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Information Request Package 11 from the Review Panel for the 

Roberts Bank Terminal 2 Project Environmental Assessment: 

Responses 

List of Responses 

IR11-01 Accidents and Malfunctions – Methodology, Incidence Probabilities 

IR11-02 Accidents and Malfunctions - Methodology, Quantitative Risk Assessment 

IR11-03 Accidents and Malfunctions - Effects Assessment, Potential Contaminant 

Release 

IR11-04 Accidents and Malfunctions - Effects Assessment, Potential Effects of Spill of 

Light Fuel Oil  

IR11-05 Accidents and Malfunctions - Effects Assessment, Ultra Large Container Ship 

Scenario 

IR11-06 Accidents and Malfunctions - Effects Assessment, Discharge at Sea 

IR11-07 Accidents and Malfunctions - Environmental Management 

IR11-08 Accidents and Malfunctions - Effects Assessment, Other Vessels Scenario 

IR11-09 Accidents and Malfunctions - Effects Assessment, Structural Failure Scenario 

IR11-10 Accidents and Malfunctions - Effects Assessment, Temporal and Spatial Aspects 

IR11-11 Accidents and Malfunctions - Effects Assessment, Temporal and Spatial Aspects 

IR11-12 Accidents and Malfunctions – Pre-SCAT survey and mapping information 

IR11-13 Project Effects – Direct Habitat Loss 

IR11-14 Mitigation Measure (Offsetting) – Equivalency Analysis for Offsetting 

IR11-15 Mitigation Measures (Offsetting) – Consideration of Time Lags and Uncertainty 

IR11-16 Mitigation Measures (Offsetting) – On-site Habitat Concept for Intertidal Marsh 

IR11-17 Mitigation Measure (Offsetting) – On-site Habitat Concept for Sandy Gravel 

Beach 

IR11-18 Mitigation Measure (Offsetting) – On-site Habitat Concept for Subtidal Rock 

Reef 
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IR11-19 Mitigation Measure (Offsetting) – On-site Habitat Concept for Eelgrass 

IR11-20 Marine Fish - Effects Assessment for Juvenile Chinook and Chum Salmon 

IR11-21 Marine Vegetation – Effects Assessment for Wetlands 

IR11-22 Marine Vegetation – Blue and Red Listed Wetland Communities 

IR11-23 Quality of Marine Sediment 

IR11-24 Mitigation Measures for Dredging and Sediment Discharge 
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IR11-01 Accidents and Malfunctions – Methodology, Incidence Probabilities 

Information Source(s) 

EIS Volume 1: Section 4 

EIS Volume 5: Section 30, Appendix 30-A 

Marine Shipping Addendum: Section 10, Appendix 10-A 

CEAR Doc#509, CEAR Doc#982, CEAR Doc#1067 

Proponent Responses to IR1-05 (CEAR Doc#897) and IR4-03 to IR4-09 (CEAR Doc#1051) 

Context 

In Appendix 30-A of the EIS and in Appendix 10-A of the Marine Shipping Addendum, the 
Proponent reported marine vessel incidence predictions that informed its assessment of 
marine vessel accidents or malfunctions. The local data reported incidents in the Vancouver 
Region from 1995 to 2013 for vessels over 300 gross tonnage. The Proponent and participants 
have since submitted additional information on ship incidents and vessel movements. 

This new information includes: 

 container ship incident information for Roberts Bank from 2004 to 2016 submitted by 
Transport Canada (CEAR Doc#509), which reported incidents that occurred after 2013 
and three incidents that did not appear in Appendix 30-A of the EIS (e.g.Hanjin Express 
on November 11, 2011); 

 information on anchorage sites submitted by Transport Canada and sourced from the 
Pacific Pilotage Authority (CEAR Doc#982), 

 environmental study for the potential anchorage sites off Gabriola Island provided by 
the Pacific Pilotage Authority (CEAR Doc#1067); and 

 updated vessel movement projections included in the Proponent’s responses to Review 
Panel information requests IR1-05 and IR4-03 to IR4-09. 

Furthermore, although some information on anchorage sites has been provided, it is not clear 
whether the additional vessel movements related to the use of anchorages were considered 
in the Proponent’s analyses. 

Additionally, the Proponent identified certain periods as peak and non-peak, such as sailing 
and whale watching season (responses to IR4-05 and IR4-07) and Christmas season (EIS 
Section 4). In response to IR4-07, the Proponent reported changes in peak (June to 
September) and non-peak (October to March) weekly ship movements of BC Ferries’ vessels. 
Appendix 30-A of the EIS and Marine Shipping Addendum Appendix 10-A did not specify how 
peak periods in ship movements were accounted for in the incidence probabilities and 
subsequent analyses in the accidents or malfunctions assessment in the EIS or Marine 
Shipping Addendum. 
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Updates and clarifications are required to ensure that marine vessel incidence probabilities 
reflect the best available information to date. 

Information Request 

Provide updated incidence probabilities, where applicable, by incorporating the new 
information into the calculations of marine vessel incidence probabilities for the assessment 
of accidents or malfunctions in the EIS and the Marine Shipping Addendum. 

Discuss whether the assessment of accidents or malfunctions in the EIS and the Marine 
Shipping Addendum would change as a result of these updates. 

VFPA Response 

Incident Analysis Approach and Clarification 

Local incident and accident rates were determined by collecting and analysing incident data 

from the Vancouver region, then comparing these rates with incident rates from other regional 

areas (e.g., Puget Sound), other ports, and worldwide to provide a benchmark for the Roberts 

Bank terminals and Vancouver region rates (EIS Appendix 30-A, Section 2.4.1). The context 

to this information request notes that three incidents were not included in the database of 

reported incidents for vessels over 300 gross tonnage provided in Appendix C of EIS 

Appendix 30-A. The incident analysis for the Vancouver region covered the period 1995 

through June 2013, as the analysis commenced in August 2013 and was completed by 

September 2014. Additional incidents that occurred between June 2013 and 2016, which were 

included in the 2016 submission by Transport Canada (CEAR Document #5091), therefore, 

were not included.  

The reasons for the omission of the three incidents included in Transport Canada records that 

occurred prior to June 2013 are as follows: 

 A close call was reported between a container ship and two Canadian fishing vessels 

at the approach to the Deltaport Terminal in September 2013. Close calls were not 

included in the key accident types in the analysis (see Table 2-10 in EIS Appendix 30-

A for incident types considered), and this incident also took place after the cut-off date 

of June 2013;  

 In September 2012, two longshoremen working aboard a container ship were injured 

during container loading. The incident types evaluated are provided in EIS 

Appendix 30-A Table 2-10; injuries to humans were not included in the incident 

evaluation that informed the subsequent assessments pertaining to environmental 

consequences; and 

                                           

1 CEAR Document #509 From Transport Canada to the Review Panel re: Orientation Session Undertaking 
#1: Shipping and safety record at Roberts Bank (on behalf of the Canadian Coast Guard) and Orientation 
Session Undertaking #2: Greenhouse gas emission standards for locomotives (on behalf of Environment 
and Climate Change Canada). 
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 In November 2011, the vessel “Hanjin Express” broke loose from its mooring at the 

Deltaport Terminal third berth and made contact with the bottom. This incident was 

noted by Herbert Engineering Corp. (HEC) in EIS Section 30.4.12, but during the 

incident analysis while assigning a vessel name, it was discovered that there was no 

vessel with such a name. This incident was assigned by HEC to another Hanjin vessel, 

the “Hanjin Esperance” in the incident analysis database, partly on the basis of 

information from other vessel casualty data sources (e.g., IHS Seaweb database), 

which referred to an incident with a bulk carrier. Since a bulk carrier calling at the 

Deltaport Terminal third berth was unlikely (as it is solely a container terminal), the 

incident was omitted from the analysis (and therefore, is not included in Table C-1 of 

Appendix C in EIS Appendix 30-A).  

Subsequent incidents included in the Transport Canada documentation for the period of 

June 2013 to 2016 were as follows: 

 In May 2015, a container ship bound for Deltaport Terminal, under the control of a 

pilot, reported a loss of propulsion due to fuel oil issues. The vessel was towed to 

English Bay anchorage to effect repairs; 

 In February 2016, a mooring bit was torn of the deck by an assist tug; and 

 In April 2016, an auxiliary engine was disabled on a container ship during the voyage 

and after arriving at Deltaport. 

With respect to anchoring, container ships run on tightly controlled schedules and utilise 

anchorages only in case of unforeseen needs, such as to seek refuge during an extreme storm 

event in the Pacific Ocean, due to an unexpected ship-specific maintenance, personnel, 

operational, or schedule issue, as documented in EIS Section 4.4.2.1 and Marine Shipping 

Addendum (MSA) Section 4.2.2.2. An example of an anchorage being required for a container 

vessel under such circumstances occurred during the May 2015 incident described above. 

Movements associated with anchorage use were not included in the 2030 projections; their 

inclusion would not affect incident rates due to the number of movements relative to the total 

number of vessel movements.  

Potential Changes to Incidence Probabilities and Assessment of Accidents or 
Malfunctions 

As indicated above, the analysis of the incident information in the Vancouver region was 

performed and compared to incident rates elsewhere. In EIS Appendix 30-A Section 3.4.2, a 

comparison of the regional incident rates to worldwide rates indicated that the incident rates 

associated with vessel traffic in the Roberts Bank vicinity are neither unusually high, nor 

unusually low (for comparisons, refer to Appendix C: Table C-13 in EIS Appendix 30-A). Based 

on this initial evaluation, the analyses of incident probabilities were performed using 

                                           

2 For ease of reference, EIS Section 30.4.1, which did not specify a vessel name associated with this 
incident, stated that in November 2011, a bulk carrier broke its mooring lines and made contact with 
the ground at the Deltaport Terminal third berth, anchors were deployed and tug assistance was 
required, and pollution was reported. 
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worldwide rates, as these are based on a larger sample of incidents and are considered a 

more reliable source for incident rates. Rates were converted to probabilities by multiplying 

by the appropriate time period, distance, or number of movements. The incident information 

for the Vancouver region documented by Transport Canada and presented above does not 

change the determination of world-based incident probabilities, and thus, does not affect the 

assessment of accidents or malfunctions presented in the EIS and the MSA.  

As further clarification, the calculations of probabilities will not change from those presented 

in EIS Appendix 30-A and MSA Appendix 10-A based on the information provided in the 

responses to IR4-04 and IR4-07 of CEAR Document #10513 for the reasons explained below: 

 Anticipated vessel movements in 2030 were updated in the response to IR4-04 (CEAR 

Document #1051), to reflect the cancellation of the Gateway Pacific Terminal Project 

and Deltaport Terminal split service. This resulted in a re-calculation for split service 

movements in the cargo/container categories for Segments A to D. The total annual 

number of anticipated movements in these segments did not change for Segments A 

to C, and increased by less than 1% for Segment D4; and  

 Peak (June to September) and non-peak (October to March) weekly ship movements 

of BC Ferries’ vessels documented in the response to IR4-07 (CEAR Document #1051) 

are included in the annual vessel movements accounted for in the incidence 

probabilities and subsequent analyses in the accidents or malfunctions assessment in 

the EIS or MSA. 

                                           

3 CEAR Document #1051 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 4 (See Reference Document #946). 
4 Information derived from MSA Table 4-7 and Table IR4-04-2 in the response to IR4-04 (CEAR 
Document #1051), noting that the 1% increase resulted from a mis-categorisation between cargo 
vessels and container vessels for split-service vessels crossing cross-section 1 (i.e., 4 split call service 
movements per week x 52 weeks = 208, the difference between 21,451 and 21,529 annual 
movements).  
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IR11-02 Accidents and Malfunctions – Methodology, Quantitative Risk Assessment  

Information Source(s) 

EIS Volume 5: Section 30.1, Appendix 30-A: Section 1.2, Figures 1-1 and 1-2 

Marine Shipping Addendum: Section 10, Appendix 10-A, Appendix 10-B  

Context 

In Section 30.1 of the EIS, the Proponent stated that it commissioned a Qualitative Risk 
Assessment (QRA) during Project planning for vessel-related accidents or malfunctions during 
Project operations, and that this QRA was provided in EIS Appendix 30-A and 30-B. 

In Section 1.2 of Appendix 30-A of the EIS, the Proponent provided an overview of the 
components included in a QRA. As illustrated in Figures 1-1 and 1-2, a QRA for accidents or 
malfunctions would include hazard identification, a frequency assessment, a consequence 
assessment, a risk analysis, and risk management conclusions. 

It is stated in Section 1.2 of EIS Appendix 30-A that this appendix solely presents the 
probability component of the QRA for marine vessels, while EIS Appendix 30-B focuses only 
on the assessment of the fate of estuarine and marine spill-type accidents. As for the Marine 
Shipping Addendum, Appendix 10-A and 10-B were provided as supplemental reports to EIS 
Appendix 30-A and 30-B, but specifically for the marine shipping area. Although the 
appendices to EIS Section 30 and Marine Shipping Addendum Section 10 provided 
components of a QRA for marine vessels, it is unclear whether other components of a QRA, 
such as a consequence assessment and a risk analysis, were produced for all types of 
accidents or malfunctions, and if they were produced, how they were considered in the 
assessment of potential accidents or malfunctions in connection with the proposed Project 
and marine shipping associated with the Project. 

It appears that the assessment of accidents or malfunctions in the EIS and the Marine 
Shipping Addendum was based primarily on the probability component of the QRA, rather 
than on a complete risk analysis, which would include an assessment of consequences such 
as potential environmental effects. Given that the environmental assessment of the Project 
and marine shipping associated with the Project focuses on potential environmental effects 
and the measures that can mitigate them, a complete risk analysis and risk management 
approach of potential consequences is required.  

Information Request 

Provide a summary of all the components included in the QRA that were completed for the 
assessment of accidents or malfunctions in connection with the proposed Project and marine 
shipping activities. 
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Include a description of the risk level of potential accidents or malfunctions based on an 
assessment of frequency and consequence for both the marine and land-based Project and 
marine shipping activities. 

Provide a description of the risk management options that would be applied during the life of 
the Project. 

VFPA Response 

Clarification 

The VFPA commissioned a quantitative risk assessment, not a qualitative assessment as 

stated in the context to this information request. Figure 1-1 in EIS Appendix 30-A, also 

referred to in the context to this information request, depicts the risk categorisation approach 

that can be taken in qualitative assessments. As stated in EIS Appendix 30-A, in relation to 

Figure 1.1 in Section 1.2, “once quantitative information is available, risk can be evaluated 

using more precise numerical comparisons”. A quantitative approach to assessing risk was 

undertaken for hypothetical plausible accidents and malfunctions for the Project and marine 

shipping associated with the Project. 

Provide a summary of all the components included in the QRA that were completed 
for the assessment of accidents or malfunctions in connection with the proposed 
Project and marine shipping activities. 

The five components referred to in the context to this information request (hazard 

identification, frequency assessment, consequence assessment, risk analysis, and risk 

management) are the components of an overall accidents or malfunctions assessment, which 

differs from the components appropriately included in a quantitative risk assessment (QRA). 

A QRA was conducted for RBT2 in two parts (referred to as Component 1 and Component 2), 

and was provided in Appendices 30-A and 30-B in the EIS, and Appendices 10-A and 10-B in 

the Marine Shipping Addendum (MSA). The QRA provides the technical basis to support the 

five components of the overall accidents or malfunctions assessments, as shown in 

Figure IR11-02-1 and presented in EIS Section 30.0. As further clarification, a summary of 

the seven-step approach taken to assess accidents or malfunctions for the Project and Project-

associated shipping in the EIS and MSA is provided in Table IR11-02-1, and includes a 

description of each of the five components and a reference to where relevant information can 

be found in the EIS and MSA. 
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Figure IR11-02-1 Components of RBT2 Accidents or Malfunctions Assessment 
(Revised Figure 1-2 in Appendix 30-A) 

Quantitative Risk 

Assessment Component 1 

Incidence Prediction 

EIS Appendix 30-A; 

MSA Appendix 10-A 

1. Hazard Identification 
(Step 1) 

2. Frequency Assessment 
(Step 2) 

3. Risk Analysis 
(Steps 3 & 4) 

4. Consequence Assessment 
(Steps 5 & 6) 

5. Risk Management 
Conclusions  

(Step 7) 

Quantitative Risk 

Assessment Component 2 

Estuarine/Marine Fate of 

Spill-type Accidents 

EIS Appendix 30-B; 

MSA Appendix 10-B 

RBT2 ASSESSMENT OF ACCIDENTS OR MALFUNCTIONS 
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Table IR11-02-1 Summary of Accidents or Malfunctions Assessment Components  

Assessment 
Steps 

Description of Assessment Step – EIS Description of Assessment Step – MSA 

Hazard Identification 

Step 1:  

Identify 
potential types 
of Project-
related 
accidents or 
malfunctions.  

 

Thirteen potential types of accident or malfunction incidents 
were identified related to the Project components and activities 
as shown in EIS Table 30-1 in EIS Section 30.2. Identification 
of these potential incident types was supported by the analysis 
in QRA Component 1 (EIS Appendix 30-A, Section 3.1). For the 
13 incident types or categories, 27 candidate accident and 
malfunction scenarios were identified of which 18 were marine-
based and 9 were land-based scenarios (listed in EIS 
Table 30-3 and Table 30-4, respectively). The 27 scenarios 
involved different aspects of Project operation and 
construction, including road, rail, and marine transportation, 
and cargo handling at the terminal.  

Five types of potential accidents or malfunction incidents 
relevant to marine shipping associated with the Project were 
identified, as described in MSA Section 10.3.2. Identification of 
these potential incident types was supported by the analysis 
provided in the QRA Component 1 (MSA Appendix 10-A, 
Section 3.4). 

For the five incident types, 10 accident or malfunction scenarios 
were identified. 

Frequency Assessment 

Step 2: 

Determine the 
probability of 
each type of 
incident 
occurring. 

An analysis of historical accident rates, and the estimated 
return period (probability of occurrence) for each type of 
potential accident or malfunction was provided in the QRA 
Component 1 (EIS Appendix 30-A, Section 3.4). A summary of 
the probability of the 27 accident and malfunction scenarios 
was provided in EIS Sections 30.4 and 30.5 (EIS Tables 30-2 
and 30-3).  

A supplement to the EIS frequency analysis was conducted for 
the MSA. This is provided in MSA Section 10.3.2, supported by 
information in Section 3.4 of the QRA Component 1 (MSA 
Appendix 10-A). 

Risk Analysis 

Step 3: 

Evaluate the 
risk level for 
each type of 
accident or 
malfunction. 

In EIS Sections 30.4 and 30.5, a summary-level evaluation of 
the risk of the 27 accident scenarios is provided. The analysis 
considers both the event’s probability and its anticipated 
consequences (including environmental effects), relying on 
information in Sections 3.3 through 3.9 of QRA Component 1 
(EIS Appendix 30-A).  

As a supplementary analysis to that provided in the EIS, a 
summary of risk levels for each candidate scenario is provided 
in Table IR11-02-2.  

In MSA Section 10.3.2, a summary level evaluation of the risk of 
each of the five incident types is provided. The analysis considers 
both the event’s probability and its anticipated consequences 
(including fuel release amount predictions), relying on 
information in Sections 3.3 through 3.8 of the QRA Component 1 
(MSA Appendix 10-A). 

As a supplementary analysis to the risk evaluation provided in 
the MSA, a summary of risk levels for each candidate scenario 
is provided in Table IR11-02-3. 
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Assessment 
Steps 

Description of Assessment Step – EIS Description of Assessment Step – MSA 

Step 4: 

Identify 
plausible worst- 
case scenarios. 

Following the method described in EIS Section 30.2.2, three 
plausible worst-case scenarios were selected from the list of 
27 candidate scenarios for assessment in EIS Section 30.6, 
considering the information provided in the first step of the risk 
analysis (Step 3). Each plausible worst-case accident or 
malfunction scenario listed below was selected based on its 
ability to represent the most severe environmental 
consequences for each mode of transport associated with the 
Project accident or malfunction.  

EIS Plausible Worst-case Scenarios: 

 Scenario 1 (Marine) – Container vessel allision and fuel spill 
at RBT2 terminal berth face; 

 Scenario 2 (Road) – Tanker truck accident and diesel fuel 
spill on Roberts Bank Way North; and 

 Scenario 3 (Rail) - Yard locomotive derailment and fuel spill 
on the widened causeway.  

Selection of the plausible worst-case scenarios for marine 
shipping associated with the Project is described in MSA 
Section 10.3.3, supported by information in Section 3.9 of QRA 
Component 1 (MSA Appendix 10-A), and Section 4.0 of QRA 
Component 2 (MSA Appendix 10-B). Given the nature of marine 
shipping associated with the Project, two plausible worst-case 
scenarios were selected from the 10 candidate scenarios: 

 Scenario 1(Marine) – Powered hard grounding of a container 
ship resulting in a spill; and 

 Scenario 2 (Marine) – Collision between a container ship 
and a small vessel. 

Consequence Assessment (Worst-case Scenarios) 

Step 5: 

Characterise the 
selected 
plausible worst-
case scenarios.  

 

The selected plausible worst-case scenarios were characterised 
in the EIS with sufficient detail to support an assessment of 
environmental effects of each scenario. Characterisation of EIS 
Scenario 1 (summarised in EIS Section 30.6.1) is supported by 
additional analysis on the fate and effects of a fuel spill in the 
marine environment provided in QRA Component 2 (EIS 
Appendix 30-B). EIS Scenarios 2 and 3 are characterised in EIS 
Sections 30.6.2 and 30.6.3, respectively.  

The characterisation of MSA Scenario 1 is provided in MSA 
Section 10.3.3.2 and is supported by additional analysis 
provided in QRA Component 2 (MSA Appendix 10-B) and 
summarised in MSA Section 10.3.3.1. MSA Scenario 2 is in MSA 
Section 10.3.3.2. 

Step 6:  

Assess the 
environmental 
effects of each 
of the plausible 
worst-case 
scenarios. 

A detailed assessment of the potential environmental effects of 
each plausible worst-case scenario, following the methodology 
utilised for the assessment of Project-related effects, is 
provided for potentially affected intermediate and valued 
components in EIS Section 30.6.1.3 for Scenario 1, EIS 
Section 30.6.2.3 for Scenario 2, and EIS Section 30.6.3.3 for 
Scenario 3.  

A detailed assessment of effects for both MSA scenarios is 
provided for potentially affected intermediate and valued 
components in MSA Section 10.5. 
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Assessment 
Steps 

Description of Assessment Step – EIS Description of Assessment Step – MSA 

Risk Management Conclusions 

Step 7: 

Identify and 
Consider Risk 
Management 
Measures  

The EIS describes practices that are in place to prevent 
incidents, and these risk mitigation practices are reflected in 
the frequency assessment (historical incident rates would be 
higher if risk mitigation was not in place). 

The EIS also describes response and mitigation measures that 
would be implemented if an accident or malfunction were to 
occur. The assessment of environmental effects from potential 
accidents or malfunctions included consideration of risk 
management and spill mitigation measures, as described in EIS 
Section 30.3, and in Section 3.2 of EIS Appendix 30-A.  

A characterisation of residual effects (after mitigation) is 
provided, in EIS Section 30.6. 

MSA Section 10.4 describes practices that are in place to 
prevent incidents, and these risk mitigation practices are 
reflected in the frequency assessment (historical incident rates 
would be higher if risk mitigation was not in place).  

The MSA also describes response and mitigation measures that 
would be implemented if an accident or malfunction were to 
occur. A characterisation of residual effects (after mitigation) is 
provided in MSA Section 10.5. 
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Include a description of the risk level of potential accidents or malfunctions based 
on an assessment of frequency and consequence for both the marine and land-based 
Project and marine shipping activities. 

As indicated above, the selection of the three plausible worst-case scenarios documented in 

the EIS, was based in part1 on examination of the risk associated with 27 candidate scenarios. 

This risk evaluation was based on both the frequency (assessed quantitatively as return 

periods and categorised as probability levels), as well as the likely consequences of such an 

incident, documented qualitatively in the EIS. As requested, a summary of the risk evaluation 

for the 27 candidate scenarios in the EIS is provided below in Table IR11-02-2, including 

the probability levels for marine- and land-based incidents, listed in EIS Tables 30-4 and 30-5, 

and the consequences documented in EIS Sections 30.4 and 30.5. The information on 

probability and consequence has been evaluated and presented in Table IR11-02-2 

qualitatively to provide a relative risk level for each scenario. 

The selection of the two plausible worst-case scenarios documented in the MSA was based on 

the evaluation of risk associated with 10 candidate scenarios. A similar risk evaluation was 

conducted for the MSA as in the EIS, including a quantification of probability in return periods, 

and consideration of location and environmental consequences (relying on information 

provided in the EIS for different accident types). The evaluation of risk for all 10 candidate 

scenarios, as well as the selected two worst-case scenarios, is provided in MSA Section 10.3.2. 

A summary of the risk evaluation, including qualitative risk levels, for the 10 candidate 

scenarios is provided below in Table IR11-02-3.  

For the purposes of responding to this information request, the qualitative risk levels 

presented in Table IR11-02-2 and Table IR11-02-3 are based on the qualitative risk 

evaluation matrix as shown in Figure IR11-02-2. The consequence ratings provided in 

Table IR11-02-2 and Table IR11-02-3 reflect the potential environmental consequences 

of each spill-related scenario prior to any response or containment of the spill. Additional 

information on spill response is provided in the final section of this response.  

Figure IR11-02-2 Qualitative Risk Assessment Matrix 

  
Severity of Consequence 

  
Minor Moderate High 

P
ro

b
a
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High  Moderate High High 

Moderate Moderate Moderate High 

Low  Low Moderate High 

Very Low Low Moderate Moderate 

Extremely Low Low Low Moderate 

                                           

1 For the EIS, other factors in the selection of worst-case scenarios included representation of the three 
modes of transportation associated with the Project (vessel, train, and vehicle) to ensure the accidents 
and malfunctions assessment represented the breadth of RBT2 activities, as well as the most likely 
location for an incident. Selection of worst-case scenarios is described in EIS Section 30.2.2. 
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Table IR11-02-2 Summary of Risk Evaluation for Candidate Scenarios - EIS 

Accident or 
Malfunction 

Type 

Candidate Accident 
or Malfunction 

Scenario 

Project 
Phase 

Frequency 
(Probability 

Level)2 
Severity of Consequence and Rationale 

Qualitative 
Risk Level 

EIS Marine-based Accidents or Malfunctions  

1 
Vessel 
grounding 

(no spill) 

Involving a 
construction-related 
vessel 

Construction Low  
Minor – Physical disturbance of the substrate could result 
in the temporary and localised loss or displacement of 
biophysical components.  

Low 

2 
Involving a container 
ship 

Operation 
Extremely 
Low  

Minor – Physical disturbance of the substrate could result 
in the temporary and localised loss or displacement of 
biophysical components.  

Low 

3 
Vessel 
foundering 

(no spill)  

Involving a 
construction-related 
vessel 

Construction Moderate 
Minor – Physical disturbance of the substrate could result 
in the temporary and localised loss or displacement of 
biophysical components.  

Low 

4 
Involving a container 
ship 

Operation 
Extremely 
Low 

Minor – Physical disturbance of the substrate could result 
in the temporary and localised loss or displacement of 
biophysical components.  

Low 

5 

Vessel 
allision  

(no spill) 

Involving a 
construction-related 
vessel 

Construction Low 

Minor – No material environmental consequence 
anticipated. If a vessel sinks, physical disturbance of the 
substrate could result in the temporary and localised loss 
or displacement of biophysical components. 

Low 

6 
Involving a container 
ship 

Operation 
Moderate to 
High 

Minor – No material environmental consequence 
anticipated. If a vessel sinks, physical disturbance of the 
substrate could result in the temporary and localised loss 
or displacement of biophysical components. 

Moderate 

7 

Vessel 
collision  

(no spill) 

Involving two 
construction related 
vessels 

Construction Very Low 

Minor - No material environmental consequence 
anticipated. If a vessel sinks, physical disturbance of the 
substrate could result in the temporary and localised loss 
or displacement of biophysical components. 

Low 

                                           

2 Probability levels are based on quantitative return periods, and as categorised in EIS Table 30-2. 
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Accident or 
Malfunction 

Type 

Candidate Accident 
or Malfunction 

Scenario 

Project 
Phase 

Frequency 
(Probability 

Level)2 
Severity of Consequence and Rationale 

Qualitative 
Risk Level 

8 

Vessel 
collision  

(no spill) 

Involving a 
construction related 
vessel and a non- 
Project related vessel 

Construction Very Low 

Minor – No material environmental consequence 
anticipated. If a vessel sinks, physical disturbance of the 
substrate could result in the temporary and localised loss 
or displacement of biophysical components. 

Low 

9 

Involving a container 
ship and a second 
deep sea vessel in the 
vicinity of the RBT2 
wharf face 

Operation 
Extremely 
Low 

Minor – No material environmental consequences 
anticipated. If a vessel sinks, physical disturbance of the 
substrate could result in the temporary and localised loss 
or displacement of biophysical components. 

Low 

10 
Involving a container 
ship and a BC Ferries 
vessel 

Operation Very Low 

Moderate – No material environmental consequence 
anticipated from collision event. If a vessel sinks, physical 
disturbance of the substrate could result in the temporary 
and localised loss or displacement of biophysical 
components. Potential for release of some contaminants 
(e.g., lubricants). 

Potential for human injury or mortality anticipated, 
associated with collision event and/or vessel sinking.  

Moderate 

11 
Involving a fishing 
boat or recreational 
vessel 

Operation Very Low 

Moderate – No material environmental consequence 
anticipated from collision event. If a vessel sinks, physical 
disturbance of the substrate could result in the temporary 
and localised loss or displacement of biophysical 
components. Potential for release of some contaminants 
(e.g., lubricants). 

Potential for human injury or mortality anticipated, 
associated with collision event and/or vessel sinking. 

Moderate 
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Accident or 
Malfunction 

Type 

Candidate Accident 
or Malfunction 

Scenario 

Project 
Phase 

Frequency 
(Probability 

Level)2 
Severity of Consequence and Rationale 

Qualitative 
Risk Level 

12 

Vessel 
grounding, 
allision, or 
collision 
resulting 
in a spill  

Involving a 
construction-related 
vessel 

Construction Low 

Moderate – Spill or leak of deleterious materials (e.g., 
fuel) could result in exposure of any marine organisms 
present at the water surface or in the affected water 
column. If a vessel sinks, physical disturbance of the 
substrate could result in the temporary and localised loss 
or displacement of biophysical components. In addition, a 
spill could affect marine commercial use, outdoor 
recreation, and land and water use.  

The consequence rating assumes no spill response or 
containment. The combination of a rapid and effective 
incident response, debris removal, and spill containment 
will reduce the potential for adverse environmental effects 
to the marine environment in the event of a vessel 
grounding, allision, or collision resulting in a spill. 

Moderate 

13 
Involving a container 
ship in the vicinity of 
the RBT2 wharf face 

Operation  
Extremely 
Low 

Assessed as plausible worst-case accident or malfunction 
scenario #1 – environmental consequences detailed in 
EIS Section 30.6.1.3. 

High – Large spill from the fuel tanks of a container ship 
in the berth area could affect marine vegetation, 
invertebrates, fish, and marine mammals, as well as 
marine commercial use, outdoor recreation, and land and 
water use.  

The consequence rating assumes no spill response or 
containment. The combination of a rapid and effective 
incident response, debris removal, and spill containment 
will reduce the potential for adverse environmental effects 
to the marine environment in the event of a vessel 
grounding, allision, or collision resulting in a spill. 

Moderate  
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Accident or 
Malfunction 

Type 

Candidate Accident 
or Malfunction 

Scenario 

Project 
Phase 

Frequency 
(Probability 

Level)2 
Severity of Consequence and Rationale 

Qualitative 
Risk Level 

14 

Vessel fire 
or 
explosion 
independent 
of another 
type of 
accident or 
malfunction 

Onboard a 
construction-related 
vessel 

Construction  Very Low 

Moderate – Air and marine pollution (i.e., from burning 
hydrocarbons), could result in damage to aquatic habitat 
and any organisms present in the vicinity affected by the 
accident. Potential for human injury or mortality. 

Moderate 

15 
Onboard a container 
ship transiting within 
VFPA jurisdiction 

Operation 
Extremely 
Low 

Moderate – Air and marine pollution (i.e., from burning 
hydrocarbons or other deleterious materials) could result 
in damage to aquatic habitat and any organisms present 
in the vicinity affected by the accident. Potential for 
human injury or mortality. 

Low 

16 

Onboard a container 
ship berthed at 
Roberts Bank 
terminals during 
loading or unloading 
and resulting in a spill 
or marine pollution 

Operation Very Low 

Moderate – Air and marine pollution (i.e., from burning 
hydrocarbons or other deleterious materials) could result 
in damage to aquatic habitat and any organisms present 
in the vicinity affected by the accident. Potential for 
human injury or mortality. 

Moderate 

17 
Marine spill independent of another 
types of accident or malfunction 

Construction 
or Operation 

Moderate to 
High 

Minor – Small spill or leak of deleterious materials could 
result in toxic exposure of any marine organisms present 
at the water surface or in the affected water column. In 
addition, a spill could affect marine commercial use, 
outdoor recreation, and land and water use.  

The consequence rating assumes no spill response or 
containment. The combination of a rapid and effective 
incident response, debris removal, and spill containment 
will reduce the potential for adverse environmental effects 
to the marine environment in the event of a marine spill. 

Moderate  
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Accident or 
Malfunction 

Type 

Candidate Accident 
or Malfunction 

Scenario 

Project 
Phase 

Frequency 
(Probability 

Level)2 
Severity of Consequence and Rationale 

Qualitative 
Risk Level 

18 
Break in disposal at sea (DAS) 
pipeline or non-compliant DAS 
discharge 

Construction Moderate 

Minor – Limited duration of release could result in burial 
of benthic habitat, and elevated total suspended solids 
levels in the water column. These effects are only 
anticipated in the immediate vicinity of pipe break. 

Refer to the response to IR11-06 (CEAR Document 
#13223) for additional information on environmental 
effects of this scenario and supporting rationale.  

Moderate 

EIS Land-Based Accidents or Malfunctions 

19 
Motor vehicle accident involving 
human injury or spill 

Construction 
or Operation 

High 

Assessed as plausible worst-case accident or malfunction 
scenario #2 – environmental consequences detailed in 
EIS Section 30.6.2.3. 

Moderate – Potential for human injury or mortality. Small 
and likely recoverable spill of gasoline, diesel fuel, 
antifreeze, transmission fluid, lubricants, or in the case of 
container trucks, other deleterious materials, depending 
on the nature of the truck cargo. If a spill extended 
beyond the road surface, it could damage roadside 
vegetation and contaminate soils.  

High 

20 

Train 
derailment 

Minor incident 
Construction 
or Operation  

High Minor – No anticipated environmental consequence.  Moderate  

21 
Resulting in human 
injury or spill 

Construction 
or Operation 

Low 

Assessed as plausible worst-case accident or malfunction 
scenario #3 – environmental consequences detailed in 
EIS Section 30.6.3.3. 

Moderate – Potential for human injury related to exposure 
to diesel and diesel fumes. Minor and likely recoverable or 
contained spill of diesel fuel or other deleterious fluids. If 
a spill extended beyond the road surface, it could damage 
vegetation and contaminate soils within the rail right of 
way.  

Moderate 

                                           

3 CEAR Document #1322 From the Vancouver Fraser Port Authority to the Review Panel re: Response to Information Requests IR9-01 to IR9-04, 
IR10-01, IR10-27, IR10-28, IR11-06, IR11-24, IR12-08, and IR12-12 (See Reference Documents #1122, 1130, 1179, and 1206). 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #02 (IR11-02) | Page 13 

Accident or 
Malfunction 

Type 

Candidate Accident 
or Malfunction 

Scenario 

Project 
Phase 

Frequency 
(Probability 

Level)2 
Severity of Consequence and Rationale 

Qualitative 
Risk Level 

The consequence rating assumes no spill response or 
containment. The combination of a rapid and effective 
incident response, debris removal, and spill containment 
will reduce the potential for adverse environmental effects 
to the environment in the event of a train derailment 
resulting in a spill. 

22 

Train 
collision  

With a motor vehicle 
Construction 
or Operation 

Low 

Minor – Small, localised spill, readily contained and 
recovered; adverse environmental effects prevented by 
spill cleanup (spilled materials not expected to come in 
contact with sensitive environmental receptors). 

Low 

23 With another train 
Construction 
or Operation 

Moderate 

Minor – Small, localised spill, readily contained and 
recovered; adverse environmental effects prevented by 
spill cleanup (spilled materials not expected to come in 
contact with sensitive environmental receptors). 

Moderate 

24 
Land-based fire or explosion, 
independent of another type of 
accident or malfunction 

Construction 
or Operation 

Very Low 

Moderate – Potential for human injury or mortality, and 
discharge of deleterious materials. The combination of a 
rapid and effective incident response, debris removal, and 
spill containment will reduce the potential for adverse 
environmental effects to the marine environment in the 
event of a fire or explosion. 

Moderate 

25 

Land-based spill, independent of 
another type of accident or 
malfunction 

Construction 
or Operation 

Moderate to 
High  

Moderate – Such an accident could contaminate soils and, 
if it reached the shoreline, adversely affect marine 
sediments and any marine vegetation and marine 
organisms with which it came in contact. 

The consequence rating assumes no spill response or 
containment. The combination of a rapid and effective 
incident response, debris removal, and spill containment 
will reduce the potential for adverse environmental effects 
to the environment in the event of a marine spill. 

Moderate to 
High 
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Accident or 
Malfunction 

Type 

Candidate Accident 
or Malfunction 

Scenario 

Project 
Phase 

Frequency 
(Probability 

Level)2 
Severity of Consequence and Rationale 

Qualitative 
Risk Level 

26 

Container 
handling 
incident 
resulting 
in a spill at 
the RBT2 
terminal  

Involving non-
dangerous goods 

Operation 
Extremely 
Low 

Minor – No material environmental consequence 
anticipated.  

The consequence rating assumes no spill response or 
containment. The combination of a rapid and effective 
incident response, debris removal, and spill containment 
will reduce the potential for adverse environmental effects 
to the environment in the event of a container handling 
incident resulting in a spill. 

Low 

27 

Involving dangerous 
goods 

Operation 
Extremely 
Low 

Minor – No material environmental consequence 
anticipated. The combination of a rapid and effective 
incident response, debris removal, and spill containment 
will reduce the potential for adverse environmental effects 
to the marine environment in the event of a spill of 
containerised dangerous goods. 

The consequence rating assumes no spill response or 
containment. The combination of a rapid and effective 
incident response, debris removal, and spill containment 
will reduce the potential for adverse environmental effects 
to the environment in the event of a container handling 
incident resulting in a spill. 

Low 
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Table IR11-02-3 Summary of Risk Evaluation for Candidate Scenarios - MSA 

Accident or Malfunction 
Type 

Scenario 
Frequency 

(Probability 
Level)4 

Consequence Characterisation 
Qualitative 
Risk Level 

1 

Loss overboard of 
containers from 
ships in transit in 
semi-protected 
waters 

Due to 
foundering 
or severe 
weather 

Extremely 
Low5  

Moderate – Moderate rating reflects a range of minor to high 
consequence, due to the diversity of substances and the behaviours 
these substances exhibit when released into water. See response to 
IR11-03 (CEAR Document #13286). If containers lost overboard were 
ruptured or opened, marine pollution (including hydrocarbons or other 
deleterious materials) could result in damage to aquatic habitat and any 
organisms present in the vicinity of the accident.  

The consequence rating assumes no spill response or containment. The 
combination of a rapid and effective incident response, debris removal, 
and spill containment will reduce the potential for adverse environmental 
effects to the marine environment in the event of loss overboard of 
containers involving a release of container contents. 

Low 

Due to 
collision or 
grounding 

Very Low 

Moderate – Moderate rating reflects a range of minor to high 
consequence, due to the diversity of substances and the behaviours 
these substances exhibit when released into water. See response to 
IR11-03 (CEAR Document #1328). If containers lost overboard were 
ruptured or opened, marine pollution (including hydrocarbons or other 
deleterious materials) could result in damage to aquatic habitat and any 
organisms present in the immediate vicinity of the accident.  

The consequence rating assumes no spill response or containment. The 
combination of a rapid and effective incident response, debris removal, 
and spill containment will reduce the potential for adverse environmental 
effects to the marine environment in the event of loss overboard of 
containers involving a release of container contents. 

Moderate 

                                           

4 Probability levels are based on quantitative return periods, as provided in MSA Section 10.3.2, which have been categorised as probability levels based 
on the definitions in EIS Table 30-2. 
5 The probability of this incident is ‘negligible’ as described in MSA Section 10.3.2.1, which is categorised as ‘Extremely Low’ using the probability level 
categories defined in EIS Table 30-2. 
6 CEAR Document #1328 From the Vancouver Fraser Port Authority to the Review Panel: Response to Information Requests IR11-03, IR11-04, IR11-09, 
IR11-10, IR13-05 and IR13-26 (see Reference Documents #1179 and #1228). 
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Accident or Malfunction 
Type 

Scenario 
Frequency 

(Probability 
Level)4 

Consequence Characterisation 
Qualitative 
Risk Level 

2 
Collision, not 
resulting in a spill 

With other 
vessel 
traffic  

Extremely 
Low  

Moderate – No material environmental consequence anticipated. If a 
vessel sinks, physical disturbance of the substrate could result in the 
temporary and localised loss or displacement of biophysical components. 
Potential for release of some contaminants (e.g., lubricants). 

Low 

3 

Collision, not 
resulting in a spill 

With a 
tanker 

Extremely 
Low  

Minor – No material environmental consequence anticipated. If a vessel 
sinks, physical disturbance of the substrate could result in the temporary 
and localised loss or displacement of biophysical components. Potential 
for release of some contaminants (e.g., lubricants). 

Low 

4 

With 
another 
container 
ship 

Extremely 
Low  

Minor – No material environmental consequence anticipated. If a vessel 
sinks, physical disturbance of the substrate could result in the temporary 
and localised loss or displacement of biophysical components. Potential 
for release of some contaminants (e.g., lubricants).  

Low 

5 

With a 
commercial 
fishing 
vessel (or 
other small 
vessel) 

Very Low  

Assessed as MSA plausible worst-case accident or malfunction 
scenario #2, and assumes incident resulted in injury or mortality; 
rationale for selection detailed in MSA Section 10.3.3.2, consequences 
detailed in MSA Section 10.5. 

Moderate – No material environmental consequence anticipated, but 
potential for human injury or mortality. If a vessel sinks, physical 
disturbance of the substrate could result in the temporary and localised 
loss or displacement of biophysical components. Potential for release of 
some contaminants (e.g., lubricants). 

Moderate 

6 
Collision, resulting 
in a spill 

With 
another 
container 
ship 

Extremely 
Low  

Moderate – (Moderate rating reflects a range of minor to high 
consequence, due to the diversity of substances and the behaviours 
these substances exhibit when released into water. See response to 
IR11-03 of CEAR Document #1328). Spill of fuel oil or deleterious 
materials could result in exposure of marine birds and other aquatic 
species present at the water surface, in the water column, or on the 
seabed. If a vessel sinks, physical disturbance of the substrate could 
result in the temporary and localised loss or displacement of biophysical 
components. 

The consequence rating assumes no spill response or containment. The 
combination of a rapid and effective incident response, debris removal, 
and spill containment will reduce the potential for adverse environmental 
effects to the marine environment in the event of a vessel collision 
incident resulting in a spill. 

Low 
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Accident or Malfunction 
Type 

Scenario 
Frequency 

(Probability 
Level)4 

Consequence Characterisation 
Qualitative 
Risk Level 

7 

With a 
laden 
crude oil 
tanker 

Extremely 
Low  

High – Spill of fuel oil or crude oil could result in exposure of marine birds 
and other aquatic species and/or habitat in the affected water column. If 
a vessel sinks, physical disturbance of the substrate could result in the 
temporary and localised loss or displacement of biophysical components. 

Moderate 

8 
Groundings (drift and powered) 
resulting in a spill 

Extremely 
Low  

Assessed as MSA plausible accident or malfunction worst-case 
scenario #1; rationale for selection provided in MSA Section 10.3.3.1, 
consequences detailed in MSA Section 10.5. 

High – Spill of fuel oil or deleterious materials could result in exposure of 
marine birds and other aquatic species present at the water surface, in 
the water column, or on the seabed. 

The consequence rating assumes no spill response or containment. The 
combination of a rapid and effective incident response, debris removal, 
and spill containment will reduce the potential for adverse environmental 
effects to the marine environment in the event of a vessel grounding 
incident resulting in a spill.  

Moderate 

9 Fire and explosions 
Extremely 
Low  

Moderate – Potential for human injury or mortality, and discharge of 
deleterious materials. The combination of a rapid and effective incident 
response, debris removal, and spill containment will reduce the potential 
for adverse environmental effects to the marine environment in the 
event of a fire or explosion. 

Low 

10 
Founderings and structural 
failures 

Extremely 
Low  

Moderate – Physical disturbance of the substrate could result in the 
temporary and localised loss or displacement of biophysical components. 
Potential for human injury or mortality. Potential for spill of fuel or 
deleterious materials, ranging from low to high volume, which could 
result in exposure of marine birds and other aquatic species present at 
the water surface, in the water column, or on the seabed. 

The consequence rating assumes no spill response or containment. The 
combination of a rapid and effective incident response, debris removal, 
and spill containment will reduce the potential for adverse environmental 
effects to the marine environment in the event of a vessel foundering or 
structural failure incident resulting in a spill. 

Low 
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Provide a description of the risk management options that would be applied during 
the life of the Project. 

The risk management options that would apply during the life of the Project are described in 

EIS Section 30.3, and include regulatory requirements, regional risk mitigation related to 

marine traffic, VFPA-specific practices and procedures, and Project-specific design, 

management, and emergency response. As indicated in EIS Section 30.3, the VFPA’s Port 

Information Guide contains port-wide procedures and practices that apply to all vessels using 

the port, including information on safety and emergency response7.  

Existing risk mitigation practices applicable to marine traffic in southern B.C. are described in 

EIS Appendix 30-A, Section 3.2 and summarised below.  

Navigational measures, including the following: 

 Vessel traffic management system, including radar surveillance and traffic separation 

zones; 

 Pilotage for all vessel moves within the region; 

 Navigational aids; and 

 Precautionary areas and special operating instructions.  

Further, the marine operations at and near Roberts Bank include additional measures: 

 Radio communication with BC Ferries; 

 Tug assistance while manoeuvring to/from berth; 

 One way, one ship at a time traffic arriving/departing Roberts Bank terminals; 

 Weather restrictions for berthing; 

 Exclusion zones for crabbing adjacent to Roberts Bank; and 

 Bunkering at Roberts Bank prohibited.  

Additionally, container ship operations routinely implement risk controls and operating 

practices, including the following: 

 Fire detection and extinguishing system in the cargo holds of container ships; 

 Reduction in use of heavy bunker fuel in favor of diesel oil; and 

 Fuel tank protection (IMO 2006). 

The risk management practices summarised that are applicable in the marine shipping area 

are outlined in MSA Section 10.4.1. In MSA Sections 10.4.2 through 10.4.5, additional 

information is provided about risk management and response management specific to marine 

spill scenarios. These sections include the following: 

                                           

7 The Port Information Guide can be accessed at https://www.portvancouver.com/marine-
operations/port-information-guide/, and was also included as Appendix IR1-01-A of CEAR Document 
#897. 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #02 (IR11-02) | Page 19 

 An overview of marine oil spill management, including a summary of the spill incident 

procedure (MSA Section 10.4.2); 

 A summary of the approach to spill response in the marine shipping area (MSA 

Section 10.4.3);  

 A description of the role, mandate, and capabilities of the Western Canada Marine 

Response Corporation for spill response, including mutual aid agreements and 

response times (MSA Section 10.4.4); and  

 A discussion of other risk mitigation initiatives that were being developed or explored 

in relation to other Projects or initiatives (MSA Section 10.4.5). 

Since submission of the MSA, Transport Canada has provided additional information (CEAR 

Document #12048) relevant to the Panel’s information requests, including the following: 

 Oceans Protection Plan initiatives relevant to Indigenous groups in mitigating the 

effects of an oil spill; 

 Other programs and initiatives currently available to Indigenous groups in the marine 

shipping area to mitigate effects in the event of an oil spill; 

 Updates to Canada’s Marine Safety and Security System related to liability and 

compensation for damages due to oil spills;  

 A summary of improvements being made to the oil spill preparedness and response 

regime in Canada; and  

 A description of the requirements in place to monitor and prevent structural fatigue of 

container ships in Canadian waters, and specific procedures in the response to a 

structural failure.  

MSA Section 10.4 outlines the mitigation measures relevant to spill preparedness and 

response for any type of spill in the marine environment. Transport Canada is the lead 

regulatory agency that manages Canada’s Marine Oil Spill Preparedness and Response 

Regime, and Western Canada Marine Response Corporation is the Transport Canada-certified 

marine response organisation on Canada’s west coast. Their mandate is to ensure there is a 

state of preparedness in place when a marine spill occurs and to mitigate the impacts on 

B.C.’s coast. As outlined in the response to IR11-04 (CEAR Document #1328), control and 

containment of a spill are the first priorities, followed by the implementation of a Geographic 

Response Strategy, which will help to mitigate the potential environmental effects from a spill 

on environmental components, particularly the most vulnerable components, and would 

inform requirements for follow-up monitoring. 

References 

International Maritime Organization (IMO). 2006. Regulation 12A (Oil Fuel Tank Protection) 
to MARPOL Annex I. Adopted March 2006. Available at 
http://www.imo.org/en/KnowledgeCentre/IndexofIMOResolutions/Marine-

                                           

8 CEAR Document #1204 From Transport Canada to the Review Panel re: Response to Information 
Requests issued by the Review Panel on April 4, 2018 (See Reference Document #1178). 
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Environment-Protection-Committee-
%28MEPC%29/Documents/MEPC.141%2854%29.pdf. Accessed October 2018. 
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IR11-03 Accidents and Malfunctions – Effects Assessment, Potential Contaminant 
Release 

Information Source(s) 

EIS Guidelines Section 10.1.4 

EIS Volume 5: Section 30, Appendix 30-A, Appendix 30 B 

Marine Shipping Addendum: Section 10, Appendix 10-A, Appendix 10-B 

CEAR Doc#231  

Context 

In CEAR Doc#231, the Tsawwassen First Nation indicated that the Proponent did not explicitly 
provide the quantity, mechanism, rate, form and characteristics of the contaminants and 
other materials likely to be released into the environment during accident and malfunction 
events, as was required in the EIS Guidelines Section 10.1.4. 

In Appendix 30-A and B of the EIS, as well as in the Marine Shipping Addendum 
appendices 10-A and 10-B, the Proponent discussed the possible spill of hazardous and 
noxious substances, especially the event of a fuel oil spill. In Appendix B (Table B-4), 
Appendix F and Appendix G of EIS Appendix 30-A, the Proponent listed potential spill 
contaminants other than fuel oils, such as lubricants, phenol and formaldehyde. 

In Appendix 10-A of the Marine Shipping Addendum, the Proponent stated that hazardous 
and noxious substances are carried in containers in a number of forms, such that a maximum 
credible discharge would be equivalent to a single ISO bulk liquid container that carried 
26,000 litres. Although information related to the spill of all types of potential contaminants 
is provided in EIS Section 30 and its appendices, as well as in Marine Shipping Addendum 
Section 10 and its appendices, the detail regarding the quantity, mechanism, rate, state of 
material released and characteristics of these contaminants is not consistently available in 
the EIS and the Marine Shipping Addendum.  

Information Request 

In a tabular format, summarize the following aspects of a potential spill of hazardous and 
noxious substances on land and in the marine environment from potential accidents or 
malfunctions that could occur in relation to the proposed Project and marine shipping 
associated with the Project: 

• potential quantity of material released (such as the maximum credible discharge 
volume); 

• mechanism of release (such as container handling accidents or malfunctions of 
refuelling equipment); 

• rate of release, if applicable; 
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• state of material released; and, 
• characteristics of material released, including the types of pathways of effect to 

environmental components and the potential effects. 

In the table, identify the probability of occurrence for the applicable accident or malfunction 
scenarios associated with the potential mechanisms of release. 

Include all types of materials discussed in Appendix B (Table B-4) and Appendix G of EIS 
Appendix 30-A, as well as operational pollutants referred to in Appendix F of EIS 
Appendix 30-A. Identify and discuss any other materials of concern that may be imported or 
exported in the reasonably foreseeable future at Roberts Bank Terminal 2. 

VFPA Response 

Background Information 

The International Maritime Organization (IMO)1 defines hazardous and noxious substances 

(HNS) as “any substance other than oil which, if introduced into the marine environment, is 

likely to create hazards to human health, to harm living resources and marine life, to damage 

amenities or to interfere with other legitimate uses of the sea” (IMO 2000). As a general rule, 

an HNS substance has a low biodegradation rate or high persistence, has a high 

bioaccumulation rate, or is classified as toxic, flammable, explosive, corrosive, or reactive 

(Clear Seas 2018). Estimates indicate there are approximately 6,500 substances covered 

under the definition of hazardous and noxious substance (Transport Canada 2010; Clear Seas 

2018), and some 2,000 are transported regularly by sea, either in bulk or in packaged form 

(IMO 2009). Only a few hundred chemicals are transported in bulk and these make up most 

of the volume of the chemical seaborne trade. The remainder are transported in packaged 

form primarily in container vessels (i.e., large number of chemicals, but in smaller volume) 

(IMO 2009). Specific properties of chemicals dictate their packaging and transportation 

requirements (e.g., handling, stowage, segregation) in order to minimise the risk of a hazard 

arising from their carriage by sea (IMO 2009).  

The IMO has developed several Conventions and Codes that apply to the safe transport of 

HNS dependent upon the physical form and quantity of the substances transported. Two of 

the most significant IMO Conventions governing the transportation of HNS are the 

International Convention for the Safety of Life at Sea (SOLAS) and the International 

Convention for the Prevention of Pollution from Ships (MARPOL). Canada has ratified both 

SOLAS and MARPOL and enforces the conventions’ regulations within Canadian territorial 

waters. In 2000, the IMO also developed the Protocol on Preparedness, Response and Co-

operation to Pollution Incidents by Hazardous and Noxious Substances (OPRC-HNS Protocol). 

The aim of the OPRC-HNS Protocol is to establish national systems for preparedness and 

                                           

1 The International Maritime Organization is a specialised agency of the United Nations responsible for 
improving the safety and security of international shipping and pollution prevention. 
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response and to provide a global framework for combating major incidents or threats of 

marine pollution caused by HNS transported by sea2.  

The types of HNS transported through Deltaport in 2010 (listed by class in Table G-3 of 

Appendix G in EIS Appendix 30-A), and likely to be transported through RBT2 in the future, 

fall under the International Maritime Dangerous Goods Code (IMDG Code3). There are nine 

classes under the IMDG Code and Canada’s Transportation of Dangerous Goods (TDG) 

Regulations, which represent groups of substances that vary greatly from other groups with 

respect to physical and chemical composition, fate, and behaviour (i.e., from inert to very 

reactive), and have varying degrees of toxicity, water incompatibility, and flammability. Based 

on the danger(s) presented by a particular substance, dangerous goods that are transported 

by marine mode must comply with the IMDG Code and specific provisions of the TDG 

Regulations4 (Transport Canada 2018).  

Transport Canada recognises that although the risk of these types of substances being 

released is very low, a release could potentially have a significant impact on public health, 

the environment, marine life, and the economy (Canada 2018; TSEP 2014). In 2014, WSP 

Canada Inc. completed a strategic-level HNS risk assessment study for Transport Canada to 

determine the relative overall risk associated with spills of select HNS5 transported by ships 

in bulk in the Arctic (WSP 2014). Only substances transported in bulk were assessed in the 

analysis due to the lack of detailed data for containerised HNS cargo.  

Transport Canada has identified6 that the assessment of risk of an HNS accident in Canada is 

challenging due to, but not limited to “minimal readily accessible data on the movement of 

HNS; very few previous ship-source HNS accidents to help determine trends; and a limited 

number of HNS risk assessments to reference, analyse, and model.” In recognition of the 

limited available information, the Government of Canada has recently implemented a national 

program under the Oceans Protection Plan referred to as the Hazardous and Noxious 

Substances Initiative. The aim of this initiative is to better prepare for and respond to releases 

of HNS from vessels in Canadian waters, and this work (in part) will include exploring data 

requirements, risk assessment, operational capacity, and research and development (Canada 

2018).  

                                           

2 States which are a party to the OPRC-HNS Protocol are required to establish response plans for 
handling HNS pollution incidents, either nationally or in cooperation with other countries. Although the 
OPRC-HNS Protocol came into force in 2007, Canada is not a party to the Protocol at this time. 
3 The 2016 IMDG Code outlines the requirements for shipping dangerous goods internationally via 
marine transport and is a mandatory requirement as of January 1, 2018. The IMDG Code is amended 
and published every 2 years by the IMO. For more information, see 
http://www.imo.org/en/Publications/IMDGCode/Pages/Default.aspx.  
4 These provisions require that dangerous goods are correctly and safely classified and identified, 
packed, marked, labelled and placarded, documented, stowed on board the vessel, and segregated from 
other goods with which they may react dangerously. 
5 Five categories of HNS (coke and asphalt, liquefied and compressed gas, organic substances (e.g., 
solvents like methanol and xylene), inorganic substances (e.g., fertilizers), and animal and vegetable 
oils) were represented in the assessment by 25 substances.  
6https://buyandsell.gc.ca/cds/public/2018/05/03/d6300e8fc58eaa19ff9dcb3897e46d3c/rfp_eng_may_
2.pdf 
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As part of this initiative and in response to a recommendation from the Tanker Safety Expert 

Panel (TSEP 2014, Recommendation 2.167), Transport Canada has recently commissioned a 

study entitled ‘Analysis of International Incident Involving Ship-Source HNS Releases’4 to 

compliment and build upon earlier work by WSP (2014). The current study, which is scheduled 

to be completed by March 31, 2019, involves the quantitative evaluation of risk to estimate 

the potential likelihood of an incident involving HNS occurring in Canadian waters.  

In a tabular format, summarize the following aspects of a potential spill of 
hazardous and noxious substances on land and in the marine environment from 
potential accidents or malfunctions that could occur in relation to the proposed 
Project and marine shipping associated with the Project: potential quantity of 
material released (such as the maximum credible discharge volume); mechanism of 
release (such as container handling accidents or malfunctions of refuelling 
equipment); rate of release, if applicable; state of material released; and, 
characteristics of material released, including the types of pathways of effect to 
environmental components and the potential effects. 

In the table, identify the probability of occurrence for the applicable accident or 
malfunction scenarios associated with the potential mechanisms of release. 

Include all types of materials discussed in Appendix B (Table B-4) and Appendix G 
of EIS Appendix 30-A, as well as operational pollutants referred to in Appendix F of 
EIS Appendix 30-A. 

Information on mechanisms of container losses and damages, and general information on 

HNS behaviours (pathways of effects) and potential environmental effects from HNS spills are 

provided below. In the absence of available data relevant to shipments in Canada on the 

types8, frequency, and consequences of HNS spills from container vessels (as recognised by 

Transport Canada—see above), and given the wide variety of HNS transported by container 

vessels, it is difficult to define an HNS spill hypothetical scenario for RBT2 and RBT2-

associated vessels. Hence, potential mechanisms of release, as well as the characteristics of 

HNS types and their pathways of effects to environmental components and the potential 

effects, in general, are described below instead of being presented in tabular format.  

Potential Mechanisms and Quantities of Release 

Potential accidents or malfunctions related to the Project and/or marine shipping associated 

with the Project that could result in a spill of HNS include the loss overboard of containers or 

their contents at the terminal (i.e., on land) or to the marine environment. Regardless of the 

contents of the container, the mechanisms of release are similar for all HNS classes, but the 

probability of occurrence will depend on the frequency that these substances are transported.  

                                           

7 Recommendation 2-16 from TSEP 2014: “Environment Canada and Fisheries and Oceans Canada 
should collaborate broadly to improve their understanding of the fate, behaviour, and effects of the HNS 
currently transported in Canadian waters, starting with the substances studied in the 2014 HNS Risk 
Assessment.”  
8 Table G2 in Appendix G of EIS Appendix 30-A summarises worldwide HNS vessel incidents by behaviour 
category for the 2006-2011 period, noting that the product type was ‘unknown’ in almost half (45.7%) 
of the incidents. 
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The mechanisms contributing to an HNS release from a container are described in Table 2-4 

of EIS Appendix 30-A and those applicable to a RBT2-associated vessel while at berth include 

the following: 

• Twistlocks failing or opening; 

• Deck fitting failure; 

• Internal shift; 

• Crane operator error; 

• Poor stowage or planning; and 

• Overweight containers. 

Since ships berthed at RBT2 will be moored close to the wharf and loading and unloading of 

containers has been designed to occur on the shoreward side of the ship or over the ship (i.e., 

not over water), the probability of a container handling incident resulting in a spill of 

dangerous goods at RBT2 is extremely low (for more information refer to EIS Table 30-4 and 

EIS Section 30.5.6). Section 2.3.5.1 of EIS Appendix 30-A concluded that there is a 6.6 x 10-7 

probability of loss or damage of an individual container at RBT2. Professional opinion (from 

Clark 2003) indicates that the chance of rupture of a dropped container is 1 in 100 (0.01 

probability) per container loss or drop. EIS Section 30.5.6 identified that in a worst-case 

container handling scenario, a release of liquids or heavier-than air gases from a container 

could flow over the edge of the ship’s deck or the wharf and into the water. As outlined in 

Table 2-5 of EIS Appendix 30-A, the return period for spill into water due to an HNS container 

handling incident at RBT2 is greater than 85,000 years. A spill resulting from this type of 

incident would be limited to the contents of one container. 

For RBT2-associated vessels in transit in the marine shipping area, the causes of container 

losses and damages are listed in Table 2-4 in EIS Appendix 30-A. Based on available 

information on shipping incidents concerning chemical spills, the primary causes for these 

incidents were bad weather conditions (i.e., resulting in leakage, shifting, or loss of cargo; 

grounding; shipwreck; and collision) or an incident on board ship (i.e., fire, mechanical failure, 

human error, and deliberate dumping/sinking) (IMO 2009). Since the marine shipping area is 

not typically subject to heavy sea conditions, human error is likely to be the primary 

mechanism of release. This is supported by a study conducted by Washington State 

Department of Ecology (DOE 2015), which concluded that as much as 80% of maritime 

accidents are attributed to human error, and recommended marine-based risk mitigation 

measures for reducing human error and increasing situational awareness. The potential 

quantity of a release, if the container and packaging is compromised, will depend on 

substance-specific packaging requirements (i.e., volume or weight limits per package) and 

the number of containers involved in an incident. A spill resulting from this type of incident 

would be limited to the contents of one or multiple containers. 

Behaviours and Consequences of HNS in the Marine Environment 

The consequences of an HNS spill varies due to the diversity of substances and the behaviours 

these substances exhibit when released into water. A two-day expert workshop on commercial 

marine shipping accidents overseen by the Council of Canadian Academies (CoCA; 2016), 

concluded the following on HNS behaviours and hazards from various information sources: 
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 The behaviours of HNS in the environment vary widely: they may sink, float, 

evaporate, or dissolve, etc. (Neuparth et al. 2011);  

 HNS that are highly soluble, persistent, bioavailable, toxic, able to float to other 

sensitive coastal areas, or able to sink pose the greatest threats (Neuparth et al. 2011; 

Häkkinen and Posti 2014); 

 HNS that sink can deposit on the sea floor, potentially smothering sediments or 

poisoning wildlife (WSP 2014);  

 The environmental impacts of HNS are generally poorly understood, but some of these 

substances may affect growth and reproduction (Rocha et al. 2016);  

 Despite being less toxic, spills of edible oils can have some of the same impacts as 

crude oil spills; in particular, they can cause smothering and oiling of feathers (Fingas 

2015); and  

 Of all the HNS transported by marine shipping, pesticides are thought to represent one 

of the greatest threats to the marine environment (Häkkinen and Posti 2014).  

The fate of a released HNS (i.e., the behaviour of the material once released into the marine 

environment) is determined by the physical properties of density, volatility, and solubility of 

the released substance. Thus, these parameters determine the hazards or consequences 

presented by the substance, including toxicity, flammability, reactivity, explosivity, 

corrosivity, etc. The types of physical fate behaviour for HNS gases, liquids, and solids 

released in the marine environment can be defined under the 12 groups listed in 

Table IR11-03-1. A schematic of the main behaviours of these HNS groups once released 

in the marine environment is provided in Figure IR11-03-1.  

Table IR11-03-1 HNS Behaviour Categories, Once Released in the Marine 
Environment 

Fate Group Properties Examples of Behaviour Groups 

Evaporate 
Immediately 
(Gases) 

G Evaporate immediately Propane, butane, vinyl chloride 

GD 
Evaporate immediately, 
dissolve 

Ammonia 

Evaporate 
Rapidly 

E Float, evaporate rapidly Benzene, hexane cyclohexane 

ED Evaporate rapidly, dissolve Methyl-t-butyl ether vinyl acetate 

Float 

FE Float, evaporate Heptane, turpentine, toluene, xylene 

FED Float, evaporate, dissolve 
Butyl acetate, isobutanol, ethyl 
acrylate 

F Float  
Phthalates, vegetable oils, animal oils, 
dipentene, isodecanol 

FD Float, dissolve Butanol, butyl acrylate 

Dissolve 

DE Dissolve rapidly, evaporate 
Acetone, monoethylamine, propylene 
oxide 

D Dissolve rapidly  
Some acids and bases, some alcohols, 
glycols, some amines, methyl ethyl 
ketone 

Sink SD Sink, dissolve Dichloromethane; 1,2-dichloroethane 
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Fate Group Properties Examples of Behaviour Groups 

S Sink  
Butyl benzyl phthalate, chlorobenzene 
creosote, coal tar, tetra ethyl lead, 
tetramethyl lead 

Source: EMSA 2007. 

 
Figure IR11-03-1 Schematic of the Main Behaviour of Chemicals When Spilled in 

the Marine Environment 

 

Source: https://www.hns-ms.eu/what-are-hns 

 
Extensive work has been undertaken for the international SOLAS and MARPOL conventions 

(see Background information above) to identify the hazards associated with HNS material and 

classify the potential safety, health and environmental risks, notably the work of GESAMP9. 

The revised Hazard Evaluation Procedure developed by GESAMP (2002) provides a set of 

criteria for evaluating the hazards of chemical substances (primarily liquids transported in 

bulk) that enter the marine environment through operational discharges, accidental spillages, 

or loss overboard from vessels (for a summary of criteria categories and ratings, refer to 

Table IR11-03-A1 in Appendix 11-03-A). Based on a substance’s hazard profile, it is possible 

to gauge the severity of potential environmental effects in areas where the concentrations 

are identified as likely to cause harm. Depending on the properties of an HNS, including its 

state (gas, liquid, or solid), it will either evaporate, float, dissolve, or sink. For the latter, the 

density of the substance must be higher than that of the water it is spilled into (more 

information on density provided in next section).  

Potential effects of HNS spills are outlined below. As outlined in Appendix G of EIS 

Appendix 30-A, HNS that have the highest ecological consequences after a spill are those that 

readily disperse (are soluble), are not highly volatile (i.e., they do not evaporate readily), and 

                                           

9 GESAMP, Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection, is a 
group of independent scientific experts that provides advice to agencies such as the IMO concerning the 
prevention, reduction, and control of the degradation of the marine environment.  
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are most toxic to aquatic biota. Table IR11-03-2 summarises the potential hazards by 

behaviour category that can occur when an HNS enters the marine environment.  

Table IR11-03-2 Potential Hazards That Can Occur When an HNS Enters the 
Marine Environment 

Behaviour Category of HNS Releasea Potential Hazards for the Marine Environment 

G/E/F/D/S Radioactivity 

G/E/F/D/S Corrosiveness 

G/E/F/D/S Carcinogenicity 

D/S Aquatic Toxicity 

D/S Bioaccumulation 

D/S Persistence 

Source: Modified from EMSA (2007) (information based on Bonn Agreement) to include environmental 
components only. 
Note: a. Behaviour category: G = Gases; E = Evaporators; F = Floaters; D = Dissolvers; and 

S = Sinkers 

As outlined by the European Maritime Safety Agency (EMSA 2007), incidents involving 

releases of toxic HNS to marine waters have the benefit of sea and air dilution to reduce the 

concentration of a substance to below a lethal dose10. A lower dose may not be fatal but could 

produce sublethal effects to marine organisms. Sublethal effects may produce some form of 

impairment, which may be detrimental to individual organisms, species, populations, or 

marine communities over a longer term, depending upon the persistence of the released HNS 

in the marine environment11. The stress induced by sublethal effects could reduce the ability 

of marine organisms to survive (e.g., damage to fins, pre-cancerous growths, damage to 

internal organs, skeletal deformities and/or reduction in reproductive success). Effects may 

not be readily detectible in individuals but could cause changes in the community structure of 

a marine area affected by an HNS incident, depending on the area affected and species 

present. 

 

An HNS spill could result in changes to the physical environment, such as variation in salinity 

and pH, or deoxygenation when material is broken down or used biologically in the marine 

environment (EMSA 2007). Changes in environmental conditions could induce lethal effects 

in marine ecosystems, but such a consequence is likely to be limited to the spill location and 

immediate dilution area and will depend upon ambient conditions at the spill location and 

natural tolerance of the organisms present.  

 

If released, biologically inert material that does not have a toxic or environmental effect may 

have an adverse effect due to smothering or by changing the physical nature of an area in 

the immediate area of the incident site (e.g., a sinker settling over a bottom, resulting in a 

change to the habitat of the benthic ecosystem; EMSA 2007). 

                                           

10 The toxicity of a substance is dependant on how large a dose is required to kill an organism. 
11 As outlined in Appendix G of EIS Appendix 30-A, the volume of spillage in not indicative of the 
magnitude of impacts when comparing differing substances. 
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For an HNS that cannot be broken down by bacterial processes and is effectively a permanent 

addition to the marine environment, adverse effects are dependant on if the substance can 

be readily taken up by an organism through direct exposure or ingestion of contaminated food 

(i.e., substance is bioavailable). If the pollutant cannot be readily excreted, it will simply 

accumulate over the life span of the organism (bioaccumulation). The accumulated dose can 

induce sublethal and lethal effects within contaminated organisms potentially leading to 

species and community declines. However, the bioavailable nature of the pollutant means 

that animals that feed on bioaccumulating species may in turn acquire an even greater body 

burden (contaminant biomagnifies), and sublethal and lethal effects of this process could be 

detected in the top predators of marine communities.  

 

As noted above, imports or exports of HNS through RBT2 are expected to be similar to those 

transported through the Deltaport Terminal in 2012 (types of substances and percentage of 

total IMDG shipments listed in Table G-3 of Appendix G in EIS Appendix 30-A). An example 

substance for each of the more frequently transported IMDG Classes (i.e., Classes 3, 8, 9)12 

and their associated hazards in the aquatic environment are summarised in Table 11-03-3. 

The hazard ratings are based on the revised GESAMP Hazard Evaluation Procedure described 

above (aquatic environment ratings shown in Columns A and B in Table IR11-03-A1 in 

Appendix IR11-03-A. Detailed information on physico-chemical properties and complete 

GESAMP Hazard Profiles for each of the three substances is provided in Tables IR11-03-A2 to 

IR11-03-A4 in Appendix IR11-03-A. 

 

                                           

12 As indicated in Table G-3 of Appendix G in EIS Appendix 30-A, IMDG Classes 3, 8, and 9 represent 
approximately 72% of the HNS types transported through Deltaport Terminal in 2012. The examples 
shown in Table IR11-03-3 were chosen from a Dangerous Goods Permit Report from a vessel utilising 
the Deltaport Terminal in 2012 (VFPA 2018, Pers. Comm); each substance was shipped in a 20-foot 
container, holding approximately 20,000 kg. 
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Table IR11-03-3 Example HNS by IMDG Class and Associated GESAMP Aquatic Environment Profile  

HNS Name (UN 
Number) 

IMDG 
Category 

Physical 
Behaviour 

GESAMP Profile for Aquatic Environment 

A1: 
Bioaccumulation 

A2: 
Biodegradation 

B1: Acute 
Aquatic Toxicity 

B2: Chronic 
Aquatic Toxicity 

1-Nonene 
(1993) 

3 – Flammable 
Liquid 

FE - Floater 
that 
Evaporates 

4 – High potential NI  
3 - Moderately 
toxic 

NI 

Sodium 
Hydroxide 
(1823) 

8 – Corrosive 
Substance 

D -Dissolver 0 – No potential NI  2 – Slightly toxic NI  

N-Nonyl Alcohol 
(3082) 

9 - 
Miscellaneous 

F- Floater 
3 – Moderate 
potential 

NR 
3 - Moderately 
toxic 

1 - low 

Notes: NI = no information; NR = Not readily biodegradable.  

Source: https://www.hns-ms.eu/hnsdb 
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Effects of Water Temperature and Salinity on HNS Spill 

From IR13-26: In response to IR11-03, include a discussion on the variability in the 
fate and behaviour of potentially released contaminants, including oils, in relation 
to the range of water temperatures and salinities in the marine shipping area.  

Temperature, as well as salinity, is a primary controlling factor that determines the density of 

water. As presented in MSA Section 7.3.4.1, Salish Sea water temperatures vary spatially 

(horizontal as well as vertical) and by season, and are characterised as follows based on 

Thomson (1994): 

 In the Strait of Georgia, temperatures range from 5°C to 20°C in the upper portion13 

of the water column and 8°C to 10°C in the lower portion;  

 In the Strait of Georgia, temperatures in the upper water column average 5°C to 6°C 

in February and March and can exceed 20°C in July and August in sheltered areas, but 

they are generally uniform through the year in the lower portion; and  

 Water temperatures in Juan de Fuca Strait are cold year-round, ranging from 8°C to 

14°C at the surface due to its direct exposure to the Pacific Ocean, upwelling, and 

mixing by strong tidal currents.  

As temperature decreases, the density of water increases. Marine waters also get denser as 

salinity increases. Salinity in the Strait of Georgia in the upper water column varies depending 

on the season and the distance from the Fraser River, as illustrated for June in MSA 

Figure 7.3-5. Based on the characteristics of the marine shipping area stated above and 

shown in MSA Figure 7.3-3 and 7.3-5, the density of water increases with depth (where waters 

are more saline and cooler).  

The density of pure water is 1,000 kilograms per cubic metre (kg/m3) and marine waters have 

densities of about 1,030 kg/m3. When a spilled substance floats, it is generally because it is 

less dense than the water it was spilled into. Substances that are denser than the receiving 

environment would sink. Changes in temperature and salinity of marine waters could influence 

whether a substance sinks or floats if its density is similar to density of the water is it spilled 

into.  

With respect to oil, the density of oil plays an important role in the fate of spilled oil. As 

outlined in the response to IR11-04, oil fate and transport in the marine environment is 

primarily controlled by the environmental conditions and the physical properties of the spilled 

product. Section 4 in EIS Appendix 30-B outlined that warm temperatures in summer would 

likely further speed up evaporation rates relative to other times of the year. Most oils, for 

example, range in density from 700 to 900 kg/m3. The density difference between oil and 

water determines: 1) the extent to which the oil slick is submerged; and 2) the residence 

time of the oil droplets that may be entrained in the water column. Density of spilled oil 

increases as the evaporation process removes the lighter constituents. Light fuel oils, 

however, do not have substantial density increases as a result of evaporation (usually one 

percent (%) increase in density with 20% loss of oil mass during evaporation). More 

                                           

13 Depths of less than 50 m. 
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substantial density increases of oil slicks are attributable to either the formation of water-in-

oil emulsion (‘mousse’) or association with suspended sediments (mineral fines or organic 

matter) to form oil-mineral aggregates. 

With respect to the temporal and spatial variability in temperature and salinity in the Salish 

Sea, the type of substance released may be a greater determinant of environmental effects 

than the influence on effects from the temperature and salinity of marine waters into which 

it is released. That is, the density difference (i.e., whether or not a substance sinks) between 

the substance released and the marine waters into which it is released may not dictate 

consequences.  

Experts at the CoCA workshop developed a matrix (Figure IR11-03-3) to summarise the 

degree to which each type of cargo would impact various aspects of the environment (CoCA 

2016). They concluded that the greatest effects tend to arise from oil spills, for which there 

is significant research. For bulk carriers, as shown in Figure IR11-03-3, the HNS cargo type 

was assigned a medium rating for environmental effects to high certainty for ecosystem 

structure and function and aquatic species, and the experts concluded that each substance 

would need to be dealt with separately. 
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Figure 11-03-3 Type and Degree of Environmental Impact for Various Cargo Types 

 
Source: CoCA 2016, Table 4.1.  
Note: The colour of each cell represents the level of impact on the environment (high, medium, or low) and the star rating indicates the degree 
of certainty in assigning each impact rating, with one or two stars as evidence that this analysis could be further enhanced through additional 
research.
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Identify and discuss any other materials of concern that may be imported or 
exported in the reasonably foreseeable future at Roberts Bank Terminal 2. 

The materials of concern (i.e., dangerous goods) that may be imported or exported at RBT2 

are not expected to differ from those transported through the Deltaport Terminal in 2012 

(listed in Table G-3 of Appendix G in EIS Appendix 30-A). As described in Section 3.5.1 of EIS 

Appendix 30-A, HNS containers represent 0.7% of the container throughput at Deltaport 

Terminal in 2012. It is appropriate to expect that RBT2 would have similar throughput of a 

wide range of HNS types but as only a small percentage of containers carrying those cargoes. 

The results of the Transport Canada commissioned ‘Analysis of International Incident 

Involving Ship-Source HNS Releases’ study will provide additional information on the types of 

containerised HNS transported in recent years in Canada, and will also be indicative of the 

types of HNS the would be expected at RBT2 in the future. 

Based on the above information, the bunker fuel spill scenarios selected for assessments in 

the EIS and MSA represent the most plausible worst-case consequences of an accident or 

malfunction.  

References 

Clear Seas. 2018. What are HNS? Available at https://clearseas.org/en/blog/what-are-hns/. 
Accessed July 2018. 

Council of Canadian Academies (CoCA). 2016. Commercial Marine Shipping Accidents: 
Understanding the Risks in Canada. (Ottawa ON); Workshop Report. Prepared for the 
Clear Seas Centre for Responsible Marine Shipping. Available at 
https://clearseas.org/wp-content/uploads/2016/04/CofCA_16-111_Clear-
Seas_Book_e_web.pdf. Accessed July 2018. 

Clark, J. 2003. An Assessment of Risk from Handling Potentially Dangerous Substances at the 
Proposed Bathside Bay Container Terminal. Report No. 9M1274/R/JAJC. April 2003. 

European Maritime Safety Agency (EMSA). 2007. Action Plan for HNS Pollution Preparedness 
and Response. Available at http://www.emsa.europa.eu/opr-documents/action-
plans/item/260-action-plan-for-hns-pollution-preparedness-and-response.html. 
Accessed August 2018. 

Fingas, M. 2015. Vegetable Oil Spills: Oil Properties and Behavior. In M. Fingas (Ed.), 
Handbook of Oil Spill Science and Technology, First Edition. Hoboken (NJ): 
John Wiley & Sons, Inc. 

Government of Canada (Canada). 2018. Oceans Protection Plan: Hazardous and Noxious 
Substances Factsheet. Available at 
https://www.tc.gc.ca/media/documents/communications-eng/OPP_Factsheet_-
_HNS_EN_Feb_21.pdf. Accessed July 2018. 

Häkkinen, J. M. and A. I. Posti. 2014. Review of Maritime Accidents Involving Chemicals — 
Special Focus on the Baltic Sea. TransNav. International Journal on 
Marine Navigation and Safety of Sea Transportation, 8(2), 295-305. 



Roberts Bank Terminal 2 
Sufficiency Information Request #03 (IR11-03) | Page 17 

International Maritime Organization (IMO). 2000. Protocol on Preparedness, Response, and 
Co-operation to Pollution Incidents by Hazardous and Noxious Substances, 2000 
(OPRC-HNS Protocol). Available at 
http://www.imo.org/en/About/conventions/listofconventions/pages/protocol-on-
preparedness,-response-and-co-operation-to-pollution-incidents-by-hazardous-and-
noxious-substances-(oprc-hns-pr.aspx. Accessed July 2018. 

International Maritime Organization (IMO). 2009. Are HNS Spills more Dangerous then Oil 
Spills? A White Paper from the Interspill 2009 Conference and the 4th IMO R&D Forum. 
Marseille, France, May 2009. Available at 
http://www.imo.org/en/OurWork/Environment/PollutionResponse/Documents/White
%20paper%20Interspill%202006%20R%20and%20D%20Forum.pdf. Accessed 
August 2018. 

Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP). 
2002. The Revised GESAMP Hazard Evaluation Procedure for Chemical Substances 
Carried by Ships. GESAMP Reports and Studies No. 64. Available at 
http://www.gesamp.org/publications/revised-hazard-evaluation-procedure-for-ship-
substances. Accessed August 2018. 

Neuparth, T., S. Moreira, M. M. Santos, and M. A. Reis-Henriques. 2011. Hazardous and 
Noxious Substances (HNS) in the Marine Environment: Prioritizing HNS that pose Major 
Risk in a European Context. Marine Pollution Bulletin, 62(2011), 21-28. 

Rocha, A. C. S., M. A. Reis-Henriques, V. Galhano, M. Ferreira, and L. Guimarães. 2016. 
Toxicity of Seven Priority Hazardous and Noxious Substances (HNSs) to Marine 
Organisms: Current Status, Knowledge Gaps and Recommendations for Future 
Research. Science of the Total Environment, 542, Part A, 728-749. 

Tanker Safety Expert Panel (TSEP). 2014. A Review of Canada’s Ship-source Spill 
Preparedness and Response: Setting the Course for the Future, Phase II - 
Requirements for the Arctic and for Hazardous and Noxious Substances Nationally. 
Prepared for Transport Canada by the Tanker Safety Expert Panel. Available at 
https://www.tc.gc.ca/media/documents/mosprr/TC-Tanker-E-P2.pdf. Accessed July 
2018. 

Thomson, R. E. 1994. Physical Oceanography of the Strait of Georgia-Puget Sound-Juan de 
Fuca Strait System. In R. C. H. Wilson, R. J. Beamish, F. Aitkens, and J. Bell (editors) 
Proceedings—Review of the Marine Environment and Biota of Strait of Georgia, Puget 
Sound and Juan de Fuca Strait of the BC/Washington Symposium on the Marine 
Environment. Canadian Technical Report of Fisheries and Aquatic Sciences. Pp. 36–
100.Transport Canada. 2010. Maritime Transport of Hazardous and Noxious 
Substances: Liability and Compensation - Discussion Paper. Available at 
https://www.tc.gc.ca/media/documents/policy/hns-discussion-paper.pdf. Accessed 
July 2018. 

Transport Canada. 2018. Transportation of Dangerous Goods Program: FAQ: Amendments to 
the Marine Provisions in the TDG Regulations. Available at 
https://www.tc.gc.ca/eng/tdg/faq-amendments-marine-provisions-tdg-regulations-
part-11.html. Accessed July 2018.  

 
Washington State Department of Ecology (DOE). 2015. 2014 Marine and Rail Oil 

Transportation Study. Available at 



Roberts Bank Terminal 2 
Sufficiency Information Request #03 (IR11-03) | Page 18 

https://fortress.wa.gov/ecy/publications/SummaryPages/1508010.html. Accessed 
August 2018. 

WSP Canada Inc. (WSP). 2014. Risk Assessment for Marine Spills in Canadian Waters, 
Phase 2, Part A: Spills of Select Hazardous and Noxious Substances (HNS) Transported 
in Bulk South of the 60th Parallel North. 

Appendices 

Appendix IR11-03-A Revised GESAMP Hazard Evaluation Procedure Ratings and HNS 
Descriptions and GESAMP Hazard Profiles for: 1-Nonene, Sodium 
Hydroxide, and N-Nonyl Alcohol



 

 

 

 

 

 

 

 

 

APPENDIX IR11-03-A 

REVISED GESAMP HAZARD EVALUATION 
PROCEDURE RATINGS AND HNS 

DESCRIPTIONS AND GESAMP HAZARD 
PROFILES FOR: 1-NONENE, SODIUM 

HYDROXIDE, AND N-NONYL ALCOHOL 
 

 

 



 

Roberts Bank Terminal 2 
Appendix IR11-03-A | Page 1 

Table IR11-03-A1 Revised GESAMP Hazard Evaluation Procedure Ratings 

 

Source: GESAMP 2002. 
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Table IR11-03-A2 1-Nonene: Substance Description and GESAMP Profile  
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Source: https://www.hns-ms.eu/hnsdb 
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Table IR11-03-A3 Sodium Hydroxide: Substance Description and GESAMP Profile  
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Source: https://www.hns-ms.eu/hnsdb  
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Table IR11-03-A4 N-Nonyl Alcohol: Substance Description and GESAMP Profile  
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Source: https://www.hns-ms.eu/hnsdb 
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IR11-04 Accidents and Malfunctions – Effects Assessment, Potential Effects of Spill 
of Light Fuel Oil  

Information Source(s) 

EIS Volume 5: Section 30.6.1 

Marine Shipping Addendum: Section 10.3.3.1, Table 10-1, Appendix 10-B 

CEAR Doc#641 

Context 

In Section 30.6.1 of the EIS and Section 10.3.3.1 of the Marine Shipping Addendum, the 
Proponent provided a description of plausible worst-case scenarios that could result in a spill. 
Spills of heavy fuel oils such as bunker fuel, residual fuel oil and intermediate fuel oil were 
discussed separately from spills of light fuel oils such as diesel and distillate-derived fuels 
(Glossary, Appendix 10-B of the Marine Shipping Addendum). 

In Table 10-1 of the Marine Shipping Addendum, the Proponent indicated that although 
container ships typically carry both light fuel oil and heavy fuel oil, when spilled to the 
environment, heavy fuel oil is more persistent; evaporates less; is more likely to travel 
farther; and, is more likely to wash ashore. Due to its toxic properties, behaviour, and 
persistence in the marine environment, the plausible worst-case scenarios presented in the 
EIS and Marine Shipping Addendum is a spill involving heavy fuel oil. 

However, a submission (CEAR Doc#641) to the Review Panel stated that: 

• light fuel oil, while being less persistent and likely to spread less than a more persistent 
heavy oil, is much more acutely toxic; 

• components of light oil can contain much higher proportions of compounds such as 
benzene, toluene, xylene and ethyl benzene and lower molecular weight polycyclic 
aromatic hydrocarbons such as the naphthalenes; and 

• although exposure scenarios and toxicity from mixtures of light fuel oils are different 
than that of heavy fuel oils, they could cause effects of a greater magnitude even if 
the exposures are of shorter duration. 

In Section 10.3.3.1 of the Marine Shipping Addendum, the Proponent also indicated that the 
solubility of light fuel oils can increase exposure and toxicity to organisms. 

Further information is required to determine the potential effects of a spill of light fuel oils on 
environmental components and how environmental effects could be mitigated.  
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Information Request 

Provide a characterization of the potential acute and chronic effects on all relevant 

environmental components of light fuel oil spills that differ from the potential environmental 

effects from heavy fuel oil spills and, predict the potential significance of those effects. 

Identify additional mitigation measures that would be considered to mitigate the potential 

environmental effects on environmental components from a spill of light fuel oil. Identify 

follow-up measures that would be put in place in the short and long-term to verify the 

effectiveness of these mitigation measures and to assess potential residual environmental 

effects on environmental components. 

VFPA Response 

Provide a characterization of the potential acute and chronic effects on all relevant 
environmental components of light fuel oil spills that differ from the potential 
environmental effects from heavy fuel oil spills and, predict the potential 
significance of those effects. 

In order to characterise the different potential effects from a light fuel oil spill compared to a 

heavy fuel oil spill, a discussion on these fuel types is provided below based on recent studies 

or reviews. Section 3.0 in Marine Shipping Addendum (MSA) Appendix 10-B identified that 

light fuel oil used as ship fuel is Bunker A or Bunker B, which are generally equivalent to No. 2 

and No. 4 fuel oil types, respectively, and heavy fuel oil is Bunker C, which is essentially No. 6 

fuel oil. MSA Appendix 10-B also indicated that there is greater use of heavy fuel oil than light 

fuel oil (due to lower cost of heavy fuel oil), but the proportion of light fuel oil is expected to 

increase in the future due to international regulations aimed at reducing air pollution from 

ships1.  

As indicated in MSA Appendix 10-B, Section 3.0 and by others (e.g., Lee et al. 2015; Clear 

Seas 2017), the chemical fingerprint of the petroleum product is a key predictor of not only 

the physical properties of the product (e.g., how heavy or thick it is), but also the following: 

 Its behaviour and subsequent transport in the environment, including how it spreads, 

sinks, and disperses in water2; 

 Its toxic effects on aquatic organisms and humans; and  

 Its susceptibility to degradation by weathering (i.e., changes to the oil caused by 

exposure to sunlight, waves, weather conditions, and microorganisms in the 

environment).  

                                           

1 In October 2016, the International Maritime Organization (IMO) set a global limit for sulphur in fuel 
oil used on board ships of 0.50% m/m (mass by mass) from January 1, 2020. The current global limit 
for sulphur content of ships’ fuel oil is 3.50% m/m, except in Emission Control Areas established by 
the IMO where the limit has been 0.10% m/m since January 1, 2015. For more information refer to: 
http://www.imo.org/en/MediaCentre/HotTopics/GHG/Documents/FAQ_2020_English.pdf.  
2 Refer to MSA Appendix 10-B, Figures 3-1 and 3-2 for illustrations of fate, transport, and dispersion 
processes. 
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MSA Appendix 10-B, Sections 3.1.1 and 3.1.2 describe the physical and chemical properties 

and likely fate and behaviour of light and heavy fuel oils in the marine environment, 

respectively. The toxicity of fuel oils is determined by the presence of aliphatics, 

monoaromatic hydrocarbons, and polycyclic aromatic hydrocarbons (PAHs) (French-McCay et 

al. 2009). Heavy oils contain more of the chronically toxic alkyl PAHs, while light oils contain 

more compounds that are acutely toxic to aquatic organisms than medium or heavy oils (Clear 

Seas 2017). 

The unique features and conditions of the environment where an oil spill takes place have 

been identified as being at least as important as the type of oil in determining effects on 

aquatic ecosystems (Clear Seas 2017; Lee et al. 2015; Section 3.0 in MSA Appendix 10-B). 

Ecological effects may differ based on the physical, chemical, and biological behaviour of the 

component compounds and the setting in which the spill occurs. Based on the U.S. National 

Research Council Committee on Spills of Emulsified Fuels (U.S. NRC 2001), the ecological 

effects associated with spills of floating oils (including both heavy and light fuel oils) can 

generally be categorised as follows:  

1. Physical effects associated with smothering (i.e., mortality) or coating (i.e., mechanical 

injury) on birds, mammals, or other organisms;  

2. Acute lethal and sublethal toxicological effects on exposed organisms;  

3. Long-term effects from persistent oil residues or recalcitrant component compounds 

in sheltered environments or permeable substrates; or  

4. Acute impacts that lead to long-term adverse impacts on population dynamics (e.g., a 

small spill at a sensitive breeding location). 

The Washington State Department of Ecology (DoE) reviewed studies on various oil types 

with respect to their behaviours in the environment, as well as their propensity to adversely 

affect aquatic resources (DoE 2015). Based on the types of spills that had occurred in 

Washington (including the Salish Sea) and could occur in the future, the DoE developed the 

Washington Compensation Schedule (WCS) to quantitatively evaluate the damages 

associated with spills of different types of oil into marine, estuarine, and freshwater habitats 

based on spill volume, oil effects, and vulnerability rankings3. The potential environmental 

impacts of light versus heavy oil spills are described below, and the potential impacts based 

on spill location in the Salish Sea and time of year of a spill are presented in the response to 

IR11-10.  

The WCS accounts for the following oil type characteristics: 

 Acute toxicity – the degree to which oil is capable of causing adverse effects on fish, 

invertebrates, and wildlife after short-term exposure (hours to days) based on the 

                                           

3 The DoE developed the WCS for the purpose of determining resource damage for oil spills in state 
waters. Specific geographic locations within the Salish Sea of varying sensitivity were evaluated 
seasonally and ranked according to the existing conditions and input from expert committees. Details 
are outlined in the Washington Administrative Code in Chapter 173-183 
(http://apps.leg.wa.gov/WAC/default.aspx?cite=173-183).  
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percentage of bioavailable components4 in the oil. Toxicity has been shown to decrease 

with increasing temperature, and greater mortality is observed with longer durations 

of exposure (DoE 2015); 

 Mechanical injury – injury cause by coating, fowling, or clogging of organisms and their 

appendages and apertures, such that movements and behaviours are mechanically 

inhibited; and 

 Persistence – length of time the spilled oil is known to (or likely to) persist in a variety 

of habitat types. 

Table IR11-04-1 presents the relative qualitative ranking for each class of oil based on 

factors that affect severity (e.g., toxicity and mechanical injury) and persistence of spill on 

the environment. Compared to a spill of light oil, a heavy oil spill has the same potential acute 

toxicity, and higher mechanical injury potential and persistence. Spills of light oils cause 

greater impacts in the water column (on fish, shellfish, and plankton) than equal volume spills 

of heavy fuels, because heavy fuels are not easily entrained into the water column (i.e., 

entrainment requires high turbulence) (French-McCay et al. 2009). 

Table IR11-04-1 Relative Impact Scores by Oil Type  

Oil Category Acute Toxicity Mechanical Injury Persistence 

Crude Oils 0.9 3.6 5 (5-10 years or more) 

Heavy Oils 

(e.g., Bunker C, No. 6 Fuel) 
2.3 5.0 5 (5-10 years or more) 

Light Oil 

(e.g., Bunker A, B, No 2. Fuel) 
2.3 3.2 2 (1 month to 1 year) 

Gasoline 5.0 1.0 1 (days to weeks) 

Jet Fuel, Non-petroleum Oils 1.4 2.4 1 (days to weeks) 

Source: French-McCay et al. 2009.  

A Royal Society of Canada panel of leading experts (RSC Expert Panel) on oil chemistry, 

behaviour, and toxicity reviewed the current science relevant to oil spills into Canadian waters 

and undertook country-wide consultation with key industry, government, and environmental 

stakeholders (Lee et al. 2015). The RSC Expert Panel examined spill impacts and oil spill 

responses for the full spectrum of oil types and found the following:  

 A light oil spill is moderately volatile and can leave a residue (up to one-third of spill 

amount) after a few days. Light oils contain moderate concentrations of highly toxic 

(soluble) compounds, especially distilled products, and may result in long-term 

contamination of intertidal resources and have the potential for acute subtidal impacts 

(through dissolution, mixing, and sorption onto suspended sediments);  

                                           

4 Bioavailable components are those that are soluble or semi-soluble in water, such that they can 
dissolve from the oil into water and then be taken up by the organisms directly from the water or through 
the gut, if oil is ingested (French-McCay et al. 2009). 
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 A heavy oil spill does not readily evaporate or dissolve in aqueous solution, can 

contaminate intertidal areas heavily with long-lasting effects, cause severe impacts to 

waterfowl and fur-bearing mammals through coating and ingestion, and can sink 

readily into sediments, exerting adverse effects on benthic communities. Heavy oil 

spills weather slowly, are difficult to chemically disperse, and shoreline cleanup is 

difficult under all conditions; 

 The toxicity of spilled oil is highly variable and may be confounded by the relative 

proportions of different alkyl PAHs in the oil. It is often difficult to express relationships 

between PAH concentrations in oil and toxicity quantitatively because the physical 

characteristics of oil (e.g., density, viscosity) modify toxicity by controlling droplet 

formation and the rate of partitioning of hydrocarbons from oil to water; and 

 Despite the importance of oil type, the overall impact of an oil spill depends mainly on 

the environment and conditions (weather, waves, etc.) where the spill takes place and 

the time that elapses before remedial operations are undertaken5.  

Environmental impacts will vary considerably and primarily by the sensitivity of the 

environment oiled and the density of vulnerable organisms in those locations oiled. Impacts 

will also vary by season. A spill of heavy oil has a higher potential impact during all seasons 

relative to a light fuel oil spill (DoE 2015; French-McCay et al. 2009), as shown in Relative 

Impact Risk Scores by Oil Type and Season in Table IR11-04-2, and potential impacts are 

highest in the spring when considering the composite of all resources averaged over all WCS 

estuarine and marine zones in the marine shipping area. Additional information on seasonal 

impacts for individual organism groups is provided in the response to IR11-10.  

In summary, based on the findings above, the potential acute and chronic effects on fish and 

fish habitat, marine birds, and marine mammals of a light fuel oil spill are anticipated to be 

similar to the potential environmental effects from a heavy fuel oil spill, which has higher 

persistence and mechanical injury potential. Therefore, the hypothetical spill scenarios 

involving heavy fuel that were assessed previously are representative of the potential 

significance of effects from a light oil spill on environmental components.  

Table IR11-04-2 Relative Impact Risk Scores by Oil Type and Season, Averaged 
Over All WCS Estuarine and Marine Zones 

Oil Category Spring Summer Fall Winter 

Crude oils 20.27 19.03 17.76 17.88 

Heavy oils 26.56 24.82 23.18 23.36 

Light oils 16.04 15.07 13.99 14.05 

Gasoline 15.22 14.28 13.34 13.38 

Jet fuel, Organic oils 10.12 9.45 8.77 8.81 

                                           

5 In a review of case studies, Clear Seas (2017) also concluded that delays in responding to the spilled 
oil affected the outcome of all case studies examined and human error played a dominant role in 
affecting the impact of the spills across all case studies. 
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Source: French-McCay et al. 2009.  

Identify additional mitigation measures that would be considered to mitigate the 
potential environmental effects on environmental components from a spill of light 
fuel oil. Identify follow-up measures that would be put in place in the short and 
long-term to verify the effectiveness of these mitigation measures and to assess 
potential residual environmental effects on environmental components. 

MSA Section 10.4 outlines the mitigation measures relevant to spill preparedness and 

response for any type of spill in the marine environment. Effectively responding to oil spills is 

influenced by the oil type, as well as the environments and conditions where spills occur (Lee 

et al. 2015). The RSC Expert Panel outlined that decisions about what mitigation is best and 

the likelihood of success depends not only on the oil type, environment, and weather 

conditions, but also on technical and logistical factors (such as the responders’ knowledge and 

skills, the availability of personnel and equipment, time constraints, regulatory approvals, 

health and safety criteria, etc.), financial concerns (such as the cost and economic impacts of 

the spill), and the level of community engagement. Therefore, mitigation measures would be 

selected based on conditions and circumstances at the time of the spill.  

In the recovery phase, in which follow-up measures may be put in place in the short and long-

term to verify the effectiveness of mitigation measures and to assess potential residual 

environmental effects on environmental components, follow-up measures would be based on 

site-specific conditions and monitoring requirements. These requirements, as outlined by 

Transport Canada (CEAR Document #12046, in response to TC IR-15), could involve or be 

determined by any number of parties, including Indigenous groups, Environment and Climate 

Change Canada, Fisheries and Oceans Canada, and other federal, provincial, or municipal 

agencies where the impacts relate to their mandates.  

The RSC Expert Panel (Lee et al. 2015) and Clear Seas (2017) identified challenges in 

evaluating the effects of oil spills on aquatic ecosystems due to limited information about the 

natural environment and ecology of a site before a spill occurs (i.e., baseline data). The RSC 

Expert Panel concluded that coordination and collaboration is required to ensure that 

monitoring addresses the needs for data to assess the distribution and effects of spilled oil in 

ecosystems most at risks of spills (Lee et al. 2015). Under Western Canada Marine Response 

Corporation’s (WCMRC’s7) Coastal Response Program, the Coastal Mapping and Geographic 

Response Strategies (GRS) program was initiated in 2017 to fill this information gap. As 

outlined by Transport Canada (CEAR Document #1204, in response to TC IR-10), GRS are 

site-specific response plans tailored to protect sensitive areas threatened by an oil spill and 

are a fundamental part of WCMRC’s preparedness regimen. GRSs are created to safeguard 

archaeological and cultural sites, critical habitats and infrastructure, public beaches and parks, 

sensitive shorelines, and water-dependent commercial users, and with the intent to protect 

                                           

6 CEAR Document #1204 From Transport Canada to the Review Panel re: Response to Information 
Requests issued by the Review Panel on April 4, 2018 (See Reference Document #1178). 
7 WCMRC is the Transport Canada-certified marine response organisation on Canada’s west coast. Their 
mandate is to ensure there is a state of preparedness in place when a marine spill occurs and to mitigate 
the impacts on B.C.’s coast. This includes the protection of wildlife, economic and environmental 
sensitivities, and the safety of both responders and the public. 
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elements of larger and smaller microhabitats rather than individual species. GRSs contain 

crucial information on unique operating issues, notification protocols, mobilisation procedures, 

logistical resources, and operations and planning materials. 

Control and containment of an oil spill are the first priorities, followed by the implementation 

of a GRS, which are used during the first 24 hours of a response. The strategies supplement 

existing regional response plans and help responders identify vulnerable shoreline areas and 

describe how to protect them. Since 2013, WCMRC has created more than 400 GRSs and each 

GRS is field-tested to ensure the strategy is effective. The goal is to create GRSs for all 

27,000 km of B.C.’s coastline.  

The GRS will help to mitigate the potential environmental effects from a spill of light fuel oil 

or any fuel type on environmental components, particularly the most vulnerable components, 

and would inform requirements for follow-up monitoring.  
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IR11-05 Accidents and Malfunctions – Effects Assessment, Ultra Large Container 

Ship Scenario 

Information Source(s) 

EIS Volume 5: Section 30 

Marine Shipping Addendum: Section 10 

Proponent Response to IR4-01 (CEAR Doc#1051)  

Context  

In response to Review Panel information request IR4-01, the Proponent clarified that vessels 
greater than 15,000 twenty-foot equivalent units (TEU) are not expected to call on Roberts 
Bank Terminal 2 by 2030 but are expected within the life of the proposed Project. 

Given that the assessment of accidents or malfunctions has used 2030 as a temporal setting, 
the Proponent considered container ships up to a maximum size of 18,000 TEUs. More 
information is required to understand the potential effects of accidents or malfunctions related 
to vessels with capacities beyond 18,000 TEUs.  

Information Request 

Provide a description of the types of accidents or malfunctions that could occur for vessels 
greater than 18,000 TEUs. 

Clarify whether vessels greater than 18,000 TEUs carry specific types and quantities of 
potential contaminants - including fuel types and volumes - that were not assessed in the EIS 
and Marine Shipping Addendum for vessels of smaller sizes. If so, identify how the effects 
could differ and the specific mitigations measures that would be applicable.  

VFPA Response 

Provide a description of the types of accidents or malfunctions that could occur for 
vessels greater than 18,000 TEUs. 

EIS Section 30.0 and Marine Shipping Addendum (MSA) Section 10.0 (and supporting 

appendices) considered incidents and risks based on global accident rates for all vessel size 

ranges. The sizes of the container vessel considered in the broad category descriptions of 

accident or malfunction types (i.e., loss overboard of containers from a container ship in 

transit, allisions, collisions, fire and explosions, drift groundings, powered groundings, 

founderings, and structure failures) and hypothetical scenarios assessed in the EIS and MSA 

were not specifically stated in twenty-foot equivalent units (TEUs) as this information is 

applicable to all vessel sizes.  
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The 8,000 TEU to 10,000 TEU size class represents the largest proportion (65%) of vessel 

size ranges anticipated to call in 2030 at RBT2 (as indicated in MSA Table 4-3 and 

Table IR4-02-1 in the response to IR4-02 (CEAR Document #10511)), and the largest vessel 

accommodated by the current terminal design is New Generation IIA with 24,000 TEU capacity 

(see response to IR4-01 (CEAR Document #1051) for more information). The types of 

accidents and malfunctions that could occur for vessels greater than 18,000 TEUs, therefore, 

have been described in the EIS and MSA. As terminal operating capacity is anticipated to be 

2.4 million TEUs throughout the operations phase, the number of weekly services and vessel 

calls is anticipated to decrease as ship sizes increase (see Table IR4-02-01 (CEAR Document 

#1051) for more information). A decrease in the number of vessel calls will reduce the 

probability of the accidents or malfunction incident occurring, but the types of accidents or 

malfunctions that could occur are not anticipated to change.  

Clarify whether vessels greater than 18,000 TEUs carry specific types and quantities 
of potential contaminants - including fuel types and volumes - that were not 
assessed in the EIS and Marine Shipping Addendum for vessels of smaller sizes. If 
so, identify how the effects could differ and the specific mitigations measures that 
would be applicable.  

The EIS and MSA assessments are applicable to vessels greater than 18,000 TEUs, for the 

reasons explained below. With respect to fuel types and volumes, therefore, potential effects 

are not anticipated to differ from those presented in EIS Section 30.0 and MSA Section 10.0. 

Fuel Volumes 

International Marine Organization (IMO) regulations2 for all categories of ships with an 

aggregate oil fuel capacity of 600 m3 and above, delivered after August 2010 require that 

bunker tanks meet requirements for protective location (i.e., must not be located adjacent to 

one another longitudinally), be double-walled, and have a maximum individual capacity of 

2,500 m3. Protective measures for oil tanks were previously documented in the EIS (EIS 

Section 30.4.3 and Section 2.2.2 in EIS Appendix 30-A) and MSA (Section 3.8.2 in MSA 

Appendix 10-A). In 2030, twenty years after these requirements came into force, it is 

anticipated that all container ships calling at RBT2 would be in compliance with these fuel 

tank requirements.  

A one-tank hypothetical release scenario (i.e., heavy fuel oil spill of 2,500 m3) involving a 

vessel allision at the RBT2 wharf face was assessed in the EIS and a three-tank hypothetical 

release scenario (i.e., heavy fuel oil spill of 7,500 m3) resulting from a powered-grounding 

was assessed in the MSA. Based on the required IMO oil tank protection measures, which 

apply irrespective of vessel TEU capacity, these scenarios are applicable to all vessel sizes 

potentially calling at RBT2, including vessels greater than 18,000 TEUs. Although larger 

vessels could have more than three tanks, it is highly unlikely that all tanks would rupture in 

                                           

1 CEAR Document #1051 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 4 (See Reference Document #946). 
2 http://www.imo.org/en/KnowledgeCentre/IndexofIMOResolutions/Marine-Environment-Protection-

Committee-(MEPC)/Documents/MEPC.141(54).pdf.  
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the event of an accident or malfunction due to the required tank protection measures; 

therefore, the plausible worst-cased scenarios assessed are representative of all vessel size 

classes. 

Fuel Types 

Fuel types carried aboard vessels greater than 18,000 TEUs will generally be the same as for 

the smaller vessels. Vessels carry a combination of heavy fuel oil and low-sulphur diesel fuel, 

and the number of vessels carrying a greater proportion of low-sulphur diesel fuel or operating 

on liquified natural gas (LNG)3 will increase with time as stricter emission regulations are 

implemented (regulations for ocean-going container vessels expected to call at RBT2 are 

irrespective of container capacity). 

While the trend to larger container ship sizes continues, the cargo carried aboard is 

determined by the export and import markets, not the vessel size. The consignment volume 

handled at RBT2 is not anticipated to change with increasing vessel capacity as terminal 

design capacity is 2.4 million TEUs.  

                                           

3 Refer to the response to IR6-34 (CEAR Document #1188) for additional information on LNG-powered 
container vessels. 
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IR11-06 Accidents and Malfunctions - Effects Assessment, Discharge at Sea 

Information Source(s) 

EIS Volume 5: Section 30.4.7 

CEAR Doc#989 

CEAR Doc#1054  

Context 

In Section 30.4.7 of the EIS, the Proponent provided a qualitative assessment of the potential 
effects and mitigation related to a break in the disposal at sea (DAS) pipeline or a non-
compliant DAS discharge. The Proponent discussed the DAS pipeline primarily in relation to 
activities connected to the Intermediate Transfer Pit (ITP) component of the proposed Project. 

The Proponent stated in CEAR Doc#989 that the ITP is no longer a component of the Project, 
and instead planned to incorporate the discharge of Fraser River sand directly into fill areas. 
The Proponent provided in CEAR Doc#1054 its plan to describe additional activities that would 
result from this change in the Project. However, it remains unclear whether the Proponent 
intends to assess accidents or malfunctions related to the direct discharge of Fraser River 
sand into fill areas. 

Further, as shown in Figure 4-14 of the EIS and described in CEAR Doc#989, there are three 
DAS pipelines in the Project construction design that would be used to discharge unsettled 
fines into the marine environment, with the outfall of the pipelines located at -45 m chart 
datum level. Section 30.4.7 of the EIS did not contain an explicit description of the accidents 
or malfunctions scenarios that could occur in relation to these pipelines, nor did it present an 
effects assessment on environmental components and additional mitigation measures that 
would be considered for a pipeline break or non-compliant discharge of the fines. 

Additional information is required on the potential effects from accidents or malfunctions 
related to discharge at sea from existing Project components as well as from proposed new 
activities in connection with the dredging, transport and infilling of Fraser River sand into fill 
areas.  

Information Request 

Provide an assessment of the environmental effects related to accidents or malfunctions that 
could occur in connection with the supernatant discharge pipelines, including a description of 
potential effects on environmental components, applicable mitigation measures, and the 
significance of the predicted effects. 

Provide an assessment of the accidents or malfunctions that could occur in connection with 
the dredging, transport, and infilling of Fraser River sand into fill areas. 
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Include a description of the scenarios that could lead to these types of accidents or 
malfunctions and their probability of occurrence.  

VFPA Response 

Provide an assessment of the environmental effects related to accidents or 
malfunctions that could occur in connection with the supernatant discharge 
pipelines, including a description of potential effects on environmental components, 
applicable mitigation measures, and the significance of the predicted effects. 

The supernatant discharge pipelines are required for the discharge of sediment-laden water 

that will remain in suspension in the containment basins, during land development using 

dredgeate from the Fraser River, dredge basin, and tug basin. These pipelines were formerly 

referred to as the DAS (disposal at sea) pipelines, which are described in EIS Section 4.4.1.8 

and shown in EIS Figure 4-21, as well as described Section 2.0 of the Project Construction 

Update (PCU1, CEAR Document #12102). The configuration of the pipelines (size, routing, and 

discharge outlet locations) are the same as stated in the EIS.  

The example described during construction of the Deltaport Third Berth (DP3) Project in EIS 

Section 30.4.7 involved a break of the DAS pipeline within the operating turning basin; for 

RBT2, the supernatant discharge pipelines will be well away from an operating terminal, under 

the control of the Infrastructure Developer in accordance with the Dredging and Sediment 

Discharge Plan, and thus, will be less likely to experience an accident or malfunction like the 

DP3 Project incident.  

A break in one of the supernatant discharge pipelines would have the same potential 

environmental effects as a break in a DAS pipeline, as outlined in EIS Section 30.4.7 for DP3, 

including the following: 

 From deposited sediment, burial of benthic habitat subtidal and any sedentary or 

sessile invertebrates present in that habitat; and 

 From elevated total suspended solids (TSS) levels in the water column: 

o Reduced feeding effectiveness, particularly for filter feeders; 

o Interference with respiration or damage to respiratory structures; 

o Reduced habitat quality and food availability for fish in the water 

column; and 

o For fish, lowered feeding rate and success, increasing vulnerability to predation, 

and clogging gill filaments. 

                                           

1 As outlined in the PCU (CEAR Document #1210), since all fill materials can be used for construction 
purposes and the VFPA expects that the proposed work can be carried out in a manner that does not 
create marine pollution, the VFPA no longer anticipates that discharge of supernatant will require a DAS 
permit. Therefore, the location of supernatant discharge (referred to as the candidate 
DAS area in the EIS) is referred to as the discharge area. 
2 CEAR Document #1210 From the Vancouver Fraser Port Authority to the Review Panel re: Project 
Construction Update (See Reference Document #995) (NOTE: Updated June 13, 2018). 
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Due to the relatively short length of the supernatant discharge pipelines, a break in one of 

these pipelines would cause the same fine material to disperse into the open water at a higher 

elevation, somewhere between the surface connection and intended outlet location at -45 m 

chart datum (CD), depending on the break location. Sediment deposition and elevated TSS 

concentrations associated with a break in a pipeline are not anticipated to exceed ambient 

conditions (e.g., such as those encountered during spring freshet) in subtidal waters, except 

in the immediate vicinity of the pipe break. The potential environmental effects of such an 

occurrence are expected to be less than those already assessed in the EIS, for the following 

reasons: 

 Biophysical valued component assessments evaluated the potential environmental 

effects of surface disposal of the tug basin dredgeate (i.e., effects through the water 

column) and discharge of the dredge basin dredgeate assuming a 15% non-retention 

rate;  

 The duration of potential environmental effects from a break in one supernatant 

discharge pipeline would be short-term, in comparison to the more lengthy periods 

already assessed in the EIS (e.g., for discharge of dredge basin dredgeate, the 

duration assessed was over a four-month period in each year of dredging); and 

 Any increases in TSS, regardless of the break timing or location, would be observed in 

the water column during routine monitoring (requirement of the Dredging and 

Sediment Discharge Plan), and corrective measures taken as soon as possible (e.g., 

shut off discharge pump, repair pipeline break) thereby limiting the duration of the 

release. For additional information on mitigation measures that could be employed 

under this plan, refer to the response to IR11-24. 

In summary, the potential environmental effects on biophysical components and proposed 

mitigation measures are not expected to differ from those described in the EIS or PCU, and 

any residual effects related to productivity loss from supernatant discharge would not be 

significant. 

Provide an assessment of the accidents or malfunctions that could occur in 
connection with the dredging, transport, and infilling of Fraser River sand into fill 
areas. 

The annual maintenance dredging of the Fraser River is not a Project activity and will occur 

regardless. Sand dredged from the Fraser River is either transported to a site where it is 

pumped ashore for supply to the local sand market, or transported to an approved disposal 

at sea site (i.e., Sand Heads) for disposal.  

For the purposes of land development at RBT2, the same type of dredging and sand supply 

activity will occur, but the sand will be delivered by a dredger (e.g., FRPD309) to the Project 

site where it will be pumped into the containment dyke areas. Only the transport beyond Sand 

Heads and pumping of dredged material are activities of the Project. The probabilities 

associated with the grounding, foundering, allision or collision of a vessel involved in 

transporting Fraser River sand are identified in EIS Table 30-3 and remain unchanged, 

although construction-related changes documented in the PCU will decrease potential risks 

associated with sand transport. As further explanation, the transport of the annual 
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maintenance dredging sand to the intermediate transfer pit (ITP) described in the EIS involved 

the dredger Fraser Titan, and with the updates described in the PCU, including elimination of 

ITP use, the number of dredger movements will decrease by 1,056 over the construction 

period with use of the FRPD309 (see PCU Table 2-6). Similarly, the elimination of ITP use also 

eliminates the possibility of a collision between the incoming/outgoing Fraser Titan and the 

two dredgers operating within the ITP with vessels arriving or departing Deltaport or 

Westshore terminals.  

Should there be an accident involving the release of material (containing approximately 2% 

fines) from the FRPD309, the volume released would be a maximum of 4,600 m3. As context, 

the annual volume of material released during Fraser River discharge is approximately 

6,290,000 m3 3, or 1,367 times the holding capacity of one dredger. Based on the influence 

of the Fraser River plume and associated sedimentation at Roberts Bank, an accidental release 

of sand containing a low percentage of fines would not affect environmental components at 

Roberts Bank.  

Infilling of the Project area will consist of pumping fill into contained dyked areas by pipeline 

from a dredger. The connection point between dredger and pipe will be located close to the 

containment basins, with little exposure to open water, and the majority of the pipe will run 

over newly developed land within the containment dykes4. With the changes outlined in the 

PCU, there is only one connection point (instead of two from the ITP), with no activity 

occurring along the routing. Therefore, the potential effects of a malfunction during infilling 

through the pipeline has been reduced and the potential environmental effects from such an 

activity would be similar to those described above for a pipeline break, but only if there was 

a release to the marine environment during infilling, which is unlikely. 

Include a description of the scenarios that could lead to these types of accidents or 
malfunctions and their probability of occurrence. 

Potential scenarios of marine-based accidents or malfunctions involving a supernatant 

discharge pipeline or a construction-related vessel are described in EIS Section 30.4.7. EIS 

Table 30-3 provides the probability of such occurrences (i.e., moderate probability for a 

discharge or infilling pipeline break, low probability for a construction-related vessel grounding 

or allision, very low probability for a construction-related vessel collision, and moderate 

probability for a construction-related vessel foundering). However, the overall potential of an 

accident or malfunction occurring or the potential effects from an accident or malfunction has 

decreased for the following reasons:  

 The sediment discharged via the supernatant discharge pipelines has been reduced by 

66% (see PCU Table 2-4); 

 The number of dredger trips delivering Fraser River sand have been reduced by 

1,056 movements (see PCU Table 2-6); 

                                           

3 Based on Attard et al. (2014) and assumed material density of 2,750 kg/m3. 
4 This configuration is similar to the configuration of the infilling activity depicted in EIS Figure 4-11, 
which included two proposed pipeline connection points at the ITP for each of the operative dredgers, 
and pumping to the containment areas via the two pipelines running through the turning basin. 
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 The elimination of ITP use also decreases the travel distance of dredgers and 

eliminates the possibility of a collision between dredger(s) transiting to/from and 

operating within the ITP and vessels arriving or departing Deltaport or Westshore 

terminals; and  

 The pipelines required to deliver sand to the containment areas have been reduced 

from two to one and are located away from other operating terminals. 

References 

Attard, M. S., J. G. Vendittia, and M. Church. 2014. Suspended Sediment Transport in Fraser 
River at Mission, British Columbia: New Observations and Comparison to Historical 
Records. Canadian Water Resources Journal. Available at 
https://www.sfu.ca/~jvenditt/publications/2014_Attard_et_al_CWRJ.pdf. Accessed 
June 2018.  
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IR11-07 Accidents and Malfunctions – Environmental Management 

Information Source(s) 

EIS Volume 5: Section 30, Table 30-3, Table 30-4, Section 33, Appendix 33-A 

Context 

In Section 30.3 of the EIS, the Proponent described the risk mitigation framework to mitigate 
environmental effects from accidents or malfunctions that may occur in relation to the 
proposed Project. The risk mitigation framework is comprised of applicable regulatory 
requirements, regional risk mitigation related to marine traffic, the Proponent’s practices and 
procedures, Project-specific design, management, and emergency response. In Section 33 of 
the EIS, the Proponent further presented an outline of its emergency response plan for the 
construction and operation phases of the Project. 

The risk mitigation framework also described the various parties responsible for emergency 
response. However, the Proponent did not explain how environmental effects from accidents 
or malfunctions would be monitored in the long-term, after the implementation of mitigation 
measures, to determine whether recovery occurred or if additional mitigation measures may 
be required. 

In addition, in Sections 30.4 to 30.6 of the EIS, the Proponent elaborated on the 
environmental effects from accidents or malfunctions and stated that in certain instances 
environmental effects may depend on the speed and capacity of the emergency response, 
among other variables. 

For example, should a spill occur in the marine environment within the jurisdiction of the 
Proponent, it is unclear what would be done and who would be responsible to: 

• assess potential effects that occur on marine vegetation, invertebrates, fish, birds and 
marine mammals; 

• monitor the persistence of oil and long-term effects to wildlife and human health; and 
• conduct remediation activities if deemed necessary. 

A clarification of the roles and responsibilities for monitoring effects from accidents or 
malfunctions is required. 

Information Request 

Provide a description of the measures that would be applied to assess, monitor and mitigate 
environmental effects following the occurrence of an accident or malfunction related to the 
proposed Project, as outlined in Sections 30.4 and 30.5 of the EIS (Tables 30-3 and 30-4). 

Explain whether the roles and responsibilities related to these measures would be assumed 
by the Proponent or by other parties.  
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VFPA Response 

The prevention, reporting, and management of an accident or malfunction related to the 

Project would be dictated by requirements of federal and provincial legislation, as outlined in 

EIS Section 30.3.1 (e.g., Canada Shipping Act, 2011; Canadian Transportation Accident 

Investigation and Safety Board Act; Transportation of Dangerous Goods Act, 1992; Railway 

Safety Act; Fisheries Act; B.C. Environmental Management Act). The assessment and 

monitoring of environmental effects and implementation of additional mitigation requirements 

(i.e., those measures additional to the initial response and containment measures) following 

the incident would vary by incident and depend on many factors, such as the following: 

 The specific location of incident and type, fate, and behaviour of substance released 

(if any), which will determine the environmental components that could be affected; 

 The climatic conditions under which the incident happens, which could influence extent 

of effects;  

 The initial response, containment, and clean-up activities, which could influence the 

extent of effects and requirements for additional measures; 

 The sensitivity of affected environment and uses (e.g., recreational use), which could 

inform the need for subsequent actions; and 

 The jurisdiction of the affected environment, which will dictate which responsible 

authorities are involved in post-incident requirements. 

In general, the Responsible Party (i.e., the polluter, such as a trucking company, railway 

company, or vessel owner) would assume financial responsibility for the incident and would 

cooperate with the appropriate regulatory authorities to execute the response and implement 

additional requirements pertaining to assessing, monitoring, and mitigating environmental 

effects. As outlined in EIS Section 30.3.4, Project activities during construction and operations 

will be conducted in accordance with a robust environmental management system, including 

detailed Environmental Management Plans and an employee training program that raises 

awareness and provides site personnel with the information and skills necessary to undertake 

coordinated, safe, and effective response measures in the event of an emergency. These 

Project-specific measures, in conjunction with the robust regulatory and management 

framework described in EIS Section 30.3, will serve to minimise the risk of Project-related 

accidents or malfunctions, and in the event of an accident or malfunction, the potential for 

adverse environmental effects. 

During construction, in the event of an accident or malfunction on land, the RBT2 

Infrastructure Developer in collaboration with the Responsible Party and other specialists 

(e.g., site remediation specialists), as applicable, would implement the Health and Safety and 

Emergency Response Plan and Spill Preparedness and Response Plan, as applicable, and fulfill 

post-incident requirements outlined by regulators. During Project operation, this responsibility 

would reside with the Terminal Operator. Transport Canada responded to a similar information 

request from the Panel on measures to be implemented and responsibility for the 

implementation of such measures with respect to an oil spill that may occur from a Project-

associated vessel in the marine shipping area (response to TC IR-15 in CEAR Document 
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#12041). Their response is also applicable to the occurrence of a marine-based accident or 

malfunction related to Project construction or operation in VFPA jurisdiction. As per Canada’s 

Marine Liability Act, the responsibility for clean-up of a spill in the marine environment lies 

with the Responsible Party until such a time as each involved regulator is satisfied by the 

recovery effort relating to their jurisdiction. Transport Canada outlined that any number of 

parties may have a role in monitoring and mitigation in the recovery phase, including 

Indigenous groups, Environment and Climate Change Canada (ECCC), Fisheries and Oceans 

Canada (DFO), and other federal, provincial, or municipal agencies where the impacts relate 

to their mandates.  

In case of fire, accident, dangerous situation, or disturbance affecting safe and efficient 

navigation or environmental protection of the waters within the port authority’s jurisdiction, 

the first point of contact is the VFPA Operations Centre. The Responsible Party will make this 

contact, as described in the VFPA Port Information Guide (VFPA 2018). The VFPA Operations 

Centre follows the B.C. emergency response management system that uses the Incident 

Command System adopted by other emergency response agencies within B.C. and around 

North America. This enables the VFPA to have a collaborative, effective, and unified response 

to any emergency within the port (VFPA 2018). 

Federal, provincial, and municipal government agencies, private agencies, and organisations 

that may be engaged in the coordinated effort of response to port incidents include, but are 

not limited to DFO, Canadian Coast Guard, Transport Canada, ECCC, Public Safety Canada, 

Royal Canadian Mounted Police, Delta Police Department, Delta Fire and Rescue Services, and 

the Western Canada Marine Response Corporation (VFPA 2018). One of these entities will lead 

the full, coordinated response, depending on who has legislative responsibility given the 

location and nature of the incident. 

In the event of an emergency, the VFPA will ensure the safety and welfare of officers and 

employees of the port authority and, where it can, the VFPA aids responders to ensure the 

public and environment are protected. If it is safe to do so, the VFPA has measures in place 

to quickly resume operations following an emergency or other business interruption and works 

with tenants to develop similar procedures.  

References 

Vancouver Fraser Port Authority (VFPA). 2018. Port Information Guide – Port of Vancouver, 
May 2018. Available at https://www.portvancouver.com/wp-
content/uploads/2015/03/Port-of-Vancouver-Port-Information-Guide.pdf. Accessed 
July 2018. 

 

                                           

1 CEAR Document #1204 From Transport Canada to the Review Panel re: Response to Information 
Requests issued by the Review Panel on April 4, 2018 (See Reference Document #1178). 
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IR11-08 Accidents and Malfunctions – Effects Assessment, Other Vessels Scenario 

Information Source(s) 

Marine Shipping Addendum: Section 10, Appendix 10-A 

Proponent Response to IR4-03, IR4-04 and IR4-09 (CEAR Doc#1051) 

Context  

Participants have expressed concerns that certain types of accidents with potentially severe 
consequences were not examined in detail by the Proponent in the Marine Shipping 
Addendum, such as an accident involving a container ship allision or collision with a ferry or 
a tanker. The Proponent instead focused its assessment on a plausible worst-case scenario, 
which involved a container ship grounding accident. 

The Proponent explained that an accident involving a ferry was not included on the basis of 
their high manoeuvrability and established risk avoidance and communication practices at 
Roberts Bank terminals (Marine Shipping Addendum Section 10.3.2.2). An accident involving 
a container ship with a tanker carrying crude oil was not considered based on an extremely 
low probability of occurrence. The probability of an accident involving a liquefied natural gas 
(LNG) tanker was not assessed based on the lack of evidence of LNG projects proceeding at 
the time the Marine Shipping Addendum was submitted. 

In response to Review Panel information request IR4-04, the Proponent provided updated 
vessel movement numbers for ferry movements, which were predicted to increase by 2030 
in the marine shipping area. In response to IR4-03 and IR4-09, the Proponent updated vessel 
movement numbers for tanker movements for reasonably foreseeable projects by 2025 and 
2030 in the marine shipping area, including crude oil and LNG tankers. 

An effects assessment of an accident involving a container ship and a ferry, as well as a 
container ship and a tanker, is required to determine the potential effects and additional 
mitigation measures required in the event of such accidents. 

Information Request 

Provide an assessment of the potential environmental effects of the three following scenarios, 
regardless of the probability of occurrence, an accident resulting from a container ship allision 
or collision with: 

• a passenger ferry; 
• a tanker carrying crude oil; and 
• a tanker carrying LNG 

Describe how the environmental effects and appropriate mitigation measures would differ 
from those in the plausible worst-case scenario described in Marine Shipping Addendum 
Section 10.3.3. Identify residual effects and discuss their significance.  
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VFPA Response 

Clarification 

The context to this information request states that in the response to IR4-04 (CEAR Document 

#10511), the VFPA updated vessel movement numbers for ferries in 2030. The VFPA wishes 

to clarify that the projected vessel movements included in the response to IR4-04 were not 

updated since submission of the Marine Shipping Addendum (MSA). Table IR4-04-2 (CEAR 

Document #1051) provided the requested information for Segment G movements (for all 

vessel categories) that was not previously provided in MSA Section 4.0. The VFPA also 

included updated container vessel movements to reflect the elimination of split call service at 

Deltaport and updated annual movements in Segment F based on the cancellation of the 

Gateway Pacific Project2. For Segments A through D where Project-associated vessels will 

transit, a summary of the information provided in the MSA and in the IR4-04 response (CEAR 

Document #1051) is provided in Table IR11-08-1 to show that vessel movements for the 

passenger category (which includes ferries) have not changed since submission of the MSA.  

In addition, to illustrate that projected tanker movements have not changed since submission 

of the MSA for Segments A through D where Project-associated vessels will transit, 

Table IR11-08-1 presents information on tanker movements presented in the MSA and the 

response to IR4-04 (CEAR Document #1051). As explained in the previously submitted 

documents (MSA Appendix 10-A, MSA IR-02.24.16-7 of CEAR Document #3913, and IR4-09 

of CEAR Document #1051), future tanker traffic in Segments A to D in 2030 was projected 

based on applying an annual growth rate from 2012 AIS-based traffic levels (i.e., 2% per 

annum for the tanker category). Future traffic projections were not calculated on a project-

by-project basis, with the exception of the addition of 720 annual tanker movements 

associated with the Trans Mountain Expansion Project (TMX), since movement information 

was sourced from the TMX Application (TMX 2013a), which included the project-related tanker 

traffic increase in addition to expected growth.  

As further clarification for a statement made in the context to this information request, the 

response to IR4-03 (CEAR Document #1051) provided estimated vessel movements in the 

South Arm of the Fraser River, which is outside of the marine shipping area. Tanker traffic 

associated with these movements (i.e., from the Vancouver Airport Fuel Delivery Project and 

the WesPac Tilbury Marine Jetty Project) were included in the response to IR4-09 (CEAR 

                                           

1 CEAR Document #1051 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 4 (See Reference Document #946). 
2 As explained in the response to IR4-09 (CEAR Document #1051), incremental vessel movements in 
Segment F were based on a hybrid approach that combined growth rate increases and projected project-
specific vessel movements since AIS (Automatic Identification System) cross-section data was not 
available for that specific region. 
3 CEAR Document #391 From Port Metro Vancouver to the Canadian Environmental Assessment Agency 
re: Marine Shipping Addendum Completeness Review - Responses to Additional Information 
Requirements (See Reference Document #386). 
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Unmitigated, it was assumed that the spill would disperse into MSA Segments A and E 

to the north and into Segments C, D, and G to the south; and 

 Scenario #2 – A collision occurs between a container ship associated with the Project 

and a small vessel (such as may be used for marine commercial use, outdoor 

recreation, or traditional purposes) within the established shipping lane. The collision 

is assumed to result in damage to or loss of the vessel and/or gear and injury or fatality 

of persons on the small vessel. 

For the three requested scenarios involving different vessel types colliding or alliding with a 

container vessel, there are a number of factors that would influence the potential 

consequences of such an event, including the following: 

1) Vessel information, including design specifications for fuel tanks; 

2) Circumstances leading to the collision, including vessel speeds, directions of travel, 

and orientation of each vessel during impact; 

3) Environmental conditions at the time of the incident; 

4) Specific characteristics of cargo or bunker fuel oil that could be spilled; and  

5) Timing of response to the incident and mitigation applied to prevent movement of the 

slick.  

Based on these uncertainties, the scenarios considered are described below along with 

assumptions to support statements regarding any changes to the potential effects arising 

from each hypothetical event, as well as the significance of those effects compared to the 

effects predicted in MSA Section 10.5.  

Collision with Container Ship and Passenger Ferry 

For a collision between a container ship and a passenger ferry, it is assumed that the location 

of the encounter occurs at Roberts Bank in Segment A, as this is the area identified as having 

a higher potential for an encounter (Figure 3-7 of EIS Appendix 30-A)6 than other locations 

in the marine shipping area. The speed of both vessels in this area would be low due to 

proximity to their respective berths, and special operating procedures applicable for this 

precautionary area (shown in MSA Figure 10-1).  

The consequences of this collision scenario are anticipated to include human health effects 

related to direct injury or mortality, or physical and mental trauma for ferry passengers and 

vessel personnel, as well as damage to the structure of both vessels and loss of containerised 

cargo. However, the impact force from such a collision would be low and is not expected to 

result in hull penetration or a release of fuel oil due to regulatory requirements influencing 

ship construction, particularly International Maritime Organization requirements for protective 

                                           

6 As per the information request, the probability of such an encounter is not considered, nor is the fact 
that there are a number of mechanisms in place to reduce the frequency of accidents, including but not 
limited to traffic separation zones, mandatory pilotage for container ships moving in either direction 
through Segment B and Segment A, and established risk avoidance and communication practices at 
Roberts Bank terminals. In addition, container vessels and their escort tugs are well-equipped with 
state-of-the-art navigation and communication safety equipment, and ferries have high manoeuvrability 
(as stated in Section 3.6.2 in EIS Appendix 30-A).  
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location of fuel tanks (IMO 2010). Refer to Sections 2.2.2 and 3.8.1 of EIS Appendix 30-A for 

more information.  

Due to the low impact force and low percentage of hazardous and noxious substances (HNS) 

cargo carried per container vessel, the potential loss overboard of containers carrying HNS is 

expected to be only one (1) container, which is a conservative estimate based on information 

provided in EIS Appendix 30-A Section 3.8.3. Due to the low impact and packaging 

requirements for the transportation of HNS substances, the container and packaging is not 

anticipated to be compromised.  

Based on the information provided above, the potential effects and residual effects (and their 

significance), relative to the effects assessment provided in MSA Section 10.5 for the worst-

case plausible scenario involving a collision between a container vessel and a small vessel are 

described below. The affected valued components for that scenario included human health, 

marine commercial use, and outdoor recreation (as outlined in MSA Table 10-3), and the 

changes to the MSA assessment conclusions are as follows: 

 For human health, a collision between larger vessels is likely to result in injuries, and 

is unlikely to result in a fatality (compared to smaller vessels, larger vessels provide 

more protection for passengers). As supporting information (previously documented 

in MSA Section 10.5.9), a collision between two passenger ferries in Active Pass 

(outside of the marine shipping routes) in 1992 resulted in the injury of 19 passengers 

and 4 crew members, but there were no fatalities (Transportation Safety Board of 

Canada n.d.). The residual effect for this scenario would be similar to that of the MSA 

collision scenario. If serious injury results from the collision, the health and quality of 

life for individuals may be affected permanently, and by the definition provided in MSA 

Section 10.5.9.6, if the injuries were permanent, the residual effect would be 

significant. 

 For marine commercial use and outdoor recreation, vessel and gear damage or loss 

and reduced business revenues7 will not result from the container vessel collision 

scenario involving a ferry. These potential effects from a small vessel (such as a fishing 

vessel, marine tourism vessel, or recreational vessel) and container vessel collision 

were contributing factors to the non-significant residual effect predictions concluded in 

the MSA assessment (see MSA Tables 10-39 and 10-46 for marine commercial use 

and outdoor recreation, respectively). Therefore, there would be no potential effects 

(or residual effects) on marine commercial use or on outdoor recreation associated 

with a container vessel collision scenario involving a ferry.  

With respect to current use of lands and resources for traditional purposes (Current Use) and 

the exercise of potential or established Aboriginal and treaty rights, if Indigenous groups are 

still able to access locations and resources for traditional purposes and achieve associated 

traditional or cultural objectives in the area affected by a collision between a container vessel 

and a passenger ferry (that is, the collision does not involve a vessel engaged in Current Use 

                                           

7 Area use and access by commercial or recreational vessels and resource availability are not expected 
to change as there are alternatives to route around the collision zone. 
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or the exercise of rights, as assessed in the collision scenario presented in MSA 

Section 10.5.13), potential effects on Current Use and potential impacts (or residual impacts) 

on the exercise of rights would not be anticipated. 

Collision with Container Ship and Tanker Carrying Crude Oil 

A collision involving a container ship and a crude oil tanker could result in the release of cargo 

(i.e., crude oil and/or containerised goods) and/or contents of the bunker fuel tanks within 

the vessels. Recognising the numerous scenarios that could be assessed for the container 

vessel collision scenario involving a crude oil tanker, the VFPA has relied upon information 

presented in EIS Appendix 30-A, which states the following and is assumed for this 

hypothetical scenario: 

 The maximum credible oil spill volume is approximately 40,000 m3 (refer to EIS 

Appendix 30-A Section 3.8.2 for more information);  

 It is conceivable that one container carrying HNS could go overboard during this 

hypothetical collision scenario (EIS Appendix 30-A Section 3.8.3), and due to the 

higher forces of the impact both internal and external packaging is compromised and 

the contents are released to the marine environment;  

 The encounter probability in the marine shipping area is highest in Segment B 

(Boundary Passage), as documented in Figure 3-6 in EIS Appendix 30-A, based on the 

relative risk of overtaking, head-on, and crossing encounters between a container 

vessel and a tanker. This encounter location is in the same area as the MSA 

hypothetical worst-case plausible scenario involving a powered grounding and 

resulting in a spill.  

The differences between the container vessel grounding and container-tanker vessel collision 

scenarios, therefore, include the oil spill volume (7,500 m3 versus 40,000 m3) and cargo being 

released to the marine environment (i.e., crude oil and a HNS). It is assumed that the bunker 

fuel has similar properties in both spills and spill of this magnitude will have high 

consequences, regardless of the actual volume released. In addition, the extent of the spill, 

unmitigated, was assumed to be the same—the spill would disperse into MSA Segments A 

and E to the north and into Segments C, D, and G to the south. 

The potential effects arising from this collision are generally expected to be similar to those 

described for the MSA grounding scenario, and affect the same intermediate and valued 

components as shown in MSA Table 10-3 for the MSA grounding scenario (i.e., air quality, 

marine water quality, atmospheric noise, light, underwater noise, marine fish and fish habitat, 

marine mammals, marine birds, human health, marine commercial use, outdoor recreation, 

and archaeological and heritage resources) as well as Current Use, and asserted and 

established Aboriginal and treaty rights.  
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As outlined in the response to IR11-03 (CEAR Document #13288), the potential consequences 

from the release of HNS from one overboard container in which the integrity of substance 

packaging is compromised are difficult to define based on the wide variety of HNS transported 

by container vessels. A HNS spill could result in changes to the physical environment, such 

as variation in salinity and pH, or deoxygenation when material is broken down or used 

biologically in the marine environment (EMSA 2007). Changes in environmental conditions 

could induce lethal effects in marine ecosystems, but such a consequence is likely to be limited 

to the spill location and immediate dilution area and will depend upon ambient conditions at 

the spill location and natural tolerance of the organisms present.  

 

The nature and duration of the effects of an oil spill depend on a wide range of factors. These 

include the quantity and type of oil, its behaviour in the marine environment, the location of 

the spill in terms of ambient conditions and physical characteristics, and the timing, especially 

in relation to the season and prevalent weather conditions. Other key factors are the biological 

composition of the affected environment, the ecological importance of the component species, 

and their sensitivity to oil pollution. For the release of crude oil, as outlined in the IR11-04 

response (CEAR Document #1328), the unique features and conditions of the environment 

where an oil spill takes place have been identified as being at least as important as the type 

of oil in determining effects on aquatic ecosystems. Ecological effects may differ based on the 

physical, chemical, and biological behaviour of the component compounds and the setting in 

which the spill occurs. Based on the relative effects of crude oil versus heavy oil (the type of 

oil assessed in the MSA grounding scenario) outlined in Table IR11-04-1 (CEAR Document 

#1328), a crude oil spill is likely to cause less acute toxicity and mechanical injury, and is 

likely to persist in the marine environment for the same duration (5 to 10 years).  

Despite the importance of oil type, the overall impact of an oil spill depends mainly on the 

environment and conditions (weather, waves, etc.) where the spill takes place and the time 

that elapses before remedial operations are undertaken.  

In addition, the mitigation measures relevant to spill preparedness and response would not 

change for the container vessel-tanker collision. As with any type or volume of spill, mitigation 

measures would be selected based on conditions and circumstances at the time of the spill. 

The selection of appropriate clean-up techniques and the effectiveness with which operations 

are conducted can also have a significant bearing on the effects of a spill, as outlined in the 

response to IR11-04 (CEAR Document #1328). As further context, as documented in MSA 

Section 10.5, the ability of the marine environment to recover from severe disturbance is a 

function of its complexity and resilience. 

In the event of this container vessel-tanker collision scenario, the assessment conclusions of 

the MSA grounding scenario are not expected to change (i.e., the residual effects and the 

significance of those effects described in MSA Section 10.5 apply to both scenarios), as 

summarised in Table IR11-08-1.  

                                           

8 CEAR Document #1328 From the Vancouver Fraser Port Authority to the Review Panel: Response to 
Information Requests IR11-03, IR11-04, IR11-09, IR11-10, IR13-05 and IR13-26 (see Reference 
Documents #1179 and #1228). 
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Collision with Container Ship and Tanker Carrying LNG 

An accident involving a LNG carrier with a container ship is not anticipated to result in different 

consequences than those already described for the MSA grounding scenario and outlined 

above for the container vessel-tanker collision scenario. The location of the encounter and 

type of fuel oil that could be released would be similar in terms of volume and product 

characteristics as described above. Information regarding the loss of a single HNS container 

overboard, as described above, is also applicable to this scenario. 

A LNG release from a double-walled tank in the centre of the carrier is not considered 

plausible, based on the assessment of a worst-case accident scenario for the Woodfibre LNG 

Project (Woodfibre 20159). The assessed worst-case scenario resulting in a LNG release to 

the marine environment involved the loss of containment from the largest LNG tank with a 

volume of 50,180 m3 with a hole size of 750 mm as a result of a collision with a BC Ferries 

vessel in Howe Sound. In Woodfibre LNG project scenario, it stated that while a number of 

minor collisions have occurred with LNG carriers globally, none have resulted in a containment 

failure or release of cargo.  

Nevertheless, for the container vessel-LNG carrier collision scenario that results in LNG being 

released from the tanker in Segment B, the LNG would pool within the hull of the vessel and 

on the water surface, where it would spread and boil off, forming a vapour cloud that would 

disperse into the atmosphere (Woodfibre 2015). The vapour cloud would consist mostly of 

methane and since methane gas is lighter than air, it would disperse quickly to the upper 

atmosphere. A zone of freezing and potential asphyxiation would extend approximately 120 m 

from the LNG carrier and to a height of 3 m to 5 m above the seawater surface. The surface 

of the sea would rapidly cool in the affected zone, and any skin exposure could result in 

cryogenic burns and frostbite. Since LNG is only flammable in a very specific vapour range 

and requires an ignition source to combust and start a fire, the friction and energy of the 

impact could immediately ignite the vapour cloud. This would limit the dispersion of the LNG 

vapour cloud and associated fire to the area immediately around the LNG carrier breach. 

Ignition of the LNG would cause a flash fire that would burn back to the source of the spill 

and then burn in a pool fire until the leak has stopped. The most significant impacts to public 

safety and property exist within 250 m of such a spill. A fire could cause burns or mortality 

to people and other organisms in the immediate vicinity of the fire. In the less likely event 

that following a collision there is a delay in the ignition of the vapour cloud, a zone of impact 

larger than 250 m could be created as the vapour cloud has more time to travel away from 

the immediate area around the LNG carrier breach.  

Due to the similarities between the MSA grounding scenario, the container vessel-tanker 

scenario, and this scenario, the assessment conclusions summarised in Table IR11-08-1 are 

applicable for this scenario. As further explanation, a fire from the release of LNG may cause 

                                           

9 A release of LNG from an LNG carrier collision would only occur under a very specific set of 
circumstances. These circumstances require the colliding vessel to be at least 50,000 deadweight 
tonnes, travelling at a minimum of 12 knots, and the strike must occur at a 90-degree angle to the LNG 
carrier in order to generate sufficient energy to penetrate the LNG carrier’s double-hull and robust LNG 
containment system. 
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more severe consequences to people and other organisms in the immediate vicinity of the fire 

or in the vicinity of the vapour, but the overall conclusions would not change (e.g., residual 

effect to human health would be significant).  

With respect to additional mitigation measures for LNG carriers, regulations require that there 

be fire protection, independent LNG cargo areas, and separation between engine and cargo. 

In addition, key mitigation for the Woodfibre LNG project (Woodfibre 2015) applicable to the 

marine shipping area includes the following: 

 A safety awareness zone around a transiting LNG carrier using three escort tugs to 

provide warning to other marine users of the approaching vessel and assistance if 

needed; and 

 Use of firefighting equipment and suppression systems on board each vessel and 

implementation of control procedures to reduce potential effects, including the use of 

a fire water monitor to disperse the vapour cloud, water curtains around the source of 

the leak, and a foam generator. 

As with other tankers, special operating procedures would be adhered to in precautionary 

zones along the marine shipping routes and each tanker would be piloted by BC Coast Pilots. 

In addition, the mitigation measures relevant to spill preparedness and response would not 

change for this container vessel-LNG carrier collision. As with any type or volume of spill, 

mitigation measures would be selected based on conditions and circumstances at the time of 

the spill (as explained in the responses to IR11-04 and IR11-10 of CEAR Document #1328 

and IR11-11 of CEAR Document #1333) and the effectiveness with which operations are 

conducted would have a significant bearing on the effects of a spill.  
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IR11-09 Accidents and Malfunctions – Effects Assessment, Structural Failure 

Scenario 

Information Source(s) 

Marine Shipping Addendum: Section 10, Appendix 10-A 

CEAR Doc#343  

Context 

A participant expressed concern that structural failure of container ships, due to structural 
fatigue, was not represented adequately in the Marine Shipping Addendum Section 10 and 
Appendix 10-A. 

Acknowledging that risk of structural failure could reasonably go undetected by the Proponent, 
further understanding is required regarding the potential consequences of such an event.  

Information Request 

Provide a discussion that expands on Marine Shipping Addendum Appendix 10-A regarding 
the risk of structural failure in container ships, by identifying whether the effects of such a 
structural failure would differ from the worst-case scenario already examined in Marine 
Shipping Addendum Section 10. Explain whether there are risk management strategies that 
would be considered by the Proponent to prevent the occurrence of such an event.  

VFPA Response 

Provide a discussion that expands on Marine Shipping Addendum Appendix 10-A 
regarding the risk of structural failure in container ships, by identifying whether the 
effects of such a structural failure would differ from the worst-case scenario already 
examined in Marine Shipping Addendum Section 10. 

Structural fatigue1 is an important consideration in the design, construction, and operation of 

container ships. Failure due to structural fatigue is accounted for in the incidence probabilities 

associated with the failure modes evaluated in the Marine Shipping Addendum (MSA), 

including foundering, collisions, allisions, and grounding. Structural fatigue failure can lead to 

these failure modes.  

                                           

1 Structural fatigue occurs due to damage to the microscopic structure of the material (usually steel) 
used in the construction of the vessel under oscillating loadings. For container ships, there are several 
contributors to oscillating loading, including, as examples, wave loads, machinery-induced vibrations, 
and rudder movements during course keeping.  
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The plausible worst-case scenario involving a container ship associated with RBT2 

experiencing a hard grounding while under power in Boundary Passage (described in MSA 

Section 10.3.3.1) could result from a vessel that experiences structural failure; therefore, the 

effects of such a structural failure are not expected to differ from the worst-case scenario 

already examined in MSA Section 10.0. This hypothetical scenario, resulting in a hull breach 

and release of 7,500 m3 of heavy fuel oil to the marine environment, was selected for the 

assessment of potential effects, as it generally represents the worst-case consequences for 

most intermediate and valued components2.  

Explain whether there are risk management strategies that would be considered by 
the Proponent to prevent the occurrence of such an event. 

As outlined by Transport Canada in the response to TC IR-13 of CEAR Document #12043, 

ships associated with RBT2 would be built to and surveyed for compliance with standards 

developed by the International Association of Classification Societies4. Throughout the life of 

the vessel, detecting cracks and areas of structural fatigue is part of ship inspections by all 

International Maritime Organization (IMO) countries, including Canada.  

The VFPA has not considered risk management strategies associated with structural failure, 

since Transport Canada has responsibility to ensure safe ships, the protection of life and 

property, and the prevention of ship-source pollution for Canadian ships, as well as foreign 

ships sailing within Canadian waters. Through the IMO Port State Control program under the 

Tokyo Memorandum of Understanding, foreign vessels entering Canadian waters are 

inspected by Transport Canada Marine Safety inspectors to ensure compliance with the 

various maritime international conventions and codes. For more information on Transport 

Canada’s responsibilities on this topic, refer to the response to TC IR-13 (CEAR Document 

#1204). 

                                           

2 See the response to IR11-03 for the rationale for selection of the plausible worst-case scenario; the 
response to IR11-04 for information regarding a light fuel oil spill; and the responses to IR11-10 and 
IR11-11 (forthcoming) for information regarding effects on biophysical species in different spatial and 
temporal scenarios. 
3 CEAR Document #1204 from Transport Canada to the Review Panel: Response to Information Requests 
Issued by the Review Panel on April 4, 2018 (CEAR Document #1178). 
4 The International Association of Classification Societies (IACS) is a not-for-profit membership 
organisation of classification societies that establish minimum technical standards and requirements 
that address maritime safety and environmental protection and ensures their consistent application. 
IACS is recognised as the principal technical advisor of IMO. http://www.iacs.org.uk/about/. 
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IR11-10 Accidents and Malfunctions – Effects Assessment, Temporal and Spatial 
Aspects 

Information Source(s) 

Marine Shipping Addendum: Section 10.3.3.1, Section 10.5, Section 10.5.6, Table 10-1 

Environment and Climate Change Canada, Comment on the Completeness of the Marine 
Shipping Addendum (CEAR Doc#372)  

Context  

In Section 10.3.3.1 of the Marine Shipping Addendum, the Proponent indicated that one of 
the plausible worst-case scenarios involved the hard grounding of a container ship resulting 
in a spill. In Table 10-1 of the Marine Shipping Addendum, the Proponent presented the 
characteristics of this scenario, and Table 10-3 identified the components that would be 
affected. The Proponent indicated that the worst-case scenario would occur: 

• in May since the freshet flows from the Fraser River would increase the likelihood of 
the spill’s transport away from the incident site; and 

• in Segment B at the south end of South Pender Island in Boundary Passage and 
Moresby Island since it is considered a higher collision or grounding risk area due to a 
narrow passage, navigational hazards, and prevailing wind directions. 

Although these characteristics represent the worst-case in certain aspects such as dispersion 
and likelihood of grounding, the spatial and temporal constraints make it difficult to determine 
the potential effects on environmental components of a heavy oil spill that could occur 
elsewhere and during other times of the year. 

The Proponent acknowledged that an actual spill could have different characteristics from 
those presented in Table 10-1, and that changes to environmental components could vary 
from those described in Section 10.5 of the Marine Shipping Addendum. The Proponent 
indicated that these characteristics generally represent the worst-case consequences for most 
environmental components and sub-components and important differences are noted as 
appropriate in Section 10.5. However, in Section 10.5 the Proponent does not systematically 
describe these differences due to potential important variations in characteristics of the worst-
case scenario. 

For example, in Section 10.5.6 of the Marine Shipping Addendum, the Proponent indicated 
that the plausible worst-case scenario is unlikely to further compromise at-risk salmon 
populations due to limited spatial (i.e. Sockeye and Chinook Salmon) or temporal (i.e. Coho 
Salmon) overlap. However, the Proponent did not elaborate on the potential effects to those 
species if the spill were to overlap their distribution in time and space. Similarly, Environment 
and Climate Change Canada indicated that many bird populations peak at times of the year 
other than May (CEAR Doc#372). 
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Based on the large spatial and temporal distributions of environmental components within the 
marine shipping area, and the potential for a hard grounding and subsequent oil spill to occur 
anywhere along the marine shipping route, constraining the worst-case scenario to a place 
and time of year is inappropriate. The potential effects on environmental components within 
the entire marine shipping route of a worst-case heavy oil spill should be described, and 
adequate mitigation measures identified. 

Information Request 

Provide a description of the effects on marine biophysical components (except for coastal 
birds – see IR11-11) resulting from a worst-case scenario heavy oil spill, assuming the spill 
would occur at the time of year and at the location in the marine shipping area when and 
where the marine biophysical components have the greatest sensitivities to such effects. 

Describe how the effects on marine biophysical components would vary across the marine 
shipping area at different times of the year. Discuss whether the residual effects would be 
considered significant. 

Describe how mitigation measures may need to be adapted to account for seasonality and 
location of the spill.  

VFPA Response 

Provide a description of the effects on marine biophysical components (except for 
coastal birds – see IR11-11) resulting from a worst-case scenario heavy oil spill, 
assuming the spill would occur at the time of year and at the location in the marine 
shipping area when and where the marine biophysical components have the 
greatest sensitivities to such effects. 

Describe how the effects on marine biophysical components would vary across the 
marine shipping area at different times of the year. Discuss whether the residual 
effects would be considered significant. 

The marine biophysical components considered in this response include marine fish and fish 

habitat and marine mammals and their associated sub-components. In the Marine Shipping 

Addendum (MSA), potential effects to these components were assessed using a hypothetical 

worst-case spill scenario of a 7,500 m3 heavy fuel oil spill (i.e., release from one full bunker 

fuel tank) in Segment B (grounding on the south end of South Pender Island in Boundary 

Passage) during spring (described in MSA Section 10.3.3). Potential effects or consequences 

to marine biophysical components from a heavy fuel oil spill of similar volume at other 

locations in the marine shipping area and during other seasonal conditions (referred to as 

other spill scenarios) are discussed below relative to the potential effects described in MSA 

Section 10.5. 

Qualitative vulnerability rankings from the “Pre-assessment Screening and Oil Spill 

Compensation Schedule Regulation” outlined in the Washington Compensation Schedule 

(WCS) developed by Washington Department of Ecology1 can be used to evaluate the 

                                           

1 The Washington Department of Ecology developed the Washington Compensation Schedule (WCS) for 
the purpose of determining resource damage for oil spills in state waters. Details are outlined in the 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #10 (IR11-10) | Page 3 

potential consequences to marine biophysical components of other spill scenarios occurring 

in different locations along the inbound and outbound shipping routes in Segments A to D. 

Specific geographic locations of varying sensitivity within Washington State were evaluated 

seasonally and ranked according to the existing conditions and with input from expert 

committees involved in the Washington State Joint Legislative Audit and Review Committee 

process. The WCS outcomes are relevant to a hypothetical spill from a Project-associated 

vessel for the following reasons: 

 The WCS assessment was conducted where Project-associated vessels transit (in 

Segments A through D of the marine shipping area in both Canada and the U.S.A.); 

and 

 Effects to marine fish and fish habitat are expected to be similar in U.S. and Canadian 

waters (as outlined in MSA Section 10.5.6.1), given the similar types of marine 

shipping activities, and similar types of habitats, flora, and fauna. 

The WCS Salish Sea regions that were classified are shown in Figure IR11-10-1; Project-

associated vessels transit through the following regions (assuming vessel is inbound): 

 Region 1 – from Buoy J at the entrance to Juan de Fuca Strait to the start of Region 2 

(western part of Segment D); 

 Region 2 - Juan de Fuca Strait (Segment D); 

 Region 3 – Segment C and the southwestern part of Segment B; 

 Region 7 – Segment A; and 

 Region 8 – middle and north part of Segment B through Haro Strait and Boundary 

Passage. 

Subregion areas within each of these regions, as well as other regions that may be affected 

by a spill as it disperses are delineated in the figures provided in Appendix IR11-10-A.  

                                           

Washington Administrative Code in Chapter 173-183 
(http://apps.leg.wa.gov/WAC/default.aspx?cite=173-183). 
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Figure IR11-10-1 WCS Geographic Zones in Marine Shipping Area  

 

Potential oil spill impacts on marine fish (including shellfish, but excluding salmon) were rated 

in the WCS on a numerical scale from low (1) to high (5), considering oil toxicity, persistence, 

and the vulnerability of aquatic resources at particular locations and times of year. The marine 

and estuarine habitat and salmon vulnerability rankings in the WCS are based on the 

proportion of habitat types exposed to spilled oil.  

The resource vulnerability rankings for the components of marine fish and fish habitat and 

marine mammals are described in more detail below. 

Marine Fish and Fish Habitat 

The hypothetical heavy fuel oil spill described in MSA Table 10-12 was assessed as having the 

potential to lower productivity of fish and fish habitat through direct mortality, sub-lethal 

effects, changes in behaviour, reduction of food base, and degradation of habitat. Marine and 

estuarine habitats and sessile species are vulnerable to oil exposure, but sessile species tend 

to possess life history characteristics2 that make them resilient to disturbance, which can 

facilitate swift rebound (MSA Section 10.5.6.1). In contrast, most marine fish species are 

highly mobile and are considered capable of moving away from a spill. With respect to the 

marine fish and fish habitat component, potential effects in another location and in different 

                                           

2 Examples of life history characteristics include spore dispersal (e.g., kelp), vegetative reproduction 
(e.g., eelgrass), and broadcast spawning (e.g., shellfish). 
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seasons to intertidal shoreline habitat, marine vegetation, marine invertebrates, and marine 

fish (except salmon) are outlined below based on information provided in MSA 

Sections 10.5.6.1 and 10.5.6.3, and the WCS.  

Intertidal Shoreline Habitat 

Shorelines in closest proximity to the MSA’s plausible worst-case spill scenario include those 

along Saturna, North Pender, and South Pender islands, as well as Waldron Island and Stuart 

Island in the San Juan Archipelago. As outlined in MSA 10.5.6.1 and illustrated in MSA 

Figures 8.1-3 and 8.1-4, these areas are dominated by hardened (i.e., rock cliff or rock 

platform), rocky beach (i.e., rock with sand or gravel), and sand and gravel beach shoreline 

types.  

These habitats were described in MSA Section 10.5.6.1 as not being highly sensitive shoreline 

types and are thus expected to recover from oil exposure relatively quickly, ranging from days 

to years depending on the exact location of the spill. Effects of fuel oil on these shorelines 

would be limited to the surface, posing a direct contact hazard for species and potential for 

smothering. Exposure to fresh oil could cause acute mortality, and longer-term toxic effects 

from weathered oil could include growth and mobility impairment and mortality, reducing the 

abundance of sensitive species (Junoy et al. 2005, Incardona et al. 2011). In some cases, 

where acute effects are severe, recolonisation and succession could be protracted over a 

period of years.  

MSA Section 10.5.6.1 also described the potential effects of a spill occurring near more 

sensitive habitat elsewhere in the marine shipping area, including salt marshes and armoured 

beaches, which can act as reservoirs for oil and provide a long-term source of exposure to 

toxic compounds, with longer timeframes for recovery. For example, an oil spill affecting 

sensitive soft-sediment habitats, such as intertidal marsh or mudflats (which are largely 

located along shorelines within Rosario Strait (i.e., in Segment F, outside of the Project-

associated vessel route) and Roberts Bank would take considerably longer timeframes for 

recovery. Mudflats, which are composed of extremely fine sediment grain sizes that are 

somewhat resistant to oil penetration due to limited interstitial spaces among the grains, 

support productive infaunal communities whose burrows provide a conduit for deeper oil 

penetration. In addition to direct effects of exposure, contamination of mudflat infaunal 

communities can pose a risk to higher trophic levels that depend on them as a food source, 

including Pacific salmon and migratory shorebirds. 

The WCS provides habitat vulnerability rankings for each of 37 marine and estuarine habitat 

types based on substrate type, energy regime, and depth of occurrence3. Table IR11-10-1 

provides the relative rankings of vulnerability to oil spills on a 1 (least vulnerable) to 5 scale 

                                           

3 For a description of each habitat type, refer to http://apps.leg.wa.gov/WAC/default.aspx?cite=173-
183-410. 
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(most vulnerable) for each type based on the presence of ‘living public resources’ at risk (WCS 

term described below)4, and predicted sensitivity to the following: 

 Acute toxicity – the degree to which oil is capable of causing adverse effects on 

biological components after short-term exposure (hours to days);  

 Mechanical injury – the degree to which oil causes coating, fowling, or clogging of 

organisms and their appendages and apertures (such that movements and behaviours 

are mechanically inhibited); and  

 Persistence effects – the length of time spilled oil is known to or is likely to persist 

based on shoreline type, which is dictated by wave exposure, tides, etc. (i.e., energy 

regime of the habitat and propensity to entrain oil). MSA Figures 10-5 to 10-9 indicated 

the expected oil residency duration for shorelines in the marine shipping area, based 

on the B.C. Oil Residency Index and the Washington Oil Residency Index.  

The plausible worst-case 7,500 m3 heavy oil spill scenario in Segment B was described in MSA 

Section 10.5.2.1 as having the potential to affect several habitat types within Segments A, C, 

D, E, and G. Based on MSA Figures 8.1-3 to 8.1-6, the MSA’s plausible worst-case spill 

scenario has the potential to affect shore types that are rated in Table IR11-10-1 as having 

higher vulnerability within or adjacent to the inbound and outbound Project-associated vessel 

routes. The effects to the shoreline from a spill elsewhere in the marine shipping area are not 

expected to largely differ from those effects determined for the plausible worst-case scenario 

presented in the MSA due to the extent of dispersion from a spill in Segment B and types of 

habitats potentially affected.  

 

                                           

4 Living public resources include only those resources not otherwise incorporated into the WCS in the 
marine fish, shellfish, salmon, marine mammal or marine bird vulnerability rankings of WAC 173-183-
420 through 173-183-460. 
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Table IR11-10-1 WCS Marine and Estuarine Habitat Vulnerability Rankings 

Habitat Type 
Habitat Vulnerability    

Habitat Type 
Habitat Vulnerability  

Acute 
Toxicity 

Mechanical 
Injury 

Persistence   
Acute 

Toxicity 
Mechanical 

Injury 
Persistence 

Marine Intertidal      Estuarine Intertidal 
Exposed and semiexposed rock 

shores 
3.7 4.3 3.1 

  

Open rocky shores 3.0 3.5 3.0 

Sand-scoured rocky shores 3.3 3.8 2.7 
Open mixed-coarse 
beaches and low marsh 

3.7 3.2 3.2 

Protected rocky shores 3.0 3.5 3.0   Open gravel beaches 3.4 1.5 2.2 

Semiexposed cobble and mixed-
coarse beaches 

3.2 3.2 3.2   Open sandy beaches 3.3 2.8 2.3 

Semiexposed gravel beaches 3.2 1.4 2.0   Sandy low marshes 3.5 3.0 3.0 

Exposed sandy beaches 2.9 1.3 1.8   
Mixed-fine beaches and 
low marshes 

4.3 4.3 4.3 

Semiprotected mixed-fine beaches 3.2 2.6 3.7   Saline lagoons 3.7 3.7 4.1 

Protected mud flats 3.8 2.7 4.3   Low-salinity lagoons 3.0 3.5 3.9 

Marine Subtidal   Mud flats 3.7 2.6 4.1 

Shallow subtidal rock and boulders 3.7 3.7 3.1   High salt marshes 3.0 3.5 3.9 

Deep subtidal rock and boulders 2.7 2.7 3.3   Transition zone wetlands 3.0 3.5 3.9 

Deep subtidal cobble and mixed 
coarse 

1.5 2.2 2.2   Estuarine Subtidal     

Shallow subtidal mixed-coarse to 
mixed-fine 

3.6 3.6 3.6 

  

Shallow subtidal rock and 
boulders 

3.2 3.2 2.6 

Shallow subtidal gravel or mixed-
fine 

2.8 1.6 2.3 
Deep subtidal rock and 
boulders 

2.3 2.3 2.8 

Deep subtidal sand 1.6 2.0 1.6 

  

Shallow subtidal cobble 
and mixed-coarse 

2.6 3.2 3.2 

Deep subtidal mixed-fine 1.5 2.6 3.1 
Deep subtidal cobble and 
mixed-coarse 

1.5 2.2 2.2 

Deep subtidal muddy 2.0 2.0 3.2 

  

Shallow subtidal sandy or 
mixed-fine 

3.2 3.2 3.2 

Open water 5.0 3.2 2.2 
Deep subtidal sandy or 
mixed-fine 

2.0 2.4 2.8 

       
Shallow subtidal muddy 
bays 

3.0 2.4 3.9 

       Deep subtidal muddy bays 1.8 1.8 2.9 

          Open water 5.0 3.2 2.2 

 Source: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-183-410.
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Marine Vegetation 

Within Boundary Passage, marine vegetation predominantly includes kelp and rockweed 

established on a boulder-cobble floor (see MSA Figure 8.1-7). As explained in MSA 

Section 10.5.6.1, eelgrass within or near Boundary Passage (including Orcas, Waldron, and 

Stuart islands) and along the east coast of Salt Spring Island (see MSA Figures 8.1-7 and 

8.1-8), are able to withstand short-pulsed direct contact events with oil without prolonged 

negative effects, provided that successive contact events are minimised. For more sensitive 

salt marsh species that are not present along the shorelines in Boundary Passage, but occur 

elsewhere in Segment B and Segment D, the consequences of a heavy fuel oil spill are high, 

as marsh species are particularly vulnerable to chronic effects of heavy fuel oil exposure, 

especially if the oil penetrates into the sediment. Table IR11-10-1 also indicates that 

marshes have high vulnerability to oil spills. The effects to marine vegetation from a spill 

elsewhere in the marine shipping area are not expected to largely differ from those presented 

in the MSA due to the extent of dispersion from a spill in Segment B and types of vegetation 

potentially affected. 

Marine Invertebrates 

MSA Section 10.5.6.1 outlined that oil-exposed arthropoda (including crustaceans, and 

specifically Dungeness crabs) are capable of bioaccumulating various contaminants, but they 

are also capable of eliminating contaminants from their bodies. Bivalves, such as suspension 

feeding clams and mussels, have very limited ability to metabolically modify and eliminate 

polycyclic aromatic hydrocarbons (PAHs), and thus tend to bioaccumulate toxins in their 

tissues.  

WCS vulnerability rankings for shellfish by subregion in the marine shipping area and season 

are provided in Appendix IR11-10-B, based on habitat preference, population status, 

abundance, fecundity, and sensitivity of life stage. The species and species groups considered 

in the shellfish rankings are listed in Table IR11-10-2. For a spill in Haro Strait (WCS 

Subregion 801), the areas potentially affected include Segment A, B, C, D, E and G (as 

identified in MSA Section 10.5.2.1), which encompass WCS Regions 2, 3, 6, 7, 8, 9, 10, 11 

and 12. WSC regions applicable to Project-associated vessels5 have higher vulnerability 

rankings (i.e., 4 or 5), meaning that the MSA assessed the more vulnerable areas of the 

region and can thus be considered conservative.  

 

With respect to seasonal vulnerability, as shown in Appendix IR11-10-B, there is little 

seasonal variation in vulnerability for shellfish. For those regions where there is some seasonal 

variability, spring and winter generally had the highest vulnerability scores. Since the MSA’s 

plausible worst-case spill scenario occurred in the spring, the most vulnerable time of year 

for effects to shellfish has been assessed.  

                                           

5 Areas not applicable to Project-associated vessels include those whose location is not within either the 
inbound or outbound shipping route to RBT2, or have little potential to be affected by an oil spill along 
the routes. The areas that are not applicable to Project-associated vessels are included in 
Appendix IR11-10-B, as the WCS vulnerability rankings were scored on a relative basis for all areas 
assessed.  
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Table IR11-10-2 Species and Species Groups Included in WCS Shellfish 
Vulnerability Rankings 

Common Name Scientific Name  Common Name Scientific Name 

Pacific Oyster Crassostrea gigas  Limpets subsistence harvest species 

Olympia Oyster Ostrea lurida  Whelks subsistence harvest species 

Pacific Razor Clam Siliqua patula  Moon Snail Polinices 

Geoduck Panope generosa  Chitons subsistence harvest species 

Butter Clam Saxidomus giganteus  Sea Cucumber Parastichopus californicus 

Native Little Neck Protothaca staminea 
 
Green Sea Urchin 

Strongylocentrotus 
droebachiensis 

Manila Clam Venerupis japonica  Purple Sea Urchin Strongylocentrotus purpuratus 

Gaper Clam Tresus nuttalli  Dungeness Crab Metacarcinus magister 

Horse Clam Tresus capax  Red (Rock) Crab Cancer productus 

Eastern Soft Shell Mya arenaria  Spot Shrimp Pandalus platyceros 

Cockles Clinocardium nuttalli  Coon Stripe Shrimp Pandalus danae 

Pink Scallop Chlamys rubida  Side Shrimp Pandalopsis dispar 

Spiny Scallop Chlamys hastata  Pink Shrimp Pandalus jordani & P. borealis 

Rock Scallop Hinnites multirugous  Ghost Shrimp Callianassa spp. 

Weathervane Scallop Pecten caurinus  Mud Shrimp Upogebia pugettensis 

Bay Mussel Mytilus spp.  Humpback Shrimp Pandalus hypsinotus 

California Mussel Mytilus californianus  Red Sea Urchin Strongylocentrotus franciscanus 

Goose(neck) Barnacle Pollicipes polymerus  Northern Abalone Haliotis kamschatkana 

Squid Loligo opalescens  Octopus Octopus dolfleini 

 

Marine Fish 

The consequences to marine fish of a heavy fuel spill in the marine shipping area would vary 

depending on the season (species, populations, and life stages present) and the year 

(high versus low abundance return years for various species and populations). The potential 

effects described in MSA Section 10.5.6.1 for the marine shipping area were not limited 

specifically to the location of the plausible worst-case spill in Boundary Passage. For example, 

under the MSA’s plausible worst-case spill scenario, a heavy fuel oil spill in spring was 

identified in MSA Section 10.5.6 as having the potential to adversely affect Pacific herring 

spawning success and the viability of eggs and larvae in localised areas in and around Pender, 

Saturna, and Salt Spring islands, and stated that regardless of where or when a spill might 

occur within the marine shipping area, effects to Pacific herring spawning areas and effects 
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to larval and juvenile herring rearing in nearshore areas could occur if there is both spatial 

and temporal overlap (peak spawning is January to March). 

Relevant information from the WCS and MSA Section 10.5.6.1 is provided below for marine 

fish, followed by Pacific salmon, which were ranked separately in the WCS from the marine 

fish component.  

The WCS vulnerability scores for marine fish were evaluated by subregion in the marine 

shipping area and season based on habitat preference, population status, abundance, 

fecundity, and sensitivity of life stages. The scoring was on a 1 (least vulnerable) to 5 (most 

vulnerable) scale, and was informed by existing information and recommendations of the WCS 

marine fisheries subcommittee. The results are provided in Appendix IR11-10-B. The 

species and species groups considered in the marine fish rankings are listed in 

Table IR11-10-3. The rankings in Appendix IR11-10-B indicate that the assessed MSA’s 

plausible worst-case spill scenario occurring in the spring in Segment B (WCS Subregion 801) 

has the highest level of vulnerability (5) relative to other locations and seasons and is 

representative of effects that could occur elsewhere in the marine shipping area and at 

different times of the year. Ultimately, the sensitivity and density of the resources in the 

location oiled (and the properties of the oil) will determine the nature and degree of effects. 

The MSA’s plausible worst-case spill scenario in Segment B has the potential to disperse to 

Segments A, C, D, E, and G (MSA Section 10.5.2.1), and as shown in MSA Figures 8.1-11 and 

8.1-12, the spill has the potential to affect area designated as DFO Important Areas for Pacific 

herring (including spawning areas) and Pacific salmon (including migration routes). The 

effects from a spill elsewhere in the marine shipping area, therefore, are not expected to 

largely differ from those presented in the MSA due to the extent of dispersion from a spill in 

Segment B and types of fish habitat potentially affected.  

Table IR11-10-3 Species and Species Groups Included in the WCS Marine Fish 
Vulnerability Ranking 

Common Name Scientific Name  Common Name Scientific Name 

Pacific sleeper shark Somniosus pacificus  Canary rockfish Sebastes pinniger 

Spiny dogfish Squalus acanthias  Yelloweye rockfish Sebastes ruberrimus 

Skates Rajidae  Shortspine thornyhead Sebastolobus alas-canus 

Spotted ratfish Hyrodlagus colleri  Longspine thornyhead Sebastolobus altivelis 

Green sturgeon Acipenser medirostris  Sablefish Anoplopoma fimbria 

White sturgeon Acipenser transmontanus 
 
Kelp Greenling 

Hexagrammos 
decragrammus 

Pacific herring Clupea pallasii  Lingcod Ophiodon elongatus 

Northern anchovy Engraulis mordax  Red Irish lord Hemilepidotus 

Surf smelt Hypomesus pretiosus  Pacific staghorn sculpin Leptocottus armatus 

Night smelt Spirinchus starksi 
 
Cabezon 

Scorpaenichthys 
marmoratus 
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Common Name Scientific Name  Common Name Scientific Name 

Long fin smelt Spirinchus thaleichthys  Redtail surfperch Amphistichus rhodoterus 

Eulachon Thaleichthys pacificus  Shiner surfperch Cymatogaster aggregata 

Pacific cod Gadus macrocephalus  Pile surfperch Damalichthys vacca 

Pacific tomcod Microgadus proximus  Striped surfperch Embiotoca lateralis 

Walleye pollock Theragra chalcogramma  Eelpouts Zoarcidae 

Whiting Merluccius productus  Snake prickleback Lumpenus sagitta 

Plainfin midshipman Porichthys notatus  Gunnels Pholididae 

Tubesnout Aulorhynchus flavidus  Wolf-eel Anarrhichthys ocellatus 

Three-spine 
stickleback 

Gasterosteus aculeatus 
 
Pacific sand lance Ammodytes hexapterus 

Pacific Ocean perch Sebastes alutus  Pacific sand dab Citharichthys sordidus 

Brown rockfish Sebastes auriculatus  Speckled sand dab Citharichthys stigmaeus 

Silvergray rockfish Sebastes brevispinis  Arrowtooth flounder Atheresthes stomias 

Copper rockfish Sebastes caurinus  Petrale sole Eposetta jordani 

Puget Sound rockfish Sebastes emphaeus  Rex sole Glyptocephalus zachirus 

Widow rockfish Sebastes entomelas  Pacific halibut Hippoglossus stenolepis 

Yellowtail rockfish Sebastes flavidus  Rock sole Lepidopsetta bilineata 

Quillback rockfish Sebastes maliger  Dover sole Microstomus pacificus 

Black rockfish Sebastes melanops  English sole Parophrys vetulus 

Blue rockfish Sebastes mystinus  Starry Flounder Platichthys stellatus 

China rockfish Sebastes nebulosus 
 
Sand sole 

Psettichthys 
melanostictus 

Bocaccio Sebastes paucispinis    

 

Species considered in the WCS salmon vulnerability scores included Chinook (Oncorhynchus 

tshawytscha), coho (O. kisutch), pink (O. gorbushca), chum (O. keta), and sockeye (O. 

nerka). The rankings by habitat type and species, provided in Table IR11-10-4, were based 

on seasonal habitat preference of juveniles during outmigration, adults as they return to 

spawn, and the presence of oil in river mouths during peak occurrence of salmon runs. The 

salmon vulnerability ranking was developed from existing information and determinations of 

the salmon subcommittee of the WCS scientific advisory board. In the case of Chinook salmon, 

since habitat preference differs for subyearlings and yearlings, both life stages were ranked. 

As indicated in Table IR11-10-4, the scores are generally higher in spring and summer than 

in fall or winter, and higher in vegetated habitats and in the pelagic zone.  
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With respect to potential effects on Pacific salmon, MSA Section 10.5.6 concluded the 

following: 

 A spill in Boundary Passage, or elsewhere in the marine shipping area, would not affect 

spawning habitat for Pacific salmon and other anadromous fish, which are located in 

freshwater, but could expose migrating juvenile and adult fish of particular stocks to 

contamination;  

 Due to the timing of the plausible worst-case scenario within the spring out-migration 

period when juvenile salmon are present in nearshore areas throughout the Salish 

Sea, direct and indirect effects of oil exposure could be particularly harmful given the 

research that suggests these early life history stages are critical in determining 

ultimate survival rates of salmon (Beamish et al. 2004, Bottom et al. 2005);  

 Since the shipping lanes through Boundary Passage and Haro Strait overlap with Pacific 

salmon migration routes (as shown in MSA Figure 8.1-12), individual salmon from all 

five Pacific species might encounter spilled fuel oil on their return spawning migration 

depending on the timing of the spill and its persistence; and  

 Regardless of the timing of a spill (i.e., spring, summer, fall, winter), metapopulations 

of salmon (i.e., Fraser Chinook, Fraser sockeye, etc.) will be resilient to the effects of 

an oil spill, despite the potential for measurable effects on individual populations or 

subpopulations, as not all populations of Fraser salmon migrate through the marine 

shipping area (i.e., some migrate through Johnstone Strait).  

In summary, the predictions for the MSA’s plausible worst-case spill scenario reflect maximum 

vulnerability of marine fish and Pacific salmon. Based on the information presented above, a 

hypothetical spill in another area and/or during another season would experience similar or 

lesser effects relative to the worst-case scenario of a spill in the spring in Segment B. Drawing 

on results and experience from previous spills, MSA Section 10.5.6.3 concluded that the effect 

of a heavy fuel oil spill on marine fish and fish habitat is determined to be not significant over 

the long-term, as fuel oil concentrations in intertidal and subtidal waters and habitat will 

diminish and productivity will rebound due to natural recruitment and immigration processes. 

Based on the WCS rankings, these conclusions are representative of a hypothetical spill 

occurring in other areas in the marine shipping area and other seasons.  
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Table IR11-10-4 WCS Pacific Salmon Vulnerability Rankings by Species and Season 

Habitat6 
Chinook 

(subyearling) 
Chinook 

(yearling) 
Coho Pink Chum Sockeye 

  Season SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI 

Intertidal                                    

  Rocky 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 

  Cobble 2 2 1 1 3 3 2 2 3 2 2 2 2 1 1 1 2 1 1 1 2 1 1 1 

  Gravel 3 3 2 2 3 3 3 2 3 4 2 2 3 1 1 3 3 2 2 3 2 1 1 1 

  
Sand 
(vegetated) 

4 5 3 3 3 3 2 2 5 4 3 4 5 2 2 5 5 3 2 5 2 1 1 1 

  
Sand 
(no vegetation) 

3 3 2 2 3 3 2 2 3 2 2 3 3 2 2 3 3 2 2 3 2 1 1 1 

  
Mud 
(vegetated) 

4 5 3 3 3 3 2 2 5 4 3 4 5 2 2 5 5 4 2 5 2 1 1 1 

  
Mud 
(no vegetation) 

3 3 2 3 3 3 2 2 3 4 2 3 3 1 1 3 3 2 2 3 3 1 1 1 

Subtidal 2 2 1 1 2 2 1 1 2 2 1 1 2 1 1 1 2 2 1 1 1 2 1 1 

Pelagic 4 4 3 3 4 4 3 3 4 4 3 3 4 2 2 2 4 4 2 2 4 4 2 2 

Note: Seasons include SP = spring; SU = summer; FA = fall; WI = winter.  

                                           

6 For a comparison of marine/estuarine habitat type to salmon vulnerability habitats, refer to Table 8 at 
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-183-450 (e.g., Marine/estuarine habitat type ‘Marine Intertidal, exposed and semiexposed 
rocky shores’ is equivalent to salmon vulnerability habitat ‘Intertidal, rocky’.) 
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Marine Mammals 

Exposure to heavy fuel oil spill via contact or ingestion was identified in MSA Section 10.5.7.1 

as having the potential to result in adverse health effects or indirect effects from reduced 

availability of prey, which could result in a measurable population-level effect for some 

species.  

 

For southern resident killer whale (SRKW), the potential effects and significance of effects 

from the MSA’s plausible worst-case spill scenario were not limited to the Boundary Passage 

area, as these species can occur throughout the marine shipping area (i.e., the Salish Sea is 

defined as their critical habitat as shown in MSA Figure 8.2-1). As there is a lack of quantitative 

evidence linking spilled oil to health effects, MSA Section 10.5.7.2 conservatively assumed 

that exposure to spilled oil would result in potential adverse effects to SRKW health. It was 

also outlined that the plausible worst-case spill scenario is unlikely to further compromise at-

risk salmon (prey) populations due to limited spatial or temporal overlap. 

 

For North Pacific humpback whale (NPHW), MSA Section 10.5.7.2 noted that, given their more 

offshore habitat preferences, they are unlikely to directly overlap with an acute spill in 

Segment B but may overlap with oil as it dissipates along its projected spill trajectory (for 

NPHW historic sightings, refer to MSA Figure 8.2.2). As stated in MSA Section 10.5.7.2, a fuel 

spill in Segment D could affect NPHW critical habitat (shown in MSA Figure 8.2-1)7, and the 

health of NPHW individuals that utilise this area could potentially be affected if exposed. Prey 

species may also decrease either through direct contact with an oil spill or reduction in habitat, 

but prey species have been observed to recover relatively quickly as hydrocarbons degrade. 

As the population of humpback whales in B.C. is stable and growing at a rate of approximately 

five percent each year with an overall population in the North Pacific of almost 

22,000 individuals, it is unlikely that effects to individuals exposed during an oil spill during 

marine shipping associated with the Project would affect overall population viability.  

 

As indicated in MSA Section 10.5.7.2, the risk of oiling increases for seal and sea lion pups as 

they spend much of their time in rocky shore areas and tidal pools, compared to adults who 

swim in open water. Based on past observations when seals and sea lions have been exposed 

to an oil spill (e.g., Exxon Valdez), populations are expected to be either not affected or 

recover from effects, regardless of where or when a spill occurs in the marine shipping area. 

 
The WCS vulnerability scores for marine mammals were evaluated by subregion in the marine 

shipping area and season taking into consideration species presence, diversity, population 

status, breeding vulnerability, presence of young, physiological vulnerability, primary habitat, 

feeding habitats, and abundance. The scoring was on a 1 (least vulnerable) to 5 (most 

vulnerable) scale, and was informed by existing information and determinations made by the 

marine mammals subcommittee of the WCS scientific advisory board. The results are provided 

in Appendix IR11-10-B. The rankings in Appendix IR11-10-B indicate that the assessed 

MSA’s plausible worst-case spill scenario occurring in the spring in Segment B (WCS 

                                           

7 In 2017, the listing of humpback whales was revised from Threatened to Special Concern and the 
species no longer has federally protected critical habitat under the Species at Risk Act. 
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Subregion 801) assessed the highest level of vulnerability (5) relative to other locations and 

seasons and is representative of effects that could occur elsewhere in the marine shipping 

area and at different times of the year. Ultimately, the sensitivity and density of the species 

in the location oiled will determine the nature and degree of effects (see Jarvela-Rosenberger 

et al. 2017). 

Summary – Marine Biophysical Components 

In summary, relative spill vulnerability scores by area (i.e., combined WCS risk scores from 

habitat, bird, mammal, fish, shellfish, salmon, and recreation components), averaged over all 

four seasons, are highest for the Inner Straits (within Segment B), as shown in 

Table 1R11-10-5. Table IR11-04-2 in the response to IR11-04 presents seasonal differences 

for both light and heavy fuel oil types based on risk scores averaged over all WCS regions. 

The seasonal variation of the vulnerability scores was relatively small, because seasonal highs 

for some resources are balanced by different seasonal patterns for other resources; however, 

the scores are higher in spring and summer than in fall or winter (French-McCay et al. 2009). 

French-McCay et al. (2009) indicated that, in general, this trend is in agreement with spill 

impact observations and modelling. Based on the information presented above, the effects 

assessment for the MSA’s plausible worst-case scenario represents the location (Segment B 

spill location and spill trajectory in down-wind and down-current area) and time of year of 

greatest sensitivity for marine biophysical components. As described in MSA Section 10.5, the 

residual effects to marine biophysical component would be considered not significant, with 

the exception of SRKW. 

Table IR11-10-5 Relative Spill Vulnerability Scores by WCS Area for Heavy and 
Light Fuel Oils, Averaged by All Four Seasons 

WCS Region Heavy Fuel Oils Light Fuel Oils 

Washington Outer Coast 23.86 14.34 

Grays Harbor 24.73 14.93 

Willapa Bay 28.51 17.16 

Strait of Juan de Fuca 17.38 10.24 

Inner Straits 30.81 18.96 

Rosario Strait and vicinity 24.87 15.13 

Whidbey Basin 26.09 15.84 

Northern Puget Sound 28.22 17.28 

Central Puget Sound 19.54 11.55 

South Puget Sound 24.41 14.65 

Hood Canal 19.73 11.76 

Western Columbia River 25.64 15.64 
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Describe how mitigation measures may need to be adapted to account for 
seasonality and location of the spill.  

MSA Section 10.4 outlines the mitigation measures relevant to spill preparedness and 

response for a spill in the marine environment, regardless of location and seasonality. As 

outlined in the response to IR11-04, effectively responding to oil spills is dependent upon oil 

type and the environment and conditions where spills occur (Lee et al. 2015). Specific 

mitigation measures would be selected based on conditions at the time of the spill and site-

specific response plans. For more information on the development of site-specific response 

plans under the Western Canada Marine Response Corporation’s Coastal Response Program, 

refer to the response to IR11-04. 

For the Pacific Region, a framework to assess vulnerability of biological components to ship-

source oil spills in the marine environment has recently been developed by Fisheries and 

Oceans Canada, Canadian Science Advisory Secretariat (Hannah et al. 2017). This framework, 

which ranks the vulnerability of biological components to ship-source oil spills, is intended to 

inform oil spill response planning within the Pacific Region, and will assist in identifying priority 

response-relevant spatial data for those marine biota identified as being most vulnerable to 

spilled oil.  
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APPENDIX IR11-10-A 

WASHINGTON COMPENSATION 

SCHEDULE MARINE AND ESTUARINE 

WATERS, AND REGIONS/SUBREGIONS 

WITHIN MARINE WATERS 
Source: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-183-920.  
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Washington Compensation Schedule Area – Marine and Estuarine Waters  



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 2 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 3 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 4 

 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 5 

 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 6 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 7 

 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 8 

 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 9 

 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 10 

 



 

Roberts Bank Terminal 2 
Appendix IR11-10-A | Page 11 

 

 



 

 

 

 

 

 

 

 

 

APPENDIX IR11-10-B 

WASHINGTON COMPENSATION 

SCHEDULE OIL SPILL VULNERABILITY 

RATINGS BY LOCATION AND SEASON 

FOR MARINE BIOPHYSICAL 

COMPONENTS  
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Table IR11-10-B1 Washington Compensation Schedule Oil Spill Vulnerability Ratings by Location and Season for 
Marine Biophysical Components 

WCS Region/Subregion 
MSA 

Segment 

Shellfish  
Vulnerability 

Scores 

Marine Fish  
Vulnerability 

Scores 

Marine Mammals 
Vulnerability 

Scores 

Marine Birds  
Vulnerability 

Scores 

SEASON SEASON SEASON SEASON 

SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI 

1 

101 NORTHERN OUTER COAST 

N/A 

4 4 4 4 5 3 3 5 5 5 5 5 5 5 5 5 

102 KALALOCH 5 5 5 5 5 3 3 5 5 5 5 5 5 5 5 5 

103 QUINAULT 3 3 3 3 5 3 3 5 5 5 5 5 5 5 5 5 

104 COPALIS BEACH 4 4 4 4 5 3 3 5 5 5 5 4 5 5 5 5 

105 GRAYS HARBOR 2 2 2 2 5 5 5 5 5 4 5 4 5 5 5 5 

106 TWIN HARBORS BEACH 3 3 2 2 5 3 3 4 5 5 5 4 5 5 5 5 

107 WILLAPA BAY 4 4 4 4 5 5 5 5 5 5 5 4 5 5 5 5 

108 LONG BEACH 4 3 3 3 5 3 3 4 5 5 5 5 5 5 5 5 

109 INNER SHELF D 5 5 5 5 5 3 3 4 5 5 5 5 4 2 5 5 

110 OUTER SHELF D 1 1 1 1 4 2 2 4 4 2 3 3 4 1 1 1 

111 SHELF EDGE D 1 1 1 1 4 1 2 3 4 1 3 3 5 1 1 1 

112 CONTINENTAL SLOPE N/A 1 1 1 1 2 1 1 1 1 1 1 1 2 1 1 1 

2 

201 
STRAIT OF JUAN DE FUCA-
OUTER 

D 5 5 5 5 

5 3 3 4 4 4 3 2 3 2 5 4 

203 CAPE FLATTERY 5 3 3 4 4 4 3 2 4 3 4 3 

204 NEAH BAY 5 3 3 4 4 4 3 2 2 2 2 2 

205 NEAH BAY TO CLALLAM BAY 5 3 3 4 3 3 2 2 2 3 3 2 

206 CLALLAM BAY 5 3 3 4 3 3 2 2 2 2 2 2 

207 
CLALLAM BAY TO CRESCENT 
BAY 

5 3 3 4 3 3 2 2 2 3 3 2 

208 CRESCENT BAY 5 3 3 4 3 3 2 2 2 2 2 2 

209 CRESCENT BAY TO EDIZ HOOK 5 3 3 4 3 3 2 2 2 2 2 4 

3 
301 

STRAIT OF JUAN DE FUCA-
INNER 

C 
5 5 5 5 

5 3 3 4 4 4 4 3 3 3 3 4 

302 EDIZ HOOK C 5 3 3 4 4 4 4 3 1 1 1 1 
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WCS Region/Subregion 
MSA 

Segment 

Shellfish  
Vulnerability 

Scores 

Marine Fish  
Vulnerability 

Scores 

Marine Mammals 
Vulnerability 

Scores 

Marine Birds  
Vulnerability 

Scores 

SEASON SEASON SEASON SEASON 

SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI 

303 PORT ANGELES C 5 3 3 4 4 4 4 3 2 3 3 2 

304 VOICE OF AMERICA G 5 3 3 4 4 4 4 3 2 2 2 2 

305 DUNGENESS SPIT G 5 3 3 4 4 4 4 3 2 2 2 3 

306 DUNGENESS BAY/HARBOR G 5 3 3 4 4 4 4 3 4 2 2 3 

307 JAMESTOWN G 5 3 3 4 4 4 4 3 5 5 5 5 

308 SEQUIM BAY G 5 3 3 4 4 4 4 3 2 1 1 2 

309 MILLER PENINSULA G 5 3 3 4 4 4 4 3 2 2 2 3 

310 PROTECTION ISLAND G 5 3 3 4 4 4 4 3 4 5 5 3 

311 DISCOVERY BAY G 5 3 3 4 4 4 4 3 3 1 1 4 

312 QUIMPER PENINSULA G 5 3 3 4 4 4 4 3 2 3 3 4 

313 WHIDBEY ISLAND G 5 3 3 4 4 4 4 3 1 2 2 2 

314 SMITH ISLAND B 5 3 3 4 4 4 4 3 3 5 5 3 

315 DECEPTION PASS F 5 3 3 4 4 4 4 3 2 2 2 2 

316 LOPEZ ISLAND (SOUTH SHORE) B 5 3 3 4 4 4 4 3 5 4 4 3 

317 
SAN JUAN ISLAND (SOUTH 
SHORE) 

B 5 3 3 4 4 4 4 3 2 2 2 2 

4 

401 ADMIRALTY INLET G 2 1 1 2 5 4 3 5 4 4 4 3 3 5 5 2 

402 SOUTH ADMIRALTY INLET 

N/A 

3 3 3 3 5 4 3 5 4 4 4 3 2 1 2 3 

403 PORT TOWNSEND 4 4 3 4 5 4 3 5 4 4 4 3 3 2 3 4 

404 OAK BAY 3 3 3 3 5 4 3 5 4 4 4 3 2 2 2 2 

405 KILISUT HARBOR 4 4 3 4 5 4 3 5 4 4 4 3 3 2 3 4 

5 

501 BELLINGHAM CHANNEL 

N/A 5 5 5 5 

5 4 3 5 2 3 2 2 2 2 4 4 

502 GUEMES CHANNEL 5 4 3 5 2 3 2 2 2 2 1 3 

503 FIDALGO BAY 5 4 3 5 2 3 2 2 2 2 2 3 

504 PADILLA BAY 5 4 3 5 2 3 2 2 5 5 4 5 
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WCS Region/Subregion 
MSA 

Segment 

Shellfish  
Vulnerability 

Scores 

Marine Fish  
Vulnerability 

Scores 

Marine Mammals 
Vulnerability 

Scores 

Marine Birds  
Vulnerability 

Scores 

SEASON SEASON SEASON SEASON 

SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI 

505 SAMISH BAY 5 3 3 5 2 3 2 2 5 5 4 5 

506 BELLLINGHAM BAY 5 3 3 5 2 3 2 2 4 4 4 5 

507 HALE PASSAGE 5 3 3 5 2 3 2 2 3 3 2 2 

6 

601 LUMMI BAY F 

5 5 4 5 

5 3 3 5 4 4 4 3 5 5 3 4 

602 CHERRY POINT E, F 5 3 3 5 4 4 4 3 5 5 2 2 

603 BIRCH BAY E 5 3 3 5 4 4 4 3 4 4 3 3 

604 SEMIAHOO SPIT E 5 3 3 5 4 4 4 3 4 4 4 4 

605 DRAYTON HARBOR E 5 3 3 5 4 4 4 3 3 3 3 4 

607 
SAN JUAN ISLANDS-NORTHERN 
TIER 

B 5 3 3 4 4 4 4 3 3 3 2 4 

608 GEORGIA STRAIT-EASTERN A, B, E, F 5 3 3 5 4 4 4 3 4 4 4 4 

7 
701 PT. ROBERTS A 

5 5 4 5 
5 3 3 5 4 4 4 3 4 4 2 4 

703 GEORGIA STRAIT-WESTERN A, B 5 3 3 5 4 4 4 3 2 2 2 2 

8 
801 NORTHERN HARO STRAIT B 4 3 3 4 5 3 3 4 5 4 4 4 2 2 4 3 

802 SOUTHERN HARO STRAIT B 4 3 3 4 5 3 3 4 5 4 4 4 1 1 1 2 

9 

901 SOUTHERN ROSARIO STRAIT 

F 4 3 3 4 

5 3 3 4 4 4 3 2 3 3 3 5 

902 CENTRAL ROSARIO STRAIT 5 3 3 4 4 4 3 2 3 3 5 4 

903 NORTHERN ROSARIO STRAIT 5 3 3 4 5 4 3 2 5 5 5 4 

10 
1001 PRESIDENT CHANNEL 

B 4 3 3 4 
5 3 3 4 5 4 4 3 2 2 2 2 

1002 NORTHERN AREAS 5 3 3 4 5 4 4 3 1 1 2 3 

11 

1101 SPEIDEN CHANNEL 

B 4 3 3 4 

5 3 3 4 3 3 3 2 1 1 2 2 

1102 NORTHERN SAN JUAN CHANNEL 5 3 3 4 3 3 3 2 1 1 1 1 

1103 SOUTHERN SAN JUAN CHANNEL 5 3 3 4 3 3 3 2 1 1 2 3 

1104 WASP PASS 5 3 3 4 3 3 3 2 1 1 1 2 

1105 UPRIGHT CHANNEL 5 3 3 4 3 3 3 2 1 1 2 2 
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WCS Region/Subregion 
MSA 

Segment 

Shellfish  
Vulnerability 

Scores 

Marine Fish  
Vulnerability 

Scores 

Marine Mammals 
Vulnerability 

Scores 

Marine Birds  
Vulnerability 

Scores 

SEASON SEASON SEASON SEASON 

SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI 

1106 HARNEY CHANNEL 5 3 3 4 3 3 3 2 1 1 1 2 

1107 OBSTRUCTION PASS 5 3 3 4 3 3 3 2 2 2 3 2 

1108 THATCHER PASS 5 3 3 4 3 3 3 2 1 1 1 1 

12 

1201 MOSQUITO/ROCHE COMPLEX 

B 4 3 3 4 

5 3 3 4 3 3 3 2 2 2 2 3 

1202 FRIDAY HARBOR 5 3 3 4 3 3 3 2 2 2 2 2 

1203 GRIFFIN BAY 5 3 3 4 3 3 3 2 2 2 2 3 

1205 FISHERMAN BAY 5 3 3 4 3 3 3 2 2 2 2 3 

1206 SWIFTS/SHOAL BAYS 5 3 3 4 3 3 3 2 2 2 2 2 

1207 DEER HARBOR 5 3 3 4 3 3 3 2 2 2 2 2 

1208 WEST SOUND 5 3 3 4 3 3 3 2 1 1 2 2 

1209 EAST SOUND 5 3 3 4 3 3 3 2 2 2 1 2 

1210 LOPEZ SOUND 5 3 3 4 3 3 3 2 2 2 3 4 

14 

1401 SKAGIT BAY N/A 2 3 3 2 5 4 3 5 2 1 1 1 5 3 2 1 

1402 
PENN COVE /CRESCENT 
HARBOR 

N/A 
1 1 1 1 

5 4 3 5 2 1 1 1 5 3 2 1 

1403 SARATOGA PASSAGE N/A 1 1 1 1 5 4 3 5 2 1 1 2 5 1 2 2 

1404 HOLMES HARBOR N/A 1 1 1 1 5 4 3 5 2 1 1 1 4 2 3 3 

1405 PORT SUSAN N/A 1 2 2 1 5 4 3 5 2 1 1 1 3 1 1 1 

1406 POSSESSION SOUND N/A 1 2 2 1 5 4 3 5 2 1 1 2 3 1 2 2 

15 

1501 HOOD CANAL ENTRANCE N/A 2 2 2 2 2 1 1 2 1 1 1 1 2 1 2 3 

1502 PORT LUDLOW N/A 2 2 2 2 2 1 1 2 1 1 1 1 2 2 2 2 

1503 PORT GAMBLE N/A 2 2 2 2 2 1 1 2 1 1 1 1 2 2 2 2 

1504 NORTHERN HOOD CANAL N/A 3 3 2 2 2 1 1 2 1 1 1 1 2 1 2 2 

1505 CENTRAL HOOD CANAL N/A 3 3 2 2 2 1 1 2 1 1 1 1 2 1 2 2 

1506 DABOB BAY N/A 3 3 2 2 2 1 1 2 1 1 1 1 2 1 2 3 
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WCS Region/Subregion 
MSA 

Segment 

Shellfish  
Vulnerability 

Scores 

Marine Fish  
Vulnerability 

Scores 

Marine Mammals 
Vulnerability 

Scores 

Marine Birds  
Vulnerability 

Scores 

SEASON SEASON SEASON SEASON 

SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI 

1507 QUILCENE BAY N/A 3 3 2 2 2 1 1 2 1 1 1 1 2 2 2 2 

1508 SOUTHCENTRAL HOOD CANAL N/A 3 4 3 3 2 1 1 2 1 1 1 1 2 1 2 3 

1509 ANNAS BAY N/A 3 4 3 3 2 1 1 2 1 1 1 1 2 2 2 2 

1510 GREAT BEND N/A 3 4 3 3 2 1 1 2 1 1 1 1 3 1 3 5 

16 

1601 N. PUGET SOUND N/A 2 2 2 2 5 4 3 5 3 2 2 2 4 1 2 2 

1602 N. CENTRAL PUGET SOUND N/A 2 2 2 2 5 4 3 5 3 2 2 2 2 1 2 2 

1603 CENTRAL PUGET SOUND N/A 2 2 2 2 5 4 3 5 2 1 1 1 2 1 2 2 

1604 ELLIOT BAY N/A 2 2 2 2 5 4 3 5 2 1 1 1 2 2 2 1 

1605 EAST PASSAGE N/A 2 2 2 2 4 3 2 3 2 1 1 1 2 1 2 2 

1606 COLVOS PASSAGE N/A 2 2 2 2 4 3 2 3 2 1 1 1 2 1 2 2 

1607 COMMENCEMENT BAY N/A 2 2 2 2 4 3 2 3 2 1 1 1 2 2 2 2 

1608 NARROWS N/A 2 1 1 2 4 3 2 3 2 1 1 1 3 2 3 4 

1609 STEILACOOM N/A 5 5 5 5 4 3 2 3 2 1 1 1 2 1 2 3 

1610 NISQUALLY N/A 5 5 5 5 4 3 2 3 2 1 1 1 2 1 2 3 

1611 TREBLE-JOHNSON N/A 5 5 5 5 4 3 2 3 2 1 1 1 2 2 2 2 

1612 HALE PASSAGE N/A 5 5 5 5 4 3 2 3 2 1 1 1 3 2 3 3 

1613 CARR INLET N/A 5 5 5 5 4 3 2 3 2 1 1 1 3 1 3 4 

1614 PITT PASSAGE N/A 5 5 5 5 4 3 2 3 2 1 1 1 2 2 2 2 

1615 DRAYTON HARBOR N/A 5 5 5 5 4 3 2 3 2 1 1 1 2 2 2 2 

1616 CASE INLET N/A 5 5 4 5 4 3 2 3 2 1 1 1 2 1 2 3 

1617 HENDERSON INLET N/A 5 5 5 5 4 3 2 3 2 1 1 1 2 2 2 1 

1618 DANA PASSAGE N/A 1 1 1 1 4 3 2 3 2 1 1 1 2 2 2 1 

1619 BUDD INLET N/A 4 5 4 4 4 3 2 3 2 1 1 1 2 2 2 2 

1620 ELD INLET N/A 4 5 4 4 4 3 2 3 2 1 1 1 2 2 2 2 

1621 TOTTEN INLET N/A 4 5 4 4 4 3 2 3 2 1 1 1 2 2 2 2 



 

Roberts Bank Terminal 2 
Appendix IR11-10-B | Page 6 

WCS Region/Subregion 
MSA 

Segment 

Shellfish  
Vulnerability 

Scores 

Marine Fish  
Vulnerability 

Scores 

Marine Mammals 
Vulnerability 

Scores 

Marine Birds  
Vulnerability 

Scores 

SEASON SEASON SEASON SEASON 

SP SU FA WI SP SU FA WI SP SU FA WI SP SU FA WI 

1622 PICKERING PASSAGE N/A 5 5 4 5 4 3 2 3 2 1 1 1 2 2 2 2 

1623 PEALE PASSAGE N/A 4 5 4 4 4 3 2 3 2 1 1 1 2 2 2 1 

1624 SQUAXIN N/A 4 5 4 4 4 3 2 3 2 1 1 1 2 2 2 2 

1625 SKOOKUM INLET N/A 4 5 4 4 4 3 2 3 2 1 1 1 2 2 2 2 

1626 HAMMERSLEY INLET N/A 4 5 4 4 4 3 2 3 2 1 1 1 2 2 2 2 

1627 OAKLAND BAY N/A 4 5 4 4 4 3 2 3 2 1 1 1 2 2 2 2 

1628 AGATE PASSAGE N/A 4 3 3 3 5 4 3 5 2 1 1 1 2 2 2 2 

1629 LIBERTY BAY N/A 4 3 3 3 5 5 5 5 2 1 1 1 3 2 3 3 

1630 PORT ORCHARD N/A 4 3 3 3 5 5 5 5 2 1 1 1 2 2 2 2 

1631 SINCLAIR INLET N/A 4 3 3 3 5 5 5 5 2 1 1 1 3 2 3 3 

1632 DYES INLET N/A 4 3 3 3 5 5 5 5 2 1 1 1 2 2 2 2 

1633 RICH PASSAGE N/A 4 3 3 3 5 5 5 5 2 1 1 1 2 2 2 2 

1634 QUARTERMASTER HARBOR N/A 2 2 2 2 4 3 2 3 2 1 1 1 3 2 3 3 

1635 DALCO PASSAGE N/A 2 2 2 2 4 3 2 3 2 1 1 1 2 2 2 2 

1636 BALCH PASS N/A 5 5 5 5 4 3 2 3 2 1 1 1 2 2 2 2 

Notes:  N/A = not applicable to spill from Project-associated vessel as area is outside of the marine shipping area boundary, and/or will not be affected by 
a Project-associated vessel spill based on location of inbound and outbound shipping routes. 

 
Season: SP = spring; SU = summer; FA = fall; WI = winter 
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IR11-11 Accidents and Malfunctions – Effects Assessment, Marine Birds 

 
Information Source(s) 

Marine Shipping Addendum: Section 10 

Environment and Climate Change Canada Sufficiency Review (CEAR Doc#581)  

Context 

In Section 10 of the Marine Shipping Addendum, the Proponent assessed the environmental 
effects of accidents or malfunctions on biophysical components. For marine birds, the effects 
from the plausible worst-case scenario resulting in a heavy fuel oil spill were assessed for a 
spill occurring during the month of May in Boundary Passage (IR11-10). In section 10.5.8, 
the Proponent concluded that the residual effect on marine birds was determined to be not 
significant for the plausible worst-case spill scenario. 

In Section 10.3.3.1 of the EIS the Proponent acknowledged that an actual spill could have 
different characteristics than those defined for the plausible worst-case scenario, however the 
Proponent did not discuss variances in effects on marine birds assuming heavy fuel oil spills 
with different characteristics. Therefore, the potential effects of a heavy oil spill on marine 
birds have not been sufficiently assessed. 

In addition, Environment and Climate Change Canada (ECCC) noted in CEAR Doc#581 that 
the qualitative assessment conducted by the Proponent was not sufficient to determine the 
significance of heavy fuel spill effects on marine birds. ECCC stated that a quantitative 
assessment would be required to determine the significance of effects to marine birds arising 
from a heavy fuel spill. ECCC recommended the use of stochastic modeling to assess the 
behaviour and fate of a hypothetical oil spill under a range of environmental conditions, which 
would also serve to indicate the waters and shorelines most at risk from oiling and allow for 
the development of an oil spill response strategy. 

ECCC also recommended the Proponent incorporate information from a variety of detailed 
contemporary bird databases, including the BC Coastal Waterbird Survey, eBird, and the BC 
Marine Conservation Atlas in the assessment in order to account for how the spatial and 
temporal distribution of birds affects the risk to the overall marine bird population. 

Information Request 

Provide an updated assessment on the effects on marine birds from a potential heavy fuel 
spill, considering that it may occur anywhere in the marine shipping area and at any point 
during the year, so as to reflect the worst-case scenario for marine birds. 

As recommended by ECCC, present a quantitative assessment for marine birds based on 
stochastic modeling of the behaviour and fate of hypothetical oil spills. 
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Identify existing and proposed measures that would be included in an oil spill response 
strategy for marine birds.  

VFPA Response 

Provide an updated assessment on the effects on marine birds from a potential 
heavy fuel spill, considering that it may occur anywhere in the marine shipping area 
and at any point during the year, so as to reflect the worst-case scenario for marine 
birds. 

As recommended by ECCC, present a quantitative assessment for marine birds 
based on stochastic modeling of the behaviour and fate of hypothetical oil spills. 

This information request is requesting a Tier 3 level of assessment (i.e., quantitative 

stochastic modelling). The assessment for Project-associated ships transiting in the marine 

shipping area presented in the Marine Shipping Addendum (MSA) was conducted in 

accordance with section 17 of the Updated EIS Guidelines, which stated the following: 

 

“It is likely that a Tier 1 approach (Qualitative; description based on expert 

opinion and traditional and local knowledge) will be an appropriate level of 

detail in most cases. For select environmental effects and locations where there 

may be a higher risk of environmental effects, a Tier 2 approach 

(Semiquantitative; measured site-specific data and existing site information) 

would likely be an appropriate level of detail.” 

“To the degree possible, the proponent should maximise the use of existing 

material that is relevant to marine shipping activities associated with the 

Project which is beyond proponent’s care and control and within the 12 nautical 

mile limit of the territorial sea. Existing material may be utilized from academic 

studies, work of government and non-government working groups, past or 

ongoing environmental assessments, Aboriginal traditional knowledge reports 

or any other source the proponent deems appropriate for its presentation of 

this material.” 

Section 10.5.8 in the MSA outlined that detailed species-specific abundance and distribution 

survey data (e.g., geo-spatially referenced survey results based on standard methods across 

the marine shipping area) collected over a number of years and data showing the annual 

abundance of birds at breeding colonies or associated productivity estimates were not 

available on which to structure a more quantitative effects assessment. 

With respect to the EIS Guidelines guidance to use a Tier 2 approach (i.e., “For select 

environmental effects and locations where there may be a higher risk of environmental 

effects...”), as described in the response to IR11-02, risk is determined based on a 

combination of probability and consequence. Since the risk of the MSA plausible worst-case 

accident involving a spill is moderate (based on extremely low probability of the event 

occurring, and high consequences if the event were to occur, as outlined in the response to 

IR11-02 (Table IR11-02-3)), the VFPA has relied on existing information for the purposes of 

responding to this information request.  
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The nature and degree of effects on marine birds from fuel spill will ultimately depend on the 

sensitivity and density of the species in the location oiled (and the properties and behaviour 

of the oil, as outlined in the response to IR11-04 of CEAR Document #13281). A Royal Society 

of Canada panel of leading experts on oil chemistry, behaviour, and toxicity reviewed and 

consulted on the current science relevant to oil spills into Canadian waters and found that the 

overall impact of an oil spill depends mainly on the environment and conditions (weather, 

waves, etc.) where the spill takes place and the time elapsed before remedial operations are 

undertaken (Lee et al. 2015). Clear Seas (2017) also concluded that based on a review of 

case studies, that delays in responding to the spilled oil affected the outcome of all case 

studies examined and human error played a dominant role in affecting the impact of the spills 

across all case studies. The location and time of year of a spill and presence of species, 

therefore, are only some of the contributing factors affecting the potential effects to marine 

birds from a spill.  

The plausible worst-case 7,500 m3 heavy oil spill scenario in Segment B was described in MSA 

Section 10.5.2.1 as having the potential to affect birds and bird habitat within Segments A, 

B, C, D, E, and G. Based on MSA Figures 8.1-3 to 8.1-6, the MSA plausible worst-case scenario 

has the potential to affect shoreline types of higher vulnerability within or adjacent to the 

inbound and outbound Project-associated vessel routes (refer to IR11-10 response of CEAR 

Document #1328 for more details). The effects to the shoreline from a spill elsewhere in the 

marine shipping area are not expected to largely differ from those presented in the MSA due 

to the extent of dispersion from an oil spill in Segment B and the types of habitats potentially 

affected, as further explained below.  

For the purposes of responding to this information request, two approaches were used to 

define and evaluate the worst-case scenario, including: 

1. Using the approach described in the response to IR11-10 (CEAR Document #1328), 

which is based on the Washington Compensation Schedule (WCS)2 that considers 

relative potential effects of a fuel spill in other locations of the marine shipping area 

and during all four seasons; and  

2. Consideration of stochastic simulations for a similar spill scenario assuming an 

8,250 m3 of heavy fuel oil at Arachne Reef undertaken for the Trans Mountain Oil Spill 

Study by EBA (2013) (TMX Study).  

Comparison of Relative Effects on Birds Based on WCS Vulnerability Scores 

For background information on WCS vulnerability scores, refer to the response to IR11-10 

(CEAR Document #1328). The WCS marine bird vulnerability scores reflect the relative 

                                           

1 CEAR Document #1328 From the Vancouver Fraser Port Authority to the Review Panel: Response to 
Information Requests IR11-03, IR11-04, IR11-09, IR11-10, IR13-05 and IR13-26 (see Reference 
Documents #1179 and #1228). 
2 The Washington Department of Ecology developed the Washington Compensation Schedule (WCS) for 
the purpose of determining resource damage for oil spills in state waters. Specific geographic locations 
within the Salish Sea of varying sensitivity were evaluated seasonally and ranked according to the 
existing conditions and input from expert committees. Details are outlined in the Washington 
Administrative Code in Chapter 173-183 (http://apps.leg.wa.gov/WAC/default.aspx?cite=173-183).  
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vulnerability of seabirds, shorebirds, and waterfowl present in a subregion during a particular 

season to oil spills, where vulnerability is based on population status, abundance, roosting 

habits, escape behaviour, flocking behaviour, feeding specialisation, population size, 

reproductive capacity, breeding dispersion, winter dispersion, seasonal exposure to waters 

where oil spills could occur, and significance of Washington population to total population.  

The WCS outcomes are relevant to a hypothetical spill from a Project-associated vessel for 

the following reasons: 

 The WCS assessment was conducted where Project-associated vessels transit; that is, 

in Segments A through D of the marine shipping area in both Canada and the U.S.A.; 

and 

 Effects to birds and bird habitat are expected to be similar in U.S. and Canadian waters, 

given the similar types of marine shipping activities, distribution of marine bird nesting 

colonies in the marine shipping area (shown in MSA Figure 8.3-3), and the locations 

of Important Bird Areas and conservation areas in the marine shipping area (shown in 

MSA Figure 8.3-4). 

The vulnerability scores for each of the WCS marine and estuarine regions and subregions 

(locations shown in Appendix IR11-10-A and listed in Appendix IR11-10-B in the response to 

IR11-10 of CEAR Document #1328) are based on existing information and determinations 

made by the marine bird subcommittee of the WCS scientific advisory board. Each subregion 

was relatively ranked and scored for species group vulnerability to oil spills on a 1 to 5 scale 

for each season, where 5 represents the greatest vulnerability and 1 represents the least 

vulnerability. The outcomes of the rankings for marine bird vulnerability are provided in 

Appendix IR11-10-B in the response to IR11-10 (CEAR Document #1328).  

The rankings provided in Appendix IR11-10-B (CEAR Document #1328) indicate that, for the 

regions applicable to Project-associated vessels, both location and season are key components 

dictating vulnerability (i.e., there is no general spatial or temporal trend observed in the 

relative rankings). This is to be expected as marine bird distributions are highly variable in 

time and space (i.e., there are ecologically distinct sub-regions along the marine shipping 

route). For example, in Segment A (Strait of Georgia), bird vulnerability is ranked as having 

higher vulnerability (4) in spring, summer, and winter at the southern end of Point Roberts 

(WCS subregion 701), while in the western part of the Strait of Georgia (WCS subregion 703) 

there is no seasonal variation and vulnerability is low (relative score of 2).  

The MSA plausible worst-case scenario spill (i.e., a 7,500 m3 heavy oil spill on the south end 

of South Pender Island during spring) was identified as having the potential to affect areas in 

Segments A, B, C, D, E, and G, as outlined in MSA Section 10.5.2.1. The location and timing 

of this scenario was based both on probability and potential consequences. This extent of 

dispersion from a spill in Segment B is supported by stochastic simulations conducted for the 
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TMX Study for a heavy oil spill (Cold Lake winter blend crude oil)3 of similar volume spill (i.e., 

8,250 m3) and location (Arachne Reef in Haro Strait located south of South Pender Island) in 

the spring (Figure IR11-11-1). Comparing areas with a probability of oil presence exceeding 

10% (Figure IR11-11-1) to WCS subregions provided in Appendix IR11-10-A (CEAR 

Document #1328), the MSA plausible worst-case scenario has the potential to affect areas 

that result in higher vulnerability for marine birds (Appendix IR11-10-B of CEAR Document 

#1328).  

This comparison assumes that there is an adverse effect if there is an intersection of floating 

or shoreline oil and marine birds (based on the probability of encounter). This comparison 

does not take into consideration dose, uptake, duration of exposure, or measurable effect 

(i.e., there is sufficient oil quantity to provide a lethal dose to exposed birds), or the behaviour 

of bird species. Characteristics identified by French-McCay (2009) that make certain bird 

species more susceptible to oiling include the following: 

 Spending larger periods of time on the water; 

 Weak flying capability such that they dive often; 

 Having flightless feather-moulting stages; 

 Diving foraging behaviour; and 

 Roosting at night on water.  

 

                                           

3 The oil modelled for the TMX Study (EBA 2013) has similar physical chemical properties as the heavy 
fuel oil considered in the MSA assessment; thus, the extents of a heavy fuel oil release in the marine 
shipping area assessed in the MSA are expected to be similar (if the same amount of oil were released 
in the environment). For more information, refer to Section 4.1 in EIS Appendix 30-B.  
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Figure IR11-11-1 Probability of Oiling: Arachne Reef Stochastic Simulation of 8,250 m3 Heavy Oil Spill, Spring 
Season 

 
Source: Trans Mountain Pipeline Project National Energy Board Application, Volume 8B, Marine Transportation Technical Reports, Appendix E 
Figure E.6. Available at https://apps.neb-one.gc.ca/REGDOCS/File/Download/2393341. 
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As outlined above, risk characterisation involves consideration of the probability of an event 

occurring, and the severity of the consequences if the event occurs. To determine 

consequences of an oil spill for marine birds, the likelihood of exposure (i.e., probability of 

encounter with a slick) and the likelihood of adverse consequences should exposure occur 

need to be considered. Exposure is related to the percentage of the time a bird spends on 

water or shoreline surface (French-McCay 2009). As an example, dabbling waterfowl and 

seabirds such as ducks, geese, swans, coots, and murres spend most of their time on the 

surface of the water and fly from place to place only occasionally. These behaviours increase 

their risk of exposure when areas they frequent become oiled, and therefore under such 

scenarios when the threshold oil thickness is exceeded, the probability of mortality is 99% 

(French-McCay 2009). In contrast, aerial nearshore divers such as gulls, terns, and osprey fly 

over the habitat most of the day and dive for food, and thus have a lower probability of oil 

encounter and mortality (35%) if present in an area swept by oil exceeding a threshold 

thickness. For waders, shorebirds, and raptors (i.e., bald eagles and osprey), little information 

is available for estimation of probability of oiling and mortality given a slick’s presence, but 

French-McCay (2009) state that the estimated probability of dying of oiling is assumed to be 

35%, and 0.1% for other raptors (i.e., hawks, owls, etc.), because of low frequency of 

encounter. Regardless of these behaviours, French-McCay (2009) outlined that there is 

general agreement in the literature that birds have a low survival rate once oiled, even when 

rescue and cleaning is attempted (i.e., probability of mortality once oiled is assumed to be 

100%). In areas where birds are abundant such as the Salish Sea, the potential to adversely 

affect marine birds increases as the spatial extent of a spill increases. While the actual effects 

of a heavy oil spill on birds depend upon the season, as well as other factors related to the oil 

spill and response activities, exposure to oil can be fatal to marine birds. Mortality can occur 

as a result of oiling on feathers, loss of insulative properties, loss of buoyancy, as well as 

ingestion of oil or contaminated food. 

The potential spill conditions causing worst-case effects to birds may include conditions that 

maximise exposure (e.g., strong wind and current conditions) or include encounters with bird 

species that are at-risk. Zier and Gaydos (2016) identified 59 avian species of concern that 

depend on the Salish Sea based on at-risk listings from B.C., Washington State, and the 

federal governments of Canada (including listings under the Committee on the Status of 

Endangered Wildlife in Canada and Species at Risk Act) and the U.S.A., as of December 1, 

2015. Since a significant residual effect on marine birds, as defined in MSA Section 10.5.8, is 

one that would compromise population integrity for marine bird sub-components and species, 

a worst-case scenario could include the exposure of a greater number of at-risk bird species 

to oiling. The MSA presented information on at-risk bird species in the marine shipping area, 

as described below. 

Observations from 1973 to 2012 obtained from eBird, B.C. Coastal Waterbird Survey, Bird 

Studies Canada, and the North Pacific Seabird Database for four at-risk species listed in Zier 

and Gaydos (2016) were presented in the following MSA figures: 
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 Figure 8.3-5 for surf scoter (Melanitta perspicillata), designated as a blue-listed species 

in B.C4;  

 Figure 8.3-6 for marbled murrelet (Brachyramphus marmoratus), designated as a 

blue-listed species in B.C. and a threatened species in Washington State and federally 

in both countries5;  

 Figure 8.3-8 for brant (Branta bernicla), designated as a blue-listed species in B.C.; 

and 

 Figure 8.3-10 for red knot (Calidris canutus roselaari), designated as a red-listed 

species6 in B.C. and threatened in Canada. 

Except for red knot, most recorded observations have been in Segment B where the 

hypothetical plausible worst-case spill was assumed to occur. These observations do not 

reflect abundance, but they do indicate distribution over the four periods of record (1973-

1982, 1983-1992, 1993-2002, and 2003-2012). Therefore, the MSA scenario for oil released 

in Segment B includes effect predictions for areas deemed to be of highest vulnerability for 

at-risk marine birds. 

Areas affected by the MSA plausible worst-case spill scenario (i.e., Segments A, B, C, D, E, 

and G as identified in MSA Section 10.5.2.1), the modelling simulation presented in 

Figure IR11-11-1, and the subregions within WCS Regions 2, 3, 6, 7, 8, 9, 10, 11 and 12 

(shown in Appendix IR11-10-A in the response to IR11-10 of CEAR Document #328) were 

reviewed. Based on this review, the MSA scenario for oil released during the spring includes 

effect predictions for areas deemed to be of highest vulnerability (score of 5) for marine birds 

(see Appendix IR11-10-B in the response to IR11-10 of CEAR Document #328 for rankings). 

To support this conclusion, the following examples are provided: 

 Jamestown (WCS subregion 307) located on the south shore of MSA Segment G near 

Dungeness Spit with up to a 10% chance of oil presence – vulnerability is rated as 5 

year-round: 

 Lopez Island (WCS subregion 316) located in MSA Segment B at the southern end of 

the San Juan Islands with up to a 50% chance of oil presence – vulnerability is highest 

in spring (5), followed by summer and fall (4), then winter (3); 

 Lummi Bay (WCS subregion 601) and Cherry Point (WCS subregion 602) located in 

MSA Segment E with a 10% probability of oil presence – vulnerability is highest in 

spring and summer (5); and 

                                           

4 Blue-listed species are those not immediately threatened but are of concern because of characteristics 
that make them particularly sensitive to human activities or natural events. 
5 A threatened species is defined in Washington State and the U.S.A. as a species likely to become an 
endangered species within the foreseeable future throughout all or a significant portion of its range 
within the state and is defined in Canada as likely to become endangered if limiting factors are not 
reversed.  
6 Red-listed species are those that have been legally designated as endangered or Threatened under 
the B.C. Wildlife Act, are extirpated, or are candidates for such designation. 
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 Georgia Strait - Eastern (WCS subregion 608) in portions of MSA Segments A, B, and 

E south of Point Roberts with up to about a 50% chance of oil presence – vulnerability 

is rated as 4 year-round. 

Although spring may not be ranked as the highest vulnerability season in some WCS 

subregions, several regions are ranked as having moderate vulnerability in the spring, as 

shown in the following examples: 

 Protection Island (WCS subregion 310) located on the south shore of Segment G 

between Dungeness Spit and Admiralty Inlet with up to a 50% chance of oil presence 

based on spring conditions – vulnerability is highest in summer and fall (5), followed 

by spring (4), then winter (3); 

 Smith Island (WCS subregion 314) located in the southeast portion of Segment B near 

the boundary with Segment G with up to a 50% chance of oil presence – vulnerability 

is highest in summer and fall (5), followed by spring and winter (3); and  

 Admiralty Inlet (WCS subregion 401) located in Segment G at the entrance to Puget 

Sound with a 50% to 90% chance of oil presence – vulnerability is highest in summer 

and fall (5), followed by spring (3), then winter (2). 

Based on the examples, the MSA scenario for oil released in Segment B during the spring 

includes effect predictions for areas deemed to be of highest vulnerability for marine birds. 

Stochastic Modelling 

As recommended by ECCC, present a quantitative assessment for marine birds based on 
stochastic modeling of the behaviour and fate of hypothetical oil spills. 

Stochastic simulations to predict the probability of oiling for hypothetical scenarios based on 

four origin locations and historical seasonal wind and current data were conducted for the 

TMX Study using the oil spill and contaminant model SPILLCALC, which is a widely used tool 

to develop an understanding of the likely behaviour of an oil slick (without spill response 

measures applied). The origin locations in Segments A, B, C and D, respectively, are referred 

to as Site D: Strait of Georgia, Site E: Arachne Reef7, Site G: Juan de Fuca Strait, and Site H: 

Buoy J (see Figure IR11-11-2 for locations).  

The results of stochastic simulations for an 8,250 m3 heavy oil spill by release location and 

season are provided in Appendix IR11-11-A. These stochastic maps show the probability 

that a particular area of water will be contacted by a spill starting at the modelled release 

point, expressed as percentage contours (i.e., contours represent likelihood of areas to be 

oiled). The major driving forces for slick motion in the seasonal stochastic simulations included 

                                           

7 As mentioned previously in this response, Site E Arachne Reef is located near the site of the powered-
grounding scenario assessed in the MSA. 
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wind, tide, offshore processes and estuarine flows8. All of the scenarios were modelled without 

spill response intervention.  

Figure IR11-11-2 Trans Mountain Oil Spill Study Stochastic Simulation Locations 
for an 8,250 m3 Spill  

 
Source: TMX NEB Application Appendix 8A (https://www.transmountain.com/neb-application). 

  

                                           

8 The TMX Study simulations were constructed on a spatial grid with individual cells having 
dimensions of 500 m × 500 m, and conducted for the period of October 1, 2011 to September 30, 2012, 
based on available data. Each seasonal stochastic model run consisted of a compilation of approximately 
360 independent simulations (i.e., every 6 hours an independent spill was assumed to occur, and its 
motions and weather were calculated and recorded for a 15-day period). The simulations were 
segregated into four seasons: winter (January, February, and March), Spring (April, May, and June), 
Summer (July, August, and September), and Fall (October, November, and December). For more 
information on the modelling approach and assumptions, refer to TMX Study Technical Appendix 
(Volume 8C, TR 8C-12, S9), available at: https://www.transmountain.com/neb-application. 
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A summary of seasonal and spatial similarities and differences for the probability of area oiled 

(expressed in square kilometres (km2)) and the average length of affected shoreline 

(expressed in km) is provided in Table IR11-11-1. The length of the shoreline oiled is 

relevant for determining potential ecological damage, and for estimating shoreline clean up 

resources that would be required in the unlikely event of a spill.
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Table IR11-11-1 Summary of Surfacing Oil and Shoreline Contact Results based on Stochastic Simulations for TMX 
Study Oil Scenario Sites D, E, G, and H 

Scenario Oil Release 
Location 

Season 

Maximum 
Average 

Slick Area 
(km2)a 

Total Affected Surface Area 
(km2) by Probability of 

Oilingb 

Average 
Length of 
Affected 
Shoreline 

(km) 

Total Affected Shoreline Length 
(km) by Probability of Oiling 

≥10% ≥50% ≥90% ≥10% ≥50% ≥90% 

Site D Strait of Georgia  

(MSA Segment A) 

Winter 370 5,302 3,473 431 185 2,307 248 0.0 

Spring 385 6,353 2,561 889 217 582 94 0.7 

Summer 308 6,827 2,142 754 205 472 101 9.1 

Fall 363 7,129 2,907 985 211 563 120 3.7 

Site E Arachne Reef  

(MSA Segment B) 

Winter 320 5,508 3,120 1,394 207 665 182 16 

Spring 430 5,793 3,815 2,317 223 594 207 34 

Summer 385 6,748 3,894 1,819 224 608 190 32 

Fall 320 6,375 3,563 1,723 211 616 196 27 

Site G Juan de Fuca Strait  

(MSA Segment C) 

Winter 310 4,021 2,931 703 124 289 33 0.5 

Spring 275 4,841 2,399 495 99 186 24 0.9 

Summer 225 4,712 1,675 248 88 115 17 0.1 

Fall 355 4,895 2,295 551 112 301 25 0.8 

Site H Buoy J (MSA 
Segment D) 

Winter 

See Note c 

102 

See Note c 
Spring 58 

Summer 48 

Fall 69 

Source: EBA 2013 and Trans Mountain Pipeline Project National Energy Board Application, Appendix 8A (available at 
https://www.transmountain.com/neb-application).  
Notes: Highest values bolded for maximum average area, average length of shoreline affected, and greater than 90% probability values.  
a. The maximum area values indicate the largest sea surface area occupied by spilled oil at any point in time during the modelling run.  
b. The total surface area indicates the predicted probability than an individual modelling sea surface grid area contained surface oil during at 
least one point in time.  
c. Information not found in TMX NEB Application Appendix 8A or Volume 8B, Marine Transportation Technical Reports, Appendix E 
(https://www.transmountain.com/neb-application). 
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The mass balance of the spilled oil at the end of the 10-day stochastic simulation period for 

each modelled scenario, which provides an understanding of spill behaviour that occurs for a 

particular season, is provided in Table IR11-11-2. In all seasons, the Site E (MSA 

Segment B) scenario had the highest onshore volume. Appendix IR11-11-A provides 

figures that illustrate the extent of oiling and shoreline contact for each site and season.  

 
Table IR11-11-2 Mass Balance Summary for 8,250 m3 Spill at TMX Study 

Stochastic Modelling Sites D, E, G, and H 

Component Winter Spring Summer Fall 
Yearly 

Average 

Site D Strait of Georgia (MSA Segment A) 

On Shore  62.1 66.3 66.1 66.0 65.1 

Evaporated  19.4 17.8 17.2 18.2 18.2 

Left On Water  6.0 4.2 4.1 3.7 4.5 

Dissolved  8.7 8.9 8.8 9.1 8.8 

Biodegraded  2.5 2.2 2.1 2.3 2.3 

Oil-mineral 
aggregate 

0.07 < 0.01 < 0.01 0.04 0.03 

On Banks  1.2 0.6 1.7 0.7 1.1 

Dispersed  0.3 < 0.01 < 0.01 0.4 0.18 

Site E Arachne Reef (MSA Segment B) 

On Shore  70.1 71.5 71.7 72.4 71.4 

Evaporated  19.1 17.2 16.8 17.1 17.5 

Left On Water  2.5 2.6 2.8 2.6 2.6 

Dissolved  6.2 6.8 6.7 6.1 6.5 

Biodegraded  2.1 1.9 2.0 1.9 2.0 

Oil-mineral 
aggregate 

< 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

On Banks  < 0.01 0 < 0.01 < 0.01 < 0.01 

Dispersed  0.1 0.05 0.01 0.06 0.06 

Site G Juan de Fuca Strait (MSA Segment C) 

On Shore  64.8 65.7 67.6 64.3 65.6 

Evaporated  18.9 18.3 17.7 18.3 18.3 

Left On Water  5.0 5.1 4.4 6.1 5.1 

Dissolved  8.8 8.6 8.3 8.9 8.6 

Biodegraded  2.5 2.3 2.0 2.4 2.3 

Oil-mineral 
aggregate 

< 0.01 0.02 0.03 0.01 0.02 

On Banks  0 0 0 0 0 
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Component Winter Spring Summer Fall 
Yearly 

Average 

Dispersed  0.4 0.03 < 0.01 0.2 0.2 

Site H Buoy J (MSA Segment D) 

On Shore  55.1 25.8 20.5 35.0 34.1 

Evaporated  20.3 21.3 21.3 20.5 20.9 

Left On Water  12.2 36.9 41.0 29.3 29.8 

Dissolved  9.2 11.4 12.1 11.0 10.9 

Biodegraded  3.2 4.7 5.1 4.1 4.3 

Oil-mineral 
aggregate 

< 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

On Banks  0 0 0 0 0 

Dispersed  1.2 1.8 4.5 0.9 2.1 

 

In order to obtain a general understanding of spill behaviour corresponding to an 8,250 m3 

spill in the marine environment at Sites D, E, G, and H, the stochastic results corresponding 

to the summer season are summarised into the following Table IR11-11-3, as an example. 

Spills in the inshore waters (Sites D and E) contact a larger length of shoreline than spills 

closer to the continental shelf (Sites G and H). Results for all seasons are provided in 

Appendix IR11-11-A.  

 
Table IR11-11-3 Summary of Stochastic Modelling Results for an 8,250 m3 Spill 

During the Summer Season for Four TMX Study Sites 

Property Site D Site E Site G Site H 
Site 

Average 

P50 area at 24 hours (km²)  365 195 373 260 298 

P50 area at 48 hours (km²)  1,023 628 670 590 728 

Shore oiled at 24 hours (km)  14 32 7 0 13 

Shore oiled at 48 hours (km)  72 75 29 0.1 44 

Shore oiled at 10 days (km)  205 224 88 48 141 

Fraction on shore at 10 days (%)  66.1 71.7 67.6 20.5 56.4 

Fraction evaporated 10 days (%)  17.2 16.8 17.7 21.3 18.2 

Fraction on water at 10 days (%)  4.1 2.8 4.4 41.0 13.1 

Fraction dissolved at 10 days (%)  8.8 6.7 8.3 12.1 8.9 

Fraction biodegraded at 10 days (%)  2.1 2.0 2.0 5.1 2.8 

Fraction Oil-mineral aggregate at 
10 days (%)  

< 0.01 < 0.01 0.03 < 0.01 < 0.01 

Fraction on banks at 10 days (%)  1.7 < 0.01 0 0 0.6 

Fraction dispersed at 10 days (%)  < 0.01 0.01 < 0.01 4.5 1.1 

Source: EBA 2013 
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Based on the existing information and studies described above, marine bird habitat would be 

affected by spilled oil in the marine shipping area for all scenarios and seasonal conditions. 

The scenarios with the greatest spatial extent with a high to very high probability of oiling 

(>50%) are likely to affect marine birds the most. The assessment of the marine bird valued 

component provided in MSA Section 10.5.8 is representative of potential effects to birds from 

an oil spill occurring elsewhere in the marine shipping area or at a different time of year based 

on the potential extent of oil, as estimated using the stochastic shoreline contact and surface 

contours (noting that there may be exceptions depending on the presence of particular 

species). Several ecologically important sites for marine birds could be affected by a spill at 

Site E in MSA Segment B, and prompt and effective response in the event of a spill would 

help reduce effects on these habitats. 

Identify existing and proposed measures that would be included in an oil spill 
response strategy for marine birds.  

MSA Section 10.4 outlines the mitigation measures relevant to spill preparedness and 

response for a spill in the marine environment, regardless of the spill location or season of 

occurrence. As outlined in the response to IR11-04 (CEAR Document #1328), effectively 

responding to oil spills is complicated, as types of oil are far from uniform and the 

environments and conditions where spills occur are many (Lee et al. 2015). Specific mitigation 

measures would be selected based on conditions at the time of the spill and site-specific 

response plans. For more information on the development of site-specific response plans 

under the Western Canada Marine Response Corporation’s (WCMRC’s) Coastal Response 

Program, refer to the response to IR11-04 (CEAR Document #1328). 

For the Pacific Region, a framework to assess vulnerability of biological components to ship-

source oil spills in the marine environment has recently been developed by Fisheries and 

Oceans Canada, Canadian Science Advisory Secretariat (Hannah et al. 2017). This framework, 

although developed for fish species, is stated as being applicable to marine birds. The 

framework is intended to inform oil spill response planning within the Pacific Region, and will 

assist in identifying priority response-relevant spatial data for those marine biota identified 

as being most vulnerable to spilled oil. The potential for oiling of marine birds and marine bird 

habitat would depend on the size of the oil spill, the efficacy of measures intended to promptly 

contain and recover spilled oil, the ability oil spill responders to capture and treat oiled birds, 

and the intrinsic sensitivity of the birds exposed.  

As outlined in the response to IR11-04 (CEAR Document #1328), the Coastal Mapping and 

Geographic Response Strategies (GRS) program was initiated in 2017 by WCMRC9. GRSs are 

site-specific response plans tailored to protect sensitive areas threatened by an oil spill and 

are a fundamental part of WCMRC’s preparedness regimen. GRSs are created to safeguard 

archaeological and cultural sites, critical habitats and infrastructure, public beaches and parks, 

sensitive shorelines, and water-dependent commercial users, and with the intent to protect 

                                           

9 WCMRC is the Transport Canada-certified marine response organization on Canada’s west coast. Their 
mandate is to ensure there is a state of preparedness in place when a marine spill occurs and to mitigate 
the impacts on B.C.’s coast. This includes the protection of wildlife, economic and environmental 
sensitivities, and the safety of both responders and the public. 
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elements of larger and smaller microhabitats rather than individual species. GRSs contain 

crucial information on unique operating issues, notification protocols, mobilisation procedures, 

logistical resources, and operations and planning materials. 

Control and containment of an oil spill are the first priorities, followed by the implementation 

of a GRS, which are used during the first 24 hours of a response10. The strategies supplement 

existing regional response plans and help responders identify vulnerable shoreline areas and 

describe how to protect them. Since 2013, WCMRC has created more than 400 GRSs and each 

GRS is field-tested to ensure the strategy is effective. The goal is to create strategies for all 

27,000 km of B.C.’s coastline10.  

The GRSs will help to mitigate the potential environmental effects from a spill of light fuel oil 

or any fuel type on environmental components, especially the most vulnerable components, 

and would inform requirements for follow-up monitoring.  
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Seasonal Results for Major Components of the Mass Balance Based on Stochastic Simulation for Trans Mountain Oil 
Spill Study Sites D, E, G, and H 

Site D 
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Site E 
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Site G 
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Site H 
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Seasonal Results for Probability of Oil Presence (P50 and P90) After 24 Hours Based 
on Stochastic Simulation for Trans Mountain Oil Spill Study Sites D, E, G, and H 

Site D 
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Site E 
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Site G 
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Site H 
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Probability for Shore to be Oil Stochastic Simulation Seasonal Results for Trans Mountain Oil Spill Study Sites D, E, 
G, and H 

Site D 
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Site E 
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Probability of Oil Presence Stochastic Simulation Seasonal Results for Trans Mountain Oil Spill Study Sites D, E, G, 
and H 

Site D  
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Site G 
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Site H 
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Note: Volume provided in figure title block should have stated 8,250 m3, not 16,500 m3 (since the tracking time for the 
8,250 m3 spill scenario was 10 days, as stated in the legend). 
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IR11-12 Accidents and Malfunctions – Pre-SCAT survey and mapping information 

Information Source(s) 

Marine Shipping Addendum: Section 10, Figure 10-5 to 10-9 

CEAR Doc#372 and #387 

Context 

In CEAR Doc#387, Environment and Climate Change Canada (ECCC) proposed that a request 
for additional information should include the provision of Pre-SCAT survey and mapping 
information, as was initially requested in the EIS Guidelines. 

ECCC explained that this information is instrumental to inform spill response priorities and 
countermeasures at the time of an actual oil spill incident, and that it is important to ECCC’s 
review pursuant to its various mandated areas of interest. 

ECCC recommended that if a Pre-Scat survey and mapping were not available the Proponent 
should: 

• Provide an update on the timeline for completion of the Geographic Response Plans 
(GRP) mapping for shorelines adjacent to and down-current from marine accidents 
and malfunctions associated with the proposed Project; 

• Discuss existing approaches which can be used to identify potential higher risk sites; 
and consider appropriate response measures in the event of an accident or 
malfunction. 

Information is required as to the status of the mapping exercise and the adequacy of the 
Proponent’s maps provided in the Marine Shipping Addendum.  

Information Request 

Provide an update on the timeline for completion of the Geographic Response Plans (GRP) 
mapping for shorelines adjacent to and down-current from marine accidents and malfunctions 
associated with the proposed Project. 

Provide examples of Pre-SCAT surveys, as is requested by ECCC in its review of the Marine 
Shipping Addendum. 

Present other existing approaches which can be used to identify potential high risk sites. 
Discuss the adequacy of the shoreline oil residency maps provided by the Proponent as 
Figure 10-5 to 10-9 of the Marine Shipping Addendum to inform spill response as compared 
with Pre-SCAT surveys information or other approaches. In the discussion, include appropriate 
response measures in the event of an accident or malfunction.  
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VFPA Clarification 

The VFPA would like to clarify that Transport Canada is the federal lead in regulating marine 

shipping in Canada, and other federal departments such as the Canadian Coast Guard, 

Environment and Climate Change Canada (ECCC), Fisheries and Oceans Canada (DFO), and 

Natural Resources Canada have key roles that enhance marine safety and security, influence 

marine shipping activities, and help protect the marine environment.  

The responsibility for developing mapping and spill response plans and for determining the 

appropriate response measures in the event of an accident lies primarily with the Canadian 

Coast Guard and the Western Canada Marine Response Corporation (WCMRC), the Transport 

Canada-certified Response Organisation for the west coast of Canada. WCMRC’s mandate is 

to ensure there is a state of preparedness in place when a marine spill occurs and to mitigate 

the impacts on B.C.’s coast. This includes the protection of wildlife, economic and 

environmental sensitivities, and the safety of both responders and the public (WCMRC 2018a). 

Other entities, such as municipal, provincial, and federal governments and authorities, and 

Indigenous groups play a role in supporting these initiatives. In response to the information 

request, the VFPA has conducted a review of the most recent information provided by the 

Canadian Coast Guard, WCMRC, DFO, Transport Canada, and ECCC.  

To assist with the interpretation of the responses to the requested information, four terms 

are briefly explained below, including Geographic Response Plan (GRP), Geographic Response 

Strategies (GRSs), Shoreline Cleanup Assessment Technique (SCAT), and pre-SCAT. The 

responses to the requested information in IR11-12 are provided below.  

Geographic Response Plan 

A GRP is a comprehensive document that provides geographically-specific information to 

guide a multi-agency coordinated response in the event of a spill. A GRP is both a planning 

tool and a response tool, as each plan describes actions relating to response such as 

preparedness, notification, alerting, assessment, containment, cleanup, and recovery. 

Transport Canada provided an example of a GRP in CEAR Document #12041 Appendix C. This 

appendix includes the Greater Vancouver Integrated Response Plan (GVIRP) issued by the 

Canadian Coast Guard, which is applicable in the area of English Bay and Burrard Inlet. GRPs 

integrate information from GRSs and SCAT surveys (defined below). 

Geographic Response Strategies 

GRSs are site-specific response plans tailored to protect areas threatened by an oil spill 

(WCMRC 2018a). They are created to: 

 Reduce decision-making time during the initial response to a spill; 

                                           

1 CEAR Document #1204 From Transport Canada to the Review Panel re: Response to Information 
Requests issued by the Review Panel on April 4, 2018 (See Reference Document #1178). 
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 Help responders identify vulnerable shoreline areas (e.g., archaeological and cultural 

sites, critical habitats2 and infrastructure, public beaches and parks, sensitive 

shorelines, and water-dependent commercial users); 

 Help identify potential equipment needs to safeguard or mitigate potential effects to 

vulnerable areas (thereby supplementing information in regional response plans); and 

 Inform requirements for follow-up monitoring.  

As outlined in the response to IR11-04 (CEAR Document #13283), control and containment 

of an oil spill are the first priorities, followed by the implementation of GRSs, which are used 

during the first 24 hours of a response (WCMRC 2018a). For the marine shipping area where 

Project-associated vessels will transit, the development of a GRS is the responsibility of 

WCMRC. GRSs are a fundamental part of WCMRC’s preparedness regimen and additional 

information on GRSs for the marine shipping area is provided below. 

Shoreline Cleanup Assessment Technique  

SCAT is a procedure and process used to systematically survey an area affected by a spill 

using standardised methods and terminology to inform spill response management (Owens 

and Sergy 2000; WCMRC 2018b). As outlined in Environment Canada’s SCAT Manual (Owens 

and Sergy 2000), the basic principles that govern a SCAT (or pre-SCAT) survey are as follows: 

 A systematic assessment of all shorelines in the potentially affected or affected area; 

 A division of the coast into geographic units or segments; 

 A set of standard terms and definitions for documentation; and 

 A team of inter-agency personnel to represent the various interests of the responsible 

party, land ownership, land use, land management, or governmental responsibility.  

The objective of the SCAT process is to provide accurate, consistent, real time documentation 

of shoreline conditions to identify or verify environmental, cultural, recreational, economic 

features and constraints, and establish appropriate treatment techniques and cleanup 

endpoints. A SCAT team will document operational features, backshore staging conditions, 

access, and operational or safety constraints. The same team may conduct post-treatment 

SCAT surveys to determine if the endpoint criteria have been achieved. The individual field 

data are put into a specialised database / geographic information system (GIS), analysed and 

used in the decision process, forming the basis of spill planning for the operational stages of 

the shoreline response4. A schematic of the SCAT process is illustrated in Figure IR11-12-15. 

Although general decision tools for the use of shoreline cleanup methods can be developed 

during pre-spill planning stages (e.g., through GRSs), responders’ specific treatment 

                                           

2 As outlined in the response to IR11-04 of CEAR Document #1328, GRSs are intended to protect 
elements of larger and smaller microhabitats rather than individual species. 
3 CEAR Document #1328 From the Vancouver Fraser Port Authority to the Review Panel: Response to 
Information Requests IR11-03, IR11-04, IR11-09, IR11-10, IR13-05 and IR13-26 (see Reference 
Documents #1179 and #1228). 
4 For more information on SCAT surveys, refer to IPIECA-IOGP 2016. 
5 The SCAT process can be applied to any type of response, including oil, chemical, or marine debris, 
and in any type of habitat (WCMRC 2018a).  



 

Roberts Bank Terminal 2 
Sufficiency Information Request #12 (IR11-12) | Page 4 

recommendations must integrate field data on shoreline habitats, oil or contaminant type, 

degree of shoreline contamination, spill-specific physical processes, and ecological and 

cultural resource issues (NOAA 2013)6.  

Figure IR11-12-1 Schematic of SCAT Process and Integration Points for Pre-SCAT 
Information  

 

Source: Owens and Sergy 2000. 

Pre-SCAT Surveys 

Pre-SCAT surveys can be completed in advance of a spill event to enhance preparedness 

planning, to ensure best practice guidance and processes are in place, and to advance sound 

decisions from the very beginning of a response. Although some of the information (e.g., 

oiling conditions) must be collected real time as indicated above, a large amount of directly 

relevant information for a specific area can be assembled pre-spill to inform the SCAT and 

shoreline response decision-making processes. Pre-spill mapping projects can be coupled to 

the SCAT process by creating shoreline segment boundaries and acquiring basic physical 

shoreline data on shoreline types and coastal character so that key elements of the SCAT 

                                           

6 SCAT survey forms and supporting explanations for use are provided in Owens and Sergy 2000 and 
available at https://response.restoration.noaa.gov/oil-and-chemical-spills/oil-
spills/resources/shoreline-assessment-forms.html.  
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database are in place at the time of an incident (Owens and Sergy 2000). The benefit of 

conducting surveys in advance in the form and quality that would be needed in the event of 

a spill is that it allows for more time to address issues, compared to during the initial 

emergency stage. An example of an Environment Canada Pre-Spill SCAT Segment Survey 

form7 is provided in Appendix IR11-12-A. 

VFPA Response  

Provide an update on the timeline for completion of the Geographic Response Plans 
(GRP) mapping for shorelines adjacent to and down-current from marine accidents 
and malfunctions associated with the proposed Project.  

Present other existing approaches which can be used to identify potential high risk 
sites.  

The information request is understood to be asking for an update on the timeline for GRP 

mapping for shorelines that could potentially be affected by marine accidents and 

malfunctions associated with the proposed Project. It is relevant to this response to note the 

timelines of requirements and initiatives related to mapping in the marine shipping area due 

to the dramatic changes over the past couple of years, including the following: 

 February 26, 2016 (CEAR Document #3878) – as stated in the Panel’s context to this 

information request, Environment and Climate Change Canada (ECCC) requested 

additional information, including the provision of pre-SCAT survey and mapping 

information; 

 November 7, 2016 – the Government of Canada launched the national Oceans 

Protection Plan (OPP) to improve marine safety and responsible shipping, protect 

Canada's marine environment, and offer new opportunities for Indigenous and coastal 

communities9; 

 2017 – WCMRC launched the Coastal Response Program to consolidate existing 

WCMRC response initiatives under one umbrella program. This program is designed to 

support spill responders, deploy coastal protection strategies, and provide invaluable 

marine expertise during a spill10. The Coastal Mapping and Geographic Response 

Strategies Program is a component of WCMRC’s Coastal Response Program. Program 

partners include coastal First Nations, local non-governmental organisations and 

conservancies, large and small industry, and municipal, regional, and provincial 

authorities to ensure their participation and integration in spill response planning 

(WCMRC 2018a); and 

 May 25, 2018 – in CEAR Document #1204 (responses to TC IR-10 and TC IR-12), 

Transport Canada outlined numerous improvements that are being made to the oil spill 

preparedness and response regime. Additional information on progress being made 

                                           

7 2003 Form available from http://www.shorelinescat.com/Forms%20Pre%20spill.html.  
8 CEAR Document #387 From Environment and Climate Change Canada to the Canadian Environmental 
Assessment Agency re: Comment on the completeness of the Marine Shipping Addendum 
9 https://www.tc.gc.ca/eng/oceans-protection-plan.html 
10 Information outlined by Transport Canada in CEAR Document #1204 (response to TC IR-10). 
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under the OPP, as of September 17, 2018, is available at 

https://www.tc.gc.ca/eng/oceans-protection-plan.html. 

Additional information on response planning, inventory, and mapping initiatives currently 

underway by agencies with jurisdictional authority in the marine shipping area are 

summarised below.  

Canadian Coast Guard Integrated Response Plan 

Transport Canada, in their response to TC IR-12 (CEAR Document #1204), indicated that the 

Canadian Coast Guard will be working with partners, including Indigenous groups and 

stakeholders, to collaboratively develop a GRP(s) for the southern portion of B.C. It is 

anticipated that the GRP(s) will cover the Roberts Bank area and the marine shipping area 

where Project-associated vessels will transit, including Juan de Fuca Strait, Southern Gulf 

Islands, and the Southern Strait of Georgia. The Greater Vancouver Integrated Response Plan 

that provides information for an integrated and cooperative response to marine pollution 

incidents within the waters of the Burrard Inlet will be used as a guide. 

WCMRC Coastal Response and Geographic Response Strategies Program 

The Coastal Mapping and Geographic Response Strategies Program is a fundamental part of 

WCMRC’s preparedness regimen completed for the B.C. coast. As part of the move towards 

risk-based area planning standards, WCMRC has developed a digital mapping application to 

coordinate their GRSs for the coast. The program involves identifying coastal resources that 

are at risk if a spill occurs nearby. Examples of at-risk resources include biological, 

environmental, cultural, and human-use resources. Once sensitive resources have been 

identified, WCMRC develops booming strategies to protect them. WCMRC works with local 

authorities and Indigenous groups to ensure that appropriate identification has occurred and 

that strategies consider their input. The booming protection strategies, required equipment, 

strategies, and implementation tactics are captured in a GRS document.  

Since creating the first GRS in 2013, WCMRC has created and field-tested more than 400 

GRSs and the goal is to create strategies for all 27,000 km of B.C.’s coastline (WCMRC 2018a). 

Shoreline classification work and mapping has been conducted for some shoreline segments 

in the marine shipping area along the international shipping lanes; the status of completed 

mapping in the Salish Sea under the Coastal Mapping Program, which integrates GRS 

information for each coastline segment, is available at www.coastalresponse.ca/coastal-

mapping/, and an example of a mapped site in Boundary Passage (Fiddlers Cove in Segment B 

of the marine shipping area) is provided in Appendix IR11-12-B.  

Fisheries and Oceans Canada’s Coastal Environmental Baseline Program 

An initiative under the OPP is the Coastal Environmental Baseline Program, which will result 

in the collection of coastal environmental baseline data at two pilot sites in B.C., including the 

Port of Vancouver and the Port of Prince Rupert. The overall objective of the program is to 

better detect changes in the environment and improve our understanding of the effects of 

human activities on the marine environment over time through the collection of baseline 

environmental data. The goals of the program are to provide data that is open and accessible, 
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to contribute to the characterisation of important coastal areas, and support evidence-based 

assessments and management decisions (Templeman 2018). As outlined in Appendix A in 

CEAR Document #1204 (The Government of Canada’s response to British Columbia’s Policy 

Intentions Paper for Engagement: Activities Related to Spill Management), the Government 

of Canada expects that the outcomes from this project “contribute to the overall spill response 

planning effort greatly.” 

DFO is currently engaging partners in coastal environmental baseline data collection, based 

on a presentation by DFO in July 2018 (Templeman 2018). Year one of the program focused 

largely on national program development and on engagement activities to introduce and 

acquire feedback on the program. Data to be collected at each site is determined in 

partnership with key parties in the local area, as ecosystem components of particular interest 

will likely vary between the sites. Other fundamental aspects of program development that 

necessitate collaborative planning approaches include setting appropriate baseline data 

collection objectives and sampling protocols at each site and the determination of data 

management strategies to ensure open data.  

Subsequent years of the program will see the initiation and continuation of baseline data 

collection through partnerships with Indigenous and coastal communities, refinement of 

sampling protocols as needed, analysis of baseline data collection results, and reporting on 

baseline conditions of pilot sites (Templeman 2018).  

Provide examples of Pre-SCAT surveys, as is requested by ECCC in its review of the 
Marine Shipping Addendum. 

The standardised approach to mapping and assessment with appropriate oversight by WCMRC 

(described above) will produce the most consistent database to inform response planning and 

requirements. As outlined in Marine Shipping Addendum (MSA) Section 10.4.5, the VFPA is 

supportive of initiatives by appropriate agencies and authorities in reducing marine shipping-

related risks, both within and outside of the VFPA’s jurisdiction.  

Based on a demonstration mapping project conducted in Burrard Inlet by WCMRC (WCMRC 

2013), further assessments are anticipated to be conducted in the marine shipping area. As 

part of the demonstration project, WCMRC developed a working GRS system for a selected 

shoreline within Vancouver Harbour (i.e., east of Second Narrows to Port Moody, and north 

to Belcarra), which included five tasks: 

1. Data acquisition, data management, and information technology development specific 

to the GRS and pre-SCAT; 

2. Standards and procedures for the GRS and SCAT; 

3. Pilot area stratification using shoreline sensitivities and shoreline types; 

4. GRS and SCAT pilot and standardised data collection, and field testing/production of 

the GRS (two-pager) and SCAT; and 

5. Pilot review and project refinement.  

An example of a site-specific GRS completed during the demonstration project is provided in 

Figure IR11-12-2. The results of the demonstration project proved valuable and are planned 
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to be carried out through the province in the coming years (WCMRC 2013). The end result 

will be a coastal map with response plans and protection strategies predefined, not dissimilar 

to Washington State GRPs. Based on updated information from WCMRC (pers. comm), an 

example of the current (2018) one-page format for documenting GRS information for a 

segment in Burrard Inlet (Ioco Yacht Club) is provided in Appendix IR11-12-B. 

Figure IR11-12-2 Example of Two-Page Site-specific Geographic Response 
Strategy for Burrard Inlet 

 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #12 (IR11-12) | Page 9 

 
Source: WCMRC 2013. 

 

Discuss the adequacy of the shoreline oil residency maps provided by the Proponent 
as Figure 10-5 to 10-9 of the Marine Shipping Addendum to inform spill response as 
compared with Pre-SCAT surveys information or other approaches. In the 
discussion, include appropriate response measures in the event of an accident or 
malfunction. 

As clarification, MSA Figures 10-5 to 10-911 were provided to illustrate the potential residency 

time12 of oil on shoreline segments should an oil spill affect these areas, as stated in MSA 

Section 10.5.6.1. Note that these figures were not intended as an alternative to shoreline 

assessment approaches, such as GRS or pre-SCAT, but such information could be used to 

inform such assessments. MSA Section 10.4.5 explained that WCMRC’s Coastal Mapping 

Project, which was under development at the time of MSA submission, would inform the need 

for additional pre-SCAT survey work in high incident risk areas. 

                                           

11 Mapping of oil residency potential based on BC Oil Residency Index: Physical Shore-Zone Mapping 
System, BC Ministry of Forests, Lands and Natural Resource Operations (2005) and Washington Oil 
Residency Index: Nearshore Habitat Program, Washington State Department of Natural Resources, 
Aquatic Resources Division (2001). 
12 Residency time is the length of time, ranging from days to years, and depends on shoreline type, 
wave exposure, tides, and other variables. 
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Marine shorelines are classified according to the character (substrate and form) of the upper 

intertidal (foreshore) or upper swash zone13, which is the area where oil from a spill usually 

becomes stranded and where treatment or cleanup activities take place (Sergy 2008). The 

basic parameter that defines the shoreline type is the material that is present in the intertidal 

zone, and the presence or absence of sediments is a key factor in determining whether oil is 

stranded on the surface of a substrate or can penetrate and/or be buried (Sergy 2008). Based 

on this key factor, MSA Figures 10-5 to 10-9 were used to inform the assessment of potential 

effects based on a hypothetical spill scenario in Haro Strait. For example, MSA 

Section 10.5.6.1 outlines that for hardened shorelines such as rock cliffs and platforms (which 

account for approximately 30% of the shoreline in the marine shipping area), the effects of 

fuel oil are limited to the surface, where it can pose a direct contact hazard for species and 

potentially result in smothering. 

In the discussion, include appropriate response measures in the event of an 
accident or malfunction. 

As outlined in CEAR Documents #46414 and #130315 from Transport Canada, marine shipping 

associated with the Project is governed by Canada’s marine safety and security regime. There 

are several recent guiding documents for spill response applicable to the marine shipping 

area, including (but not limited to) the following: 

 A Field Guide to Oil Spill Response on Marine Shorelines (ECCC 2016); 

 WCMRC Marine Oil Spill Response Plan (WCMRC 2018a);  

 Marine Spills Contingency Plan – National Chapter (CCG 2018); and 

 Application of a Framework to Assess Vulnerability of Biological Components to Ship-

Source Oil Spills in the Marine Environment in the Pacific Region (Hannah et al. 2017). 

The responsibility of determining the appropriate response measures in the event of an 

accident or malfunction would involve the Canadian Coast Guard, WCMRC, and may involve 

federal, provincial, municipal, and First Nations authorities and other stakeholders, as 

indicated in Steps 1 through 4 in Figure IR11-12-3. This graphic outlines the process that 

is set in motion to manage a response operation in the marine shipping area in the event of 

an accident or malfunction. The appropriate response measures would depend upon the 

specifics associated with such an event, as determined in Steps 7 though 10 of this graphic.  

                                           

13 The swash zone is the upper part of the beach between backbeach and surf zone, where intense 
erosion occurs during storms. 
14 CEAR Document #464 From Transport Canada to the Review Panel re: Review Panel Orientation 
Session Submission. 
15 CEAR Document #1303 From Transport Canada to the Review Panel re: Comments on the Sufficiency 
of Information and updated Canada Marine Safety and Security System document. 
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Figure IR11-12-3  WCMRC Spill Response Process and Timeline 

 

 

Source: WCMRC 2018c.  
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Example of WCMRC Coastal Mapping Information in the Marine Shipping Area: Fiddlers Cove in Segment B (Boundary Passage) (from www.coastalresponse.ca/coastal-mapping/) 
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Example of WCMRC 2018 GRS Documentation Format 
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IR11-13 Project Effects – Direct Habitat Loss 

Information Source(s) 

EIS Volume 3: Section 4, Section 10, Appendix 10-B, Section 11, Section 12, Figure 9.5-13 

Proponent Responses to IR4-17 Marine Invertebrates Marine Fish and Fish Habitat – Effects 
Assessment: Area and Type of Fish and Invertebrate Habitat (CEAR Doc#1051) 

Context 

The Proponent provided several tables and maps to illustrate habitat types and habitat loss 
in relation to the proposed Project, such as those in sections 11 and 12 of the EIS, in the 
response to IR4-17, and in Appendix 10-B, Table 1-5 of the EIS. The areal estimates provided 
cannot be reconciled with the 179 hectare (ha) footprint of Project components presented in 
Section 4 of the EIS. A comprehensive accounting of the direct habitat loss associated with 
the marine terminal, widened causeway and expanded tug basin is required. 

Further, the Proponent used different terminology to refer to habitat types. In response to 
IR4-17, the habitat types are identified as: biofilm, intertidal marsh, kelp, mud, rock, sand, 
dense sea pen, sparse sea pen, Ulva, Z. japonica, and Z. marina. It is unclear how these 
habitat types correspond to habitat-forming groups identified in Appendices 10-B and 10-C of 
the EIS, and to sub-components in sections 11 and 12 under different groupings. A consistent 
nomenclature for habitat types is required for comprehensive accounting of habitat change. 

Also, in specific reference to sand habitat, the bathymetric chart of Southern Roberts Bank 
(EIS Figure 9.5-13) indicates that the marine terminal would be constructed in shallow sub-
tidal areas along Roberts Bank. The bathymetric contours of Southern Roberts Bank (Figure 1 
of EIS Appendix 10-B) indicate the presence of both intertidal and subtidal habitats. It is 
unclear whether the "sand" habitat type reported in response to IR4-17, and elsewhere in the 
EIS, refers to intertidal or subtidal sand and whether there are productivity differences 
between these two types of sand habitats that should be considered to evaluate the adequacy 
of the Offsetting Plan. 

Information Request 

Provide a table that summarizes the comprehensive accounting of direct habitat loss for all 
habitat types, in square meters, associated with the marine terminal, the widened causeway 
and the expanded tug basin respectively. 

Explain which terminology should consistently be used to refer to habitat types and provide a 
rationale for that selection. Provide an explanation for any differences in the designation of 
habitat types and in the accounting of the area of overlap between habitat types and Project 
components across the EIS, in response to IR4-17, and with the 179 ha Project footprint (EIS 
Appendix 10-C, section 2.1). 
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Provide a map that shows the overlap of the proposed Project footprint in relation to habitat 
types. 

Provide a description of the difference in biological productivity between subtidal sand and 
intertidal sand habitats as well as their respective utilization by marine biophysical 
components. Clarify whether the environmental effects from habitat loss in the intertidal and 
the subtidal area differ. Provide a justification for grouping or separating intertidal and subtidal 
sand habitat types that overlap with the Project. 

VFPA Response 

Provide a table that summarizes the comprehensive accounting of direct habitat loss 
for all habitat types, in square meters, associated with the marine terminal, the 
widened causeway and the expanded tug basin respectively. 

The Panel has requested a table presenting the comprehensive accounting of direct habitat 

loss for all habitat types associated with the marine terminal, the dredge basin, the widened 

causeway, and the expanded tug basin. To respond to the Panel’s request, the VFPA has 

provided this information below (areal extent in square meters is provided in 

Table IR11-13-1). 

Notwithstanding, the VFPA would like to clarify that the effects of the Project were assessed 

using an ecosystem-based approach and a productivity metric. This approach was chosen 

based on the expert opinion provided through the Technical Advisory Group (TAG) process 

(described in EIS Section 7.4, the Preamble in Support of Responses to IR3-01 to IR3-24 in 

CEAR Document #9841, and the Preamble to Offsetting-related Information Requests) and 

reflects Fisheries and Oceans Canada’s (DFO’s) current scientific advice and policy on 

assessments of large and complex projects. The Roberts Bank ecosystem model was 

developed and deployed to estimate productivity changes as a result of terminal and 

causeway footprints and inform the overall prediction of Project-related effects on valued 

components; the Roberts Bank ecosystem model was assessed and reviewed by DFO (CEAR 

Document #9002). 

While the VFPA’s approach to assessing the effects of the Project on biophysical valued 

components was based on prdocutivity, the Panel has asked for areal units. Table IR11-13-1 

presents the comprehensive accounting of the total area by habitat type that will be directly 

lost as a result of the marine terminal, the dredge basin, the widened causeway, and the 

expanded tug basin. Total area by habitat type, provided in square metres, was derived using 

the habitat map and updated Project footprint (see Figure IR11-13-A1 in 

Appendix IR11-13-A, which is the same as EIS Figure 11-2 updated with the Project 

footprint outlined in the Project Construction Update (PCU; Figures 4-2 and 4-24; CEAR 

                                           

1 CEAR Document #984 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 3 (See Reference Document # 928). 
2 CEAR Document #900 From the Review Panel Secretariat to the Review Panel re: Technical Review of 
Roberts Bank Terminal 2 Environmental Assessment: Section 10.3 – Assessing Ecosystem Productivity 
– by Fisheries and Oceans Canada. 
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c. Direct habitat losses were calculated by overlaying the updated proposed Project footprint as 
defined in the PCU over habitat types defined in the EIS (Figure IR11-13-A1 in 
Appendix IR11-13-A). 

d. Direct habitat losses as presented in Tables IR4-17-B1 to IR4-17-B8 (CEAR Document #1051). 
e. Grass was not considered within the marine vegetation valued component as it occurs in the 

supra-littoral zone and does not comprise a part of the Roberts Bank marine ecosystem. 
f. Value calculated using hyperspectral imagery and classifying as biofilm every area with a biofilm 

signature (for details, see second part of the response). 
g. The value 170,700 m2 is based on the value of 17.07 hectares (ha) shown in Tables IR4-17-B1 

to IR4-17-B8 (CEAR Document #1051). The value of 17.07 ha includes “0” as a typo and should 
have read 17.7 ha. In Table IR11-13-1, the original IR4-17 value is presented for consistency. 

h. Value includes the Z. japonica ≥ 10% classification (29,700 m2) and the Ephemeral Ulva ≥ 20% 
/ Z. japonica ≥ 10% classification (93,600 m2) (for details, see second part of the response). 

i. This total includes the Project footprint of both the existing and the expanded tug basin and 
does not include Project footprint area that overlaps existing infrastructure due to this not 
representing a habitat. These two reasons are the cause of variation from the total stated in 
PCU Table 2-1. 

Explain which terminology should consistently be used to refer to habitat types and 
provide a rationale for that selection. Provide an explanation for any differences in 
the designation of habitat types and in the accounting of the area of overlap 
between habitat types and Project components across the EIS, in response to 
IR4-17, and with the 179 ha Project footprint (EIS Appendix 10-C, section 2.1). 

To clarify, the Project footprint that overlaps habitat has been reduced from 179 ha to 

175.55 ha due to a reduction in the berth pocket and marine approach area (see PCU 

Section 2.2.2 and PCU Table 2-1). 

Habitat type is defined here (and in the EIS) as a natural environment that is characterised 

by a combination of physical and biological features. Habitat type is the term that has been 

used consistently in the EIS and in the response to IR4-17 (CEAR Document #1051), thus 

should continue to be referred to. Each habitat type represents one or more habitat 

classifications shown on the habitat map (EIS Figure 11-2 and Figure IR11-13-A1 in 

Appendix IR11-13-A); the relationship between habitat type and habitat classification is 

explained below. 

The habitat map (EIS Figure 11-2 and Figure IR11-13-A1 in Appendix IR11-13-A) was 

created by designating habitat classifications that were determined using baseline data, 

historic data, and 2012 hyperspectral imagery. The British Columbia Estuary Mapping System 

(Howes et al. 1999) was used to determine habitat classifications. The following habitat 

classification polygons were created based on historic mapping conducted at Roberts Bank: 

 Eelgrass (Precision Identification 2008); 

 Intertidal habitats, including biofilm, biomat, and tidal marsh (Catherine Berris 

Associates Inc. 2010); 

 Ulva (Hemmera 2009); 

 Sea pens (Triton 2004); 

                                           

5 The total area of 175.5 ha differs from the total area of 176.8 ha stated in Table IR11-13-1 because 
it includes the area of the existing tug basin (1.4 ha). 
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marsh, resulting in a duplicate counting of these habitat areal values. Hence, the total sum 

of the area calculated and presented in the EIS exceeded the actual footprint of the Project. 

This is consistent with the conservative approach taken in the assessment of potential effects 

of the Project as described in the EIS. The area presented in IR4-17 (CEAR Document #1051) 

is a more accurate representation of the actual area of Project impact to biofilm habitat within 

the local assessment area. 

The non-native eelgrass discrepancy was the result of counting complex habitat classifications 

twice in the effects assessment as presented in the EIS. Specifically, non-native eelgrass 

includes the Z. japonica ≥ 10% classification (29,692 m2) and the Ephemeral Ulva ≥ 20% / 

Z. japonica ≥ 10% classification (93,557 m2), which was also counted to estimate areal 

footprint of Ulva. Including this area for both non-native eelgrass and Ulva led to the 

discrepancy. As with biofilm, this is consistent with the conservative approach taken in the 

effects assessment as presented in the EIS. The areas presented in IR4-17 (CEAR Document 

#1051) more accurately represent the area of non-native eelgrass and Ulva habitat that will 

be directly lost as a result of the Project. 

Provide a map that shows the overlap of the proposed Project footprint in relation 
to habitat types. 

A map that shows the overlap of the originally proposed Project footprint in relation to habitat 

types can be found in EIS Section 11.0 (EIS Figure 11-2). Figure IR11-13-A1 in 

Appendix IR11-13-A shows the overlap of the updated proposed Project footprint in relation 

to habitat types based on PCU Figures 4-2 and 4-24. 

Provide a description of the difference in biological productivity between subtidal 
sand and intertidal sand habitats as well as their respective utilization by marine 
biophysical components. 

Intertidal sand habitats are defined as sand habitats that occur between 0 m chart datum 

(CD) and higher high water; whereas, subtidal sand habitat refers to sand habitat occurring 

in all depths below 0 m CD. The subtidal zone is further separated into shallow subtidal 0 m 

to -30 m CD and deep subtidal (below -30 m CD). Intertidal and subtidal sand habitats have 

similar species associations; however, depth plays an important role in the community 

composition and relative productivity of each habitat type (Table IR11-13-3). Productivity 

is defined as the production of biomass (growth, reproduction, etc.) as a function of existing 

biomass. High productivity is associated with particular life history characteristics, including 

high growth rate and high turnover rate, common to small organisms, with short generation 

times. Additionally, autotrophic productivity within soft sediment habitats (e.g., diatoms, 

cyanobacteria, green algae) increases with increased exposure to sunlight, which in turn is 

associated with higher elevations in the intertidal zone. Associated with these microalgae is a 

diverse assemblage of protozoans and bacteria (heterotrophs and chemoautotrophs) that add 

substantially to the overall productivity of intertidal sand habitats. Finally, infaunal 

communities are characterised by high abundance of small organisms in the shallow subtidal, 

with the deeper subtidal dominated by a lower abundance of larger organisms, leading to 

lower productivity with increasing depth (Macdonald et al. 2012). 
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IR11-14 Mitigation Measure (Offsetting) – Equivalency Analysis for Offsetting 

Information Source(s) 

EIS Volume 3: Section 17, Table 17-5 

Proponent Responses to Additional Information Requirements of July 31, 2015 – Table IR12-A 
Summary of Proposed Mitigation and Anticipated Effectiveness (CEAR Doc#314) 

Fisheries and Oceans Canada Response to DFO IR-17 (CEAR Doc#1057) 

Environment and Climate Change Canada Sufficiency Review (CEAR Doc#581) 

Environment and Climate Change Canada Response to IR-08 (CEAR Doc#1109) 

Context 

In Section 17 of the EIS, the Proponent presented an offsetting framework as a component 
of the mitigation measures for the potential environmental effects of the proposed Project on 
marine biophysical components, with Table 17-5 summarizing which proposed offsets 
corresponded to which environmental effect. In Table IR12-A of CEAR Doc#314, the 
Proponent provided additional qualitative information on the mitigation measures that 
corresponded to potential Project-related environmental effects, including those proposed in 
the offsetting framework. 

In its response to IR17 (CEAR Doc#1057), Fisheries and Oceans Canada stated that 
quantitative equivalency analysis is recommended to determine the extent to which proposed 
offsetting would counter productivity losses. In order to determine the amount of offsetting 
required to counterbalance effects, the metrics used in equivalency analysis are defined to 
provide common currencies that describe both offset benefits and Project-related 
environmental effects. 

Fisheries and Oceans Canada further discussed the Proponent’s equivalency approach to 
evaluating the benefits of offsetting by using the summed biomass of 57 functional groups for 
its offsetting equivalency analyses. Fisheries and Oceans Canada suggested it is likely that no 
single equivalency metric would be adequate to capture all effects from the Project, and that 
it may be advisable to instead focus on a few key metrics or functional groups to evaluate the 
extent to which the proposed offsetting concepts may counterbalance the effects of the 
Project. 

Following this approach, it would be feasible to compare the productivity losses associated 
with the construction of the Project’s components and its operation, with the potential 
productivity gains associated with the habitat offsets. 

Fisheries and Oceans Canada proposed that baseline information on biota in the Project area, 
as well as monitoring results from existing compensation works on Roberts Bank could be 
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used to determine the expected net benefits from the offsetting measures in relation to direct 
habitat losses due to the Project. 

Additionally, Environment and Climate Change Canada raised concerns about adverse 
environmental effects related to wetlands and Western Sandpiper (CEAR Doc#581 and 
#1109) that were not identified by the Proponent. Information is required about the 
Proponents' offsetting strategy in relation to these potential adverse environmental effects. 

A quantitative equivalency analysis is required to substantiate that the benefits from the 
proposed habitat offsetting plan would mitigate environmental effects on marine biophysical 
components, including direct habitat loss. 

Information Request 

Provide a defined set of metrics to capture the net benefits from offsetting to mitigate direct 
and indirect environmental effects from the proposed Project, including habitat losses and the 
rationale for their selection. The metrics should represent all groups identified in Table 17-3 
of the EIS. 

Provide an equivalency analysis to quantitatively estimate offsetting benefits in relation to 
Project environmental effects for the selected metrics, in order to characterize residual 
environmental effects on the marine biophysical components and functional groups. 
Segregate the analysis to identify the extent to which the proposed offsets are intended to 
mitigate direct environmental effects (habitat losses associated with the Project footprint) and 
indirect environmental effects of the Project (modification of productivity caused by changes 
in circulation and other coastal processes). 

Explain how the metrics could be used by the Proponent in its follow-up program to verify the 
accuracy of its predictions and determine whether benefits have been realized through 
offsetting. 

Resolve any discrepancies between the offsets identified as part of this response, those 
presented in Table 17-5 of the EIS, and in Table IR12-A of CEAR Doc#314. Use this 
information as a reference in subsequent responses regarding how offsets are intended to 
mitigate specific Project-related environmental effects. 

When responding to this IR, integrate any new information generated in Proponent Responses 
that would be relevant, such as from IRs in Packages 5 (4, 7, 14 and 28), 7 (24-31), 8 (5, 6 
and 8) and 9 (5). 

VFPA Response 

Clarification 

The VFPA would like to clarify that productivity as measured by biomass (tonnes, t) was the 

metric used to demonstrate that net benefits from proposed onsite offsetting will contribute 

to the mitigation of direct and indirect environmental effects from the Project. As detailed in 

the Preamble to Offsetting-related Information Requests, productivity estimates at Roberts 

Bank were based on sound science by selecting the Ecopath with Ecosim and Ecospace (EwE) 

modelling approach to develop a Roberts Bank specific productivity model (herein noted as 

the Roberts Bank ecosystem model). The Roberts Bank ecosystem model is comprehensive 

in that it incorporates biomass with area (t/km2), production/biomass (P/B) ratios, 
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consumption/biomass (Q/B) ratios, diet, environmental preferences, and ecotrophic efficiency 

(for further details on the suitability of the Roberts Bank ecosystem model, please refer to 

the Preamble to Offsetting-related Information Requests, as well as the Information Request 

Package 3 Preamble in Support of Responses to IR3-01 to IR3-24 of CEAR Document #9841). 

Productivity remains the appropriate metric to use given the scale of the Project and the 

dynamic ecosystem that exists at Roberts Bank. The productivity approach also aligns with 

current Fisheries and Oceans Canada (DFO) guidance. Canada’s Fisheries Act, amended in 

2012, refers to the “…sustainability and ongoing productivity of commercial, recreational or 

Aboriginal (CRA) fisheries”, which supports a productivity (as opposed to areal) approach to 

offsetting (Randall et al. 2013). The productivity approach is also consistent with more recent 

proposed amendments to Canada’s Fisheries Act where Ministerial consideration must be 

made for the contribution to the productivity of relevant fisheries by the fish and fish habitat 

that is likely to be affected (Government of Canada 2018). The 1986 Fisheries Act Policy 

operated at smaller spatial scales by attempting to mitigate/offset each habitat-based impact 

with the goal of maintaining (or replacing) the function of the impacted habitat. For areal-

only metrics, it is assumed that the physical and biological conditions of offsets are the same 

as the impacted habitat. The challenge of linking physical impacts from individual projects to 

the ongoing productivity of CRA fisheries is that a functional interpretation of productivity 

(based on reproduction, growth, survival, and life history traits) of the population must be 

defined (Randall et al. 2013). For RBT2 offsetting, these requirements are embedded and 

incorporated into the productivity estimates generated by the Roberts Bank ecosystem model.  

In a review of equivalency metrics for determining the Fisheries Protection Program (FPP) 

offset requirements, Bradford et al. (2016) report that secondary production (i.e., the 

incorporation of organic matter into body tissue mass per unit time and area) is a metric most 

appropriate in marine ecosystems where fish abundance is difficult to adequately measure, 

given fish migration among habitats and inshore/offshore migrations. They further state that 

secondary production is a good proxy for overall ecosystem functioning and would be a 

suitable metric to offset effects in coastal marine ecosystems where (i) benthic production is 

very high, (ii) trophic connections between fishes and the benthos are strong, (iii) use of 

benthic habitats by juvenile fish is common, and (iv) projects will affect the benthos. These 

four factors describe conditions at Roberts Bank. Abundance metrics, especially biomass, are 

highly correlated to fish production (Randall et al. 2013) and are often used as its proxy 

(Minns et al. 2011); therefore, they are well aligned to the intent of the FPP with respect to 

protecting the sustainability and ongoing productivity of CRA fisheries. 

Provide a defined set of metrics to capture the net benefits from offsetting to 
mitigate direct and indirect environmental effects from the proposed Project, 
including habitat losses and the rationale for their selection. The metrics should 
represent all groups identified in Table 17-3 of the EIS. 

As described above, productivity (expressed in terms of biomass, in tonnes (t) for functional 

groups) is the selected metric that captures benefits of onsite offsetting. The productivity-

                                           

1 CEAR Document #984 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 3 (See Reference Document # 928). 
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based approach used for the equivalency analysis accounts for areal losses by accounting for 

the Project footprint as well as indirect effects for all sub-components to valued components 

(VCs), and representative species/groups identified in EIS Table 17-3. The productivity gains 

generated through onsite offsetting also accounts for the productive capacity of the existing 

habitat that will be modified to create the offsetting habitat. As an example, native eelgrass 

(Zostera marina) is estimated to have 304.6 t of biomass without the Project and 316.0 t with 

the Project, for a net gain of 11.4 t, which incorporates direct footprint losses and indirect 

environmental gains in productive potential for native eelgrass. With the addition of 3 hectares 

(ha) of eelgrass habitat through offsetting, there will be an additional 1.78 t of eelgrass and 

6.9 t of additional productivity from functional groups that are associated with the 3 ha of 

eelgrass, once it is fully functional (3–5 years). This estimated productivity gain discounts 

(i.e., subtracts) for the productivity that exists with the 3 ha of sandy habitat that will be 

enhanced with eelgrass.  

The response to IR7-26 provides further examples and a detailed description of the methods 

used to estimate net productivity gains from offsetting and provides a table that describes 

the net changes in productivity with the Project and the onsite offsetting, for the sub-

components and representative species/groups identified in EIS Table 17-3 for which 

offsetting was considered (i.e., functional groups2, Table IR7-26-A1 in Appendix IR7-26-A).  

Provide an equivalency analysis to quantitatively estimate offsetting benefits in 
relation to Project environmental effects for the selected metrics, in order to 
characterize residual environmental effects on the marine biophysical components 
and functional groups. Segregate the analysis to identify the extent to which the 
proposed offsets are intended to mitigate direct environmental effects (habitat 
losses associated with the Project footprint) and indirect environmental effects of 
the Project (modification of productivity caused by changes in circulation and other 
coastal processes). 

As stated above, productivity was used as a metric to conduct the equivalency analysis. The 

equivalency analysis was presented in Section 17.0 of the EIS, as a demonstration that losses 

of productivity from the Project could be offset and that overall, after taking mitigation into 

account (including offsetting), there would be no significant adverse effects to marine 

biophysical VCs from the Project. 

The results of the Roberts Bank ecosystem model forecast an overall gain in productivity with 

the Project (Table IR7-26-A1 in Appendix IR7-26-A). Despite this overall finding, based on 

other lines of evidence and from a precautionary approach, the VFPA has developed an 

Offsetting Framework and five conceptual onsite Offsetting Measures to mitigate forecasted 

decreases in productivity for the identified VC sub-components and representative 

species/groups identified in EIS Table 17-3. For the 37 key functional groups, the VFPA 

estimates a net gain of 1,142 t of productivity with the Project and onsite offsetting 

(Table IR7-26-A1 in Appendix IR7-26-A). However, the VFPA recognises that there will be 

various losses and gains in productivity among functional groups based on the ecological value 

                                           

2 Passerines were not included in Table IR7-26-A1 as they were not included as part of the Roberts Bank 
ecosystem model and were determined to not require offsetting through other lines of evidence.  
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of the offsetting habitat (e.g., intertidal eelgrass) versus that of the habitat being lost (subtidal 

sand) (see response to IR7-30). A description of the balancing of offsetting between functional 

groups (i.e., marine vegetation, marine invertebrates, and marine fish) is provided in the 

responses to IR7-30 and IR11-15.  

The direct effects from the Project footprint were estimated using the Roberts Bank ecosystem 

model by extracting the productivity that was forecasted under the footprint from the model 

outputs. The Roberts Bank ecosystem model forecasted a total loss of -877 t associated with 

the Project footprint (Table IR11-14-1). Indirect changes in productivity were inferred from 

the difference between the direct productivity losses that occur under the Project footprint 

and the overall productivity change with the Project (i.e., indirect productivity change = 

‘change in productivity between with and without Project’ minus ‘direct footprint productivity 

loss’). Indirect productivity changes can be positive if there is more productivity gained 

indirectly than is lost underneath the footprint. A total of 28 out of 37 functional groups have 

indirect gains in productivity, while 9 out of 37 functional groups have indirect losses for a 

total indirect gain of 1,629 t (Table IR11-14-1). Accounting for the losses to productivity 

under the footprint, there is an estimated total net increase of 386 t of biomass with the 

Project (Table IR11-14-1). With the addition of onsite Offsetting Measures, there is an 

additional 756 t of productivity provided, for a net total of 1,142 t with the Project and onsite 

offsetting.  
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Explain how the metrics could be used by the Proponent in its follow-up program to 
verify the accuracy of its predictions and determine whether benefits have been 
realized through offsetting. 

DFO has traditionally considered offsetting effective if the habitat that has been created is 

ecologically stable and is self-sustaining (DFO 2013c). These conditions are typically 

measured using the following criteria:  

 Empirical evidence that demonstrates created habitats are physically stable over time, 

assessed by undertaking topographic/engineering surveys and using 

photography/imagery; and 

 Confirmation that created habitats are functioning as intended with metrics typically 

focused on plant survivorship, growth, and production (e.g., coverage and density 

expressed in %, considered by DFO as surrogates of fish productivity). 

As noted in the VFPA’s response to IR13-30 (CEAR Document #13313), the updated proposed 

RBT2 Follow-up Program (FUP) includes verifying the effectiveness of the onsite offsetting (as 

part of mitigation effectiveness monitoring) that offsets for forecasted productivity losses, 

including but not limited to specific marine vegetation sub-components (eelgrass and 

intertidal marsh) and marine fish sub-components and/or representative species (juvenile 

salmon, forage fish, and reef fish). Specifically, the FUP commits to monitoring the following 

onsite offsetting habitats: intertidal marsh, eelgrass, sandy gravel beach, and subtidal rock 

reefs. Appendix IR13-30-C (CEAR Document #1331) presents the initial parameters (and 

metrics of productivity) by which these offsetting habitats will be monitored. For example, to 

determine, over the long term, effectiveness of onsite habitat creation to offset the loss of 

juvenile salmon productivity, specifically transplantation of eelgrass beds, the FUP component 

proposes to monitor and measure mean shoot density of eelgrass (number of shoots/m2), 

mean length (cm) and mean width (mm) of mature shoots, percent (%) cover by eelgrass, 

and marine fish identification and enumeration (Appendix IR13-30-C of CEAR Document 

#1331). Where results from a monitoring element as part of the FUP indicate a material 

adverse departure from predictions, an adaptive management approach will be employed. 

Adaptive management of offsetting habitats will be a process that will include early 

implementation of feasible offsets, monitoring of offsetting to confirm effectiveness, detection 

of action trigger thresholds indicating when performance requires remedial action, followed 

with corresponding action, including refinements/adjustments of offsets and the construction 

of additional offsets if required. This methodical approach will ensure that the habitat 

constructed for offsetting the Project’s effects will become an effective component of the 

Roberts Bank ecosystem. 

                                           

3 CEAR Document #1331 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR13-29 and IR13-30 (See Reference Document #1228). 
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Resolve any discrepancies between the offsets identified as part of this response, 
those presented in Table 17-5 of the EIS, and in Table IR12-A of CEAR Doc#3144. 
Use this information as a reference in subsequent responses regarding how offsets 
are intended to mitigate specific Project-related environmental effects. 

The approach to determining offsetting requirements was consistent with the 

recommendations from the Productive Capacity Technical Advisory Group (TAG; EIS 

Section 7.4, Information Request Package 3 Preamble in Support of Responses to IR3-01 to 

IR3-24 of CEAR Document #984, Preamble to Offsetting-related Information Requests). This 

approach is also consistent with current federal science advice and policy (DFO 2013a, 2013b, 

2013c; Environment Canada 2012). The Project’s Offsetting Framework and proposed 

Offsetting Measures (i.e., onsite habitat Offsetting Concepts) were selected to reduce the 

adverse effects on ecological productivity by targeting specific sub-components of the 

biophysical VCs (EIS Table 17-3). The proposed Offsetting Framework was developed to 

ensure there is no net loss of productivity for key marine biophysical VCs at Roberts Bank, 

including marine vegetation, invertebrates, fish, mammals, and coastal birds, or for wetlands, 

meeting the environmental assessment phase requirements of the Project.  

Given the overall productivity benefits of the RBT2 Project, it is anticipated that forecasted 

productivity losses in some functional groups will be balanced to acceptable levels through 

the surplus productivity in other groups (see response to IR7-30). While not all species require 

offsetting, most species and groups are expected to either benefit with increases to their 

productive potential or experience negligible change with the proposed onsite offsetting (EIS 

Appendix 17-C, Table 17-C2; Table IR7-26-A1 in Appendix IR7-26-A, Table 11-14-1).  

As shown in Table IR11-14-2, a total of 175 functional groups were identified for offsetting, 

as per EIS Table 17-5. With offsetting, nine of the 17 functional groups would have no 

detectable residual effect, when considering multiple lines of evidence (IR5-29 of CEAR 

Document #11856) and considering estimated changes of less than 5% to be within the 

uncertainty of the model results (Section 10.0 of the EIS). A detectable non-significant 

residual effect was determined for the remaining eight functional groups, based on multiple 

lines of evidence (Table IR11-14-2). The proposed onsite offsetting has been designed to 

provide productivity gains for all 17 functional groups, except for orange sea pens. Although 

no measures were assumed feasible for offsetting Project footprint effects on subtidal sand 

suitable for flatfish (see EIS Table 17-5), some productivity gains are anticipated from the 

creation of sandy gravel beach and eelgrass given the association of flatfish with these 

habitats (see Table IR11-14-2). Table IR11-14-2 supersedes EIS Table 17-5. The VFPA 

would like to inform the Panel that the determination of a detectable residual effect following 

mitigation was erroneously captured in EIS Table 17-5 for Pacific herring and other forage 

                                           

4 Note that Appendix IR13-30-A in IR13-30 (CEAR Document #1331) supersedes Table IR12-A of CEAR 
Document #314. 
5 These 17 representative species or groups are the same as those listed in EIS Table 17-5, except for 
western grebe and surf scoter (shown in EIS Table 17-5), which are considered together under ‘diving 
waterbirds’ in Table IR11-14-2. 
6 CEAR Document #1185 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Requests IR5-28 and IR5-29 (See Reference Document #975). 
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fish (which included surf smelt). Specifically, a residual effect was identified in EIS 

Section 13.8.1 for Pacific herring resulting from minor behavioural disturbance from 

underwater noise; in EIS Table 17-5, this should have been indicated with a Yes. With 

mitigation (including offsetting), potential changes in the productivity of surf smelt 

(considered within ‘other forage fish’) were assessed as negligible with no residual effect. In 

EIS Table 17-5, this should have been indicated with a No. 

As previously mentioned, residual adverse effects were determined by considering multiple 

lines of evidences; hence, not solely from productivity estimates with the Project and onsite 

offsetting. Residual effects determination considered other effect mechanism and weighed 

other evidence. Table IR11-14-2 identifies five cases (shown in red) where multiple lines of 

evidence modified the residual effect prediction from that forecasted by the productivity 

estimates with the Project and offsetting, which could be perceived as discrepancies.  

For Pacific herring and Pacific sand lance, the equivalency analysis revealed that net change 

in the productive potential of these forage fish representative species with the Project and 

onsite offsetting is forecasted to be negligible (i.e., -3.63% and 1.95% for Pacific herring and 

Pacific sand lance, respectively, within the ±5% error margin of the model; 

Table IR11-14-2). However, a residual effect (shown as Yes in Table IR11-14-2) was 

identified in EIS Section 13.8.1 to result from a minor behavioural disturbance from 

underwater noise on Pacific herring, and a reduction in suitable subtidal burying habitat for 

Pacific sand lance. The onsite creation of eelgrass bed and sandy gravel beach habitats will 

contribute to forecasted productivity gains for Pacific herring and Pacific sand lance.  

Similarly, for starry flounder and English sole (considered within the ‘flatfish’ functional 

group), a residual effect was identified in EIS Section 13.8.1 (and updated in Project 

Construction Update Section 3.2.3 of CEAR Document #12107) as a result of a Project 

footprint effect on subtidal sand that is suitable for flatfish. However, equivalency analysis 

revealed that net change in the productive potential of these forage fish representative species 

with the Project and onsite offsetting is forecasted to be negligible (i.e., -1.56% and 1.34% 

for starry flounder and other flatfish (including English sole), respectively, within the ±5% 

error margin of the model; Table IR11-14-2). Productivity gains for starry flounder and 

other flatfish are predominantly associated with the onsite creation of eelgrass bed and sandy 

gravel beach habitats.  

American wigeon was the only representative species whose net change in productive 

potential was estimated to be minor (i.e., -7.65%; Table IR11-14-2) following offsetting. 

However, based on information presented in EIS Section 15.7.2.3 and the response to IR9-05 

(including Table IR9-05-A3 in Appendix IR9-05-A), other lines of evidence, including empirical 

studies on the percent of waterfowl foraging habitat directly affected by Project construction, 

support the determination of negligible Project-related change in the productive potential of 

American wigeon. Moreover, estimated net gains from offsetting for the ‘waterfowl’ functional 

                                           

7 CEAR Document #1210 From the Vancouver Fraser Port Authority to the Review Panel re: Project 
Construction Update (See Reference Document #995) (NOTE: Updated June 13, 2018). 
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group (i.e., 0.80 t; Table IR11-14-2) are expected to counterbalance the forecasted deficit 

for American wigeon.  

The offsetting productivity gains provided by the functional groups not listed in 

Table 11-14-2 but included in Table IR7-26-A1 in Appendix IR7-26-A (i.e., groups that were 

not considered for offsetting) provide an addition of 693 t of productive potential, with an 

overall net productivity gain of 1,810 t. Using this approach and integrating the information 

presented in EIS Table 17-5 and the net productivity estimates described in Table IR7-26-A1 

with the balancing approach described in the response to IR7-30, the VFPA has presented 

how the Offsetting Framework intends to mitigate Project-related environmental effects. 

Offsetting Plan 

As described in the Preamble to Offsetting-related Information Requests, the VFPA is 

committed to further developing the Offsetting Framework into a successful final Offsetting 

Plan following engagement with Indigenous groups, regulatory agencies, and key 

stakeholders. The final Offsetting Plan will maximise benefits for local communities plus 

address priority issues and concerns, meet permitting requirements (e.g., Fisheries Act 

Authorization), non-permit requirements such as the intent of the federal wetland policy on 

Federal lands (Government of Canada 1991), and will also respond to the dynamic ecology of 

the Roberts Bank ecosystem. The final Offsetting Plan will provide a comprehensive and 

broadly supported approach to offsetting that will ensure the productivity of the Roberts Bank 

ecosystem, and marine biophysical VCs, is maintained or enhanced in the long-term. 

Furthermore, as previously noted, the VFPA has committed to monitoring the success and 

effectiveness of the proposed Offsetting Measures, as part of the Project’s FUP (IR13-30 of 

CEAR Document #1331) and future permitting requirements. The VFPA will respond to, then 

rectify, any deficiencies (if they occur) via an adaptive management approach.  







 

Roberts Bank Terminal 2 
Sufficiency Information Request #14 (IR11-14) | Page 14 

References 

Bradford, M. J., K. E. Smokorowski, K. D. Clarke, B. E. Keatley, and M. C. Wong. 2016. 
Equivalency Metrics for the Determination of Offset Requirements for the Fisheries 
Protection Program. DFO Can. Sci. Advis. Sec. Res. Doc. 2016/046. 

Environment Canada 2012. Operational Framework for Use of Conservation Allowances. 
Available at http://ec.gc.ca/Publications/default.asp?lang=En&xml=58A4AECD-A096-
458C-B457-0E67CADF911D. Accessed October 2014. 

Fisheries and Oceans Canada (DFO). 2013a. Fisheries Protection Policy Statement. Fisheries 
and Oceans Canada, October 2013. 

Fisheries and Oceans Canada (DFO). 2013b. An Applicant’s Guide to Submitting an Application 
for Authorization under Paragraph 35(2)(b) of the Fisheries Act. Catalogue Number: 
Fs23-597/2013E-PDF, ISBN: 978-1-100-22941-6, DFO/13-1906. 

Fisheries and Oceans Canada (DFO). 2013c. Fisheries Productivity Investment Policy: A 
Proponent’s Guide to Offsetting. Fisheries and Oceans Canada, November 2013. 

Government of Canada. 1991. The Federal Policy on Wetland Conservation. Available at 
http://nawcc.wetlandnetwork.ca/Federal%20Policy%20on%20Wetland%20Conservat
ion.pdf. Accessed February 2016. 

Government of Canada. 2018. Bill C-68 An Act to amend the Fisheries Act and other Acts in 
consequence. Third reading (June 20, 2018). Available at 
http://www.parl.ca/DocumentViewer/en/42-1/bill/C-68/third-reading. Accessed 
November 2018. 

Minns, R. G., K. E. Randall, K. D. Smokorowski, A. Clarke, R. S. Vélez-Espino, S. Gregory, C. 
K. Courtenay, and P. LeBlanc. 2011. Direct and Indirect Estimates of the Productive 
Capacity of Fish Habitat under Canada’s Policy for the Management of Fish Habitat: 
Where have we been, where are we now, and where are we going? Can J. Fish. Aquat. 
Sci. 68: 2204–2227. 

Randall, R. G., M. J. Bradford, K. D. Clarke, and J. C. Rice. 2013. A Science-based 
Interpretation of Ongoing Productivity of Commercial, Recreational or Aboriginal 
Fisheries. DFO Can. Sci. Advis. Sec. Res. Doc. 2012/112 iv + 26 p. 

  



 

 

Roberts Bank Terminal 2 
Sufficiency Information Request #15 (IR11-15) | Page 1 

IR11-15 Mitigation Measures (Offsetting) – Consideration of Time Lags and 
Uncertainty 

Information Source(s) 

Fisheries and Oceans Canada Response to IR-18 (CEAR Doc#1057) 

Environment and Climate Change Canada Response to IR-08 (CEAR Doc#1109) 

Environment and Climate Change Canada Sufficiency Review (CEAR Doc#581) 

Context 

In response to IR-18 (CEAR Doc#1057), Fisheries and Oceans Canada indicated that offsets 
should be scaled such that they are proportional to the environmental effects caused by the 
proposed Project. The amount of offsetting may need to be increased: 

• when there is a time lag between the impact and offsetting functionality, 
• in order to manage uncertainty resulting from the initial prediction of adverse 

environmental effects, 
• when there is potential for offsetting measures to fail, and 
• from the overestimation of the benefits of a particular offsetting measure. 

In response to IR-08 (CEAR Doc#1109), Environment and Climate Change Canada (ECCC), 
stated that the EIS has employed a productivity-based approach that cannot be reconciled 
with the general offsetting approach described in ECCC’s Federal Policy on Wetland 
Conservation implementation guidance. In particular, ECCC discussed the use of 
compensation ratios (area of offsetting: area of habitat loss) to address losses in habitat area. 
ECCC explained that the use of habitat area as a metric aims to safeguard against incremental 
habitat loss and that it is also an explicit recognition of the technical limitations associated 
with replacing habitats, both in terms of habitat morphology and functioning. ECCC was of 
the view that time lags would remain despite the proposed consideration of implementing 
offsetting as soon as possible after Project construction. As reflected in ECCC’s guidance, a 
consideration of time lag issues should be included in the offsetting plan. 

In its sufficiency review of the EIS (CEAR Doc#581), ECCC recommended a compensation 
ratio of 2:1 with higher ratios reflecting site-specific conditions. Given the wetland ecological 
values in the Local Assessment Area for the Project, ECCC recommended that a minimum 
compensation ratio of greater than 2:1 be considered. Further, given the productivity-based 
assessment, ECCC concluded in CEAR Doc#1109 that it is not clear how compensation ratios, 
as defined by area, were determined. 

Quantitative information is required to evaluate how the offsetting measures proposed 
account for time lags and uncertainty in the adequacy of offsetting measures. 
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Information Request 

Provide a quantitative analysis to demonstrate how the benefits of offsetting are proportional 
to the habitat losses caused by the proposed Project, including time lags and uncertainty in 
the functionality of the offsetting measures. Describe the compensation ratios that were 
adopted to guide the design, type and location of offsetting measures. 

When responding to this IR, integrate any new information generated in Proponent Responses 
that would be relevant, such as from IRs in Packages 5 (4, 7, 14 and 28), 7 (24-31), 8 (5, 6 
and 8) and 9 (5). 

VFPA Response 

Provide a quantitative analysis to demonstrate how the benefits of offsetting are 
proportional to the habitat losses caused by the proposed Project including time 
lags and uncertainty in the functionality of the offsetting measures. 

A quantitative analysis of how the benefits of offsetting are proportional to the habitat losses 

is provided by the Roberts Bank ecosystem model outputs. The Roberts Bank ecosystem 

model is comprehensive in that it accounts for biomass with area (tonnes per square kilometre 

(t/km2)), production/biomass (P/B) ratios, consumption/biomass (Q/B) ratios, and ecotrophic 

efficiency. The primary objective of the Roberts Bank ecosystem model was to forecast 

changes in productivity at Roberts Bank with and without the Project and it is based on a 

model that is widely used, globally and locally. The model provides estimates for changes in 

productivity via a quantitative assessment of changes in biomass of functional groups, 

measured in tonnes. Details are provided in EIS Section 10.0 and Appendix D of EIS 

Appendix 10-D, and the approach is consistent with the recommendations from the 

Productivity Capacity Technical Advisory Group (TAG; EIS Section 7.4, Information Request 

Package 3 Preamble in Support of Responses to IR3-01 to IR3-24 of CEAR Document #9841). 

The Roberts Bank ecosystem model productivity outputs were also relied upon to determine 

offsetting requirements and select Offsetting Measures. The productivity approach to 

determining offsetting was also recommended by the Productive Capacity TAG (EIS 

Section 7.4 and Information Request Package 3 Preamble in Support of Responses to IR3-01 

to IR3-24 of CEAR Document #984), consistent with other environmental assessments (e.g., 

Site C (CEA Agency 2016)), and reflects current federal science advice and policy (DFO 2013a, 

2013b, 2013c, Environment Canada 2012).  

Amendments to the Fisheries Act in 2012 place greater emphasis on assessing potential 

change in productivity, to help determine the quantity and type of habitat offsetting that may 

be required for major projects. Productivity is also more aligned than physical area with the 

current definition of fish habitat in the Fisheries Act (“…spawning grounds and any other areas, 

including nursery, rearing, food supply and migration areas, on which fish depend directly or 

indirectly in order to carry out their life processes”). This approach is also consistent with 

recent proposed amendments to Canada’s Fisheries Act where Ministerial consideration must 

                                           

1 CEAR Document #984 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 3 (See Reference Document # 928). 
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be made for the contribution to the productivity of relevant fisheries by the fish and fish 

habitat that is likely to be affected (Government of Canada 2018). 

The response to IR7-26 provides clarification of the methods employed in EIS Appendix 10-D 

and EIS Appendix 17-C to quantify the forecasted net gains in productivity associated with 

the proposed onsite offsetting habitats (i.e., Offsetting Measures) for the 37 focal species 

(i.e., functional groups) selected and identified by the TAG as important for inclusion for the 

Roberts Bank ecosystem model and for the assessment. Specifically, Table IR7-26-A1 in the 

response to IR7-26 provides net productivity estimates associated with each Offsetting 

Measure, while incorporating Roberts Bank ecosystem model uncertainty from the Monte 

Carlo (MC) sensitivity analyses described in IR3-09 (CEAR Document #984), and factoring in 

the loss of existing productivity for the habitat upon which the Offsetting Measure will be 

developed. The Offsetting Measures will produce a net gain in productivity of 756 tonnes (t) 

(factoring in uncertainty and productivity of the underlying habitat). Offsetting Measures, 

combined with forecasted indirect gains from Project placement, will result in a total increase 

in productivity of 1,142 t.  

Further to the quantitative analysis provided in EIS Appendix 17-C and expanded upon in 

IR7-26, the response to IR7-30 provides a description of how the benefits from Offsetting 

Measures balance adverse effects to marine vegetation, marine fish, and marine invertebrates 

from the proposed Project. As outlined in the response to IR7-30, the Project offsetting 

approach balances losses and gains in productivity for certain species, with an overall 

objective of maintaining ecosystem productivity. Therefore, emphasis was on creating 

habitats that provide the greatest net benefit to ecosystem productivity. For example, it is 

not technically or economically feasible to offset for loss of subtidal sand habitat at Roberts 

Bank with in-kind habitat creation (i.e., creation of an equivalent area of subtidal sand 

habitat). Therefore, out-of-kind offsetting was proposed (i.e., other Offsetting Measures) to 

maintain overall ecosystem productivity (e.g., creation of intertidal marsh habitat, which has 

higher productivity than subtidal sand habitat (average intertidal marsh productivity in 

Roberts Bank ecosystem model is 3,856 t/km2, while average subtidal sand habitat 

productivity is 286 t/km2)). As defined in the Fisheries and Oceans Canada (DFO) guidelines 

to offsetting (DFO 2013c), “out-of-kind offsetting measures may include the restoration or 

creation of habitat types that are different from the habitat type that was lost or chemical or 

biological manipulations.” While not all species require offsetting, with the proposed onsite 

offsetting, 24 of 37 focal species (i.e., functional groups) are expected to either benefit or see 

negligible change to their productive potential (< 5% change) (Table IR7-26-A1 in IR7-26).  

As noted in the response to IR7-27, Section 17.0 of the EIS provided an Offsetting Framework 

that is intended to form a basis from which a final Offsetting Plan would be developed following 

engagement with Indigenous groups, regulatory agencies, and key stakeholders. The final 

Offsetting Plan will maximise benefits for local communities plus address priority issues and 

concerns, and meet permitting phase requirements, including the Fisheries Act Authorization 

permitting process, while remaining responsive to the dynamic nature of the Roberts Bank 

ecosystem (further details in the Preamble to Offsetting-related Information Requests). The 

final Offsetting Plan will also address and account for uncertainty in offsetting success and the 

associated time lag for the offset to become effective. The response to IR7-27 provides details 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #15 (IR11-15) | Page 4 

on the VFPA’s approach to minimise time lag and includes the preliminary schedule for the 

Project and for the construction of the onsite habitat Offsetting Concepts (i.e., Offsetting 

Measures). Timing for construction of the onsite habitat Offsetting Concepts is dependent 

upon detailed design finalisation, Project approval, permitting, and the completion of specific 

elements of Project construction (e.g., construction of the terminal containment dykes). The 

VFPA will minimise time lag by creating onsite offsetting, where feasible, prior to (e.g., rock 

reef habitats), or as soon as possible after, Project construction (e.g., after completion of 

containment dyke structures).  

As outlined in the responses to IR7-28 (constructed saltmarsh; CEAR Document #12752) and 

IR7-29 (eelgrass transplants; CEAR Document #1275), and demonstrated by surveys of 

artificial reefs constructed offshore of the existing Roberts Bank terminals (TDR MF-5 in 

Appendix AIR10-C of CEAR Document #3883), the VFPA is confident in their ability to create 

offsetting habitat. The proposed onsite habitat Offsetting Concepts have been designed by a 

multidisciplinary team of marine biologists, coastal engineers, hydrodynamic modellers, and 

specialists from the VFPA’s Habitat Enhancement Program, with appropriate design 

considerations and accounting for site-specific biophysical conditions and constraints. 

Constructed offsetting habitats have proven to be effective in providing productive foraging, 

rearing, and refuge opportunities for marine fish (see responses to IR7-28 and IR7-29 of 

CEAR Document #1275). Development of the RBT2 final Offsetting Plan will build on two 

decades of successful VFPA habitat restoration projects throughout the Fraser River estuary 

and extensive knowledge of the Roberts Bank ecosystem. As demonstrated by the VPFA’s 

ongoing monitoring of the Deltaport Third Berth Project Habitat Compensation sites 

(Archipelago and Williams 2016, Golder Associates 2018; see also response to IR7-28 of CEAR 

Document #1275), the VFPA has significant experience in and a long-term commitment to 

the development of successful habitat offsetting, and will employ a proactive and adaptive 

approach to ensure the functionality of onsite offsetting (see IR13-30 of CEAR Document 

#13314). Specifically, the VFPA has committed to monitoring the success and effectiveness 

of the proposed Offsetting Measures, as part of the Project’s Follow-up Program (IR13-30 of 

CEAR Document #1331) and future permitting requirements. The VFPA will respond to, then 

rectify, any deficiencies (if they occur) via an adaptive management approach.  

Describe the compensation ratios that were adopted to guide the design, type and 
location of offsetting measures. 

The rationale for taking a productivity approach to inform the amount and type of offsetting 

that may be required to maintain ecosystem productivity is described at the beginning of this 

response, in the Preamble to Offsetting-related Information Requests, in EIS Section 10.0, 

                                           

2 CEAR Document #1275 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR5-01a, IR7-28, IR7-29, IR10-02, IR10-06 to IR10-09, IR10-11 to IR10-26, 
IR11-07, IR11-22, IR11-23, IR12-03, IR12-06, IR13-01, and IR13-19 (See Reference Documents 
#1000, 1130, 1179, 1206 and 1228). 
3 CEAR Document #388 From Port Metro Vancouver to the Canadian Environmental Assessment Agency 
re: Completeness Review - Responses to Additional Information Requirements Follow-Up (See Reference 
Document # 345) including 22 Technical Data Reports. 
4 CEAR Document #1331 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR13-29 and IR13-30 (See Reference Document #1228). 
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and in the responses to IR7-26 and IR7-30. The approach is consistent with the 

recommendations from the Productivity Capacity TAG (EIS Section 7.4 and Information 

Request Package 3 Preamble in Support of Responses to IR3-01 to IR3-24 of CEAR Document 

#984) and current federal science advice and policy for major projects (DFO 2013a, 2013b, 

2013c, Environment Canada 2012). Randall et al. (2013) state the following: 

“For major projects, productivity-based approaches that evaluate impacts to 

fisheries will be more meaningful than habitat measures when impacts to 

aquatic environments are evaluated in the environmental assessment process 

along with social, economic and other environmental effects.” 

Compensation ratios were not explicitly used to guide the design of RBT2’s onsite habitat 

Offsetting Concepts. Rather, offsetting followed a set of five principles in selecting onsite 

habitat Offsetting Concepts (as detailed in the Preamble to Offsetting-related Information 

Requests): 

 Soften the proposed hard substrate perimeter of the Project’s shoreline to substrates 

and productivity more ecologically representative of the estuary;  

 Enhance or create offsetting habitat that suitably replaces aquatic habitat affected by 

the Project, but delivers higher ecological value or productivity; 

 Build habitat types for which there is a successful past precedent; 

 Consider physical changes arising from the Project development in determining the 

types of habitats to be built; and 

 Include habitats that provide benefits for species of concern (e.g., forage fish) to 

Indigenous groups.  

Based on the Roberts Bank ecosystem model, a net productivity gain of 1,142 t with Project 

and proposed Offsetting Measures was forecasted based on the Offsetting Framework 

(Table IR7-26-A1 in IR7-26). As described in the Preamble to Offsetting-related Information 

Requests, the VFPA is committed to further developing the Offsetting Framework into a 

successful final Offsetting Plan following engagement with Indigenous groups, regulatory 

agencies, and key stakeholders. The final Offsetting Plan will maximise benefits for local 

communities plus address priority issues and concerns, meet permit requirements (e.g., 

Fisheries Act Authorization), non-permit requirements such as the intent of the federal 

wetland policy on federal lands (Government of Canada 1991), and will also respond to the 

dynamic ecology of the Roberts Bank ecosystem. The final Offsetting Plan will provide a 

comprehensive and broadly supported approach to offsetting that will ensure the productivity 

of the Roberts Bank ecosystem, and marine biophysical valued components, is maintained or 

enhanced in the long-term. Moreover, as previously mentioned, the VFPA has committed to 

monitoring the success and effectiveness of the proposed Offsetting Measures, as part of the 

Project’s Follow-up Program (IR13-30 of CEAR Document #1331) and future permitting 

requirements. The VFPA will respond to, then rectify, any deficiencies (if they occur) via an 

adaptive management approach.  
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IR11-16 Mitigation Measures (Offsetting) – On-site Habitat Concept for Intertidal 
Marsh 

Information Source(s) 

EIS Volume 3: Section 17, Figure 17-1, Appendix 17-A 

Context 

In Section 17 of the EIS, the Proponent proposed intertidal marsh as one of five habitat types 
(intertidal marsh, sandy gravel beach, mudflat, subtidal rock reef and eelgrass) for on-site 
habitat offsetting to mitigate habitat losses and reduced productivity of functional groups 
affected by the proposed Project. The proposed locations of the five on-site offsetting habitats 
are shown in Figure 17-1 of the EIS. 

The Proponent stated in Section 17.3.2.2 that it is feasible to create approximately 15 ha of 
intertidal (salt) marsh in quiescent areas along the widened causeway, such as within the 
bend of the northwest section of the existing terminal, and in an elbow of the proposed 
terminal. However, Appendix 17-A stated that, based on review of existing and future physical 
and biological environments, it would be feasible to construct between 5 ha and 15 ha of 
intertidal salt marsh in these locations. Additional clarity is needed to understand the spatial 
extent of the proposed intertidal marsh offsetting. 

In Appendix 17-A of the EIS, the Proponent reported that as compensation for the Deltaport 
Third Berth project, Vancouver Fraser Port Authority constructed lagoon marshes at the 
shoreward end of the Causeway and open marsh benches in the mid-section of the Causeway. 
Additionally, upland and intertidal shoreline armouring was excavated to permit natural 
colonisation of salt marsh species. Effectiveness monitoring indicated that marsh vegetation 
became established on the open marsh benches whereas the protected lagoon marshes and 
excavated mud flat were less effective. Monitoring indicated that the two latter types of 
habitat offsetting were not fully functional and that the biological and physical processes had 
not stabilized due to exposure to a higher wind and wave energy environment than the habitat 
for which it had been designed. 

In Appendix 17-A, the Proponent stated that the wind and wave environment has been 
considered for the design of offsetting salt marshes for the Project. 

Information Request 

Confirm that the design of the proposed intertidal marsh offsetting is open marsh bench and 
that the spatial extent of the offset is 15 ha. 

Describe the design features of the proposed offsetting marshes that give them an ability to 
withstand extreme wind and wave conditions at the transplant sites. 
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When responding to this IR, integrate any new information generated in Proponent Responses 
that would be relevant, such as from IRs in Packages 5 (4, 7, 14 and 28), 7 (24-31), 8 (5, 6 
and 8) and 9 (5). 

VFPA Response 

Confirm that the design of the proposed intertidal marsh offsetting is open marsh 
bench and that the spatial extent of the offset is 15 ha. 

The VFPA can confirm that the proposed onsite offsetting intertidal marsh habitat proposed 

for RBT2 (illustrated on EIS Figure 17-1) is designed as open marsh bench with a current 

spatial extent of approximately 15 hectares (ha). As described below, there may be further 

refinements to the spatial extent of this Offsetting Concept based on feedback received 

through consultation with regulators, Indigenous groups, and key stakeholders as part of the 

permitting phase of the Project. 

As detailed in the Preamble to Offsetting-related Information Requests, the onsite habitat 

Offsetting Concepts (e.g., intertidal marsh) presented in EIS Section 17.0 are conceptual 

designs as part of the Project’s initial Offsetting Framework to meet the requirements of the 

Project’s environmental assessment phase. The Offsetting Framework will be further 

developed following engagement with Indigenous groups, regulatory agencies, and key 

stakeholders, with the goal of agreeing on a final Offsetting Plan that meets the requirements 

of the Project’s permitting phase (e.g., Fisheries Act Authorization) while responding to the 

dynamic nature of the Roberts Bank ecosystem. The feedback received through consultation 

and engagement with regulators, Indigenous groups, and key stakeholdes may inform the 

refinement of the Offsetting Concepts and associated detailed designs. As such, the current 

spatial extent of open bench marsh, which is approximately 15 ha, may change. 

Describe the design features of the proposed offsetting marshes that give them an 
ability to withstand extreme wind and wave conditions at the transplant sites. 

The Offsetting Concepts were designed by a multidisciplinary team of marine biologists, 

coastal engineers, hydrodynamic modellers, and specialists from the VFPA’s Habitat 

Enhancement Program. The conceptual design and location of the proposed onsite offsetting 

marsh habitats considered the existing and future (‘with Project’) wind and wave conditions. 

Specifically, using field data and the ‘with Project’ wind and wave forecasts from the 

hydrodynamic model (EIS Appendix 9.5-A), the proposed intertidal marsh habitat areas were 

determined to have suitable environmental conditions for the establishment and persistence 

of constructed intertidal marsh habitat. Suitability was determined by considering the 

maximum wind and wave conditions, which are driven by the direction of exposure, elevation, 

and slope of the planned habitat. This is explained further below. Additional coastal 

engineering input will be incorporated as part of the detailed design process. 

The intertidal marsh Offsetting Concept consists of an open marsh bench design with a base 

elevation of +3.0 m chart datum (CD), rising to +5.0 m CD with the following key features: 

 The pioneering marsh would be designed to have a seaward slope of 4:1 and a leeward 

slope of 8:1; 
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 The lower and mid-intertidal marsh would be designed to have a 20:1 slope; 

 The high intertidal marsh would be designed to have a 10:1 slope; and 

 The backshore vegetated habitat would be designed to have a slope between 3:1 and 

5:1 (Appendix IR11-16-A). 

The characteristics described above minimise the slope and in turn minimise impacts of storm 

wave and surge at the shoreline. These slopes are characteristic of a northward facing 

shoreline and mimic existing slope conditions along the north side of the causeway, which 

currently support naturally occurring intertidal marsh. 

The proposed onsite offsetting habitat sites are planned at elevations that reflect the natural 

intertidal marsh conditions at Roberts Bank. Pioneering marsh and low to high intertidal marsh 

are planned between approximately 2.5 m CD and 5 m CD, and backshore vegetation above 

5 m CD. Seeds of native marsh plants will be collected from areas within Roberts Bank and 

will be propagated to mature plants, which will be transplanted to the constructed marsh 

habitats. The pioneering marsh area providing a quiescent environment for adjacent mudflat, 

and a backshore marsh (above +5.0 m CD) will include wind- and salt-resistant shrub species 

common to intertidal marsh habitats within Roberts Bank. 

Local coastal geomorphic conditions with the Project predicted using a hydrodynamic model 

(EIS Section 9.5.8.2) are expected to support the establishment and persistence of 

constructed intertidal marsh. At Roberts Bank, the largest offshore storm waves are generated 

from the southeast and south in the winter and from the northwest in the summer. This is 

not expected to change with the Project as 95% (i.e., 100 of the total 105 hours/year) of the 

significant wave heights predicted by the hydrodynamic model (EIS Section 9.5-A) would be 

generated during winter storms, when winds are generated from the southeast and south. 

The remaining five hours/year would be generated from northwest waves during the summer 

period. 

The proposed marsh bench onsite offsetting habitats are north and northeast facing and are 

protected from winter wind and wave conditions but are still vulnerable to summer wind and 

wave conditions. Comparing the north causeway topography over time (~27 years), there 

has been a slight change (±0.3 m) in sediment deposition leading to suitable conditions along 

the north side of the causeway for the establishment and persistence of intertidal marsh 

habitat. The hydrodynamic model predicted a moderately calmer wave environment with the 

Project (EIS Section 9.5.8.2). As such, the future marsh conditions with the terminal in place 

are predicted to be similar to the current conditions and no change is anticipated in the 

persistence of intertidal marsh habitat. 

The VFPA and its predecessors have been a leader in aquatic habitat enhancement and 

creation in the Fraser River estuary and Burrard Inlet (see Preamble to Offsetting-related 

Information Requests). Examples of successful marsh habitat built by the VFPA are presented 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #16 (IR11-16) | Page 4 

in the response to IR7-28 (CEAR Document #12751). Lessons learned from other intertidal 

marsh habitat offsetting have demonstrated that by including knowledge of the system 

(exposure, slope, and elevation) into the design, constructed intertidal marsh habitat can be 

successful (see response to IR7-28 of CEAR Document #1275). For example, current wind 

and wave conditions along the north side of the Roberts Bank causeway are less intense and 

much less frequent than the conditions experienced on the south side of the causeway; they 

are also more similar to the north side of the BC Ferries causeway. The intertidal marsh 

designed and built by BC Ferries along the north side of the BC Ferries causeway in 1993 has 

been successful (see response to IR7-28 in CEAR Document #1275). The VFPA is confident 

that the proposed intertidal marsh onsite habitat Offsetting Concept for RBT2 on the north 

side of the causeway will also be successful. 

Nonetheless, the VFPA is committed to ensuring that any Offsetting Measures (i.e., Offsetting 

Concepts) implemented or overseen by the VFPA to offset Project effects from RBT2 are 

monitored to confirm effectiveness and adaptively managed to rectify any deficiencies (if they 

occur). 

Appendices 

Appendix IR11-16-A Supporting Figures (Figure 17-1 from EIS Section 17.0 and 
Figures 17-B1 and 17-B2 from EIS Appendix 17-B) 

                                           

1 CEAR Document #1275 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR5-01a, IR7-28, IR7-29, IR10-02, IR10-06 to IR10-09, IR10-11 to IR10-26, 
IR11-07, IR11-22, IR11-23, IR12-03, IR12-06, IR13-01, and IR13-19 (See Reference Documents 
#1000, 1130, 1179, 1206 and 1228). 
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IR11-17 Mitigation Measure (Offsetting) – On-site Habitat Concept for Sandy Gravel 
Beach 

Information Source(s) 

EIS Volume 3: Section 17.3.2.2, Appendix 17-A 

Context 

In Section 17.3.2.2 of the EIS, the Proponent stated that sandy gravel beach habitats provide 
important fish spawning areas and bird feeding areas. Review of existing and future 
environmental conditions indicated that it would be feasible to create approximately 4.5 ha 
of sandy gravel beach in areas of higher wave energy along the widened causeway. Two sandy 
gravel spawning beaches consisting of sand, gravel and cobble are components of the 
offsetting plan for the proposed Project. 

In Appendix 17-A, the Proponent provided an overview of the effectiveness of sandy gravel 
beach habitat created as compensation for the Deltaport Third Berth project for surf smelt 
and sand lance. The Proponent noted that the effectiveness of the habitat has been impaired 
by substrate transport due to wind and waves during storm events, but that the concept 
development for the Project took into consideration the wave and wind environment through 
the use of the coastal geomorphological modelling described in Section 9.5 of the EIS. 

Additional information is required to identify potential adverse environmental effects from the 
substrate displacement of the sandy gravel beach for the Deltaport Third Berth project, and 
to clarify how this could be addressed for the Project. 

Information Request 

Discuss whether the sand berms which formed at the openings to the lagoon marshes 
subsequent to the sandy gravel placements for the Deltaport Third Berth project had effects 
on tidal circulation and juvenile Chinook and Chum salmon access to marsh habitats. Provide 
a time series of photos, where available, including current photos, showing the installation of 
the Deltaport Third Berth sandy gravel beaches and their subsequent condition as observed 
during effectiveness monitoring. 

Describe the proposed measures to protect the sandy gravel beach habitats from substrate 
transport and any adaptive measures to re-establish sandy gravel beach habitats in the event 
that the proposed sandy gravel beach offsets fail. In the event that the artificial sandy gravel 
beach habitats were to fail, describe what procedures would be adopted to recover and re-
use sandy gravel materials from the offsetting sites and to remediate affected areas. 

Describe how forage fish utilization of constructed sandy gravel beach habitats would be 
monitored. 
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When responding to this IR, integrate any new information generated in Proponent Responses 
that would be relevant, such as from IRs in Packages 5 (4, 7, 14 and 28), 7 (24-31), 8 (5, 6 
and 8) and 9 (5). 

VFPA Response 

Discuss whether the sand berms which formed at the openings to the lagoon 
marshes subsequent to the sandy gravel placements for the Deltaport Third Berth 
project had effects on tidal circulation and juvenile Chinook and Chum salmon 
access to marsh habitats. 

Sand berms formed at the openings to the lagoon marsh habitats as a result of shore sediment 

transport, including transport of material from sandy gravel beaches that were built as part 

of habitat compensation for the Deltaport Third Berth Project (DP3). These sand berms 

restricted tidal inundation and access for juvenile Chinook and chum salmon to the marshes 

(Archipelago and Williams 2016). The formation of the sand berm and impacts were identified 

and documented by the VFPA during ongoing monitoring of the habitats (illustrated in 

Photos A to F, Figure IR11-17-A1 in Appendix IR11-17-A). During DP3 habitat 

compensation monitoring, it was determined that these berms were impacting the 

functionality of the connected marsh habitats, and a contingency remediation plan was 

developed to allow hydrologic connection and fish passage. In 2017, the lagoon walls were 

breached to allow tidal cycling and complete flushing of the channel, as well as tidal access 

for fish and other organisms (Golder 2018; also illustrated in Photo G, Figure IR11-17-A1 in 

Appendix IR11-17-A). The engineering for the remediation relied on a design of beach berm 

or crest elevations for beach fill, based on a combination of evidence from local, natural 

beaches that occur locally with analogous wind wave conditions. The south side of the 

causeway is primarily exposed to waves generated by south and southeasterly winds and the 

new crescent platform shape of the beaches are designed to best protect the intertidal (salt) 

marsh areas from these impacts, while maintaining tidal flushing, and eliminate the future 

creation of sand berm barriers. 

The lessons learned from the DP3 marsh habitat remediation were applied to the preliminary 

design of the RBT2 intertidal marsh onsite habitat Offsetting Concept. The local wind wave 

conditions along the north causeway are less intense in comparison to the conditions 

experienced along the south side of the causeway (see also response to IR11-16). The 

expected site conditions will support the creation of intertidal marsh bench habitats proposed 

as one of the five Offsetting Measures as part of the RBT2 Offsetting Framework (EIS 

Section 17.0; see also Preamble to Offsetting-related Information Requests). 

Provide a time series of photos, where available, including current photos, showing 
the installation of the Deltaport Third Berth sandy gravel beaches and their 
subsequent condition as observed during effectiveness monitoring. 

A time series of photos between 2010 (post-construction of DP3 compensation habitats) and 

2015 (last year of DP3 habitat compensation monitoring; Archipelago and Williams 2016) is 

provided in Figure IR11-17-B1 in Appendix IR11-17-B to illustrate DP3 sandy gravel 

beaches and their condition following their construction as observed during effectiveness 

monitoring. In summary, based on effectiveness monitoring results reported by Archipelago 
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and Williams (2016), constructed sandy gravel beaches provide suitable spawning substrate 

for surf smelt and Pacific sand lance along the south side of the Roberts Bank causeway. 

Pacific sand lance spawn was detected within constructed sandy gravel beaches in the winters 

of 2013 and 2015 (Archipelago and Williams 2016). 

Describe the proposed measures to protect the sandy gravel beach habitats from 
substrate transport and any adaptive measures to re-establish sandy gravel beach 
habitats in the event that the proposed sandy gravel beach offsets fail. In the event 
that the artificial sandy gravel beach habitats were to fail, describe what procedures 
would be adopted to recover and re-use sandy gravel materials from the offsetting 
sites and to remediate affected areas 

The Offsetting Concepts, including the sandy gravel beach onsite habitat Offsetting Concept, 

were designed by a multidisciplinary team of marine biologists, coastal engineers, 

hydrodynamic modellers, and specialists from the VFPA’s Habitat Enhancement Program. 

Information about the existing and future wind and wave conditions at Roberts Bank were 

used to inform the conceptual design of the proposed onsite offsetting sandy gravel beach 

habitats and to determine optimal location and spatial extent. Using field data and the ‘with 

Project’ wind-wave forecasts from the hydrodynamic model (EIS Appendix 9.5-A), the 

proposed location for the sandy gravel beach habitats were determined to have suitable 

conditions for establishment and persistence of the habitat. Suitability was determined by 

considering the maximum wind and wave conditions, which in turn are driven by the direction 

of exposure, elevation, and slope of the planned habitat (see also response to IR11-16). 

The VFPA is committed to ensuring that any Offsetting Measures (i.e., Offsetting Concepts) 

implemented or overseen by the VFPA to offset Project effects from RBT2 are monitored to 

confirm effectiveness and adaptively managed to rectify any deficiencies (if they occur). For 

this response, failure of the onsite offsetting sandy gravel beach is defined as a loss of sand 

gravel substrates or a significant change in elevation post construction (>0.5 m). The 

engineered design and geomorphic assessment of the sandy gravel beach Offsetting Concept 

determined that conditions will support the persistence of the sandy gravel beaches and that 

the best protective measure is a low sloped beach (10:1 to 12:1) using coarse gravel 

substrates. The low slope of the beach will mimic the naturally forming beach habitat along 

the north causeway. Moreover, this slope ratio will slowly dissipate the natural wave energy 

as it approaches the water’s edge. 

The VFPA has demonstrated the ability to effectively monitor and remediate habitats through 

an adaptive management approach (e.g., in response to effectiveness monitoring for DP3 

compensation habitats; see first part of the response and also the response to IR7-28 in CEAR 

Document #12751). For RBT2, effectiveness monitoring of the sandy gravel beach onsite 

Offsetting Concept will include assessing substrate stability at each location and the spatial 

extent of the sandy gravel beach. An adaptive management approach will be taken and, 

                                           

1 CEAR Document #1275 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR5-01a, IR7-28, IR7-29, IR10-02, IR10-06 to IR10-09, IR10-11 to IR10-26, 
IR11-07, IR11-22, IR11-23, IR12-03, IR12-06, IR13-01, and IR13-19 (See Reference Documents 
#1000, 1130, 1179, 1206 and 1228). 
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should monitoring of the offsetting habitats determine that the sandy gravel beaches are not 

performing as expected, the VFPA will engage the relevant regulatory agencies and develop 

a remediation plan as was done for DP3 (see first part of the response and Preamble to 

Offsetting-related Information Requests). 

Describe how forage fish utilization of constructed sandy gravel beach habitats 
would be monitored. 

Forage fish utilisation of sandy gravel beach habitat will be monitored as part of the RBT2 

Follow-up Program, as described in IR13-30 (CEAR Document #13312). A detailed monitoring 

plan will be developed as part of the Offsetting Plan in discussions with Fisheries and Oceans 

Canada regarding permitting requirements. Monitoring will follow standardised protocols 

similar to those used during DP3 habitat compensation monitoring, which successfully 

documented spawning by Pacific sand lance on constructed sandy gravel beach (Archipelago 

and Williams 2016). 

References 

Golder Associates Ltd. (Golder). 2018. Deltaport East Causeway 2017 Salt Marsh Habitat 
Project Summary. Vancouver, B.C. 
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2016. Deltaport Third Berth Habitat Compensation Monitoring: East Causeway Year 5 
and Summary Post-Construction Report. Prepared for Port Metro Vancouver, 
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Appendix IR11-17-A Photo Time Series Illustrating Deltaport Third Berth Lagoon Marsh 

Habitat Post-construction  

Appendix IR11-17-B Photo Time Series Illustrating Deltaport Third Berth Sandy Gravel Beach 

Habitat Post-construction 

 

                                           

2 CEAR Document #1331 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR13-29 and IR13-30 (See Reference Document #1228). 



 

 

APPENDIX IR11-17-A 

PHOTO TIME SERIES ILLUSTRATING 
DELTAPORT THIRD BERTH LAGOON 

MARSH HABITAT POST-
CONSTRUCTION 





 

 

APPENDIX IR11-17-B 

PHOTO TIME SERIES ILLUSTRATING 
DELTAPORT THIRD BERTH SANDY 
GRAVEL BEACH HABITAT POST-

CONSTRUCTION 

 



 

Roberts Bank Terminal 2 
Appendix IR11-17-B | Page 1 

Figure IR11-17-B1 Sandy Gravel Beach (looking east) in (A) September 2010 
Post-construction, (B) Year 1, (C) Year 2, (D) Year 3, (E) 
Year 4, (F) Year 5 (labelled as beach spawn #1 in 
Archipelago and Williams 2016) 

Source: Archipelago and Williams 2016. 
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IR11-18 Mitigation Measure (Offsetting) – On-site Habitat Concept for Subtidal Rock 
Reef 

Information Source(s) 

EIS Volume 3: Section 17.3.2.2, Figure 17-1, Table 17-4, Appendix 17-A 

Proponent Responses to Additional Information Requirements of July 31, 2015 – Table IR12-A 
Summary of Proposed Mitigation and Anticipated Effectiveness (CEAR Doc#314) 

Proponent Responses to Additional Information Requirements of December 4, 2015, Technical 
Data Report MF-5 – Reef Fish Surveys provided by the Proponent (CEAR Doc#388, 
Appendix AIR 10-C) 

Context 

In Section 17.3.2.2 of the EIS, the Proponent provided a proposed design of one new subtidal 
rock reef and the enhancement of four existing subtidal rock reefs, which were created as 
habitat compensation for the Roberts Bank and Deltaport terminals. According to Table 17-4 
of the EIS, the proposed rock reef habitat concept could contribute to offset effects on 
macroalgae, reef fish, Dungeness Crab, and diving birds. According to Table IR12-A in CEAR 
Doc#314, the proposed rock reef habitat concept was also considered to mitigate 
environmental effects on bivalve shellfish. 

The Proponent stated in its offsetting framework that up to 2 ha of new subtidal rock reef 
habitat could be created (EIS Figure 17-1). Information is required on how the Proponent 
determined the minimum area of subtidal rock reef habitat that would be required to offset 
Project-related environmental effects. 

The results of SCUBA surveys on the existing reefs indicated that the deepest reefs supported 
the highest fish densities. This observation was reported in detail in Technical Data Report 
MF-5 – Reef Fish Surveys (CEAR Doc#388, Appendix AIR 10-C) which evaluated the existing 
rock reefs off the southwest side of the existing Roberts Bank terminal. 

Although it was reported that reef depth affects fish density, it is unclear how the design 
depth of the proposed rock reef habitats took into consideration ecological parameters such 
as fish distribution and abundance for representative species and for all life history stages 
that could utilize the offset habitats for the proposed Project. 

Information Request 

Provide an estimate of the minimum area of subtidal rock reef habitat required to offset 
Project-related environmental effects on the biophysical components. Explain how the 
offsetting habitat would vary as a function of the proposed area of rock reef habitat, and 
which residual environmental effects would be predicted to be significant after this habitat 
was created. Include a 2:1 compensation ratio scenario (area of offsetting: area of habitat 
loss). 
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Based on existing information in the EIS, in Technical Data Report MF-5, and any other 
relevant information sources, provide a discussion on the expected species composition, depth 
distribution and habitat utilization by fish species, including all life history stages expected to 
recruit onto the subtidal rock reef offsetting habitat. Include a quantitative estimate of 
predicted fish abundance increases that would result from proposed subtidal rock reef habitat 
offsets after the fish community has reached an equilibrium condition. 

When responding to this IR, integrate any new information generated in Proponent Responses 
that would be relevant, such as from IRs in Packages 5 (4, 7, 14 and 28), 7 (24-31), 8 (5, 6 
and 8) and 9 (5). 

VFPA Response 

Provide an estimate of the minimum area of subtidal rock reef habitat required to 
offset Project-related environmental effects on the biophysical components. Explain 
how the offsetting habitat would vary as a function of the proposed area of rock reef 
habitat, and which residual environmental effects would be predicted to be 
significant after this habitat was created. Include a 2:1 compensation ratio scenario 
(area of offsetting: area of habitat loss). 

As discussed in the Preamble in Support of Responses to IR3-01 to IR3-24 (CEAR 

Document #9841) and the Preamble to Offsetting-related Information Requests, the VFPA 

employed a productivity approach to determine requirements for offsetting Project-related 

environmental effects on the biophysical valued components and for selecting Offsetting 

Measures. This ecosystem-level approach is consistent with recommendations by the 

Productive Capacity Technical Advisory Group (see Appendix IR3-A of CEAR Document #984 

and Preamble to Offsetting-related Information Requests) and reflects current Fisheries and 

Oceans Canada science advice and policy on assessments of large and complex projects (DFO 

2013a,b, DFO 2017). This approach is also consistent with recent proposed amendments to 

Canada’s Fisheries Act where Ministerial consideration must be made for the contribution to 

the productivity of relevant fisheries by the fish and fish habitat that is likely to be affected 

(Government of Canada 2018). 

The VFPA is proposing to create one new subtidal rock reef and enhance four of the existing 

reefs with small perpendicular arms, to create up to two hectares of new subtidal rock reef 

habitat (see EIS Appendix 17-A). The amount of subtidal rock reef proposed to be constructed 

is not based on the traditional 2:1 compensation ratio. Rather, subtidal rock reefs are 

proposed as one of five Offsetting Measures of the Project’s proposed Offsetting Framework, 

which, combined with the other measures of onsite habitat creation (i.e., intertidal marsh, 

eelgrass, sandy gravel beach, mudflat; see EIS Section 17.3.2), are intended to achieve no 

net loss in the productivity of key marine biophysical valued components at Roberts Bank, 

including marine vegetation, invertebrates, fish, mammals, and coastal birds, and for 

wetlands. 

                                           

1 CEAR Document #984 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 3 (See Reference Document # 928). 
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With onsite habitat creation, including construction of subtidal rock reefs, combined with 

implementation of Construction Environmental Management Plans (e.g., Marine Species 

Salvage Plan, Underwater Noise Management Plan; see EIS Section 13.7 and response to 

IR13-30 of CEAR Document #13312), potential Project-related effects on the productivity of 

reef fish and macroalgae (groups of species that directly associate with rocky substrates) are 

assessed as negligible with no residual effect (for reef fish summary, see EIS Section 13.8.1; 

for macroalgae summary, see EIS Section 11.7.2.2). 

The proposal to construct subtidal rock reef habitat is not intended to replace like habitat that 

will be directly affected by the Project. Rather, it is proposed within the Project’s Offsetting 

Framework with both in-kind and out-of-kind measures3, using productivity (biomass) as a 

metric. Proposed construction of subtidal rock reefs will create habitat of great ecological 

value intended to contribute to the overall enhancement of ecosystem productivity (see also 

response to IR7-30). Furthermore, the Offsetting Framework was designed to preferentially 

select onsite Offsetting Concepts (i.e., Offsetting Measures) that suitably replace aquatic 

habitat affected by the Project, but deliver higher ecological value or productivity and to build 

habitat types for which there is a successful past precedence. 

At Roberts Bank, subtidal rock reefs have been proven to be a successful offsetting measure 

providing highly productive habitat that attracts and concentrates high densities of reef fish 

species from adjacent bare sand habitats and also provides a direct food source, shelter, and 

suitable spawning habitat for reef fish (e.g., lingcod) (see second part of this response and 

also TDR MF-5 in Appendix AIR10-C of CEAR Document #3884 and references therein). For 

the Project’s Offsetting Framework, subtidal rock reefs are proposed to be constructed over 

relatively unproductive bare sand, increasing the productivity of this area, and as feasible 

extensions of the existing rock reefs. Species/groups expected to directly benefit from the 

creation of subtidal rock reefs include marine vegetation (brown, green, and red algae that 

will attach and grow on the reefs), invertebrates and fish (that will be provided with refuge, 

feeding, and spawning opportunities), as well as diving birds (that will be provided with 

foraging opportunities). The food web of the species/groups expected to be associated with 

the onsite subtidal rock reef habitats at Roberts Bank is shown in EIS Figure 17-A4 and in 

Table IR7-26-A1 of the response to IR7-26. As detailed in the response to IR13-30 (CEAR 

Document #1331), the VFPA is committed to ensuring that any Offsetting Measures 

implemented or overseen by the VFPA to offset Project effects are monitored to confirm 

effectiveness and adaptively managed to rectify any deficiencies (if they occur). 

                                           

2 CEAR Document #1331 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR13-29 and IR13-30 (See Reference Document #1228). 
3 Out-of-kind offsetting measure refers to that designed to increase productivity by means other than 
replacing like habitat or function that is lost (DFO 2017). 
4 CEAR Document #388 From Port Metro Vancouver to the Canadian Environmental Assessment Agency 
re: Completeness Review – Responses to Additional Information Requirements Follow-Up (See 
Reference Document # 345) including 22 Technical Data Reports. 
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Based on existing information in the EIS, in Technical Data Report MF-5, and any 
other relevant information sources, provide a discussion on the expected species 
composition, depth distribution and habitat utilization by fish species, including all 
life history stages expected to recruit onto the subtidal rock reef offsetting habitat. 
Include a quantitative estimate of predicted fish abundance increases that would 
result from proposed subtidal rock reef habitat offsets after the fish community has 
reached an equilibrium condition. 

As described in EIS Appendix 17-A, subtidal rock reefs, as part of the Project’s onsite habitat 

Offsetting Concepts, are proposed to be constructed adjacent to the existing reefs near the 

east perimeter dyke of the new terminal. Reef design (i.e., slope and crest structure) and 

construction material and configuration (i.e., angular rock randomly stacked over top of a 

gravel mattress or rock blanket) will be similar to the reefs constructed as compensation for 

the Deltaport Third Berth Project. Given similarities in design and location, it is anticipated 

that the fish species community expected to colonise the proposed subtidal rock reefs will be 

similar to that documented at the nearby existing reefs, and be dominated by reef fish species 

that commonly associate with rocky substrates. Fish species composition and density (as 

influenced by season and depth) at the existing reefs (and by inference anticipated at the 

proposed reefs) is described in TDR MF-5 (Appendix AIR10-C of CEAR Document #388) and 

is summarised below. 

Eleven fish species were recorded at the existing artificial reefs throughout the year, including 

kelp greenling (Hexagrammos decagrammus), lingcod (Ophiodon elongatus), and copper 

rockfish (Sebastes caurinus), which were observed in every season, and striped perch 

(Embiotoca lateralis) and quillback rockfish (Sebastes maliger), which were only observed in 

fall and winter5. Fish densities were higher in summer and fall compared to winter and spring 

(but differences were not statistically significant). The increase in fish densities in summer 

and fall is likely due to the influx of copper rockfish from surrounding habitats, although 

rockfish tend to move deeper into crevices in the winter and are more difficult to detect (Love 

et al. 2002). During the winter and spring, lingcod densities increased as lingcod moved onto 

the reefs to spawn. 

Across depths, deeper reefs had statistically greater fish densities than reefs in shallower 

waters, although differences in fish species richness were not statistically significant. Copper 

rockfish, lingcod, kelp greenling, and sculpins were the most commonly recorded fish species 

during the 2012-2013 surveys (consistent with past survey results (Archipelago 2009, 

Balanced Environmental 2011) and surveys of reefs elsewhere in B.C. at similar depths 

(e.g., Naito 2001, McPhie and King 2011)). Copper rockfish were the most densely populated 

fish across depths, while density of quillback rockfish was low overall as the species prefer 

slightly deeper water than copper rockfish (Love et al. 2002). Lingcod egg masses were found 

throughout the existing reefs, although density was greater within the deeper structures. 

                                           

5 Fish species that do not commonly associate with reef habitats, such as Pacific sand lance (Ammodytes 
hexapterus), were seen at the existing reefs during the summer survey only, but were not included in 
the total fish counts, as their abundance could not be accurately estimated. 
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With respect to fish life history stages, based on recorded body size, only adult fish were 

recorded during the Project’s 2012-2013 field surveys. This indicates that artificial reefs at 

Roberts Bank offer vertical relief and habitat complexity, as well as a food source and shelter, 

which attracts fish from surrounding areas that are bare and featureless (characterised 

predominantly by sand) (e.g., Brickhill et al. 2005). Over the long term, artificial reefs may 

also contribute to juvenile recruitment and ultimately enhance fish productivity. For example, 

lingcod egg masses have been consistently recorded on artificial reefs at Roberts Bank during 

compensation monitoring surveys (see TDR MF-5 in Appendix AIR10-C of CEAR 

Document #388 and references therein); 65% of lingcod egg masses documented were 

watermelon-sized, typically laid by older (5+ years) fish. In addition to food and shelter, 

construction of the artificial reefs has contributed habitat suitable for lingcod spawning, 

thereby increasing the chance of adult lingcod survival and their contribution of new 

individuals to local lingcod populations (Brickhill et al. 2005). 

Overall, results from the 2012-2013 field surveys indicate that the structure of the fish 

community observed at the existing artificial reefs at Roberts Bank is likely stable and fully 

developed. When sampled previously in 2010 and 2011, the shallower reefs6 had more fish 

and greater species richness than the newly constructed deeper reefs7, which at the time of 

the 2010-2011 sampling were in the process of being actively colonised (Balanced 

Environmental 2011). Results of the 2012-2013 field surveys are consistent with surveys of 

other established natural and constructed artificial reefs elsewhere in the Pacific Northwest 

(e.g., Matthews 1985, Bohnsack and Sutherland 1985, Bohnsack 1989), which indicate that 

artificial reef fish communities have reached an equilibrium state within three years following 

construction. 

As indicated earlier in the response, it is anticipated that, after the fish community at the 

proposed reefs has reached an equilibrium state, patterns of fish species composition and 

density will be similar to those recorded at nearby existing artificial reefs. Net gains in the 

productivity of a fish community at the proposed reefs that is stable and has reached an 

equilibrium state are predicted to reach 33 tonnes per hectare (see Table IR7-26-B in the 

response to IR7-26). 
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IR11-19 Mitigation Measure (Offsetting) – On-site Habitat Concept for Eelgrass 

Information Source(s) 

EIS Volume 2: Appendix 9.5-A, Section 3.5.2 

EIS Volume 3: Section 11, Section 17.3.2.2, Figure 17-1, Table 17-4, Appendix 17-A 

Proponent Responses to Additional Information Requirements of December 4, 2015, Technical 
Data Report MF-7 – Eelgrass Fish Community Survey (CEAR Doc#388, Appendix AIR 10-C) 

Context 

In Section 17.3.2.2 of the EIS, the Proponent stated that following construction there is an 
opportunity to transplant approximately 3 ha of native eelgrass to a site roughly 1 km north 
of the proposed terminal. According to Table 17-4 of the EIS, the proposed eelgrass habitat 
concept could contribute to offset environmental effects on bivalve shellfish, Dungeness Crab, 
juvenile salmon, Pacific herring, demersal fish, waterfowl and diving birds. According to 
Table IR12-A in CEAR Doc#314, the proposed eelgrass habitat concept was also considered 
to mitigate effects on juvenile rockfish and forage fish. For the transplant, the Proponent 
identified that donor areas would be located north of the existing terminal and in the inter-
causeway area. 

Both Figure 18 of EIS Appendix 9.5-A and Figure 1 of Technical Data Report MF-7 – Eelgrass 
Fish Community Survey (CEAR Doc#388, Appendix AIR 10-C) provided maps of the 
distribution of eelgrass at Roberts Bank on the north side of the Roberts Bank causeway. The 
maps indicated that the proposed eelgrass offsetting site (EIS Figure 17-1) overlaps the zone 
of existing eelgrass on the north side of the causeway. 

In Section 3.5.2 of Appendix 9.5-A of the EIS, the Proponent reported that following 
construction of the Roberts Bank causeway, eelgrass on the north side of the causeway 
expanded into areas that previously were exposed to high turbidity from the Fraser River 
plume and a more energetic wave environment. It also explained that eelgrass interacts with 
sediment and water conditions to create an environment amenable to densification and lateral 
expansion of the eelgrass beds. 

The Proponent considered sedimentation and coastal processes results derived from the 
coastal geomorphology study (EIS Appendix 9.5-A) as a mechanism of change for eelgrass in 
Section 11 of the EIS. However, it is not clear if the ability for eelgrass beds to modify 
sediment and water conditions should be taken into account to evaluate the potential 
expansion and densification of native and non-native eelgrass north of the causeway to 
enhance eelgrass distribution adjacent to the proposed Project. 

Information Request 

Provide a discussion of the potential expansion of existing native and non-native eelgrass as 
a consequence of the placement of the proposed Project and its associated effects on coastal 
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geomorphology. Include an analysis of potential changes in sediment and water circulation 
due to the expansion of the existing eelgrass beds, and whether the change in conditions 
would subsequently promote further densification and lateral expansions of eelgrass into 
favourable habitats. 

Provide a discussion to justify the selection of a 3 ha eelgrass offsetting site at a location that 
is within a zone of existing eelgrass. Identify and map alternative areas that currently do not 
have adjacent eelgrass cover that would be suitable to convert to an eelgrass offsetting site. 

VFPA Response 

Provide a discussion of the potential expansion of existing native and non-native 
eelgrass as a consequence of the placement of the proposed Project and its 
associated effects on coastal geomorphology. 

Predicted Project-related changes in coastal geomorphic conditions, particularly those that 

relate to sedimentation (and associated elevation changes) and wave environment1, were 

considered in the EIS to influence both positively and negatively the potential for expansion 

of native and non-native eelgrass. These considerations were incorporated in the assessment 

of potential Project-related changes in eelgrass productivity and were assessed to be 

negligible based on multiple lines of evidence. They are described in detail in EIS 

Section 11.6.3.1 and in the responses to IR8-07 (CEAR Document #11932) and IR8-08 (CEAR 

Document #12163), and they are summarised below. 

 The Roberts Bank ecosystem model (including multiple sensitivity analyses) forecasted 

an overall negligible increase in the productivity of native eelgrass by 4% and a 

negligible decrease of non-native eelgrass by 1%. The Roberts Bank ecosystem model 

incorporated predicted changes in coastal geomorphic conditions from the outputs of 

the hydrodynamic model (expressed in terms of environmental variables, specifically 

depth, wave height, bottom current velocity, and salinity) (see Section 2.2 of EIS 

Appendix 10-C and IR3-02 of CEAR Document #9844). 

 Long-term accumulation of fine-grained sediments was predicted to increase the 

elevation within localised areas in the lee of the proposed terminal (see zones of 

deposition on Figure 9.5-35 of EIS Section 9.5). This increase in elevation was 

predicted to lead to a negligible (i.e., 3%) decrease in the productivity of native 

eelgrass that currently exists in the area. In contrast, non-native eelgrass was 

                                           

1 Sedimentation (and associated elevation changes) and wave environment have been described in the 
literature as important factors that influence the upper and lower elevation bounds of the distribution of 
eelgrass at Roberts Bank (e.g., Tarbotton and Harrison 1996, Precision Identification 2002, Koch et al. 
2006a,b). Other factors that influence eelgrass distribution include light availability, sediment type, and 
salinity (Precision Identification 2002). 
2 CEAR Document #1193 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR8-06 and IR8-07 (See Reference Document #1071). 
3 CEAR Document #1216 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR8-01, IR8-02, IR8-05, IR8-08, IR10-03, IR10-04 and IR10-5 (See Reference 
Documents #1071 and #1130). 
4 CEAR Document #984 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 3 (See Reference Document # 928). 
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predicted to expand with a corresponding increase in productivity; this increase was 

deemed difficult to quantify (see IR8-08 of CEAR Document #1216). 

 Increased sedimentation (e.g., at rates that result in burial of greater than 20% of 

plant height) may lead to mortality of eelgrass shoots due to smothering (Mills and 

Fonseca 2003, Munkes et al. 2015). However, native eelgrass is also capable of 

growing longer internodes rapidly to raise leaves above the sediment as a mechanism 

to cope with above-normal sedimentation (Cabaço et al. 2008). Because sedimentation 

rates as a result of the Project are expected to be slight, literature suggests that 

eelgrass will be able to cope with predicted sedimentation changes, thus, supporting 

a negligible ranking for change in eelgrass productivity. 

 In areas where wave energy was predicted to decrease (see zone of wave shadow on 

Figure 9.5-35 of EIS Section 9.5), native eelgrass productivity was predicted to 

increase by 2% (negligible). Excessive exposure to waves and currents has been 

shown to limit the minimum depth of native eelgrass colonisation (e.g., directly by 

physical disturbance; Stevens and Lacy 2011). Wave energy does not exert the same 

influence on non-native eelgrass, which is distributed in the upper intertidal 

(shoreward of native eelgrass) (Shafer et al. 2014). Thus, the predicted wave shadow 

effect was not expected to influence productivity of non-native eelgrass. 

Include an analysis of potential changes in sediment and water circulation due to 
the expansion of the existing eelgrass beds, and whether the change in conditions 
would subsequently promote further densification and lateral expansions of 
eelgrass into favourable habitats. 

As indicated in the first part of the response, larger-scale changes in elevation and 

hydrodynamic processes (i.e., waves, currents) as a result of the Project were considered in 

the assessment of potential negligible Project-related changes in eelgrass productivity (see 

EIS Section 11.6.3.1). The Roberts Bank ecosystem model incorporated predicted changes in 

coastal geomorphic conditions and forecasted a 4% increase in the productivity of native 

eelgrass. 

Within the bounds of its distribution, eelgrass is also able to interact with sediment and water 

conditions at a smaller, localised scale, thereby promoting densification and lateral expansion 

of eelgrass (Jones et al. 1997, Koch 2001, Marbà et al. 2006, Eklöf et al. 2011). This localised 

interaction with sediment and water conditions is noted in the context to this information 

request and briefly discussed in Section 3.5.2 of EIS Appendix 9.5-A. This inherent capacity 

of eelgrass to locally alter their physical environment was implicitly considered in the 

assessment as part of the selection of an offsetting transplant site, and it is explained further 

below. 

Eelgrass beds are able to interact with sediment and act as sediment sinks stimulating 

eelgrass growth and decreasing the chance of mortality from erosion (de Boer 2007). This is 

achieved by attenuating the force (i.e., currents, waves) of the water mass that surrounds 

them, thereby weakening the force exerted on individual eelgrass shoots (Koch et al. 

2006a,b). As flow velocity within the bed weakens, the capacity of the water to hold sediment 

particles decreases, resulting in sediment trapping and deposition (Hemminga and Duarte 

2000, Marbà et al. 2006, Eklöf et al. 2011). 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #19 (IR11-19) | Page 4 

Eelgrass plants also contribute to the retention of water by resisting flow as the water drains 

during the ebbing tide. Ponding of water at low tide reduces the risk of desiccation and 

enhances further growth and shoreward expansion to the upper intertidal (Tarbotton and 

Harrison 1995, Koch et al. 2006a,b). This localised shoreward expansion of eelgrass beds may 

only occur to the upper limit of eelgrass distribution until eelgrass plants are no longer 

sufficient to pond enough water and prevent desiccation during low tide (Tarbotton and 

Harrison 1995, Koch et al. 2006a,b). 

Localised mechanisms of densification and lateral expansion described above are inherent of 

expanding eelgrass beds and help with eelgrass colonisation and transition from a patchy to 

dense eelgrass distribution when conditions become favorable. For example, they were 

observed in the inter-causeway area by Tarbotton and Harrison (1995) during the expansion 

of the native eelgrass bed, the width of which increased from 520 m to 1,610 m at an average 

rate of 33 m/year between 1959 and 1992 (Tarbotton and Harrison 1995). 

Localised mechanisms of densification and lateral expansion of eelgrass were implicitly 

considered in the assessment of potential Project-related changes in eelgrass productivity as 

part of the selection of a suitable offsetting transplant site adjacent to (and not within, as 

indicated in the context to this information request) an existing bed of native eelgrass (see 

Figure IR11-19-A1 in Appendix IR11-19-A). Chances of transplant survival are much 

improved and eelgrass colonisation is sped up when transplanting occurs adjacent to an 

existing eelgrass bed, given the capability of eelgrass to self-facilitate its densification and 

lateral expansion within optimal conditions of growth (van Katwijk et al. 2009; see also third 

part of the response below). 

Provide a discussion to justify the selection of a 3 ha eelgrass offsetting site at a 
location that is within a zone of existing eelgrass. Identify and map alternative areas 
that currently do not have adjacent eelgrass cover that would be suitable to convert 
to an eelgrass offsetting site. 

As indicated above, the proposed eelgrass offsetting site is located adjacent to (not within, as 

indicated in the context to this information request) an existing bed of native eelgrass (see 

Figure IR11-19-A1 in Appendix IR11-19-A). Selection of the proposed eelgrass offsetting 

site is justified given the following considerations: 

 Sparse, individual eelgrass shoots are currently present within the proposed onsite 

eelgrass offsetting site, likely due to depth (combined with poor light penetration) and 

high wave and current action that constrain the expansion of the eelgrass bed 

currently. 

 Coastal geomorphic conditions at the proposed eelgrass offsetting site are predicted 

to change with the Project and become more conducive to eelgrass growth (i.e., lower 

wave and current action; see first part of the response). 

 The Roberts Bank ecosystem model forecasted an increase in the productive potential 

of native eelgrass with the Project attributed to a predicted wave shadow effect in the 

lee of the proposed terminal when Project-related changes in coastal geomorphic 

conditions were considered (see EIS Section 11.6.3.1 and response to IR8-08 in CEAR 

Document #1216). 
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 Transplanting adjacent to an existing eelgrass bed is anticipated to increase chances 

of transplant survival (i.e., reduce the risk of transplant failure), speed up eelgrass 

colonisation and bed establishment (i.e., reduce time lag), and promote increased 

density and expansion, given the capacity of eelgrass to self-facilitate its densification 

and lateral expansion within optimal conditions of growth (van Katwijk et al. 2009; 

see also second part of the response). 

The proposed site for eelgrass transplanting is suitable for the reasons described above. The 

onsite eelgrass habitat Offsetting Concept (i.e., Offsetting Measure) is one of five specific 

onsite habitat Offsetting Measures, as part of the Project Offsetting Framework, to address 

Project effects on specific marine biophysical valued components. Selecting the creation of 

eelgrass meets the Offsetting Framework’s principle to create habitats of greater ecological 

value or productivity to ensure there is no net loss of productivity for key marine biophysical 

valued components at Roberts Bank (see the Preamble to Offsetting-related Information 

Requests). Once established and fully functional, it is predicted to enhance the system’s 

productive potential by 8.7 tonnes (calculated based on a food web approach described in the 

response to IR7-26). As detailed in the response to IR13-30 (CEAR Document #13315), the 

VFPA is committed to ensuring that any Offsetting Measures (i.e., Offsetting Concept) 

implemented or overseen by the VFPA to offset Project effects from RBT2 are monitored to 

confirm effectiveness and adaptively managed to rectify any deficiencies (if they occur). 

A map has not been provided with alternative areas that would be suitable to convert to an 

onsite eelgrass offsetting habitat. Environmental conditions, influenced by the Fraser River 

(i.e., high turbidity and freshwater content), combined with high surface currents and 

substrate elevation, likely limit eelgrass growth and distribution north of the Roberts Bank 

causeway. Outside the proposed eelgrass offsetting site, such environmental conditions would 

also likely render eelgrass transplant survival poor (van Katwijk et al. 2009). As indicated in 

EIS Section 11.5.1.5 (including EIS Figure 11-2), likely because of environmental conditions 

influenced by the Fraser River, eelgrass beds surveyed north of the Roberts Bank causeway 

are slightly less dense and productive relative to the inter-causeway area. 
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IR11-20 Marine Fish – Effects Assessment for Juvenile Chinook and Chum Salmon 

Information Source(s) 

EIS Volume 3: Section 13.5.1, Figure 13-1, Appendix 17-C, Table 17-C2 

Proponent Responses to Additional Information Requirements of December 4, 2015, Technical 
Data Report MF-3 – Juvenile Salmon Surveys (CEAR Doc#388, Appendix AIR 10-C) 

Proponent Responses to Package 3 (CEAR Doc#984) 

Fisheries and Oceans Canada Response to IR-19 and sufficiency review of Proponent’s 
response to IRs of Packages 3 and 4 (CEAR Doc#1102) 

Context 

In its preamble to the responses to Package 3 IRs (CEAR Doc#984), the Proponent described 
an ecosystem-based management approach that was used for the environmental assessment 
of the proposed Project: 

“Ecosystem-based management is a holistic approach in which decisions are 
made based on an understanding of the whole ecosystem rather than individual 
species or communities. The environmental assessment of RBT2 marine 
biophysical valued components is founded on this ecosystem-based approach.” 

The Proponent discussed the objective of the Roberts Bank Ecosystem Model (RB model) and 
its application as a tool for environmental assessment: 

“[…] the objective of the RB model is not to provide an assessment of Project 
impacts for each functional group at a fine temporal scale but to estimate 
changes in productive potential, with and without the Project, at the ecosystem 
level.” 

Fisheries and Oceans Canada, in response to IR-19 (CEAR Doc#1102), reiterated its 
understanding that the RB model outputs are not intended to forecast the responses of any 
particularly functional group, but to forecast the effect of the Project on the overall 
productivity of the entire ecosystem. Analyses in CEAR 1102 (p. 2-5) showed that 
13 functional groups comprise 75 per cent of the modeled biomass including marine 
vegetation, benthic invertebrates and zooplankton. These functional groups are relatively 
sedentary (or localized) and their biomass is largely determined by their habitat preferences. 
Additionally, their ecotrophic efficiencies are low, indicating that top-down processes are not 
determining their productivity. For the other functional groups, Fisheries and Oceans Canada 
advised that it is unlikely that changes at the lower trophic levels will be limiting to other 
functional groups at higher trophic levels unless the Roberts Bank area is a key feeding or 
nursery area for a specific life stage or migratory component of the population. Further, while 
the RB model can predict effects of the Project on the productivity of primary producers and 
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low trophic level consumers, it is inappropriate for predicting Project effects on highly 
migratory functional groups at higher trophic levels. 

Despite these limitations, RB model outputs were utilized for quantitative effects assessment 
and for calculating offsetting benefits for juvenile Chinook and chum salmon and other 
functional groups (Table 17-C2 of Appendix 17-C). The flow charts provided in 
Appendix IR3-01-A of CEAR Doc#984 depicting the linkages between various lines of evidence 
showed that RB model outputs were utilized to make predictions regarding Project effects for 
Marine Vegetation, Coastal Birds, Marine Invertebrates, Marine Fish and Marine Mammals. 
For the latter, RB model predictions were not applied to Southern Resident Killer Whales 
(SRKW) directly but they were applied to effects predictions for other marine mammals, as 
well as to SRKW prey such as Chinook Salmon. 

Juvenile Chinook and chum salmon are highly migratory and have a non-uniform distribution 
on Roberts Bank, predominantly occupying intertidal and shallow subtidal habitats. As 
reported in Technical Data Report MF-3 – Juvenile Salmon Surveys (CEAR Doc#388, 
Appendix AIR 10-C), juvenile salmon within the Local Assessment Area (LAA) concentrate 
within shore-tied, intertidal and shallow subtidal areas. This implies that the 54.68 km2 
RB model study area may not provide a suitable assessment area for an environmental effects 
assessment of juvenile Chinook and chum salmon productivity. 

In summary, Roberts Bank is a key feeding area for juvenile Chinook and chum salmon (EIS 
Section 13.5.1). The fish are highly migratory, occupy intertidal and shallow subtidal habitats 
seasonally for several weeks or months and have a restricted distribution within the LAA. As 
the RB model is inappropriate for predicting Project effects on highly migratory functional 
groups including juvenile Chinook and chum salmon with a relatively short duration seasonal 
utilization of Roberts Bank, a revised environmental effects assessment is required for these 
two functional groups. 

Information Request 

Conduct an effects assessment of the proposed Project within the Marine Fish Local 
Assessment Area (EIS Figure 13-1) on juvenile Chinook and chum salmon in the vicinity of 
the Project that is independent of the RB model results. Include an evaluation of the effects 
of the Project on juvenile Chinook and juvenile chum survival during their seasonal occupation 
of Roberts Bank in the vicinity of the Project. Provide a table summarizing the respective 
sources of evidence relied upon to draw effects conclusions and their relative weighting. 

Include a cumulative environmental effects assessment on juvenile Chinook and chum salmon 
in combination with other past, existing and future project effects and activities within the 
Marine Fish Local Assessment Area. Include the following existing structures: 

• Tsawwassen Causeway and terminal, 
• Westshore Terminal, 
• Deltaport Causeway, 
• Deltaport including Deltaport Third Berth, 
• sea dykes between Brunswick Point and the Tsawwassen Causeway. 

The cumulative environmental effects assessment should evaluate the effects of the above 
structures on the utilization and seasonal distribution of juvenile Chinook and chum salmon 
in relation to juvenile salmon access to historical and existing intertidal marshes and other 
shallow sub-tidal habitats. 
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When responding to this IR, integrate any new information generated in Proponent Responses 
that would be relevant, such as from IRs in Packages 5 (4, 7, 14 and 28), 7 (24-31), 8 (5, 6 
and 8) and 9 (5). 

VFPA Response 

The response below provides technical information and a table as requested 

(Table IR11-20-A1 in Appendix IR11-20-A) by re-organising information on the assessment 

of potential Project-related effects on juvenile Chinook and chum salmon during their seasonal 

occupation of Roberts Bank in the vicinity of the Project that was presented in EIS 

Section 13.6.3.1 and augmented with information included in subsequent submissions to the 

Panel where relevant; no new information is presented in this response. Assessment 

information is re-organised with the intention to explain that the outputs of the Roberts Bank 

ecosystem model were not relied upon exclusively; rather, they were considered as one of 

multiple lines of evidence in assessing potential changes in juvenile salmon productivity from 

terminal and causeway footprints (i.e., changes in habitat availability). All other effect 

mechanisms were assessed in the EIS independently of ecosystem model outputs. In advance 

of this information, some clarifications are presented. 

Clarification 

The VFPA would like to clarify that Fisheries and Oceans Canada’s (DFO’s) understanding 

(reiterated in response to DFO IR-19 in CEAR Document #11021) that outputs of the Roberts 

Bank ecosystem model “are not intended to be used to forecast the responses of any 

particularly functional group, but to forecast the effect of the Project on the overall 

productivity of the entire ecosystem” is inaccurate. As stated in the Preamble in Support of 

Responses to IR3-01 to IR3-24 – Roberts Bank Ecosystem Model of CEAR Document #9842, 

the objective of the Roberts Bank ecosystem model was not to provide an assessment of 

Project impacts for each functional group at a fine temporal scale. Instead, the ecosystem 

model was used to forecast longer term changes in the productive potential of each functional 

group that may result from terminal and causeway footprints by incorporating ecosystem 

considerations; in other words, by considering how Project-related changes in productivity of 

each functional group may cascade through and influence directly or indirectly the productivity 

of other species/groups that are embedded in the food web of the Roberts Bank ecosystem. 

Seasonality for highly mobile and migratory species/groups was captured in the ecosystem 

model using methods considered best practice in constructing Ecopath with Ecosim and 

Ecospace models (Heymans et al. 2016; also explained in responses to IR3-05, IR3-06, and 

IR3-13 of CEAR Document #948). Consistent with the recommendation made by the 

Productive Capacity Technical Advisory Group, the ecosystem model was also used to forecast 

changes that may result from terminal and causeway footprints in the structure and function 

of the Roberts Bank ecosystem as a whole (see the Preamble in Support of Responses to 

                                           

1 CEAR Document #1102 From Fisheries and Oceans Canada to the Review Panel re: Response to 
Information Requests issued by the Review Panel on September 27, 2017 (See Reference Document 
#1062) 
2 CEAR Document #984 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 3 (See Reference Document # 928). 
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IR3-01 to IR3-24 – Roberts Bank Ecosystem Model and the response to IR3-24 of CEAR 

Document #984). 

Given the above consideration, the Roberts Bank ecosystem model provides a useful 

indication of the relative change over the longer term on each functional group (including 

juvenile Chinook and chum salmon) with and without the Project, using biomass ratios as an 

indicator of direct and indirect food web influences. Model outputs can be aggregated to higher 

levels of resolution (e.g., at the ecosystem level; see response to IR3-24 of CEAR Document 

#984) and are also valid and appropriate to use at the resolution of functional groups. The 

results of the ecosystem model are strengthened by the extensive sensitivity analyses 

completed in the EIS (see EIS Appendix 10-D) and in subsequent submissions to the Panel 

(e.g., CEAR Document #5473, question 2.7; responses to IR3-09 and IR3-23 of CEAR 

Document #984), which demonstrate that ecosystem model outputs for juvenile Chinook and 

chum salmon are robust to uncertainty in input parameters (see Figure B3 of Appendix 2.7-B 

in CEAR Document #547). 

The VFPA would also like to clarify that, as described in responses to IR3-03 and IR3-04 of 

CEAR Document #984, the scale of the Roberts Bank ecosystem model is relevant and 

appropriate for detecting and quantifying changes in the productivity of juvenile Chinook and 

chum salmon that may result from the Project’s proposed footprint. Spatial boundaries of the 

ecosystem model were selected to encompass the anticipated maximum extent of Project-

related changes in coastal geomorphic processes, which in turn influence the productivity of 

the Roberts Bank ecosystem components, including juvenile Chinook and chum salmon (see 

responses to IR3-03 and IR3-04 of CEAR Document #984). This is demonstrated in 

Figures 3-23 and 3-27 in EIS Appendix 10-C for juvenile Chinook and chum salmon, 

respectively, whereby forecasted Project footprint-related changes in the productivity of 

juvenile Chinook and chum salmon are distributed well within the boundaries of the model’s 

study area. Furthermore, the model’s study area was also informed by the local assessment 

area (LAA) for marine fish, which was set based on the anticipated effects of the Project, and 

no larger, so as to avoid diluting pertinent Project effects. It also includes shore-tied, 

intertidal, shallow subtidal, and deeper waters of Roberts Bank that were shown to be 

predominantly occupied by juvenile salmon, based on results of field surveys undertaken for 

the Project (see TDR MF-3 in Appendix AIR 10-C of CEAR Document #3884). 

Overall, the Roberts Bank ecosystem model was one of many tools used to integrate site-

specific information and derive estimates of how species/groups and the Roberts Bank 

ecosystem as a whole may respond to perturbation as a result of Project implementation. Its 

outputs were considered as one of multiple lines of evidence, which where integrated following 

                                           

3 CEAR Document #547 From the Vancouver Fraser Port Authority to the Review Panel re: Answers to 
preliminary technical questions submitted during the completeness phase from Fisheries and Oceans 
Canada, Natural Resources Canada, and Environment and Climate Change Canada, concerning the 
ecosystem modelling to support the Roberts Bank Terminal 2 Project environmental review (NOTE: 
Updated September 28th, 2016). 
4 CEAR Document #388 From Port Metro Vancouver to the Canadian Environmental Assessment Agency 
re: Completeness Review – Responses to Additional Information Requirements Follow-Up (See 
Reference Document # 345) including 22 Technical Data Reports. 
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the process described in the response to IR5-29 of CEAR Document #11855, and explained in 

detail below as it applies to the juvenile salmon assessment. 

Conduct an effects assessment of the proposed Project within the Marine Fish Local 
Assessment Area (EIS Figure 13-1) on juvenile Chinook and chum salmon in the 
vicinity of the Project that is independent of the RB model results. Include an 
evaluation of the effects of the Project on juvenile Chinook and juvenile chum 
survival during their seasonal occupation of Roberts Bank in the vicinity of the 
Project. Provide a table summarizing the respective sources of evidence relied upon 
to draw effects conclusions and their relative weighting. 

A detailed assessment of Project-related changes in the productivity of juvenile Chinook and 

chum salmon is provided in EIS Section 13.6. The assessment focused on the time juvenile 

Chinook and chum salmon are present in the LAA during outmigration and transitioning to 

estuarine and coastal rearing habitats (i.e., spring and summer), as this is when they are 

likely to interact with and potentially be affected by the Project. Assessment conclusions 

presented in the EIS, which were drawn using multiple lines of evidence and not relying 

exclusively on the results of the ecosystem model (as indicated in EIS Section 13.6.3.1 and 

described in the response to IR5-29, including updated flow charts in Appendix IR5-29-A of 

CEAR Document #1185), are summarised below: 

 Multiple lines of evidence, including best available, peer reviewed science, empirical 

data from the Project’s field surveys, previous environmental assessments at Roberts 

Bank, and conclusions of the assessment of Project-related changes to intermediate 

components (ICs) and other valued components (VCs) support the assessment of 

potential minor changes (with the Project) in the productivity of juvenile Chinook and 

chum salmon. 

 The Project, before mitigation (offsetting), is forecasted to result in an expansion of 

naturally occurring intertidal marsh due to improved growing conditions; intertidal 

marsh is known to provide productive habitat for juvenile salmon, based on Indigenous 

traditional knowledge and scientific literature. 

 Known effective mitigation measures will be implemented to avoid or reduce potential 

Project effects to juvenile salmon, and proposed offsetting in the form of eelgrass and 

intertidal marsh transplants will increase juvenile salmon productivity; overall, with 

mitigation, potential Project-related change in juvenile salmon productivity is assessed 

to be negligible with no residual effect. 

 Best available scientific information suggests that declines in juvenile Chinook and 

chum salmon populations are regional and predominantly driven by large scale 

atmospheric/oceanic mechanisms, rather than local factors such as shoreline 

development (see second part of the response). 

                                           

5 CEAR Document #1185 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Requests IR5-28 and IR5-29 (See Reference Document #975). 
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For increased clarity, the response below (including Table IR11-20-A1 in 

Appendix IR11-20-A) expands on how each line of evidence was used to inform the 

assessment conclusion for juvenile Chinook and chum salmon. 

Multiple Lines of Evidence Approach Used in the Assessment of Juvenile Chinook 
and Chum Salmon Productivity 

Multiple lines of evidence were considered and integrated in the assessment of Project-related 

effects on marine fish sub-components, including juvenile Chinook and chum salmon. The 

ecosystem model forecasted a minor increase with the Project in the productive potential of 

juvenile Chinook and chum salmon, which was likely over-estimated based on sensitivity 

analyses. Because the ecosystem model did not account for potential disturbance during 

construction (e.g., acoustic or lighting disturbance, turbidity, etc.) or during operation 

(e.g., movement/berthing of container ships), outputs of the ecosystem model were not used 

as the sole basis for drawing assessment conclusions. Other lines of evidence were integrated 

into a qualitative assessment of juvenile Chinook and chum salmon effects. 

Overall, lines of evidence that were integrated into the juvenile salmon assessment included 

ecosystem model outputs, empirical data collected during the Project’s field surveys, literature 

findings, evidence from previous environmental assessments, and assessment conclusions of 

the Project’s ICs and other VCs. The integration process followed the conceptual approach 

outlined in the response to IR5-29 of CEAR Document #1185 and relied on expert opinion; 

no relative weighting was applied. As a whole, all lines of evidence support the assessment 

of potential minor changes (with the Project) in the productivity of juvenile Chinook and chum 

salmon, which with mitigation are assessed to be negligible. Each line of evidence is described 

more fully below. 

1. Ecosystem Model Evidence 

Roberts Bank Ecosystem Model Key Run 

The Roberts Bank ecosystem model forecasted that, under ‘Future Conditions with the 

Project’, productivity of juvenile Chinook and chum salmon would increase by 0.10 tonnes (t) 

(or 16%) and 0.07 t (or 14%), respectively, relative to ‘Future Conditions without the Project’ 

(Table 3.2 in EIS Appendix 10-C). Independent of any other lines of evidence (which are 

described below), this increase is considered ‘minor’ as per the classification system 

categories used in the EIS of negligible, minor, moderate, and high6. A minor increase in the 

productivity of juvenile Chinook and chum salmon was forecasted to result primarily from 

increases in the productivity of juvenile salmon prey (EIS Section 13.6.3.1 and summary in 

Table IR11-20-A1 in Appendix IR11-20-A). 

                                           

6 In CEAR Document #314, productivity change was characterised according to the following categories: 
Negligible = 0% to 5% change; Minor = 6% to 30% change; Moderate = 31% to 60% change; High = 
61% to 100% change. 
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Roberts Bank Ecosystem Model Sensitivity Analyses 

Sensitivity analyses were conducted to evaluate the robustness of ecosystem model outputs 

to uncertainty in input variables and assess whether forecasts of productivity change for each 

sub-component may be over- or underestimated (EIS Appendix 10-D). In particular, a Monte 

Carlo approach was used to test for sensitivity in input assumptions (for details refer to the 

Preamble in Support of Responses to IR3-01 to IR3-24 – Roberts Bank Ecosystem Model of 

CEAR Document #984). Based on the results of the Monte Carlo analysis, increases with the 

Project in productivity of juvenile Chinook and chum salmon remain minor but are 

overestimated by 6% and 4%, respectively. 

Furthermore, additional sensitivity analyses undertaken using wider confidence intervals 

(question 2.7 in CEAR Document #547) confirm that ecosystem model outputs are robust to 

uncertainty in input variables. Based on results of additional sensitivity analyses, increases 

with the Project in the productivity of juvenile Chinook and chum salmon remain minor but 

are overestimated by 6% and 5%, respectively (Figure B3 in Appendix 2.7-B of CEAR 

Document #547). 

Overall, forecasts of the Roberts Bank ecosystem model and results from sensitivity analyses 

together indicate that the direction of productivity change with the Project for juvenile Chinook 

and chum salmon is positive and within the minor category. 

2. Empirical Evidence 

Juvenile salmon field surveys were conducted for the Project in 2012 and 2013 to support the 

assessment by providing updated, site-specific information on seasonal presence, abundance, 

and distribution of juvenile salmon in the intertidal and subtidal zones in the vicinity of RBT2, 

as well as document movement patterns north of the Roberts Bank causeway (TDR MF-3 in 

Appendix AIR 10-C of CEAR Document #388). Further, genetic analysis was undertaken in 

2015 on juvenile Chinook fin clip samples collected in the Fraser River estuary by the VFPA in 

2013 and by DFO in 2014 to inform the origin and composition of juvenile Chinook salmon 

stocks that use estuarine habitats at Roberts Bank to rear (see response to IR5-19 in CEAR 

Document #11387). Empirical data contributed to the scientific knowledge and understanding 

of juvenile salmon ecology at Roberts Bank and enabled potential effects to be rigorously 

assessed and appropriately contextualised. This is explained further below. 

Injury and direct mortality: Field surveys at Roberts Bank confirmed that juvenile Chinook 

and chum salmon rear in the vicinity of RBT2 primarily within intertidal habitats in spring, and 

transitioning to subtidal locations as they grow in the summer. Within intertidal habitats, 

juvenile chum salmon were found to be more abundant at shore-tied locations (than 

nearshore ones), while no differences in abundance were recorded between nearshore and 

shore-tied locations for juvenile Chinook. Both salmon species exhibit no particular preference 

for a single habitat type (TDR MF-3 in Appendix AIR 10-C of CEAR Document #388). These 

findings are relevant to the assessment because they confirm that construction activities 

                                           

7 CEAR Document #1138 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Requests IR5-19, IR5-39 and IR5-40 (See Reference Document #975). 
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associated with widening of the causeway and expansion of the tug basin overlap spatially 

with the distribution of juvenile salmon that rear in intertidal areas in the vicinity of RBT2. 

They also confirm that terminal placement in deeper subtidal waters (EIS Section 5.0) will 

avoid spatial overlap with highly productive intertidal habitats used by rearing juvenile 

salmon. Thus, this line of evidence appropriately contextualises a potential minor (i.e., 6% to 

30%) decrease in juvenile salmon productivity predicted to result from injury and direct 

mortality during construction activities along the north side of the causeway and in the inter-

causeway area in the vicinity of the expanded tug basin. 

Changes in habitat availability: Results from the juvenile salmon directional seine survey 

suggest that outmigration of juvenile Chinook and chum salmon may not be as linear as 

hypothesised in the literature. Specifically, juvenile salmon access multiple interconnected 

habitats within the intertidal zone aided by the tides, entering tidal channels late during the 

flooding tide and actively remaining in the intertidal zone until late in the ebbing tide (TDR 

MF-3 in Appendix AIR 10-C of CEAR Document #388). Moreover, juvenile salmon continue to 

access habitats south of the Roberts Bank causeway; however, using results from the juvenile 

salmon directional seine survey, it is not possible to establish whether juvenile salmon use 

the inter-causeway area to a lesser degree than areas north of the causeway and terminal 

(TDR MF-3 in Appendix AIR 10-C of CEAR Document #388). Based on genetics analysis 

results, Chinook stocks that rear at Roberts Bank are predominantly ocean-type (see response 

to IR5-19 in CEAR Document #1138). Although both stream-type and ocean-type Chinook 

have shown declines in spawner abundance over the past decade, rates of decline for stream-

type Chinook are generally greater than for ocean-type Chinook (Brown et al. 2016a, 2016b, 

2016c). 

These findings are relevant to the assessment as they were used to appropriately 

contextualise and assess the scale of a potential effect on the outmigration behaviour of 

juvenile Chinook and chum salmon from changes in habitat availability. Specifically, terminal 

placement was predicted to potentially disrupt outmigration by increasing linear travel 

distance and time spent in deeper waters along the terminal length. Based on empirical 

evidence, shore-tied chum salmon were considered to be more susceptible to migration 

divergence than Chinook salmon. Potential losses in juvenile salmon productivity from 

changes in habitat availability were assessed to be minor (see EIS Section 13.6.3.1 and 

response to IR5-18 in CEAR Document #11538). 

Overall, this line of evidence supports the assessment prediction of a minor loss in the 

productivity of juvenile Chinook and chum salmon from injury and direct mortality, as well as 

changes in habitat availability. 

                                           

8 CEAR Document #1153 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Requests IR5-02, IR5-11, IR5-13, IR5-17, IR5-18, IR5-22, IR5-25, IR5-26, IR5-27, 
IR5-43, and IR5-44 (See Reference Document # 975). 
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3. Literature Evidence 

Peer-reviewed scientific literature and government or industry reports were used as a line of 

evidence in the assessment to describe existing conditions as well as inform and/or support 

predictions of future conditions of juvenile Chinook and chum salmon with the Project. Results 

of juvenile salmon field studies were compared to the literature to assess consistency with 

prior work and provide context. For example, as indicated above, results from field surveys 

undertaken for the Project suggest that juvenile salmon access multiple interconnected 

habitats within the intertidal zone aided by the tides. Similar findings are also reported from 

studies undertaken elsewhere in estuaries of the Pacific Northwest, which reveal that 

movement patterns of outmigrating juvenile salmon are variable (not just linear; 

e.g., Celedonia et al. 2008), influenced by biotic and abiotic conditions (e.g., Gregory 1993, 

Gregory and Levings 1998, Hering et al. 2010; see response to IR5-18 in CEAR 

Document #1153). Thus, literature was collated, evaluated for relevance, and integrated into 

the assessment to substantiate field survey results. 

Changes in the light environment: Literature was also used to support the characterisation of 

potential effects on juvenile salmon from changes in the light environment. Specifically, the 

prediction of minor loss in juvenile salmon productivity from changes in the light environment 

(see EIS Section 13.6.3.1) was based on literature that reports on both positive and negative 

effects that shading and structural lighting may have on juvenile salmon behaviour (e.g., Yurk 

and Trites 2000, Williams et al. 2003, Nightingale et al. 2006, Ono et al. 2010, Tabor et al. 

2017). Specifically, juvenile chum salmon tend to deviate from their path and contour around 

shaded areas before continuing their movement along the shoreline (Williams et al. 2003, 

Toft et al. 2007, Ono et al. 2010). Such deviation may delay outmigration from a few hours 

to a couple of days (Ono and Simenstad 2014), which may comprise up to 8% of the time 

juvenile salmon spend rearing in the estuary (see responses to IR5-18 and IR5-25 in CEAR 

Document #1153). Structural lighting may increase foraging opportunities for juvenile salmon 

by illuminating prey at night (e.g., Nightingale et al. 2006), but may also increase the risk of 

predation on juvenile salmon (Yurk and Trites 2000). Overall, this line of evidence supports 

the assessment prediction of a minor loss in the productivity of juvenile Chinook and chum 

salmon from changes in the light environment. 

4. Evidence from Previous Environmental Assessments 

Another line of evidence that was used to describe existing conditions and inform the 

evaluation of change in the productivity of juvenile Chinook and chum salmon included 

information gathered and lessons learned during the environmental assessment for the 

Deltaport Third Berth project (DP3). Juvenile salmonids were assessed as a valued ecosystem 

component for DP3 and field studies were conducted to support baseline conditions (Triton 

2004). These studies are relevant to the RBT2 assessment as they provide relatively recent 

empirical data used to describe RBT2 existing conditions that pertain to the distribution and 

habitat use of juvenile salmon at Roberts Bank (see EIS Section 13.5.1); they also enable 

trends in relative abundance and habitat use to be qualitatively tracked over time (see TDR 

MF-3 in Appendix AIR 10-C of CEAR Document #388). Also, the lessons learned from 

mitigation for DP3 helped inform the effectiveness and implementation of RBT2’s mitigation 

measures. 
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More importantly, studies were conducted to assess the effectiveness of intertidal habitats 

constructed as compensation for DP3; these studies found that juvenile salmon (in particular 

shore-tied chum) continue to access intertidal rearing habitats in the inter-causeway area and 

fish community composition, species richness, and diversity showed no significant inter-

annual differences between 2008 and 2015, pre- and post-construction of compensation 

habitats9 (Archipelago and Williams 2016). Results are relevant to the RBT2 assessment as 

they were used to contextualise the rating of ‘minor’ loss in juvenile salmon productivity from 

changes in habitat availability (outmigration divergence; see above discussion under ‘2. 

Empirical Evidence’). 

5. Evidence from Conclusions of Other Intermediate/Valued Component Assessments 

As described in the response to IR5-29 (CEAR Document #1185) for all VCs, the assessment 

of potential Project effects on marine fish was highly integrative of data generated and 

conclusions drawn within the following IC and VC assessments: coastal geomorphology, 

surficial geology and marine sediment, marine water quality, underwater noise, and marine 

vegetation. This is described further below (and summarised in Table IR11-20-A1 in 

Appendix IR11-20-A). 

Changes in sedimentation and coastal processes: Conclusions of the coastal geomorphology 

assessment were incorporated into the marine fish effects assessment as a mechanism of 

potential productivity change (EIS Sections 13.6.1.4 and 13.6.2.2). Results of the coastal 

geomorphology assessment indicated that the Project is expected to cause changes in coastal 

processes that are localised and minor in the context of natural dynamics (i.e., the tidal flats 

and delta foreslope exist in a dynamic environment where ongoing change is expected). 

Because geomorphic changes are predicted to be localised, and juvenile salmon are adapted 

to fluctuating estuarine conditions, effects on juvenile salmon resulting from changes in 

sedimentation and coastal processes were deemed to be negligible. Changes in sedimentation 

and coastal processes were also deemed to influence changes in the productivity of eelgrass 

and intertidal marsh (see EIS Section 11.6.3.2 and response to IR8-08 of CEAR Document 

#121610), and indirectly juvenile salmon through changes in habitat availability (see below). 

Changes in water quality: Conclusions of the surficial geology and marine sediment 

assessment were integrated in the marine fish effects assessment as a mechanism of potential 

productivity change, specifically contaminant re-suspension (EIS Sections 13.6.1.3 and 

13.6.2.1). Based on conclusions of the surficial geology and marine sediment assessment, 

contaminants present at Roberts Bank are closely associated with fine sediments that have 

largely accumulated in locations outside those that will be disturbed by Project activities (such 

as the upper intertidal zone north of the causeway near Brunswick Point). No appreciable 

                                           

9 As indicated in the response to IR7-28 in CEAR Document #1275, monitoring was undertaken in 2008 
and 2009 prior to the construction of compensation habitats, followed by post-construction monitoring 
in 2010, and effectiveness monitoring for five growing seasons between 2011 and 2015 (Archipelago 
and Williams 2016). 
10 CEAR Document #1216 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR8-01, IR8-02, IR8-05, IR8-08, IR10-03, IR10-04 and IR10-5 (See Reference 
Documents #1071 and #1130). 
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sediment contamination was observed in Project areas. As a result, potential effects on 

juvenile Chinook and chum salmon from re-suspension of sediment contaminants were 

characterised as negligible. 

Conclusions of the marine water quality assessment were also incorporated into the marine 

fish effects assessment as a mechanism of potential productivity change, specifically changes 

in total suspended solids (TSS) and salinity (EIS Sections 13.6.1.3 and 13.6.2.1). Potential 

effects on juvenile Chinook and chum salmon from changes in water quality were 

characterised as negligible given the following: Project-induced increases in TSS are predicted 

within the ambient range beyond localised areas of disturbance (including the dredge basin 

at -30 m chart datum (CD) and the supernatant discharge sites at -45 m CD); the TSS plume 

is not expected to extend onto the tidal flats; and predicted salinities are expected to remain 

within the ideal growth range for juvenile salmon. As discussed in Project Construction Update 

(PCU) Section 3.2.3 (CEAR Document #121011), changes associated with the updated 

construction activities decrease the amount of TSS generated by Project activities, such that 

potential effects to marine fish are expected to decrease in response; hence, the assessment 

presented in EIS Sections 13.6.1.3 and 13.6.2.1 are considered sufficient, if not conservative. 

Changes in the acoustic environment: Conclusions of the underwater noise assessment were 

integrated in the marine fish effects assessment as a mechanism of potential productivity 

change (EIS Sections 13.6.1.2 and 13.6.3.1). Potential injury effects on juvenile Chinook and 

chum salmon from changes in the acoustic environment were assessed as minor based on 

underwater noise modelling results that predicted exceedances of injury thresholds in the 

immediate vicinity of impact piling activities with the potential to cause injury and mortality 

of fish. Acoustic disturbance in the immediate vicinity of pile driving activities is expected to 

be negligible. Overall, this line of evidence supports the assessment conclusion of minor loss 

in productivity of juvenile Chinook and chum salmon from changes in the acoustic 

environment. 

Changes in habitat availability: As indicated above, based on empirical evidence (see line of 

‘2. Empirical Evidence’ above), the Project has the potential to disrupt juvenile salmon 

outmigration and potentially result in a minor productivity loss from changes in habitat 

availability. Conclusions drawn within the marine vegetation assessment, specifically changes 

in the productivity of intertidal marsh (EIS Section 11.6.3.2), were considered and helped 

contextualise the conclusion of minor loss in juvenile salmon productivity from changes in 

habitat availability. Specifically, minor (25%) increases in the productivity of intertidal marsh 

as a result of the Project, forecasted by the ecosystem model and supported by other lines of 

evidence (see EIS Section 11.6.3.2 and response to IR8-08 of CEAR Document #1216), are 

expected to benefit juvenile salmon and counterbalance some of the productivity losses 

predicted from disruption to juvenile salmon outmigration. Increases in intertidal marsh 

forecasted with the Project are expected to provide additional refuge habitat for juvenile 

salmon and enhance the invertebrate community targeted by juvenile salmon for food. To 

capture these benefits, predicted increases in tidal marsh (other than those associated with 

                                           

11 CEAR Document #1210 From the Vancouver Fraser Port Authority to the Review Panel re: Project 
Construction Update (See Reference Document #995) (NOTE: Updated June 13, 2018). 
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proposed offsetting; see below) were qualitatively integrated in the assessment of juvenile 

salmon effects from ‘changes in habitat availability’. 

Proposed Mitigation 

Mitigation measures pertinent to the assessment of Project-related changes in the juvenile 

salmon productivity are described in EIS Section 13.7 and are summarised below. With 

mitigation, Project-related changes in juvenile salmon productivity are assessed as negligible, 

with no residual effect. 

Avoidance 

 Placement of the terminal in the subtidal zone will avoid overlap with sensitive 

intertidal habitats, such as intertidal marsh and eelgrass beds, upon which juvenile 

Chinook and chum depend for multiple life processes. 

 To the extent feasible, Project-related construction activities that may result in adverse 

effects to juvenile Chinook and chum salmon will be conducted outside the fisheries-

sensitive window from March 1 to August 15, above ‒5.0 m CD. 

Reduction 

 A Marine Species Salvage Plan will provide for the removal of marine fish (including 

juvenile Chinook and chum salmon) prior to infilling of all containment dykes. 

 An Underwater Noise Management Plan will describe measures to manage underwater 

noise and over-pressure waves generated during pile driving and other construction 

activities as necessary to avoid or reduce potential effects on marine fish (including 

juvenile Chinook and chum salmon). 

 A Light Management Plan will be implemented during Project construction and 

operation to minimise excess artificial lighting from the Project on the marine 

environment. 

 A Construction Compliance Monitoring Plan will describe the environmental compliance 

monitoring and reporting framework for the Project’s construction phase, including 

routine compliance-checking sample collection of measurable parameters such as 

underwater noise, TSS, and turbidity. 

Offsetting 

 Proposed onsite offsetting to mitigate Project-related effects to marine fish, including 

juvenile Chinook and chum salmon, includes transplanting of 3 hectares (ha) of native 

eelgrass and 15 ha of intertidal (salt) marsh. This is in addition to a 25% increase 

(with the Project) in the productivity of naturally occurring intertidal marsh forecasted 

by the ecosystem model (see ‘5. Evidence from Conclusions of Other 

Intermediate/Valued Component Assessments’ above). As indicated in the responses 
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to IR7-28 and IR7-29 of CEAR Document #127512, intertidal marsh and eelgrass are 

well understood in the literature to provide productive foraging, rearing, and refuge 

opportunities for juvenile Chinook and chum salmon. This is also supported by 

Indigenous traditional knowledge based on input13 from Tsawwassen First Nation and 

Musqueam First Nation who noted that eelgrass is beneficial habitat for salmon and 

other fish and indicated support for eelgrass habitat restoration consistent with their 

traditional approach to restoration. Moreover, there is precedent for conducting 

intertidal marsh and eelgrass transplants at Roberts Bank and there is high confidence 

in the success and effectiveness of this measure (see responses to IR7-28 and IR7-29 

of CEAR Document #1275 regarding effectiveness of intertidal marsh and native 

eelgrass transplants, respectively). 

Summary 

Multiple lines of evidence, and not the results of the ecosystem model exclusively, support 

the assessment of minor loss (pre-mitigation) in the productivity of juvenile Chinook and 

chum salmon as a result of the Project. Alongside ecosystem model outputs, other lines of 

evidence were integrated into the assessment qualitatively to account for the contribution of 

Project effect mechanisms that were not considered within the context of the ecosystem 

model. As discussed in EIS Section 13.6.3.1 and shown in Table IR11-20-A1 

(Appendix IR11-20-A), although the ecosystem model forecasted a minor increase in 

juvenile salmon productivity with the Project, other lines of evidence suggest a minor loss in 

juvenile salmon productivity via construction, acoustic and lighting disturbance, and migration 

mechanisms. As a result, consideration of other lines of evidence changed the direction of the 

ecosystem model output and a minor loss in juvenile salmon productivity was assessed pre-

mitigation instead of a minor gain predicted by the ecosystem model. Therefore, the same 

assessment conclusion would have been drawn even without considering the results of the 

ecosystem model per the information request. With mitigation, loss in juvenile salmon 

productivity with the Project is assessed as negligible. 

                                           

12 CEAR Document #1275 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR5-01a, IR7-28, IR7-29, IR10-02, IR10-06 to IR10-09, IR10-11 to IR10-26, 
IR11-07, IR11-22, IR11-23, IR12-03, IR12-06, IR13-01, and IR13-19 (See Reference Documents 
#1000, 1130, 1179, 1206 and 1228). 
13 Input provided by Musqueam and Tsawwassen First Nations during a workshop held on September 
12, 2016 and by Musqueam First Nation in subsequent meetings on June 16 and July 10, 2017. 
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Include a cumulative environmental effects assessment on juvenile Chinook and 
chum salmon in combination with other past, existing and future project effects and 
activities within the Marine Fish Local Assessment Area. Include the following 
existing structures: Tsawwassen causeway and terminal; Westshore terminal; 
Deltaport causeway; Deltaport including Deltaport Third Berth; and sea dykes 
between Brunswick Point and the Tsawwassen causeway. The cumulative 
environmental effects assessment should evaluate the effects of the above 
structures on the utilization and seasonal distribution of juvenile Chinook and chum 
salmon in relation to juvenile salmon access to historical and existing intertidal 
marshes and other shallow sub-tidal habitats. 

The effects on habitat use and seasonal distribution of juvenile Chinook and chum salmon at 

Roberts Bank associated with the construction of other past and existing projects (including 

those listed in the information request) are reflected in existing conditions described for 

juvenile salmon in EIS Section 13.5.1. This is consistent with the methodology described in 

EIS Section 8.1.9 and in the response to IR-7.31.15-13 of CEAR Document #31414). 

A cumulative effects assessment on juvenile Chinook and chum salmon is not warranted 

because, taking mitigation into account, potential Project-related changes in juvenile salmon 

productivity are assessed as negligible, with no residual effects that could combine with the 

effects of other projects or activities. 

Best available scientific information suggests that large scale environmental mechanisms, 

rather than local factors such as shoreline development, are predominantly responsible for 

recent declines in the productivity of Chinook and chum populations of the southern B.C. coast 

(including the Fraser River) (Dorner et al. 2008, 2017, Riddell et al. 2013, Ruff et al. 2017, 

Teffer et al. 2018). Specifically, an independent scientific panel (Riddell et al. 2013) explored 

various potential causes of the declines in productivity, including fisheries, condition and 

availability of freshwater and marine habitats, hatchery programs, pathogens, and climate 

change. The panel concluded that the predominant mechanism responsible for the declines in 

Chinook productivity in southern B.C. are persistent shifts in atmospheric and ocean 

conditions that influence food supply and affect growth and survival of juvenile Chinook in the 

early ocean life stage (Riddell et al. 2013). This finding is consistent with studies that explored 

a wider range of Chinook stocks (Dorner et al. 2017). This pattern also appears to apply to 

many stocks of chum salmon in B.C. (Dorner et al. 2008). 

The conditions of marine and freshwater habitats, including urban and shoreline development, 

were also considered in the panel’s investigation, but were not identified as the primary driver 

(Riddell et al. 2013). This is primarily because Chinook declines have occurred concurrently 

in both pristine and developed watersheds along large areas of the Pacific Coast. In the Fraser 

River, in particular, Chinook declines occurred two decades after existing infrastructure (listed 

                                           

14 CEAR Document #314 From Port Metro Vancouver to the Canadian Environmental Assessment Agency 
re: Completeness Review – Responses to Additional Information Requirements (See reference document 
# 271) for the Environmental Impact Statement. 
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in the information request) was installed in the estuary15. In addition, declines in recruitment 

over the last three decades show a strong temporal correlation across many stocks, which is 

best explained by a large scale factor affecting all of them, rather than a local factor such as 

shoreline development (Riddell et al. 2013, Dorner et al. 2017). 

In summary, potential Project-related changes in juvenile salmon productivity are assessed 

as negligible with mitigation, based on multiple lines of evidence. Moreover, as indicated in 

the first part of the response, juvenile salmon continue to access rearing habitats north and 

south of the Roberts Bank causeway. Because a residual change in juvenile salmon 

productivity is not anticipated with the Project, an assessment of cumulative effects is not 

required. 
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Table IR11-20-A1 Summary Assessment of Changes in Juvenile Chinook and Chum Salmon Productivity Based on Multiple Lines of Evidence and Pertinent Mitigation 

Mechanism and 
Nature of Effect 

Potential 
Productivity 
Change1 Pre-

Mitigation 

Rationale Based on Lines of Evidence and Information Sources 
Mitigation Measures 

(Information Sources) 

Potential 
Productivity 
Change Post-

Mitigation 
Empirical Evidence Ecosystem Model Outputs 

Other Evidence (Literature, Other 
Models, IC Sections, etc.) 

Injury and direct 
mortality 

 Burial during 
construction of 
permanent 
containment dykes, 
fill, and preload of 
contained areas 
along east and west 
portion of causeway 

 Limited entrainment 
during cutter 
suction dredging of 
the dredge basin 

 Crushing or 
entrainment during 
clamshell dredging 
of the tug basin 

Minor loss  Footprint and activities for causeway 
widening overlap spatially with 
intertidal habitats north of the 
causeway used by juvenile salmon for 
rearing. 

 Footprint and activities for tug basin 
expansion overlap spatially with 
intertidal habitats in the inter-
causeway area used by juvenile 
salmon for rearing. 

 There is little spatial overlap with 
dredging in the dredge basin that will 
be occurring at -30 m CD, as juvenile 
salmon inhabit surface waters 
(to -5 m CD). 

 Based on 2012/2013 field surveys 
conducted in the LAA for the Project: 
o Juvenile chum salmon are most 

abundant in spring, at shore-tied 
locations, but may also use 
intertidal nearshore and subtidal 
areas in low numbers and patchy 
distribution. In the summer, as 
they grow larger in size, juvenile 
chum transition to subtidal 
locations. 

o Comparable abundances of 
juvenile Chinook salmon at 
intertidal nearshore and shore-tied 
locations suggest that juvenile 
Chinook are not as shore-tied as 
juvenile chum. 

o Juvenile chum and Chinook salmon 
were caught at various habitat 
types in the intertidal, including 
salt marsh, eelgrass, sandflat, and 
rip-rap, with no apparent 
preference for a single habitat 
type. 

 EIS Section 13.6.3.1, TDR MF-3 in 
Appendix AIR10-C of CEAR Document 
#388, response to IR5-18 in CEAR 
Document #1153 

n/a  Entrainment during cutter suction 
dredging is most impactful within 
spatially constricted waterways 
(Nightingale and Simenstad 2001a), 
which Roberts Bank is not. 

 Early natural mortality of juvenile 
salmon generally exceeds 90% to 95% 
(Bradford 1995, Trudel and Hertz 
2013); incremental Project-induced 
mortality is predicted to be minimal 
relative to the scale of what occurs 
naturally. 

 EIS Section 13.6.3.1 

 Terminal placement will occur 
predominantly in the subtidal 
zone to avoid overlap with 
intertidal rearing habitats. 

 The juvenile salmon fisheries-
sensitive window will be adhered 
to (i.e., construction in waters 
shallower than ‒5.0 m CD will be 
undertaken outside the March 1-
August 15 timing window, when 
juvenile salmon have transitioned 
to coastal, non-estuarine rearing 
areas). 

 Marine Species Salvage Plan will 
remove marine fish (including 
juvenile Chinook and chum 
salmon) prior to infilling of all 
containment dykes. 

 EIS Sections 13.7.1 and 13.7.2 

Negligible loss 

                                           

1 Productivity change was characterised according to the following categories: Negligible = 0% to 5% change; Minor = 6% to 30% change; Moderate = 31% to 60% change; High = 61% to 100% change (also see IR-7.31.15-07 of CEAR 
Document 314). 
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Mechanism and 
Nature of Effect 

Potential 
Productivity 
Change1 Pre-

Mitigation 

Rationale Based on Lines of Evidence and Information Sources 
Mitigation Measures 

(Information Sources) 

Potential 
Productivity 
Change Post-

Mitigation 
Empirical Evidence Ecosystem Model Outputs 

Other Evidence (Literature, Other 
Models, IC Sections, etc.) 

Changes in the acoustic 
environment 

 Injury and direct 
mortality during 
activities generating 
impulsive 
underwater sound 
(e.g., impact piling) 

 Acoustic 
disturbance during 
activities generating 
non-impulsive 
(continuous) 
underwater sound 
(e.g., vibratory 
piling, dredging) 

Minor loss from 
injury and direct 
mortality 

Negligible loss 
from acoustic 
disturbance 

n/a n/a  Based on underwater noise modelling 
conducted for the Project: 
o Limited mortality or injury is 

predicted within the vicinity (i.e., 
< 50 m) of impact piling activities. 

o Negligible behavioural avoidance is 
predicted within the immediate 
vicinity (i.e., <20 m) of impact 
piling activities. 

o No acoustic disturbance is 
predicted even within close 
proximity to continuous sound 
source activities. 

 Salmon are much less sensitive to 
sound pressure than species such as 
herring, and sound levels generated 
during vibratory piling are not 
predicted to reach the behavioural 
threshold for salmon. 

 EIS Section 13.6.3.1, responses to 
IR5-26 and IR5-27 in CEAR Document 
#1153, Project Construction Update 
(PCU) Sections 3.1.7 and 3.2.3 of 
CEAR Document #12102 

 Standard management and 
industry practices for underwater 
noise will be employed (e.g., use 
of vibratory hammer where 
practical; limit use of impact 
hammer for the final set and blow 
count testing). 

 Underwater Noise Management 
Plan will reduce potential adverse 
effects of pile driving and other 
construction activities on marine 
fish (including juvenile Chinook 
and chum salmon). 

 Construction Compliance 
Monitoring Plan will monitor 
parameters for underwater noise 
that pertain to marine fish 
(including juvenile Chinook and 
chum salmon). 

 EIS Section 13.7.3, responses to 
IR5-26 and IR5-27 in CEAR 
Document #1153 

Negligible loss 

Changes in water 
quality 

 Physical injury and 
behavioural 
disturbance from 
increased levels of 
TSS during Project 
construction 
activities such as 
dredging, dyke 
construction, and 
vibro-replacement 

 Physiological and 
behavioural effects 
associated with 
local changes in 
coastal 
geomorphology, 
including salinity 
patterns 

Negligible loss n/a n/a  Based on sediment dispersion 
modelling conducted for the Project: 
o Project-induced increase in TSS is 

predicted within the ambient range 
beyond localised areas of 
disturbance (ambient TSS values 
up to 60 mg/L in the subtidal, up 
to 260 mg/L in the intertidal during 
spring freshet). 

o TSS concentrations are not 
predicted to exceed the high-flow 
guideline, except in the immediate 
area surrounding the supernatant 
discharge sites (-45 m CD). 

o There is no spatial overlap with 
subtidal dredging (~-30 m CD) and 
supernatant discharge sites 
(-45 m CD), as: 
 Juvenile salmon inhabit surface 

waters (to -5 m CD) when in 
the subtidal. 

 TSS plume is not expected to 
extend onto the tidal flats. 

 Juvenile salmon are adapted to 
naturally high TSS levels that can 
range from 500 to 1,000 mg/L during 

 Construction Compliance 
Monitoring Plan will monitor 
parameters for the protection of 
aquatic life (including juvenile 
Chinook and chum salmon) from 
TSS and turbidity. 

 EIS Section 13.7.4 

Negligible loss 

                                           

2 CEAR Document #1210 From the Vancouver Fraser Port Authority to the Review Panel re: Project Construction Update (See Reference Document #995) (NOTE: Updated June 13, 2018). 
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Mechanism and 
Nature of Effect 

Potential 
Productivity 
Change1 Pre-

Mitigation 

Rationale Based on Lines of Evidence and Information Sources 
Mitigation Measures 

(Information Sources) 

Potential 
Productivity 
Change Post-

Mitigation 
Empirical Evidence Ecosystem Model Outputs 

Other Evidence (Literature, Other 
Models, IC Sections, etc.) 

freshet, from 100 to 200 mg/L in late 
summer and fall, and from 50 to 
100 mg/L during low flow in winter 
(McLean and Church 1986). 

 TSS levels that may harm juvenile 
salmon are notably higher (i.e., from 
~488 to 1,000 mg/L; Wilber and 
Clarke 2001) than predicted for the 
Project. 

 Juvenile salmon rearing in the estuary 
are adapted to a wide range of 
salinities (Healey 1991, Salo 1991). 
While the Project is expected to lower 
average salinities in specific intertidal 
areas, predicted salinities are expected 
to remain within the ideal growth range 
for juvenile salmon. 

 No effect on the productivity of juvenile 
Chinook and chum salmon is predicted 
from re-suspension of sediment 
contaminants. In the LAA, sediment 
contaminants are closely associated 
with fine sediments and have therefore 
accumulated in locations outside those 
that will be disturbed by Project 
activities. 

 EIS Section 13.6.2.1, PCU 
Sections 3.1.6 and 3.2.3 of CEAR 
Document #1210 

Changes in 
sedimentation and 
coastal processes 

 Changes in quality 
of juvenile salmon 
habitat due to 
changes in coastal 
geomorphology 
from terminal 
placement 

Negligible loss n/a n/a  Predicted seabed scour will be localised 
and water velocities will rarely exceed 
those favoured by juvenile salmon. 

 Increases in shoreward sediment 
deposition from terminal placement are 
unlikely to affect juvenile salmon, 
which are not associated with the 
seabed. 

 Fine sediment deposition north of the 
terminal may positively affect juvenile 
salmon through indirect effects on 
infaunal and epifaunal invertebrate 
prey species. 

 EIS Section 13.6.2.2 

None required Negligible loss 

Changes in the light 
environment 

 Behavioural 
disturbance and 
changes in habitat 
quality from 
artificial lighting 
and shading 
associated with 

Negligible loss 
during Project 
construction 

Minor loss 
during Project 
operation 

n/a n/a  Lighting or shading from Project 
marine infrastructure may affect 
juvenile salmon both positively and 
negatively, due to (Yurk and Trites 
2000, Nightingale and Simenstad 
2001b, Williams et al. 2003, 
Nightingale et al. 2006, Ono et al. 
2010, Tabor et al. 2017): 
o Behavioural responses that may 

delay outmigration. 

 Terminal placement will occur 
predominantly in the subtidal 
zone to avoid overlap with and 
influence of lighting on intertidal 
rearing habitats. 

 Adherence to juvenile salmon 
fisheries-sensitive window 
(construction will be undertaken 
between March 1 and August 15, 
above ‒5.0 m CD, when juvenile 

Negligible loss 
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Mechanism and 
Nature of Effect 

Potential 
Productivity 
Change1 Pre-

Mitigation 

Rationale Based on Lines of Evidence and Information Sources 
Mitigation Measures 

(Information Sources) 

Potential 
Productivity 
Change Post-

Mitigation 
Empirical Evidence Ecosystem Model Outputs 

Other Evidence (Literature, Other 
Models, IC Sections, etc.) 

Project marine 
infrastructure 

o Reduced foraging success due to 
shading in the day, or increased 
foraging opportunities due to 
illumination at night. 

o Increased predation risk. 
 Potential delays to outmigrating 

juvenile salmon may range from a few 
hours to a couple of days (Ono and 
Simenstad 2014), which amounts up to 
8% of the time juvenile salmon spend 
rearing in the estuary. 

 Juvenile salmon avoid structural 
shading and tend to move along the 
light side of the shadow’s edge 
(Williams et al. 2003, Ono et al. 2010). 

 Most Project construction activities are 
scheduled to occur during daytime. 

 For nighttime Project construction 
activities (e.g., dredging), lighting 
effect is considered temporary in 
nature, and spatially confined to the 
area of the disturbance. 

 EIS Section 13.6.3.1, responses to 
IR5-18 and IR5-25 of CEAR Document 
#1153 

salmon have transitioned to 
coastal, non-estuarine rearing 
areas). 

 Light Management Plan will 
minimise excess artificial lighting 
from the Project, including 
directing light away from the 
marine environment and using 
shielding to minimise light 
trespass. 

 EIS Sections 13.7.1 and 13.7.5, 
response to IR5-25 of CEAR 
Document #1153 

Changes in habitat 
availability 

 Disruption to 
outmigration of 
juvenile Chinook 
and chum salmon, 
impeded access to 
rearing habitat in 
the inter-causeway 
area, and increase 
in exposure and 
susceptibility to 
predators, due to 
placement of 
marine terminal 

Minor loss  Based on 2012/2013 field surveys 
conducted in the LAA for the Project: 
o Juvenile chum salmon are more 

shore-tied than juvenile Chinook 
(see pertinent notes for ‘injury and 
direct mortality’ above). 

o Movement of juvenile salmon that 
rear in the estuary is influenced 
predominantly by environmental 
and habitat conditions. At Roberts 
Bank, juvenile salmon occupy 
multiple habitats, access the 
intertidal zone aided by the tides, 
and actively remain in the 
intertidal zone until late in the tidal 
cycle. 

o Using data collected during field 
surveys for the Project, it is not 
possible to establish whether 
Chinook salmon use the inter-
causeway area to a lesser degree 
than areas north of the Roberts 
Bank causeway and terminal. 

 Based on genetic analysis undertaken 
on fin clip samples collected at Roberts 
Bank, juvenile Chinook that rear at 
Roberts Bank are predominantly 
(~94%) ocean-type, and not stream-

n/a  Juvenile chum salmon are assumed 
more susceptible to migration 
divergence than juvenile Chinook, 
given their preference for shore-tied 
habitats and tendency to move along 
perimeters of structures (Nightingale 
and Simenstad 2001b, Ono and 
Simenstad 2014). 

 Movement patterns of outmigrating 
juvenile Chinook and chum salmon are 
highly variable (not just linear) in 
space and time and driven by varying 
biotic (e.g., prey availability) and 
abiotic (e.g., tidal cycle) conditions 
(Gregory 1993, Gregory and Levings 
1998, Hering et al. 2010, Levings 
2016). 

 Following construction associated with 
Westshore Terminal coal port 
expansion, juvenile salmon continued 
to access intertidal rearing habitats in 
the inter-causeway area (Levings 
1985). 

 Based on results of a multi-year (2008-
2015) habitat compensation monitoring 
program for DP3 (Archipelago and GL 
Williams 2016): 
o Juvenile pink, chum, and Chinook 

continue to access intertidal 

 Offsetting habitat will be 
constructed onsite in the form of: 
o Native eelgrass transplants 

that will increase rearing 
habitat. 

o Reconstructed tidal marsh 
habitat north of the widened 
causeway that will increase 
food supply and provide 
refuge for juvenile salmon 
moving along the causeway 
perimeter. 

 EIS Section 13.7.6 

Negligible loss 
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Mechanism and 
Nature of Effect 

Potential 
Productivity 
Change1 Pre-

Mitigation 

Rationale Based on Lines of Evidence and Information Sources 
Mitigation Measures 

(Information Sources) 

Potential 
Productivity 
Change Post-

Mitigation 
Empirical Evidence Ecosystem Model Outputs 

Other Evidence (Literature, Other 
Models, IC Sections, etc.) 

type, which have exhibited notable 
declines over the past decade. 

 EIS Section 13.6.3.1, response to 
IR5-18 of CEAR Document #1153, 
response to IR5-19 of CEAR Document 
#1138 

rearing habitats in the inter-
causeway area. 

o Between sampling years, no 
statistically significant changes are 
reported to fish species richness, 
diversity, and community 
composition within constructed 
habitats south of the Roberts Bank 
causeway and reference sites along 
the BC Ferries causeway. 

 Based on ecosystem model outputs 
and other lines of evidence (see EIS 
Section 11.6.3.2 and response to 
IR8-08 of CEAR Document #1216), 
minor increases in intertidal marsh 
productivity are predicted as a result of 
the Project, which could benefit 
juvenile Chinook and chum salmon by 
providing refuge and increasing food 
supply. 

 EIS Section 13.6.3.1, responses to 
IR5-18 and IR5-25 of CEAR Document 
#1153 

Biotic interactions 

 Changes with the 
Project in the 
productivity of 
juvenile Chinook 
and chum salmon 
due to food web-
related changes in 
abundance of 
salmon prey and 
predators 

Minor gain n/a  The Roberts Bank ecosystem 
model forecasted minor increases 
in juvenile Chinook (+16%) and 
chum (+14%) salmon 
productivity, primarily due to 
increases in prey (macrofauna). 

 Sensitivity analysis results indicate 
that ecosystem model outputs are 
robust to uncertainty in input 
parameters, but increases in 
productivity are likely 
overestimated by: 
o 6% and 4% for juvenile 

Chinook and chum salmon, 
respectively (EIS Section 
13.6.3.1, EIS Appendix 10-D). 

o 6% and 5% for juvenile 
Chinook and chum salmon, 
respectively (question 2.7 in 
CEAR Document #547). 

 EIS Section 13.6.3.1, EIS 
Appendix 10-D, CEAR Document 
#547 question 2.7 

n/a None required Minor gain 
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IR11-21 Marine Vegetation – Effects Assessment for Wetlands 

Information Source(s) 

EIS Volume 3: Section 11, Section 15, Section 17 

Proponent Responses to Additional Information Requirements of July 31, 2015, IR22 and IR23 
(CEAR Doc#314) 

Environment and Climate Change Canada Sufficiency Review – Appendix V (CEAR Doc#581) 

Environment and Climate Change Canada Response to IR-07 (CEAR Doc#1091), Response to 
IR-08 (CEAR Doc#1109) 

British Columbia Ministry of Forests, Lands, Natural Resource Operations and Rural 
Development Response to IR-01 (CEAR Doc#1100) 

Context 

In relation to adverse effects of the proposed Project on wetlands, the Panel requested further 
information from Environment and Climate Change Canada (ECCC) to assess the technical 
adequacy of the information provided by the Proponent in IR-22 (CEAR Doc#314). This IR 
response discussed conclusions and commitments on effects to wetlands as well as a 
consolidated description of the location, size, type, species composition, and ecological 
functions of wetlands potentially affected by the Project. 

In their response (CEAR Doc#1109), ECCC noted that, in their view, the effects assessment 
provided by the Proponent was inadequate and was not aligned with the advice provided in 
CEAR Doc#581 Appendix V “Federal Policy on Wetland Conservation – Guidance for 
Application and Implementation in Environmental Assessment”. Notably, ECCC clarified that 
all aquatic and non-vegetated wetland habitats in the Local Assessment Area were considered 
as wetlands under the Canadian Wetland Classification System, and that predicted 
productivity gains and productivity-based offsetting concepts were inadequate to substantiate 
the lack of residual environmental effects on wetlands and wetland functions. 

ECCC and the British Columbia Ministry of Forests, Lands, Natural Resource Operations & 
Rural Development (BCFLNRORD) also determined that there were gaps in the Proponent’s 
effects assessment regarding the consideration of historical losses, cumulative effects, and 
the ability of wetlands to adapt to climate change (CEAR Doc#1091 and Doc#1100). 

In IR-22 (CEAR Doc#314), the Proponent identified three types of wetland functions as 
habitat, hydrological, and biogeochemical functions. Although wetland habitat functions for 
biophysical components were addressed by the Proponent, it appears that gaps remain in the 
assessment of potential effects for hydrological (e.g. water flow moderation, shoreline 
protection, climate regulation) and biogeochemical (e.g. nutrient cycling, retention of 
particulates, carbon sequestration) functions to account for the direct and indirect adverse 
environmental effects to wetlands. 
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Information Request 

For the Local Assessment Area, provide a supplemental wetlands effects assessment as 
defined by Environment and Climate Change Canada (ECCC) in CEAR Doc#1109 and in 
relation to the guidance provided by ECCC in CEAR Doc#581 Appendix V. Discuss specifically 
those effects not previously addressed as part of the EIS such as effects to hydrological and 
biogeochemical wetland functions. 

Characterize the potential losses of hydrological and biogeochemical wetland functions related 
to direct and indirect effects from the proposed Project, irrespective of predicted productivity 
gains due to the Project and offsetting concepts. Where quantitative information is not 
available, provide the characterization using qualitative information. 

Discuss whether proposed mitigation measures address the potential effects on hydrological 
and biogeochemical wetland functions. Demonstrate how proposed habitat offsets are 
commensurate with the scale of the predicted loss of hydrological and biogeochemical wetland 
functions. 

VFPA Response 

A supplemental wetlands effects assessment is provided in Appendix IR11-21-A. 

The Federal Policy on Wetland Conservation (the Wetland Policy) applies to the Project due to 

potential effects on wetland functions within federal lands and waters, which are under the 

jurisdiction of the VFPA. The VFPA conducted a full wetland functions assessment (WFA), 

which includes a broader definition of wetlands guided by the Canadian Wetland Classification 

System (CWCS; NWWG 1997) and the B.C. Wetland Identification Guide (Mackenzie and 

Moran 2004), in addition to the wetland definition provided in the EIS. This WFA provides the 

locations and extent of wetlands likely to be affected by Project activities according to their 

location, size, type (wetland class and form), species composition, and ecological function 

(NWWG 1997). The WFA also considered the guidance and definitions provided by 

Environment and Climate Change Canada (ECCC) in CEAR Document #11091 and CEAR 

Document #5812 Appendix V.  

Based on the CWCS, the VFPA has identified and evaluated three wetland classes for this 

assessment: intertidal marsh, sandflat, and mudflat. These wetland classes are one of two 

wetland forms, as described in the CWCS: estuarine water wetlands and tidal water wetlands. 

There are no classification codes for eelgrass within the CWCS or Terrestrial Ecosystem 

Mapping (TEM) and, therefore, eelgrass is not considered a true wetland; however, it is 

included in this assessment because it is a site association of estuarine ecosystems 

(MacKenzie and Moran 2004) and is an important habitat type in the region (CEAR Document 

#581). The Canadian Wildlife Service (CWS) branch of ECCC has requested this assessment 

                                           

1 CEAR Document #1109 From Environment and Climate Change Canada to the Review Panel re: 
Response to an Information Request issued by the Review Panel on October 12, 2017 (See Reference 
Document #1070). 
2 CEAR Document #581 From Environment and Climate Change Canada to the Review Panel re: 
Comments on the information relating to the environmental assessment of the Roberts Bank Terminal 2 
Project. 
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include wetlands to -2 m chart datum (CD) (CEAR Document #11093); however, this is not 

supported by the CWCS or other policy guidelines. Estuarine ecosystems are defined in the 

B.C. Wetland Identification Guide (Mackenzie and Moran 2004) as wetlands in the intertidal 

zone, i.e., between 0 cm CD and the highest high tide. Tidal water wetlands are defined by 

the CWCS as wetlands that have a water depth of 2 m or less during normal mean tide water 

level. Accordingly, this assessment is focused on intertidal wetlands only. 

In addition to the classification and characterisation of these wetlands, the WFA includes an 

evaluation of the current hydrological, biogeochemical, and ecological functions of each 

wetland habitat (including eelgrass) and the potential Project-related direct and indirect 

effects to these functions. Two metrics were used to evaluate effects to wetland function: 

area and primary productivity, which coarsely reflect the ‘quantity’ and ‘quality’ of each 

wetland type. The WFA identifies appropriate mitigation, including offsetting, to achieve the 

Wetland Policy goal of no net loss of wetland functions. In the case of higher sensitivity 

habitats, including intertidal marsh and eelgrass, in addition to effects on function, conclusions 

also considered whether ‘no further loss’ of wetland area was achieved (Lynch-Stewart et al. 

1996).  

The WFA concludes that with mitigation, including offsetting, there will be no Project-driven 

loss of function for wetland habitats, including eelgrass, identified at Roberts Bank; 

additionally, no further loss of area is predicted for higher sensitivity intertidal marsh and 

eelgrass habitats. The RBT2 Offsetting Framework, developed for the environmental 

assessment phase of the Project, will evolve and develop into a final Offsetting Plan following 

engagement with Indigenous groups, regulatory agencies, and key stakeholders, with the 

goal of agreeing on a plan that meets the Project’s permitting phase requirements, addresses 

priority issues and concerns, and benefits local communities, while responding to the dynamic 

nature of the Roberts Bank ecosystem. The final Offsetting Plan will also address and account 

for uncertainty in offsetting success and the associated time lag for the offset to become 

effective (see Preamble to Offsetting-related Information Requests). 

References 

Lynch-Stewart, P., P. Neice, C. Rubec and I. Kessel-Taylor. 1996. The Federal Policy on 
Wetland Conservation Implementation Guide for Federal Land Managers. Prepared for 
Wildlife Conservation Branch, Canadian Wildlife Services, Environment Canada, 
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National Wetlands Working Group (NWWG). 1997. The Canadian Wetland Classification 
System. Wetlands Research Centre, Waterloo, Ontario. 

                                           

3 CEAR Document #1009 From Environment and Climate Change Canada to the Review Panel re: 
Response to an Information Request issued by the Review Panel on October 12, 2017 (See Reference 
Document #1070). 
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EXECUTIVE SUMMARY 

The Roberts Bank Terminal 2 Project (RBT2 or Project) will consist of a new three-berth marine 

container terminal, widening of the existing causeway, and expansion of the existing tug basin 

to facilitate an additional 2.4 million twenty-foot equivalent units (TEUs) per year of container 

capacity to facilities at Roberts Bank, near Tsawwassen, British Columbia (B.C.).  

The purpose of this document is to satisfy the Updated Environmental Impact Statement (EIS) 

Guidelines (9.1.6), which stipulates classification (using the Canadian Wetland Classification 

System (CWCS)), characterisation, and assessment of wetlands likely to be affected by 

Project activities. Environment and Climate Change Canada - Canadian Wildlife Service 

guidance indicates that the Federal Policy on Wetland Conservation (the Wetland Policy) 

applies to federal lands and waters. Under the provisions of the Canada Marine Act, the the 

Vancouver Fraser Port Authority (VFPA) is a federal agent for certain prescribed purposes and 

is responsible for managing the federal lands under its jurisdiction. These federal lands include 

where the Project is planned; therefore, the Wetland Policy applies to decisions and 

management of lands within the VFPA’s jurisdiction (Lynch-Stewart et al. 1996). 

A full wetland functions assessment was conducted, which includes both a broader definition 

of wetlands guided by the CWCS, together with the wetland definition provided in the EIS. 

This wetland functions assessment provides the locations and extent of wetlands likely to be 

affected by Project activities according to their location, size, type (wetland class and form), 

species composition, and hydrological, biogeochemical, and ecological function (NWWG 

1997).  

To complete this assessment, intertidal wetland habitats in the Roberts Bank study area were 

classified according to the CWCS and, where applicable, Terrestrial Ecosystem Mapping 

(TEM); level of function was assessed according to best practice guidance (e.g., Hanson et al. 

2008); and, finally, appropriate mitigation, including offsetting, to achieve the Wetland Policy 

goal of no net loss of wetland functions was identified. Based on the CWCS, the VFPA has 

evaluated three wetlands habitats: intertidal marsh, sandflat, and mudflat. There are no 

classification codes for eelgrass within the CWCS or TEM and, therefore, eelgrass is not 

considered a true wetland; however, it is included in this assessment because it is a site 

association of estuarine ecosystems (MacKenzie and Moran 2004) and is an important habitat 

type in the region (ECCC 2016). The Canadian Wildlife Service (CWS) branch of Environment 

and Climate Change Canada (ECCC) has suggested this assessment include wetlands to -2 m 

chart datum (CD) (ECCC 2017). However, this is not supported by the CWCS or other policy 

guidelines.  
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There are two forms of wetlands in the Project area: (1) estuarine water wetlands, and (2) 

tidal water wetlands. Estuarine ecosystems are defined in the B.C. Wetland Identification 

Guide (Mackenzie and Moran 2004) as wetlands in the intertidal zone (i.e., between 0 m CD 

and the highest high tide). Tidal water wetlands are defined by the CWCS as wetlands that 

have a water depth of 2 m or less during normal mean tide water level. At Roberts Bank, the 

normal mean tide level is 3.1 m CD (or 0 m geodetic), so waters that are less than 2 m deep 

when the tide is at 3.1 m are areas between 3.1 m and 1.1 m elevation. Accordingly, this 

assessment is focused on intertidal wetlands only. 

The approach to assessing wetland function involved systematically rating each wetland 

according to twelve common wetland criteria associated with three major categories of 

function: hydrological, biogeochemical, and ecological. The function criteria were identified 

through review of best practice guidance documents, peer-reviewed literature, and previous 

wetland functions assessments and include flow moderation and flood protection, 

groundwater recharge, shoreline and erosion protection, climate regulation, nutrient and 

organic export, carbon sequestration and storage, trapping elements and compounds, water 

quality, floral diversity and productivity, habitat for valued, rare, or sensitive species, habitat 

connectivity, and habitat structure. 

Assessment of the twelve function criteria indicated that RBT2 will result in a minor loss in 

function across intertidal marsh, mudflat, and eelgrass wetlands; no loss in function is 

predicted for sandflat wetlands. Mitigation measures, including locating the terminal in 

subtidal waters and development of environmental management plans, will ensure that the 

predicted loss of function is avoided and minimised to the extent possible. Further, onsite 

creation of like-for-like wetland habitat is proposed to offset loss of wetland function and, 

where possible, the proposed offsetting habitats will be designed to be of higher function than 

the loss of existing wetland habitat. Overall, the small proportional loss of wetland area and 

biomass combined with proposed mitigation, including offsetting, are expected to achieve the 

goal of no net loss of wetland functions within the applicable terms of the Wetland Policy.  
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1.0 INTRODUCTION  

This wetlands functions assessment report has been prepared to provide and describe the 

following: 

 An introduction to applicable wetland policy; 

 Background information on the project description; 

 The approach and methodology to the wetlands functions assessment;  

 The assessment of wetland functions at Roberts Bank;  

 Predicted effects assessment; 

 Proposed mitigation measures, including offsetting; and 

 Residual effects assessment. 

 WETLAND POLICY CONTEXT AND NO NET LOSS PRINCIPLE 

The purpose of this document is to satisfy the Environmental Impact Statement (EIS) 

Guidelines (9.1.6), which stipulates classification (using the Canadian Wetland Classification 

System (CWCS)), characterisation, and assessment of wetlands likely to be affected by the 

Roberts Bank Terminal 2 Project (RBT2 or Project) activities. The Federal Policy on Wetland 

Conservation (the Wetland Policy) represents the Government of Canada’s commitment “to 

promote the conservation of Canada’s wetlands to sustain their ecological and socio-economic 

functions, now and in the future” (Government of Canada 1991).   

The key goal of the Wetland Policy is to ensure the commitment of all federal departments1 

to no net loss of wetland functions: (i) on federal lands and waters, (ii) in areas affected by 

the implementation of federal programs where the continuing loss or degradation of wetlands 

has reached critical levels, and (iii) where federal activities affect wetlands designated as 

ecologically or socio-economically important to a region. The Wetland Policy is relevant 

because the Project has the potential to impact wetlands that meet the three criteria outlined 

above; further, the goal of “no net loss” of wetland functions necessitates that potential 

adverse effects of the Project must be mitigated or offset.  

The no net loss to function principle acknowledges that wetland alterations will continue to 

occur, some naturally, and some through necessary and beneficial human activities. However, 

                                           
1 Under the provisions of the Canada Marine Act, the Vancouver Fraser Port Authority (VFPA) is a federal 
agent responsible for managing the federal Crown lands where the Project is planned; therefore, the 
Wetland Policy applies to decisions and management of lands within the VFPA’s jurisdiction (Lynch-
Stewart et al. 1996). 
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given the importance of wetlands, and the fact that wetland losses have been substantial in 

some parts of the country (including the Lower Mainland), their continued loss should be 

avoided; accordingly, in these areas, “no further loss” of remaining wetland area may be 

deemed essential. As a result, unavoidable wetlands losses should be balanced with wetland 

restoration, creation, and enhancement (NAWCC 2000). 

 WETLAND DEFINITION 

The Wetland Policy defines a wetland as:  

“Land that is saturated with water long enough to promote wetland or aquatic processes as 

indicated by poorly drained soils, hydrophytic vegetation, and various kinds of biological 

activity which are adapted to a wet environment. Wetlands include bogs, fens, marshes, 

swamps and shallow waters (usually 2 m deep or less) as defined in the Canadian Wetland 

Classification System (CWCS)” (NWWG 1997).  

Based on the CWCS, the Vancouver Fraser Port Authority (VFPA) has evaluated three wetland 

classes for this assessment: intertidal marsh, sandflat, and mudflat. The wetland classes are 

one of two wetland forms, as described in the CWCS: (1) estuarine water wetlands and (2) 

tidal water wetlands. There are no classification codes for eelgrass within the CWCS or 

Terrestrial Ecosystem Mapping (TEM) and, therefore, eelgrass is not considered a true 

wetland; however, it is included in this assessment because it is a site association of estuarine 

ecosystems (MacKenzie and Moran 2004) and is an important habitat type in the region (ECCC 

2016). Eelgrass was split into one of the two wetland forms based on location within the 

wetland assessment area (WAA).  

The Canadian Wildlife Service (CWS) branch of Environment and Climate Change Canada 

(ECCC) has requested this assessment include wetlands to -2 m chart datum (CD) (ECCC 

2017); however, this is not supported by the CWCS or other policy guidelines. Estuarine 

ecosystems are defined in the British Columbia (B.C.) Wetland Identification Guide (Mackenzie 

and Moran 2004) as wetlands in the intertidal zone, i.e., between 0 m CD and the highest 

high tide. Tidal water wetlands are defined by the CWCS as wetlands that have a water depth 

of 2 m or less during normal mean tide water level (further information provided in Section 

3.1). Accordingly, this assessment is focused on intertidal wetlands only. 
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Wetland functions are defined as the natural processes (hydrological, physical, chemical, and 

biological) that are associated with wetlands independent of considerations of the benefits of 

those processes to humans (Government of Canada 1991).  
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2.0 BACKGROUND INFORMATION 

 GEOGRAPHIC SETTING 

Roberts Bank occupies the southern portion of the Fraser River delta between Point Roberts 

and the Fraser River Main Arm, approximately 35 km south of downtown Vancouver, B.C. 

(see Figure 1). Sea dykes, constructed to prevent flooding, form the boundary of the upper 

limit of tidal incursion, and from this boundary the intertidal and shallow subtidal portion of 

the delta slopes gently seaward. Seaward of the shallow subtidal transition zone, the delta 

foreslope drops steeply into the deep waters of the Strait of Georgia. The delta slope interacts 

with waves and tidal movement so that distance from shore correlates strongly with relative 

time of emergence or submergence, exposure to wave energy, and tidal current velocity. 

These, in turn, correlate with sediment grain size and various ecological zones, including 

intertidal sandflats and mudflats, eelgrass beds, and brackish marshes bordered by fertile 

agricultural lands and the deep waters of the Strait of Georgia (also referred to as the Salish 

Sea).  

The physical marine environment at Roberts Bank is influenced by tides, wind, and waves. 

The Fraser River is the primary source of freshwater and fine sediments to Roberts Bank. The 

outlet channel of Canoe Passage, the southernmost channel on the Fraser River’s South (Main) 

Arm, discharges directly to Roberts Bank. Both water and sediment inputs peak during spring 

freshet (i.e., late May to early July) due to snowmelt in B.C.’s interior. The spatial extent of 

the Fraser River plume is influenced by both river flow and tidal stage. The plume is diverted 

toward the north during rising (flood) tides and drawn toward the south during falling (ebb) 

tides.  

The ecological and cultural importance of the Fraser River delta (including Roberts Bank, 

Sturgeon Bank, and Boundary Bay) in supporting globally significant populations of migratory 

and overwintering birds, as well as marine mammals and other wildlife, estuarine and marine 

vegetation, invertebrates, and fish is recognised through regional, provincial, federal, and 

international conservation-related designations. A brief description of each designated area is 

provided below (Table 1) and shown in Figure 2. 
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endeavours in the adjacent marine environment for early Europeans. In more recent times, 

Roberts Bank has become the focus of productive commercial, recreational, and Aboriginal 

fisheries for species such as Dungeness crab and Pacific salmon.  

For more information on geographic setting, please refer to EIS Section 3.0. 

 PROJECT DESCRIPTION 

RBT2 will consist of a new three-berth marine container terminal, widening of the existing 

causeway, and expansion of the existing tug basin to facilitate an additional 2.4 million 

twenty-foot equivalent units (TEUs) per year of container capacity to facilities at Roberts 

Bank. All Project components are shown in Figure 3; however, only a small portion of this 

footprint is expected to overlap with wetland habitat. For more information on Project 

components and sub-components, see EIS Section 4.0 and the Project Construction Update 

Section 4.0 (VFPA 2018a). 

The new marine terminal will be rectangular in shape and located immediately west of the 

existing Roberts Bank terminals, approximately 5.5 km from the east end of the causeway 

(Figure 3). The terminal will be oriented perpendicular to the causeway and will extend 

approximately 600 m further offshore than the seaward edge of Westshore Terminals. 

The marine terminal is predominantly located in an area below 0 m CD; however, a small 

portion of approximately 2 hectares (ha), where the terminal meets the widened causeway, 

extends into the intertidal zone. 

The causeway links road and rail networks to the Roberts Bank terminals. Although the 

existing causeway is oriented in a northeast to southwest direction, for the purposes of Project 

orientation, it is described as having an east (mainland) end, a west (terminal) end, a north 

shore, and a south shore (Figure 3). The causeway will be widened on the north side along 

its full length (approximately 5.5 km), from its east end connection with the mainland, to the 

RBT2 terminal. The widened causeway, including slope and toe of slope (i.e., not including 

road or rail tie-ins) has the potential to directly affect several wetland types, including 

intertidal marsh, eelgrass, sandflat, and mudflat.  

The existing tug basin is located on the north side of Deltaport Terminal (Figure 3). It is 

currently used by a single tug operation contractor and will be expanded for future use by 

two tug operators. Tugs assist in the arrival and departure of ships calling at the two existing 

Roberts Bank terminals, and will be used in the same capacity at the new marine terminal. 

The expansion footprint of the tug basin has the potential to directly affect native eelgrass. 
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3.0 APPROACH  

 SPATIAL BOUNDARIES 

The WAA was established to encompass the area within which the Project is expected to 

interact with and potentially affect wetlands as defined in the CWCS (see Figure 3). In 

determining the WAA boundaries, considerations included the nature and characteristics of 

wetlands, as well as the potential for direct or indirect effects. On the north side of the 

causeway, where estuarine wetlands are present, WAA boundaries include Canoe Passage to 

the north, the causeway to the south, the Roberts Bank dyke to the east, and the 0 m CD 

contour to the west. As described previously, estuarine waters are defined in the B.C. Wetland 

Identification Guide (Mackenzie and Moran 2004) as wetlands in the intertidal zone, i.e., 

between 0 m CD and the highest high tide. In the inter-causeway area, where tidal wetlands 

are present, WAA boundaries include the BC Ferries terminal to the south, the Roberts Bank 

dyke to the east, and the 1.1 m CD contour to the west. This is based on interpretation of the 

CWCS definition for tidal water wetlands, which occur where “normal mean tide water levels 

are less than 2 m deep”. At Roberts Bank, the normal mean tide level is 3.1 m CD (or 0 m 

geodetic), so waters that are less than 2 m deep when the tide is at 3.1 m are areas between 

3.1 m and 1.1 m elevation. 

 ASSESSMENT METHODOLOGY 

The approach taken to assess wetland function involved systematically rating commonly used 

wetland criteria associated with three major categories of function: hydrological, 

biogeochemical, and ecological; four functional criteria were identified within each category 

(12 in total) and are defined in Table 2. Functional criteria were derived primarily from 

previous wetland assessments in Canada and the northwestern United States, including 

Hanson et al. (2008), JWEL (2007), and Hrudy (2012). Where possible, this approach was 

supplemented by detailed quantitative values collected during multiple years of field studies 

and desktop modelling conducted for assessment of environmental effects of the RBT2 

Project.   

Rating of wetland functions was based on a qualitative analysis using an ordinal scale (i.e., has 

a relative magnitude) with three categories: low, moderate, and high, as defined in Table 2. 

Additionally, ratings by professionals with interdisciplinary knowledge, familiarity with the 

study area, and expert opinion is considered best practice (Rowe et al. 2009); therefore, 

multiple professionals—including those with backgrounds in vegetation, coastal 
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geomorphology, and coastal habitat restoration—were engaged to provide ratings based on 

their professional opinion. 
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Effects to wetland function were evaluated in the context of area and primary productivity, 

which coarsely reflect the “quantity” and “quality” of each wetland type. To calculate direct 

loss, the Project footprint was overlain on the habitat map (EIS Figure 11-2), which is 

comprised of complex polygons categorised by dominant vegetation type. The Project 

footprint utilised for calculations reflects the latest Project design presented in the recent 

Project Construction Update. Primary productivity associated with the different wetland types 

was estimated by multiplying productivity input parameters2 for the Roberts Bank ecosystem 

model derived from environmental and technical field studies of marine vegetation (EIS 

Appendix 10-B) by the area of overlap with Project components, corrected for percent cover 

where relevant (e.g., if a habitat map polygon was categorised as native eelgrass >50%, a 

multiplier of 0.5 was applied to the biomass value). 

A similar methodological approach could not be utilised to estimate secondary and tertiary 

production associated with wetlands as the model inputs (parameters) derived for the Roberts 

Bank ecosystem model higher trophic levels reflected the entire scale of the local study area 

and thus cannot be attributed to the scale of a wetland area within the WAA. Thus, productivity 

values for wetlands presented in this assessment reflect primary productivity, while results 

relating to higher trophic levels are discussed qualitatively. 

The approach to evaluating overall effects to wetland function follows standard environmental 

assessment methodology, where wetlands are mapped and classified (Section 4.1), effects 

of past and present human activities on wetlands are described (Section 4.2), existing 

wetland function is evaluated and assessed (Section 4.3), direct and indirect effects of the 

Project are presented (Section 5.0), mitigation, including offsetting, are proposed (Section 

6.0), and conclusions are drawn based on residual effects to wetland function (i.e., after 

mitigation has been applied; Section 7.0). In the case of higher sensitivity habitats, such as 

intertidal marsh, in addition to effects on function, conclusions also considered whether “no 

further loss” of wetland area was achieved. Due to eelgrass’s high ecological value, the 

assessment has considered no net loss of productivity within the context of the future 

Fisheries Act Authorization application as part of the post-environmental assessment / 

permitting phase of the Project (further details in VFPA 2018d).   

                                           
2 Where possible, estimates were derived from empirical studies of marine vegetation (see Section 6.1 
of EIS Appendix 10-B); where estimates could not be determined through field studies, literature values 
from the region were used. 
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4.0 ASSESSMENT OF WETLAND FUNCTIONS 

 MAPPING AND CLASSIFICATION OF WETLANDS 

Wetlands at Roberts Bank were identified and mapped in the course of field studies to 

document existing conditions for marine vegetation. The Standard for Terrestrial Ecosystem 

Mapping in British Columbia (RIC 1998) was used in the preparation of mapping where 

appropriate, recognising that it is a resource built for terrestrial ecosystems. 

Wetlands were classified according to both i) the CWCS, which employs a hierarchy of three 

basic levels of classification: wetland class, form, and type (or sub-form) and ii) Terrestrial 

Ecosystem Mapping (TEM), which also employs a complex hierarchical framework, including 

ecosection, biogeoclimatic zone, and sites series. According to TEM, the WAA falls within the 

Fraser Lowland Ecosection (FRL) and Coastal Douglas fir Moist Maritime (CDFmm) 

biogeoclimatic zone. 

4.1.1 Intertidal Marsh 

Within the WAA, intertidal marsh wetlands occur in several regions along the Roberts Bank 

dyke and causeway (see Table 4 and Figure 4). Because each marsh region differs in species 

composition as well as in relation to potential interactions with the Project, proximity to 

existing infrastructure, and proximity to freshwater inputs, the functions of each will be 

assessed separately. Though intertidal marsh in the inter-causeway area is shown in Table 4 

and Figure 4, it is not assessed in this document because no direct or indirect effects of the 

Project are expected in this area (EIS Section 11.6.3.2). 

According to the CWCS, the marsh wetland class can be further broken down by form and 

type; in the WAA, intertidal marshes are classified as either estuarine (Regions 1 and 2) or 

tidal (Region 3) in form and bay marsh in type; codes are presented in Table 4 below. Note 

that these classifications are considered synonymous with the “intertidal marsh” sub-

component assessed in the EIS and, therefore, will hereafter be referred to as intertidal marsh 

in this document. TEM derived site codes are presented in Table 4 below.
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sedimentation supply (Williams and Hamilton 1995, Hales 2000); for instance, the plume is 

believed to be excluded from the inter-causeway portion of Roberts Bank which, as mentioned 

above, has shaped species composition on both sides of the causeway. 

It has also been reported that dredging in the lower Fraser River has altered the pattern and 

rate of sedimentation in the marshes at the western delta front. Williams and Hamilton (1995) 

posited that the increased removal of sand by dredging in the estuary has reduced sediment 

input and caused net erosion throughout much of the sandy lower marsh. Erosion, coupled 

with geese herbivory, is purported to have deepened the marsh bench, and effectively 

reduced the marsh area in many areas of the estuary (Boyd 1995, Hales 2000, G.L. Williams 

and NHC 2009).  

However, subsequent studies by Hales (2000), which were more comprehensive in temporal 

and spatial scope, showed a different trend. Fraser River marshes, both fringing marshes on 

Roberts Bank and south Sturgeon Bank and channel marshes near the mouth, showed an 

overall increase in marsh area between 1930 and 1994; at Brunswick Point, the increase was 

estimated to be 123% during this time period. Hales (2000) largely attributed the increase to 

river training works, constructed between 1910 and 1954, observing that the most rapid 

period of marsh growth coincided with the period during which the major river training 

structures were constructed. These structures likely increased the stability of the main 

channels, thereby allowing marsh accretion to occur without significant disturbance (EIS 

Appendix 9.5-A). Perhaps the best evidence for salt marsh accretion, as opposed to erosion, 

is the continued lateral growth of the marsh between 1930 and 2004. Church and Hales 

(2007) mapped the marsh over time and results indicate that south of Canoe Passage, the 

marsh continued to increase in area between 1994 and 2004. Overall, intertidal marsh has 

appeared to be accreting in the WAA over time. 

4.2.2 Sandflat 

Extensive dyking and river training of the lower Fraser River, between the 1800s and 1950, 

resulted in i) the confinement of the river to a narrow strip of the delta relative to historical 

conditions and ii) changes to the main channel alignment, which reduced water flow into 

Canoe Passage (Fraser Basin Management Board 1994). Prior to anthropogenic development 

in the delta, smaller tidal channels were present on the tidal flats along with a few larger 

channels from prior alignments of Canoe Passage; since 1971, the alignment of Canoe 

Passage has not changed greatly, but ongoing lateral shifting near the mouth of the passage 

has led to episodic channel incision and erosion. In addition, dredging activities have led to 

the formation of a number of well-developed large dendritic channels across the tidal flats 

(EIS Section 9.5, Appendix 9.5-A).  
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The construction of Roberts Bank causeway and discharge of dredge spoil onto the tidal flats 

during terminal expansion modified local topography, partly contributing to a sea bed rise of 

between 1 and 5 m on both sides of the causeway (Tarbotton and Harrison 1996). Further, 

these structures are thought to have altered the direction of dominant flow on the tidal flats 

from a northwest-southeast direction to a north-south direction, parallel to the causeways. 

Consequently, wave-forcing in the area has largely been diminished and the supply of sand 

from Point Roberts to Roberts Bank has been eliminated. Altogether, anthropogenic 

development has precluded supply of sand from reaching the tidal flats, whether from Fraser 

River sediment deposited by channel avulsions or from erosion of Point Roberts deposited by 

currents and winds.   

Dredging of the ship turning basin for terminal expansion between 1979 and 1982 led to the 

tidal channels in the inter-causeway developing into a complex system of shoreward-

migrating tributaries that drain into a large trunk channel and an associated sand lobe forming 

over the past decade (G.L. Williams and NHC 2009). In response to this, a crest protection 

structure was built in 1981 to prevent further expansion. However, areas of the inter-

causeway tidal flats that lie outside of the direct influence of the tidal channels have 

undergone very little change (<0.25 m) on the decadal time span (EIS Section 9.5, 

Appendix 9.5-A).  

4.2.3 Mudflat 

While supply of sandy sediments to Roberts Bank has been effectively reduced by 

anthropogenic development, finer sediments suspended in the Fraser River plume continue 

to be supplied to the north side of Roberts Bank causeway. As a result, the ridge and runnel 

features that comprise the “mumblies” in the high intertidal are accreting and have obtained 

an elevation of nearly 3.5 m CD. In the last decade, lateral channel migration has occurred 

on the seaward side of the ridge and runnel features where they drain onto the sandflats, and 

channels associated with the runnels appear to have become more sinuous. The runnels are 

expected to be maintained but the low-lying area shoreward of this feature, containing high 

biofilm density, is expected to increase in elevation over time. The lack of a mechanism for 

supplying sand to the Roberts Bank tidal flats over the long-term likely means that the upper 

mudflat will continue to accrete while the lower sand flats will remain unchanged or subside 

(EIS Section 9.5, Appendix 9.5-A).  

Unlike the north side of the causeway, the rate of finer sediment supply from the Fraser River 

plume to the inter-causeway area has decreased or been eliminated (EIS Section 9.5, 
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Appendix 9.5-A). As a result, the ridge and runnels in the inter-causeway area are not 

accreting but, rather, maintained primarily by the re-working of sediments already contained 

in the area. 

Prior to 2012, limited information existed on the distribution of biofilm at Roberts Bank. 

Because the study of biofilm is relatively recent and the science is emerging, limited data are 

available to inform the understanding of how biofilm assemblage composition and distribution 

at Roberts Bank have been affected by past and present projects and activities. However, the 

seasonal data reported by WorleyParsons (2014a) and Hemmera (2017, 2018) indicate that 

biofilm productivity and assemblage composition at Roberts Bank is influenced by fluctuations 

in freshwater discharge from the Fraser River. As indicated above, past and present 

developments and activities have influenced the distribution of freshwater at Roberts Bank; 

for example, the Fraser River plume is substantially excluded from the inter-causeway area 

but routinely occupies the upper-most layer of the water column over more northerly and 

seaward portions of Roberts Bank. This has likely altered biofilm productivity and assemblage 

composition, but the extent of influence on changes is unknown. 

4.2.4 Eelgrass 

Although eelgrass populations are declining globally, in part due to human activities 

(Hemminga and Duarte 2000), native eelgrass at Roberts Bank has been, and continues to 

be, increasing since the early 1970s (Tarbotton and Harrison 1996, Hemmera 2014a). 

Increases are attributed to the construction of the Roberts Bank causeway, which changed 

several abiotic parameters that limit its distribution; for example, the hardened structures 

deflect waves and Fraser River sediment plumes, reduce turbidity (and thereby increase light 

penetration), and create a calm environment free from wave action, thereby facilitating 

eelgrass colonisation and expansion (Tarbotton and Harrison 1996; EIS Section 9.5, 

Appendix 9.5-A). 

The native eelgrass bed north of Roberts Bank causeway (Region 1; Figure 7) has increased 

over 15-fold since 1994 (Tarbotton and Harrison 1996, Triton 2004, Hemmera 2014a), 

possibly due to a wave shadow created by the Deltaport Terminal. Native eelgrass in this area 

was estimated to cover 20 ha in 1994 (Tarbotton and Harrison 1996). Similarly, the area 

colonised by native eelgrass in the inter-causeway (Region 2; Figure 7) increased 

dramatically between 1967 and 2003 (Durance 2004); expansion is attributed to a number 

of factors, including changes in tidal flow, introduction and expansion of non-native eelgrass 

(due to ponding water during low tide), deflection of the silty Fraser River plume (increasing 
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light availability), and the BC Ferries Terminal causeway protecting the eelgrass bed from 

southeasterly winter storms.  

The development of tidal channels in the inter-causeway tidal flats, due to the anthropogenic 

modifications, is also thought to have contributed to the expansion of eelgrass by facilitating 

the distribution of seeds and rhizomes. Some of the channels that formed in the inter-

causeway over the last decade have been recolonised by eelgrass, depending on elevation 

and current velocity. Although the distribution varies annually, some areas of the sand lobe 

have also been colonised by both patchy and continuous native eelgrass (Hemmera et al. 

2011, 2013). However, the construction of Deltaport Third Berth resulted in the loss of Z. 

marina habitat adjacent to Deltaport Third Berth, where sediment deposition from a new 

drainage channel formation altered the area (VFPA 2018b). 

 EVALUATION OF WETLAND FUNCTION CRITERIA 

There are three categories of wetland function with the potential to be affected by the Project: 

hydrological, biogeochemical, and ecological. Twelve criteria, four within each of these 

categories, were selected to assess wetland function; these criteria, along with their rating 

system, are defined in Table 2. Evaluation was largely based on the professional judgement 

of subject matter experts familiar with the WAA; results are presented in Tables 8, 10, 11 

and 12 below and explanations are detailed in the subsequent text.  

4.3.1 Intertidal Marsh 

Results for intertidal marsh wetlands in the WAA are depicted in   
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Table 8 (criteria definitions are provided in Table 2), and described in the following 

subsections. Note that Region 3 (the inter-causeway area) was not included in this 

assessment because it will not be directly or indirectly affected by the Project. 
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marshes is driven by the tides, and results in vertical accretion due to the preferential trapping 

of the sediment from the water column, which is further accelerated by the accumulation of 

detrital material from the marsh vegetation (EIS Section 9.5, Appendix 9.5-A).  

Potential exchanges of water that can occur between a regularly inundated intertidal marsh 

and its surroundings are illustrated in Figure 8. Major inputs of water to the intertidal 

marshes within the Fraser River estuary include incursion of flooding tidal water (saline or 

brackish) and precipitation (Martin 1992). Infiltration is important in controlling subsurface 

hydrology and interstitial water chemistry because it regulates the amount of tidal water (from 

marine and/or river sources) or precipitation entering the marsh sediment (Hemond et al. 

1984). The two main fluxes of water from intertidal marsh sediment include subsurface flow 

to tidal channels or coastal waters, and evapotranspiration (Harvey et al. 1987). 

Figure 8 Exchanges of Water Between Estuarine Marsh Sediments and the 
Surrounding Environment (from Martin 1992) 

The wetland hydroperiod, or pattern of marsh flooding, is what drives wetland function and 

structure (Odum et al. 1995). Tidal fluctuations in the Strait of Georgia are driven by forcing 

and resonance with the tide cycles of the Pacific Ocean, which are predominantly mixed semi-

diurnal, having two highs and two lows of unequal height in a lunar day. The tidal range near 

Tsawwassen is up to 5 m CD, and the mean tidal height is +3.0 m CD. Tidal water draining 

into and out of the marshes forms a system of channels within the marsh as well as a source 
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of water that is partially retained during a dropping tide and subsequently flows across the 

exposed tidal flats (EIS Section 9.5, Appendix 9.5-A); highest flow rates typically occur at low 

tide (Yelverton and Hackney 1986).  

Pore-water salinity in regularly inundated tidal marshes is controlled primarily by the salinity 

of tidal water and ranges between 0 and 35 parts per thousand (Chapman 1981). Salinity 

profiles from marshes in the Fraser River estuary showed strong seasonal patterns linked to 

the salinity of inundating tidal water, which reflects the discharge of the Fraser River 

(Chapman and Brinkhurst 1981). Lower density freshwater from the Fraser River discharges 

into the saline waters of the Strait of Georgia in the form of a sediment-laden plume. The 

lower density freshwater from the river initially floats on the surface, but to some extent 

mixes vertically over time due to tidal currents and waves. The areal extent of the plume is 

dependent on river discharge, tidal currents, and wind. The plume extends across the Strait 

of Georgia during high discharge periods and is more localised during winter low-flow periods. 

The moderating influence of freshwater from the river can have a profound effect on biotic 

communities, including the composition of marsh plants (G.L. Williams and NHC 2009). 

Depending on the proximity to one of the Fraser River distributary channels, the effect can 

be nearly continuous, or can vary on a daily or seasonal basis.  

Flow Moderation and Flood Protection 

Intertidal marshes at Roberts Bank are coastal and hence receive the majority of their water 

inputs from twice daily high tide events rather than from terrestrial runoff or rainfall. Surface 

flow characteristics, such as the extent of channelisation, are good indicators of a wetland’s 

ability to moderate flow; for example, surface flow through emergent vegetation, rather than 

channel flow, offers greater frictional resistance and, therefore, greater potential for flood flow 

desynchronisation.  

Flow moderation is linked to flood protection, where a sufficiently wide and tall vegetation 

canopy can help dissipate waves, buffer storm surges, and reduce inundation on land by 5 to 

40% (Sheng et al. 2012). However, within the WAA, wetland width has been reduced by 

extensive dyking; flood protection of adjacent agricultural and industrial lands is primarily 

performed by man-made structures, including dykes adjacent to the marshes and rip-rap 

berms along the causeway, rather than the intertidal marshes. 

The ability of intertidal marshes to uptake and store water is also linked to flood protection. 

As discussed in Section 4.2 above, construction of the causeways reduced sediment delivery 
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Intertidal marsh along the Roberts Bank causeway (Region 2) is a fringing (i.e., relatively 

long and narrow in shape) band of wetland habitat, typically less than 50 m wide. The sparse 

distribution of vegetation in this area is indicative of low flow moderation capability. The 

capacity of water retention by this marsh is low due to i) the small volume of water retained 

within the marshes between the maximum high-water and normal water level and ii) their 

slope, which acts to accelerate drainage following the recession of the tide, and lack of 

digressional areas within their boundaries to store or temporarily pond water. The marsh is 

immediately adjacent to a flood protection structure (i.e., causeway) and adds little to no 

benefit for flood protection other than minor attenuation of waves to reduce wave run-up. For 

these reasons, the overall score for Region 2 in performing flow moderation and flood 

protection functions was ranked low.  

Groundwater Recharge 

Groundwater is defined as freshwater found within the pore spaces and fractures in soil, 

sediments, and rock beneath the earth surface. Groundwater moves through an aquifer driven 

by the hydraulic gradient between areas of high head (water height) to areas of lower head. 

Typically, the recharge area for an aquifer is at a higher topographic elevation and the 

discharge zone is at the lowest topographic zone. Groundwater influence at Roberts Bank is 

considered minor in comparison to the large inputs of water during tidal exchanges. For more 

information on groundwater dynamics at Roberts Bank, refer to VFPA (2015a). 

Ricketts (1998) developed a conceptual model of groundwater flow across the Fraser River 

delta (Figure 9), based on assumed influences of local, intermediate, and regional dynamics. 

This conceptual model suggests that groundwater recharge to the Fraser River delta aquifers 

is fed by direct precipitation on the delta plain or adjacent uplands, including the Burrard, 

Surrey, White Rock, and Tsawwassen uplands. The recharge rate to the Fraser River delta 

from precipitation was estimated to be 130 mm/year after subtracting surface runoff and 

evapotranspiration from precipitation amounts, with rates as high as 250 mm/year east of 

New Westminster. Local groundwater flow systems discharge at the Fraser River or at the 

delta front; in other words, Roberts Bank is considered within a groundwater discharge area 

rather than a recharge area.  

Tidal exchange acts to saturate near surface sediments, but is not considered to contribute 

to groundwater inputs. Generally, if the topographic gradient is insufficient, such as in a tidal 

flat environment, the seaward flow of groundwater will be counteracted by a landward 

migration of the salt wedge. In areas where there is saltwater intrusion into the sand aquifer, 
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local density-dependent flow regimes develop: saline groundwater in the sand migrates 

toward the wedge toe and then circulates back toward the river or ocean under the influence 

of river-ward or seaward freshwater gradients (Neilson-Welch 1999). Electrical conductivity 

profiles measured in boreholes that span the extent of the Roberts Bank tidal flats—from the 

dyke to the terminal—showed a mixing of seawater (salt wedge) and seaward flowing 

groundwater (Ricketts 1988). 

Figure 9 Conceptual Groundwater Flow along an East-West Profile across the 
Fraser River Delta, Fraser Lowland, and Coast Mountains, illustrating 
Local, Intermediate, and Regional Groundwater Flow Systems (from 
Ricketts 1998) 

 

The magnitude of groundwater flux to the tidal flat surface has not been quantified. Neilson-

Welch and Smith (2001) reportedly found it difficult to quantify the magnitude of groundwater 

flow in the wedge due to low hydraulic gradients. It is expected that the contribution of 

freshwater seepage would be small, particularly when tidal exchange has been factored, and 

would vary little on a seasonal basis.  

For these reasons, the overall scores for both Regions 1 and 2 in performing groundwater 

recharge functions were ranked low.  
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Shoreline and Erosion Protection 

Intertidal marshes have the capacity to reduce hydraulic energy (water motion), capture 

sediment, and enhance cohesion of nearshore sediment, thereby protecting shorelines and 

buffering erosion. The degree that a wetland can protect shorelines from erosion is generally 

higher in a channelised system, like a river, where the wetland increases the width of the flow 

during high water events, thereby reducing flow velocities and hydraulic forces. Marsh 

vegetation provides secondary, localised reduction in water velocity.  

However, anthropogenic development in the Fraser River estuary and watershed has reduced 

overall wetland extent. To replace this function historically performed by wetlands, sea dykes 

have been constructed along coastal shorelines around the WAA (and the Fraser River 

estuary) to prevent the incursion of seawater into adjacent agricultural and residential lands; 

these dykes are considered the primary form of shoreline and erosion protection. 

Marshes may contribute to protection of the dykes by reducing storm surge and incidents of 

battering from floating debris. This function is ranked low for both Regions 1 and 2 because 

both locations support Lyngbye’s sedge estuarine marshes (Em05; see Table 4), which are 

most commonly found in areas of continual erosion and sedimentation (MacKenzie and Moran 

2004); given the hydrological processes in the area, these dynamic soils would not provide 

sufficient erosion protection. Further, areas where this function is likely most critical do not 

support marshes, as erosional forces from waves have created sand and gravel beaches 

instead.  

Climate Regulation (Evapotranspiration) 

Evapotranspiration is the sum of discharge of vapour water to the atmosphere from 

evaporation and plant transpiration. Local regulation of air and soil moisture is driven by 

evapotranspiration, which depends on the ability of the wetland to collect water and make it 

available to plants for transpiration versus having it removed through other methods to 

recharge local aquifers or be transported away through drainage channels. Wetlands with 

dense vegetation, accumulation of fine and organic soils, depressional or low sloping 

substrates, and areas for ponding of water can act to increase local evapotranspiration and 

moisture conditions which is beneficial to the local environment. 

Region 1, particularly at Brunswick Point, consists of relatively dense (i.e., >50% macrophyte 

cover) and productive marsh that supports ponding. The marsh extends several kilometres 
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into the tidal flats and is therefore considered of sufficient size to promote evapotranspiration; 

accordingly, this area was scored as high in performing climate regulation functions.  

In contrast, intertidal marsh in Region 2 along the causeway is moderately sloped, narrow in 

width (i.e., <20 m in some areas and 20-50 m in others), and supports lower productivity 

and percent cover compared to other marshes in the WAA; these features result in high 

drainage (as opposed to ponding) and low accumulation of fine grained soils. Further, there 

is little to no evidence of ponding in this area. Therefore, evapotranspiration rates and local 

climate regulation are ranked as low. These functions will be slightly reduced in Region 2 due 

to direct loss from the causeway footprint. 

4.3.1.2 Biogeochemical Functions 

This section provides an overview of intertidal marsh biogeochemistry in the WAA and 

assesses biogeochemical function relative to four criteria: nutrient uptake and organic export, 

carbon sequestration and storage, trapping elements and compounds, and water quality. 

Overview 

Biogeochemical function refers to the biological, geological, and chemical processes and 

reactions that govern the composition of the natural environment as it relates to the recycling 

of chemicals between plants, animals, and the earth’s sediments, and to the flow of energy 

through an ecosystem. Intertidal marshes are considered important sources, sinks, and/or 

transformers of biologically important nutrients in the coastal landscape (Tobias and Neubauer 

2009), and biogeochemical functions include nutrient and organic carbon cycling and export, 

retention of particulates, as well as carbon sequestration and storage (Hanson et al. 2008).  

In general, marshes along the western front of the delta are underlain by inter-bedded organic 

mud and sand and are dissected by creeks and contain depressions. The sediments that make 

up the upper portion of the tidal flats, including intertidal marshes, consist of cohesive (silty-

clay) sediments. Sedimentary profiles usually consist of peat overlying overbank muds on top 

of intertidal sands (Martin 1992). Bulk density tends to increase with depth coincident with 

the decrease in organic matter content (Craft et al. 1993). Sediment porosity may be greater 

near the surface, due to high silt or clay content and bioturbation of sediment from plant roots 

or microorganisms (Bricker-Urso et al. 1989). 
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Nutrient Cycling and Organic Export 

Nutrient loading in estuaries, including the Fraser River estuary, is typically high, based on 

marine supply and/or runoff from adjacent urban or agricultural lands, which gives rise to the 

characteristic high productivity of vascular plants within intertidal marshes. However, 

nutrients in the Fraser River estuary are lower relative to other North American estuaries, 

such as Chesapeake Bay, the Hudson River Estuary, and San Francisco Bay in the United 

States of America (Bendall-Young et al. 2004). Since primary production in marshes is 

typically nutrient limited, nutrients are taken out of the overlaying water and converted into 

biomass, most of which is below ground, consisting of roots and rhizomes (Nuttle and Hemond 

1988). After senescence, this biomass is remineralised in the sediment, releasing into the 

porewater nutrients such as nitrate and sulfate (Agosta 1985). Decomposition of plant 

material and nutrient cycling relies on microbial communities, and can produce large 

quantities of gases such as methane and carbon dioxide. However, only a small fraction of 

the produced biomass accumulates in the marsh with the majority relocated to other areas 

through tidal activity (Sousa et al. 2010).  

Brunswick Point (Region 1) supports a productive marsh with >50% cover of hydrophytes 

(see the Flora Diversity and Productivity subsection below), which results in the creation 

of detritus and organic soils, and subsequent flux of nutrients into marsh sediments. The 

location of Brunswick Point adjacent to the Fraser River outflow of Canoe Passage means the 

area is exposed to many nutrient sources, particularly from adjacent agricultural lands, the 

forest products industry, and effluent from sewage and industrial outfalls (Environment 

Canada 1998). Further, semi-diurnal tidal exchange ensures this region functions well in 

terms of organic export. However, along the Roberts Bank dyke, the intertidal marsh narrows 

to an approximately 20-50 m band, with lower macrophyte cover, and is thus considered less 

productive than Brunswick Point; further, this area is highly quiescent, as indicated by the 

large deposits of eelgrass wrack along the shoreline, and therefore is likely more a site of 

deposition than export. For these reasons, Region 1 overall was ranked as moderate in 

providing nutrient cycling and organic export functions.  

Similar to Region 1, the intertidal marsh along the causeway in Region 2 is also exposed to 

many nutrient sources from Fraser River outflow and nearby agricultural drainages. However, 

the narrow strip of vegetation is considered less productive than Region 1, as macrophyte 

cover is less dense and soils are largely comprised of sand (Photo 2), which is negatively 

correlated with nutrients (Hemmera 2014a). This limits the ability of intertidal marsh in this 

area to turn over biomass and build detritus. However, the sloped nature of the marshes, 
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In contrast, Region 2 is characterised by sparse to intermediate vegetation cover 

(i.e., <10-50%), which implies there is little biomass available in which to store carbon. 

Further, the sediments are dominated by coarse grain sizes (i.e., sand; see Photo 2), which 

is negatively correlated with TOC (Hemmera 2014a). The sloped nature of the marsh and its 

exposure to tidal exchange promotes drainage and limits its ability to build detritus and 

sequester carbon in sediments. For these reasons, this region was scored low in functional 

performance of carbon sequestration and storage.  

Trapping Elements and Compounds 

The function of a wetland to trap and filter elements and compounds from the environment is 

related to the settling out of materials suspended in the water column, the degree to which 

the wetland is exposed to suspended solids and contaminants, and the types of soils which 

may bind metals (i.e., high in percent clay or silt). 

Intertidal marsh in Region 1, at Brunswick Point and in the corner joining the Roberts Bank 

causeway and dyke, is characterised by fine grained sediments and high vegetation cover 

(>50%), factors which promote the trapping of elements and compounds. This is empirically 

supported by inverse distance weighting interpolations of concentrations of metals and other 

compounds in surface sediments in the WAA, which show a consistent pattern of elevated 

levels at Brunswick Point and along the Roberts Bank dyke to the causeway (see EIS Section 

9.6, Appendix 9.6-A); results for selenium are provided in Figure 10 as an example to 

demonstrate trends in spatial distribution. These results reflect the contribution of elements 

and compounds from anthropogenic sources from the Fraser River plume and along the 

causeway, and support the expected relationship (i.e., strong co-variation) between metals 

and finer grained sediments. For these reasons, Region 1 was ranked high in performing 

functions related to trapping of elements and compounds.  

The intertidal marsh in Region 2, along the Roberts Bank causeway, is exposed to elements 

and compounds from abundant non-point sources within the Fraser River plume as well as 

point-source runoff from the adjacent road, rail yard, and terminals (i.e., Westshore coal 

terminal and Deltaport). This region is considered to have only partial ability for trapping and 

storing elements and compounds because vegetation cover is sparse to intermediate (<10-

50%), and soils are comprised of medium to coarse material (sand with pea gravel) with little 

clay to bind metals, and are subject to twice daily tidal flooding. This trend is evidenced in 

Figure 10 for selenium, which shows highest concentrations in Region 1, particularly the 

causeway-dyke elbow and along the Roberts Bank dyke toward Brunswick Point; 
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concentrations remain elevated in the eastern end of Region 2 but taper off moving west 

along the causeway. Accordingly, this region was ranked moderate in providing function 

related to trapping elements and compounds.  

Water Quality 

Intertidal marshes can increase the physical, chemical, and biological quality of water. They 

dissipate water current velocity, which causes suspended sediments to settle out and allow 

more light to penetrate through the water column, thereby increasing photosynthesis of 

neighbouring benthic macroalgae and eelgrass. Marshes also increase water quality by 

removing excess nutrients from the water column, which limits the possibility of unnatural 

phytoplankton blooms and eutrophication (LePage 2011).  

Dissolved oxygen (DO) measurements for Roberts Bank showed minimal variation with space 

or time. Depth profiles generally showed that DO concentrations ranged from approximately 

8 to 11 mg/L, and averaged 10.5 mg/L for January, February, April, and June (see EIS Section 

9.6, Appendix 9.6-A). The DO results are consistent with expectations for well oxygenated 

marine waters, as well as the findings from the Deltaport Third Berth Adaptive Management 

Strategy monitoring program (9.8 to 9.9 mg/L for quarterly samples averaged over 2007 to 

2012; see EIS Section 9.6, Appendix 9.6-A). 

Intertidal marsh in Region 1 experiences high exposure to anthropogenic contaminants from 

the Fraser River plume, including from agricultural, forestry, sewage, and other industrial 

sources (Environment Canada 1998). Intertidal marsh in this region has fine-grained soils 

and greater vegetation productivity and structure to reduce flow (enabling settling of 

suspended solids) and trap and bind contaminants. For these reasons, Region 1 was ranked 

high in performing functions related to water quality.  

Intertidal marsh in Region 2 is also highly exposed to elements in runoff from the adjacent 

road, rail yard, and terminal facilities, including hydrocarbons (i.e., coal dust) and metals; 

however, the ability to trap and store contaminants is less relative to Region 1 because 

macrophyte cover is sparse to intermediate (<10-50%) and soils are predominantly 

comprised of coarse grain sizes (sand with pea-size gravel) with little clay to bind metals. 

Because it is located in an area where water filtering may be more important due to industrial 

runoff, Region 2 was ranked moderate in providing water quality functions.  
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4.3.1.3 Ecological Functions 

This section provides an overview of intertidal marsh ecological function in the WAA and 

assesses habitat function relative to four criteria: flora diversity and productivity, habitat for 

valued, rare, and sensitive species, habitat connectivity, and habitat structure. 

Overview 

Ecological function refers to the manner in which a wetland contributes to biological 

productivity and diversity. Generally, the habitat functions of intertidal marsh wetlands are 

high, and the importance of Fraser River estuary marshes has been well documented 

(Butler and Cannings 1989, Boyd 1995).  

Flora Diversity and Productivity 

This criterion amalgamates two different parameters that are not necessarily correlated: 

diversity and primary productivity. It is acknowledged that there may be situations where, for 

example, productivity is high but diversity is low; in these instances, a conservative approach 

will be taken and ratings assigned according to the higher of the two scores. 

Diversity 

Intertidal marsh plant diversity at Roberts Bank is high, with at least 20 species recorded 

(Table 9; Hemmera 2014a). Species composition, while known to vary with a number of 

factors such as elevation (which determines the extent to which plants are subject to 

desiccation and/or inundation), is largely driven by salinity (G.L. Williams and NHC 2009). In 

fact, intertidal marsh in the WAA can be divided into two distinct biotic communities based on 

their tolerance to saline conditions: brackish marsh and salt marsh. Brackish marshes are 

more common closer to the Fraser River distributary channels (i.e., Region 1), whereas salt 

marshes are found where inputs of freshwater are more minimal relative to seawater exposure 

(i.e., Region 2) (G.L. Williams and NHC 2009). 

In general, brackish marshes support higher species diversity than salt marshes 

(G.L. Williams and NHC 2009). However, due to the presence of a salinity gradient, the ranges 

of some plant species may occur in both intertidal marsh types; such is the case for the 

brackish marsh along the Roberts Bank dyke or Roberts Bank causeway, where saline species 

such as American glasswort and seashore saltgrass overlap with more brackish species such 

as seacoast bulrush (Bolboschoenus maritimus). 
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Table 9 List of Intertidal Marsh Plant Species Documented at Roberts Bank 

Family Common Name Latin Name 

Asteraceae Nodding beggarticks Bidens cernua 

Cyperaceae Seacoast bulrush Bolboschoenus maritimus 

Poaceae Bluejoint grass Calamagrostis canadensis 

Cyperaceae Lyngbye's sedge Carex lyngbyei 

Asteraceae Brass buttons Cotula coronopifolia 

Poaceae Tufted hairgrass Deschampsia cespitosa 

Poaceae Saltgrass Distichlis spicata 

Poaceae Reed canary grass Phalaris arundinacea 

Plantaginaceae Seaside plantain Plantago maritima 

Amaranthaceae Pickleweed (or sea asparagus) Sarcocornia pacifica 

Cyperaceae Softstem bulrush Schoenoplectus tabernaemontani 

Cyperaceae Three-square bulrush Schoenoplectus pungens 

Asteraceae Aster spp. Senecio spp. 

Poaceae English cordgrass Spartina anglica 

Caryophyllaceae Sandspurry Spergularia canadensis 

Juncaginaceae Arrowgrass Triglochin maritima 

Typhaceae Common cattail Typha latifolia 

Rubiaceae Cleavers Galium aparine 

Polygonaceae Western dock Rumex occidentalis 

Alismataceae Wapato/Arrowhead Sagittaria latifolia 

Apiaceae Douglas’ water hemlock Cicuta douglasii 

Rosaceae Silverweed Potentilla anserina 

Poaceae Dunegrass Leymus mollis 

Onagraceae Fireweed Chamerion angustifolium 

Asteraceae Common dandelion Taraxacum officinale 

Lythraceae Purple loosestrife Lythrum salicaria 

Lamiaceae Hemp-nettle Galeopsis tetrahit 

Convolvulceae Field bindweed Convolvulus arvensis 

Balsaminaceae Common touch-me-not Impatiens noli-tangere 

 

The intertidal marsh in Region 1 is brackish and consists of a distinct assemblage of species 

relative to Region 2, reflecting the degree of interaction between the salt wedge and 

freshwater inputs. In Region 1, the intertidal marsh community is considered highly diverse. 

Here, species composition is dominated by sedges (e.g., Lyngbye’s sedge, Carex lyngbyei), 
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Productivity 

Intertidal marsh in Region 1 takes the form of an extensive meadow and shows high 

vegetation cover (>50%). In contrast, intertidal marsh in Region 2 is discontinuous and 

fringing, and typically shows sparse to intermediate vegetation cover (<10-50%) with a 

higher proportion of bare space. Lower productivity in Region 2 is largely attributed to soil 

conditions (i.e., coarse sediments, well-drained, little organic accumulation) and a high edge 

to area ratio (i.e., the marsh forms a narrow band and is therefore more vulnerable to 

disturbance from waves and storm events).  

Overall, Region 1 was ranked as high in providing diversity and productivity function; in 

contrast, Region 2 was scored low in providing diversity and productivity function.  

Habitat for Valued, Rare, or Sensitive Species 

Intertidal marsh wetlands in both Regions 1 and 2 do not support federally rare plant 

communities; however, provincially red and blue-listed wetland plant communities were 

recorded. In Region 1 red-listed communities include: tufted hairgrass – meadow barley 

(Deschampsia cespitosa ssp. beringensis – Hordeum brachyantherum), tufted hairgrass - 

Douglas’ aster (Deschampsia cespitosa ssp. beringensis - Symphyotrichum subspicatum), 

American glasswort - sea-milkwort (Sarcocornia pacifica - Glaux maritime), seashore 

saltgrass (Distichlis spicata var. spicata), and Lyngbye’s sedge (Carex lyngbyei); blue-listed 

communities in Region 1 include: common spike-rush (Eleocharis palustris), common cattail 

(Typha latifolia), and hard-stemmed bulrush (Schoenoplectus acutus).  

Red-listed communities found in Region 2 include: tufted hairgrass - Douglas’ aster 

(Deschampsia cespitosa ssp. beringensis - Symphyotrichum subspicatum), Lyngbye’s sedge 

and herbaceous vegetation (Carex lyngbyei), and American glasswort - sea-milkwort 

(Sarcocornia pacifica - Glaux maritima); no blue-listed communities were observed in Region 

2 (refer to VFPA (2015b, 2018e) for more discussion around Project effects on these 

provincially listed communities).  

It should be noted that the three red-listed community types found within the causeway 

footprint are also found elsewhere in the WAA and regional assessment area, such that direct 

overlap with the Project will not cause their local/regional extirpation; however, these 

communities require specific site conditions, which limits their distribution and contributes to 

their listed status. Intertidal marshes in Regions 1 and 2 are used by a variety of fish species 

at differing life stages; for example, intertidal marsh at Roberts Bank is used as rearing habitat 
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by juvenile salmon (Dunford 1975, Levy et al. 1979, Levy and Northcote 1981, Archipelago 

2014) and as spawning habitat by anadromous threespine stickleback (Wootton 1984). 

Marshes enhance feeding opportunities, providing both detritus and habitat to marine 

invertebrates, which act as the food supply for higher trophic levels, including salmon (Levings 

et al. 1991).  

Intertidal marsh in Region 1 is considered intermediately disturbed from dyking, boat wake 

in Canoe Passage, seasonal hunting activities, and recreational use. Brunswick Point, in 

particular, provides habitat that supports a diverse assemblage of migratory and wintering 

waterbird species (Boyd 1995; Hemmera 2014c), some of which represent globally significant 

populations, including: American wigeon (Anas americana), northern pintail (Anas acuta), 

mallard (Anas platyrhynchos), snow goose (Chen caerulescens), trumpeter swan (Cygnus 

buccinator), and great blue heron (Ardea herodias fannini). Roberts Bank intertidal marshes 

also support a number of at-risk and/or migratory passerine species, such as purple martin 

(Progne subis), black swift (Cypseoides niger), and barn swallow (Hirundo rustica) as well as 

raptor species, including peregrine falcon (Falco peregrinus anatum), barn owl (Tyto alba), 

and short-eared owl (Asio flammeus). 

Great blue heron, which are listed as Special Concern under the Species at Risk Act and blue-

listed provincially, are common at the marsh edges but occur in relatively low numbers, while 

American bittern and Wilson’s snipe use the Brunswick Point marshes in Region 1 as breeding 

habitat. Snow geese occur in the greatest numbers at Roberts Bank but generally use the 

marsh edges; in low-elevation marshes, snow geese grub bulrush rhizomes in the autumn 

months, and forage on emergent sedges in mid- to high-marshes in the early spring (Boyd 

1995). Additionally, thousands of Pacific dunlin are known to roost in the Brunswick Point 

marsh during the winter (Hentze 2006).  

For these reasons, Region 1 was scored high in providing habitat for valued species, including 

refugia for rare or sensitive species.  

Intertidal marsh in Region 2 experiences disturbance, largely due to noise and movement 

along the causeway. The Project is expected to increase the rates of occurrence of transient 

and impulsive noise events due to increased container handling and increased rail volumes 

on the causeway; the increased frequency of these events may be noticeable, including during 

the nighttime hours when background noise levels are typically lower (for more information 

refer to EIS Section 9.3). Additionally, intertidal marsh in this region is fringing, small in size, 

and narrow in width and therefore provides little areal extent for species to move or establish. 



VANCOUVER FRASER PORT AUTHORITY | Roberts Bank Terminal 2  
Wetland Functions Assessment 

  Page | 45 

Despite these constraints, the marsh does support valued, rare, and sensitive species, 

including three provincially red-listed marsh communities, juvenile salmonids, starry flounder, 

and migratory shorebirds (including western sandpiper and Pacific dunlin), albeit to a lesser 

extent than Region 1. However, the presence of invasive plant species in the high marsh 

decreases habitat value for species-at-risk (Boersma et al. 2006). Accordingly, Region 2 was 

rated low in performance of this function.  

Habitat Connectivity 

Habitat connectivity is important for the movement of migratory species, improving 

effectiveness of propagule dispersal, and reducing habitat fragmentation. It should be noted, 

however, that urban habitats are generally physically and biologically different from non-

urban systems, as discussed by Ehrenfeld (2000) and Baldwin (2004); specifically, while 

isolated intertidal marshes in non-urban areas may have lower species richness and be 

underutilised by wildlife, similar habitats in an urban setting may provide higher function used 

by a wide variety of species (Ehrenfeld 2000).  

Intertidal marshes in the WAA (i.e., Regions 1 and 2) are relatively contiguous, despite being 

thin and narrow in some places (i.e., along the Roberts Bank dyke and causeway), and 

therefore provide function as a movement corridor, or stepping-stone of natural habitat, for 

fish and wildlife species using the Fraser River estuary. For example, the marshes provide 

transition habitat for juvenile Pacific salmon as they migrate out of the Fraser River to the 

ocean that, relative to unvegetated habitat, provide increased food, shelter, and nursery 

function (Green et al. 2012). 

Although habitat function is rated low in Region 2, connectivity is created by the overall extent 

of marsh presence throughout the WAA (e.g., Brunswick Point marsh, Deltaport Third Berth 

compensation marshes, and Tsawwassen First Nation marsh in the inter-causeway area) and 

beyond (e.g., South Arm marshes). Habitat fragmentation throughout the watershed 

(Environment Canada 1998), along with its urban and industrialised setting, underscore the 

importance of remaining marsh to perform this function. Accordingly, habitat connectivity 

function was rated as high for both Regions 1 and 2.  

Habitat Structure 

The structural complexity of marsh habitat includes multiple vegetation layers, the presence 

of woody debris, and the formation of standing pools and drainage channels. Structural 
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complexity is important as its supports increased species richness and diversity as well as 

refugia for fish and wildlife (Levings and Nishimura 1996, Rountree and Able 2007).  

Structural complexity is rated as high in Region 1. Here, vegetation is a mix of native and 

non-native species and structural layers are largely comprised of graminoids (i.e., grasses, 

sedges, and rushes) with few low shrubs and forbs (i.e., herbaceous flowering plants that are 

not graminoid). Other habitat features include several tidal channels, the presence of logs 

and other large woody debris, hummocky topography (see Photo 6), and fairly extensive 

ponding of water. Additionally, since the wetland is tidal, it is also exposed to daily changes 

in hydroperiod, adding complexity to the environment.  

In contrast, habitat structure is rated as low in Region 2. Vegetation is also a mix of native 

and non-native species, but with a higher proportion of non-native species compared to 

Region 1. Invasive plants tend to create monocultures, particularly reed canary grass, and 

this reduces structural complexity while inhibiting the growth of native species (Boersma et 

al. 2006). Additionally, there are fewer vegetation layers and less cover relative to Region 1. 

Since the wetland is tidal, it is also exposed to daily changes in hydroperiod, adding some 

complexity to the environment. Further, while some woody debris is present, there are no 

tidal channels and few standing pools in this region. 

4.3.2 Sandflat 

Results for sandflat wetlands in the WAA are depicted in   
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Table 10 (note definitions of criteria are provided in Table 2), and described in the following 

subsections. Note both Regions 1 and 2 are assessed together because they are similar in 

terms of composition as well as in relation to potential interactions with the Project and 

proximity to existing infrastructure. 
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Flow Moderation and Flood Protection 

Sandflats at the delta edge are exposed to waves and higher energy oceanographic conditions 

so the sands can be quite mobile and are constantly being reworked (G.L. Williams and NHC 

2009). As discussed in Section 4.2.2 above, the sandflats are dissected by a number of well-

developed large dendritic channels across the tidal flats (EIS Section 9.5, Appendix 9.5-A), 

which offer little to no frictional resistance. Further, bare sandflats lack plants, such that there 

is no “baffling” effect to slow water velocities (Frey and Basan 1985; see Photo 8). Despite 

this, sandflats do provide flow moderation function; Medley (1978) suggested that the gently 

sloping tidal flats attenuate waves through bottom friction losses and Woods (1970) estimated 

approximately 20% of wave energy was dissipated through such losses at Roberts Bank. This 

is evidenced by the gradual transition from coarse to medium sediments at the seaward edge 

(indicating a higher energy regime) to a fine sand and silt environment shoreward (indicating 

a lower energy regime).  

 

Photo 8 Extensive Sandflats in the Low Intertidal Zone on the North Side of the 
Roberts Bank Causeway (August 2012) 

The ability of sandflats to uptake and store water is also linked to flood protection. Particle 

size and compaction influence the permeability, or water flow through sediment. Typically, 

coarser grained sediments are characterised by high porosity and permeability, such that 

water tends to drain rather than be retained (Pethick 1984). Overall, sandflats in both Regions 

1 and 2 were rated moderate in performing flow moderation and flood protection function.  
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Groundwater Recharge 

Intertidal sandflats are observed in the lowest regional landscape positions (i.e., lowest 

hydraulic head elevation) and therefore are considered to receive groundwater discharge, 

rather than contribute to recharge (Fetter 2001). As outlined in Section 4.3.1.1 above, tidal 

exchange acts to saturate near surface sediments, but is not considered to contribute to 

groundwater inputs. Further, while the magnitude of groundwater flux to the tidal flat surface 

has not been quantified, it is expected that the contribution of freshwater seepage would be 

small relative to tidal exchange. For these reasons, the overall score for sandflats in 

performing groundwater recharge functions was rated low.  

Shoreline and Erosion Protection 

Sandflats reduce hydraulic energy through bottom friction losses, creating a wide protective 

shallow fringe at the outer edge of the delta. Despite the lack of emergent vegetation to 

further buffer erosional forces, sandflat habitat in the WAA is rated moderate in providing 

shoreline and erosion protection function because of its vast areal extent. In addition, the 

shoreline of the WAA is reinforced by sea dykes, constructed to prevent the incursion of 

seawater into adjacent agricultural and residential lands; these dykes are considered the 

primary form of shoreline and erosion protection. 

Climate Regulation (Evapotranspiration) 

As discussed in the Climate Regulation (Evapotranspiration) subsection of 

Section 4.3.1.1 and outlined in Table 2 above, wetlands with dense vegetation, 

accumulation of fine and organic soils, depressional or low sloping substrates, and areas for 

ponding of water can act to increase local evapotranspiration hence contribute to climate 

regulation. The capacity of sandflats to regulate the local climate through evapotranspiration 

was rated as low, as there is no vegetation associated with this habitat type and most of the 

water is drained during low tide.  

4.3.2.2 Biogeochemical Functions 

This section provides an overview of sandflat biogeochemistry in the WAA and assesses 

biogeochemical function relative to four criteria: nutrient uptake and organic export, carbon 

sequestration and storage, trapping elements and compounds, and water quality. 
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Overview 

The Fraser River estuary sits adjacent to Canada’s third largest urban region, which is the 

source of much pollution stress; the Fraser River transports contaminants introduced to the 

river from industrial and municipal discharges, non-point source runoff from agricultural and 

urban land, and in the case of metals, from natural geological erosion and leaching (Bendall-

Young et al. 2004). Biogeochemical cycles involve the interaction of biological, chemical, and 

geological processes that determine sources, sinks, and fluxes of elements through different 

reservoirs within ecosystems (Bianchi 2007). Physical (sediment transport, tidal pumping, 

wave action, bioturbation), chemical (oxidation-reduction, precipitation-dissolution, 

adsorption), and microbial processes regulate the cycling of elements in intertidal sediments 

(Taillefert et al. 2007).  

Nutrient Cycling and Organic Export 

Many physical and biological factors and processes affect the concentration of nutrients in the 

Fraser River estuary, including river discharge, tidal cycles, winds, water-sediment interface 

exchange, foreshore marshes, sewage effluent, activity of benthic animals, and utilisation of 

nutrients by phytoplankton and benthic algae (Bendall-Young et al. 2004). As mentioned in 

the Nutrient Cycling and Organic Export subsection of Section 4.3.1.2 above, the 

abundance of nutrients in the Fraser River estuary is considered low relative to other highly 

urbanised estuaries in North America.  

The location of the intertidal flats adjacent to the Fraser River outflow of Canoe Passage means 

the area is exposed to many nutrient sources, particularly from adjacent agricultural lands, 

the forest products industry, and effluent from sewage and industrial outfalls (Environment 

Canada 1998). Further, semi-diurnal tidal exchange supplies the tidal flats with marine 

nutrients from the deep waters of the Strait of Georgia, and also ensures this region functions 

well in terms of organic export through the network of tidal channels. Inorganic nutrients are 

generated in the sediments via a number of microbial remineralisation reactions; usually, the 

nutrient concentration is much higher in the sediments than in the water, and therefore 

nutrients are released into the overlaying water in a process referred to as the “nutrient 

pump” (Bendall-Young et al. 2004). In fact, the Roberts Bank tidal flats are considered an 

important nearshore nitrogen source for phytoplankton productivity in the Strait of Georgia 

during summer (Harrison et al. 1998). However, if remineralisation occurs via denitrification, 

there may be a net loss of nitrogen from the system; as such, tidal flats may act as both 

sources and sinks of dissolved inorganic nitrogen (Cook et al. 2004). 
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Sandflats in the WAA were rated moderate in functional performance of nutrient cycling and 

organic export. The lack of emergent vegetation signifies a low potential to produce detritus 

or organic matter and, being comprised of coarser grain sizes, sandflats do not have optimal 

soil characteristics to bind and trap nutrients in their surface matrix.  

Carbon Sequestration and Storage 

As outlined in the Carbon Sequestration and Storage subsection of Section 4.3.1.2 

above, the carbon cycle in coastal areas is largely driven by vegetation; vegetative biomass 

can provide substantial sequestration of atmospheric carbon in plant tissues, which is 

subsequently released as the plants decompose and is then either exported from the system 

or cycled internally (Tobias and Neubauer 2009). However, sandflats are characterised as 

bare, with no emergent vegetation to carry out primary production or in which to sequester 

carbon. While sandflat sediments do support benthic diatom settlement, diatoms in deeper 

sediments would no longer be capable of photosynthesising and are therefore considered to 

be of minimal carbon sequestration value. Chlorophyll a values closer to the surface (i.e., top 

4 cm) were substantially lower in sandflats compared to mudflats (e.g., 60 µg/L versus 

215 µg/L; Sutherland et al. 2005). Further, as sandflats are comprised of larger grain sizes, 

there is little to no organic build up in the sediments. For these reasons, sandflats were rated 

low in performing carbon sequestration and storage function. 

Trapping Elements and Compounds 

As noted above, the Roberts Bank intertidal region is subject to a number of anthropogenic 

stresses within the overall watershed leading to the release of contaminants directly onto the 

sandflats, from non-point sources (e.g., the forest products industry, sewage effluent) and 

point-sources (e.g., industrial runoff from adjacent terminal facilities) alike. Estuarine 

sediments are efficient scavengers of metals (Bendell-Young et al. 2004); however, this is 

directly related to the amount of fines (silts and clays) within the sediment. The larger grain 

sizes that comprise sandy sediments have a smaller surface area with which to bind and trap 

elements.  

The spatial distribution of most trace elements and metals reflect opportunities for deposition 

and retention of fines delivered to the tide flats from the Fraser River discharge plume (see 

EIS Section 9.6, Appendix 9.6-A). Higher percent fines occur in surface sediments within the 

immediate nearshore (i.e., mudflat) areas, with increasing percent sand observed with 

increasing distance from the shoreline. This is empirically supported by inverse distance 

weighting interpolations of concentrations of metals and other compounds in surface 
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sediments in the WAA; results for selenium are provided in Figure 10 as an example to 

demonstrate these trends in spatial distribution. The Roberts Bank sandflats were rated low 

in their ability to trap and store elements and compounds because of a lack of vegetation 

structure to help filter out particles, and because soils are comprised of medium to coarse 

material with little clay to bind metals and are subject to twice daily tidal flooding.  

Water Quality 

As outlined above, the Roberts Bank tidal flats experience high levels of exposure to 

anthropogenic contaminants from the Fraser River plume and adjacent industrial activities, 

including from agricultural, forestry, sewage, and other industrial sources (Environment 

Canada 1998). Intertidal sandflats provide little to no function in support of improving water 

quality as they lack emergent structures to filter suspended sediments from the water column 

and sediments are predominantly comprised of coarse grain sizes with little clay to bind 

metals. However, sandflats do support communities of infaunal and epifaunal invertebrates 

which, through their filter feeding activities, can remove organic particles from suspension 

and thereby improve water quality by reducing turbidity. Accordingly, sandflats were ranked 

low in providing water quality functions.  

4.3.2.3 Ecological Functions 

This section provides an overview of sandflat ecological function in the WAA and assesses 

habitat function relative to four criteria: floral diversity and productivity, habitat for valued, 

rare, and sensitive species, habitat connectivity, and habitat structure. 

Overview 

Refer to the Overview subsection of Section 4.3.1.3 above. 

Flora Diversity and Productivity 

Diversity 

This criterion is not applicable to sandflats because they are unvegetated, and therefore do 

not support floral diversity. However, as mentioned above, considerable benthic diatom 

settlement occurs over sandflats, as evidenced by chlorophyll a concentrations in deeper 

sediments (i.e., to 9 cm; Bendall-Young et al. 2004).  
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Productivity 

As above, this criterion is not applicable to sandflats because they are unvegetated and 

therefore do not support floral, or primary, productivity per se. However, the release of 

nutrients from sandflat sediments into the water column during a flood tide may enhance 

primary productivity in the water column (i.e., diatoms) after the water retreats to the Strait 

of Georgia (Bendall-Young et al. 2004). 

Additionally, vertical distribution of chlorophyll a in sandy sediment samples collected from 

the Fraser River estuary showed large quantities of chlorophyll present below the surface of 

the sediment (up to 10 cm); chlorophyll values (i.e., 1,000 to 3,000 mg/m2; Harrison et al. 

1998) were over one order of magnitude higher than those reported for other intertidal areas, 

such as Netart’s Bay, Oregon (~300 mg/m2; Davis and McIntire 1983) and North Inlet, South 

Carolina (~120 mg/m2; Pinckney and Zingmark 1991). These results were attributed to tidal 

drainage, which draws down surface-growing microalgae through the large interstitial spaces 

of the well-sorted sandy sediment during ebb tide; the process repeats over twice-daily tidal 

cycles and contributes to the accumulation of chlorophyll a in the deeper sediments (Harrison 

et al. 1998). Harrison et al. (1998) stress the importance of this sandflat algae reservoir to 

secondary production across the whole Fraser River delta-front, as quantities of buried algal 

biomass represent a food source for benthic fauna. 

Habitat for Valued, Rare, or Sensitive Species 

Sandflats at Roberts Bank provide habitat for a number of invertebrate species, including 

infaunal and epifaunal communities, which, in turn, are consumed by a variety of bird and 

fish species (Smith and Coull 1987, Coull 1990). Harpacticoid copepods, for example, are a 

favoured prey resource for juvenile Pacific salmon during their nearshore residence period 

(Gee 1989, Webb 1991a, Sutherland et al. 2013). Several taxa of benthic invertebrates have 

also been shown to be important food sources for migratory western sandpipers (Sutherland 

et al. 2000) and Pacific dunlin (Mathot et al. 2010). However, it should be noted that sandflats 

provide lower habitat function relative to mudflats, largely due to sediment grain size, which 

is widely considered the single best predictor of benthic invertebrate community 

characteristics (Ricciardi and Bourget 1999). In general, smaller sediment grain sizes 

correspond to higher invertebrate abundance, biomass, and diversity (Heck et al. 1995, 

Sewell 1996, Hemmera 2014c) because of the larger available surface area for adhesion of 

organic particles (i.e., TOC), which constitute an important food source for infaunal and 

epifaunal invertebrates. 
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Sandflats support a broad range of burrowing bivalve species (Burd et al. 2008). In particular, 

heart cockles represent a culturally valuable resource to Indigenous groups and, at Roberts 

Bank, are predominantly encountered in sandy substrates in the low intertidal zone, either 

associated with native eelgrass beds or flowing tidal channels (Hemmera 2014d). In addition, 

Pacific littleneck clams exist in abundance at Roberts Bank in mid to low intertidal areas and 

associated with fine, and slightly muddy, sand (Hemmera 2014d). Dungeness crab—the most 

culturally and socio-economically valued invertebrate species at Roberts Bank—also makes 

use of the intertidal sandflats at Roberts Bank, migrating from deeper waters during nocturnal 

high tides to forage (Holsman et al. 2006, Curtis and McGaw 2012). 

The Roberts Bank sandflats also provide habitat to a number of fish species, including flatfish 

such as starry flounder, demersal fish such as threespine stickleback and Pacific staghorn 

sculpin, and commercially and culturally valuable Pacific salmon. In particular, sandy 

sediments in the intertidal zone can provide spawning or burying habitat for Pacific sand lance, 

an important prey item for Chinook salmon (Beacham 1986, Brodeur 1990). While suitable 

sand lance spawning habitat was identified on the north side of Roberts Bank causeway, no 

eggs were found during surveys (see EIS Section 13.5.3).  

While submerged at high tide, sandflats provide feeding and resting areas for a number of 

waterbirds, such as ducks (e.g., surf scoter), diving birds (e.g., loons, grebes), and gulls. 

Great blue heron, which is listed as Special Concern under the Species at Risk Act and blue-

listed provincially, feeds primarily on tidal flats and eelgrass beds from April to August (Butler 

1997, Hemmera et al. 2010). Surveys conducted at Roberts Bank show peak heron counts of 

250 to 300 birds foraging at low tide during May and June (Hemmera et al. 2009). 

Additionally, Pacific dunlin, an important migratory shorebird, use the sandflats intensively 

during their overwintering period which lasts up to six months (Harrison et al. 1998); in fact, 

the Fraser River estuary supports greater numbers of dunlin during winter and migration than 

most, if not all sites, in western North America (Fernández et al. 2010) and constitutes the 

largest wintering population of shorebirds in Canada (Butler and Vermeer 1994, Shepherd 

and Lank 2004). Dunlin diet is varied, and is composed of biofilm, macrofauna, and meiofauna 

such as copepods, cumaceans, amphipods, molluscs, and polychaetes (Wilson 1994, Sewell 

1996, Elner et al. 2005, Kuwae et al. 2008, 2012, Mathot et al. 2010). In intertidal habitat, 

dunlin tend to forage in relatively concentrated flocks close to the tide line, whereas western 

sandpipers tend to be more evenly dispersed across mid and upper intertidal mudflats (Senner 
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et al. 1989, field observations); therefore, western sandpiper is discussed under mudflats, in 

Section 4.3.3.3 below. 

For the reasons outlined above, sandflats were rated moderate in providing habitat for valued, 

rare, or at-risk species.  

Habitat Connectivity 

The intertidal sandflats at Roberts Bank form part of a contiguous system across the Fraser 

River estuary, upon which numerous species depend for all or part of their life cycle. Locally, 

the lower position of sandflats in the landscape results in inundation with water for greater 

periods of time than other wetlands in the WAA, effectively functioning as a connective 

corridor between deep and shallow water for fish or mobile macroinvertebrates. Globally, the 

tidal flats of the Fraser River delta form part of the Pacific flyway, which ultimately links 

Central or South American wetlands to the Arctic tundra; the Fraser River delta represents 

one of the five most heavily used stopover sites on the western sandpiper’s migration route 

along the Pacific coast (Butler et al. 1987, Iverson et al. 1996, Fernández et al. 2010). 

Accordingly, habitat connectivity function was rated high for sandflats.  

Habitat Structure 

Intertidal sandflats lack rooted vegetation and thereby provide limited habitat structure 

function. Generally, 1-2 structural types are present, including an accessible soft sediment 

matrix that is dissected by tidal channels. In the summer, mounds of green algae (Ulva sp.) 

are deposited over the tidal flats due to tidal action, providing some structural complexity; 

however, its presence in the WAA is seasonal and ephemeral. Accordingly, sandflats were 

rated low in providing habitat structure functions.  

4.3.3 Mudflat 

Results for mudflat wetlands in the WAA are depicted in   
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Table 11 (criteria definitions are provided in Table 2), and described in the following 

subsections. Note that mudflat in Region 2 (i.e., the inter-causeway area) is not assessed 

here because no direct or indirect effects of the Project are expected in this area. 
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Groundwater Recharge 

Intertidal mudflats are observed in the lowest regional landscape positions (i.e., lowest 

hydraulic head elevation) and therefore are considered to receive groundwater discharge, 

rather than contribute to recharge (Fetter 2001). As outlined in the Groundwater Recharge 

subsection of Section 4.3.1.1 above, tidal exchange acts to saturate near surface sediments, 

but is not considered to contribute to groundwater inputs. Further, while the magnitude of 

groundwater flux to the tidal flat surface has not been quantified, it is expected that the 

contribution of freshwater seepage would be small relative to tidal exchange. For these 

reasons, mudflats were rated low in performing groundwater recharge functions. 

Shoreline and Erosion Protection 

In contrast to sandflats, mudflats are generally comprised of cohesive deposits of fine-grained 

sediments and therefore become difficult to remobilise or entrain (Feeney 1995; Photo 10). 

Further, correlation relationships between erosion properties and biological characteristics of 

intertidal mudflats have shown the importance of the biofilm layer in modifying the initial 

erosion of a surface mud layer (Widdows et al. 2000, Andersen 2001). Benthic diatoms act 

as a binding force for mudflats through their production of sticky extracellular polymeric 

substances (Sutherland et al. 1998), which form overtop particles and fill interstitial pores 

with carbohydrates, thereby withstanding erosional forces. WorleyParsons (2014b) found that 

sediment with biofilm had a statistically significantly higher critical shear stress compared to 

sediments without biofilm. However, mudflats and biofilm areas in the WAA form in quiescent, 

low energy environments in the high intertidal, where exposure to erosive forces is minimal 

and therefore likely serve little shoreline and erosion protection function. For example, 

Bendall-Young et al. (2004) showed that sediments closest to shore at nearby Sturgeon Bank 

are not easily eroded because currents on the bank rarely reach velocities high enough to 

initiate sediment movement. Overall, mudflats were rated low in performing shoreline and 

erosion protection function.  
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Photo 10 Cohesive, Fine-grained Mudflat Sediments in Region 1 (April 2016) 

Climate Regulation (Evapotranspiration) 

As discussed in the Climate Regulation (Evapotranspiration) subsection of 

Section 4.3.1.1 and outlined in Table 2 above, wetlands with dense vegetation, 

accumulation of fine and organic soils, depressional or low sloping substrates, and areas for 

ponding of water can act to increase local evapotranspiration hence contribute to climate 

regulation. It is recognised that mudflats have a greater capacity to pond and store water 

than sandflats due to low porosity and permeability of the sediment; however, the capacity 

of mudflats to regulate the local climate and perform evapotranspiration was still rated as low 

due to a lack of emergent vegetation.  

4.3.3.2 Biogeochemical Functions 

This section provides an overview of mudflat biogeochemistry in the WAA and assesses 

biogeochemical function relative to four criteria: nutrient uptake and organic export, carbon 

sequestration and storage, trapping elements and compounds, and water quality. 

Overview 

Refer to the Overview subsection of Section 4.3.1.2 above. 
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Nutrient Cycling and Organic Export 

Refer to the Nutrient Cycling and Organic Export subsection of Section 4.3.1.2 above 

for an outline of factors affecting, and processes governing, the concentration of nutrients in 

the WAA. Nitrogen is an essential nutrient and is most frequently limiting the productivity of 

wetlands. Reactions in wetlands effectively process inorganic nitrogen through nitrification 

and denitrification, ammonia volatilisation, and plant uptake, which aid in maintaining low 

levels of inorganic nitrogen in the water column (Reddy and DeLaune 2008). 

Nutrient deposition and organic matter accumulation is considered effective, as mudflats 

occupy low energy environments where particles are able to fall out of suspension and bind 

with the finer sediments (Fetter 1999). Like sandflats, the lack of emergent vegetation means 

bare mudflats do not produce large amounts of detritus; however, microphytobenthos (i.e., 

biofilm) is ubiquitous on mudflats and exerts influence on nitrogen cycling processes in these 

environments (Underwood and Kromkamp 1999).  

Biofilm influences the nutrient flux both directly through nutrient uptake from water and 

sediment, and indirectly by affecting the oxygen concentration at the sediment-water 

interface by photosynthesis and respiration (Sundback and Graneli 1988). For example, the 

bacteria within microphytobenthos have been shown to negatively influence nitrification 

(Risgaard-Petersen et al. 2004) and thus strongly retain nitrogen within estuarine sediments 

(Gribsholt et al. 2009). However, the retention of nitrogen in biofilm biomass is most likely 

only temporary and probably has little or no promoting effect on the annual retention of 

nitrogen in estuaries, as much of the assimilated nitrogen may re-enter the environment via 

decomposition, grazing, or leaching (Risgaard-Petersen and Ottosen 2000). 

Additionally, mudflats support richer infaunal and epifaunal invertebrate communities 

compared to sandflats, as smaller sediment grain sizes correspond to higher invertebrate 

abundance, biomass, and diversity (Heck et al. 1995, Sewell 1996, Hemmera 2014c). The 

presence and activity of burrowing infaunal invertebrates bioturbates the sediment, which can 

positively affect microbial nutrient cycling processes (i.e., remineralisation); bioturbated 

sediment supports higher rates of coupled nitrification-denitrification reactions and increased 

fluxes of ammonium to the water column, while burrows can effectively extend the oxic or 

anoxic interface into deeper sediment layers (Laverock et al. 2011). For the reasons outlined 

above, mudflats (particularly those dominated by biofilm) were rated moderate in performing 

nutrient cycling and organic export function.  
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Carbon Sequestration and Storage 

As outlined in the Carbon Sequestration and Storage subsection of Section 4.3.1.2 

above, the carbon cycle in coastal areas is largely driven by vegetation; vegetative biomass 

can provide substantial sequestration of atmospheric carbon in plant tissues, which is 

subsequently released as the plants decompose and is then either exported from the system 

or cycled internally (Tobias and Neubauer 2009). Bare mudflats produce no emergent 

vegetation to carry out primary production or in which to sequester carbon. However, biofilm 

is highly productive and is thought to play an important role in carbon fluxes through intertidal 

ecosystems (Goto et al. 2001, Cook et al. 2009). 

Biofilm fixes inorganic carbon from overlying water or air in intertidal sediments; this carbon 

may undergo various transformations before being ultimately lost to the overlying water 

column or buried within sediments, thereby affecting the quality and quantity of carbon inputs 

to the coastal ocean (Oakes and Eyre 2014). Generally, most of the extracellular organic 

carbon produced by biofilm are labile compounds that provide a carbon source to bacterial 

populations and higher order consumers (Goto et al. 2001, Oakes et al. 2010). Additionally, 

retention of biofilm derived carbon in intertidal mudflats has also been documented 

(Middleburg et al. 2000, Oakes and Eyre 2014), suggesting biofilm may contribute to long-

term carbon sequestration (“blue carbon”) in unvegetated sediments. For these reasons, 

mudflats were rated as moderate in performing carbon sequestration and storage functions.  

Trapping Elements and Compounds 

The Roberts Bank intertidal region is subject to a number of contamination inputs from point 

and non-point sources within the Fraser River watershed. The ability of a wetland to trap 

elements and compounds is correlated to percent fines within the sediment, as fines provide 

a greater surface area on which to bind. Higher percent fines occur in surface sediments within 

immediate nearshore (i.e., mudflat) areas; this is empirically depicted by inverse distance 

weighting interpolations of concentrations of metals and other compounds in surface 

sediments in the WAA. Results for selenium are provided in Figure 9 as an example to 

demonstrate these trends in spatial distribution. The Roberts Bank mudflats were scored 

moderate in trapping elements and compounds because, while there is a high proportion of 

finer sediments, vegetation cover—which acts to filter out compounds from the water 

column—is lacking.  
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Water Quality 

As outlined above, the Roberts Bank tidal flats experience high levels of exposure to 

anthropogenic contaminants from the Fraser River plume and adjacent industrial activities, 

including from agricultural, forestry, sewage, and other industrial sources (Environment 

Canada 1998). While intertidal mudflats lack emergent structures to filter suspended 

sediments from the water column, they are comprised of finer sediment grain sizes, which 

provide surface area to bind contaminants. Further, mudflats support communities of infaunal 

and epifaunal invertebrates, which, through their filter feeding activities, can remove organic 

particles from suspension and thereby improve water quality by reducing turbidity. 

Accordingly, mudflats were ranked moderate in providing water quality functions.  

4.3.3.3 Ecological Functions 

This section provides an overview of mudflat ecological function in the WAA and assesses it 

relative to four criteria: flora diversity and productivity, habitat for valued, rare, and sensitive 

species, habitat connectivity, and habitat structure. 

Overview 

Refer to the Overview subsection of Section 4.3.1.3. 

Flora Diversity and Productivity 

Diversity 

This criterion is not applicable to mudflats because they are unvegetated, and therefore do 

not support floral diversity. However, a diversity of diatom genera (n = 55) were recorded 

within the biofilm community at Roberts Bank; however, three genera were noted as 

dominating the assemblage within all sites of the WAA: Nitzschia spp., Navicula spp., and 

Achnanthidium spp., while Amphora was observed to be sub-dominant (WorleyParsons 

2014a; VFPA 2017).  

Invasive English cordgrass poses risk to mudflats by trapping sediment and raising the 

elevation of the substrate, forming large monotypic meadows in lieu of mudflat habitat. 

Spartina has been documented on both sides of the Roberts Bank causeway (see Photo 7). 

Though not an effect of the Project, the VFPA has committed to support invasive Spartina 

eradication at Roberts Bank (see Section 5.2 below and VFPA (2018f, g) for more 

information). 
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Productivity 

Despite being devoid of macrophytes, mudflats nevertheless exhibit a high primary 

productivity due to the presence of biofilm (Underwood and Kromkamp 1999); accordingly, 

this subsection will focus on biofilm-dominated mudflat substrates. Biofilm biomass and 

productivity are derived from photosynthesis and hence are constrained by maximum depth 

of light penetration in the sediment (usually the top 2 mm) (De Brouwer and Stal 2001, 

Herlory et al. 2004). In the WAA, 30,583.41 t of biofilm exist within mudflat wetlands. 

Driven by considerable primary productivity from biofilm, mudflats were rated moderate in 

the performance of flora diversity and productivity. 

Habitat for Valued, Rare, or Sensitive Species 

Mudflats support more diverse infaunal communities than sandflats (G.L. Williams and NHC 

2009), as smaller sediment grain sizes correspond to higher invertebrate abundance, 

biomass, and diversity (Heck et al. 1995, Sewell 1996, Hemmera 2014c). Additionally, being 

immersed, and therefore exposed to sunlight for longer periods of time, biofilm communities 

are quite productive and support a diverse detritus-based food web that includes benthic 

invertebrates, fish, and waterbirds. The relative contribution of benthic microalgae to 

ecosystem level food webs and overall productivity is considered to be high (Cahoon et al. 

1999, Schmid-Araya and Schmid 2000, Kang et al. 2003). Stable isotope tracer studies have 

shown that benthic consumers (deposit and suspension feeders, predators, and omnivores) 

are supported predominantly from microphytobenthic production (Sullivan and Moncreiff 

1990, Kang et al. 2003).  

The Roberts Bank mudflats also provide habitat to a number of fish species, including juvenile 

Pacific salmon and demersal fish such as threespine stickleback and Pacific staghorn sculpin.  

Like sandflats, while submerged at high tide, mudflats provide feeding and resting areas for 

a number of waterbirds, such as ducks (e.g., surf scoter), diving birds (e.g., loons, grebes), 

and gulls. Within the WAA, gulls were opportunistic foragers throughout the year, following 

rising and lowering tide levels in search of prey along exposed mudflats (Hemmera et al. 

2009). Additionally, 14 raptor species have been recorded in the WAA (Mol 2002, eBird 2012), 

where the estuarine marshes and tidal mudflats support important prey populations. In 

general, raptors were seen standing on the mudflat, perched in live trees or on poles, or 

hunting within intertidal and agricultural field habitats (see EIS Section 15.5.7).  
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Western sandpiper, an important migratory shorebird, use the mudflats intensively during 

northward and southward migrations; the Fraser River estuary is one of the five most heavily 

used stopover sites on the western sandpiper’s migration route along the Pacific coast (Butler 

et al. 1987, Iverson et al. 1996, Fernández et al. 2010). Conservatively, biofilm comprises an 

estimated 50 to 68% of western sandpiper diet while macrofauna and meiofauna comprises 

approximately 30 to 50% of the diet. Accordingly, western sandpipers tend to be dispersed 

across mid and upper intertidal mudflats (Senner et al. 1989, field observations); small tidal 

channels and areas with relatively fine sediments tend to attract higher foraging than areas 

away from channels and with more coarse grain sizes (Yates et al. 1993, Zharikov et al. 2009, 

Miller and de Rivera 2014). 

For the reasons outlined above, mudflats were rated high in performing functions related to 

habitat for valued, rare, or at-risk species.  

Habitat Connectivity 

The intertidal mudflats at Roberts Bank form part of a contiguous system across the Fraser 

River estuary, upon which numerous species depend for all or part of their life cycle. The tidal 

flats of the Fraser River delta form part of the Pacific flyway, which ultimately links Central or 

South American wetlands to the Arctic tundra; the Fraser River delta represents one of the 

five most heavily used stopover sites on the western sandpiper’s migration route along the 

Pacific coast (Butler et al. 1987, Iverson et al. 1996, Fernández et al. 2010). Accordingly, 

habitat connectivity function was rated high for mudflats.  

Habitat Structure 

Intertidal mudflats lack rooted vegetation and thereby provide limited habitat structure 

function. Generally, 1-2 structural types are present, including an accessible soft sediment 

matrix that is dissected by tidal channels. In the summer, mounds of green algae (Ulva sp.) 

are deposited over the flats due to tidal action, providing some structural complexity; 

however, its presence in the WAA is seasonal and ephemeral. Accordingly, mudflats were 

rated low in providing habitat structure functions. 

4.3.4 Eelgrass 

Results for eelgrass in the WAA are depicted in Table 12 (function criteria are defined in 

Table 2), and described in the following subsections. Note both Regions 1 and 2 are assessed 

together because they are similar in terms of species composition as well as in relation to 

potential interactions with the Project and proximity to existing infrastructure. 
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emergent eelgrass creates higher hydraulic roughness than bare tidal flats, decreasing flow 

through frictional resistance (NHC 2004). NHC (2004) developed a two-dimensional numerical 

model to predict flow conditions in the inter-causeway area and results indicated that eelgrass 

has a major effect on current velocities over the tidal flats. For example, in areas of eelgrass 

in the inter-causeway area, the maximum velocity was observed to seldom exceed 0.2 m/s, 

occasionally approaching 0.4 m/s during high tidal cycles. A relatively short distance away 

(i.e., 20 to 50 m), in the adjacent sand-covered drainage channels, the observed velocity 

frequently exceeded 0.4 m/s and often approached 0.9 m/s. Reduced flow velocities enables 

fine sediment in the water column to be deposited on the bed, which increases sediment 

accumulation rates in an otherwise high energy environment; this tends to result in improved 

conditions for lateral expansion and densification of the eelgrass beds (G.L. Williams and NHC 

2009). 

Flow moderation is linked to flood protection, where a sufficiently wide and tall vegetation 

canopy can help dissipate waves, buffer storm surges, and reduce inundation on land by 5 to 

40% (Sheng et al. 2012). However, within the WAA, flood protection of adjacent agricultural 

and industrial lands is primarily performed by man-made structures, including dykes adjacent 

to the marshes and rip-rap berms along the causeway, rather than the eelgrass beds. 

Nevertheless, the bed roughness provided by eelgrass modifies water drainage off the tidal 

flats during falling tides: water drains more slowly from the areas covered by eelgrass, 

resulting in extensive ponding as well as in steeper water surface gradients overall 

(Photo 11). Since one of the main limiting factors to the shoreward extent of Z. marina is 

desiccation, retention of water enables expansion to higher elevations where survival would 

otherwise not be possible (G.L. Williams and NHC 2009), which further serves flow moderation 

functions. 
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Photo 11 Extensive Ponding in Intertidal Native Eelgrass in Region 1 (August 2013) 

The eelgrass beds within the WAA are extensive and occur in the low to mid intertidal zone, 

and are thereby positioned to moderate shoreward flow from the Strait of Georgia. 

The current distribution of eelgrass in both Regions 1 and 2 is extensive and includes 

continuous sparse beds of Z. japonica in the mid to upper intertidal (Photo 12) and a mix of 

patchy and continuous dense beds of Z. marina (Photo 13) in the lower intertidal to shallow 

subtidal. The beds are dissected by several meandering tidal channels within the underlying 

substrate; however, most surface flow occurs through dense emergent vegetation and is 

thereby reduced. Thus, eelgrass was rated moderate in performing flow moderation functions.  

Groundwater Recharge 

Although eelgrass beds act to trap and store water at the surface, this capacity acts to support 

evapotranspiration (see below) rather than groundwater recharge due to the overall 

landscape and slope position of these habitats. As eelgrass beds are observed in some of the 

lowest regional landscape positions (i.e., lowest hydraulic head elevation), they have a greater 

potential to receive groundwater discharge, rather than contribute to recharge. As outlined in 

the Groundwater Recharge subsection of Section 4.3.1.1 above, tidal  
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exchange acts to saturate near surface sediments, but is not considered to contribute to 

groundwater inputs. Further, while the magnitude of groundwater flux to the tidal flat surface 

has not been quantified, it is expected that the contribution of freshwater seepage would be 

small relative to tidal exchange.  

For these reasons, eelgrass was rated low in performing groundwater recharge functions.  

Shoreline and Erosion Protection 

Eelgrass beds have been shown to dampen wave and current energy (Grizzle et al. 1996, 

Koch and Verduin 2001) providing some protection to shorelines. A greater function of native 

eelgrass, and to a lesser extent non-native eelgrass, is to provide erosion control of sediment 

in tidal flats and the potential to build or accrete sediments where they occur. Eelgrass exhibits 

a massive belowground network of roots and rhizomes, which helps bind sediments and 

prevent erosion. This function aids in developing sediments with high organic content, thereby 

increasing other ecological and biogeochemical functions. 

Eelgrass on both sides of the causeway occurs on gently sloping tidal flat proximal to an 

exposed open water body (i.e., the Strait of Georgia) with strong current action. In the case 

of native eelgrass, both regions are characterised by extensive and continuous coverage of a 

mix of dense and sparse beds, with emergent vegetation present year-round as Z. marina is 

a perennial species. In contrast, non-native eelgrass occurs in lower energy areas of the mid-

intertidal and, as an annual species, typically does not achieve the same shoot lengths and 

densities as native eelgrass. Accordingly, eelgrass was conservatively rated moderate in of 

the function of shoreline and erosion protection, driven by the performance of native eelgrass 

rather than non-native. 

Climate Regulation (Evapotranspiration) 

Local regulation of air and soil moisture is driven by evapotranspiration, which depends on 

the ability of the wetland to collect water and make it available to plants for transpiration. 

Wetlands with dense vegetation, accumulation of fine and organic soils, depressional or low 

sloping substrates, and areas for ponding of water are successful at facilitating local 

evapotranspiration and moisture conditions. 

Native eelgrass is a perennial species that produces large amounts of biomass in the form of 

long leaves that can grow up to two metres long (G.L. Williams and NHC 2009). These leaves 

act to cover the surrounding sediments at low tide, storing water and reducing evaporation. 
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Further, the eelgrass beds in both Regions 1 and 2 are extensive and characterised by both 

dense and patchy areas, with intermediate to extensive ponding. Non-native eelgrass does 

retain some sediment moisture through ponding, but to a lower degree than native eelgrass 

because of shorter leaves and sparser distribution. Accordingly, eelgrass was rated as 

moderate in performing evapotranspiration functions.  

4.3.4.2 Biogeochemical Functions 

This section provides an overview of eelgrass biogeochemistry in the WAA and assesses 

biogeochemical function relative to four criteria: nutrient uptake and organic export, carbon 

sequestration and storage, trapping elements and compounds, and water quality. 

Overview 

Eelgrass beds provide a variety of biogeochemical functions that help maintain healthy 

estuarine and coastal ecosystems, including accelerating nutrient regeneration, regulating 

nutrient cycles, filtration of water and retention of sediments, as well as carbon sequestration 

and producing oxygen (Moore and Short 2006).  

Nutrient Cycling and Organic Export 

As outlined in the Nutrient Cycling and Organic Export subsection of Section 4.3.1.2 

above, nutrient loading the Fraser River estuary, while high, is lower than other major North 

American estuaries (Bendall-Young et al. 2004). Nutrient dynamics in seagrass meadows are 

typically dominated by benthic processes; because concentrations of nutrients are low in the 

water column, eelgrass most likely obtains nutrients from sediments, where concentrations 

are considerably higher (Blackburn et al. 1994). Remineralisation of nutrients and nitrogen 

fixation in the benthos appear to be fuelled by eelgrass photosynthate released through the 

roots (Stapel and Hemminga 1997). Recycling of nitrogen in the sediments has been 

documented in eelgrass systems and appears to occur more rapidly in sediments dominated 

by eelgrass versus those that are unvegetated (Boon et al. 1986).  

An important effect of eelgrass beds on estuarine nitrogen cycling has to do with the ability 

to sequester and immobilise large quantities of nitrogen in biomass during the growing 

season. Similar to intertidal marsh, large quantities of nitrogen accumulate in eelgrass 

biomass during the growing season (Pedersen and Borum 1993) and the turnover time of that 

nitrogen is relatively long (27 to 60 days; Risgaard-Petersen et al. 1998). During the spring 

and summer, nitrogen is liberated from the beds mainly via loss and export of leaves 

(Risgaard-Petersen et al. 1998), which are known to decompose relatively slowly (Harrison 
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1989, Buchsbaum et al. 1991, Enriquez et al. 1993). Assimilated nitrogen is therefore retained 

for long periods before it is available for new production. A large fraction of the nitrogen bound 

to plant parts is liberated during decomposition of the detritus, leading Risgaard-Petersen and 

Ottosen (2000) to conclude that the presence of eelgrass in the estuarine environment will 

probably not alter estuarine nitrogen retention on an annual scale. 

As outlined earlier, the WAA is exposed to many nutrient sources, particularly from adjacent 

agricultural lands, the forest products industry, and effluent from sewage and industrial 

outfalls (Environment Canada 1998). Eelgrass beds on both sides of the causeway are 

productive, with >50% cover, providing a substantial nitrogen sink. Decomposition of leaf 

and root biomass results in the creation of detritus and organic soils, and subsequent flux of 

nutrients into eelgrass sediments. Further, semi-diurnal tidal exchange ensures this region 

functions well in terms of organic export. For these reasons, eelgrass was rated high in 

providing nutrient cycling and organic export functions, driven by the productivity of native 

eelgrass, which is considerably higher than non-native eelgrass due to its thicker and longer 

blades (Hay 2011). 

Carbon Sequestration and Storage 

Eelgrass beds are recognised as a natural carbon sink, storing a large amount of carbon (i.e., 

up to 17 t C ha-1 year-1) in both the plant tissue (i.e., leaf, root, and rhizome, as well as in 

flowering parts) and in the sediments the beds help collect (Duarte et al. 2005). Organic 

inputs to eelgrass beds, minus whatever is decomposed, become the “blue” carbon stored in 

the sediment. Eelgrass carbon, both as leaves and roots, partially decomposes in sediments, 

enhancing the amount of organic carbon in the soils. In addition, eelgrass beds accumulate 

organic carbon from surrounding environments (e.g., from phytoplankton and other floating 

particles in the water column) as part of their water-filtering process (Short and Short 1984) 

and this filtered material amounts to about 40% of total carbon storage; this implies that 

eelgrass beds are able to sequester more carbon than what they produce. Additionally, 

eelgrass is estimated replenish its standing crop biomass between 5 and 20 times per year 

(Duarte 1991, Harvey et al. 2010). The dead leaves of eelgrass decompose into fragments 

forming particulate detritus, which is available to a variety of consumers (Liu et al. 2013) or 

may be assimilated by bacteria before being incorporated by higher trophic levels (Vähätalo 

and Søndergaard 2002). Eelgrass-derived carbon has been shown to compose up to 60% of 

grazers’ and filter feeders’ diets (Schaal et al. 2008). For these reasons, eelgrass was rated 

high in performing carbon sequestration and storage functions; this rating is driven by native 
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eelgrass, which, as a perennial species, has longer leaves and more developed stem systems 

relative to non-native eelgrass (Hay 2011). 

Trapping Elements and Compounds 

Metals and contaminants can be incorporated into multiple eelgrass compartments 

(e.g., leaves, rhizomes, roots) through assimilation from the water column and the sediment 

(Bester 2000); additionally, eelgrass can store silt-bound contaminants within the root-

sediment matrix (Hoven et al. 1999). Rates of contaminant uptake and storage depend on a 

number of factors, including plant growth and the proximity to, and type of, contamination 

source (Gaeckle 2014). Often metal concentrations in eelgrass correlate well with metal 

availability in the environment (Sanchiz et al. 2001, Besar et al. 2008) and proximity to a 

source (Pergent et al. 2011). Metals have been reportedly bound in leaves for 55-83 days, 

the estimated life of the aboveground biomass, and 193 days in the belowground biomass 

(Sand-Jensen 1975, Jacobs 1979). The concentration of contaminants in seagrass tissue can 

be several times higher than levels found in the sediment and water (Lewis and Devereux 

2009). 

Eelgrass beds are exposed to elements and compounds from abundant non-point sources 

within the Fraser plume as well as point-source runoff from the adjacent road, rail yard, and 

terminals (i.e., Westshore coal terminal and Deltaport). The size and density of eelgrass beds 

in the WAA indicate high functional performance in contaminant trapping; this is particularly 

the case for native eelgrass, which is larger and more productive than non-native eelgrass. 

Water Quality 

Eelgrass blades form a three dimensional baffle in the water that softens the impact on waves 

and currents, enabling deposition of organic matter and sediments. This filtering effect 

reduces suspended sediments and allows more light to penetrate through the water column, 

improving water clarity. Additionally, native eelgrass is characterised by an over-wintering 

biomass and may start its growth and nitrogen uptake in early spring (Sand-Jensen 1975, 

Pedersen and Borum 1993); it is therefore possible that the presence of eelgrass may reduce 

the accessibility of nitrogen to phytoplankton via early root and leaf uptake, thereby 

diminishing the likelihood of algal blooms in spring and summer (Risgaard-Petersen and 

Ottosen 2000).  

The WAA experiences high exposure to anthropogenic contaminants from the Fraser River 

plume, including from agricultural, forestry, sewage, and other industrial sources 
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(Environment Canada 1998). Eelgrass beds in both Regions 1 and 2 provide high vegetation 

productivity and structure to reduce flow (enabling settling of suspended solids) and trap and 

bind contaminants. Additionally, empirical measurements indicate waters around the eelgrass 

beds in the WAA are well oxygenated (refer to the Water Quality subsection of Section 

4.3.1.2 above for a summary of dissolved oxygen measurements for Roberts Bank). For these 

reasons, eelgrass was ranked high in performing functions related to water quality; this is 

particularly the case for native eelgrass, which is thicker and longer, and thus more productive 

than non-native eelgrass (Hay 2011). 

4.3.4.3 Ecological Functions 

This section provides an overview of eelgrass ecological function in the WAA and assesses it 

relative to four criteria: flora diversity and productivity, habitat for valued, rare, and sensitive 

species, habitat connectivity, and habitat structure. 

Overview 

Eelgrass is important habitat to many commercially and ecologically important invertebrate 

and vertebrate species (Hemminga and Duarte 2000, Wyllie-Echeverria and Ackerman 2003). 

The specific ecological values provided by eelgrass include protection from predators, 

spawning habitat, cover at low tide, three-dimensional habitat, and indirect and direct food 

sources (Baldwin and Lovvorn 1994, Hemminga and Duarte 2000, Wyllie-Echeverria and 

Ackerman 2003). The high feeding opportunities for fish and invertebrates lead to greater 

biodiversity, abundance, and biomass for these species (Sogard 1992, Connolly 1994a, b). 

Eelgrass beds have also been shown to lower mortality rates and increase abundance of 

juvenile fish larvae (Tolan et al. 1997, Rooker and Holt 1998).  

Flora Diversity and Productivity 

Diversity 

Only two species of eelgrass—the native Zostera marina, and the non-native Zostera 

japonica—occur within the Fraser River delta (Harrison and Dunn 2004). Accordingly, flora 

diversity was ranked low. However, eelgrass beds support high faunal diversity, which will be 

discussed in the Habitat Structure subsection below. 

Productivity 

Native eelgrass beds in the WAA (i.e., Regions 1 and 2) show high vegetation cover (>50%) 

and productivity. In contrast, non-native eelgrass beds are less extensive and typically show 
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sparse to intermediate vegetation cover (<10-50%) with a higher proportion of bare space. 

In general, eelgrass beds surveyed in Region 1 are slightly less dense and productive relative 

to Region 2. The area north of the causeway is strongly influenced by the Fraser River and 

less protected from storms than the inter-causeway area; these factors likely account for the 

lower productivity. Overall, eelgrass was ranked as moderate in providing diversity and 

productivity function under existing conditions. 

Habitat for Valued, Rare, or Sensitive Species 

Eelgrass beds provide animals with shelter, stable sediment, and food. Animals living in 

eelgrass beds are protected from predators by a dense canopy of leaves that impedes the 

movement of larger fish and birds, and by a mat of underground stems and roots that 

prevents the easy movement of predators into and through the sediment (Brenchley 1982). 

Eelgrass beds also support an important detritus-based food web that includes invertebrates, 

fish, and birds (G.L. Williams and NHC 2009). 

Eelgrass beds are important for various infaunal and epifaunal invertebrates, such as 

harpacticoid copepods (Webb and Weaver 1988, Webb 1991b). Burd and Brinkhurst (1987) 

found that infaunal and epifaunal communities in eelgrass beds are structurally different and 

more diverse than those in nearby bare sediments; Leduc and Probert (2011) documented 

similar results, and found that meiofaunal biomass is higher within eelgrass beds than outside. 

A recent study at Roberts Bank by Sutherland et al. (2013) found direct correlations between 

eelgrass attributes (i.e., root biomass, leaf area index) and infaunal and epifaunal 

invertebrates, including bivalves, amphipods, and harpacticoid copepods. Results from RBT2 

studies corroborate these results, and no taxa were negatively correlated with eelgrass 

presence within the WAA (Hemmera 2014c).  

Species of bivalve shellfish also utilise eelgrass habitats; in particular, heart cockles 

(historically harvested and culturally important to Indigenous groups) are strongly associated 

with eelgrass areas (Claxton 2003). In addition, multiple life stages of Dungeness crabs are 

associated with eelgrass. In the WAA, larger juvenile crabs, including sub-adults, were 

abundant in native eelgrass beds and unvegetated tidal channels in the low intertidal zone 

while adults were frequently found near eelgrass beds (Cleaver 1949, Dunham et al. 2011). 

Eelgrass beds are also important for a number of fish species during particular life stages 

(Levings et al. 1983, Gillanders 2006) and typically have higher densities and diversity of fish 

species than surrounding unvegetated habitats (Johnson et al. 2005, Cote et al. 2013). 



VANCOUVER FRASER PORT AUTHORITY | Roberts Bank Terminal 2  
Wetland Functions Assessment 

  Page | 77 

Eelgrass beds have high food availability, which can improve growth of juvenile fish (Heck et 

al. 2003, Renkawitz et al. 2011) and can increase early-life survivorship by providing 

protection from predators (Laurel et al. 2003, Nakamura and Sano 2004). Fifty-five fish 

species have been observed in the Roberts Bank eelgrass beds from 1979 to 2011. Many 

species caught in field surveys consisted primarily of juveniles, including surf smelt, northern 

anchovy, Pacific sandlance, threespine stickleback, and Chinook and chum salmon, indicating 

the importance of eelgrass as rearing habitat. Eelgrass also serves as spawning habitat for 

Pacific herring, which deposit adhesive eggs on the blades (Therriault et al. 2009); however, 

Roberts Bank has not been documented as a major spawning area for Pacific herring, and 

juveniles present in the WAA likely originate from nearby areas (Gordon and Levings 1984). 

Waterbird use of eelgrass beds is substantial and includes the grazing of leaves by trumpeter 

swans, brant, and American wigeon; consumption of seeds by mallard, northern pintail, and 

green-winged teal; and feeding on invertebrates and fish by great blue herons, gulls, and 

dabbling ducks (Hutchinson et al. 1989, G.L. Williams and NHC 2009). Brant geese feed 

extensively on eelgrass and 98% by weight of the diet of these birds consists of the leaves of 

non-native (57%) and native (41%) eelgrass (Baldwin and Lovvorn 1994). Several hundred 

to several thousand brant typically winter in the eelgrass beds (generally beds with greater 

than 30% cover) of the inter-causeway area, while smaller numbers occur north of the 

Roberts Bank causeway (Butler and Cannings 1989, Hemmera et al. 2009, Hemmera 2014b). 

A study by Wilson and Atkinson (1995) concludes that the health of brant geese populations 

is correlated with the availability of eelgrass beds. Additionally, great blue heron have been 

observed foraging in high densities in the eelgrass beds of the inter-causeway area at low 

tide (Butler 1997, 1989, Hemmera et al. 2010). 

For the reasons outlined above, eelgrass beds were rated high in their performance of 

functions relating to provision of habitat for valued, rare, or at-risk species. This rating is 

driven by native eelgrass, which is larger and denser than non-native eelgrass, and thus 

provides superior refuge habitat for dependent species. 

Habitat Connectivity 

Habitat connectivity is critical in providing migration corridors for fish and wildlife, continuous 

habitat for distribution of propagules, and distribution of detritus to adjacent areas as a driver 

of the estuarine food web. In the WAA, the development of tidal channels in the inter-

causeway tidal flats, due to the anthropogenic modifications, is thought to have contributed 

to the expansion of eelgrass by facilitating the distribution of seeds and rhizomes.  
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Eelgrass beds at Roberts Bank form part of a contiguous system across the Fraser River delta, 

particularly between Roberts Bank and Boundary Bay, as growth on Sturgeon Bank is quite 

limited (G.L. Williams and NHC 2009). In this manner, it supports a local migratory corridor, 

particularly for out-migrating juvenile salmon as they transition from freshwater to marine 

habitats. Globally, the eelgrass beds of the Fraser River delta form part of the Pacific flyway, 

which ultimately links Central or South American wetlands to the Arctic tundra; the Fraser 

River delta represents an important stopover site for migrating brant geese, which rely almost 

exclusively on eelgrass throughout the entire non-breeding period (Moore et al. 2004). 

Additionally, the lower position of native eelgrass in the landscape results in inundation with 

water for greater periods of time than other wetlands in the WAA, effectively functioning as a 

connective corridor between deep and shallow water for fish or mobile macroinvertebrates. 

For these reasons, habitat connectivity function was rated high for eelgrass.  

Habitat Structure 

Structural complexity of eelgrass beds has been shown to lower mortality rates and increase 

the abundance of juvenile fish larvae (Tolan et al. 1997, Rooker and Holt 1998). It has also 

been suggested that the structural complexity of eelgrass is the primary characteristic 

contributing to its nursery function (Heck et al. 2003), including structure provided by the 

roots. In the WAA, eelgrass beds consist of a mix of native (Z. marina) and non-native 

(Z. japonica) species. Dendritic channels dissect portions of the eelgrass beds, particularly in 

Region 2, and eelgrass has begun to recolonise in some areas. Typically, however, the 

structural complexity is provided by the leaves themselves, so few structural types are 

present. Accordingly, eelgrass was rated moderate in providing habitat structure function. 
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to the biomat biosedimentological zone has shown sizeable vertical and horizontal expansion 

in recent decades, and sediment accretion is expected to continue into the future; the eastern 

portion of this area is already being colonised by marsh plants (NHC 2015). Looking ahead, a 

positive feedback loop is expected; where sedimentation rates increase, marsh plants will 

continue to colonise the area causing a reduction in flow velocities, which will further enhance 

sediment accretion and in turn, promote marsh plant colonisation.  

5.1.1 Effects to Hydrological Function 

As outlined in Section 4.3.1.1, intertidal marshes in the WAA do not materially perform the 

functions of groundwater recharge nor shoreline and erosion protection; therefore, no loss of 

function is anticipated as a result of direct or indirect effects of the Project. 

Performance of flow moderation and flood protection as well as climate regulation functions 

is anticipated to increase in Region 1. The EIS predicts increased primary productivity in this 

area with the Project in place, due to improved growing conditions in the form of lower (i.e., 

more brackish) salinities (see EIS Section 11.6.3.2). Higher vegetative productivity will 

improve the marsh’s ability to dissipate waves, buffer storm surges, and reduce inundation 

on land. Similarly, increased primary productivity will increase the evapotranspiration 

potential of this area, thereby increasing its capacity to regulate local climate.  

In contrast, performance of flow moderation and flood protection as well as climate regulation 

functions in Region 2 are anticipated to decrease due to direct loss from the Project causeway 

footprint; however, the overall effect is expected to be minor within the WAA, pre-mitigation, 

because i) the Project terminal is also anticipated to contribute to performance of flow 

moderation and flood protection by partially blocking waves coming from the open waters of 

the Strait of Georgia from propagating onto the tidal flats, creating a wave shadow and 

effectively reducing wave heights (see EIS Section 9.5.8); ii) predicted loss (12.26 ha; 1.25 

t) comprises such a small proportion of overall intertidal marsh habitat in the WAA (203.46 

ha; 2,422.47 t), corresponding to approximately 6.03% of overall area and 0.05% of overall 

biomass; iii) performance of hydrological functions by existing intertidal marsh in Region 2 is 

considered low, at least in part because function is predominantly achieved by presence of 

the dyke and rip-rap and not the marsh; and iv) higher functioning marsh in Region 1 (for 

which substantial productivity increases are predicted, 335 t) combined with remaining marsh 

in Region 2 (9.01 ha; 0.92 t) will ensure hydrological function related to these criteria 

continues to be carried out in the WAA. 
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5.1.2 Effects to Biogeochemical Function 

Performance of all biogeochemical functional criteria is anticipated to improve in Region 1 

because of predicted gains in primary productivity (see EIS Section 11.6.3.2). Lower salinities 

generally increase productivity of intertidal marsh plants (Crain et al. 2004, Woo and 

Takekawa 2012), such that intertidal marsh productivity (particularly in Region 1) is likely to 

increase due to increased temporal exposure to less saline waters. Higher vegetative 

productivity will increase biogeochemical function by i) supporting the creation of detritus and 

organic soils, and subsequent flux of nutrients into marsh sediments; ii) increasing carbon 

sequestration and cycling capacity, as atmospheric carbon dioxide is stored as organic carbon 

in plant tissues (Alcantara-Quintana 2014); iii) increasing the ability of the marsh to accrete 

fine sediments and trap elements and compounds; and iv) improving water quality through 

the dissipation of water current velocity, enabling suspended sediments to settle out. 

Biogeochemical function in Region 2, across all four criteria, is expected to decrease due to 

direct loss from the causeway footprint; however, the overall effect is expected to be 

negligible within the WAA, pre-mitigation, because i) predicted loss (12.26 ha; 1.25 t) 

comprises such a small proportion of overall intertidal marsh habitat in the WAA (203.46 ha; 

2,422.47 t), corresponding to approximately 6.03% of overall area and 0.05% of overall 

biomass; and ii) higher functioning marsh in Region 1 (for which substantial productivity 

increases are predicted, 335 t) combined with remaining marsh in Region 2 (9.01 ha) will 

ensure this function continues to be carried out in the WAA. 

5.1.3 Effects to Ecological Function 

As outlined in EIS Section 11.6.3.2, substantial indirect gains in primary productivity are 

predicted (i.e., 335 t) for Region 1, which will benefit its ecological functioning. Project 

placement is expected to cause a seasonal decrease in average salinities in Region 1, and 

lower salinities generally increase the productivity of intertidal marsh plants (Crain et al. 

2004; Woo and Takekawa 2012). Productivity gains will not only positively affect the primary 

productivity of intertidal marsh species, including the eight provincially red and blue listed 

communities, but will also increase the capacity of Region 1 to provide habitat for other 

species, including invertebrates, fish, and birds. Linkages between higher productivity and 

improved habitat connectivity or habitat structure are less clear; however, higher productivity 

is not anticipated to adversely affect these functional criteria. Overall, the Project effect on 

ecological function in Region 1 is considered positive. 
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Effects to ecological function in Region 2 are anticipated to be both positive and negative. 

While overlap with the causeway will cause some small productivity loss (1.25 t), increased 

sediment deposition behind the terminal’s north side will increase the elevation of the tidal 

flats over time, which promotes marsh colonisation thereby increasing productivity. 

These increases are difficult to quantify due to the uncertainty in the spatial variation in 

sedimentation rates; however, changes to sediment deposition during construction and 

operation are anticipated to have a positive effect on intertidal marsh productivity in Region 2 

over the long-term (see EIS Section 11.6.3.2). Improvements in flora diversity and habitat 

structure are also anticipated as a result of the VFPA’s commitment to contribute to Spartina 

eradication efforts (VFPA 2108f), as invasive species tend to create monocultures and reduce 

structural complexity.  

Overlap with the causeway footprint will lessen the ability of intertidal marsh in Region 2 to 

carry out ecological functions relating to the provision of habitat for valued, rare, or sensitive 

species3, and habitat connectivity; however, the overall effect is expected to be minor within 

the WAA, pre-mitigation, because i) predicted loss (12.26 ha; 1.25 t) comprises such a small 

proportion of overall intertidal marsh habitat in the WAA (203.46 ha; 2,422.47 t), 

corresponding to approximately 6.03% of overall area and 0.05% of overall biomass; and ii) 

higher functioning marsh in Region 1 (for which substantial productivity increases are 

predicted, 335 t) combined with remaining marsh in Region 2 (9.01 ha; 0.92 t) will ensure 

ecological function related to these criteria continues to be carried out in the WAA. 

 SANDFLAT 

Intertidal sandflat habitat is considered low to moderate functioning across most hydrological, 

biogeochemical, and ecological wetland criteria. The primary mechanisms by which sandflats 

will be affected by the Project are i) direct loss and ii) changes in sedimentation and coastal 

processes. Direct loss of sandflats amounts to 10.01 ha (0.64%) of overall sandflat area in 

the WAA (1,566.97 ha).  

As outlined in EIS Section 9.5.8, local deposition of fine sediments from combination of back-

eddy, wave shadow, and increased turbidity is predicted across a far-field deposition region 

extending approximately 1 km from the west side of the terminal; areal extent of this area is 

estimated to be approximately 40 ha, with an average deposition of 0.5 m (see Zone 4 in EIS 

                                           
3 It should be noted that the three red-listed community types found within the causeway footprint are 

also found elsewhere in the WAA and regional assessment area (RAA), such that direct overlap with 
the Project will not cause their local/regional extirpation. 
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Figure 9.5-35). Deposition material will originate from bed scouring at the northwest corner 

of the proposed terminal pad during ebb tide. Because sandflats are unvegetated, no 

corresponding effects to primary productivity are anticipated; however, these geomorphic 

changes are anticipated to substantially increase the secondary production associated with 

sandflats. As outlined in EIS Section 12.6.3.1, based on multiple lines of evidence, net gains 

in both macrofauna and meiofauna productivity were deduced, despite a projected decrease 

in polychaete productivity; spatially, gains in macrofauna are predicted to predominantly 

occur across the sandflats while gains in meiofauna are predicted to predominantly occur 

across the mudflats (see Figures 3-43, 3-45, and A1.39 of EIS Appendix 10-C). 

5.2.1 Effects to Hydrological Function 

As outlined in Section 4.3.2.1, intertidal sandflats in the WAA do not materially perform the 

functions of groundwater recharge nor climate regulation; therefore, no loss of function is 

anticipated as a result of direct or indirect effects of the Project. 

Despite footprint loss, performance of flow moderation and flood protection as well as 

shoreline and erosion protection functions is not anticipated to change. Ability of the sandflats 

to perform these functions is linked to the vast extent of the tidal flats, which will remain 

post-Project (i.e., over 1500 ha of intertidal sandflats will remain) as footprint loss is minimal 

(0.64% of overall sandflat area in the WAA). Additionally, the Project terminal is also 

anticipated to contribute to performance of flow moderation and flood protection by partially 

blocking waves coming from the open waters of the Strait of Georgia from propagating onto 

the tidal flats, creating a wave shadow and effectively reducing wave heights (see EIS Section 

9.5.8).  

5.2.2 Effects to Biogeochemical Function 

As outlined in Section 4.3.2.2, intertidal sandflats in the WAA do not materially perform the 

function of carbon sequestration and storage; therefore, no loss of function is anticipated as 

a result of direct or indirect effects of the Project. 

No net loss in functional performance of remaining biogeochemical criteria, including nutrient 

cycling and organic export, trapping elements and compounds, and water quality, is 

anticipated. While footprint loss is expected to reduce function, the amount lost (10.01 ha) 

comprises a small proportion (0.64%) of overall sandflat area in the WAA (1,566.97 ha). 

Further, loss will be balanced by indirect effects in the form of deposition of fine sediments 

north of the terminal (see EIS Section 9.5.8), which is anticipated to increase these functions 
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over time, as finer sediments have a larger surface area to bind nutrients as well as elements 

and compounds. Further, as outlined above, deposition of fine sediments north of the terminal 

is expected to create more favourable environmental conditions for infaunal and epifaunal 

invertebrates than currently exist in the WAA, which is expected to improve water quality 

function as invertebrate communities, through their filter feeding activities, can remove 

organic particles from suspension and thereby reduce turbidity.  

5.2.3 Effects to Ecological Function 

As outlined in Section 4.3.2.3, intertidal sandflats in the WAA are unvegetated; therefore, 

no loss of flora diversity and primary productivity function is anticipated as a result of direct 

or indirect effects of the Project. Similarly, direct or indirect effects of the Project are not 

anticipated to affect the ability of intertidal sandflats to provide the functions of habitat 

structure (i.e., footprint loss will not create or remove structural complexity on sandflats) or 

habitat connectivity (i.e., footprint loss is small, representing 0.64 % of overall sandflat area 

in the WAA, and will not isolate sandflat habitat). 

Sandflats support considerable secondary production in the form of infaunal and epifaunal 

invertebrate communities, which, in turn, support higher trophic levels including fish (e.g., 

Pacific salmon) and birds (e.g., Pacific dunlin). Higher infaunal and epifaunal invertebrate 

abundance, biomass, and diversity are correlated with finer sediments such that the predicted 

deposition of fine sediments north of the terminal (see EIS Section 9.5.8) is expected to create 

more favourable environmental conditions for infaunal and epifaunal invertebrates than 

currently exist in the WAA (see EIS Section 12.6.3.1 and Figures 3-43, 3-45, and A1.39 of 

EIS Appendix 10-C). Therefore, secondary production over the sandflats is anticipated to 

increase with the Project, representing an increase in food availability (and, hence, ecological 

function) for a number of higher trophic levels.  

A temporary decrease in average salinity is also predicted within areas of the mid to high 

intertidal zone during the spring freshet (see EIS Section 9.7). This is not anticipated to alter 

the function of the sandflats as foraging habitat for migrating shorebirds. Predictive modelling 

of food capacity indicated that even under worst-case estimates, more than enough biofilm, 

macrofauna, and meiofauna remain at Roberts Bank to support shorebirds during northward 

and southward migrations (see EIS Section 15.0, Appendix 15-A). A second model was 

developed to examine potential effects to foraging opportunity of overwintering dunlin; results 

predict an increase with the Project owing to increased macrofaunal biomass, which can 

represent a more efficient and profitable feeding environment (see EIS Section 15.0, Appendix 
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15-B). For these reasons, no net loss in the ability of intertidal sandflats to provide habitat 

for valued, rare, or sensitive species is anticipated. 

 MUDFLAT 

The primary mechanisms by which mudflats will be affected by the Project are i) direct loss, 

ii) changes in sedimentation and coastal processes, and iii) changes in water quality (salinity). 

Direct loss of mudflats amounts to 0.22 ha (0.04%) of overall mudflat area in the WAA 

(557.88 ha). Of the 0.22 ha lost to the causeway, 0.01 ha and 0.64 t comprise biofilm-

dominated substrates, reflecting an area of 0.002% of biofilm-dominated substrates within 

the WAA. Overall, intertidal mudflat habitat at Roberts Bank—including biofilm-dominated 

substrates—is considered moderate functioning across most hydrological, biogeochemical, 

and ecological wetland criteria.  

Biofilm biomass at Roberts Bank has been shown to be positively correlated with fine sediment 

grain size (WorleyParsons 2014b, c), a characteristic associated with low-energy 

environments. The coastal geomorphology assessment indicated that, among other changes, 

reductions in wave height and tidal current velocity, and increased deposition of fine 

sediments, can be expected (see EIS Section 9.5.8.2). These changes have the potential to 

increase productivity in areas of existing biofilm as well as potentially create new areas of 

biofilm-suitable habitat over the long term (see EIS Section 11.6.3.5). Additionally, as 

outlined in Section 5.2 above, geomorphic changes associated with the Project are predicted 

to result in net gains in both macrofauna and meiofauna productivity. Mudflats support richer 

infaunal and epifaunal invertebrate communities compared to sandflats, as smaller sediment 

grain sizes correspond to higher invertebrate abundance, biomass, and diversity (Heck et al. 

1995, Sewell 1996, Hemmera 2014c). 

Predicted decreases in average salinity during freshet may influence biofilm-dominated 

mudflat substrates. However, ongoing salinity monitoring continues to show that under 

existing conditions, there is large variation in salinity across Roberts Bank due to variable 

Fraser River flow and tidal mixing and that biofilm is abundant across the existing salinity 

gradient (i.e., ranging from freshwater to brackish/marine conditions). Based on the data 

collected to date, it is expected that biofilm will continue to be abundant across the future 

salinity gradient with the Project. 
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5.3.1 Effects to Hydrological Function 

As outlined in Section 4.3.3.1, intertidal mudflats in the WAA do not materially perform the 

functions of groundwater recharge nor climate regulation; therefore, no loss of function is 

anticipated as a result of direct or indirect effects of the Project. 

No net loss in performance of the other hydrological functions, including flow moderation and 

flood protection, shoreline and erosion protection, and climate regulation, is expected. While 

function will be reduced due to direct loss from the causeway footprint, this loss is not 

considered meaningful from a hydrological process perspective because i) performance of 

these criteria by existing mudflat is considered low, ii) predicted loss (0.22 ha; 13.44 t) 

comprises such a small proportion of overall mudflat area in the WAA (i.e., approximately 

0.04%, of which 0.002% is biofilm-dominated substrates), and iii) ample amounts of mudflat 

habitat remaining in the WAA (557.66 ha) will ensure these functional criteria continue to be 

carried out. Further, proposed onsite offsetting, in the form of 4.5 ha of intertidal mudflat 

creation (see Section 6.3.3 below), combined with the VFPA’s commitment to support 

Spartina eradication and management at Roberts Bank (VFPA 2018f), will ensure no net loss 

of mudflat function relative to Project-related activities. 

5.3.2 Effects to Biogeochemical Function 

Biogeochemical function in terms of trapping elements and compounds is expected to 

decrease due to direct loss from the causeway footprint; however, the overall effect is 

considered minimal from a WAA and biogeochemical process perspective, pre-mitigation, 

because i) predicted loss (0.22 ha; 13.44 t) comprises such a small proportion of overall 

mudflat area in the WAA (i.e., approximately 0.04%, of which 0.002% is biofilm-dominated 

substrates), and ii) ample amounts of mudflat habitat remaining in the WAA (557.66 ha) will 

ensure these functional criteria continue to be carried out.  

The nutrient cycling and organic export and carbon sequestration and storage functions of 

mudflats largely depend on the presence of biofilm. The decrease in average salinity 

(seasonally, during freshet) is predicted to have a negligible influence on biofilm productivity 

(i.e., biofilm will be available, and producing fatty acids, regardless of the salinity regime; see 

Appendix IR8-04-A in VFPA (2017)) such that no net loss in these functional criteria is 

anticipated. 

Lastly, as outlined above, the Project is expected to create more favourable environmental 

conditions for infaunal and epifaunal invertebrates than currently exist in the WAA; spatially, 
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gains in macrofauna are predicted to predominantly occur across the sandflats while gains in 

meiofauna are predicted to predominantly occur across the mudflats (see Figures 3-43, 3-45, 

and A1.39 of EIS Appendix 10-C). This is predicted to improve water quality function as 

invertebrate communities, through their filter feeding activities, can remove organic particles 

from suspension and thereby reduce turbidity. This benefit is expected to be more pronounced 

for mudflats than sandflats, because mudflats support higher invertebrate abundance, 

biomass, and diversity. 

5.3.3 Effects to Ecological Function 

As outlined in Section 4.3.3.3, intertidal mudflats in the WAA are unvegetated; therefore, 

no loss of flora diversity and primary productivity function is anticipated as a result of direct 

or indirect effects of the Project. Similarly, direct or indirect effects of the Project are not 

anticipated to affect the ability of intertidal mudflats to provide the functions of habitat 

structure (i.e., footprint loss will not create or remove structural complexity on mudflats) or 

habitat connectivity (i.e., footprint loss is miniscule, representing 0.004% of overall mudflat 

area in the WAA, and will not isolate mudflat habitat). 

A direct and permanent loss of mudflat (0.22 ha; 13.44 t) will result from widening of the 

causeway, representing an area of 0.002% of biofilm-dominated substrates. However, it is 

important to note that the mudflat area being lost to causeway widening is not heavily used 

by western sandpiper, despite the presence of high quality biofilm (see Hemmera 2014e, 

2017, 2018). This may, in part, have to do with site safety where the open mudflats of Canoe 

Passage provide a potentially safer foraging location from hunting falcons compared to the 

more enclosed Upper Intertidal zone.  

Like sandflats, mudflats support considerable secondary production in the form of infaunal 

and epifaunal invertebrate communities, which, in turn, support higher trophic levels, 

including fish (e.g., Pacific salmon) and birds (e.g., western sandpiper). Higher infaunal and 

epifaunal invertebrate abundance, biomass, and diversity are correlated with finer sediments 

such that the predicted deposition of fine sediments north of the terminal (see EIS Section 

9.5.8) is expected to create more favourable environmental conditions for infaunal and 

epifaunal invertebrates than currently exist in the WAA (see EIS Section 12.6.3.1 and Figures 

3-43, 3-45, and A1.39 of EIS Appendix 10-C). Therefore, secondary production over the 

mudflats is anticipated to increase with the Project, representing an increase in food 

availability (and ecological function) for a number of higher trophic levels.  
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Further, biofilm biomass at Roberts Bank has been shown to be positively correlated with fine 

sediment grain size (WorleyParsons 2014b, c), a characteristic associated with low-energy 

environments. The coastal geomorphology assessment indicated that, among other changes, 

reductions in wave height and tidal current velocity, and increased deposition of fine 

sediments, can be expected (see EIS Section 9.5.8.2). These changes have the potential to 

increase productivity in areas of existing biofilm as well as potentially create new areas of 

biofilm-suitable habitat over the long term (see EIS Section 11.6.3.5). Again, these changes 

are anticipated to increase ecological function. 

A temporary decrease in average salinity is also predicted within areas of the mid to high 

intertidal zone during the spring freshet (see EIS Section 9.7). This is not anticipated to alter 

the function of the mudflats as foraging habitat for migrating shorebirds. Predictive modelling 

of food capacity indicated that even under worst-case estimates, more than enough biofilm, 

macrofauna, and meiofauna remain at Roberts Bank to support shorebirds during northward 

and southward migrations (see EIS Section 15.0, Appendix 15-A). A second model was 

developed to examine potential effects to foraging opportunity of overwintering dunlin; results 

predict an increase with the Project owing to increased macrofaunal biomass, which can 

represent a more efficient and profitable feeding environment (see EIS Section 15.0, Appendix 

15-B).  

These conclusions are supported by ongoing salinity monitoring, which continues to show 

that, under existing conditions, there is large variation in salinity across Roberts Bank due to 

variable Fraser River flow and tidal mixing and that biofilm is abundant across the existing 

salinity gradient, found in both freshwater- and marine-influenced locations (VFPA 2018c). 

Further, results from the 2016 and 2017 Biofilm Dynamics Study (Hemmera 2017, 2018) 

indicate that the Project is unlikely to affect the availability of fatty acids (i.e., MUFA, SFA, 

and PUFA) to northward migrating western sandpiper as MUFA and SFA levels are primarily 

associated with mudflat exposure time and not changes in salinity. In fact, results suggest 

that a consistent supply of MUFA and SFA are available annually, regardless of the salinity 

regime. In addition, the study found numerically lower, but not statistically different, levels 

of PUFA under very ‘fresh’ conditions close to the Fraser River outflow compared to more 

marine locations close to the Roberts Bank causeway. This indicates that, despite the effects 

of salinity, diatoms produce PUFA in both freshwater- and marine-influenced habitats in 

roughly similar abundances at Roberts Bank. It is therefore likely that, regardless of the 

salinity change brought about by the Project, PUFA will be found across Roberts Bank during 

western sandpiper northward migration.  
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 EELGRASS 

Mechanisms by which the Project is expected to affect eelgrass include i) direct loss; ii) 

changes in water quality (total suspended solids); and iii) changes in sedimentation and 

coastal processes and are outlined in EIS Section 11.6.1. Direct loss of native eelgrass, by 

area, amounts to 2.75 ha (0.50% of overall area in the WAA) and, by productivity, amounts 

to 2.23 t (0.59% overall biomass in the WAA). In contrast, direct loss of non-native eelgrass, 

by area, amounts to 12.32 ha (2.87% of overall area in the WAA) and, by productivity, this 

amounts to 1.48 t (2.87% overall biomass in the WAA). 

In terms of indirect effects, changes in sedimentation and coastal processes are expected to 

influence eelgrass productivity both positively and negatively. As outlined in VFPA (2018h), a 

worst-case scenario approach was employed regarding the potential effects of sedimentation 

due to increased turbidity, a back-eddy, and lower current velocities over an area of 

approximately 40 ha on the north side of where the proposed terminal and existing terminal 

will meet (see Zone 4, EIS Figure 9.5-35); it was conservatively assumed that the entire area 

would be rendered unsuitable for native eelgrass, resulting in a loss of 12 t of productivity. 

Additionally, native eelgrass exists in approximately 4 ha (representing a biomass of 2.1 t) of 

the 70 ha area where wave energy is also expected to decrease. Wave energy is a limiting 

factor in eelgrass distribution (Hemmera 2014a, Stevens and Lacy 2011), such that the wave 

shadow has the potential to increase native eelgrass productivity and enable the bed to 

expand to the south towards the terminal; it is estimated that native eelgrass productivity 

will increase in this area by 4 to 8 t (EIS Section 11.6.3.1). 

Predictions regarding non-native eelgrass is that Zone 4 is likely to become more suitable due 

to increased elevation and the accumulation of finer sediments, resulting in increased 

productivity, because Z. japonica grows at higher tidal flat elevations. These gains may at 

least partially, if not fully, balance short-term construction phase losses (see EIS 

Section 11.6.3.1). 

5.4.1 Effects to Hydrological Function 

As outlined in Section 4.3.4.1, eelgrass beds in the WAA do not materially perform the 

functions of groundwater recharge; therefore, no loss of function is anticipated as a result of 

direct or indirect effects of the Project. 

Eelgrass function in both Regions 1 and 2 will be slightly reduced due to direct loss from 

overlap with the causeway footprint; however, the overall effect is expected to be minor within 
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the WAA, pre-mitigation, because i) direct loss represents such a small proportion of overall 

native and non-native eelgrass area (0.50% and 2.87%, respectively) and biomass (0.59% 

and 2.87%, respectively); ii) non-native eelgrass is sparse and narrow in structure and 

therefore provides little hydrological function relative to native eelgrass; iii) shoreline and 

erosion protection is predominantly achieved by presence of the dyke and rip-rap and not the 

eelgrass; and iv) there is ample eelgrass remaining in the WAA (i.e., 551.32 ha of native and 

417.64 ha of non-native eelgrass, respectively) to ensure this function continues to be carried 

out. 

5.4.2 Effects to Biogeochemical Function 

Biogeochemical function, across all four criteria, is expected to decrease due to direct loss 

from the Project footprint; however, the effect is expected to be minor within the WAA, 

pre-mitigation, because i) direct loss represents such a small proportion of overall native and 

non-native eelgrass area (0.50% and 2.87%, respectively) and biomass (0.59% and 2.87%, 

respectively); ii) non-native eelgrass is sparse and narrow in structure and therefore provides 

little biogeochemical function relative to native eelgrass; and iii) there is ample eelgrass 

remaining in the WAA (i.e., 551.32 ha of native and 417.64 ha of non-native eelgrass, 

respectively) to ensure this function continues to be carried out. 

5.4.3 Effects to Ecological Function 

As outlined in Section 4.3.4.3, only two species of eelgrass exist at Roberts Bank, and will 

continue to exist in the future with the Project; therefore, no loss of flora diversity is 

anticipated as a result of direct or indirect effects of the Project. Direct or indirect effects of 

the Project are not anticipated to affect the ability of eelgrass beds to provide the functions 

of habitat structure (i.e., footprint loss will not create or remove structural complexity of 

eelgrass) or habitat connectivity (i.e., footprint loss is proportionally small to overall amount 

of eelgrass in WAA and will not isolate eelgrass beds). 

Direct loss of both native and non-native eelgrass will occur due to overlap with the Project 

footprint, which will reduce the primary productivity function of these beds as well as their 

ability to provide habitat for valued, rare, or sensitive species. In terms of indirect effects, 

changes in sedimentation and coastal processes are expected to influence eelgrass 

productivity both positively and negatively such that the net effect is unlikely to be 

measurable. 
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As such, effects to the ecological function of eelgrass beds are expected to be minor within 

the WAA, pre-mitigation, because i) direct loss represents a small proportion of overall native 

and non-native eelgrass area (0.50% and 2.87%, respectively) and biomass (0.59% and 

2.87%, respectively); and ii) there is ample eelgrass remaining in the WAA (i.e., 551.32 ha 

of native and 417.64 ha of non-native eelgrass, respectively) to ensure this function continues 

to be carried out. 
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6.0 MITIGATION AND OFFSETTING MEASURES 

This section describes the proposed approach for mitigation to address Project-related 

changes to wetland function. 

For this assessment, the VFPA has adopted the use of the following mitigation hierarchy to 

address Project-related changes:  

1. Avoid potential adverse effects; 

2. Minimise potential adverse effects that cannot be avoided; and 

3. Address residual environmental effects that cannot be avoided or reduced with the use 

of offsets. 

This mitigation hierarchy is recognised as environmental best practice in federal policy and 

other guiding documents on wetland conservation, including Environment Canada (2012). In 

addition to mitigation measures, follow-up monitoring and adaptive management are planned 

in order to assess the long-term effectiveness of mitigation, including offsetting, and confirm 

no net loss of wetland function in the WAA (refer to VFPA (2018g) for an updated overview of 

RBT2’s preliminary Follow-up Program (FUP) elements). 

 AVOIDANCE MEASURES 

Avoidance measures relevant to wetlands in the WAA involve design considerations that have 

been incorporated into the Project, as described in EIS Sections 4.0 and 5.0. Specifically, 

these include: 

 Positioning the marine terminal the furthest practical distance offshore to 

avoid overlap with intertidal habitat, including intertidal marsh, bare sandflats, 

mudflats (and biofilm), and eelgrass. As outlined in Section 2.2 above, the marine 

terminal will be situated 5.5 km offshore of the east end of the causeway; as such, of 

all the wetland types in the WAA, the terminal footprint will only cause direct loss of 

intertidal eelgrass. 

 Optimising the width of the east end of the widened causeway to avoid and reduce 

overlap with high intertidal habitat, including intertidal marsh and mudflat (biofilm), 

to the extent possible. 
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 REDUCTION MEASURES 

Measures have been identified to reduce and control Project-related changes in wetland 

function that cannot be addressed through avoidance, including comprehensive 

environmental management plans such as the Dredging and Sediment Discharge Plan. 

Table IR13-30-A in VFPA (2018g) presents the updated comprehensive list of Project 

mitigation. EIS Section 33.0 provides a description of how mitigation measures are to be 

implemented, monitored, and reported on, as well as content outlines for specific sub plans 

of the construction and operation environmental managements plans (EIS Sections 33.3 and 

33.4, respectively). As described in VFPA (2018g), compliance monitoring results will assist 

with determining, through systematic evaluation, when additional or revised mitigation 

measures are required to rectify and/or enhance current mitigation measures to achieve the 

outcomes predicted in current mitigation measures to achieve the outcomes predicted in the 

EIS and in this assessment. 

6.2.1 Spartina Eradication 

While not officially a mitigation measure4, the VFPA’s commitment to contribute to the control 

and eradication of English cordgrass (Spartina anglica) should be highlighted (VFPA 2018f), 

as the potential for Spartina infestations to affect critical fish and wildlife habitat is 

considerable (outlined in Section 4.3.1.1 above). Ecological effects of Spartina include 

(Knight 2012): 

 Extensive regional loss of tidal flats, tidal sloughs, and channels 

 Competitive replacement of native flora, including brackish marsh, salt marsh, and 

eelgrass 

 Changes in available detritus (i.e., production of massive piles of vegetative debris) 

 Decreased benthic algal production 

 Loss of shorebird and wading bird foraging area 

 Interference with natural sedimentation processes 

 Increased need for dredging and flood control 

 A shift of invertebrates from infaunal to epifaunal as the dense below-ground biomass 

restricts infaunal colonisation (Bouma et al. 2009) 

                                           
4 The Project is not anticipated to affect Spartina colonisation or dispersal. 
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The VFPA has a strong history of working with, and funding, interested parties (i.e., B.C. 

Spartina Working Group) to help manage English cordgrass at Roberts Bank. The VFPA also 

understands that funding and management effort will continue for the foreseeable future 

(VFPA 2015c).  

Existing English cordgrass within the footprint of the causeway widening will be fully managed 

and the VFPA will work with the Province’s English cordgrass management program, prior to 

and during construction, to limit seed dispersal to the extent practical and to appropriately 

dispose of Spartina within the Project footprint. Further, the VFPA is committed to monitoring 

and control of English cordgrass at its on-site habitat enhancement areas (VFPA 2015c). 

 OFFSETTING MEASURES 

The RBT2 Offsetting Framework is a living document developed to meet the environmental 

assessment phase of the Project (VFPA 2018d). The Offsetting Framework incorporates both 

in-kind (like for like) and out-of-kind (target the factors limiting productivity) approach, using 

productivity (biomass) as a metric. The out-of-kind approach is consistent with current federal 

science advice and policy (DFO 2013a, b, c; Environment Canada 2012), especially for 

dynamic ecosystems such as Roberts Bank.  

The current Offsetting Framework presents five Offsetting Measures (i.e., onsite habitat 

Offsetting Concepts), three of which are relevant to the wetland functions assessment: (1) 

intertidal marsh, (2) mudflat, and (3) eelgrass. The Offsetting Framework will evolve, as part 

of the permitting phase of the Project, into a final Offsetting Plan following engagement by 

the VFPA with Indigenous groups, regulatory agencies, and key stakeholders to better 

understand priorities, needs, and expectations when it comes to offsetting (VFPA 2018d).  

The key principles guiding design of RBT2 wetland offsetting habitat are adapted from 

Fisheries and Oceans Canada (2013) and Environment Canada (2012), and include: 

1. Equivalency – protect, enhance, or restore equivalent wetland functions as they relate 

to hydrological, biogeochemical, and ecological processes through the creation of ‘in 

kind’ habitat, where possible (i.e., like-for-like offsetting targeting the habitats/species 

affected by the Project); 

2. Additionality – ensure that the new habitat feature(s) provided by the 

offsetting/conservation allowance replace what has been lost and result in incremental 

ecological benefits; 
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3. Location – situate offsetting/conservation allowance wetlands in the same regional or 

local area (i.e., as close to the original site of impact as possible) to ensure no net loss 

of function at a landscape level; 

4. Timing – schedule implementation of offsetting/conservation allowance to minimise 

loss of wetland function on a temporal basis; where feasible, establish compensatory 

measure prior to impact; and 

5. Duration – actively maintain the offsetting/conservation allowance such that its 

positive ecological effects are self-sustaining over a similar duration as those lost due 

to the Project. 

6.3.1 Intertidal Marsh 

The effectiveness of tidal marsh creation and enhancement methods within the Fraser River 

estuary have increased over the last 25 years due to improvements in the understanding 

of the causes of habitat failures from erosion (Williams 1993), grazing (Jefferies and Rockwell 

2002, Dawe et al. 2011), initial species composition (Williams and Orr 2003, Levings 2004), 

transplanting methods (Adams and Williams 2003), tidal elevation (Williams and Orr 2002), 

and the need for adaptive management (Thom 2000; refer to VFPA (2018i) for more 

information). Improvements in the understanding of tidal marsh creation act to reduce 

uncertainty around the long-term effectiveness and sustainability of marsh offsetting habitat 

(Quigley and Harper 2006).  

A minor reduction in function within currently low-functioning intertidal marsh is predicted 

within Region 2, which corresponds to approximately 6.03% (12.26 ha) of overall WAA area 

and 0.05% (1.25 t) of overall WAA biomass. Using the five guiding principles for wetland 

offsetting design stated above, the VFPA proposes to undertake a like-for-like approach and 

create 15 ha of intertidal marsh habitat onsite, as outlined in EIS Section 17.0. As presented 

in Table IR7-26-A1 in VFPA (2018j), this is expected to create a net gain of 494 t of both 

autotrophic and heterotrophic productivity. 

To the extent possible, offsetting intertidal marshes will specifically address and improve on 

aspects of function identified in this assessment; for example, planned locations of created 

intertidal marsh will ensure habitat connectivity functions are restored in Region 2. In addition 

to gains in function predicted in Region 1 as a result of improved environmental conditions, 

the onsite intertidal marsh offsetting habitats will ensure that low functioning intertidal marsh 

will be replaced with moderate functioning intertidal marsh by, for example, increasing 
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planting densities, planting to optimise species diversity or preferentially planting species that 

comprise red- or blue-listed communities, and creating structural features. Appendix 17-B in 

EIS Section 17.0 presents the conceptual design for intertidal marsh, including preliminary 

cross-sectional designs. 

6.3.2 Sandflat 

This assessment concludes that there will be no net change in sandflat function within the 

WAA, pre-mitigation. Therefore, mitigation, including offsetting, are not required for sandflat 

wetlands.  

It should be highlighted, however, that the VFPA has committed to creating 4.5 ha of sandy 

gravel beach, as one of the proposed five Offsetting Measures. While this habitat is distinct 

from the sandflat wetlands assessed here, namely due to the presence of cobble and gravel, 

it nevertheless will ensure that intertidal sand habitat is created. The importance of sandy 

beach habitat for numerous species is recognised, particularly as spawning area for forage 

fish such as surf smelt, and feeding areas for coastal birds such as American wigeon. This 

onsite habitat Offsetting Concept is described further in EIS Section 17.3.2.2 and, as outlined 

in VFPA (2018j), this is expected to create a net gain of 51 t of both autotrophic and 

heterotrophic productivity. 

6.3.3 Mudflat 

A minor reduction in function, pre-mitigation, is predicted through the footprint-associated 

loss of mudflat, corresponding to approximately 0.04% of total mudflat area and 0.04% of 

total mudflat (i.e., biofilm) productivity in the WAA. Using the five guiding principles for 

wetland offsetting design stated above, and a precautionary approach incorporating 

adjustments for uncertainty in effectiveness and temporal loss of wetland function, the VFPA 

has proposed to create enhanced mudflat suitable for biofilm establishment onsite, as outlined 

in EIS Table 17-4 (EIS Section 17.0). Proposed locations include quiescent areas along the 

widened causeway, such as within the bend of the northwest section of the existing terminal, 

and in an elbow of the proposed terminal.  

To the extent possible, onsite mudflat offsetting habitats will specifically address and improve 

on aspects of function identified in this assessment; for example, mudflat will be designed 

and built at appropriate elevations, and with appropriate grain sizes, to promote biofilm 

colonisation. As shown in EIS Section 17.3.2.2, 4.5 ha of mudflat is proposed for the zone 

seaward of the intertidal marsh and in the lee of the pioneering intertidal (salt) marsh. The 
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conceptual designs are found in EIS Appendix 17-B, Sections A-A’ and D-D’ on Drawing 17-

B1. As outlined in Table IR7-26-A1 in VFPA (2018j), this is expected to create a net gain of 

169 t of both autotrophic and heterotrophic productivity. 

6.3.4 Eelgrass 

A minor reduction in native eelgrass function, pre-mitigation, is predicted through the 

footprint-associated loss, which corresponds to 2.75 ha (0.50% of overall area in the WAA) 

and, by productivity, 2.23 t (0.59% overall biomass in the WAA). The 3 ha of onsite native 

eelgrass offsetting habitats proposed by the VFPA will offset this loss. As described in EIS 

Section 17.3.2.2, eelgrass offsetting has been proposed due to its high ecological value, 

especially to fish and fish habitat. As presented in Table IR7-26-A1 in VFPA (2018j), this is 

expected to create a net gain of 8.7 t of both autotrophic and heterotrophic productivity. The 

eelgrass Offsetting Measure will be refined in the development of the final Offsetting Plan to 

meet the Fisheries Act Authorization requirements, during the permitting phase of the Project. 

To the extent possible, offsetting eelgrass habitat will specifically address and improve on 

aspects of function identified in this assessment; for example, created eelgrass will be planted 

at high enough densities to ensure that carbon sequestration and storage function is fully 

restored. Potential transplant sites (onsite eelgrass offsetting habitats) are located north of 

the existing terminal and in the inter-causeway area; these are shown in EIS Section 17.0, 

Figure 17-1. 

Zostera japonica is a non-native species, and is considered to have lower function as a wetland 

than Zostera marina because of its sparse distribution, annual life cycle, and lower 

productivity; for these reasons, Zostera japonica should not be assessed with native eelgrass, 

Zostera marina. Footprint loss of Z. japonica amounts to 12.32 ha (2.87% of overall non-

native eelgrass area in the WAA) and, by productivity, this amounts to 1.48 t (2.87% overall 

non-native eelgrass biomass in the WAA). There is currently no consistent precedent for 

offsetting the lower ecological value of the non-native eelgrass to fish and fish habitat. If 

offsetting for Zostera japonica is required, as part of the Fisheries Act Authorization during 

the permitting phase of the Project, it will be included in the final Offsetting Plan.  
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 SANDFLAT 

Overlap with the causeway footprint will cause direct loss of 10.01 ha, or 0.64% of sandflat 

habitat within the WAA. Because many of the hydrological functions of sandflats are linked to 

their vast areal extent, loss at this scale is not expected to compromise or impair function. 

Nevertheless, a precautionary approach has been applied and 4.5 ha of onsite offsetting in 

the form of sandy gravel beach has been proposed to mitigate Project effects. 

Additionally, indirect geomorphic changes associated with Project placement are anticipated 

to improve function for several of the listed biogeochemical and ecological criteria, including, 

for example, nutrient cycling and organic export and trapping elements and compounds. 

Further, these geomorphic changes are predicted to increase secondary production over the 

tidal flats, which will also benefit certain functional criteria, including water quality, and habitat 

for valued, rare, or sensitive species. With the Project, ecological processes are anticipated to 

continue at even more productive levels than under existing conditions. 

Overall, the predictions of negligible effects to hydrological function and net gains in 

biogeochemical and ecological functions, pre-mitigation, combined with proposed onsite 

offsetting, will ensure no net loss in sandflat function is achieved, as summarised in Table 15 

(refer to Table 2 above for definitions of the ratings). 
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8.0 SUMMARY 

In summary, assessment of the twelve function criteria indicated that RBT2 will result in minor 

losses in function across intertidal marsh, mudflat, and eelgrass wetlands; no loss in function 

is predicted for sandflat wetlands. Mitigation measures, including locating the terminal in 

subtidal waters and those that will be outlined in the environmental management plans, 

combined with the VFPA’s commitment to support Spartina management, will ensure that loss 

of function is avoided and minimised to the extent possible. Further, creation of onsite 

intertidal marsh, sandy gravel beach, mudflat, and native eelgrass offsetting habitats is 

proposed to offset loss of function onsite; the proposed onsite offsetting habitats will be 

designed to be of equal or higher function than existing habitat lost. Overall, proposed 

mitigation, including offsetting, are expected to not only achieve the goal of no net loss of 

wetland functions within the applicable terms of the Wetland Policy, but also ensure no further 

loss to wetland habitat occurs. 

As previously noted, the current Offsetting Framework, developed to meet the needs of the 

environmental assessment phase of the Project, will be further developed following 

engagement with Indigenous groups, regulatory agencies, and key stakeholders, with the 

goal of agreeing on a final Offsetting Plan that meets the Project’s permitting phase 

requirements while responding to the dynamic nature of the Roberts Bank ecosystem. The 

final Offsetting Plan will also address and account for uncertainty in offsetting success and the 

associated time lag for the offset to become effective (VFPA 2018d). The success and 

effectiveness of the Offsetting Measures will be monitored as part of permitting requirements 

and as required as part of the RBT2 Follow-up Program (VFPA 2018g). The VFPA will respond 

to, then rectify any deficiencies (if they occur), via an adaptive management approach. 
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IR11-22 Marine Vegetation – Blue and red listed wetland communities 

 
Information Source(s) 

EIS Volume 3: Section 10, Section 11 

Proponent Responses to Additional Information Requirements of July 31, 2015 IR 22 (CEAR 

Doc#314) 

Context 

The Proponent listed eight provincially listed estuarine wetland communities in the EIS and in 
IR-22 (CEAR Doc#314). However, there was no further discussion specific to the potential 
effects of the proposed Project on these wetland communities. 

Additional information is required to understand the environmental effects of the Project, on 
the eight blue-and red-listed communities and to the provincial conservation actions to 
recover these communities. 

It is also unclear whether predicted changes in salinity over the Marine Vegetation Local 
Assessment Area could alter wetland species composition and thereby affect blue- and red-
listed wetland communities. 

Information Request 

Provide an environmental effects assessment specific to the eight blue and red-listed 
estuarine wetland communities. Provide the regional context to explain why these 
communities are listed and how the proposed Project may affect provincial recovery plans 
related to these communities. 

VFPA Response  

Provide an environmental effects assessment specific to the eight blue and red-
listed estuarine wetland communities.  

As outlined in IR-7.31.15-22 of CEAR Document #3141, eight red and/or blue-listed wetlands 

occur in the local assessment area (LAA); however, there is limited spatial overlap with Project 

components. Only the causeway footprint will directly affect wetland communities (i.e., there 

is no overlap between the terminal and tug basin expansion footprints and wetlands); 

specifically, the causeway footprint overlays with three wetland communities within Terrestrial 

Ecosystem Mapping (TEM) polygons 1, 2, 3, 12, and 14, as shown in Figure IR11-22-A1 in 

                                           

1 CEAR Document #314 From Port Metro Vancouver to the Canadian Environmental Assessment Agency 
re: Completeness Review - Responses to Additional Information Requirements (See reference document 
# 271) for the Environmental Impact Statement. 
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Appendix IR11-22-A: tufted hairgrass - Douglas’ aster (Deschampsia cespitosa ssp. 

beringensis - Symphyotrichum subspicatum), Lyngbye’s sedge and herbaceous vegetation 

(Carex lyngbyei), and American glasswort -sea-milkwort (Sarcocornia pacifica - Glaux 

maritima). These communities are red-listed, meaning they are extirpated, endangered, or 

threatened.  

Provincially-listed estuarine wetland communities were integrated, and assessed, within the 

intertidal marsh sub-component (see EIS Section 11.0). The assessment predicted that 

overlap with the causeway footprint would cause short-term direct loss (1.1 tonnes (t)) of low 

quality fringing marsh during construction and that this loss is negligible when considered in 

the context of considerable gains in intertidal marsh productivity predicted over the longer-

term, during operations (335 t). Predicted productivity increases are attributed to improved 

growing conditions resulting from decreased average salinity in the high intertidal zone and 

an increase in sediment deposition in the low to mid intertidal zone. Lower salinities generally 

increase the productivity of intertidal marsh plants (Crain et al. 2004; Woo and Takekawa 

2012), while increased sediment deposition behind the terminal’s north side will increase the 

elevation of the tidal flats over time, which promotes marsh colonisation thereby increasing 

productivity. Overall, a net minor positive effect for intertidal marsh, including provincially red 

and blue-listed wetland communities, was predicted. 

It should be noted that the three red-listed community types found within the causeway 

footprint are also found elsewhere in the LAA and regional assessment area (RAA), such that 

direct overlap with the Project will not cause their local/regional extirpation; however, these 

communities require specific site conditions, which limits their distribution and contributes to 

their listed status (see Table IR11-22-1). For example, tufted hairgrass-Douglas’ aster is 

found all along the B.C. coast (B.C. CDC 2013b) while Lyngbye’s sedge is the most common 

estuarine sedge in the Pacific Northwest (Lievesley et al. 2016); however, both communities 

require specific estuarine (i.e., brackish) conditions. Further, to offset effects to higher trophic 

level sub-components, 15 hectares (ha) of onsite marsh creation was proposed in the EIS, 

and will be developed with guidance from appropriate agencies and Indigenous groups.  

Provide the regional context to explain why these communities are listed and how 
the proposed Project may affect provincial recovery plans related to these 
communities. 

Every estuarine wetland vegetation type in B.C. is red-listed (endangered) or blue-listed 

(special concern) because they are naturally rare (accounting for less than 2.3% of B.C.’s 

coastline) and subject to multiple threats (ranging from land-use and urbanisation to 

pollution, climate change, and the introduction of invasive species; B.C. MOE 2006). The 

Fraser Basin—where two-thirds of B.C.’s population, and many land-use operations (including 

logging, metal mining, gravel extracting, damming, and irrigation) are concentrated—is no 

exception (Lievesley et al. 2016). In the Fraser River estuary, 70% of salt marsh and 30% of 

freshwater tidal marsh have been dyked, dredged, and/or filled to reclaim land for 

development, particularly early farming interests that turned upper marsh into arable land 

(Campbell-Prentice and Boyd 1988; Lievesley et al. 2016). Refer to Table IR11-22-1 for 

more details pertaining to the listing of wetland communities within the Project footprint. 

Although estuarine wetland ecosystems are considered to be provincially at-risk, they have 
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not been evaluated by COSEWIC and are not listed under the Species at Risk Act. No 

information on provincial or federal recovery efforts for these wetland communities could be 

located. 

Overall, conditions for wetlands are predicted to improve with the Project based on (i) 

improved growing conditions (lower salinity, fine sediment deposition); (ii) proposed 

offsetting in the form of onsite marsh creation; and (iii) the VFPA’s commitment to support 

invasive Spartina eradication, which is an established management effort to remove a major 

threat to coastal wetlands (see the response to IR8-09 in CEAR Document #11992). 

                                           

2 CEAR Document #1199 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR8-03 and IR8-09 (See Reference Document #1071). 
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Table IR11-22-1 Summary of Conservation Status Reports for Listed Wetlands that Overlap with the Project 
Footprint 

Wetland 
Community 

Reasons for Listing Threats Intrinsic Vulnerability 

Tufted hairgrass - 
Douglas’ aster  

(Deschampsia 
cespitosa ssp. 
beringensis - 

Symphyotrichum 
subspicatum) 

Extremely limited in distribution along 
B.C.'s coast because requires very 
specific site conditions associated with 
estuarine systems. Numerous threats 
to the integrity of the system are 
ongoing and likely to increase, 
particularly where increased 
infrastructure and transportation 
associated with industry are proposed. 

The threats assessment for this 
ecological community is considered 
high to medium. Threats are 
numerous and varied, with major 
impacts related to the infrastructure of 
current and future proposed activities 
by the oil and gas industry, and the 
long-term impacts of climate change. 
Other, lower-impact threats include 
pollution, invasive species and 
residential and commercial 
development in localised areas. 

Moderately vulnerable to not 
intrinsically vulnerable. 
Depending on degree of 
disturbance, this ecosystem may 
recover in less than 10 years. 
This is a specialist community 
that requires brackish conditions 
of estuarine areas. 

American glasswort - 
sea-milkwort  

(Sarcocornia pacifica 
- Glaux maritima) 

Extremely limited in distribution 
(known only to occur in coastal waters 
of Georgia Basin). Requires very 
specific site conditions associated with 
saline waters of estuarine systems. A 
significant area of distribution in the 
Georgia Basin has been heavily 
impacted in the past by land use 
activities and degradation of site 
conditions in other localised areas. 
Numerous threats to the integrity of 
the system are ongoing and likely to 
increase, particularly where increased 
infrastructure and transportation 
associated with industry are proposed. 

Decline is estimated at between 10% 
and 30% of the total range of this 
estuarine salt marsh.  

The threats assessment for this 
ecological community is considered 
high to medium. Threats are 
numerous and varied, with major 
impacts related to the infrastructure of 
current and future proposed activities 
by the oil and gas industry, and the 
long-term impacts of climate change. 
Other, lower-impact threats include 
pollution, invasive species, and 
residential and commercial 
development in localised areas. 

Moderately vulnerable to not 
intrinsically vulnerable. 
Depending on degree and extent 
of disturbance, this ecosystem 
may recover in less than 
10 years. This is a specialist 
community that requires saline 
waters associated with the 
regular flooding of estuarine 
areas. 

Lyngbye’s sedge and 
herbaceous 

vegetation (Carex 
lyngbyei) 

No Conservation Status Report could be located for this community. 

Source: B.C. Conservation Data Centre 2013a, 2013b.
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IR11-23 Quality of Marine Sediment 

 
Information Source(s) 

Proponent Response to Information Request Package 3 (CEAR Doc#984): Table IR3-25-1, 
Table IR3-27-1 

CEAR Doc#1091 

Context 

In Tables IR3-25-1 and IR3-27-1 of their response to Information Request Package 3 (CEAR 
Doc#984), the Proponent provided summary statistics for various chemical parameters 
measured in sediment at the dredge basin, existing tug basin, tug basin expansion area, 
Fraser River maintenance dredging sites and supernatant discharge area (formerly referred 
to as the candidate disposal at sea area). 

In their response to IR-04 (CEAR Doc#1091), Environment and Climate Change Canada 
(ECCC) indicated that the use of summary statistics as presented by the Proponent such as 
mean, minimum, and maximum, are insufficient to determine whether marine pollution could 
result from the use of the dredged material for construction of the proposed Project and 
resulting discharge of supernatant. ECCC indicated that the use of the 95 per cent upper 
confidence limit (UCL) of the mean concentration for a chemical parameter is a more 
conservative metric for evaluating whether contamination will cause marine pollution. 

The 95 per cent UCL of the mean concentration for each chemical parameter measured in 
sediment at the dredge basin, existing tug basin, tug basin expansion area, Fraser River 
maintenance dredging sites and supernatant discharge area is required to determine whether 
use of dredged material for construction of the Project and discharge of supernatant could 
result in adverse environmental effects to biophysical valued components. 

Information Request 

Determine the 95 per cent UCL of the mean concentration for each chemical parameter 
measured in sediment at the dredge basin, existing tug basin, tug basin expansion area, 
Fraser River maintenance dredging sites and supernatant discharge area. Data from the 2011, 
2013, 2016 and any more recent sampling campaigns should be used. 

Present the results in tabular format and provide a comparison with relevant Lower Action 
Levels and Canadian Council of Ministers of the Environment Interim Sediment Quality 
Guidelines. 

Provide a discussion of whether any of the chemical parameters measured, in any of the areas 
listed above, are likely to result in adverse effects to biophysical valued components. 
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VFPA Response 

The VFPA has completed extensive physical and chemical characterisation of sediments from 

the dredge basin, existing tug basin, tug basin expansion area, Fraser River maintenance 

dredging sites, and supernatant discharge area. The VFPA met with Environment and Climate 

Change Canada (ECCC) on April 18, 2018 in relation to CEAR Document #10911 on the topic 

of sediment quality and discharge of supernatant, and to provide a Project Construction 

Update (PCU) on the discharge of supernatant and disposal at sea (DAS) requirements for the 

Project (the PCU has since been posted to the registry as CEAR Document #12102). The VFPA 

also presented results of additional sediment quality data analyses conducted by the VFPA in 

response to CEAR Document #1091 (specifically presenting the 95% upper confidence limit 

(UCL) of the mean concentration (UCLM) for each chemical parameter measured in sediment 

at the dredge basin, existing tug basin, tug basin expansion area, Fraser River maintenance 

dredging sites, and supernatant discharge area). The VFPA indicated that components of a 

Dredging and Sediment Discharge Management Plan are currently being developed and that 

the VFPA is committed to consulting with ECCC, Fisheries and Oceans Canada (DFO), and 

Indigenous groups on the management plan.  

Determine the 95 per cent UCL of the mean concentration for each chemical 
parameter measured in sediment at the dredge basin, existing tug basin, tug basin 
expansion area, Fraser River maintenance dredging sites and supernatant discharge 
area. Data from the 2011, 2013, 2016 and any more recent sampling campaigns 
should be used. 

Present the results in tabular format and provide a comparison with relevant Lower 
Action Levels and Canadian Council of Ministers of the Environment Interim 
Sediment Quality Guidelines. 

This response provides the requested 95% UCLM concentration for each chemical parameter 

measured in the sediment at the dredge basin, existing tug basin, tug basin expansion area, 

Fraser River maintenance dredging sites, and supernatant discharge area. As presented in 

EIS Section 9.6, EIS Appendix 9.6-B, and responses to IR3-25 and IR3-27 of CEAR Document 

#9843, extensive physical and chemical characterisation of sediments from these areas has 

been completed as part of baseline studies to inform the RBT2 effects assessment or as part 

of routine sediment characterisation of the Fraser River maintenance dredging sites completed 

over the past decade. 

Table IR11-23-1 summarises the 95% UCLM concentrations for data presented in IR3-25 

and IR3-27 (CEAR Document #984) for sediment chemical parameters measured at the 

dredge basin, existing tug basin, tug basin expansion area, Fraser River maintenance 

dredging sites, and supernatant discharge area. Fraser River maintenance dredging sites data 

                                           

1 CEAR Document #1091 From Environment and Climate Change Canada to the Review Panel re: 
Response to Information Requests issued by the Review Panel on September 27, 2017 (See Reference 
Document #1063). 
2 CEAR Document #1210 From the Vancouver Fraser Port Authority to the Review Panel re: Project 
Construction Update (See Reference Document #995) (NOTE: Updated June 13, 2018).  
3 CEAR Document #984 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 3 (See Reference Document # 928). 
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presented in IR3-27 (CEAR Document #984) are supplemented in this response with 

additional data provided by the VFPA (collected in 2010) and Fraser River Pile and Dredge 

(FRPD; collected in 2013, 2017, and 2018).  

Sampling locations are shown in Appendix IR3-25-A (appendix to IR3-25 of CEAR Document 

#984; dredge basin, existing tug basin, and tug basin expansion area), Appendix IR3-27-B 

(appendix to IR3-27 of CEAR Document #984; supernatant discharge area), and 

Appendix IR11-23-A (Fraser River maintenance dredging sites).  

Appendix IR11-23-B, Table IR11-23-B1 provides sediment characterisation summary 

statistics reported for the dredge basin, existing tug basin, tug basin expansion area, Fraser 

River maintenance dredging sites, and supernatant discharge area as presented in 

Tables IR3-25-1 and IR3-27-1 (CEAR Document #984; i.e., number of samples, minimum, 

maximum, mean, and standard deviation), updated with the 95% UCLM concentrations 

calculations, and reflective of additional Fraser River maintenance dredging sites data 

collected by the VFPA in 2010 and FRPD in 2013, 2017, and 2018 (see Appendix IR11-23-B, 

Table IR11-23-B2 for the updated Fraser River maintenance dredging sites data set). Further 

explanation of the data, detections limits, and the 95% UCLM calculations are provided in 

Appendix IR11-23-B. Appendix IR11-23-B, Tables IR11-23-B3 to IR11-23-B7 provide 

summaries of statistical analyses employed to calculate the 95% UCLM concentrations. 
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Table IR11-23-1 95% UCLM for Sediment Chemical Parameters Measured in the Dredge Basin, Existing Tug Basin, 
Tug Basin Expansion Area, Fraser River Maintenance Dredging Sites, and Supernatant Discharge 
Area (see Tables IR11-23-B3 to IR11-23-B7 in Appendix IR11-23-B for summaries of statistical analyses) 

Parameter 

Screening Benchmarksa 95% UCLMb 

DAS LAL 
CCME 
ISQG 

DFO 
Guideline 

for 
Protection 
of SRKW  

Dredge 
Basin 

(2011, 
2013, 
2016) 

Existing 
Tug Basin 

(2016) 

Tug Basin 
Expansion 

Area 

(2013, 
2016) 

Fraser River 
Maintenance 

Dredging 
Sites 

(all years) 

Supernatant 
Discharge 

Area 

(2013) 

Arsenic (µg/g)  7.24  5.3 e 4.2 g 6.0 e  3.4 e  4.6 e 

Cadmium (µg/g) 0.6 0.7  0.20 c,e 0.07 g 0.22 c,e 0.16 c,i 0.14 e 

Copper (µg/g)  18.7  23 i 15 g 20 i  15 i 11 i  

Chromium (µg/g)  52.3  36 e 29 g 35 e  28 i 30 f 

Lead (µg/g)  30.2  4.6 e  2.7 g 4.5 i  2.7 i 2.8 i 

Mercury (µg/g) 0.75 0.13  0.04 c,e 0.022 g 0.04 c,e 0.023 c,i N/A 

Zinc (µg/g)  124  55.0 e 38 g 50 i  40 i 42 i  

Total PAHs (µg/g) 2.5   N/A N/A  N/A  N/A N/A 

ΣPCB congeners (pg/g)  100,000 21,500 12 or 200 24 d,h ND 53 d,e 93 d,e 20 d,e 

Notes:   
a. DAS LAL (disposal at sea lower action level) concentrations as per Section 4 of the Disposal at Sea Regulations. CCME (Canadian Council of the Ministers of 

the Environment) ISQG (interim sediment quality guideline) as per CCME Sediment Quality Guidelines for the Protection of Aquatic Life. DFO Guideline for 
Protection of southern resident killer whale (SRKW) as per DFO (2010).  

b. Exceedances of screening benchmarks are shown in bold text.  
c. Denotes that summary information does not include samples whose concentration was less than the analytical detection limit; therefore, the estimate is 

biased high. 
d. Summary stastics for polychlorinated biphenyl (PCB) congener-specific analysis only. All PCB results for Aroclor-based analyses were less than the analytical 

detection limit of 0.02 µg/g or 0.03 µg/g. 
e. The data distribution across the available sediment samples was not normally distributed, but fit a normal distribution after a log10- or gamma-transformation. 

This value is based on the statistical distribution of the log10- or gamma-transformed data after back-transformation. 
f. These data approximated a normal distribution without transformation; therefore, the 95% UCLM estimate is not based on log10-tranformed data. 
g. The data set (6 results) is too small to compute reliable and meaningful statistics and estimates including the 95% UCLM. The maximum value is reported in 

lieu of a 95% UCLM given the low sample sizes, noting that the maximum values reported are all below the screening benchmarks. 
h. Data were not normally distributed either untransformed or with gamma or log-transformation. 95% UCLM estimate based on bootstrapping (data re-

sampling).  
i. Data were not normally distributed either untransformed or with gamma or log-transformation. Non-parametric estimate from ProUCL. 
N/A = Not applicable, as statistic could not be calculated based on sample concentrations being less than the analytical detection limit. 
ND = No data available for ΣPCB congeners, as only PCB Aroclor analyses were conducted within the existing tug basin. All Aroclor PCB concentrations were below 
the detection limit (<0.02 ug/g) and, therefore, summary statistics could not be calculated. Note that the detection limit was lower than the DAS LAL and CCME 
ISQG screening benchmarks. 
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Provide a discussion of whether any of the chemical parameters measured, in any 
of the areas listed above, are likely to result in adverse effects to biophysical valued 
components. 

Discussion – 95% UCLM for Sediment Chemical Parameters 

The sediment chemistry statistical summaries provided in Table IR11-23-1 show that the 

95% UCLM concentration of the analysed contaminants, with the exception of copper, are all 

below the CCME ISQG or DAS LAL (Lower Action Level) benchmarks. These benchmarks are 

intended to indicate the level below which no effects to the marine environment or human 

health are expected, and therefore adverse effects to biophysical valued components are not 

likely. Further discussion on the exceedance of the CCME ISQG benchmark for copper is 

provided below.  

Copper – Exceedance of CCME ISQG 

The 95% UCLM concentration of copper in the dredge basin (23.4 µg/g) and tug basin 

expansion area (19.9 µg/g) exceed the CCME ISQG (18.7 µg/g) benchmark. As indicated in 

EIS Appendix 9.6-B and IR3-25 (CEAR Document #984), copper routinely exceeds the CCME 

ISQGs in sediments entrained in the Fraser River and deposited on the delta, based on 

naturally (i.e., of natural, geologic origin) elevated concentrations of copper in the broader 

geographic area and Fraser River basin (Brewer et al. 1998). Sediments within the dredge 

basin and tug basin expansion area (and the Fraser River maintenance dredging sites, existing 

tug basin, and the supernatant discharge area) are comprised of contemporaneously and 

historically deposited sediments delivered from the Fraser River as either bedload transport 

or settlement of suspended fines from the discharge plume. Given that sediments proposed 

to be dredged and placed as part of Project construction activities are essentially the same as 

those historically and currently being deposited to the Fraser River delta, the elevated copper 

concentrations in the dredge basin and tug basin expansion area are expected.  

The derivation summary document for Canadian Sediment Quality Guidelines for the 

Protection of Aquatic Life for Copper (CCME 1999) states the following: 

“In marine systems, mean background concentrations of Cu, estimated from 

deep layers of sediment cores (>10 cm) from a variety of published sources, 

ranged from 4.5 to 123 mg·kg-1 (i.e., below the marine ISQG to slightly greater 

than the marine PEL [probable effect level]).” 

The CCME ISQG for freshwater sediment were also recognised by CCME to be within the range 

of naturally occurring sediment concentrations (CCME 1999): 

“In the National Geochemical Reconnaissance (NGR) program database by the 

Geological Survey of Canada (GSC) (Friske and Hornbrook 1991), the mean 

background concentrations in Canadian lake and stream sediments are 

31 mg·kg-1 and 32 mg·kg-1, respectively (P.W.B. Friske 1996, GSC, Ottawa, 

pers. com.). When compared to the background concentrations of Cu in the 

combined lake and stream NGR database (n = 84,089), the freshwater ISQG 
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and PEL for Cu fall at the 74th and 98.44th percentiles, respectively (R.G. 

Garrett 1997, GSC, Ottawa, pers. com.).” 

The mean background concentration of copper in stream sediments (~32 µg/g) exceeds the 

CCME marine sediment ISQG of 18.7 µg/g. In nearshore deltaic areas such as the Fraser River 

delta (from which fill material for land development will be sourced), the major source of 

sediment is associated with riverine discharge (i.e., erosion and transport of freshwater 

sediments).  

Brewer et al. (1998) found that copper concentrations measured in Fraser River basin and 

estuary bed sediments were generally elevated in the main and north arms of the lower Fraser 

River relative to the upper and middle Fraser River. However, bed sediment concentrations 

measured in the Chilcotin River and Quesnel River reference reaches (sampling locations 

generally considered to be isolated from industrial sources of copper contamination; see 

Figure IR11-23-1 for sampling locations) often exceeded those measured in the Fraser River 

estuary, indicating that the relatively high levels in the reference reaches originate from 

natural copper deposits and historical mining (Brewer et al. 1998). Copper concentrations 

across all bed sediment sampling locations in the Fraser River basin ranged from 7.76 µg/g 

to 65 µg/g (Brewer et al. 1998), exceeding the CCME ISQG (18.7 µg/g) benchmark at nearly 

all sampling locations (76 of 83 sampling locations). The common exceedances of this 

benchmark in both reference and non-reference reaches indicates naturally occurring levels 

of copper. Similar to the dredge basin area and tug basin expansion area where copper 

concentrations increased with the percent of silt and clay content (see Figures IR11-23-2 

and IR11-23-3), Brewer et al. (1998) found that the silt and clay fraction was a significant 

predictor for copper concentrations measured throughout the Fraser River basin (p<0.05).  
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Figure IR11-23-1 Brewer et al. (1998) Bed Sampling Sites and Sylvestre et al. 
(1998) Suspended Sediment Sampling Sites in the Fraser River 
Basin  

 

Source: Brewer et al. 1999. 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #23 (IR11-23) | Page 8 

Figure IR11-23-2 Co-variation of Dredge Basin Sediment Copper Concentration 
with Percent of Composition as Fines (silts + clays: <63 µm) 

 

Figure IR11-23-3 Co-variation of Tug Basin Expansion Area Sediment Copper 
Concentration with Percent of Composition as Fines (silts + 
clays: <63 µm) 
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Similarly, Sylvestre et al. (1998) measured copper concentrations in suspended sediments 

from sites throughout the Fraser River basin (see Figure IR11-23-1 for sampling locations). 

Copper concentrations in suspended sediments collected from the Fraser River basin in fall 

1996 ranged from 30 µg/g to 83 µg/g (Sylvestre et al. 1998), exceeding the CCME ISQG 

benchmark for copper (18.7 µg/g) in all instances.  

The copper concentrations found within the dredge basin and tug basin expansion areas are 

within the range of values reported by CCME (1999) and Brewer et al. (1998) for bed 

sediments, and described by Sylvestre et al. (1998) for suspended sediments collected from 

the Fraser River basin. As there is no known localised anthropogenic source of copper 

contamination at Roberts Bank, and the observed copper exceedances in the dredge basin 

and tug basin expansion areas correlate with elevated percent of silt and clay content (see 

Figures IR11-23-2 and IR11-23-3) as per Brewer et al. (1998), the ISQG benchmark 

exceedances in the dredge basin and tug basin expansion areas can be explained by 

adsorption of naturally occurring copper onto silts and clays. Similarly, the relatively low 

copper concentrations documented in the supernatant discharge area (95% UCLM = 

10.7 µg/g; see Appendix IR11-23-B, Table IR11-23-B1) is explained by the fact that the 

supernatant discharge area at the delta foreslope is routinely scoured by tidal currents, 

resulting in a net loss of fines to other adjacent areas of the Strait of Georgia, including the 

deeper basin. Flood tide currents along the delta foreslope are stronger than 1.2 m/s on 

average, which is greater than the critical threshold for re-suspension of fine sands (Hill et al. 

2008).  

The silts and clay fraction of sediments proposed to be dredged from the dredge basin and 

tug basin expansion area and subsequently discharged to the supernatant discharge area will 

follow the same fate processes as the suspended fines contained in the Fraser River discharge 

plume, ultimately being deposited in low wave and current energy areas of the Strait of 

Georgia where fines are naturally deposited. 

Dredging and placement of sediments from the dredge basin and tug basin expansion area 

will therefore not increase copper concentrations in the receiving environment, cause marine 

pollution4, or adversely affect biophysical valued components.  

Sediment PCB Concentrations and Protection of Southern Resident Killer Whales 

Total PCB concentrations were measured using both high resolution congener-based and 

Aroclor-based analytical methods. All samples analysed using the Aroclor-based analytical 

method were below the analytical detection limits and, therefore, only results of the congener-

based analytical method were used to generate summary statistics for total PCB 

concentrations provided in IR3-25 and IR3-27 (CEAR Document #984) and this response. 

Congener-based analyses were conducted to facilitate a comparison of the sum of PCB 

congeners (ΣPCBs) in sediments proposed to be dredged and placed as part of Project 

                                           

4 See CEAR Document #1091 for ECCC’s definition of marine pollution.  
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construction activities to that of the receiving environment and to the DFO Guideline for the 

Protection of SRKW (DFO 2010)5.  

Table IR11-23-1 also provides 95% UCLM of the ΣPCB congener concentrations in sediment 

samples expressed on a dry weight basis (dw). The 95% UCLM of the ΣPCB congener 

concentrations in sediment samples from the dredge basin, tug basin expansion area, Fraser 

River maintenance dredging site, and the supernatant discharge area are all below the CCME 

ISQG and DAS LAL benchmarks.  

The maximum observed sediment concentration of ΣPCB congeners in the tug basin expansion 

area exceeded the DFO Guideline for the Protection of SRKW (Appendix IR11-23-B); 

however, the 95% UCLM does not. The sediment ΣPCB data were not normally distributed. 

The calculation of a 95% UCLM relies on General Linear Model statistical methods, and in 

particular an assumption that the data are normally distributed. Thus, the development of 

95% UCLM estimates for all substances was preceded by a test of data normality and then 

transformation of the data to achieve normality as needed. Table IR11-23-1 provides an 

estimate of the 95% UCLM based on a log10-tranformation of the ΣPCB data to achieve a 

normal distribution (Shapiro Wilkes goodness-of-fit test). The 95% UCLM that accounts for 

the data distribution does not exceed the DFO SRKW protection guideline of 200 pg/g.  

As shown in Figure IR11-23-4, individual sediment samples in the tug basin expansion area 

that were observed to exceed the DFO Guideline are concentrated in the upper 0.5 m of the 

seabed. This is to be expected, as near surface sediments are more likely to have been 

deposited since PCB production began in the 1930s.  

                                           

5 The DFO Guideline for the Protection of SRKW (200 pg/g dw upper threshold) represents the range 
below which increased uptake and exposures in SRKW, and the associated risks of further increases in 
reproductive impairment, are expected to be acceptably low (DFO 2010). 
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Figure IR11-23-4 Vertical Distribution of the Sum of PCB Congeners in Tug Basin 
Expansion Area 

 

Regardless, the 95% UCLM of the ΣPCB congeners in the tug basin expansion area is still far 

below that of the receiving environment of the Strait of Georgia. While the 95% UCLM of the 

ΣPCB congeners in the dredge basin, tug basin expansion area and the Fraser River 

maintenance dredging sites is above the supernatant discharge area (Table IR11-23-1), the 

supernatant discharge area does not represent the longer term receiving environment for 

sediments discharged from the end of pipe as a result of the placement of dredge material. 

As mentioned above for copper, PCBs preferentially adsorb to fines (especially clays) and tend 

to partition into the organic carbon that forms a coating around such fine particles. These 

finer-textured sediment particles are routinely scoured by tidal currents in the supernatant 

discharge area resulting in re-suspension and entrainment in oceanic currents, followed by 

deposition to more quiescent areas of the Fraser River estuary and the Strait of Georgia.  

DFO explicitly acknowledged that the upper threshold for the Guideline for the Protection of 

SRKW is currently exceeded in many parts of coastal BC (DFO 2010). Based on sediment PCB 

values predominantly measured in the Strait of Georgia and Puget Sound, only 4 of 61 sites 

(6.6%) exhibited ΣPCB concentrations that were lower than the upper end of this protective 

range (200 pg/g dw) (DFO 2010).  

Johannessen et al. (2008) report surficial sediment concentrations from the central and 

northern Strait of Georgia (n = 7 cores) ranging from 484 pg/g to 2,910 pg/g dw 

(Appendix IR11-23-B, Table IR11-23-B8). The 95% UCLM for total PCB concentrations in 

surface sediments analysed by Johannessen et al. (2008) in the Strait of Georgia was 

2,029 pg/g dw. Grant et al. (2011) discuss sediment PCB data for 41 sites in the Strait of 

Georgia, sampled between 2003 and 2007. Total PCBs in surface sediments from these sites 

200 pg/g dw DFO Guideline for the 

Protection of SRKW 
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varied from 111 to 370,000 pg/g dw (Appendix IR11-23-B, Table IR11-23-B9). The 95% 

UCLM for total PCB concentrations in surface sediments analysed by Grant et al. (2010) in the 

Strait of Georgia was 29,046 pg/g dw. Samples with higher PCB concentrations were collected 

in the vicinity of sewage outfalls such as the Iona Island wastewater treatment plant outfall 

on northern Sturgeon Bank. Samples with lower concentrations likely reflect background 

levels in recent sediments without the undue influence of additional local sources.  

Based on the data provided in Appendix IR11-23-B, Table IR11-23-B8, ΣPCB sediment 

concentrations greater than approximately 3,000 pg/g dw are likely outliers relative to the 

overall contemporary range of ΣPCB concentrations in sediments of the southern Strait of 

Georgia based on local inputs (i.e., sewage outfalls, etc.) as opposed to larger scale regional 

inputs associated with global atmospheric and oceanic transport. When ΣPCB concentrations 

>3,000 pg/g dw are removed from the Grant et al. (2010) data, the calculated summary 

statistics are as follows: 

 Number or sample sites:  37 

 ΣPCB minimum:  111 pg/g dw 

 ΣPCB maximum:  2,910 pg/g dw 

 ΣPCB geometric mean: 846 pg/g dw 

 ΣPCB median:   885 pg/g dw 

 ΣPCB 95% UCLM:  1,036 pg/g dw 

Figure IR11-23-5 shows graphically the widespread distribution of legacy PCBs in the 

coastal marine sediments of B.C. and Washington (Lachmuth et al. 2010). Local hotspots in 

PCB concentrations are evident in urban and industrialised areas, potentially reflecting 

continued inputs from historical urban and industrial PCB sources (Lachmuth et al. 2010). 

In comparing the 95% UCLM for ΣPCB congener results presented in Table IR11-23-1 for 

the dredge basin, tug basin expansion area, and Fraser River maintenance dredging sites to 

the surficial sediment results presented by Johannessen et al. (2008), Grant et al. (2010), 

and Lachmuth et al. (2010) (shown in Appendix IR11-23-B, Tables IR11-23-B8 and 

IR11-23-B9 and Figure IR11-23-5, respectively), it can be seen that ΣPCB congener 

concentrations in the broader receiving environment of Strait of Georgia are orders of 

magnitude higher than sediments proposed for dredging and placement as part of RBT2 

construction. 
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Figure IR11-23-5 Spatial Variations in PCB Concentration (~0.1 to 8 µg/kg or 0 to 
8,000 pg/g dw) in the Strait of Georgia and Puget Sound 

 
Source: Lachmuth et al. 2010. 

Conclusion 

The 95% UCLM of chemical parameters measured in sediments proposed to be dredged and 

placed as part of Project construction activities are below the relevant CCME ISQG and DAS 

LAL benchmarks, except copper. Since these benchmarks are intended to indicate the level 

below which no effects to the marine environment or human health are expected (CEAR 

Document #10916), adverse effects to biophysical valued components are not likely. Copper 

exceedances of the CCME ISQG (18.7 µg/g) in the dredge basin (23.4 µg/g) and tug basin 

expansion area (19.9 µg/g) result from naturally elevated copper concentrations in the 

                                           

6 CEAR Document #1091 From Environment and Climate Change Canada to the Review Panel re: 
Response to Information Requests issued by the Review Panel on September 27, 2017 (See Reference 
Document #1063). 
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broader geographic area. Dredging and placement of these materials will therefore not 

increase copper concentrations in the receiving environment, cause marine pollution7, or 

adversely affect biophysical valued components.  

With specific regard to the potential for adverse effects to SRKW, the 95% UCLM for ΣPCB 

congeners in the dredge basin, tug basin expansion area, and Fraser River maintenance 

dredging sites (Table IR11-23-1) are below the upper threshold for the DFO Guideline for 

the Protection of SRKW (200 pg/g dw). While the 95% UCLM for ΣPCB congeners in the dredge 

basin, tug basin expansion area, and Fraser River maintenance dredging sites are above that 

of the discharge area, ΣPCB congener concentrations in the broader receiving environment of 

the Strait of Georgia (part of which is within SRKW critical habitat) are orders of magnitude 

higher than this. Sediments proposed to be dredged and placed as part of Project construction 

activities will not increase PCB concentrations in the receiving environment and adverse 

effects to SRKW are not likely. 
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Table IR11-23-B1 Dredge Basin, Tug Basin Expansion Area, and Existing Tug Basin, Fraser River Maintenance 
Dredging Sites, and Supernatant Discharge Area Sediment Characterisation Summary Statistics  

Parameter 

Screening Benchmarksa,b 
Dredge 

Basin Area  
(2011, 
2013, 
2016)  

Tug Basin 
Expansion 

Area 
(2013, 
2016) 

Existing 
Tug 

Basin 
(2016) 

Fraser River 
Maintenance 

Dredging 
Sites (2010, 
2013, 2017, 

2018) 

Supernatant 
Discharge 

Area (2013) DAS LAL CCME ISQG 

DFO 
Guideline 

for the 
Protection 
of SRKW 

Sand (percent)               

No. of samples       107 51 6 93 50 

Minimum        0.3 14.3 92.4 27.7 60.8 

Mean       62.8 63.3 94.6 91.6 95.1 

Maximum       95.5 94.4 96.5 99.6 99.8 

Standard Deviation       24 27.2 1.5 14.4 5.59 

95% UCLM       67.3 70.8 95.7 94.5 96.7 

Silt (percent)               

No. of samples       107 51 6 93 50 

Minimum       2.8 4.6 2.2 0.1 0.1 

Mean       29.4 29.6 3.3 7.7 c 4.0 c  

Maximum       73.4 68.9 4.8 60.5 31.4 

Standard Deviation       18.5 21.9 0.9 12.4 c 4.5 c  

95% UCLM       32.9 35.6 4.0 10.4 c  5.3 c  

Clay (percent)               

No. of samples       107 51 6 93 50 

Minimum       1.2 1.1 1.1 0.1 0.1 

Mean       7.8 7.2 c 1.3 2.6 c 1.4 c 

Maximum       28.8 22.5 1.5 17.3 7.9 

Standard Deviation       5.9 5.6 c  0.1 3.5 c 1.53 c  

95% UCLM       8.9 8.7 c  1.4 3.5 c 1.9 c 
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Parameter 

Screening Benchmarksa,b 
Dredge 

Basin Area  
(2011, 
2013, 
2016)  

Tug Basin 
Expansion 

Area 
(2013, 
2016) 

Existing 
Tug 

Basin 
(2016) 

Fraser River 
Maintenance 

Dredging 
Sites (2010, 
2013, 2017, 

2018) 

Supernatant 
Discharge 

Area (2013) DAS LAL CCME ISQG 

DFO 
Guideline 

for the 
Protection 
of SRKW 

TOC (percent)               

No. of samples       102 53 6 93 50 

Minimum       0.1 0.1 0.1 0.05 0.05 

Mean       0.8 0.5 0.2 0.21 c 0.08 c 

Maximum       4.8 2.3 0.2 1.12 0.21 

Standard Deviation       0.7 0.44 0.05 0.22 c 0.04 c 

95% UCLM       0.9 0.6 0.2 0.33 c 0.09 c  

Arsenic (µg/g)   7.24          

No. of samples       79 40 6 80 50 

Minimum       2.77 2.18 3.37 1.93 3.05 

Mean       5.10 5.27 3.72 3.28 4.43 

Maximum       7.99 10.9 4.21 4.86 7.07 

Standard Deviation       1.24 2.29 0.29 0.62 0.67 

95% UCLM       5.33 e 5.96 e 4.21 g 3.40 e 4.59 e 

Cadmium (µg/g) 0.6 0.7          

No. of samples       79 40 6 80 50 

Minimum       0.05 0.05 0.05 0.05 0.06 

Mean       0.18 c 0.14 c 0.06 c 0.13 c 0.13 

Maximum       0.67 0.48 0.07 0.4 0.32 

Standard Deviation       0.12 c 0.11 c 0.01 c 0.07 c  0.04 

95% UCLM       0.20 c, e 0.22 c, e 0.07 g 0.16 c, i 0.14 e 

Copper (µg/g)   18.7          

No. of samples       79 40 6 80 50 
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Parameter 

Screening Benchmarksa,b 
Dredge 

Basin Area  
(2011, 
2013, 
2016)  

Tug Basin 
Expansion 

Area 
(2013, 
2016) 

Existing 
Tug 

Basin 
(2016) 

Fraser River 
Maintenance 

Dredging 
Sites (2010, 
2013, 2017, 

2018) 

Supernatant 
Discharge 

Area (2013) DAS LAL CCME ISQG 

DFO 
Guideline 

for the 
Protection 
of SRKW 

Minimum       11.4 11.9 10.4 11.2 8.7 

Mean       21.9 18.4 11.8 14.0 10.2 

Maximum       45.8 31.9 14.6 25.8 22.8 

Standard Deviation       7.6 5.73 1.76 2.8 2.1 

95% UCLM       23.4 i 19.9 i 14.6 g 14.5 i 10.7 i 

Chromium (µg/g)   52.3          

No. of samples       79 40 6 80 50 

Minimum       21.3 27.2 22.4 17.8 22.2 

Mean       34.5 33.7 25.7 27.5 29.5 

Maximum       54.0 43.0 28.9 49.6 37.5 

Standard Deviation       5.7 3.94 2.77 4.7 3.7 

95% UCLM       35.6 e 34.7 e 28.9 g 28.4 i 30.4 f 

Lead (µg/g)   30.2          

No. of samples       79 40 6 80 50 

Minimum       2.5 2.17 2.1 1.85 2.02 

Mean       4.4 4.11 2.3 2.61 2.72 

Maximum       11.6 6.71 2.7 5.47 5.13 

Standard Deviation       1.5 1.59 0.21 0.66 0.49 

95% UCLM       4.6 e 4.53 i 2.7 g 2.73 i 2.84 i 

Mercury (µg/g) 0.75 0.13          

No. of samples       79 40 6 80 50 

Minimum       0.015 0.014 0.016 <0.012 <0.05 

Mean       0.037 c  0.031 c  0.018 0.021 c N/A 
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Parameter 

Screening Benchmarksa,b 
Dredge 

Basin Area  
(2011, 
2013, 
2016)  

Tug Basin 
Expansion 

Area 
(2013, 
2016) 

Existing 
Tug 

Basin 
(2016) 

Fraser River 
Maintenance 

Dredging 
Sites (2010, 
2013, 2017, 

2018) 

Supernatant 
Discharge 

Area (2013) DAS LAL CCME ISQG 

DFO 
Guideline 

for the 
Protection 
of SRKW 

Maximum       0.149 0.095 0.022 0.054 <0.05 

Standard Deviation       0.02 c  0.016 c  0.002 0.009 c  N/A 

95% UCLM       0.04 c, e  0.040 c, e  0.022 g 0.023 c, i  N/A 

Zinc (µg/g)   124          

No. of samples       79 40 6 80 50 

Minimum       36.1 33.9 35.1 32.9 36.2 

Mean       52.8 47.4 36.1 39 41 

Maximum       89.5 68.6 38.2 60 60.6 

Standard Deviation       11.7 9.53 1.2 5.2 3.57 

95% UCLM       55.0 e 49.9 i 38.2 g 39.9 i 41.8 i 

Total PAHs (µg/g) 2.5             

No. of samples       79 40 6 42 27 

Minimum       <DL <DL <DL <DL <DL 

Mean       N/A N/A N/A N/A N/A 

Maximum       6.87 <DL <DL 0.96 <DL 

Standard Deviation       N/A N/A N/A N/A N/A 

95% UCLM       N/A N/A N/A N/A N/A 

Total PCBs (pg/g) 100,000 21,500 12 or 200         

No. of samples (by Aroclor, by 
congener) 

      102 (64, 38) 53 (30, 23) 6 (6, 0) 73 (61, 12) 27 (0, 27) 

ΣPCB Congener Minimum       0 0 ND 4 0 

ΣPCB Congener Mean       19 d 125 d  ND 74 d  20 

ΣPCB Congener Maximum       45 655 ND 246 151 



 

Roberts Bank Terminal 2 
Appendix IR11-23-B | Page 5 

Parameter 

Screening Benchmarksa,b 
Dredge 

Basin Area  
(2011, 
2013, 
2016)  

Tug Basin 
Expansion 

Area 
(2013, 
2016) 

Existing 
Tug 

Basin 
(2016) 

Fraser River 
Maintenance 

Dredging 
Sites (2010, 
2013, 2017, 

2018) 

Supernatant 
Discharge 

Area (2013) DAS LAL CCME ISQG 

DFO 
Guideline 

for the 
Protection 
of SRKW 

ΣPCB Congener Standard Deviation       14 205 d  ND 70* 28 

ΣPCB Congener 95% UCLM    24 d, h 53 d, e ND 93 d, e 19.7 d, e 

Notes:   
a. DAS LAL concentrations as per Section 4 of the Disposal at Sea Regulations. CCME ISQG as per Canadian Council of the Ministers of the Environment Sediment 

Quality Guidelines for the Protection of Aquatic Life. DFO Guideline for Protection of SRKW as per DFO 2010.  
b. Exceedances of screening benchmarks are shown in bold text.  
c. Denotes that summary information does not include samples whose concentration was less than the analytical detection limit; therefore, the estimate is 

biased high. 
d. Summary stastics for PCB congener-specific analysis only. All PCB results for Aroclor-based analyses were less than the analytical detection limit of 0.02 µg/g 

or 0.03 µg/g. 
e. The data distribution across the available sediment samples was not normally distributed, but fit a normal distribution after a log10- or gamma-transformation. 

This value is based on the statistical distribution of the log10- or gamma-transformed data after back-transformation. 
f. These data approximated a normal distribution without transformation; therefore the 95% UCLM estimate is not based on Log10-tranformed data. 
g. The data set (6 results) is too small to compute reliable and meaningful statistics and estimates including the 95% UCLM. The maximum value is reported in 

lieu of a 95% UCLM given the low sample sizes, noting that the maximum values reported are all below the screening benchmarks.  
h. Data were not normally distributed either untransformed or with gamma or log-transformation. 95% UCLM estimate based on bootstrapping (data re-

sampling).  
i. Data were not normally distributed either untransformed or with gamma or log-transformation. Non-parametric estimate from ProUCL. 
N/A = Not applicable, as statistic could not be calculated based on sample concentrations being less than the analytical detection limit. 
ND = No data available for ΣPCB congeners, as only PCB Aroclor analyses were conducted within the existing tug basin. All Aroclor PCB concentrations were below 
the detection limit (<0.02 ug/g), and therefore, summary statistics could not be calculated. Note that the detection limit was lower then the DAS LAL and CCME 
ISQG screening benchmarks.
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Details Pertaining to Summary Results Presented in Table IR11-23-1 and 
Appendix IR11-23-B 

For metals/metalloids, all sample results were greater than their respective analytical 

detection limits with two exceptions: cadmium and mercury in the dredge basin, existing tug 

basin, tug basin expansion area, and Fraser River maintenance dredging sites. As an example, 

cadmium was detected in 76 of the 79 samples in the dredge basin while mercury was 

detected in 68 of the 79 samples. The 95% UCLMs for these metals tabulated in 

Table IR11-23-1, Table IR11-23-B1 and Tables IR11-23-B3 to IR11-23-B7 exclude the 

non-detected results. Had the non-detect data been used in the 95% UCLM calculations (e.g., 

through replacement of the censored, non-detect data by an assumed value between zero 

and the reported detection limit), the 95% UCLM estimate would be lower still.  

Mercury concentrations in the supernatant discharge area were below the analytical detection 

limit in all samples, and the analytical detection limit was routinely below the CCME ISQG 

benchmark (shown as N/A in Table IR11-23-1 and Table IR11-23-B1). The 95% UCLM, 

therefore, could not be calculated.  

It is also important to note that the 95% UCLM values provided in Table IR11-23-1 and 

Table IR11-23-B1 for metals/metalloids were calculated assuming the sediment chemistry 

data are normally distributed (with the exception of ΣPCB congeners that are provided 

assuming both a normal distribution and a log10-transformed normal distribution, as 

appropriate). All analytes, however, exhibit variations in concentration that are more closely 

approximated by a log-normal distribution. Had the 95% UCLM values been calculated based 

on log10-transformed sediment chemistry data, the values would have been uniformly lower 

than the concentrations provided in Table IR11-23-1 and Table IR11-23-B1 (as is the case 

for ΣPCB congeners). For example, the 95% UCLM for arsenic concentration for the dredge 

basin is 5.24 µg/g, assuming a log-normal data distribution, but is 5.37 µg/g assuming a 

normal distribution. The 95% UCLM calculations for metals/metalloids assuming a normal 

distribution were completed using the most recent version of ProUCLTM, which was developed 

for this purpose by the United States Environmental Protection Agency, and which explicitly 

accounts for the nature of the data distribution as well as censored (non-detect) data. 

Total polycyclic aromatic hydrocarbon (PAH) concentrations in sediments were below the 

analytical detection limit in all samples except for two, one sample from the dredge basin and 

one sample from the Fraser River maintenance dredging sites, as discussed further below. 

The 95% UCLM therefore could not be calculated (shown as N/A in Table IR11-23-1 and 

Table IR11-23-B1). The analytical detection limits were less than the DAS LAL benchmark 

for total PAHs. The single sample from dredge basin (1 of 79 sample results) in which total 

PAH concentrations were above the detection limit was collected from a depth of 0.5 m below 

seabed, and had a concentration of 6.87 µg/g, which exceeds the DAS LAL benchmark for 

total PAHs of 2.5 µg/g. The elevated total PAH result for this sample is highly localised, and 

likely reflects the presence of relict coal particulates associated with an accidental release of 

coal or deposition of coal dust from past Westshore Terminals operations, due to the proximity 

of the sampling location from the coal terminal (see sampling location BH16-43 shown in 

IR3-25 (CEAR Document #984), in Figure IR3-25-A1). For the Fraser River maintenance 

dredging sites, a total of forty-two samples were analysed for total PAH concentrations by the 
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VFPA in 2010 and FRPD in 2013, 2017, and 2018. All samples, with the exception of one 

(0.96 ug/g), were below the analytical detection limit, which was again below the DAS LAL 

benchmark of 2.5 µg/g.  

Total PCB concentrations in the dredge basin, tug basin expansion area, and Fraser River 

maintenance dredging sites were measured using both a high resolution congener-based and 

Aroclor-based analytical methods. Except for eight samples collected in 2011 from the dredge 

basin area1, the high resolution congener-based and Aroclor-based analytical methods had 

detection limits lower than the CCME ISQG benchmark (0.0215 µg/g) and the DAS LAL 

benchmark (0.1 µg/g) for total PCBs. Total PCB concentrations in samples analysed using the 

Aroclor-based method were all below the detection limits. Therefore, the summary statistics 

(minimum, maximum, mean, standard deviation, and the 95% UCLM concentrations) for total 

PCB concentrations presented in IR3-25 and IR3-27 (CEAR Document #984), 

Table IR11-23-1, and Table IR11-23-B12 are based on the concentration of the sum of 

individual PCB congeners as determined using a high resolution gas chromatography (HRGC) 

– high resolution mass spectrometry (HRMS) analytical method (i.e., a congener-based 

analytical method (e.g., EPA method 1668 or a modified version of)). All samples analysed 

for total PCB concentrations in the supernatant discharge area used a congener based 

analytical method. 

Total PCB concentrations in the existing tug basin were measured using an Aroclor-based 

analytical method only. All total PCB concentrations in the existing tug basin were below the 

analytical detection limit (DL) of the Aroclor-based analytical method employed (DL = 

0.02 µg/g), and the detection limit for all analysis was below the DAS LAL (0.1 µg/g) and 

CCME ISQG (0.0215 µg/g) benchmarks. The 95% UCLM, therefore, could not be calculated 

for the existing tug basin (ND in Table IR11-23-1 and Table IR11-23-B1). When the major 

portion of PCB congener data were acquired in 2013, acquisition of sediment cores and 

detailed vertical ΣPCB concentration trends in the upper ca. 1.5 m of sediment was focused 

on the tug basin expansion area, as opposed to the tug basin. Because the sediments in the 

expansion area adjacent to the existing tug basin (and especially at higher depths on the tidal 

flat closer to the causeway) were expected to be less disturbed than the tug basin itself, the 
210Pb dated cores were expected to provide results that were less influenced by the recent 

loss of sediments deposited over the last fifty to eighty years as a direct result of either 

dredging or propeller wash. As such, the ΣPCB data from the tug basin expansion area are 

considered to be adequately representative of sediment quality also in the tug basin 

sediments. The tug basin expansion area sediments are likely to exhibit similar or higher ΣPCB 

                                           

1 The eight samples collected in 2011 from the dredge basin had a detection limit of 0.03 µg/g, which 
is lower than the DAS LAL benchmark (0.1 µg/g) but higher than the CCME ISQG benchmark 
(0.0215 µg/g). These eights samples all had PCB concentrations lower than the detection limit of 
0.03 µg/g.  
2 Note that count data summary statistics (No. of samples) for PCB analysis presented in IR3-25 and 
IR3-27 (CEAR Document #984) and in this appendix includes the number of samples analysed using a 
high resolution congener-based analytical method and Aroclor-based analytical method. Only results for 
PCB concentrations from a high resolution congener-based analytical method are used in calculation of 
the summary statistics (minimum, maximum, mean, standard deviation, and the 95% UCLM values), 
as all samples analysed using an Aroclor-based analytical method were below the detection limit.  
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concentrations to the tug basin, based on the direct loss of sediments deposited in the 1970s 

through 1980s in the latter area (the period of peak global transport and estuarine loading of 

PCBs).  

Details Pertaining to Analytical Results for Fraser River Maintenance Dredging Sites 
Presented in Table IR11-23-B2 

Note that two samples collected by FRPD in 2017 (samples FR-7 and FR-10) had particularly 

high ΣPCB concentrations relative to the existing Fraser River maintenance dredging site data 

set and are considered to be extreme outliers (FR-7: 519 pg/g dw and FR-10: 684 pg/g dw). 

The elevated PCB concentrations in samples FR-7 and FR-10 may in part be attributable to 

the samples’ higher fines and organic carbon content. However, the 2017 FRPD data set as a 

whole are not consistent with the demonstrated relationships between ΣPCB concentrations 

and both fines content or organic carbon content presented in Figure 3-5 of EIS Appendix 9.6-

B. A possible reason for this is sediment sample cross-contamination during field sampling as 

well as laboratory extraction and analysis. The collection of the 2017 samples from a large 

clamshell dredge that may have previously been used for dredging sediments from a side 

channel or more quiescent depositional environments (prone to settling of sediment affected 

by local urban PCB sources such as combined sewer and sanitary sewer overflow discharges, 

for example), without prior rigorous decontamination of the clamshell, casts doubts on the 

PCB data. 

Dialogue with FRPD (R. Cochrane; personal communication) has confirmed that samples FR-7 

and FR-10 are considered extreme outliers by both FRPD and Environment and Climate 

Change Canada (ECCC) DAS. FRPD resampled at locations FR-7 and FR-10 in February 2018 

and returned ΣPCB concentrations of 76 pg/g dw (FR-7A (2018)) and 143 pg/g dw (FR-10A 

(2018)). ECCC DAS agreed that samples FR-7 (2017) and FR-10 (2017) should be removed 

the from 2017 FRPD data set and replaced with the results for FR-7A (2018) and FR-10A 

(2018). This is reflected in the results summary statistic calculations.  
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Table IR11-23-B2 Analytical Results for Fraser River Maintenance Dredging Sites collected in by VFPA (in 2010), Hemmera (in 2013), and FRPD (in 2013, 2017, and 2018) 

 Location ID:    FR001 FR002 FR003 FR004 FR005 FR006 

 Sample ID:    FR1-1 FR2-1 FR3-1 FR4-1 FR5-1 FR6-1 

 Date Sampled:    28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 

 Sample Depth (m):    0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 

 Sample Depth Mid Point (m):    0.075 0.075 0.075 0.075 0.075 0.075 

 Sampling Campaign:    Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6 
Detection Limit 
Hemmera 2013 

Detection Limit FRPD 
2017 and 2018 

Detection Limit 
PMV 2010 

Detection Limit 
FRPD 2013 

   
 

  

Grain Size             

Clay (<4 um) (%)   0.01 1 1 0.1 8.8 1.6 1.7 <0.010 <0.010 <0.010 

Silt (0.004-0.063 mm) (%)   0.01 1 1 0.1 25.6 3 <0.010 4.3 2.8 1.6 

Sand (0.063-2.00 mm) (%)   0.01 1 1 0.1 65.6 95.5 98.3 95.9 97.6 98.7 

Gravel (>2.00 mm) (%)    1 1 0.1       

             

Organics             

Total Organic Carbon (%)   0.05 0.05  0.1 0.33 0.11 0.056 0.058 0.053 0.093 

             

Total Metals             

Arsenic (µg/g) 7.24  0.5 0.10  0.05 4.4 2.86 2.74 2.95 2.79 2.97 

Cadmium  (µg/g) 0.7 0.6 0.05 0.050  0.050 0.303 0.166 0.228 0.194 0.183 0.164 

Chromium  (µg/g) 52.3  1 0.50  0.50 32 29.7 32.2 27 26.6 28.1 

Copper (µg/g) 18.7  0.5 0.50  0.50 25.8 13 12.3 13.2 13.6 13.7 

Lead (µg/g) 30.2  0.1 0.50  0.50 5.47 2.7 2.53 2.54 2.4 2.76 

Mercury (µg/g) 0.13 0.75 0.05 0.0050  0.0050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 

Nickel (µg/g)    0.50  0.50       

Zinc (µg/g) 124  1 2.0  1.0 60 39.7 38.9 39.8 38.8 38.7 

             

PAH             

Total PAH's  (µg/g)  2.5  0.2  0.2       

             

PCB             

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 varies varies varies varies 0.000147 0.0000735 0.0000089 0.00000923 0.00000853 0.00000884 
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 Location ID: FR007 FR008 FR009 FR010 FR011 FR012 FR013 FR014 FR015 

 Sample ID: FR7-1 FR8-1 FR9-1 FR10-1 FR11-1 FR12-1 FR13-1 FR14-1 FR15-1 

 Date Sampled: 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 

 Sample Depth (m): 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 

 Sample Depth Mid Point (m): 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 

 Sampling Campaign: Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6          

Grain Size            

Clay (<4 um) (%)   1 <0.010 <0.010 2.4 <0.010 2.6 <0.010 <0.010 <0.010 

Silt (0.004-0.063 mm) (%)   7 6.1 1.6 6.1 6.1 9.1 3.1 3.2 4.4 

Sand (0.063-2.00 mm) (%)   92 94.3 98.9 91.4 94.3 88.3 97.2 96.9 95.6 

Gravel (>2.00 mm) (%)            

            

Organics            

Total Organic Carbon (%)   0.091 0.068 0.052 0.08 0.15 0.13 0.064 0.051 0.089 

            

Total Metals            

Arsenic (µg/g) 7.24  3.19 2.79 2.67 3.26 3.29 2.56 3.18 2.8 2.71 

Cadmium  (µg/g) 0.7 0.6 0.203 0.151 0.193 0.239 0.144 0.227 0.183 0.161 0.186 

Chromium  (µg/g) 52.3  27 29.7 26.3 29.3 28.8 29.8 28.6 41.8 25.8 

Copper (µg/g) 18.7  15.5 14 12 18.4 15.2 14.9 13.3 13.4 13.9 

Lead (µg/g) 30.2  2.85 2.59 2.41 3.59 2.89 2.86 2.64 2.5 2.82 

Mercury (µg/g) 0.13 0.75 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 

Nickel (µg/g)            

Zinc (µg/g) 124  41.9 40.3 37.9 47.7 43.6 40 41.5 43.8 38.9 

            

PAH            

Total PAH's  (µg/g)  2.5          

            

PCB            

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 0.0000269 0.0000135 0.0000465 0.0000176 0.0000716 0.0000418 0.0000281 0.0000148 0.0000388 
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 Location ID: FR016 FR017 FR018 FR019 FR020 FR021 FR022 FR023 FR024 

 Sample ID: FR16-1 FR17-1 FR18-1 FR19-1 FR20-1 FR21-1 FR22-1 FR23-1 FR24-1 

 Date Sampled: 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 

 Sample Depth (m): 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 

 Sample Depth Mid Point (m): 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 

 Sampling Campaign: Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6          

Grain Size            

Clay (<4 um) (%)   <0.010 <0.010 <0.010 <0.010 <0.010 1.4 <0.010 <0.010 <0.010 

Silt (0.004-0.063 mm) (%)   1.6 1.8 1.6 1.9 1.6 7.3 1.6 0.4 1.7 

Sand (0.063-2.00 mm) (%)   98.5 98.2 98.7 98.2 98.6 91.2 98.6 99.6 98.5 

Gravel (>2.00 mm) (%)            

            

Organics            

Total Organic Carbon (%)   0.061 <0.05 <0.05 0.05 0.058 0.16 <0.50 <0.50 0.057 

            

Total Metals            

Arsenic (µg/g) 7.24  2.7 2.67 2.53 2.3 2.42 2.36 1.93 2.1 2.53 

Cadmium  (µg/g) 0.7 0.6 0.177 0.21 0.176 0.182 0.18 0.203 0.196 0.195 0.227 

Chromium  (µg/g) 52.3  21.6 35.4 33.6 27.6 24.5 25.2 24.3 28.4 21.5 

Copper (µg/g) 18.7  11.9 12.9 13.2 12.4 12.3 14.7 12.3 13.7 13 

Lead (µg/g) 30.2  2.27 2.36 2.39 2.26 2.28 2.53 2.24 2.31 2.31 

Mercury (µg/g) 0.13 0.75 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 

Nickel (µg/g)            

Zinc (µg/g) 124  34 40.5 40.9 34.8 35.6 38.8 34.9 36.6 35.6 

            

PAH            

Total PAH's  (µg/g)  2.5          

            

PCB            

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 0.0000117 0.00000834 0.00000803 0.00000364 0.0000173 0.000117 0.0000153 0.00000572 0.0000104 
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 Location ID: FR025 FR026 FR027 FR028 FR029 FR030    

 Sample ID: FR25-1 FR26-1 FR27-1 FR28-1 FR29-1 FR30-1 FRASER RIVER-1 FRASER RIVER-2 FRASER RIVER-3 

 Date Sampled: 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 28/11/2013 3-Apr-2017 3-Apr-2017 3-Apr-2017 

 Sample Depth (m): 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 Surficial Surficial Surficial 

 Sample Depth Mid Point (m): 0.075 0.075 0.075 0.075 0.075 0.075    

 Sampling Campaign: Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 Hemmera 2013 FRPD 2017 FRPD 2017 FRPD 2017 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6          

Grain Size            

Clay (<4 um) (%)   0.1 1.4 17.3 2.9 4.4 3 1.3 1.4 3.5 

Silt (0.004-0.063 mm) (%)   1.9 7.4 47.6 8.6 19 1.9 1.8 3.7 15.7 

Sand (0.063-2.00 mm) (%)   98 91.2 35.2 88.5 76.6 95.1 96.9 94.9 80.8 

Gravel (>2.00 mm) (%)         <1.0 <1.0 <1.0 

            

Organics            

Total Organic Carbon (%)   0.076 0.08 0.67 0.12 0.25 0.067 0.107 0.169 0.587 

            

Total Metals            

Arsenic (µg/g) 7.24  2.27 3.17 4.36 3.13 4.86 3.1 3.89 3.99 4.39 

Cadmium  (µg/g) 0.7 0.6 0.139 0.202 0.298 0.165 0.401 0.182 0.053 0.056 0.060 

Chromium  (µg/g) 52.3  21.6 28.8 36.6 27 36.4 49.6 25.4 25.0 31.1 

Copper (µg/g) 18.7  12.7 12.7 23.4 14.4 25.5 15.1 11.7 12.9 13.8 

Lead (µg/g) 30.2  2.3 2.98 5.11 2.84 5.11 2.86 2.60 2.65 2.87 

Mercury (µg/g) 0.13 0.75 <0.050 <0.050 <0.050 <0.050 0.054 <0.050 0.0215 0.0214 0.0187 

Nickel (µg/g)         30.3 29.6 33.8 

Zinc (µg/g) 124  36.2 38.2 58.2 39.8 57.7 43.4 35.7 36.2 39.7 

            

PAH            

Total PAH's  (µg/g)  2.5       <0.20  <0.20 

            

PCB            

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 0.00000493 0.0000321 0.000246 0.0000269 0.0000894 0.0000118 0.000191  0.000169 

 

  



 

Roberts Bank Terminal 2 
Appendix IR11-23-B | Page 13 

 

 Location ID:         

 Sample ID: FRASER RIVER-4 FRASER RIVER-5 FRASER RIVER-6 FRASER RIVER-8 FRASER RIVER-9 FRASER RIVER-11 FRASER RIVER-12 FRASER RIVER-13 

 Date Sampled: 3-Apr-2017 3-Apr-2017 3-Apr-2017 3-Apr-2017 3-Apr-2017 31-Mar-2017 31-Mar-2017 31-Mar-2017 

 Sample Depth (m): Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial 

 Sample Depth Mid Point (m):         

 Sampling Campaign: FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6         

Grain Size           

Clay (<4 um) (%)   1.2 1.5 1.4 1.3 1.4 <1.0 2.2 <1.0 

Silt (0.004-0.063 mm) (%)   2.8 2.1 1.1 5.8 9.9 2.5 7.2 <1.0 

Sand (0.063-2.00 mm) (%)   95.9 96.4 97.5 92.9 88.8 96.7 90.6 99.0 

Gravel (>2.00 mm) (%)   <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

           

Organics           

Total Organic Carbon (%)   0.15 0.07 0.057 0.465 0.141 0.091 0.323 0.127 

           

Total Metals           

Arsenic (µg/g) 7.24  4.14 3.64 3.71 3.56 3.93 3.43 3.27 3.72 

Cadmium  (µg/g) 0.7 0.6 0.053 0.050 <0.050 0.072 0.096 0.053 0.057 <0.050 

Chromium  (µg/g) 52.3  26.8 26.8 25.5 24.3 27.4 26.5 24.6 22.5 

Copper (µg/g) 18.7  13.3 11.8 11.2 13.6 15.8 12.6 12.7 11.4 

Lead (µg/g) 30.2  2.70 2.42 2.37 2.64 2.87 2.42 2.86 2.23 

Mercury (µg/g) 0.13 0.75 0.0358 0.0157 0.0139 0.0215 0.0259 0.0177 0.0171 0.0207 

Nickel (µg/g)   30.2 32.9 30.9 29.9 32.7 29.6 29.7 28.0 

Zinc (µg/g) 124  36.8 33.8 34.7 37.1 40.8 33.9 34.8 32.9 

           

PAH           

Total PAH's  (µg/g)  2.5 <0.20  <0.20  <0.20  <0.20 <0.20 

           

PCB           

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 0.000140  0.000099  0.000138  0.000227 0.000122 
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 Location ID:         

 Sample ID: FRASER RIVER-14 FRASER RIVER-15 FRASER RIVER-16 FRASER RIVER-17 FRASER RIVER-19 FRASER RIVER-20 FRASER RIVER-21 FRASER RIVER-22 

 Date Sampled: 31-Mar-2017 31-Mar-2017 31-Mar-2017 31-Mar-2017 31-Mar-2017 31-Mar-2017 31-Mar-2017 31-Mar-2017 

 Sample Depth (m): Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial 

 Sample Depth Mid Point (m):         

 Sampling Campaign: FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2017 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6         

Grain Size           

Clay (<4 um) (%)   <1.0 1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

Silt (0.004-0.063 mm) (%)   <1.0 2.5 <1.0 2.7 <1.0 <1.0 <1.0 <1.0 

Sand (0.063-2.00 mm) (%)   96.4 96.5 98.4 96.8 98.4 99.0 99.0 98.0 

Gravel (>2.00 mm) (%)   1.9 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.6 

           

Organics           

Total Organic Carbon (%)   <0.050 0.077 <0.050 0.097 0.054 <0.050 0.18 0.155 

           

Total Metals           

Arsenic (µg/g) 7.24  3.17 3.28 3.07 3.34 3.32 2.99 3.14 2.99 

Cadmium  (µg/g) 0.7 0.6 <0.050 0.060 0.072 0.081 0.085 0.078 0.087 0.100 

Chromium  (µg/g) 52.3  32.5 23.4 27.0 27.4 26.5 25.6 28.0 19.3 

Copper (µg/g) 18.7  11.3 12.7 13.3 14.1 13.2 12.6 12.7 12.4 

Lead (µg/g) 30.2  2.15 2.30 2.23 2.32 2.23 2.08 2.10 1.95 

Mercury (µg/g) 0.13 0.75 0.0164 0.0191 0.0185 0.0209 0.0448 0.0188 0.0171 0.0170 

Nickel (µg/g)   33.5 29.2 30.7 32.6 32.4 31.0 32.2 27.3 

Zinc (µg/g) 124  34.7 34.6 34.4 38.7 38.6 35.6 37.0 35.1 

           

PAH           

Total PAH's  (µg/g)  2.5 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 

           

PCB           

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1  <0.020  <0.020 <0.020  <0.020  
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 Location ID:        

 Sample ID: FRASER RIVER-23 FRASER RIVER-24 FRASER RIVER-25 FRASER RIVER-7A FRASER RIVER-10A SAND HEADS - 2 SAND HEADS REACH - 1 

 Date Sampled: 31-Mar-2017 31-Mar-2017 31-Mar-2017 07-Feb-18 07-Feb-18 09-JUN-10 09-JUN-10 

 Sample Depth (m): Surficial Surficial Surficial Surficial Surficial Surficial Surficial 

 Sample Depth Mid Point (m):        

 Sampling Campaign: FRPD 2017 FRPD 2017 FRPD 2017 FRPD 2018 FRPD 2018 VFPA 2010 VFPA 2010 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6        

Grain Size          

Clay (<4 um) (%)   <1.0 <1.0 <1.0 <1.0 <1.0 1.2 11.7 

Silt (0.004-0.063 mm) (%)   <1.0 <1.0 <1.0 3.80 1.40 5.8 50.1 

Sand (0.063-2.00 mm) (%)   98.8 99.1 99.6 95.4 98.0 93.1 38.2 

Gravel (>2.00 mm) (%)   <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

          

Organics          

Total Organic Carbon (%)   0.053 <0.050 <0.050 0.24 0.18 <0.10 0.66 

          

Total Metals          

Arsenic (µg/g) 7.24  2.92 3.23 3.02 4.13 3.93   

Cadmium  (µg/g) 0.7 0.6 0.098 0.109 0.097 0.075 0.051   

Chromium  (µg/g) 52.3  23.6 27.9 25.5 24.6 23.0   

Copper (µg/g) 18.7  11.8 13.3 13.4 14.3 12.5   

Lead (µg/g) 30.2  1.91 1.99 1.99 2.81 2.67   

Mercury (µg/g) 0.13 0.75 0.0417 0.0184 0.0217 0.0215 0.0203   

Nickel (µg/g)   28.3 30.6 30.5 32.0 29.9   

Zinc (µg/g) 124  34.7 38.0 36.7 42.0 36.8   

          

PAH          

Total PAH's  (µg/g)  2.5 <0.20 <0.20 <0.20 <0.20 <0.20   

          

PCB          

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 <0.020  <0.020 
0.000076 0.000143 0.000018 0.000071 
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 Location ID:        

 Sample ID: SAND HEADS REACH - 2 SAND HEADS REACH - 3 SAND HEADS REACH - 4 SAND HEADS BEND - 1 STEVESTON CUT - 5 STEVESTON CUT - 4 STEVESTON CUT - 3 

 Date Sampled: 09-JUN-10 09-JUN-10 09-JUN-10 09-JUN-10 09-JUN-10 09-JUN-10 09-JUN-10 

 Sample Depth (m): Surficial Surficial Surficial Surficial Surficial Surficial Surficial 

 Sample Depth Mid Point (m):               

 Sampling Campaign: VFPA 2010 VFPA 2010 VFPA 2010 VFPA 2010 VFPA 2010 VFPA 2010 VFPA 2010 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6        

Grain Size          

Clay (<4 um) (%)   4.2 1.4 1.5 1.1 <1.0 <1.0 <1.0 

Silt (0.004-0.063 mm) (%)   23.8 3.4 5 5.3 1.6 1.5 1.4 

Sand (0.063-2.00 mm) (%)   72.1 95.2 93.5 93.5 97.8 97.8 96.5 

Gravel (>2.00 mm) (%)   <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.3 

          

Organics          

Total Organic Carbon (%)   0.32 <0.10 <0.10 0.12 <0.10 0.1 <0.10 

          

Total Metals          

Arsenic (µg/g) 7.24         

Cadmium  (µg/g) 0.7 0.6        

Chromium  (µg/g) 52.3         

Copper (µg/g) 18.7         

Lead (µg/g) 30.2         

Mercury (µg/g) 0.13 0.75        

Nickel (µg/g)          

Zinc (µg/g) 124         

          

PAH          

Total PAH's  (µg/g)  2.5        

          

PCB          

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 0.00007 0.000046 0.000034 0.000026 0.000021 0.000022 0.000023 
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 Location ID:        

 Sample ID: STEVESTON CUT - 2 STEVESTON CUT - 1 SAND HEADS - 1 STEVESTON BEND - 2 FRASER RIVER "1" FRASER RIVER "2" FRASER RIVER "3" 

 Date Sampled: 09-JUN-10 09-JUN-10 09-JUN-10 09-JUN-10 05-Mar-13 05-Mar-13 05-Mar-13 

 Sample Depth (m): Surficial Surficial Surficial Surficial Surficial Surficial Surficial 

 Sample Depth Mid Point (m):            

 Sampling Campaign: VFPA 2010 VFPA 2010 VFPA 2010 VFPA 2010 FRPD 2013 FRPD 2013 FRPD 2013 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6        

Grain Size          

Clay (<4 um) (%)   8 11.7 13.2 5.1 1.20 1.49 1.54 

Silt (0.004-0.063 mm) (%)   51.3 60.5 39.2 23.9 2.66 2.91 7.31 

Sand (0.063-2.00 mm) (%)   40.8 27.7 47.6 70.7 96.1 95.6 91.2 

Gravel (>2.00 mm) (%)   <1.0 <1.0 <1.0 <1.0 <0.10 <0.10 <0.10 

          

Organics          

Total Organic Carbon (%)   0.7 0.87 1.12 0.39 0.11 0.21 0.34 

          

Total Metals          

Arsenic (µg/g) 7.24      3.50 4.63 4.20 

Cadmium  (µg/g) 0.7 0.6     0.067 0.069 0.104 

Chromium  (µg/g) 52.3      29.5 26.6 31.9 

Copper (µg/g) 18.7      14.7 19.4 16.9 

Lead (µg/g) 30.2      2.90 2.59 3.10 

Mercury (µg/g) 0.13 0.75     0.0226 0.0165 0.0232 

Nickel (µg/g)       33.6 33.6 36.7 

Zinc (µg/g) 124      40.8 41.3 46.5 

          

PAH          

Total PAH's  (µg/g)  2.5     <0.20  <0.20 

          

PCB          

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 0.000057 0.000221 0.000184 0.000058 0.000110  0.000130 
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 Location ID:         

 Sample ID: FRASER RIVER "4" FRASER RIVER "5" FRASER RIVER "6" FRASER RIVER "7" FRASER RIVER "8" FRASER RIVER "9" FRASER RIVER "10" FRASER RIVER "11" 

 Date Sampled: 05-Mar-13 05-MAR-13 05-MAR-13 05-MAR-13 05-MAR-13 05-MAR-13 05-MAR-13 05-MAR-13 

 Sample Depth (m): Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial 

 Sample Depth Mid Point (m):         

 Sampling Campaign: FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6         

Grain Size           

Clay (<4 um) (%)   4.07 1.04 1.55 3.14 1.45 1.26 3.06 0.91 

Silt (0.004-0.063 mm) (%)   16.10 2.28 7.83 9.51 3.15 3.62 10.70 0.58 

Sand (0.063-2.00 mm) (%)   79.9 96.7 90.6 87.4 95.4 95.1 86.3 98.5 

Gravel (>2.00 mm) (%)   <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 

           

Organics           

Total Organic Carbon (%)   0.51 <0.10 0.28 0.26 0.28 0.15 0.32 <0.10 

           

Total Metals           

Arsenic (µg/g) 7.24  4.29 3.91 3.93 4.27 4.44 3.87 3.56 3.53 

Cadmium  (µg/g) 0.7 0.6 0.117 0.073 0.066 0.106 0.091 0.070 0.065 0.050 

Chromium  (µg/g) 52.3  29.3 27.7 29.0 28.8 25.6 28.1 28.1 27.0 

Copper (µg/g) 18.7  18.9 17.8 14.8 18.7 17.2 15.4 13.3 13.7 

Lead (µg/g) 30.2  3.67 2.30 2.80 3.87 2.80 3.50 2.92 2.13 

Mercury (µg/g) 0.13 0.75 0.0278 0.0154 0.0214 0.0262 0.0420 0.0220 0.0195 0.0121 

Nickel (µg/g)   34.8 33.7 34.1 36.2 34.1 34.4 35.4 35.2 

Zinc (µg/g) 124  47.6 41.0 40.5 45.8 45.1 43.0 39.0 37.2 

           

PAH           

Total PAH's  (µg/g)  2.5 <0.20  <0.20 0.96  <0.20 <0.20  

           

PCB           

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 0.000150  0.000240 0.000090  0.000130 0.000220  
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 Location ID:        

 Sample ID: FRASER RIVER "12" FRASER RIVER "13" FRASER RIVER "14" FRASER RIVER "15" FRASER RIVER "16" FRASER RIVER "17" FRASER RIVER "18" 

 Date Sampled: 05-MAR-13 14-Mar-13 21-FEB-13 21-FEB-13 14-Mar-13 21-FEB-13 21-FEB-13 

 Sample Depth (m): Surficial Surficial Surficial Surficial Surficial Surficial Surficial 

 Sample Depth Mid Point (m):               

 Sampling Campaign: FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6        

Grain Size          

Clay (<4 um) (%)   0.56 0.24 0.86 1.07 0.45 0.87 1.08 

Silt (0.004-0.063 mm) (%)   0.34 0.69 0.19 0.40 1.41 0.59 1.78 

Sand (0.063-2.00 mm) (%)   98.7 99.1 98.9 98.5 98.1 98.5 95.0 

Gravel (>2.00 mm) (%)   0.39 <0.10 <0.10 <0.10 <0.10 <0.10 2.18 

          

Organics          

Total Organic Carbon (%)   <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 

          

Total Metals          

Arsenic (µg/g) 7.24  3.29 2.89 3.51 3.19 3.08 3.33 3.11 

Cadmium  (µg/g) 0.7 0.6 <0.050 0.068 0.053 0.051 0.062 0.065 0.072 

Chromium  (µg/g) 52.3  24.6 34.3 24.5 27.7 27.0 28.8 20.6 

Copper (µg/g) 18.7  11.5 12.6 11.5 13.8 11.9 15.0 11.5 

Lead (µg/g) 30.2  2.55 3.03 2.36 2.25 2.23 2.16 1.98 

Mercury (µg/g) 0.13 0.75 0.0153 0.0154 0.0151 0.0164 0.0152 0.0166 0.0144 

Nickel (µg/g)   28.2 34.7 28.6 32.6 32.3 35.6 28.2 

Zinc (µg/g) 124  34.5 37.6 37.4 36.8 35.6 37.0 34.6 

          

PAH          

Total PAH's  (µg/g)  2.5 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 

          

PCB          

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 0.000096 0.000055  <0.040  <0.040  
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 Location ID:        

 Sample ID: FRASER RIVER "19" FRASER RIVER "20" FRASER RIVER "21" FRASER RIVER "22" FRASER RIVER "23" FRASER RIVER "24" FRASER RIVER "25" 

 Date Sampled: 21-FEB-13 21-FEB-13 21-FEB-13 21-FEB-13 21-FEB-13 21-FEB-13 21-FEB-13 

 Sample Depth (m): Surficial Surficial Surficial Surficial Surficial Surficial Surficial 

 Sample Depth Mid Point (m):               

 Sampling Campaign: FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 FRPD 2013 

Parameter 1, 2 CCME MW ISQG 3,4 DAS LL 5,6        

Grain Size          

Clay (<4 um) (%)   0.75 0.72 0.56 0.55 0.54 0.42 0.38 

Silt (0.004-0.063 mm) 
(%) 

  
0.29 <0.10 0.11 <0.10 <0.10 <0.10 0.51 

Sand (0.063-2.00 mm) 
(%) 

  
90.5 99.3 99.3 98.7 99.5 99.3 98.6 

Gravel (>2.00 mm) 
(%) 

  
8.47 <0.10 <0.10 0.83 0.15 0.34 0.54 

          

Organics          

Total Organic Carbon 
(%) 

  
<0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 

          

Total Metals          

Arsenic (µg/g) 7.24  3.00 2.91 3.21 3.32 3.10 2.74 2.92 

Cadmium  (µg/g) 0.7 0.6 0.082 0.091 0.089 0.107 0.104 0.096 0.102 

Chromium  (µg/g) 52.3  29.6 29.7 26.6 23.8 23.3 21.6 17.8 

Copper (µg/g) 18.7  12.8 13.6 13.0 12.7 11.9 12.3 11.7 

Lead (µg/g) 30.2  2.11 2.11 2.22 2.06 2.04 1.85 1.86 

Mercury (µg/g) 0.13 0.75 0.0144 0.0179 0.0151 0.0137 0.0188 0.0137 0.0164 

Nickel (µg/g)   32.7 31.4 31.8 29.9 28.9 25.8 25.2 

Zinc (µg/g) 124  36.2 36.4 37.0 36.8 34.5 33.4 34.5 

          

PAH          

Total PAH's  (µg/g)  2.5 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 

          

PCB          

Total Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 <0.040 
 

<0.040  <0.040  <0.040 

NOTES: 
(1) All values are reported as µg/g unless otherwise noted 
(2) Blank cell = No standard or not analysed 
(3) CCME = Canadian Council of Ministers of the Environment, Environmental Quality Guidelines, 1999, updated to November 30, 2011 
(4) CCME MW ISQG = Chapter 6, Canadian Sediment Quality Protection of Aquatic Life, Summary Tables, Table 2 Marine Quality Guidelines, Update 2002 
(5) DAS = Canadian Environmental Protection Act, Disposal at Sea Regulations SOR/2001-275, including amendments up to SOR/2003-295, s.1(F) 
(6) DAS LL = Section 4, Mechanisms for Screening, Lower Action Levels 
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Table IR11-23-B3 Dredge Basin Statistics Summary 

Parameter 

CCME 
MW 

ISQG 
(µg/g) 

DAS 
LAL 

(µg/g) 

Sample 
Size 

Num 
Detect 

Min 
Max 

(µg/g) 
Mean 

95% 
UCL 

Data 
Distribution 

Based on 
Goodness of 

Fit 

95% UCL 
Data 

Outliers 
(5% 

Significance 
Level) 

(µg/g) (µg/g) Method 

Total Organic 
Carbon (%) 

    102 102 0.11 4.8 0.791 0.89 Lognormal 
Approximate 

Gamma 
8 

Arsenic (µg/g) 7.24   79 79 2.77 7.99 5.101 5.33 
Normal, 

Gamma, and 
Lognormal 

Student's-t 0 

Cadmium (µg/g) 0.7 0.6 79 76 0.05 0.666 0.183 0.20 Lognormal 
Approximate 

Gamma 
2 

Chromium 
(µg/g) 

52.3   79 79 21.3 54 34.49 35.57 
Normal, 

Gamma, and 
Lognormal 

Student's-t 1 

Copper (µg/g) 18.7   79 79 11.4 45.8 21.92 23.35 Non-Parametric Student's-t 0 

Lead (µg/g) 30.2   79 79 2.49 11.6 4.363 4.64 
Gamma and 
Lognormal 

Approximate 
Gamma 

1 

Mercury (µg/g) 0.13 0.75 79 68 0.01 0.149 0.037 0.04 
Approximate 
Lognormal 

Student's-t 2 

Zinc (µg/g) 124   79 79 36.1 89.5 52.78 55 
Gamma and 
Approximate 
Lognormal 

Approximate 
Gamma 

0 

Total PAHs 
(µg/g)1 

  2.5 79 1 6.87 6.87 6.87 - - - - 

Total 
Polychlorinated 
Biphenyls (µg/g) 

0.0215 0.1 102 38 0 
4.5E-

05 
2.0E-

05 
2.4E-

05 

Not normal with 
or without 

transformation 

Data re-
sampling 

(Bootstrapping) 
0 

 Notes:  
1 For Total PAH's only one sample had detectable concentrations and as such the data set is too small to compute reliable and meaningful statistics and estimates 

including the 95% UCL, Goodness of Fit, and Potential Outliers.  
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Table IR11-23-B4 Tug Basin Expansion Area Statistics Summary 

Parameter 

CCME 
MW 

ISQG 
(µg/g) 

DAS 
LAL 

(µg/g) 

Sample 
Size 

Num 
Detect 

Min 
Max 

(µg/g) 
Mean 

95% 
UCL 

Data 
Distribution 

Based on 
Goodness of 

Fit 

95% UCL Data 
Outliers (5% 
Significance 

Level) 
(µg/g) (µg/g) Method 

Total Organic 
Carbon (%) 

    53 53 0.1 2.3 0.5 0.60 
Approximate 

Gamma 
Approximate 

Gamma 
5 

Arsenic (µg/g) 7.24   40 40 2.18 10.9 5.27 5.96 
Gamma and 
Lognormal 

Adjusted 
Gamma 

0 

Cadmium (µg/g) 0.7 0.6 40 37 0.05 0.475 0.141 0.22 
Approximate 

Gamma 

95% 
Chebyshev 
(Mean, Sd) 

3 

Chromium (µg/g) 52.3   40 40 27.2 43 33.65 34.69 
Normal, 

Gamma, and 
Lognormal 

Student's-t 0 

Copper (µg/g) 18.7   40 40 11.9 31.9 18.35 19.87 Non-Parametric Student's-t 0 

Lead (µg/g) 30.2   40 40 2.17 6.71 4.107 4.53 Non-Parametric Student's-t 0 

Mercury (µg/g) 0.13 0.75 40 36 0.01 0.0945 0.031 0.04 
Approximate 

Gamma 
Adjusted 
Gamma 

2 

Zinc (µg/g) 124   40 40 33.9 68.6 47.36 49.9 Non-Parametric Student's-t 0 

Total PAH's 
(µg/g)1 

  2.5 40 0 N/A N/A N/A - - - - 

Total 
Polychlorinated 
Biphenyls (µg/g)2 

0.0215 0.1 53 23 0 0.000655 0.00013 
5.30E-

05 
      

Notes: 
1 For Total PAHs no samples had detectable concentrations and as such the 95% UCL, Goodness of Fit, and Potential Outliers are not calculated.  
2 The 95% UCLM of the ΣPCB congeners is based on a Log10-transromation, the normality of which was confirmed with a Shapiro Wilk GOF test (p = 0.247; not 

significantly different than associated with a normal distribution). 
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Table IR11-23-B5 Existing Tug Basin Statistics Summary 

Parameter 

CCME 
MW 

ISQG 
(µg/g) 

DAS 
LAL 

(µg/g) 

Sample 
Size 

Num 
Detect 

Min 
Max 

(µg/g) 
Mean 

95% 
UCL 

Data 
Distribution 

Based on 
Goodness of 

Fit 

95% 
UCL 

Data Outliers 
(5% 

Significance 
Level) (µg/g) (µg/g) Method 

Total Organic 
Carbon (%) 

    6 6 0.09 0.219 0.186 - 
Approximate 

Normal 
- 1 

Arsenic (µg/g) 7.24   6 6 3.37 4.21 3.715 - 
Normal, 

Gamma, and 
Lognormal 

- 0 

Cadmium (µg/g) 0.7 0.6 6 3 0.05 0.07 0.064 - 
Normal and 
Lognormal 

- 1 

Chromium (µg/g) 52.3   6 6 22.4 28.9 25.65 - 
Normal, 

Gamma, and 
Lognormal 

- 0 

Copper (µg/g) 18.7   6 6 10.4 14.6 11.75 - 
Approximate 
Normal and 
Lognormal 

- 0 

Lead (µg/g) 30.2   6 6 2.13 2.7 2.33 - 
Normal, 

Gamma, and 
Lognormal 

- 0 

Mercury (µg/g) 0.13 0.75 6 6 0.02 0.0219 0.0185 - 
Normal, 

Gamma, and 
Lognormal 

- 0 

Zinc (µg/g) 124   6 6 35.1 38.2 36.1 - 
Normal, 

Gamma, and 
Lognormal 

- 0 

Total PAH's 
(µg/g)1 

  2.5 6 0 N/A N/A  N/A  - - - - 

Total 
Polychlorinated 
Biphenyls (µg/g)1 

0.0215 0.1 6 0 N/A  N/A  N/A  - - - - 

Notes:  

The data set (6 results) is too small to compute reliable and meaningful statistics and estimates including the 95% UCL. 
1 For Total PAHs and PCBs no samples had detectable concentrations and as such the 95% UCL, Goodness of Fit, and Potential Outliers are not calculated.  
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Table IR11-23-B6 Fraser River Maintenance Dredging Sites Statistics Summary 

Parameter 

CCME 
MW 

ISQG 
(µg/g) 

DAS 
LAL 

(µg/g) 

Sample 
Size 

Num 
Detect 

Min 
Max 

(µg/g) 
Mean 

95% 
UCL 

Data 
Distribution 

Based on 
Goodness of 

Fit 

95% UCL Data Outliers 
(5% 

Significance 
Level) 

(µg/g) (µg/g) Method 

Total Organic 
Carbon (%) 

    93 62 0.05 1.12 0.213 0.33 
Approximate 
Lognormal 

95% 
Chebyshev 
(Mean, Sd) 

7 

Arsenic (µg/g) 7.24   80 80 1.93 4.86 3.282 3.4 
Approximate 

Normal, Gamma, 
and Lognormal 

Student's-t 0 

Cadmium (µg/g) 0.7 0.6 80 76 0.05 0.401 0.126 0.16 Non-Parametric 
95% 

Chebyshev 
(Mean, Sd) 

1 

Chromium 
(µg/g) 

52.3   80 80 17.8 49.6 27.55 28.41 
Approximate 
Lognormal 

Student's-t 2 

Copper (µg/g) 18.7   80 80 11.2 25.8 14 14.52 Non-Parametric Student's-t 7 

Lead (µg/g) 30.2   80 80 1.85 5.47 2.612 2.73 Non-Parametric Student's-t 3 

Mercury (µg/g) 0.13 0.75 80 51 0.0121 0.054 0.0209 0.023 Non-Parametric Student's-t 5 

Zinc (µg/g) 124   80 80 32.9 60 38.96 39.93 Non-Parametric Student's-t 3 

Total PAH's 
(µg/g)1 

  2.5 42 1 0.96 0.96 0.96 - - - - 

Total 
Polychlorinated 

Biphenyls (µg/g) 
0.0215 0.1 73 61 

3.64E-
06 

0.000246 
7.445E-

05 
9.30E-

05 

Approximate 
Gamma and 
Approximate 
Lognormal 

Approximate 
Gamma 

0 

Notes:  
1The data set for Total PAHs (1 result) is too small to compute reliable and meaningful statistics and estimates including the 95% UCL, Goodness of Fit, and 

Potential Outliers. 
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Table IR11-23-B7 Supernatant Discharge Area Statistics Summary 

Parameter 

CCME 
MW 

ISQG 
(µg/g) 

DAS 
LAL 

(µg/g) 

Sample 
Size 

Num 
Detect 

Min 
Max 

(µg/g) 
Mean 

95% 
UCL 

Data 
Distribution 

Based on 
Goodness of 

Fit 

95% UCL Data Outliers 
(5% 

Significance 
Level) 

(µg/g) (µg/g) Method 

Total Organic 
Carbon (%) 

    50 47 0.05 0.21 0.083 0.09 
Non-

Parametric 
Student's-t 4 

Arsenic (µg/g) 7.24   50 50 3.05 7.07 4.429 4.59 

Approximate 
Normal, 

Gamma, and 
Lognormal 

Student's-t 1 

Cadmium (µg/g) 0.7 0.6 50 50 0.06 0.322 0.135 0.14 
Approximate 

Gamma 
Approximate 

Gamma 
1 

Chromium (µg/g) 52.3   50 50 22.2 37.5 29.48 30.36 
Normal, 

Gamma, and 
Lognormal 

Student's-t 0 

Copper (µg/g) 18.7   50 50 8.67 22.8 10.16 10.66 
Non-

Parametric 
Student's-t 3 

Lead (µg/g) 30.2   50 50 2.02 5.13 2.72 2.84 
Non-

Parametric 
Student's-t 2 

Mercury (µg/g)1 0.13 0.75 50 0 N/A  N/A  N/A  - - - - 

Zinc (µg/g) 124   50 50 36.2 60.6 40.96 41.81 
Non-

Parametric 
Student's-t 1 

Total PAH's 
(µg/g)1 

  2.5 27 0 N/A  N/A  N/A  - - - - 

Total 
Polychlorinated 

Biphenyls (µg/g) 
0.0215 0.1 27 27 0 

1.51E-
04 

1.43E-
05 

1.97E-
05 

Log-normal 
after removal 

of outlier 
Student’s t 1 

Notes: 
1For Mercury and Total PAH's there were no detectable concentrations and as such the 95% UCL, Goodness of Fit, and Potential Outliers are not calculated. 
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Table IR11-23-B8 Concentrations of PCBs Congeners in Surface Sediments in the 
Strait of Georgia (Johannessen et al. 2008) and Summary 
Statistics  

Station 
ΣPCB at Surface (pg/g 

dw) 
Summary Statistics (pg/g dw) 

GVRD-1 2,360 No. of samples 7 

GVRD-2 2,910 Minimum  484 

GVRD-3 1,210 Mean 1,323 

GVRD-4 484 Maximum 2,910 

GVRD-5 1,120 Standard Deviation 953 

GVRD-6 668 95% UCLM 2,029 

GVRD-7 507   
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Table IR11-23-B9 Concentrations of total PCBs in Surface Sediments in the Strait 
of Georgia (Grant et al. 2010) and Summary Statistics 

Summary Statistics (pg/g dw) 

No. of samples 41 

Minimum  111 

Mean 11,388 

Maximum 370,000 

Standard Deviation 57,688 

95% UCLM 29,046 

Site ΣPCB at Surface (pg/g dw) Site ΣPCB at Surface (pg/g dw) 

1 370,000 22 925 

2 34,100 23 885 

3 16,700 24 810 

4 5,000 25 679 

5 2,910 26 668 

6 2,710 27 657 

7 2,530 28 655 

8 2,400 29 612 

9 2,360 30 560 

10 2,060 31 507 

11 1,760 32 485 

12 1,760 33 484 

13 1,670 34 442 

14 1,590 35 419 

15 1,500 36 366 

16 1,410 37 328 

17 1,400 38 301 

18 1,390 39 277 

19 1,210 40 183 

20 1,120 41 111 

21 973   
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IR11-24 Mitigation Measures for Dredging and Sediment Discharge 

Information Source(s) 

EIS Volume 5: Section 33.3.10 

Proponent Response to Additional Information Requirements of July 31, 2015 (CEAR 
Doc#314):IR12 

CEAR Doc#1091 

CEAR Doc#1054 

Context 

In Section 33.3.10 of the EIS, the Proponent stated that a Dredging and Sediment Discharge 
Plan would be developed to describe the management and timing of dredging activities and 
the discharge of sediment-laden water. The Proponent indicated that this plan would describe 
the mitigation efforts to be implemented. However, there are no further details provided 
regarding the mitigation measures that would be applied. 

Although there is additional information in the Proponent’s response to information request 12 
of CEAR Doc#314, there are no measures that could be construed as mitigation measures. 
For example, the Proponent indicated that compliance checking for water quality would occur, 
and that provisions for intervention in the case of non-compliance would be followed. 
However, these are measures that would be used as part of a follow-up program and, are not 
mitigation measures. As defined under the Canadian Environmental Assessment Act, 2012, 
mitigation measures are measures for the elimination, reduction or control of the adverse 
environmental effects of a designated project and, include restitution for any damage to the 
environment caused by those effects through replacement, restoration, compensation or any 
other means. 

In their submission to the Review Panel (CEAR Doc#1091), Environment and Climate Change 
Canada indicated that further information was required to determine whether marine pollution 
could result from the use of dredged material for Project construction and whether the 
resulting supernatant will result in marine pollution. Additional information regarding the 
mitigation measures that would be employed by the Proponent to mitigate adverse effects of 
dredging and sediment discharge is required. 

Information Request 

Provide a description of the mitigation measures that would be employed under the Dredging 
and Sediment Discharge Plan. 
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Provide information regarding: 

 which measures are Vancouver Fraser Port Authority standard best practices for 
protecting the environment when dredging and for sediment discharge; 

 other measures specifically designed to mitigate a potential adverse effect of the 
proposed Project to a particular environmental component; and 

 the environmental components for which any of the above measures were designed. 

When responding to this information request, consider information that would be included in 
the Project Description Update as described in CEAR Doc#1054. 

VFPA Response 

The VFPA has extensive experience in responsibly managing and overseeing capital dredging 

(i.e., one-time dredging projects, such as the Deltaport Third Berth Project) and maintenance 

dredging projects (e.g., annual maintenance dredging of the Fraser River navigation channel) 

within VFPA jurisdiction. The VFPA has been responsible for maintenance dredging of the 

Fraser River navigation channel since 1998. In 2014 as an example, the VFPA spent 

approximately $20 million on dredging to maintain shipping channels. 

The VFPA also dredges smaller waterways to benefit local communities as part of the Local 

Channel Dredge Contribution program (VFPA 2018). This program assists in keeping local 

channels clear and safe, thereby supporting recreational activities, such as fishing.  

The VFPA is confident that marine pollution will not result from the use of dredged material 

for Project land development (terminal footprint and causeway widening) or the associated 

discharge of supernatant as detailed in the response to IR11-23 in the context of sediment 

contaminant levels, and as detailed in the Project Construction Update (PCU; CEAR Document 

#12101) and this response in the context of physical aspects of Project activities (i.e., total 

suspended solids (TSS) and sediment deposition).  

Which measures are VFPA standard best practices for protecting the environment 
when dredging and for sediment discharge? 

The VFPA’s standard best practices for protection of the environment when dredging and for 

sediment discharge are first to avoid or reduce effects by mitigating through Project design 

and planning, and second to implement mitigation measures during dredging and sediment 

discharge activities as required.  

VFPA standard best practices to avoid or reduce effects by mitigating through Project design 

and planning has included the following, which are described in the sections that follow: 

 Characterising the physical and chemical properties of the dredge material to 

determine suitability for beneficial use as construction aggregate, fill material, and/or 

material for habitat creation purposes, or for disposal at sea (DAS); 

                                           

1 CEAR Document 1210 From the Vancouver Fraser Port Authority to the Review Panel re: Project 
Construction Update (See Reference Document #995) (NOTE: Updated June 13, 2018). 
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 Maximising beneficial use of dredged material (to the extent possible);  

 Minimising effects to the environment (to the extent possible); and 

 Where necessary, discharge sediment to an appropriate receiving environment.  

Characterise the Physical and Chemical Properties of the Dredge Material 

As presented in EIS Section 9.6, EIS Appendix 9.6-B, responses to IR3-25 and IR3-27 of 

CEAR Document #9842, and the response to IR11-23, extensive physical and chemical 

characterisation of sediments from the dredge basin, existing tug basin, tug basin expansion 

area, Fraser River maintenance dredging sites, and supernatant discharge area have been 

conducted. As described in the PCU, all dredged materials have the physical and chemical 

characteristics required for construction purposes, and all materials dredged from the dredge 

basin, existing tug basin, and tug basin expansion area will be deposited to the terminal as 

fill. Further, the physical and chemical characterisation of these sediments have demonstrated 

that marine pollution will not result from the use of dredged material for Project construction 

(see IR11-23 for more information). Since all fill materials can be used for construction 

purposes and the VFPA expects that the proposed work can be carried out in a manner that 

does not create marine pollution, the VFPA no longer anticipates that discharge of 

supernatant, or any other Project activities, will require a DAS permit. 

In general, the VFPA takes a site-specific approach to characterising properties of sediments 

proposed for dredging and discharge, and to understand the potential effects of the proposed 

activities on the environment. For RBT2, which is located within southern resident killer whale 

(SRKW) critical habitat, the VFPA completed extensive polychlorinated biphenyl (PCB) 

congener analysis of sediments proposed for dredging and discharge, and undertook an 

ecological risk assessment of potential changes in PCB exposures of SRKW associated with 

Project activities (see RBT2 EIS Appendix 14-D). The increase in risk in terms of predicted 

PCB concentrations for both male and female SRKW was determined to be sufficiently low 

that it was deemed to be negligible.  

Maximise Beneficial Use of Dredged Material  

As a standard best practice, the VFPA maximises beneficial use of dredge material from annual 

maintenance dredging of the navigation channels of the Fraser River by selling dredge 

material to the local sand market. Further, the Project specifically proposes to beneficially use 

approximately 6.1 million (M) m3 of Fraser River sand (over the three-year land development 

period) from annual maintenance dredging of the navigation channels, thereby diverting the 

same volume of material from the Sand Heads DAS site.  

As discussed above and presented in the PCU, all materials dredged from the dredge basin, 

existing tug basin, and tug basin expansion area will be beneficially used as terminal fill, as 

all material sources are considered suitable for use as general fill based on recent sediment 

characterisation investigations. With the elimination of surface disposal of tug basin dredge 

                                           

2 CEAR Document #984 From the Vancouver Fraser Port Authority to the Review Panel re: Responses 
to Information Request Package 3 (See Reference Document # 928). 
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material to the Project-specific DAS site, 160,000 m3 of material has been diverted from direct 

DAS to beneficial use as fill material (see PCU Section 2.4).  

Minimising Effects to the Environment  

It is VFPA standard best practice to minimise effects to the environment by minimising 

dredging activities and the discharge of sediment and the associated resuspension of 

sediments.  

The Project has been designed in a manner to minimise the need for dredging activities, and 

thereby minimising effects to the environment. The Project is located primarily within subtidal 

waters with a berth face on the edge of the Roberts Bank delta foreslope, reducing the 

requirement for a deepened approach channel. Dredging of material specific to Project 

construction needs is limited to the dredge basin, existing tug basin, and the tug basin 

expansion area, and no ongoing maintenance dredging of these areas is anticipated (as 

described in EIS Section 4.4.2.5).  

Further, recent Project design refinements presented in the PCU have reduced the volume of 

material to be dredged from the dredge basin (see Section 2.2 of the PCU). The dredge basin 

finished elevation has been revised to -18.3 m chart datum (CD) from -21.6 m CD, and the 

base of the dredged caisson trench is revised to -26.7 m CD from -30.0 m CD. The overall 

area of the dredge basin has been reduced from 17.4 hectares (ha) to 13.9 ha, yielding a 

reduced dredge volume of 3.67 M m3 compared to 4.20 M m3 originally proposed.  

In addition, Project construction no longer requires the intermediate transfer pit (ITP) as a 

temporary sand storage location to support construction activities, based on recent changes 

in dredging equipment options and further engineering analyses, and in consideration of the 

concerns of Tsawwassen First Nation with respect to the ITP. The removal of the ITP and the 

placement of Fraser River sand directly into the fill areas reduces the generation of TSS and 

turbidity during deposition and reclaiming activities (see PCU Section 2.1).  

Based on further geotechnical characterisation, vibro-replacement activities are no longer 

required to improve the seismic response of the soil below the base of the dredge basin. 

Therefore, the creation of 128,000 m3 of silty fallout and its associated disposal requirement 

(and the resulting increase in TSS and turbidity) are no longer part of Project construction 

(see PCU Section 2.2). 

Based on recent geotechnical investigations within the terminal footprint and revised seismic 

design criteria, all dredge basin material is considered suitable for use as general fill at any 

point of filling within the containment basins, which increases the overall retention of dredge 

basin dredge material from 85% to 97%. The overall volume of dredge basin dredge material 

to be discharged as supernatant from the containment basins at the -45 m CD level has 

decreased from approximately 625,000 m3 to 110,000 m3 (see PCU Section 2.3 and PCU 

Table 2-4). Based on information provided by Environment and Climate Change Canada 
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(ECCC; CEAR Document #5643), discharge of supernatant containing unsettled fines from the 

containment dykes during filling is not expected to be subject to DAS permitting4.  

The level of TSS in the supernatant discharge that will be pumped out via the pipelines is a 

function of the fines content of the fill material and the amount of settling time the fines have 

before exiting the containment dykes. Both the 85% fill material retention and 97% fill 

material retention scenarios have been modelled in EIS Appendix 9.6-C, with the 85% fill 

material retention scenario ultimately informing valued component (VC) assessments in the 

EIS. PCU Sections 3.1.5 (Surficial Geology and Marine Sediment), 3.1.6 (Marine Water 

Quality) and 3.2 (Updated Valued Component Construction Phase Assessments) utilised the 

Project-derived changes to sediment re-suspension and deposition previously presented in 

EIS Appendix 9.6-C for the 97% fill material retention scenario to inform the assessments in 

the PCU (see PCU Section 3.1.5, Figures 3.1.5-2 and 3.1.5-4, and PCU Section 3.1.6, 

Figures 3.1.6-2, 3.1.6-4, and 3.1.6-6 for figures depicting the predicated sediment deposition 

and TSS levels under the 97% fill material retention scenario).  

The updated construction activities are anticipated to result in the reduction of sediment re-

suspension and deposition. Comparing figures for the 85% fill material retention and 97% fill 

material retention scenarios provided in PCU Sections 3.1.5 and 3.1.6, the predicted sediment 

deposition extent and TSS plume is greatly reduced under the 97% fill material retention 

scenarios. The effects assessment of surficial geology and marine sediment and marine water 

quality presented in the EIS, therefore, is considered conservative for the updated 

construction activities, as the predicted changes in sediment deposition and the TSS levels 

would be lower than what was predicted in the EIS. Changes to surficial geology and marine 

sediment and marine water quality during Project construction are expected to be minimal 

relative to natural variability.  

Based on updated information provided in the PCU, the potential effects of the Project on 

marine vegetation (PCU Section 3.2.1), marine fish (PCU Section 3.2.3), and marine 

mammals (PCU Section 3.2.4) for the activity of pumping excess water in the terminal basin 

areas to the supernatant discharge site were determined to be negligible. Potential effects of 

the Project on marine invertebrates (PCU Section 3.2.2) and coastal birds (PCU Section 3.2.5) 

for the activity of pumping excess water in the terminal basin areas to the supernatant 

discharge site were determined to be minor.  

Discharge Sediment to an Appropriate Receiving Environment 

While the VFPA has made considerable effort to reduce the discharge of sediment by 

mitigating through Project design and planning, approximately 310,000 m3 of unsettleable 

                                           

3 CEAR Document #564 From Environment and Climate Change Canada to the Review Panel re: 
Comments on the information relating to the environmental assessment of the Roberts Bank Terminal 2 
Project. 
4 Discharge of supernatant is not expected to be subject to DAS permitting provided that the VFPA 
confirms that 1) the dredged material has the physical and chemical characteristics required for 
construction purposes; and 2) the use of the dredged material for construction purposes, including any 
resulting release of a supernatant, must not be contrary to the purposes of Division 3 Part 7 of the 
Canadian Environmental Protection Act, 1999 and the aims of the London Convention and Protocol. 
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fines (from dredge basin, existing tug basin, tug basin expansion area, Fraser River sands, 

and existing quarry materials) are anticipated to be discharged to the supernatant discharge 

area over the three-year land development period (reduced from 917,000 m3 assumed in the 

EIS). As context, this represents approximately 4% of the average annual Fraser River 

sediment discharge (~6,290,000 m3). To avoid direct discharge of supernatant to productive 

intertidal or shallow subtidal habitats, the end of the supernatant discharge pipe has been 

located at approximately -45 m CD on the delta foreslope. Discharging the supernatant to 

this depth limits potential for the anticipated TSS plume to interact with the productive photic 

zone and intertidal areas.  

As stated in PCU Section 3.1.5, sediment deposition model results shown for the 85% and 

97% non-retention rate scenarios, the deposition of sediment is less than approximately 

1 mm for both scenarios (noting that natural sedimentation rates are 2 mm to 30 mm per 

year (EIS Section 9.6.6.1)). However, the distance that sediment is predicted to deposit is 

greatly reduced under the 3% non-retention rate scenario (see PCU Section 3.1.5, 

Figures 3.1.5-1 and 3.1.5-2).  

Based on the assessment of sediment re-suspension and deposition under the 97% fill 

material retention scenario contained in the PCU, the VFPA is confident that marine pollution 

will not result from the activity of pumping excess water in the terminal basin areas to the 

supernatant discharge site and will not be contrary to the purposes of Division 3 Part 7 of the 

Canadian Environmental Protection Act, 1999 and the aims of the London Convention and 

Protocol. 

Provide a description of the mitigation measures that would be employed under the 
Dredging and Sediment Discharge Plan. 

Other measures specifically designed to mitigate a potential adverse effect of the 
proposed Project to a particular environmental component. 

The environmental components for which any of the above measures were 
designed. 

As described in EIS Section 33.0, the Dredging and Sediment Discharge Plan (DSDP) will form 

a sub-plan of the Construction Environmental Management Plan (EMP). The purpose of the 

Construction EMP is to ensure that proper measures and controls are in place to prevent or 

reduce adverse environmental effects and to provide clearly defined action plans and 

emergency response procedures to protect human and environmental health and safety.  

The VFPA has evaluated mitigation measures that are technically and economically feasible 

that could be employed under the DSDP. Table IR11-24-A1 in Appendix IR11-24-A provides 

a description of the mitigation measures that could be implemented during construction 

activities in the DSDP, and mitigation measures may be employed under separate 

management plans that will also contribute to mitigating potential adverse effects of dredging 

and sediment discharge activities (e.g., the Marine Species Salvage Plan and Marine Mammal 

Observation Plan). Technically and economically feasible mitigation measures suggested by 



 

Roberts Bank Terminal 2 
Sufficiency Information Request #24 (IR11-24) | Page 7 

ECCC in CEAR Document #10915 (ECCC IR-05 Response) and DFO in CEAR Submission #9886 

(DFO IR-07 Response) have been considered in developing Table IR11-24-A1 in 

Appendix IR11-24-A.  

Based on the information contained within IR11-23 of CEAR Document #12757, the PCU, and 

revised VC assessments therein, and with the implementation of the appropriate mitigation 

measures outlined in Appendix IR11-24-A, the VFPA is confident that marine pollution will 

not result from the use of dredged material for Project land development or the associated 

discharge of supernatant.  

References 

Vancouver Fraser Port Authority (VFPA). 2018. Dredging. Available at 
https://www.portvancouver.com/about-us/topics-of-interest/dredging/. Accessed 
August 2018. 
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5 CEAR Document #1091 From Environment and Climate Change Canada to the Review Panel re: 
Response to Information Requests issued by the Review Panel on September 27, 2017 (See Reference 
Document #1063). 
6 CEAR Document #988 From Fisheries and Oceans Canada to the Review Panel re: Response to 
Information Requests issued by the Review Panel on May 18, 2017 (See Reference Document # 969). 
7 CEAR Document #1275 From the Vancouver Fraser Port Authority to the Review Panel re: Response 
to Information Requests IR5-01a, IR7-28, IR7-29, IR10-02, IR10-06 to IR10-09, IR10-11 to IR10-26, 
IR11-07, IR11-22, IR11-23, IR12-03, IR12-06, IR13-01, and IR13-19 (See Reference Documents 
#1000, 1130, 1179, 1206 and 1228). 
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Table IR11-24-A1 Mitigation Measures that May be Employed Under the Dredging and Sediment Discharge Plan (DSDP) and other Construction Environmental Management Plans 

Plan Describing 
Mitigation Measure 

Description of Mitigation Measures 
Environmental Component(s) Benefiting from 

Mitigation Measure and for which the measure was 
designed 

DSDP: Scheduling and 
Sequencing  

The Project has been designed to efficiently transport and use materials for the purposes of land development. Where technically and 
economically feasible, construction activities will be planned, sequenced, and timed to minimise potential impacts to the marine environment, 
including the following:  

- Dredging at depths below -5.0 m CD will occur between April 1 and October 14 to minimise direct mortality and physical injury to gravid 
Dungeness crab females; and 

- Dredging in waters above -5.0 m CD will not occur during the fisheries sensitive window of March 1 to August 15 to minimise direct 
mortality and physical injury to out-migrating juvenile Pacific salmon 

Any additional mitigation measures set by regulators during the permitting phase related to scheduling of dredging or sediment discharge 
will be incorporated into the DSDP.  

Marine invertebrates, marine fish.  

DSDP: Sediment Control Dyked containment basins within the terminal footprint will serve as settling basins to maximise sediment retention.  
Surficial geology and marine sediment, marine water quality, 
marine vegetation, marine invertebrates, marine fish, marine 

mammals, coastal birds. 

DSDP: Monitoring and 
Management Actions 

Site-specific TSS and/or turbidity thresholds will be established at levels that will ensure protection of marine biophysical resources from 
dredging or supernatant discharge activities. The thresholds will be established in consultation with relevant regulators and Indigenous 
groups, as applicable.  

Real-time monitoring of TSS and/or turbidity will take place during dredging and sediment discharge activities, the details of which will be 
specified in the DSDP. The DSDP will detail how turbidity will be monitored during construction and adaptive measures that will be 
implemented to manage TSS and/or turbidity levels, if thresholds are exceeded (e.g., raising heights of weirs or use of internal silt curtains 
within the containment basin).  

Marine water quality, marine vegetation, marine 
invertebrates, marine fish, marine mammals, coastal birds. 

DSDP: Equipment 
Selection 

The equipment to be utilised for dredging and sediment discharge activities will be specified in the DSDP. Based on the equipment selected, 
optimal equipment operation parameters to minimise the dispersal of dredge material will be described in the DSDP. Dredging operations 
will be conducted from a barge or vessel in a manner that minimises disturbance to the sea bed beyond the limit of the proposed dredge 
footprint (e.g., grounding on the intertidal foreshore or sea bed will be prevented, with the exception of the use of vertical spuds or anchors 
to keep the machinery or equipment firmly moored in place).  

Marine water quality, marine vegetation, marine 
invertebrates, marine fish, marine mammals, coastal birds. 

DSDP: Equipment 
Maintenance 

In order to prevent leaks and spills, the DSDP will specify that all machinery and equipment will be in good operating condition and meet 
applicable requirements for serviceability and exhaust emissions. Equipment will be free of leaks, excess oil, and grease.  

Surficial geology and marine sediment, marine water quality, 
air quality, noise and vibration, marine vegetation, marine 
invertebrates, marine fish, marine mammals, coastal birds. 

Marine Species Salvage 
Plan 

A Marine Species Salvage Plan will be developed as a component of the Construction EMP, and will include a description of the strategy, 
procedures, and timing associated with the marine species salvage, including the following:  

- Dungeness crab salvages are planned for all Project activities that have the potential to cause direct mortality to legal-sized male and 
gravid female Dungeness crabs, including dredging and sediment discharge activities. IR5-04 of CEAR Document #12091 provides further 
details on proposed Dungeness crab salvages and a complete list and schedule of proposed Project activities for which Dungeness crab 
salvages are planned.  

- An orange sea pen transplant will partially mitigate direct mortality from construction activities, including dredging of the dredge basin. 
Via SCUBA, a small portion of the orange sea pen bed located within the terminal footprint and dredge basin will be transplanted to 
nearby sites identified as suitable. IR5-05 of CEAR Document #11452 provides further details on the proposed orange sea pen transplant 
and the results of an orange sea pen transplant pilot program that has been ongoing since August 2014.  

Prior to dredging and infilling, a fish salvage of the containment dykes will be completed and may involve the use of beach or purse seine 
nets, or other gear where necessary (e.g., traps, trawls), as per conditions set out in the requisite fish collection permit. Fish caught will be 
released to nearby suitable habitat away from Project activities.  

Marine invertebrates, marine fish. 

                                           

1 CEAR Document #1209 From the Vancouver Fraser Port Authority to the Review Panel re: Responses to Information Request IR5-04 (See Reference Document #975). 
2 CEAR Document #1145 From the Vancouver Fraser Port Authority to the Review Panel re: Responses to Information Requests IR2-19a, IR5-05, IR5-06, IR5-07, IR5-10, IR5-45, and IR5-47 (See Reference Documents #991 & #975). 
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Plan Describing 
Mitigation Measure 

Description of Mitigation Measures 
Environmental Component(s) Benefiting from 

Mitigation Measure and for which the measure was 
designed 

Marine Mammal 
Observation Plan 

A Marine Mammal Observation Plan and Underwater Noise Management Plan will be developed as sub-plans within the Construction EMP and 
will include details on the scope of work for detection and protection of marine mammals at Roberts Bank during dredging and sediment 
discharge activities. In consultation with DFO, action protocols will be developed for reducing or ceasing underwater noise-producing activities 
when marine mammals are present in the prescribed buffer zone adjacent to the Project area.  

During dredging and sediment discharge activities:  

- A killer whale ‘Buffer Zone’ will be established at a radius of 1,000 m from the vessels undertaking dredging activities or from the 
discharge pipe; 

- Dredging and sediment discharge activities will be halted if a killer whale enters the ‘Buffer Zone’; 
- Work will only start, or be re-initiated, after SRKW have not been observed in the ‘Buffer Zone’ for 30 minutes; 
- Hydrophones will be used to detect SRKW for dredging and sediment discharge activities during night or at times of poor visibility; 
- Observations of SRKW and mitigation measures (e.g., work stoppages) implemented will be documented; and 
- If disturbance of any SRKW is observed within the ‘Buffer Zone’, all operations shall be suspended immediately and notification provided 

to DFO.  

Further details on the Marine Mammal Observation Plan can be found within EIS Section 33.3.8.  

Marine mammals (specifically SRKW) 

Spill Preparedness and 
Response Plan 

A Spill Preparedness and Response Plan will be developed as a sub-plan within the Construction EMP and will include details on how 
construction personnel will prepare for, respond to, and clean up spills, including during dredging and sediment discharge activities. Further 
details on the Spill Preparedness and Response Plan can be found within EIS Section 33.3.15.  

Surficial geology and marine sediment, marine water quality, 
marine vegetation, marine invertebrates, marine fish, marine 

mammals, coastal birds. 
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