.2.6.3. Key elements of the POPC selection process included 
identifying those parameters that were expected to change as a result of the project, those with available 
guidelines, and those that were expected to be toxic to aquatic organisms. The ten selected POPCs were 
aluminum, barium, cadmium, copper, iron, lead, manganese, mercury, phosphorus and zinc.  

A preliminary screening was completed as shown in Section 5.4.2.6.3, wherein predicted concentrations of 
parameters in untreated effluent were compared to effluent limits. The effluent limits (see Table 5.4.2-6) are 
generally based on aquatic guidelines from a variety of sources including CCME, U.S. EPA, U.S. DOE, and others. 
However, to ensure that aquatic life is adequately protected, predicted concentrations of non-radiological 
parameters were compared to federal guidelines that are protective of aquatic life. Where federal guidelines were 
not available, provincial guidelines that are similarly protective of aquatic life were consulted. In the absence of 
both federal and provincial guidelines, alternate guidelines from other jurisdictions were used. The selected 
guidelines are described below.  

Federal Guidelines 
The federal guidelines include those published by the Canadian Council of Ministers of the Environment (CCME): 

 Recently developed CCME Canadian Water Quality Guidelines for the Protection of Aquatic Life 
(CWQG-PALs) provide both short-term and long-term water quality guidelines for freshwater environments 
(CCME 2016). The short-term freshwater guidelines are derived from severe effects data for short-term 
exposure periods, and their purpose is to give guidance on the impacts of severe but short-term situations. 
The long-term guidelines are intended to protect all forms of aquatic life for indefinite periods of exposure. 

March 17, 2017 
Project No. 1547525 1  

 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 5.5-1: ECOLOGICAL HEALTH NON-RADIOLOGICAL 
EXPOSURE ASSESSMENT 
REVISION 0 

 

Provincial Guidelines 
The provincial guidelines include those published by the Ontario Ministry of the Environment and Climate Change 
(MOECC), formerly the Ontario Ministry of the Environment and Energy (MOEE) and the Ontario Ministry of the 
Environment (MOE):    

 The Ontario Ministry of the Environment and Energy (MOEE) Provincial Water Quality Objectives (PWQOs) 
are intended to be protective of aquatic life and recreational uses of surface waters (MOEE 1994). The 
PWQOs represent a desirable level of water quality strived to be maintained in the province. While these 
objectives are intended for protection of aquatic life, it is considered that they are also protective of wildlife 
health because PWQOs are typically much lower than drinking water guidelines and livestock watering 
guidelines. 

 The Aquatic Protection Values (APVs) under Ontario Regulation (O. Reg.) 153/04 are intended to provide a 
scientifically defensible and reasonably conservative level of protection for most aquatic organisms due to 
impacted groundwater migrating to surface water (MOE 2011). The APVs were compiled from (in order of 
preference) the United States Environmental Protection Agency (U.S. EPA) Ambient Water Quality Criteria 
(AWQC), the lowest toxicity effects-based concentrations as summarized on the U.S. EPA Ecotoxicology 
(ECOTOX) online database, and the lowest ecological criteria from the Massachusetts Department of 
Environmental Protection (MADEP 2008 as cited in MOE 2011). Chronic endpoints were selected as the 
basis of the APVs where available; otherwise, acute endpoints were selected and a 10-fold uncertainty factor 
was applied to derive an estimate of chronic toxicity.  

Alternate Guidelines and Benchmarks  
For chemicals for which federal and provincial guidelines were not available (i.e., several water quality chemicals), 
alternate guidelines were used for the Tier 1 chemical screening. Alternate guidelines were obtained for iron and 
manganese as described below: 

 The existing federal CCME and Ontario PWQO values for iron of 300 µg/L are outdated, and more recently 
derived values are available. Linton et al. (2007) derived a Field Effect Concentration (FEC) of 1,800 µg/L 
that represents a 20% reduction in organism abundance relative to reference stations. This value was 
adopted as the screening benchmark for iron, which provides a similar level of protection to Ontario’s APVs. 
It is considered that this value is similarly protective of values accepted by regulatory agencies, as it is 
equivalent to an EC20.  

 There are neither federal nor provincial values for manganese. A value from Suter and Tsao (1996), a 
commonly referenced source of toxicity benchmarks in ecological risk assessment, provided a benchmark of 
120 µg/L. This value was also adopted as the effluent limit for the CNL Site.  
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Table 1: Selection of Aquatic Life Guidelines for Non-Radiological Parameters in Surface Water 

Parameter 
Federal Guidelines Provincial Guidelines 

Alternate Guidelines 
CCME1 PWQO2 APV3 

Aluminum  5-100(a) 15 NV NV 
Barium  NV NV 2,300 6,000 (BCMOE) 
Cadmium  0.04-0.37(b) 0.5 0.21 (hardness 70 mg/L) NV 
Copper  2-4(c) 1 6.9 (hardness 70 mg/L) NV 
Iron  300 300 NV 18004 

Lead  1-7(d) 1 2 (hardness 70 mg/L) NV 
Manganese  NV NV NV 1205 

Mercury  0.026 0.2 0.77 NV 
Phosphorus  NV 10 NV NV 
Zinc  30 30 89 (hardness 70 mg/L) NV 

Notes:  
Selected health-based guidelines are shown with gray shading.  
1) CCME. 2017. Canadian Environmental Quality Guidelines – Summary Table. Available online at: http://st-ts.ccme.ca/en/index.html. 

Last accessed March 2, 2017.  
2) MOEE. 1994. Provincial Water Quality Objectives (PWQOs).  
3) MOE. 2011. Rationale for the Development of Soil and Ground Water Standards for Use at Contaminated Sites. Standards Development 

Branch. Toronto, ON. 
4) Linton, T.K., M.A.W. Pacheco, D.O. McIntyre, W.H. Clement, and J. Goodrich-Mahoney. 2007. Development of bioassessment-based 

benchmarks for iron. Environ. Toxicol. Chem. 26(6): 1291-1298. 
5. Suter II, G.W., and C.L. Tsao. 1996. Toxicological Benchmarks for Screening Potential Contaminants of Concern for Effects on Aquatic 

Biota: 1996 Revision. ES/ER/TM-96/R2.  
a) CCME guideline for aluminum is pH-dependent: CWQG=5 µg/L at pH <6.5; 100 µg/L at pH >6.5.  
b) CCME guideline for cadmium is hardness-dependent: CWQG = 0.04 µg/L at hardness 0-17 mg/L; equation for hardness ≥17-≤280 mg/L; 

0.37 µg/L for hardness >280 mg/L. Equation: CWQG (μg/L) = 10{0.83(log[hardness]) – 2.46 } 
c) CCME guideline for copper is hardness-dependent: CWQG = 2 µg/L at hardness 0-82 mg/L; equation for hardness ≥82-≤180 mg/L; 

4 µg/L for hardness >180 mg/L. Equation: CWQG (µg/L) = 0.2 * e{0.8545[ln(hardness)]-1.465} 
d) CCME guideline for lead is hardness-dependent: CWQG = 1 µg/L at hardness 0-60 mg/L; equation for hardness ≥60-≤180 mg/L; 7 µg/L for 

hardness >180 mg/L. Equation: CWQG (µg/L)= e{1.273[ln(hardness)]-4.705} 
PWQO = Ontario Provincial Water Quality Objective; APV = Aquatic Protection Value; U.S. EPA = United States Environmental Protection 
Agency; NV = No Value. 

It is noted that non-radiological doses to ecological receptors was not assessed for airborne exposures. 
Inhalation by wildlife cannot be adequately assessed because there is a relative lack of toxicity data related 
to inhalation exposure for wildlife. As well, respirable particles (i.e., greater than 5 µm) are most likely ingested as 
a result of mucocilliary clearance rather than being inhaled (Witshchi and Last, 1996). At equal exposure 
concentrations, it has been determined that inhalation of contaminants associated with dust particles is expected 
to contribute less than 0.1% of total risk compared to oral exposure to wildlife (U.S. EPA, 2005). As such, 
inhalation exposure is expected to be minimal, if not negligible, in comparison to the oral route of exposure. 
Therefore, exposure via inhalation was not assessed.  
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2.0 NON-RADIOLOGICAL DOSE ASSESSMENT RESULTS  
The predicted non-radiological concentrations of the ten selected POPCs at six water quality nodes for four 
scenarios are provided in Section 5.4.2.6.4.1 (Tables 5.4.2-8 to Table 5.4.2-17). The predictions were compared 
to effluent limits and to local background at the six water quality nodes; the predicted concentrations of lead, 
phosphorus and zinc met their respective effluent limits and local background concentrations and as such were 
not retained for further consideration.  

Comparison of the predicted concentrations of aluminum, barium, cadmium, copper, iron, manganese, 
and mercury to the selected aquatic life guidelines is shown in Table 2 below.  

Table 2: Comparison of Aquatic Life Guidelines to Maximum Predicted Surface Water Concentrations 
for Each Parameter for All Modelled Scenarios and Locations  

Parameter 
Aquatic Life 
Guidelines 

(µg/L) 
Maximum 

(µg/L) 
Scenarios with 
Exceedances 

Locations with 
Exceedances 

Aluminum 100 129 None None 
Barium 2,300 86.8 None None 

Cadmium 0.04 0.166 
Scenario 1 
Scenario 2 
Scenario 4 

ESW (95th and max) 
ESW (95th and max) 
PCW (95th and max) 

Copper 2 8.6 

Scenario 1 
Scenario 2 
Scenario 3 
 
Scenario 4 

PCW (95th and max) 
PCW (95th and max) 
PCW (95th and max) 
PCO (all stats) 
PCW (all stats) 
PCO (all stats) 

Iron 1,800 6,930 
Scenario 3 
 
Scenario 4 

ESW (all stats) 
PL2 (all stats) 
ESW (all stats) 
PCW (95th and max) 
PCO (all stats) 

Manganese 120 280 Scenario 4 PCW, PCO (all stats) 
Mercury 0.77 0.63 None None 

 

The predicted concentrations of aluminum, barium, and mercury met their respective aquatic life guidelines in all 
model scenarios. Therefore, there are no anticipated risks to aquatic life due to aluminum, barium and mercury at 
any assessed water quality node and during any of the modelled phases of the Project.  

Cadmium, copper, iron, and manganese had predicted concentrations greater than their respective aquatic life 
guidelines during the post-closure (Scenario 3) and post-institutional control (Scenario 4) phases of the Project, 
which follow the decommissioning of the WWTP. However, considering the conservative assumptions related to 
the non-radiological concentrations in the waste material and the conservative assumptions in the water quality 
modeling (Section 5.4.2), and considering that wastes will be required to meet the facility’s Waste Acceptance 
Criteria (WAC), risks associated with these parameters and phases are likely negligible.  
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Concentrations of cadmium and copper marginally exceeded their aquatic life guidelines during the operations 
phase scenarios at localized nodes (ESW only, 95th percentile and maximum statistics for cadmium; and PCW 
only, 95th percentile and maximum statistics for copper). However, given that the guidelines for these parameters 
are hardness dependent, and no information is currently available regarding water hardness at those locations, 
the most conservative of the available guidelines was selected for comparison purposes. As indicated above, 
wastes incorporated into the NSDF will be required to meet the facility’s Waste Acceptance Criteria (WAC). 
Therefore, with additional information related to water hardness, risks associated with these parameters and 
phases can be refined. 
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Scientific 
Name 

Common 
Name 

Confirmed 
at CRL 

Confirmed 
in LSA 

Likelihood of 
Presence at 

CRL 

Likelihood of 
Presence in 

LSA 

Justification for 
Likelihood of 

Presence in LSA 

Included 
as VC in 

EIS 
Justification for 

Inclusion/ Exclusion COSEWIC1 SARA2 ESA3 G-Rank, 
S-Rank4 

Mammals 

Canis lupus 
lycaon Eastern Wolf Yes No Confirmed Likely Species present on-

site; suitable habitat No 

Small footprint relative to 
home range;  no evidence 
of dens reported by CNL in 
LSA; Project unlikely to 
have substantial effect 

THR SC THR G4G5TNR, 
S4 

Myotis leibii 
Eastern 
Small-footed 
Myotis 

Yes Yes Confirmed Confirmed Species present on-
site; suitable habitat No Not SARA-listed; bat VC 

covers many pathways ― ― END G4, S2S3 

Myotis lucifugus Little Brown 
Myotis Yes Yes Confirmed Confirmed Species present on-

site; suitable habitat Yes SARA-listed; included in 
bat VC END END END G3, S4 

Myotis 
septentrionalis 

Northern 
Myotis Yes Yes Confirmed Confirmed Species present on-

site; suitable habitat Yes SARA-listed; included in 
bat VC END END END G1G2, S3 

Perimyotis 
subflavus 

Tricolored 
Bat Yes Yes Confirmed Confirmed Species present on-

site; suitable habitat Yes SARA-listed; included in 
bat VC END END END G2G3, S3? 

Puma concolor 
couguar 

Eastern 
Cougar No No Unlikely Unlikely 

Believed to occur 
primarily in remote 
northern parts of 
Ontario 

No Presence unlikely ― ― END G5, SU 

Birds 
Ammodramus 
savannarum 

Grasshopper 
Sparrow No No Unlikely Unlikely No habitat available No Presence unlikely SC ― SC G5, S4B 

Antrostomus 
vociferus 

Eastern 
Whip-poor-
will 

Yes Yes Confirmed Confirmed Observed in LSA Yes Present in LSA; SARA-
listed THR THR THR G5, S4B 

Asio flammeus Short-eared 
Owl No No Likely Unlikely Little potential habitat No 

Little open habitat to 
support this species; low 
chance of important 
interaction with the Project 

SC SC SC G5, 
S2N,S4B 

Cardellina 
canadensis 

Canada 
Warbler Yes Yes Confirmed Confirmed Observed in LSA Yes Present in LSA; SARA-

listed THR THR SC G5, S4B 
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Scientific 
Name 

Common 
Name 

Confirmed 
at CRL 

Confirmed 
in LSA 

Likelihood of 
Presence at 

CRL 

Likelihood of 
Presence in 

LSA 

Justification for 
Likelihood of 

Presence in LSA 

Included 
as VC in 

EIS 
Justification for 

Inclusion/ Exclusion COSEWIC1 SARA2 ESA3 G-Rank, 
S-Rank4 

Birds (cont’d) 

Chaetura 
pelagica 

Chimney 
Swift Yes No Confirmed Unlikely 

No man made 
structure; large-
diameter cavity trees 
are identified as the 
natural habitat for the 
species, but only 59 of 
them have been 
recorded in the 
literature since 1840  

No 

Presence unlikely; suitable 
cavity trees uncommon in 
most forests within the 
species’ breeding range. 

THR THR THR G5, 
S4B,S4N 

Chlidonias 
niger Black Tern No No Unlikely Unlikely No breeding evidence 

in the area (OBBA) No Presence unlikely NAR ― SC G4, S3B 

Chordeiles 
minor 

Common 
Nighthawk Yes No Confirmed Unlikely Usually breeds on flat 

roofs No Presence unlikely THR THR SC G5, S4B 

Contopus 
cooperi 

Olive-sided 
Flycatcher Yes No Confirmed Unlikely Not detected in any 

previous studies No 

Very rarely detected in 
RSA. Not likely present in 
LSA. Despite substantial 
survey effort, this species 
was undetected. 

THR THR SC G4, S4B 

Contopus 
virens 

Eastern 
Wood-pewee Yes Yes Confirmed Confirmed Observed in LSA No 

Not SARA-listed; 
represented by migratory 
birds VC 

SC ― SC G5, S4B 

Dolichonyx 
oryzivorus Bobolink No No Unlikely Unlikely No habitat available No Presence unlikely THR ― THR G5, S4B 

Euphagus 
carolinus 

Rusty 
Blackbird No No Likely Likely 

Suitable habitat; 
analysis underway to 
detect the species in 
surrounding wetland 

No 

Project not expected to 
have important interaction 
with the aquatic habitat or 
food of this species; 
represented by migratory 
birds VC  

SC SC NAR G4, S4B 

Falco 
peregrinus 

Peregrine 
Falcon No No Unlikely Unlikely 

No suitable habitat for 
breeding. Using the site 
to feed 

No Presence unlikely SC SC SC G4, S3B 
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Scientific 
Name 

Common 
Name 

Confirmed 
at CRL 

Confirmed 
in LSA 

Likelihood of 
Presence at 

CRL 

Likelihood of 
Presence in 

LSA 

Justification for 
Likelihood of 

Presence in LSA 

Included 
as VC in 

EIS 
Justification for 

Inclusion/ Exclusion COSEWIC1 SARA2 ESA3 G-Rank, 
S-Rank4 

Haliaeetus 
leucocephalus Bald Eagle Yes No Confirmed Unlikely 

No breeding or nest in 
LSA. No pine 
component. 

No Presence unlikely NAR ― SC G5, 
S2N,S4B 

Birds (cont’d) 

Hirundo rustica Barn 
Swallow Yes No Confirmed Unlikely No anthropogenic 

structure in LSA No Presence unlikely THR ― THR G5, S4B 

Hylocichla 
mustelina Wood Thrush Yes Yes Confirmed Confirmed Observed in LSA No 

Not SARA-listed; 
represented by migratory 
birds VC 

THR ― SC G4, S4B 

Ixobrychus 
exilis Least Bittern No No Likely Likely 

Suitable habitat; 
analysis underway to 
detect the species in 
surrounding wetland 

No 

Project not expected to 
have important interaction 
with the aquatic habitat or 
food of this species; 
represented by migratory 
birds VC  

THR THR THR G5, S4B 

Lanius 
ludovicianus 

Loggerhead 
Shrike No No Unlikely Unlikely No breeding evidence 

in the area (OBBA) No Presence unlikely END END END G4, S2B 

Melanerpes 
erythrocephalus 

Red-headed 
Woodpecker Yes No Confirmed Unlikely Not detected in any 

previous studies No 

Not likely present in LSA. 
Despite substantial survey 
effort, this species was 
undetected. 

THR THR SC G5, S4B 

Riparia riparia Bank 
Swallow No No Likely Likely Suitable habitat No 

Not SARA-listed; 
represented by migratory 
birds VC 

THR ― THR G5, S4B 

Setophaga 
cerulea 

Cerulean 
Warbler No No Unlikely Unlikely No breeding evidence 

in the area (OBBA) No Presence unlikely END SC THR G4, S3B 

Setophaga 
kirtlandii 

Kirtland's 
Warbler No No Unlikely Unlikely No habitat available No Presence unlikely END END END G3G4, 

S1B 
Sturnella 
magna 

Eastern 
Meadowlark No No Unlikely Unlikely No habitat available No Presence unlikely THR ― THR G5, S4B 

Vermivora 
chrysoptera 

Golden-
winged 
Warbler 

Yes Yes Confirmed Confirmed Observed in LSA Yes Present in LSA; SARA-
listed THR THR SC G4, S4B 
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Scientific 
Name 

Common 
Name 

Confirmed 
at CRL 

Confirmed 
in LSA 

Likelihood of 
Presence at 

CRL 

Likelihood of 
Presence in 

LSA 

Justification for 
Likelihood of 

Presence in LSA 

Included 
as VC in 

EIS 
Justification for 

Inclusion/ Exclusion COSEWIC1 SARA2 ESA3 G-Rank, 
S-Rank4 

Reptiles 

Apalone 
spinifera 

Spiny 
Softshell No No Unlikely Unlikely 

No sightings past 
Ottawa; surveys since 
2009 have never found 
the species 

No Presence unlikely END THR THR G5, S2 

Chelydra 
serpentina 

Snapping 
Turtle Yes Yes Confirmed Confirmed In Perch Lake No 

No water quality or Project 
effects in Perch Lake 
anticipated (i.e., no 
upstream effects); 
Blanding's turtle VC covers 
many pathways 

SC SC SC G5, S3 

Emydoidea 
blandingii 

Blanding's 
Turtle Yes Yes Confirmed Confirmed Observed in LSA Yes 

Present in LSA; SARA-
listed; critical habitat in 
region; uses terrestrial 
habitat for nesting 

THR THR THR G4, S3 

Glyptemys 
insculpta Wood Turtle No No Unlikely Unlikely 

Survey did not detect 
the species; no suitable 
habitat 

No Presence unlikely THR THR END G3, S2 

Graptemys 
geographica 

Northern 
Map Turtle Yes No Confirmed Likely In Perch Lake No 

No water quality or Project 
effects in Perch Lake 
anticipated (i.e., no 
upstream effects); 
Blanding's turtle VC covers 
many pathways 

SC SC SC G5, S3 

Heterodon 
platirhinos 

Eastern Hog-
nosed Snake No No Unlikely Unlikely 

Outside of range; no 
known sightings in 
Renfrew County 

No Presence unlikely THR THR THR G5, S3 
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Scientific 
Name 

Common 
Name 

Confirmed 
at CRL 

Confirmed 
in LSA 

Likelihood of 
Presence at 

CRL 

Likelihood of 
Presence in 

LSA 

Justification for 
Likelihood of 

Presence in LSA 

Included 
as VC in 

EIS 
Justification for 

Inclusion/ Exclusion COSEWIC1 SARA2 ESA3 G-Rank, 
S-Rank4 

Reptiles (cont’d) 

Lampropeltis 
triangulum 

Eastern 
Milksnake Yes No Confirmed Likely Milksnake present 

throughout the site No 

Although potentially 
present, no known 
hibernacula are on site. 
Milk snakes are habitat 
generalists and no 
particularly important 
habitat have been 
identified in the LSA.  
Threat categories of 
habitat loss and accidental 
road mortality are covered 
well by the vegetation 
communities VC and 
Blanding's turtle VC. The 
other threat category with 
a high level of concern is 
persecution, which is not 
expected as a result of the 
project. Discussion 
between Golder and CNL 
led to the conclusion that 
this species did not 
warrant inclusion as a VC. 

SC SC NAR G5, S4 

Sternotherus 
odoratus 

Eastern 
Musk Turtle Yes Yes Confirmed Confirmed In Perch Lake No 

No water quality or Project 
effects in Perch Lake 
anticipated (i.e., no 
upsteam effects); 
Blanding's turtle VC covers 
many pathways 

SC THR SC G5, S3 

Thamnophis 
sauritus 
sauritus(Great 
Lakes/St. 
Lawrence 
Populations) 

Eastern 
Ribbonsnake No No Unlikely Unlikely 

Never observed on-site 
and CNL are providing 
Species at Risk training 
and awareness and 
field guide to 
employees since 2009 

No Presence unlikely SC SC SC G5, S4 
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Scientific 
Name 

Common 
Name 

Confirmed 
at CRL 

Confirmed 
in LSA 

Likelihood of 
Presence at 

CRL 

Likelihood of 
Presence in 

LSA 

Justification for 
Likelihood of 

Presence in LSA 

Included 
as VC in 

EIS 
Justification for 

Inclusion/ Exclusion COSEWIC1 SARA2 ESA3 G-Rank, 
S-Rank4 

Amphibians 

Pseudacris 
triseriata 

Western 
Chorus Frog 
(Great Lakes 
/ St. 
Lawrence - 
Canadian 
Shield 
population) 

Yes No Confirmed Unlikely Amphibian survey did 
not detect the species No Presence unlikely THR THR ― G5TNR, 

S3 

Insects 

Bombus affinis 
Rusty-
patched 
Bumble Bee 

No No Unlikely Unlikely 

Only a handful of 
individuals identify in 
Ontario, well outside 
region 

No Presence unlikely END END END G1, S1 

Cicindela 
patruela  

Northern 
Barrens 
Tiger Beetle 

No No Unlikely Unlikely 

Only one known 
population at Allumette 
Island, QC; summer 
2016 surveys by CWS 
found no individuals 

No Presence unlikely END END END G3, S1 

Danaus 
plexippus Monarch Yes No Confirmed Likely Species present across 

the site No 

Little habitat for this 
species in LSA. Restricted 
primarily to rights of way. 
Low chance of important 
interaction with the Project.  

SC SC SC G4, 
S2N,S4B 

Plants 
Ceratophyllum 
echinatum 

Prickly 
Hornwort Yes No Confirmed Unlikely Not detected in any 

previous studies No Presence unlikely ― ― ― G4?, S3? 

Cyperus 
houghtonii  

Houghton’s 
Flatsedge Yes No Confirmed Unlikely Not detected in any 

previous studies No Presence unlikely ― ― ― G4?, S3 

Cyperus 
schweinitzii  

Schweinitz’s 
Flatsedge Yes No Confirmed Unlikely Not detected in any 

previous studies No Presence unlikely ― ― ― G5, S3 

Hudsonia 
tomentosa 

Woolly 
Beach-heath Yes No Confirmed Unlikely Not detected in any 

previous studies No Presence unlikely ― ― ― G5, S3 
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Scientific 
Name 

Common 
Name 

Confirmed 
at CRL 

Confirmed 
in LSA 

Likelihood of 
Presence at 

CRL 

Likelihood of 
Presence in 

LSA 

Justification for 
Likelihood of 

Presence in LSA 

Included 
as VC in 

EIS 
Justification for 

Inclusion/ Exclusion COSEWIC1 SARA2 ESA3 G-Rank, 
S-Rank4 

Plants (cont’d) 

Juglans cinerea Butternut Yes No Confirmed Unlikely 

Butternut presence at 
CRL is at an old 
homestead; north of the 
known range for the 
species 

No Presence unlikely END END END G4, S2? 

Panax 
quinquefolius 

American 
Ginseng No No Unlikely Unlikely No known  records past 

Pembroke No Presence unlikely END END END G3G4, S2 

Picea rubens Red Spruce Yes No Confirmed Unlikely Not detected in any 
previous studies No Presence unlikely ― ― ― G5, S3 

Polygonum 
arifolium 

Halberd-
leaved Tear-
thumb 

Yes No Confirmed Unlikely Not detected in any 
previous studies No Presence unlikely ― ― ― G5, S3 

Sagittaria 
cristata 

Crested 
Arrowhead Yes No Confirmed Unlikely Not detected in any 

previous studies No Presence unlikely ― ― ― G4?, S3 

Notes: 

CRL = Chalk River Laboratories; EIS = environmental impact assessment; LSA = local study area; VC = valued component; - = not listed/no status. 

1 Committee on the Status of Endangered Wildlife in Canada (COSEWIC) http://www.cosewic.gc.ca/; END = Endangered; THR = Threatened; SC = Special Concern; NAR = Not at Risk. 

2 Species at Risk Act (SARA), 2002. Schedule 1 (Last amended 15 May 2015); Part 1 (Extirpated - EXP), Part 2 (Endangered - END), Part 3 (Threatened - THR), Part 4 (Special Concern - SC) 

3 Endangered Species Act (ESA), 2007 (O.Reg 242/08 last amended 14 Sep 2016 as O.Reg 308/16). Species at Risk in Ontario List, 2007 (O.Reg 230/08 last amended 15 Jun 2016 as O.Reg 200/16); Schedule 1 (Extirpated - EXP), Schedule 2 

(Endangered - END), Schedule 3 (Threatened - THR), Schedule 4 (Special Concern - SC) 

4 Global Ranks (G-Rank) and Provincial Ranks (S-Rank) are rarity ranks assigned to a species or ecological communities by the Natural Heritage Information Centre (NHIC). These ranks are not legal designations. Rarity ranks are evaluated by 

NHIC on a continual basis and updated lists are produced periodically. Rank definitions: G1 or S1 (Critically Imperiled); G2 or S2 (Imperiled); G3 or S3 (Vulnerable); G4 or S4 (Apparently Secure); G5 or S5 (Secure); G#G# or S#S# (Range Rank); 

GNR or SNR (Not Ranked); GU or SU (Unrankable – Data Deficient); GX or SX (Presumed Extinct or Extirpated); GH or SH (Possibly Extinct or Extirpated – Historical); SNA (Not Applicable). Qualifiers: B = Breeding; N = Non-breeding; M = 

Migrant; ? = Inexact or uncertain numeric rank.   
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Table 1: Detailed Composition of Vegetation Communities within the RSA and LSA 

Forest Unit Age Ranges 
(years) 

Structural 
Stage 

Total Area in RSA Total Area in LSA 
Hectares % Hectares % 

Mixed Forest 

Tolerant Hardwoods Selection 
(HDSEL) 

0-14 Pre-sapling         
15-34 Sapling         
35-74 Immature         
75-129 Mature 12.2 0.3     
130+ Old         

Intolerant Hardwoods Clearcut 
(INTCC) 

0-9 Pre-sapling         
10-24 Sapling         
25-64 Immature 38.6 1.0     
65-99 Mature 63.6 1.7     
100+ Old         

Mixed Uniform Shelterwood (MWus) 

0-14 Pre-sapling         
15-34 Sapling 9.2 0.2     
35-74 Immature 968.9 25.1 6.1 3.0 
75-129 Mature 376.5 9.8 6.1 3.0 
130+ Old         

Red Oak Shelterwood (OrUS) 

0-14 Pre-sapling         
15-34 Sapling         
35-69 Immature 1.7 0.0     
70-119 Mature 126.5 3.3 38.2 18.8 
120+ Old         

Jack Pine (PJ1) 

0-9 Pre-sapling         
10-24 Sapling         
25-59 Immature         
60-99 Mature 8.4 0.2     
100+ Old         

Red Pine Clearcut (PrCC) 

0-14 Pre-sapling         
15-39 Sapling         
40-79 Immature 2.7 0.1     
80-139 Mature         
140+ Old         

White Pine 4 Cut Shelterwood 
(PWUS4) 

0-14 Pre-sapling         
15-34 Sapling         
35-74 Immature 208.2 5.4     
75-119 Mature 91.0 2.4 14.5 7.1 
120+ Old         

Spruce-Fir Uniform Shelterwood 
(SFUS) 

0-14 Pre-sapling 4.2 0.1     
15-29 Sapling         
30-69 Immature 12.2 0.3     
70-114 Mature 6.4 0.2 1.1 0.5 
115+ Old         

Combined - Mixed Forest 

Pre-
sapling 4.2 0.1     

Sapling 9.2 0.2     
Immature 1232.2 32.0 6.1 3.0 
Mature 684.2 17.8 59.8 29.5 
Old         

Sub-Total for Mixed Forest: 1929.9 50.1 65.9 32.5 
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Table 1: Detailed Composition of Vegetation Communities within the RSA and LSA 

Forest Unit Age Ranges 
(years) 

Structural 
Stage 

Total Area in RSA Total Area in LSA 
Hectares % Hectares % 

Deciduous Forest 

Tolerant Hardwoods Selection 
(HDSEL) 

0-14 Pre-sapling         
15-34 Sapling         
35-74 Immature         
75-129 Mature 71.9 1.9     
130+ Old         

Hardwood Uniform Shelterwood 
(HDUS) 

0-14 Pre-sapling         
15-34 Sapling         
35-74 Immature 8.5 0.2     
75-129 Mature 35.1 0.9     
130+ Old         

Intolerant Hardwoods Clearcut 
(INTCC) 

0-9 Pre-sapling 13.2 0.3     
10-24 Sapling 15.0 0.4     
25-64 Immature 3.0 0.1     
65-99 Mature 4.5 0.1     
100+ Old         

Mixed Uniform Shelterwood (MWus) 

0-14 Pre-sapling 7.1 0.2     
15-34 Sapling 15.1 0.4     
35-74 Immature 271.5 7.0 2 1.0 
75-129 Mature 171.7 4.5 2.8 1.4 
130+ Old         

Red Oak Shelterwood (OrUS) 

0-14 Pre-sapling         
15-34 Sapling         
35-69 Immature         
70-119 Mature 8.1 0.2     
120+ Old         

White Pine 4 Cut Shelterwood 
(PWUS4) 

0-14 Pre-sapling 4.1 0.1     
15-34 Sapling         
35-74 Immature 5.5 0.1     
75-119 Mature 7.4 0.2     
120+ Old         

Spruce-Fir Uniform Shelterwood 
(SFUS) 

0-14 Pre-sapling 0.7 0.0     
15-29 Sapling         
30-69 Immature         
70-114 Mature         
115+ Old         

Combined - Deciduous Forest 

Pre-
sapling 25.1 0.7     

Sapling 30.1 0.8     
Immature 288.6 7.5 2 1.0 
Mature 298.8 7.8 2.8 1.4 
Old         

Sub-Total for Deciduous Forest: 642.6 16.7 4.8 2.4 
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Table 1: Detailed Composition of Vegetation Communities within the RSA and LSA 

Forest Unit Age Ranges 
(years) 

Structural 
Stage 

Total Area in RSA Total Area in LSA 
Hectares % Hectares % 

Coniferous Forest  

Mixed Uniform Shelterwood (MWus) 

0-14 Pre-sapling         
15-34 Sapling         
35-74 Immature 25.1 0.7     
75-129 Mature         
130+ Old         

Red Pine Clearcut (PrCC) 

0-14 Pre-sapling 1.6 0.0     
15-39 Sapling 3.0 0.1     
40-79 Immature 51.3 1.3     
80-139 Mature 12.2 0.3     
140+ Old         

White Pine 4 Cut Shelterwood 
(PWUS4) 

0-14 Pre-sapling         
15-34 Sapling         
35-74 Immature         
75-119 Mature 5.2 0.1     
120+ Old         

Spruce-Fir Uniform Shelterwood 
(SFUS) 

0-14 Pre-sapling         
15-29 Sapling 10.5 0.5     
30-69 Immature 18.4 1.8 4.7 2.3 
70-114 Mature 69.4 1.8     
115+ Old         

Jack Pine Clearcut (PJCC) 

0-9 Pre-sapling         
10-24 Sapling         
25-59 Immature 2.6 0.1     
60-99 Mature         
100+ Old         

Combined - Coniferous Forest 

Pre-
sapling 1.6 0.0     

Sapling 13.5 0.4     
Immature 97.4 2.5 4.7 2.3 
Mature 86.9 2.3     
Old         

Sub-Total for Coniferous Forest: 199.4 5.2 4.7 2.3 
 

              

Total Forest Cover: 2771.9 71.9 75.4 37.2 
Total Wetland Cover: 521.7 13.5 60.7 29.9 

Total Flooded Area Cover: 0.8 0.0 0 0.0 
Total Unclassified (cleared) Area Cover: 268.3 7.0 26.1 12.9 

Total Aquatic Habitat Cover: 273.6 7.1 40.7 20.0 
Gaps and Slivers in GIS data: 16.4 0.4     

Total Area: 3852.7 100.0 202.8 100.0 
Note: Structural class for each polygon were assigned to Forest Units primarily using age ranges from the Forest Management Plan for the 
Ottawa Valley Forest (Van Dyke 2011). In cases of polygons with poplar, Jack pine, or white pine dominant stands, the Forest Management 
Guide for Great Lakes-St. Lawrence Landscapes (OMNR 2010) was used because it more accurately assigned stands as “mature” – at a 
younger age (poplar at 65+ years, Jack pine at 60+ years, white pine at 75+ years) to be protective / err on side of conservatism for quantifying 
“mature” forest stand coverage within RSA and LSA).  
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The following sections provide more detailed information on tree species composition and wildlife habitat value 
for the forest units within the RSA. 

Hardwood Uniform Shelterwood (HDUS); Mixed Uniform – Shelterwood (MWUS) 
The hardwood uniform shelterwood forest unit is comprised of the Great Lakes Landscape Guide forest units of 
hardwood uniform shelterwood (HWUS) and mixed uniform shelterwood (MWUS). This forest unit is a relatively 
minor unit in the Ottawa Valley Forest that is made up of mixed forests dominated by poplar species. Within the 
Management Unit, it also includes the following coniferous species: eastern white pine, balsam fir, red pine, and 
white spruce, and the following deciduous species: red maple, white birch, and red oak (Van Dyke 2011). 
Mature and old stands are considered to provide good habitat for cavity nesting species and depending on relative 
conifer content, can provide high mast food value (i.e., from red oak acorns, if a dominant species). The three 
stands of forest categorized as HDUS within the RSA have only deciduous tree species recorded; therefore, it is 
considered a deciduous forest type. All three stands are mature. The MWUS forest unit has the largest coverage 
of all units within the RSA (47.9% of total area) and individual stands of MWUS consist of all 3 forest types 
(coniferous, mixed, and deciduous).Many have almost exclusively poplar as the leading tree species. They also 
contain all successional stages present in the RSA (pre-sapling to mature). Within the LSA, MWUS stands 
comprise 8.4% of the total area (second in forest cover to OrUS), and all of the deciduous and mixed stands are 
between 60-80 years old (those over 80 years old are considered mature). All stands are dominated by poplar 
species, and some have relatively high red oak content (with attendant wildlife food value). 

White Pine – Shelterwood (PWUS4) 
This forest unit has the largest coverage and widest distribution in the Ottawa Valley Forest (Van Dyke 2011). 
It generally consists of eastern white pine dominated stands with sub-dominant eastern white and red pine. Poplar 
also occurs in this unit. Habitat value of this forest unit is high in mature and old stands with supercanopy eastern 
white pine which provide important raptor nesting habitat. Most of the stands of PWUS4 in the RSA are mixed 
stands with high poplar content. Most are also mature (80-100 years old), with the associated high wildlife habitat 
value associated with supercanopy eastern white pine as well as mature poplar trees providing nesting and 
roosting habitat for secondary cavity nesting species. Within the LSA, the four stands are dominated by white pine 
but have high poplar content. They are all 100 years old, which makes them mature because they are white pine 
– leading stands; however, it should be noted if these forest stands were poplar species leading, they would be 
considered old growth, because poplar trees are considered old at 95 years of age. These forest stands therefore 
provide high quality nesting and roosting habitat for secondary cavity nesting (and roosting) species. 

Intolerant Hardwoods – Clearcut (INTCC); Poplar (PO) 
This forest unit is characterized by the dominance of shade-intolerant hardwood species and is an aggregate of 
the two single-species forest units of PO (poplar) and BW (white birch) from the Forest Management Guide for 
Great Lakes – St. Lawrence Landscapes (OMNR 2010). This unit includes forests dominated by all poplar species: 
trembling aspen (Populus tremuloides), large-toothed aspen (P. grandidentata), balsam poplar (P. balsamifera), 
as well as dwarf white birch (Betula minor). It comprises the second largest forest unit in the Ottawa Valley Forest 
and occurs throughout the Management Unit, but is more frequent in the northern half (Van Dyke 2011). It is 
considered to provide an important source of early successional habitat for wildlife with abundant forage during 
the pre-sapling to sapling stage, and important nesting habitat for cavity nesters (e.g., bats and various bird 
species) provided during the mature and old stages (Van Dyke 2011). Within the RSA, the stands of intolerant 
hardwoods and poplar range from pre-sapling to mature, with the majority of stands aged 60 to 80 years (immature 
to mature).  
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Tolerant Hardwoods – Selection (HDSEL) 
This forest unit is relatively uncommon in the Ottawa Valley Forest and consists of mixed and deciduous stands 
dominated by sugar maple, other hardwood species, yellow birch, poplar, as well as spruce species and balsam 
fir. Mature stands provide valuable habitat for wildlife species that prefer the interior of mature, closed canopy 
forests (Van Dyke 2011). Within the RSA, there are only 4 stands (3 deciduous and 1 mixed), and all are mature 
(80 years old). 

Red Oak – Shelterwood (OrUS) 
This forest unit is the third most prevalent in the Ottawa Valley Forest and contains a minimum of 30% oak 
(primarily red oak) (Van Dyke 2011). Other dominant species are deciduous (poplar, red maple) or coniferous 
(white pine, balsam fir), making stands of this unit deciduous or mixed, depending on individual stand composition. 
Acorns (mast) are a preferred game and non-game food source, and mature to old stands provide cavity nesting 
habitat (Van Dyke 2011). Within the RSA, there are deciduous and mixed stands of Red Oak Shelterwood, most 
of which are mature (80 years old). Within the LSA, there are two mixed stands of Red Oak Shelterwood bisected 
by the Perch Lake Swamp; both are mature (80 years old) and contain an even mix of poplar and red oak with 
some balsam fir. This forest type has the highest spatial coverage in the LSA (18.8%). 

Jack Pine – Clearcut (PJ1); Spruce-Fir Uniform Shelterwood (SFUS) (Mixed Upland 
Conifers – Clearcut) 
Likely as a result of the age of the original FRI dataset for the RSA (1987 original source), the Ottawa Valley Forest 
Management Plan (Van Dyke 2011) describes the Mixed Upland Conifers – Clearcut forest unit, and not the Jack 
Pine and Spruce-Fir units in the FRI dataset. The Mixed Upland Conifers – Clearcut forest unit represents conifer-
dominated stands typical of the boreal forest. Early successional stands provide important habitat and forage for 
wildlife and mature to old stands provide important habitat for species dependent on old-growth conifer habitat 
(Van Dyke 2011). Within the RSA, most are coniferous stands, dominated by spruce species, red and white pine, 
and Jack pine. Some are mixed with sub-dominant poplar or white birch. Within the RSA, numerous stands of 
these two forest unit are plantations. Stand ages range from pre-sapling to mature. Within the LSA, there are three 
stands making up 2.9% of the total area, two are immature coniferous stands dominated by spruce species 
(including Norway spruce), balsam fir and larch. The third is a mature mixed stand and contains spruce and poplar 
species.  

Red Pine – Clearcut (PrCC) 
This forest unit is comprised of forests with minimum red pine composition of 70% and has relatively low coverage 
in the Ottawa Valley Forest. Natural stands with sufficiently high red pine composition are rare and the majority of 
these forest units in the Management Unit are plantations between 21-60 years old (sapling or immature) that were 
established on old field or relatively barren sites. The wildlife habitat value of these immature, largely mono-culture 
plantations is considered low, but improves over time as thinning and natural succession modifies the structure 
and composition of the stand (Van Dyke 2011). Within the RSA, these red pine stands are primarily mono-culture 
and plantations, ranging pre-sapling to mature, with most stands in the immature stage (40 to 70 years old). 

 

 https://capws.golder.com/sites/1547525nearsurfacedisposalfacility/3000 eis report/section_5.6_terrestrial/1547525_cnl_nsdf_app 5.6-2 vegetation composition summary rev0.docx 
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Table 1: Migratory Birds that Occur or Potentially Occur in the Regional Study Area 

Common Name Scientific Name Breeding 
Status(a) 

Observed 
in RSA 

Observed 
in LSA 

Presence 
in RSA 

Presence in 
LSA 

Conservation Status(b) 

COSEWIC SARA 
Schedule 1 ESA 

Alder Flycatcher Empidonax alnorum Confirmed no no Likely Likely ― ― ― 

American Bittern Botaurus lentiginosus Probable yes no Confirmed Likely ― ― ― 

American Black Duck Anas rubripes Confirmed yes yes Confirmed Confirmed ― ― ― 

American Goldfinch Carduelis tristis Confirmed yes yes Confirmed Confirmed ― ― ― 

American Redstart Setophaga ruticilla Probable no no Likely Likely ― ― ― 

American Robin Turdus migratorius Confirmed no no Likely Likely ― ― ― 

American Woodcock Scolopax minor Probable yes yes Confirmed Confirmed ― ― ― 

Baltimore Oriole Icterus galbula Confirmed yes yes Confirmed Confirmed ― ― ― 

Bank Swallow Riparia riparia Confirmed no no Likely Possible TH ― TH 

Barn Swallow Hirundo rustica Confirmed yes no Confirmed Unlikely TH ― TH 

Bay-breasted Warbler Setophaga castanea  Possible no no Likely Likely ― ― ― 

Black-and-white Warbler Mniotilta varia Confirmed yes yes Confirmed Confirmed ― ― ― 

Black-backed Woodpecker Picoides arcticus Confirmed no no Likely Likely ― ― ― 

Black-billed Cuckoo Coccyzus erythropthalmus Probable no no Likely Likely ― ― ― 

Blackburnian Warbler Dendroica fusca Confirmed yes yes Confirmed Confirmed ― ― ― 

Black-capped Chickadee Poecile atricapillus Confirmed no no Likely Likely ― ― ― 

Black-throated Blue Warbler Dendroica caerulescens Confirmed yes yes Confirmed Confirmed ― ― ― 

Black-throated Green 
Warbler Dendroica virens Confirmed yes yes Confirmed Confirmed ― ― ― 
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Table 1: Migratory Birds that Occur or Potentially Occur in the Regional Study Area 

Common Name Scientific Name Breeding 
Status(a) 

Observed 
in RSA 

Observed 
in LSA 

Presence 
in RSA 

Presence in 
LSA 

Conservation Status(b) 

COSEWIC SARA 
Schedule 1 ESA 

Blue-headed Vireo Vireo solitarius Probable no no Likely Likely ― ― ― 

Blue-winged Teal Anas discors Possible no no Likely Likely ― ― ― 

Bobolink Dolichonyx oryzivorus Confirmed no no Unlikely Unlikely  ― TH 

Brown Creeper Certhia americana Probable no no Likely Likely ― ― ― 

Brown Thrasher Toxostoma rufum Confirmed yes yes Confirmed Confirmed ― ― ― 

Canada Goose Branta canadensis Confirmed no no Likely Likely ― ― ― 

Canada Warbler Wilsonia canadensis Confirmed yes yes Confirmed Confirmed TH TH SC 

Cape May Warbler Setophaga tigrina Possible no no Possible Possible ― ― ― 

Cedar Waxwing Bombycilla cedrorum Confirmed no no Possible Possible ― ― ― 

Cerulean Warbler Setophaga cerulea N/A no no Unlikely Unlikely END SC TH 

Chestnut-sided Warbler Dendroica pensylvanica Confirmed yes yes Confirmed Confirmed ― ― ― 

Chimney Swift Chaetura pelagica  N/A yes no Confirmed Unlikely TH TH TH 

Chipping Sparrow Spizella passerina Confirmed no no Likely Likely ― ― ― 

Clay-colored Sparrow Spizella pallida Possible no no Likely Likely ― ― ― 

Cliff Swallow Petrochelidon pyrrhonota Confirmed no no Likely Possible ― ― ― 

Common Goldeneye Bucephala clangula  Confirmed no no Likely Likely ― ― ― 

Common Loon Gavia immer Confirmed yes no Confirmed Likely NAR ― ― 

Common Merganser Mergus merganser Confirmed no no Likely Likely ― ― ― 

Common Nighthawk Chordeiles minor Possible yes no Confirmed Unlikely TH TH SC 
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Table 1: Migratory Birds that Occur or Potentially Occur in the Regional Study Area 

Common Name Scientific Name Breeding 
Status(a) 

Observed 
in RSA 

Observed 
in LSA 

Presence 
in RSA 

Presence in 
LSA 

Conservation Status(b) 

COSEWIC SARA 
Schedule 1 ESA 

Common Tern Sterna hirundo Possible no no Possible Possible NAR ― ― 

Common Yellowthroat Geothlypis trichas Confirmed yes yes Confirmed Confirmed ― ― ― 

Dark-eyed Junco Junco hyemalis Possible no no Likely Likely ― ― ― 

Downy Woodpecker Picoides pubescens Confirmed no no Likely Likely ― ― ― 

Eastern Bluebird Sialia sialis Confirmed yes no Confirmed Likely NAR ― ― 

Eastern Kingbird Tyrannus tyrannus Confirmed yes yes Confirmed Confirmed ― ― ― 

Eastern Meadowlark Sturnella magna Possible no no Possible Unlikely TH ― TH 

Eastern Phoebe Sayornis phoebe Confirmed yes yes Confirmed Confirmed ― ― ― 

Eastern Towhee Pipilo erythrophthalmus Possible no no Possible Possible ― ― ― 

Eastern Whip-poor-will Caprimulgus vociferus Confirmed yes yes Confirmed Confirmed TH TH TH 

Eastern Wood-pewee Contopus virens Confirmed yes yes Confirmed Confirmed SC ― SC 

Evening Grosbeak Coccothraustes 
vespertinus Confirmed yes yes Confirmed Confirmed ― ― ― 

Field Sparrow Spizella pusilla Possible no no Likely Unlikely ― ― ― 

Golden-crowned Kinglet Regulus satrapa Possible no no Likely Likely ― ― ― 

Golden-winged Warbler Vermivora chrysoptera Confirmed yes yes Confirmed Confirmed TH TH SC 

Grasshopper Sparrow Ammodramus savannarum Possible no no Possible Unlikely SC ― SC 

Gray Catbird Dumetella carolinensis Probable yes yes Confirmed Confirmed ― ― ― 

Great Blue Heron Ardea herodias Confirmed yes yes Confirmed Confirmed ― ― ― 

Great Crested Flycatcher Myiarchus crinitus Confirmed yes yes Confirmed Confirmed ― ― ― 
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Table 1: Migratory Birds that Occur or Potentially Occur in the Regional Study Area 

Common Name Scientific Name Breeding 
Status(a) 

Observed 
in RSA 

Observed 
in LSA 

Presence 
in RSA 

Presence in 
LSA 

Conservation Status(b) 

COSEWIC SARA 
Schedule 1 ESA 

Green Heron Butorides virescens Possible no no Likely Likely ― ― ― 

Green-winged Teal Anas crecca Probable yes yes Confirmed Confirmed ― ― ― 

Hairy Woodpecker Leuconotopicus villosus Confirmed no no Likely Likely ― ― ― 

Hermit Thrush Catharus guttatus Confirmed no no Likely Likely ― ― ― 

Herring Gull Larus argentatus Confirmed no no Likely Likely ― ― ― 

Hooded Merganser Lophodytes cucullatus Confirmed no no Likely Likely ― ― ― 

House Wren Troglodytes aedon Confirmed no no Likely Likely ― ― ― 

Indigo Bunting Passerina cyanea Confirmed yes yes Confirmed Confirmed ― ― ― 

Killdeer Charadrius vociferus Confirmed no no Likely Likely ― ― ― 

Least Bittern Ixobrychus exilis Possible no no Likely Likely TH TH TH 

Least Flycatcher Empidonax minimus Confirmed yes yes Confirmed Confirmed ― ― ― 

Lesser Scaup Aythya affinis  N/A no no Likely Likely ― ― ― 

Lincoln's Sparrow Melospiza lincolnii Possible no no Likely Likely ― ― ― 

Magnolia Warbler Setophaga magnolia Confirmed no no Likely Likely ― ― ― 

Mallard Anas platyrhynchos Confirmed yes yes Confirmed Confirmed ― ― ― 

Mourning Dove Zenaida macroura Confirmed no no Likely Likely ― ― ― 

Mourning Warbler Oporornis philadelphia Confirmed yes yes Confirmed Confirmed ― ― ― 

Nashville Warbler Vermivora ruficapilla Confirmed yes yes Confirmed Confirmed ― ― ― 

Northern Flicker Colaptes auratus Confirmed yes yes Confirmed Confirmed ― ― ― 
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Table 1: Migratory Birds that Occur or Potentially Occur in the Regional Study Area 

Common Name Scientific Name Breeding 
Status(a) 

Observed 
in RSA 

Observed 
in LSA 

Presence 
in RSA 

Presence in 
LSA 

Conservation Status(b) 

COSEWIC SARA 
Schedule 1 ESA 

Northern Mockingbird Mimus polyglottos Possible no no Likely Likely ― ― ― 

Northern Parula Setophaga americana Confirmed no no Likely Likely ― ― ― 

Northern Pintail Anas acuta  N/A no no Likely Likely ― ― ― 

Northern Waterthrush Parkesia noveboracensis Possible no no Likely Likely ― ― ― 

Olive-sided Flycatcher Contopus cooperi Confirmed yes no Confirmed Likely TH TH SC 

Ovenbird Seiurus aurocapilla Confirmed yes yes Confirmed Confirmed ― ― ― 

Pied-billed Grebe Podilymbus podiceps Probable no no Likely Likely ― ― ― 

Pileated Woodpecker Hylatomus pileatus Confirmed no no Likely Likely ― ― ― 

Pine Grosbeak Pinicola enucleator  N/A yes no Confirmed Likely ― ― ― 

Pine Siskin Carduelis pinus Possible no no Likely Likely ― ― ― 

Pine Warbler Setophaga pinus Confirmed no no Likely Likely ― ― ― 

Purple Finch Carpodacus purpureus Confirmed yes yes Confirmed Confirmed ― ― ― 

Red Crossbill Loxia curvirostra Possible yes no Confirmed Likely ― ― ― 

Red-breasted Nuthatch Sitta canadensis Confirmed yes yes Confirmed Confirmed ― ― ― 

Red-eyed Vireo Vireo olivaceus Confirmed yes yes Confirmed Confirmed ― ― ― 

Red-headed Woodpecker Melanerpes 
erythrocephalus Confirmed yes no Confirmed Likely TH TH SC 

Ring-billed Gull Larus delawarensis Confirmed no no Likely Likely ― ― ― 

Ring-necked Duck Aythya collaris Probable no no Likely Likely ― ― ― 

Rose-breasted Grosbeak Pheucticus ludovicianus Confirmed yes yes Confirmed Confirmed ― ― ― 
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Table 1: Migratory Birds that Occur or Potentially Occur in the Regional Study Area 

Common Name Scientific Name Breeding 
Status(a) 

Observed 
in RSA 

Observed 
in LSA 

Presence 
in RSA 

Presence in 
LSA 

Conservation Status(b) 

COSEWIC SARA 
Schedule 1 ESA 

Ruby-crowned Kinglet Regulus calendula Possible yes yes Confirmed Confirmed ― ― ― 

Ruby-throated Hummingbird Archilochus colubris Confirmed no no Likely Likely ― ― ― 

Savannah Sparrow Passerculus 
sandwichensis 

Confirmed no no Likely Possible ― ― ― 

Scarlet Tanager Piranga olivacea Confirmed yes yes Confirmed Confirmed ― ― ― 

Song Sparrow Melospiza melodia Confirmed yes yes Confirmed Confirmed ― ― ― 

Sora Porzana carolina Confirmed no no Likely Likely ― ― ― 

Spotted Sandpiper Actitis macularius Probable no no Likely Likely ― ― ― 

Swainson's Thrush Catharus ustulatus Possible no no Likely Likely ― ― ― 

Swamp Sparrow Melospiza georgiana Confirmed yes no Confirmed Likely ― ― ― 

Tennessee Warbler Leiothlypis peregrina Possible no no Likely Likely ― ― ― 

Tree Swallow Tachycineta bicolor Confirmed yes yes Confirmed Confirmed ― ― ― 

Upland Sandpiper Bartramia longicauda Possible no no Possible Unlikely ― ― ― 

Veery Catharus fuscescens Confirmed yes yes Confirmed Confirmed ― ― ― 

Vesper Sparrow Pooecetes gramineus Probable no no Possible Unlikely ― ― ― 

Virginia Rail Rallus limicola Probable no no Likely Likely ― ― ― 

Warbling Vireo Vireo gilvus Probable no no Likely Likely ― ― ― 

White-breasted Nuthatch Sitta carolinensis Confirmed no no Likely Likely ― ― ― 

White-crowned Sparrow Zonotrichia leucophrys  N/A yes no Confirmed Likely ― ― ― 

White-throated Sparrow Zonotrichia albicollis Confirmed yes yes Confirmed Confirmed ― ― ― 
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Table 1: Migratory Birds that Occur or Potentially Occur in the Regional Study Area 

Common Name Scientific Name Breeding 
Status(a) 

Observed 
in RSA 

Observed 
in LSA 

Presence 
in RSA 

Presence in 
LSA 

Conservation Status(b) 

COSEWIC SARA 
Schedule 1 ESA 

Willow Flycatcher Empidonax traillii Probable no no Likely Likely ― ― ― 

Wilson's Snipe Gallinago delicata Probable no no Likely Likely ― ― ― 

Wilson's Warbler Cardellina pusilla Possible no no Possible Possible ― ― ― 

Winter Wren Troglodytes hiemalis Probable no no Likely Likely ― ― ― 

Wood Duck Aix sponsa Confirmed no no Likely Likely ― ― ― 

Wood Thrush Hylocichla mustelina Confirmed yes yes Confirmed Confirmed TH ― SC 

Yellow Warbler Setophaga petechia Confirmed no no Likely Likely ― ― ― 

Yellow-bellied Sapsucker Sphyrapicus varius Confirmed yes yes Confirmed Confirmed ― ― ― 

Yellow-billed Cuckoo Coccyzus americanus  N/A yes no Confirmed Likely ― ― ― 

Yellow-rumped Warbler Setophaga coronata Confirmed no no Likely Likely ― ― ― 

Notes: 
a) Breeding evidence was determined from the Ontario Breeding Bird Atlas (OBBA; Cadman et al. 2007). N/A denotes a lack of observation in the OBBA survey squares that overlap with the 
Regional Study Area (i.e., 18UR19, 18US10 and 18US00). 
b) Conservation status: END = Endangered; TH = Threatened; SC = Special Concern; NAR = Not at Risk, ― = no status. 
Abbreviations: LSA = Local Study Area; RSA = Regional Study Area; COSEWIC = Committed on the Status of Endangered Wildlife in Canada; SARA = Species at Risk Act; ESA = Ontario 
Endangered Species Act, 2007. 

 

https://capws.golder.com/sites/1547525nearsurfacedisposalfacility/3000 eis report/section_5.6_terrestrial/1547525_cnl_nsdf_app 5.6-3 migratory birds rev0.docx 
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1.0 INTRODUCTION 
Canadian Nuclear Laboratories (CNL) is proposing to construct the Near Surface Disposal Facility (NSDF) Project 
for the long-term management of large quantities of waste from legacy waste, current operations, 
and decommissioning projects at Chalk River Laboratories (CRL) and its other business locations. The NSDF 
Project will provide a safe, permanent solution for the disposal of radioactive waste and other acceptable waste 
streams at CRL and replace the current CNL practice of placing the waste in temporary storage. A key element of 
the regulatory approvals process is the completion of an environmental assessment under the Canadian 
Environmental Assessment Act, 2012 (CEAA 2012). 

This appendix provides an assessment of a changing climate. The assessment will follow the guidance provided 
by the Federal-Provincial-Territorial Committee on Climate Change and Environmental Assessment (FPTCCCEA), 
which has prepared a general guidance document for practitioners to use when incorporating climate change 
issues into environmental assessments (FPTCCCEA 2003). This appendix provides a quantitative assessment of 
the current climate analysis and future climate projections up to the year 2100. A qualitative assessment of climate 
change projections past 2100, through to the year 3000, is also provided. 

1.1 Background and Approach 
To understand how the climate has been changing, and may change in the future, climate trends were analysed 
by: 

 describing the current climate using available long-term (30 year) data; 

 documenting how the climate has changed over the past 30 years in the region where the NSDF Project 
footprint is located (i.e., NSDF Project region); and, 

 discussing the range of future climate projections (2041 through 2070 and 2071 through 2100). 

To describe the current climate, the most representative climate station was selected. The current climate and 
current climate trends for the selected climate station were documented. The current climate conditions were 
defined using climate normals, which are long-term (usually 30 years) averages of observed climate data. 
Current climate conditions are used to document how the climate has changed over the 30-year period in the area 
by identifying apparent trends and assessing whether these apparent trends are statistically significant. 

The projected ranges of future climate conditions were described using the outputs from General Circulation 
Models (GCMs) accepted by the Intergovernmental Panel on Climate Change (IPCC) for various representative 
concentration pathways (RCPs) defining the radiative forcing in 2100. The publically available GCM projections 
and multiple RCPs are accessed for the area providing an indication of the range of possible future climate 
conditions. 
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1.2 Current Climate Analysis Methodology 
The current climate is based on available long-term daily meteorological observations from a climate station 
near the NSDF Project footprint. The climate station selection was based upon specific recommendations from 
Environment Canada’s Canadian Climate Change Scenarios Network (CCCSN), now called Canadian Climate 
Data and Scenarios (CCDS) interface. The CCCSN is a previous version of the Government of Canada’s interface 
for distributing global climate change scenarios and adaptation research, and provides useful guidance for 
selecting a climate station to represent an area of interest and how climate data should be used when calculating 
trends. The criteria used to select applicable climate stations were based on the following CCCSN selection 
factors: 

 the length of record (minimum 30 years of data); 

 availability of a continuous record; and,  

 proximity to the area of interest. 

In addition to the CCCSN criteria, the following selection factors were also considered to identify the station that 
best represents the NSDF Project footprint, meteorologically: 

 age of observations compared to the currently accepted normal period; 

 latitude; 

 elevation of station; and,   

 geographic siting. 

The available climate data from each station must be compared to, and pass, the selection criteria outlined above. 
Data from most climate stations is constrained by low numbers of observations or a limited life span for the station 
(data quantity), and varying data quality. Available daily meteorological data from selected climate stations was 
collected for a representative 30-year period, defined as the climate normal, which corresponds as closely as 
possible to 1981 through to 2010. The daily climate observations for mean temperature and total precipitation were 
reviewed to identify the completeness of the record, including data checks on the ranges of the data and 
percentage of missing data. 

The reviewed data was used to calculate selected climate normals and trends, using a methodology developed 
by the Finnish Meteorological Institute (Salmi et al. 2002) to assess climate changes predicted from long-term 
climate observations. Both annual and seasonal climate normals and trends were calculated for the 
mean temperature and total precipitation. The climate normal was calculated as the average of a given climate 
parameter over the selected period, and the climate trend was calculated as the average change in the 
climate parameter per decade (i.e., the decadal trend or change). Potential trends in temperature and precipitation 
were evaluated by fitting a model to the data using the Sen’s nonparametric model. The statistical significance of 
the observed trends was determined using the Mann-Kendall test. The Mann-Kendall test is applicable to the 
detection of a monotonic trend of a time series with no seasonal cycle. The analysis uses a two-tail test 
to determine statistical significance at the 90th, 95th, 99th and 99.9th percentile levels.  
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1.3 Future Climate Analysis Methodology 
The projected future climate was described using the outputs from GCMs accepted by the IPCC for various 
Representative Concentration Pathways (described in Section 3.1.2 Climate Scenarios). The mean temperature 
and total precipitation outputs from the GCMs are available through the CCDS data download interface (CCDS 
2016) and have been validated against observations and the interpretation of their results peer reviewed by the 
IPCC and others. The model projections were selected for the desired future projection period (i.e., 2041 through 
2070 or 2071 through 2100). In the case of climate models, projections are not made at a location, but for a series 
of grid cells in the scale of hundreds of kilometres in size. Using the gridded model projections downloaded from 
the interface, the NSDF Project coordinates were used to extract the appropriate grid cell for all model projections 
and RCPs available under the IPCC Fifth Assessment Report (referred to as AR5; IPCC 2013), for a set of 
90 unique modelling projections. This ensemble approach was used to delineate the probable range of results and 
to better capture the actual outcome (an inherent unknown). 

In keeping with accepted climate practices, the description of future climate is presented in the context of change 
from the current climate period. The projected change for each model is calculated by comparison to the 
selected model baseline (30-year average from 1981 through 2100) and then normalized using the observed 
current climate normal (1981 through 2010).  

Once all the future climate projections for each model are normalized, the future climate projections were analyzed 
for the annual, seasonal (dry and wet) and monthly periods. The analysis is summarized graphically, 
looking at both the mean of all model projections for a desired period, as well as the full range of projections for 
the same period. 

1.4 Quality Assurance, Quality Control 
Quality assurance and quality control (QA/QC) procedures were developed to produce technically and legally 
defensible results. These procedures were applied so that the data collected are of known, acceptable, 
and defensible quality and that proper office procedures (e.g., database management, general computer file 
management, document control, report reviewing procedures) were followed. 

The data relied upon for the climate change assessment comes from Environment Canada and established 
Government of Canada clearinghouses, and has already been through a QA/QC process at the source where the 
data were extracted. 

A spreadsheet control procedure was implemented to control calculations such that they are accurate, checked 
and reproducible. The procedure followed a four step process. 

 Step 1: Completion of calculation/spreadsheet by originator including reference to the source of all data used. 

 Step 2: Checking of calculation/spreadsheet by an appropriate reviewer other than originator, and sign-off 
by the reviewer on a calculation control summary sheet and/or the electronic calculation workbook. 

 Step 3: If revisions are required, the new calculation/spreadsheet will be recorded on the summary sheet 
and the old calculation will be marked as superseded. 

 Step 4: Technical review of calculation/spreadsheet by an appropriate reviewer other than originator, 
and sign-off by the reviewer on a calculation control summary sheet and/or the electronic calculation 
workbook.  
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1.5 Climate and Meteorological Data Utilized By Other Disciplines 
Other disciplines areas use climate and/or meteorology data in their characterization of baseline conditions, as 
well as the prediction and assessment of effects. Because each discipline has a different purpose for using climate 
or meteorology data, the station selected, the type of data used and the way in which it is used, can vary among 
the disciplines.  

Table 1 provides a summary of how climate and meteorology data is used directly by other disciplines in their 
assessments.  

Table 1: Comparison of Climate and Meteorological Data used by Discipline 

Discipline Type of Meteorology/ Climate 
Data Used 

Rationale for the 
Consideration of 

Meteorology/Climate Data 

Application and Use of 
Meteorology/Climate 

Data 

Air Quality The Ministry of the Environment 
and Climate Change provided a 
site-specific meteorology data set 
using the on-site CNL 
meteorological station at CRL and 
Petawawa Awos 2, Pembroke and 
Ottawa Airport Environment and 
Climate Change Canada (ECCC) 
meteorological stations. Upper air 
data was taken from Maniwaki 
station. 
 
Climate normals were taken from 
the Chalk River Atomic Energy of 
Canada Limited (AECL) and 
Sheenboro ECCC meteorological 
stations 

Within the air quality 
assessment, an air dispersion 
model will be used to predict 
changes to air quality. The 
meteorological data used in the 
model will be based on five 
years’ worth of mesoscale 
meteorological data. 

Meteorology from the two 
climate normal stations will 
be considered when 
validating the dispersion 
model’s meteorological 
dataset. 
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Table 1: Comparison of Climate and Meteorological Data used by Discipline 

Discipline Type of Meteorology/ Climate 
Data Used 

Rationale for the 
Consideration of 

Meteorology/Climate Data 

Application and Use of 
Meteorology/Climate 

Data 

Surface 
Water 

The meteorological data was 
collected from the Chalk River 
AECL station. If insufficient data 
was available at the Chalk River 
AECL station, then data from 
Petawawa AWOS 2 was used. 
 
Climate normals were taken from 
the Chalk River AECL station. 
 
Data used was limited to air 
temperature and precipitation. 

Monthly mean air temperature 
can be used to estimate water 
temperature in shallow lakes and 
streams (e.g. Perch Lake and 
Perch Creek) in the absence of 
monitoring data. 
 
Precipitation records and 
predictions can be used to 
determine wet, average, and dry 
flow conditions on the site and 
predict runoff amount and rates. 
 
Changes in air temperature and 
precipitation can also be used to 
assess the site conditions for 
climate change scenarios. 

Monthly air temperature 
data and normals will be 
used to estimate water 
temperature at the site. 
 
Precipitation records will 
be used to conform low 
flow conditions at the site. 
 
Precipitation records will 
be used to access 
anticipated changes in 
runoff volumes and rates. 

 

2.0 EXISTING CONDITIONS 
2.1 Station Selection 
Nine climate stations were found to be within 25 kilometres (km) of the NSDF Project. The stations were evaluated 
using the CCCSN guidance. Of the nine stations, eight were excluded based on a shorter record length and lower 
data availability (Table 2). 

Table 2: Available Climate Stations within 25 km of the Near Surface Disposal Facility Project Centroid 

Station Name Climate ID 
Latitude 

and 
Longitude 

Distance to 
NSDF Project 

Centroid 
(km) 

Full Years 
Available Notes 

Chalk River Atomic 
Energy of Canada 
Limited (AECL) 

6101335 46°03'00"N, 
77°22'00"W 3.46 1961 – 2016 

Consistent data record 
from 1981 through 2006. 
Shorter normal period 
(less than 30 years) but 
few missing data points. 

Petawawa Nat 
Forestry 6106400 45°59'00"N, 

77°26'00"W 7.47 1970 – 1999 Data record too short 
compared to other stations 

Petawawa Awos 2 6106396 45°57'00"N, 
77°19'00"W 13.24 2009 – 2015 Data record too short 

compared to other stations 

Petawawa A 6106398 45°57'00"N, 
77°19'00"W 13.24 1970 – 2007 

Missing data from 1994 to 
1998 that could skew 
trends 
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Table 2: Available Climate Stations within 25 km of the Near Surface Disposal Facility Project Centroid 

Station Name Climate ID 
Latitude 

and 
Longitude 

Distance to 
NSDF Project 

Centroid 
(km) 

Full Years 
Available Notes 

Sheenboro 7038080 45°58'00"N, 
77°15'00"W 15.7 1949 – 2013 

Missing August 1997 
through March 1998, 
which may skew trends 

Perch Lake Main IHD 6106378 46°04'00"N, 
77°38'00"W 18.07 — Partial data available for 

1967 

Petawawa Hoffman 610FC98 45°53'00"N, 
77°15'00"W 22.37 1994 – 2015 Data record too short 

compared to other stations 

Pembroke Climate 6106367 45°51'37"N, 
77°15'08"W 24.42 2011 – 2015 Data record too short 

compared to other stations 

Rolphton 6107182 45°58'00"N, 
77°15'00"W 24.46 1991 – 2000 Data record too short 

compared to other stations 

Available daily meteorological data from the Chalk River Atomic Energy of Canada Limited (AECL) station 
were collected for the period from 1981 through to 2006, closely matching the current climate normal of 1981 
through to 2010. While more recent observations which capture the warming trend of the past few years were not 
available from Chalk River AECL climate station, the observations are similar to those from Petawawa Hoffman 
climate station, which does has more recent observations. For the period from 1981 through 2006, less than 
1 percent (%) of the data is missing from Chalk River AECL station for mean temperature and total precipitation. 
For the individual years, less than 2% of data is missing for the temperature and precipitation with the exception 
of 1986. Notably, 1986 is missing approximately 10% of the data, as no observations were made during October 
for temperature and no observations were made during parts of August and all of October for precipitation. 

Therefore, the climate assessment completed for the NSDF Project used data from the Chalk River AECL climate 
station (Station ID 610FC98) to describe current climate conditions, climate variability and long-term trends. 
Chalk River AECL climate station is the station closest to the NSDF Project with the longest continuous and most 
complete dataset available that falls near the desired normals period (1981 through 2010). The station is 
approximately 3 km east-southeast of the NSDF Project centroid, within the regional study area, at a similar latitude 
and elevation. 

2.2 Current Climate with Current Climate Trends and Extremes 
The climate normals and current climate trends were calculated for Chalk River AECL station. Both annual and 
seasonal normals and trends were calculated for the mean temperature, as well as total precipitation. The analysis 
resulted in three pieces of information for each climate parameter as follows: 

 climate normal; 

 climate trend; and,  

 statistical significance of the trend. 
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The analysis only assessed the statistical significance at the 90th, 95th, 99th and 99.9th percentile levels. A trend 
that is assessed to be zero is classified as no apparent trend. A trend that is not determined to be 
statistically significant at the 90th percentile is classified as being “not significant.” A trend is determined to 
be statistically significant at the 95th percentile; there is a less than 5% chance that the observed trend does not 
exist if the statistical test conditions are met. The trends are presented in Table 3, while the graphical 
representations of the trends are provided in Attachment 9.0-1A. 

Table 3: Climate Normals and Trends – Chalk River Atomic Energy of Canada Limited Station 
(1981 – 2006) 

Climate Indices Normals Decadal 
Trend Statistical Significance 

Total Precipitation [mm (equiv.)] 852.0 +9.6 not statistically significant 
Spring Total Precipitation [mm (equiv.)] 201.1 -12.0 not statistically significant 
Summer Total Precipitation [mm (equiv.)] 251.1 +21.7 significant at the 95th percentile 
Fall Total Precipitation [mm (equiv.)] 243.9 +9.9 not statistically significant 
Winter Total Precipitation [mm (equiv.)] 155.9 -0.4 not statistically significant 
Total Snowfall [cm] 181.5 -3.2 not statistically significant 
Total Rainfall [mm] 675.5 +31.1 not statistically significant 

End of Winter (March 21) Snowpack [cm] — — not statistically significant, 
not enough observations 

Number of Period of More Than 10 Days With 
No Rain [#] 1.7 +0.0 no apparent trend 

Length of Dry Spells [days] 14.1 +0.0 no apparent trend 
Number of Days With >20mm Rainfall [#] 6.3 +1.3 significant at the 95th percentile 
Number of Days With >15cm Snowfall [#] 1.1 +0.0 no apparent trend 
Average Annual Temperature [°C] 5.7 +0.4 significant at the 90th percentile 
Average Spring Temperature [°C] 5.0 +0.0 no apparent trend 
Average Summer Temperature [°C] 19.0 +0.4 significant at the 95th percentile 
Average Fall Temperature [°C] 7.5 +0.7 significant at the 95th percentile 
Average Winter Temperature [°C] -9.3 +0.7 not statistically significant 
Number of Period of More Than 3 Days With 
Tmax >30°C [#] 1.5 +0.0 no apparent trend 

Length of Heat Waves [days] 4.4 +0.0 no apparent trend 
Maximum Daily Temperature [°C] 33.8 +0.6 not statistically significant 
Number of Days with Freeze-Thaw Cycle [#] 42.5 +1.3 not statistically significant 
Number of Period of More Than 3 Days With 
Tmin <-15°C [#] 6.2 -1.0 significant at the 90th percentile 

Length of Cold Spells [days] 11.0 -2.0 not statistically significant 
 

The analysis of Chalk River AECL climate station data shows that temperatures are increasing, with the exception 
of spring. The annual, summer and fall temperatures are statistically significant above the 90th percentile. The total 
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annual precipitation climate indices show an increasing trend that is not statistically significant above the 
90th percentile. The total seasonal precipitation show increasing trends except for winter and spring, which show 
a decreasing trend. Only the summer precipitation seasonal trends is significant above the 90th percentile. Of the 
23 trends examined, only six trends were statistically significant above the 90th percentile: increasing trend in 
the summer total precipitation, increasing trend in the number of days with more than 20 mm of rainfall, increasing 
trend in the average annual temperature, increasing trend in the average summer temperature, increasing trend 
in the average fall temperatures, and a decreasing trend in the number of days with a minimum temperatures less 
than minus 15°C. 

In general, the current climate normals and trends indicate a current climate that has likely become warmer 
and wetter over time. However, the majority of trends were not found to be statistically significant above the 
90th percentile. 
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3.0 FUTURE CLIMATE CONDITIONS UNTIL 2100 
In 1988, the IPCC was formed by the World Meteorological Organisation (WMO) and the United Nations 
Environment Program (UNEP) to review international climate change data. The IPCC is generally considered to 
be the definitive source of information related to past and future climate change as well as climate science. As an 
international body, the IPCC provides a common source of information relating to emission scenarios, provides 
third party reviews of models, and recommends approaches to document future climate projections. Periodically, 
the IPCC issues assessment reports summarising the most current state of climate science. The Fifth Assessment 
Report (AR5; IPCC 2013) represents the most current complete synthesis of information regarding climate change. 

3.1 Approach for Describing Future Climate  
Climate modeling involves the mathematical representation of global land, sea and atmosphere interactions over 
a long period of time. These GCMs have been developed by various government agencies, but they share a 
number of common elements described by the IPCC (IPCC 2013). The IPCC does not run the models, but acts 
as a clearinghouse for the distribution and sharing of the model forecasts. 

Future climate projection data for the NSDF Project (i.e., for the appropriate GCM grid square) were extracted 
from the CCDS interface (CCDS 2015) for all available GCMs (30) and the three representative concentration 
pathways (RCP 2.6, RCP 4.5 and RCP 8.5 – detailed in Section 3.1.2 Climate Scenarios) in AR5, providing a set 
of 90 unique modelling projections. The model projections were summarized for magnitude of change from the 
climate regime baseline for the following two time horizons: 

 2041 to 2070 (denoted as Mid Term); and,  

 2071 to 2100 (denoted as Far Term). 

The Mid Term represents the second half of the operation phase (2041 through 2070) and the Far Term represents 
the beginning of the post closure phase (2070 through 2100). While the two-year construction phase 
(2018 through 2020) occurs during the Near Term (2011 through 2040), it is too short for any measurable change 
to either the climate normals (e.g., means) or extreme weather events (e.g. storms) and has a very low potential 
for being affected by climate change impacts, as any projected changes in climate are very likely to be within the 
variability currently experienced in the weather in the NSDF Project region. Projected changes in climate are more 
easily measured over longer periods, for example the 30-year periods between the Mid Term and Far Term. 
Over shorter periods, the projected change in climate is difficult to distinguish, as a statistically significant trend, 
outside of the day to day, seasonal and year to year (interannual) variability experienced in weather. For this 
reason, climate change impacts during the three-year construction phase would be difficult to project outside of 
the variability in weather being experienced under current climate, as outlined in Table 3 in Section 2.2 (Current 
Climate with Current Climate Trends and Extremes) and Attachment 9.0-1A.  

In order to graphically represent the individual model output in a comparable and meaningful way, the data must 
have a consistent baseline. For each model, the change in temperature and precipitation was calculated relative 
to the respective modelled baseline values, which are unique to each model. This change was then imposed onto 
the historic climate baseline for the NSDF Project. 
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Given the large grid size of a GCM projection, as described below, the data are representative of area averages 
and are not necessarily representative of a specific location contained within the grid box. Murdock and 
Spittlehouse (2011) recommend that analyses involving GCM projections be based on descriptions of future 
climate that have been presented in the context of change from the accepted baseline period (i.e., the model 
baseline period for this study was taken as 1981 through 2010). Since the models may have an absolute bias, the 
predicted future climate is compared to the predicted baseline using the same model. Also, because the models 
are most effective at describing projections of change, projected changes from a modeled baseline are typically 
described as a deviation from baseline, either in degrees Celsius (°C) for temperature, or percent (%) for 
precipitation. The resulting change from the modelled baseline can then be used to project the future climate 
conditions in the context of the actual current climate for the NSDF Project. 

The current climate was analyzed for the period from 1981 through 2006, a normal encompassed by the selected 
model baseline of 1981 through 2010. The CCDS interface provides model projections for the historical period 
from 1900 through 2005, as well as the future projections from 2006 through 2100, and the appropriate years from 
the AR5 dataset were selected to match the desired current and future climate time periods. Climate projections, 
in the form of a deviation from the current climate baseline, were calculated for the two desired future periods most 
relevant to the NSDF Project. 

3.1.1 General Circulation Models 
Climate simulations produced by these general circulation models vary because each model uses a different 
combination of algorithms to describe and couple the earth’s atmospheric, oceanic and terrestrial processes. 
The GCMs used in this analysis have been validated against observations, and the interpretation of their results 
has been peer-reviewed by the IPCC and others. Rather than selecting a single model, the climate change 
projections from all available models from AR5 (i.e., 90 unique sets of modeling results) obtained using the CCDS 
interface were included in the analysis. This ensemble approach was used to delineate the probable range of 
results and better capture the actual outcome (an inherent unknown).  

In the case of climate models, projections are not made at a location, but for a series of grid cells in the scale 
of hundreds of kilometres in size. The CCDS interface provides gridded global GCM projections. For this 
assessment, the climate projections for the grid square encompassing the NSDF Project centroid were extracted 
from the gridded AR5 model projections provided by CCDS.  

3.1.2 Climate Scenarios 
Global climate models require extensive inputs to characterize the physical processes and social development 
paths that could alter climate in the future. In order to represent the wide range of the inputs possible to global 
climate models, the IPCC has established a series of RCPs that help define the future levels of radiative forcing 
of the atmosphere. The IPCC identified four scenarios but this report focuses on the three RCPs currently available 
from CCDS, namely, RCP 2.6, RCP 4.5 and RCP 8.5. The pathways are named after the radiative forcing projected 
to occur by 2100. These three RCPs have been described more fully by van Vuuren et al. (2011) in their paper 
“The representative concentration pathways: an overview” and have been summarized in Table 4. 
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Table 4: Characterization of Representative Concentration Pathways 

Name Radiative Forcing in 2100 Characterization 

RCP 8.5 8.5 W/m² 
Increasing greenhouse gas emissions over time, with no 
stabilization, representative of scenarios leading to high 
greenhouse gas concentration levels. 

RCP 4.5 4.5 W/m² 
Total radiative forcing is stabilized shortly after 2100, without 
overshoot. This is achieved through a reduction in greenhouse 
gases over time through climate policy. 

RCP 2.6 2.6 W/m² 

“Peak and decline” scenario where the radiative forcing first 
reaches 3.1 W/m² by mid-century and returns to 2.6 W/m² by 
2100. This is achieved through a substantial reduction in 
greenhouse gases over time through stringent climate policy. 

Note: Summarized from van Vuuren et al. 2011; W/m2 = watt per square metre. 

3.1.3 Long-term Effects of Climate Change 
Long-term effects of climate change on these factors (beyond 2100) are highly dependent on the emissions 
scenarios (RCPs) being considered, and are not provided by the CCDS interface. As a result, the period 
beyond 2100 will be discussed in Section 4.0 (Future Climate Conditions Post-2100), in a qualitative manner 
based on publicly available, peer-reviewed literature.  

3.1.4 Understanding Climate Projections and Their Limitations 
General circulation models have inherent limitations that are important to bear in mind when evaluating variability 
and the rate of climate change, (i.e., when comparing future projections to historical observations). 
These limitations are dependent on the research institution’s approach to overcoming model uncertainty. Since no 
one model or climate scenario can be viewed as completely accurate, the IPCC recommends that climate change 
assessments use as many models and climate scenarios as possible. For this reason, the multi-model ensemble 
approach described in Section 3.1.1 (General Circulation Models) was used to account for these uncertainties and 
limitations. 

3.1.4.1 Spatial and Temporal Scales 
Due to limitations on computing power, the GCM outputs are limited to grid cells of 1 to 2.5° (approximately 
110 km to 275 km) and a small number of vertical layers in both the atmosphere and the ocean. These grid cells 
represent a mathematically defined “region” rather than a specific geographic location and are different for many 
models. Although the appropriate grid cells were selected to represent the NSDF Project region, the spatial scale 
of the grid cells are much larger than that of most weather processes experienced locally, such as convective 
thunderstorms. In addition, local changes in topography cannot be represented at this scale. 

Temporally, the GCM simulations are run at monthly time scales, with only monthly average temperature and 
precipitation are available as outputs from CCDS. 
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3.1.4.2 Unpredictable Events 
Climate model simulations represent average conditions and typically do not consider the influence of inherently 
unpredictable stochastic or episodic events (e.g., volcanic eruptions, earthquakes, tsunamis). In other words, 
events of a certain magnitude tend to occur at a certain frequency; however, their actual magnitude and timing is 
unknown and currently not predictable within a specific GCM’s outputs. 

3.1.4.3 Changes to Collective Understanding of the Processes 
The earth’s system processes and feedbacks are very complex, and therefore, have to be approximated in 
GCM model simulations. In these instances, mathematical parameterizations of these processes are required to 
reduce the computational burden within the simulations. Each of these independent processes that drive climate 
change can be assigned a rank based on the current level of scientific understanding. The contribution of aerosols 
in the GCMs is an example of this uncertainty. Through the various assessment reports from the IPCC 
(First Assessment Report in 1990 through the Fifth Assessment Report in 2013) the level of scientific 
understanding of aerosols has improved, due to the large amount of research conducted by the 
scientific community during that period. As the scientific community improves its understanding of the climate 
system through research, the representation of the climate system within the GCMs may also improve. 

3.2 Annual Projections 
Comparisons of the future climate projections for the NSDF Project region for the Mid-Term and the Far Term 
projection periods are shown as scatter plots on Figure 1. The plots illustrate the projected change in temperature 
(vertical axis) and precipitation (horizontal axis) from the Chalk River AECL climate baseline (1981 through to 2006 
normal period) for each of the models, and for three of the relative concentration pathways considered in AR5 
(IPCC 2013). The scatter plots shown in Figure 1 also illustrate the change in climate that would occur if the 
observed historical changes continue forward into the future (i.e., the black diamond on the scatter plot graphs). 
For reference, the current climate is shown as a solid circle where the axes intersect. The current climate trend 
shown in the figure is based on the Chalk River AECL climate station data. The model projections are generally 
located in the upper right quadrant of the plots, suggesting a future climate that will likely be warmer and wetter. 
These projections are similar to the observed current climate trends at Chalk River AECL climate station (Table 3). 
The potential implications of these projections are discussed in Section 9.4 of the EIS. 
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Figure 1: Scatter Plots Showing the Mid Term and Far Term Annual Projections for the Near Surface Disposal 
Facility Project Region  



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 9.0-1: CLIMATE CHANGE 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 14  

 

The range of annual temperature projections for the NSDF Project covering the Mid Term period is shown on a 
“cloud graph” presented on Figure 2. In the figure, the shaded cloud represents the range of climate projections 
over the 30-year projection period for each of the models and emission scenarios available. To provide context, 
the 26-years of observations used to describe the current climate (1981 through 2006) from Chalk River AECL 
climate station, and the resulting climate normals, are provided on the plot to give an indication whether the models 
are projecting a future climate that is similar to what is being observed, or a future climate that is different than 
recent observations. The future Mid Term temperature projections for the NSDF Project region, indicated in 
Figure 2 as the shaded cloud, are generally warmer than the current climate observations, with the projected 
absolute minimum below the current climate normal.  

 
Figure 2: Mean Annual Projected Temperatures for the Near Surface Disposal Facility Project region (Mid Term Period) 
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The range of annual projected temperatures for the NSDF Project region for the Far Term shows an increase in 
the absolute maximum relative to the projections for the Mid Term period and a lower absolute minimum projection 
indicating a larger variation in the projections as shown in Figure 3. The absolute minimum projection is below the 
range of the current climate normal for the period (1981 through to 2006 shown over the period from 1981 through 
to 2010) and, generally, the projected temperature normal (estimate as the mean of the projected temperature 
range) is above all current climate values and the current climate normal. 

 
Figure 3: Annual Projected Temperatures for the Near Surface Disposal Facility Project region (Far Term Period) 
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The projected annual precipitation for the Mid Term period for the NSDF Project, compared to current climate 
observations indicates that the future annual precipitation rates will be consistent with historical observations 
shown on Figures 4 and 5. Almost all of the current climate observations of annual precipitation fall within 
the “cloud.” The large spike seen in the graph helps to illustrate the importance of considering a multi-model 
ensemble and the 30-year normal period, which helps to reduce the influence of single year and model projections.  

 
Figure 4: Annual Projected Precipitation for the Near Surface Disposal Facility Project Area (Mid Term Period) 
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The projections of annual precipitation for the Far Term period show a slight increase in precipitation range relative 
to the Mid Term; however, the range of future projections still covers the range of historical observed precipitation 
as shown on Figure 5. Unlike Figure 4, the large spike is not present in the Far Term projections. 

 
Figure 5: Annual Projected Precipitation for the Near Surface Disposal Facility Project region (Far Term Period) 
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3.3 Monthly Projections 
Figures 6, 7, 8 and 9 and Tables 5 and 6 summarize the magnitude of monthly projected change during the 
Mid Term and Far Term from the model baseline. Figures 6 and 7 present the monthly range of projected 
temperatures for the NSDF Project (purple shaded area), for the Mid Term and Far Term. The figures also show 
a dashed line, which represents the mean of all the modelled projections. The solid line in Figures 6 and 7 
represents the monthly observed climate normal based on data from 1981 through to 2006, with the teal shaded 
area showing the range of current climate observations. The figures show a noticeable increase between the 
currently observed and projected monthly mean temperatures (up to approximately 3°C in fall). 

 
Figure 6: Monthly Projected Temperatures for Near Surface Disposal Facility Project region for the Mid Term 
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Figure 7: Monthly Projected Temperatures for Near Surface Disposal Facility Project region for the Far Term 
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Figures 8 and 9 present the monthly projected precipitation for the NSDF Project region, for the Mid Term and 
Far Term. In both figures, there is a noticeable difference between the current normal and the projected mean 
from October through to January (late fall and early winter). There appears to be a large range in model projections 
occurring during a similar period. On average, the projected future conditions appear to be similar to the current 
climate, with a larger range in projections than the variability experienced in the observed record. 

 
Figure 8: Monthly Projected Precipitation for Near Surface Disposal Facility Project region for the Mid Term 

 
Figure 9: Monthly Projected Precipitation for Near Surface Disposal Facility Project region for the Far Term 
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The difference between the current climate normal and the projected mean for the Mid Term and the Far Term is 
shown in Tables 5 and 6. Overall, the model projected means are greater than the observed climate normal 
for temperature and precipitation. The largest differences in temperature and precipitation occur during the fall and 
early winter (September through December). November shows the largest temperature and precipitation increase 
in both the Mid Term and Far Term. 

Table 5: Model Projected Mean and Climate Normal for Near Surface Disposal Facility Project Region for 
the Mid Term (2041 – 2070) 

Month 
Temperature 

[°C] 
Precipitation 

[mm] 

Climate Normal Projected Mean Difference Climate Normal Projected Mean Difference 
January -11.77 -9.32 2.44 1.78 2.24 0.46 
February -9.18 -7.48 1.71 1.55 1.78 0.22 
March -2.91 -1.65 1.26 1.83 1.96 0.13 
April 5.49 6.52 1.03 1.98 2.02 0.04 
May 12.63 13.56 0.93 2.75 2.87 0.12 
June 17.78 19.11 1.33 2.89 2.97 0.08 
July 20.27 21.94 1.67 2.74 2.90 0.17 
August 19.05 21.84 2.78 2.57 2.77 0.20 
September 14.35 17.65 3.30 2.98 3.46 0.48 
October 7.57 10.54 2.97 2.66 3.36 0.69 
November 0.67 4.15 3.48 2.51 3.30 0.79 
December -6.91 -3.63 3.28 1.85 2.49 0.64 

Note: Summations of the precipitation data over all months may show minor variations (<5%) when compared to the annual value based on 
the same data. This is due to the weighted averaging introduced by parcelling the data into months, which vary in length, rather than 
considering the whole annual period. 

Table 6: Model Projected Mean and Climate Normal for Near Surface Disposal Facility Project Region for 
the Far Term (2071 – 2100) 

Month 
Temperature 

[°C] 
Precipitation 

[mm] 

Climate Normal Projected Mean Difference Climate Normal Projected Mean Difference 
January -11.77 -8.54 3.23 1.78 2.42 0.64 
February -9.18 -6.61 2.58 1.55 1.92 0.36 
March -2.91 -0.82 2.08 1.83 2.01 0.17 
April 5.49 7.24 1.76 1.98 2.14 0.17 
May 12.63 14.33 1.70 2.75 2.88 0.14 
June 17.78 19.89 2.11 2.89 3.01 0.12 
July 20.27 22.72 2.46 2.74 2.92 0.19 
August 19.05 22.76 3.71 2.57 2.76 0.19 
September 14.35 18.51 4.16 2.98 3.56 0.59 
October 7.57 11.35 3.79 2.66 3.45 0.79 
November 0.67 4.96 4.29 2.51 3.40 0.89 
December -6.91 -2.84 4.07 1.85 2.66 0.81 

Note: Summations of the precipitation data over all months may show minor variations (<5%) when compared to the annual value based on 
the same data. This is due to the weighted averaging introduced by parcelling the data into months, which vary in length, rather than 
considering the whole annual period. 
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The monthly projections indicate a future that is likely warmer and wetter than currently observed, on a month-
to-month basis. The change in temperature normals between the currently observed and projected monthly 
periods is more pronounced than the monthly projected changes in precipitation, which are hard to observe in the 
figures as they are much smaller (only visible in the tables). The projected changes in monthly temperature appear 
reasonably uniform in the figures, while the fall and early winter shows the largest change in the mean precipitation. 

3.4 Summary of Future Climate Conditions Until 2100 
To summarize, the future climate in the NSDF Project region is projected to be likely warmer and slightly wetter, 
consistent with the observed current climate trends (1981 through 2006) at the Chalk River AECL climate station. 
The projected temperatures will continue to increase for both the Mid Term and Far Term periods. The projected 
changes in precipitation also show an increase for both the Mid Term and Far Term. Tables 7 and 8 summarize 
the projected means and current climate normals for the Mid Term and Far Term for the annual and seasonal 
periods. 

Table 7: Model Projected Mean and Climate Normal for Near Surface Disposal Facility Project for the 
Mid Term (2041 – 2070) 

Period 
Temperature 

[°C] 
Precipitation 

[mm] 

Climate Normal Projected Mean Difference Climate Normal Projected Mean Difference 
Annual 5.7 7.8 2.2 852.0 924.1 72.0 
Spring 5.0 6.1 1.1 201.1 208.7 7.5 
Summer 19.0 21.0 1.9 251.1 263.7 12.7 
Fall 7.5 10.8 3.3 243.9 294.7 50.9 
Winter -9.3 -6.8 2.5 155.9 192.6 36.6 

 

Table 8: Model Projected Mean and Climate Normal for Near Surface Disposal Facility Project for the 
Far Term (2071 – 2100) 

Period 
Temperature [°C] Precipitation [mm] 

Climate Normal Projected Mean Difference Climate Normal Projected 
Mean Difference 

Annual 5.7 8.6 3.0 852.0 940.6 88.6 
Spring 5.0 6.9 1.8 201.1 214.2 13.1 
Summer 19.0 21.8 2.8 251.1 265.2 14.1 
Fall 7.5 11.6 4.1 243.9 302.6 58.8 
Winter -9.3 -6.0 3.3 155.9 207.0 51.0 
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4.0 FUTURE CLIMATE CONDITIONS POST 2100 
Due primarily to computational limitations in early climate modelling and the uncertainty further discussed in 
Section 3.1 (Approach for Describing Future Climate), most climate model projections extend only to the 
year 2100. However, the warming effects and radiative forcing resulting from atmospheric greenhouse gases 
extends long after emissions have ceased and beyond the atmospheric lifetime of the gas (Lenton et al. 2006). 
Therefore, while a large portion of warming resulting from anthropogenic carbon dioxide (CO2) will happen on the 
century timescale, warming can continue well beyond 2100 and into the next millennia. CO2 is significantly more 
abundant than other greenhouse gases and aerosols, and has the largest impact, compared to other species, on 
the radiative forcing used to drive the climate models. 

The projected future climate beyond 2100 was described in a qualitative manner using publicly available, 
peer-reviewed literature, including AR5. 

4.1 Past Climate Cycles 
The earth is currently in an interglaciation period, meaning that it is between ice ages. It is estimated that the 
current period, called the Holocene, began approximately 11,700 years ago (Clark et al. 2016). The most recent 
glacial period peaked approximately 21,000 years ago (Clark et al. 2016). The transition from the previous glacial 
period to the current Holocene represented a change in atmospheric CO2 concentrations of approximately 80 ppm 
and a global average rise in temperature of 4 °C. Records suggest that previous interglaciation periods have lasted 
anywhere from 10,000 to 20,000 years (Berger et al. 2003). 

4.2 Climate Projections from 2100 Through 3000 
The projected ranges of future climate conditions were described using the results accepted by the IPCC for 
various representative concentration pathways (RCPs). Meinshausen et al. (2011) extended four RCP scenarios 
(RCP 2.6, 4.5, 6.0 and 8.5) until 2300 in support of AR5 using Earth Models of Intermediate Complexity (EMICs). 
The results of the EMIC extensions were consistent until 2300 with atmospheric-ocean general circulation models 
(AOGCM) used in AR5. Zickfield et al. (2013) used the extensions to estimate temperature changes up until the 
year 3000, assuming that the CO2 concentration and forcing was held constant at year 2300 levels for all four RCP 
scenarios. In order to remain consistent with Section 3.0 (Future Climate Conditions until 2100), only RCP2.6, 4.5 
and 8.0 are described further, covering the full range of projections.  

The RCPs are named after the radiative forcing projected to occur by 2100. For example, RCP 4.5 represents a 
scenario where the radiative forcing is stabilized shortly after 2100 at 4.5 W/m². These three RCPs have been 
described more fully by van Vuuren et al. (2011) in their paper “The representative concentration pathways: an 
overview” and in Section 3.1.2 (Climate Scenarios). 

As shown on Figure 10, presented in Zickfield et al. (2013), in scenarios RCP4.5 and RCP8.5, rapid warming 
occurs until the radiative forcing is stabilized (assumed to be 2300), with predicted increases of 2.2°C and 7.0°C 
respectively, relative to the 1986-2005 reference period used in AR5 (this reference period is encompassed by the 
current climate normal used in Sections 2.0 (Existing Conditions) and 3.0 (Future Climate Conditions until 2100). 
After the forcing is stabilized warming slows but continues through the year 3000, with additional 
warming estimated at 0.3°C and 0.8°C for RCP4.5 and RCP8.5 respectively from 2300 to 3000. Under the RCP2.6 
scenario, temperatures peak around 2070 and decreases until 2300 after which it slowly starts to increase again. 
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Overall, for the period from 2281 through to 3000, relative to the 1986 through 2005 reference period, 
the temperatures are projected to rise by 0.6°C to 7.8°C across all four scenarios. 

 
Figure 10: Time Evolution of Surface Air Temperature Change (from 1985 to 2005 reference period) for the 

Constant Composition Simulation for All Four RCP Scenarios (Zickfield et al. 2013) 

Results showed that if anthropogenic emissions are ceased abruptly it would require centuries before 
temperatures would begin to decrease. If emissions stopped in 2300, temperatures would only decrease by about 
1 to 2 degrees by year 3000 and ocean expansion would still be increasing. Under the scenarios currently 
presented in the literature, only an abrupt net removal of CO2 from the atmosphere would result in a decrease in 
temperatures by year 3000 for RCP scenarios 4.5 and higher, beyond current technological capabilities (Cao and 
Caldeira 2010; IPCC 2013, Plattner et al. 2008; Zickfield et al. 2013).  

It is generally accepted that with increased temperature, mean sea levels and global precipitation will also 
increase. It has been estimated that global precipitation will increase by 1-3% per degree Celsius increase in 
temperature (IPCC 2013). However, the distribution of precipitation will vary spatially, with increases in some 
regions and decreases in others. Given the increase in precipitation and uncertainty in distribution, it is likely that 
there will be an increase in the variation or range of precipitation projected for the period up until 2100 (Section 3.0 
Future Climate Conditions until 2100).  

No peer-reviewed literature discussions were found on extreme events (e.g., storms). In AR5, there is a lot of 
uncertainty surrounding extreme events for the period up until 2100. It is likely that this uncertainty will continue 
into the period post 2100, especially with the uncertainty on how the global radiative forcing will develop over the 
period up until 2100. 
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4.3 Future Glaciation Cycles 
The global warming projected until the year 3000 (0.6-7.8°C over 1,000 years) represents a much higher warming 
rate than the rate seen at the end of the last glacial period, which was a change of approximately 4°C over an 
estimated 8,000 years. This corresponds to a higher rate of increase in atmospheric CO2 concentrations than 
in previous periods (Clark et al. 2016, Berger et al. 2003). CO2 concentrations and glaciation models coupled 
together predict a relatively long interglacial period of 55,000 years (Berger et al. 2003) as compared to previous 
periods of 10,000-20,000 years due to higher atmospheric CO2 concentrations. The next significant glacial event 
is not projected to occur before 60,000 after present (Berger et al. 2003). 

4.4 Summary of Future Climate Conditions Post 2100 
Under the RCP scenarios described in IPCC’s fifth assessment report, global temperatures are predicted to rise 
between 0.6°C and 7.8°C by the year 3000. The majority of the warming will occur before 2300 with warming rates 
slowing after stabilization of radiative forcing. Warmer temperatures are only projected to be reversible under 
abrupt CO2 removal scenarios which are currently beyond technological abilities. Projections of precipitation 
changes for the period from 2100 to 3000 were often not provided in the peer-reviewed literature. 
However, as outlined in AR5, changes in precipitation are anticipated with an estimate increase in global 
precipitation of 1% to 3% per degree Celsius of increased temperature over the period from 2100 to 3000. 
However, with distribution of the precipitation varying spatially, there will be increases in some areas while 
precipitation decreases in others. With this uncertainty in the distribution or precipitation, it is likely that precipitation 
after 2100 will show a greater variation or range from the projections up until 2100. A summary of the mean 
temperature and total precipitation future projections are provided in the Table 9. Absolute changes in temperature 
and precipitation for the NSDF Project are not provided for the Long Term as quantitative analysis of the climate 
projections was not undertaken (e.g., the methodology followed in Section 3.0 Future Climate Conditions 
until 2100). Sufficient information was not readily available to perform a quantitative analysis; however, long-term 
projections of increased precipitation, and warming at higher latitudes are likely to continue past the 21st century. 

Table 9: Projected Climate for the Mid Term, Far Term and Long Term 

Period and Variable 
Temperature Precipitation 

Value Units Value Units 

Current Climate Normal (1981 - 2006) 5.7 °C 852.0 mm 
Mid Term Projected Change (2041 - 2070)(a) 2.2 °C 72.0 mm 
Far Term Projected Change (2071 - 2100)(a) 3.0 °C 88.6 mm 
Long Term Projected Changes (2281 - 3000)(b) 0.6 to 7.82 °C 1 to 32 %/°C 

a) Please note that projected changes represent changes above the current climate (1981 – 2006) for the NSDF Project region. 
b) Please note that these projected changes represent the changes above the reference period of 1986 – 2005 and are global values. 
NSDF Project-specific information is not available at this time. 
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There is still much uncertainty around future extreme events, as outlined in AR5. While no discussions were found 
in peer-reviewed literature of extreme events beyond 2100, given the uncertainty around the temperature and 
precipitation projections past 2100, it is likely that the uncertainty in future extreme events will continue. 
Further discussion of extreme events is provided in Section 5.0 (Project Specific Climate Factors and Extreme 
Events). 

High CO2 concentrations and warming temperatures will likely delay the end of the current interglacial period until 
60,000 years after present, based on the increased interglacial period. Therefore, a glaciation cycle is not likely 
before the year 3000. 

5.0 PROJECT-SPECIFIC CLIMATE FACTORS AND EXTREME EVENTS 
Based on the historical climate parameters and climate data analyzed up to 2100, climate factors have been 
developed to further analyse the potential climate infrastructure interactions for the NSDF Project region. 
The climate factors include changes to rainfall, temperature and extreme events (e.g., storms). These factors are 
further subdivided into specific event type factors that describe long term changes such as increasing temperatures 
or extreme events such as increased storms with intense precipitation. Where information is available from 
Section 4.0 (Future Climate Conditions Post-2100), the climate factor trends will be extended out to the year 3000. 
Climate factor trends for the NSDF Project are described in Table 10. 

The future trends of the climate factors were analysed using the climate model projections in Section 3.0 (Future 
Climate Conditions until 2100). If climate projections were not available from Section 3.0, literature values were 
referenced to discuss the projected change in climate. Increase in intensity and frequency of rainfall and 
precipitation, including snowfall, is expected for the region (Coulibaly and Shi 2005; IPCC, 2004; 
Kunkel et al. 1999; Stone et al. 2000). The amount of increase is dependent on the increase in temperature 
resulting from the CO2 emission scenario (IPCC 2013). Extreme weather events, such as storms and flooding 
risks, are expected to increase however, the natural variability of storm events and the uncertainty in the modeled 
scenarios make accurate quantitative projections of frequency and intensity of extreme events difficult to predict 
(Colombo et al. 2007; IPCC 2013). 
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Table 10: Climate Factor Trends for the Near Surface Disposal Facility Project Region 

Climate Factor Description Trend Comments on Future Trends 

Rain 

Drought Decreasing 

Drought was not evaluated under Sections 3.0 (Future 
Climate Conditions until 2100) or 4.0 (Future Climate 
Conditions Post-2100). Section 3.0, the future climate for 
the NSDF Project region shows both increased 
temperature and precipitation. The future trend in drought 
will depend on how the projected increases in temperature 
and precipitation interact locally in the NSDF Project 
region. 

In the near and mid-term, droughts are expected to 
decrease in the NSDF Project region as the area becomes 
wetter with increased precipitation (Easterling et al. 2000). 
Long term projections predict that wet areas will continue to 
become wetter and drier areas will become drier 
(IPCC 2013). In Canada, higher evaporation rates 
associated with warmer summers will increase the 
tendency towards drier conditions, with large variability 
between the emission scenarios (Warren and 
Lemmen 2014). 

Amount of rain Increasing 

In Section 3.0, precipitation is projected to increase for the 
NSDF Project region up to 2100. Precipitation is projected 
to increase with temperature past 2100, as shown in 
Section 4.0, at a global level. 

In the near and mid-term precipitation is expected to 
increase, with the largest precipitation increase occurring in 
spring and winter (Stone et al. 2000). Long term projections 
predict global increases in precipitation past 2100 with 
increasing temperature (IPCC 2013) however, no regional 
projections past 2100 are available in the literature. 

Frequency of heavy 
rainfall events Increasing 

The distribution of precipitation was not projected in 
Section 3.0; however, precipitation is projected to increase 
in the NSDF Project region up to 2100. Precipitation is 
projected to increase with temperature past 2100, as 
shown in Section 4.0, at a global level. 

In the near and mid-term intense rainfall frequency is 
expected to increase in Ontario  
(Coulibaly and Shi 2005; IPCC 2013; Kunkel et al. 1999; 
Warren and Lemmen 2014) but there is still relatively large 
uncertainties associated with projections of extreme 
precipitation. In particular, a 1-in-20-year storm would 
become a 1-in-10 year storm by mid-century for mid to high 
latitudes under higher emission scenarios (Warren and 
Lemmen 2014). Long term projections predict continued 
increases however, no regional projections past 2100 are 
available in the literature. 
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Table 10: Climate Factor Trends for the Near Surface Disposal Facility Project Region 

Climate Factor Description Trend Comments on Future Trends 

Rain 
(cont’d) 

Amount of rainfall 
per event Increasing 

The distribution of precipitation was not projected in 
Section 3.0 (Future Climate Conditions until 2100); 
however, precipitation is projected to increase in the NSDF 
Project region up to 2100. Precipitation is projected to 
increase with temperature past 2100, as shown in 
Section 4.0 (Future Climate Conditions Post-2100), at a 
global level. 

In the near and mid-term rainfall intensity is expected to 
increase in Ontario (Coulibaly and Shi 2005; IPCC 2013; 
Kunkel et al. 1999). Long term projections predict 
continued increases however, no regional projections past 
2100 are available in the literature. 

Amount of snow Increasing 

The distribution of precipitation between snow and rain was 
not projected in Section 3.0; however total precipitation is 
projected to increase in the NSDF Project region up to 
2100. Total precipitation is projected to increase with 
temperature past 2100, as shown in Section 4.0, at a 
global level. 

In the near and mid-term precipitation including snowfall is 
expected to increase, with the largest precipitation increase 
occurring in winter (Stone et al., 2000). However, coupled 
with increased temperatures, it is unclear whether the 
distribution of precipitation between snow and rain will 
change in the NSDF Project region. Long term projections 
predict global increases in precipitation past 2100 with 
increasing temperature (IPCC 2013) however, no regional 
projections past 2100 are available in the literature. 

Frequency of heavy 
snowfall events Increasing 

The distribution of precipitation between snow and rain was 
not projected in Section 3.0; however, total precipitation is 
projected to increase in the NSDF Project region up to 
2100. Total precipitation is projected to increase with 
temperature past 2100, as shown in Section 4.0, at a 
global level. 

An increase in snowfall and intensity in the northern 
latitudes is predicted in the near and mid-term 
(Colombo et al. 2007; IPCC 2013; Zhang et al. 2000).  
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Table 10: Climate Factor Trends for the Near Surface Disposal Facility Project Region 

Climate Factor Description Trend Comments on Future Trends 

Rain 
(cont’d) 

Amount of snowfall 
per event Increasing 

The distribution of precipitation between snow and rain was 
not projected in Section 3.0 (Future Climate Conditions 
until 2100); however, total precipitation is projected to 
increase in the NSDF Project region up to 2100. Total 
precipitation is projected to increase with temperature past 
2100, as shown in Section 4.0 (Future Climate Conditions 
Post-2100), at a global level. 

An increase in snowfall and intensity in the northern 
latitudes is predicted in the near and mid-term 
(Colombo et al. 2007; IPCC 2013; Zhang et al. 2000).  

Temperature 

Mean temperature Increasing 

Mean temperature is projected to increase in the NSDF 
Project region up to 2100 (Section 3.0), with global 
temperatures projected to increase post 2100 
(Section 4.0). 

In the near, mid and long term mean temperature is 
expected to increase for the NSDF Project region 
(IPCC 2013). In Canada at the mid-latitudes the greatest 
increase in temperature occurs during the summer (Warren 
and Lemmen 2014). Warmings of 1.5 to 2.5°C are 
projected in the summer under the low emission scenario 
(Warren and Lemmen 2014). Global long term trends 
predict increasing temperature past 2100 
(Lenton et al. 2006; Meinhausen et al. 2011) 

High temperatures Increasing 

Extreme temperatures were not evaluated under 
Section 3.0 or 4.0. However, mean temperature is 
projected to increase in the region up to 2100 (Section 3.0), 
with global temperatures projected to increase post 2100 
(Section 4.0). It is likely that with this increase in 
temperature, the number of extreme warm days would also 
increase. 

In the near, mid and long term mean temperature is 
expected to increase for the region (IPCC 2013) and the 
NSDF Project region. Increases in the number of warm 
days and nights are also projected, with the number of 
extreme hot days projected to increase (Warren and 
Lemmen 2014). Global long term trends predict increasing 
temperature past 2100 (Lenton et al. 2006; 
Meinhausen et al., 2011) 



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
APPENDIX 9.0-1: CLIMATE CHANGE 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 30  

 

Table 10: Climate Factor Trends for the Near Surface Disposal Facility Project Region 

Climate Factor Description Trend Comments on Future Trends 

Temperature 
(cont’d) 

Heat waves Increasing 

Heat waves were not evaluated under Sections 3.0 (Future 
Climate Conditions until 2100) or 4.0 (Future Climate 
Conditions Post-2100). However, with projected increases 
in temperature it is likely that the number of extreme warm 
days would increase.  

In the near and mid-term it is projected that the frequency 
and intensity of heat waves will increase (IPCC 2013; 
Warren and Lemmen 2014). Projections beyond the 21st 
century are not available however it is likely that these 
trend will continue beyond the 21st century.  

Annual changes 
effecting snow 
deposition and rate 
of melt (freeze-thaw 
cycles) 

Decreasing 

Annual changes in the freeze-thaw cycle were not 
evaluated under Sections 3.0 or 4.0. However, with the 
projected increases in temperature it is likely that the 
number of freeze-cycles would decrease. 

Wide-spread decreases in the duration of snow cover are 
projected across the Northern Hemisphere (Warren and 
Lemmen 2014). Near and mid-term projections of snow 
deposition predict a decrease in snow cover extent is 
predicted (IPCC 2013). Long term projections predict 
continued decreases however, no regional projections past 
2100 are available in the literature. 

Other Events 
Increase in extreme 
events (e.g., 
storms) 

Increasing 

Changes in extreme events were not evaluated under 
Sections 3.0 or 4.0. 

Near and mid-term projections of occurrence of extreme 
events predict a shift to more intense storms and an 
increase in frequency of extreme weather phenomena, 
such as tornados. There are no regional predictions of 
extreme weather events in the long term. Climate change 
is likely to affect flood risks by increasing the frequency 
of extreme events as well as influencing the storm type, 
depth-duration-are curves, and storm efficiency 
(AMEC 2011; Jakob et al. 2009) 
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6.0 LIMITATIONS 
6.1 Standard of Care 
Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level of care and skill 
ordinarily exercised by members of the engineering and science professions currently practising under similar 
conditions in the jurisdiction in which the services are provided, subject to the time limits and physical constraints 
applicable to this report. No other warranty, expressed or implied is made. 

6.2 Basis and Use of the Report 
The information, recommendations and opinions expressed in this memo are for the sole benefit of the Client. 
No other party may use or rely on this report or any portion thereof without Golder’s express written consent. 
Any other use of this report by others is prohibited and is without responsibility to Golder. The report and any plans, 
data, drawings and other documents as well as all electronic media prepared by Golder are considered its 
professional work product and shall remain the copyright property of Golder, who authorizes only the Client and 
others approved by Golder in writing (Approved Users) to make copies of the report, but only in such quantities as 
are reasonably necessary for the use of the report by those parties. The Client and Approved Users may not give, 
lend, sell, or otherwise make available the report or any portion thereof to any other party without the express 
written permission of Golder. The Client acknowledges that electronic media is susceptible to unauthorized 
modification, deterioration and incompatibility and therefore the Client cannot rely upon the electronic media 
versions of Golder’s report or other work products. 

The Client and Approved Users acknowledge that the nature of the work undertaken is stochastic with substantial 
inherent uncertainly around any given data points. The latter also acknowledge that the uncertainty associated 
with any projections or forecasts is increased with the duration of the projected period and is subject to future 
developments or intervening acts which may manifest in the interim period. 

The information in this report was prepared using published data and information, technical journals, articles as 
well as professional judgment and experience. No sampling or fieldwork was conducted in the course of this work.  
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1.0 HISTORICAL CLIMATE TRENDS 
Historical changes in climate have been described as the trend in the observed data from Chalk River Atomic 
Energy of Canada Limited (AECL) climate station (ID 6101335) between 1981 and 2006 (Environment 
Canada 2016). There is approximately less than 1% of the data missing from this station for this period, with less 
than 2% of data missing for the majority of individual years during the selected period. Notably, 1986 is missing 
approximately 10% of the data, as no observations were made during October for temperature and no 
observations were made during parts of August and all of October for precipitation. This is the data used to define 
the climate normal, which represents the expected climate near the station. 

As presented, the historical trend is the slope of a regression line fit to the historical data. In addition to having 
a slope, each regression line has a level of statistical significance. The statistical significance of a trend line 
indicates whether a trend is robust or not. Typically, trends that are not statistically significant are ignored because 
it is not possible to know whether it is an upward or downward trend. The level of statistical significance is 
expressed as a degree of confidence in percentiles. Usually, a trend that has a statistical significance of less than 
the 90th percentile is not considered to be a statistically significant trend. 

Figure 1 describes the historical data and trends. The graph shows the variation in year to year observations, 
along with the climate normal (i.e., the average of the 26 years of observations, and the trend derived from the 
observed data. In the figure shown, there was an upward trend in average annual temperature at a rate of 
0.4 Celsius degrees per decade (°C/decade). The trend was identified as being not statistically significant above 
the 90th percentile. 

 
Figure 1: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Annual 

Figures 2 to 22 show similar data for the remaining climate factors discussed in Table 3 of Appendix 9.0-1 (Climate 
Change). Table 3 of Appendix 9.0-1 provides a listing of the statistical significance of these climate factors. 
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Figure 2: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited– Spring 

 
Figure 3: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Summer 
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Figure 4: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Fall 

 
Figure 5: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Winter 

  



 

CNL NEAR SURFACE DISPOSAL FACILITY PROJECT EIS 
ATTACHMENT 9.0-1A: HISTORICAL CLIMATE ANALYSIS 
REVISION 0 

 

March 17, 2017 
Project No. 1547525 4  

 

 
Figure 6: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Number of Periods of More Than 3 Days with Maximum Temperature Above 30°C (Heat Waves) 

 
Figure 7: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Length 

of Heat Waves 
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Figure 8: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Maximum Daily Temperature 

 
Figure 9: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Number of Days with a Freeze--Thaw Cycle 
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Figure 10: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Number of Periods of More Than 3 Days with Minimum Temperature Below --15°C (Cold Spells) 

 
Figure 11: Historical Temperature Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Length 

of Cold Spells 
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Figure 12: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Annual 

 

 
Figure 13: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Spring 
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Figure 14: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Summer 

 
Figure 15: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Fall 
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Figure 16: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Winter 

 
Figure 17: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Total Snowfall 
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Figure 18: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Total Rainfall 

 
Figure 19: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Number of Periods of More Than 10 days With No Rain (Dry Spells) 
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Figure 20: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – Length 

of Dry Spells 

 
Figure 21: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Number of Days with More Than 20 mm of Rainfall 
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Figure 22: Historical Precipitation Analysis for Chalk River Atomic Energy of Canada Limited Climate Station – 

Number of Days with More Than 15 cm of Snowfall 
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2.0 DEFINITION OF CLIMATE INDICES 
Table 1 defines how each of the climate indices was calculated. 

Table 1: Definitions of Climate Indices 

Climate Indices Definition 

Total Precipitation 
Calculated as the sum of all the observed precipitation during the 
selected annual period.  Each annual value is averaged over the 
30 years of the climate normal. 

Seasonal Precipitation (Spring, Summer, Fall, 
Winter) 

Calculated as the sum of all the observed precipitation during the 
selected season.  Each annual value is averaged over the 30 years of 
the climate normal. 

Total Snowfall 
Calculated as the sum of all the observed snowfall during the selected 
annual period.  Each annual value is averaged over the 30 years of the 
climate normal. 

Total Rainfall 
Calculated as the sum of all the observed rainfall during the selected 
annual period.  Each annual value is averaged over the 30 years of the 
climate normal. 

End of Winter (March 21) Snowpack 
Calculated as the observed snowpack on March 21 during the selected 
annual period.  Each annual value is averaged over the 30 years of the 
climate normal. 

Number of Annual Dry Spells 

A dry spell is defined as a period of more than ten contiguous days with 
no rain.  This climate index counts the number of dry spells during each 
annual period.  Each annual value is averaged over the 30 years of the 
climate normal. 

Length of Dry Spells 
Calculated as the maximum length of all dry spells during the selected 
annual period and then averages over the 30 years of the climate 
normal. 

Number of Days With >20 mm Rainfall 
Calculated as the number of days with more than 20 mm rainfall during 
the selected annual period and then averaged over the 30 years of the 
climate normal. 

Number of Days With >15 cm Snowfall 
Calculated as the number of days with more than 15 cm snowfall during 
the selected annual period and then averaged over the 30 years of the 
climate normal. 

Average Annual Temperature 
Calculated as the average of all the observed temperatures during the 
selected annual period.  Each annual value is averaged over the 30 
years of the climate normal. 
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