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7. Marine Water & Sediment Quality 

7.1 Introduction 
Marine Water and Sediment Quality was identified as an Environmental Component because of the potential for the 
proposed Project activities to affect marine water and sediment quality, and owing to its importance to fish and 
other marine resources.  

Infilling and dredging for the proposed Project have the potential to affect the quality of marine water and sediment. 
Infilling the marine areas at the east and west ends of the existing Centerm Site would be required for expanding 
the existing terminal. To prepare a solid foundation for infilling, these areas would need first to be dredged. Also, as 
the western expansion would affect how cruise ships manoeuvre and berth at the Canada Place terminal, 
navigational dredging is required south of the cruise ship terminal in the area of the SeaBus terminal. The proposed 
dredging areas are shown on Figure 7-1. Dredging and infilling activities would disturb and mobilize marine 
sediments and water contained within the sediment (pore water). Stormwater discharges from the Site during 
construction and operation also have the potential to affect marine water and sediment quality. 

The dredged sediments would be disposed of at sea at a site outside of the port authority jurisdiction. Disposal of 
dredgeate will require a separate Disposal at Sea Permit from ECCC. As the disposal site would not be within the 
port authority’s jurisdiction, potential effects of at-sea disposal of dredgeate on the marine environment are not 
included in the scope of the port authority Project Permit and this Report. The potential environmental effects of 
disposal of dredgeate will be reviewed by ECCC as part of its review of the Disposal at Sea Permit application. 

The potential effects of dredging on the marine environment were confirmed to be key areas of review for the PER 
process by Aboriginal groups and the public during early engagement on the proposed Project. During the 
Preliminary Comment Period on the scope of technical and environmental studies, the majority of respondents 
supported the need to determine the effects of dredging and develop a Dredging Plan for mitigating those effects. 
Another area of concern raised during early engagement was the potential that infilling could change tidal flows in 
the embayment between the proposed Project and the cruise ship terminal (including the CRAB Park area).  

This chapter summarizes the results of the studies conducted to characterize changes to marine water and 
sediment quality potentially caused by the proposed Project. The studies were conducted in accordance with the 
PER Application Submission Requirements, and took into consideration feedback from early engagement. Some 
key themes from the Preliminary Comment Period that are reflected in the work completed are: 

• analyzing dredge material and the potential for release of contaminants into surrounding marine water and 
sediment 

• developing mitigation measures 
• assessing interference with tidal flows  
• evaluating the potential for human health effects from release of contaminated marine water or sediment 

The work conducted to characterize the effects of proposed Project activities on marine water and sediment quality 
included: 

• field sampling and chemical analysis of surface sediment, pore water (within the sediments), and surface water 
• computer modelling to predict Project effects on tidal flushing within the embayment between the Site and the 

cruise ship terminal (including the CRAB Park area) 
• computer modelling to predict pore water dispersion at the proposed infill areas 
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7.2 Scope of Review 
The scope of review of effects on marine water and sediment quality is listed in Table 7-1, which includes the 
following:  

• Project Interactions: The components and activities of the proposed Project that are part of the review 
• Potential Effects: The effects associated with the project interactions that are characterized 
• Study Area: The geographic extent within which impacts are considered 
• Indicators: The existing state of marine water and sediment quality and the potential change that could occur 

as a result of project effects 
• Guidelines and Threshold References: The thresholds or limits that are used to characterize the change to 

marine water and sediment as a result of project effects. 

Pending approval from ECCC, dredged sediments will be deposited at an existing disposal at sea site outside of 
the port authority’s jurisdiction. The effects of disposal at sea on the marine environment will be reviewed by ECCC 
as part of the review of the Disposal at Sea Permit application in accordance with division 3 of part 7 of the 
Canadian Environmental Protection Act. In its review of the Disposal at Sea Permit application, ECCC, as the 
federal authority, will make a determination under section 67 of CEAA 2012 as to whether any significant adverse 
environmental effects would result from at-sea disposal of dredged sediments from the proposed Project.  

7.2.1 Geographical Study Scope 
The study area for marine water and sediment quality (Marine Study Area) is a 250 m area beyond the outer 
boundary of the footprint of all in-water works, and includes the embayment between the western end of Centerm 
and the cruise ship terminal farther west. The embayment includes CRAB Park (Figure 7-2). 

The geographical study scope is considered appropriate for assessing potential Project effects of fugitive 
dredgeate, pore water expulsion and mixing, and potential changes in tidal flushing.  

7.3 Regulatory Standards and Guidelines 

7.3.1 Fisheries Act, 1985 
The federal Fisheries Act is jointly administered by DFO and ECCC, with the pollution prevention provisions 
administered by ECCC. Under section 36(1) of the Fisheries Act it is an offence for anyone to deposit, or allow the 
deposit of, any type of deleterious substance in water frequented by fish unless authorized by regulation. 
“Deleterious substance” is defined as “…any substance that, if added to any water, would degrade or alter or form 
part of a process of degradation or alteration of the quality of that water so that it is rendered or is likely to be 
rendered deleterious to fish or fish habitat or to the use by man of fish that frequent that water.” There is no 
provision to authorize the deposit of deleterious substances except by Regulation or an Order in Council, and there 
are no Regulations or Orders in Council under the Fisheries Act that authorize the deposit of deleterious 
substances from in-water construction activities such as dredging or infilling. In these cases, standards provided by 
the Canadian Water Quality Guidelines for the Protection of Aquatic Life are used as science-based benchmarks 
for determining whether observed or predicted concentrations of substances are likely to cause an adverse 
(deleterious) effect on the environment (CCME 2003).  
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Table 7-1: Scope of Review – Marine Water and Sediment Quality 

Environmental 
Component Project Interaction Potential Effects of the 

Proposed Project Study Area Indicators Guidelines and 
Threshold References 

Marine Water 
Quality 

Construction: 
 Sediment dredging may 

temporarily increase water 
column turbidity by 
increasing total 
suspended solids (TSS), 
which may also be 
potentially contaminated  

 Expulsion of potentially 
contaminated pore water 
by preloading and infilling 
of sediment bed 

Deterioration of marine 
water quality in the vicinity 
of the dredge area 

The marine environment 
within 250 m of the 
boundary of in-water 
works 

Measured (baseline) and 
modelled (future) water 
column concentrations of 
TSS, metals, and poly- 
aromatic hydrocarbons 

CCME Water Quality 
Guidelines for Protection 
of Marine Aquatic Life. In 
the absence of CCME 
values, BC Ambient 
Water Quality Guidelines 
for marine waters were 
used. CCME Guidelines 
for Canadian 
Recreational Water 
Quality were used to 
evaluate human health 
effects 

Operation: 
 Influence of expanded 

westward land footprint on 
tidal circulation regime in 
embayment between 
Centerm and the cruise 
ship terminal, including 
CRAB Park 

Increased flushing time of 
the embayment by local 
tidal currents 

The embayment between 
the western end of 
Centerm and the cruise 
ship terminal to the west 

Embayment flushing 
dynamics (e.g., flushing 
time) 

Referenced to baseline 
conditions 

Construction and Operation: 
 Discharge of Project 

stormwater to the marine 
environment 

Deterioration of marine 
water quality in the vicinity 
of the Project 

The marine environment 
within 250 m of the 
boundary of the Centerm 
Terminal, including the 
expansion 

Concentrations of 
contaminants, including 
TSS, metals, and 
polyaromatic 
hydrocarbons 

CCME Water Quality 
Guidelines for Protection 
of Marine Aquatic Life. In 
the absence of CCME 
values, BC Ambient 
Water Quality Guidelines 
for marine waters were 
used 

Marine 
Sediment 
Quality 

Construction: 
 Dredging of sediments may 

result in local dispersion of 
fugitive, potentially 
contaminated sediments, to 
the nearfield existing 
sediment bed 

Deterioration of marine 
sediment quality in the 
vicinity of the dredge area 

The marine environment 
within 250 m of the 
boundary of in-water 
works 

Concentrations of 
contaminants (e.g., 
metals and polyaromatic 
hydrocarbons) 

CCME Sediment Quality 
Guideline Criteria for 
Protection of Marine 
Aquatic Life 
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The proposed Project activities that have potential to introduce deleterious materials into the marine environment 
are: 

• marine dredging, with the potential to physically disturb benthic habitat, to temporally cause deterioration of 
water quality by increasing local turbidity, and to release fugitive sediments that may have associated 
contaminants and deposit them on locally undisturbed sediment 

• accidental discharge of untreated stormwater 
• infilling, with the potential to compact sediments and squeeze out pore water that might contain contaminants 

and temporarily cause deterioration of water quality overlying the sediment 

7.3.2 Canadian Environmental Quality Guidelines  
The Canadian Environmental Quality Guidelines were developed by CCME to provide science-based goals for the 
quality of aquatic and terrestrial ecosystems. The guidelines are used to determine whether observed or predicted 
concentrations of substances are likely to cause an adverse (deleterious) effect on the environment. Two sets of 
guidelines, the Canadian Sediment Quality Guidelines (SQG) and the Canadian Water Quality Guidelines for the 
Protection of Aquatic Life (WQG), are used in this Report to aid in understanding the existing conditions and as 
thresholds for characterizing changes to marine water and sediment quality potentially caused by proposed Project 
activities. In the absence of applicable CCME WQG numerical limits, those specified by the British Columbia 
Approved Ambient Water Quality Guidelines for Protection of Marine Aquatic Life (BC WQG) were used. 

7.3.2.1 Canadian Sediment Quality Guidelines for Protection of Aquatic Life 

The SQGs are numerical concentrations set with the intention of protecting all forms of aquatic life, and all aspects 
of their aquatic lifecycles, during an indefinite period of exposure to contaminants associated with bed sediments. 
The SQGs are effects-based thresholds derived from available information on the toxicological effects of sediment-
associated chemicals on aquatic organisms. 

The SQGs were derived by ECCC through evaluation and compilation of data from a variety of sources to establish 
correlations between concentrations of chemicals and adverse biological effects. Data sources included 
toxicological studies. CCME used this weight-of-evidence approach to derive an upper guideline value (probable 
effects level; PEL) and a lower guideline value (threshold effects level; TEL) for each chemical. 

The PEL represents the lower limit of the range of chemical concentrations associated with adverse biological 
effects. The TEL represents the range of sediment chemical concentrations below which adverse biological effects 
are never, or almost never, observed. Where there is uncertainty associated with the TEL a safety factor is applied 
to the TEL. The range of chemical concentrations between the TEL and the PEL represents levels at which effects 
are occasionally observed. When chemical concentrations fall within this range, further investigation is 
recommended to determine whether sediment-associated chemicals represent a hazard to aquatic organisms.  

Canadian SQGs were developed to be conservative, since they are to be used on a national scale. As sediment 
quality varies naturally (e.g., metal content), however, in some instances of enriched substances in sediment it is 
possible that exceedance of a guideline may simply reflect a natural condition. 

Marine sediment quality within the Project site was screened against the ISQG and PEL (Appendix E1) to establish 
representative conditions for the characterization of potential effects. 

7.3.2.2 Canadian Water Quality Guidelines for Protection of Aquatic Life 

CCME Water Quality Guidelines for the Protection of Aquatic Life (CCME WQG) are toxicological effects-based 
standards derived from available literature. The CCME WQG provide numerical concentrations or narrative 
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statements that are recommended as levels that should preclude adverse biological effects on biota, their functions, 
or any interactions that are integral to sustaining the health of ecosystems. 

In the absence of applicable CCME WQGs, British Columbia Approved Ambient Water Quality Guidelines for 
Protection of Marine Aquatic Life (BC WQG) were used. The BC WQGs are set following a similar process to 
CCME guidelines; however, they consider scientific literature, results from toxicity tests, and guidelines from other 
jurisdictions. 

As described for bulk sediment above, pore water and water column chemistry within the Project site were 
screened against the CCME or BC WQG (Appendices E3 and E4) to establish representative conditions, and to 
characterize the severity of potential effects that might arise from the proposed Project. 

7.3.2.3 Guidelines for Canadian Recreational Water Quality 

The Guidelines for Canadian Recreational Water Quality consider the risks to human health associated with 
recreational activities in natural waters through intentional or incidental immersion. Such activities include primary 
contact activities, such as swimming (including bathing and wading for purposes of this document), windsurfing and 
waterskiing, and secondary contact activities, such as canoeing and fishing. The guidelines establish values for 
specific parameters applied in monitoring quality of recreational water, and are intended to guide decisions by 
authorities responsible for managing recreational waters. 

7.4 Study Methods 

7.4.1 Published Data Sources 
The following data sources were used to aid in the characterization of baseline sediment chemistry: 

• Burrard Inlet Environmental Action Program (BIEAP 1997) marine sediment chemistry monitoring 
o Sediment Core Sample CH-1  

 Location: 49°17.70 N and 123°05.40 W (approximately 600 m north of Centerm pier) 
 Water depth: 55 m 
 Pouliet box core sample depth: 22 cm 
 Reported chemicals: Ag, As, Cd, Cr, Cu, Hg, Ni, Pb, Zn 

• Burrard Inlet Environmental Action Program (BIEAP 1998) 
o Sediment Core Sample 22E  

 Location: 49°17.47 N and 123°05.08 W (approximately 350 m northeast of Centerm pier  
 Water depth: 42 m to 43 m 
 0.1 m2 Smith-McIntyre grab sample  
 Reported chemicals: Ag, As, Cd, Cr, Cu, Hg, Ni, Pb, Zn 
 Toxicity bioassays: Amphipod survival, Microtox luminescence, Echinoid fertilization 

• Burrard Slip site remediation reported under the BC CSR 

7.4.2 Field Studies 
Field sampling was conducted to characterize the existing conditions in the Marine Water and Sediment Quality 
Study Area, including:  

• sediment quality within the top 1 m (surficial sediment) and pore water quality associated with the surficial 
sediments 
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• supplemental study of deeper sediment chemistry 
• marine water quality 

The purpose of the sampling program was to characterize existing conditions to enable prediction of potential 
effects of the proposed Project. The top 1 m of sediment was sampled because it hosts benthic biota and is 
expected to release the greatest relative volume of interstitial pore water if disturbed. The top 1 m is also expected 
to reflect potential contamination from industrial and municipal development because these sediments were 
deposited more recently. It was anticipated that deeper sediments are likely not contaminated, given they were 
deposited before the influence of industrial and municipal development and subsequently buried. A supplemental 
sampling program was completed to enable the chemical characteristics of the deeper sediment to be determined. 
Sediment from the navigational dredge area for the cruise ship terminal was also sampled at the same time.   

7.4.2.1 Marine Sediment and Pore Water 

Surficial Marine Sediment and Pore Water:  Marine sediments and pore water were sampled at the east and 
west expansion areas in January 2016. Sediment cores and pore water were collected from 23 locations (9 sample 
stations designated as WSed1 through WSed9 from Centerm West; 10 sample stations designated as ESed1 
through ESed10 from Centerm East; and 4 sample stations designated as RSed1 through RSed4 at near-field 
peripheral locations) (see Figure 7-3). Details of the sampling methodology are included in Appendix D1. The 
subsamples of sediment cores were provided to Maxxam Analytics Corporation (Maxxam) for analytical chemistry 
analysis; the analytical results are provided in Appendix E1.  

Supplemental Deep Sediment Investigation: In addition to the surficial sediment investigation, a supplemental 
investigation was completed August 29 through September 2, 2016. This sediment sampling program involved 
using a vibracore sampler that extracted sediment cores up to 3 m in length from all three proposed dredge areas 
(Sea Bus, n=9; CEP West, n=22; CEP East, n=9). These cores were photographed and logged for geotechnical 
characteristics and then subsampled at a shoreline facility. Details of the sampling methodology are included in 
Appendix D2. The subsamples of sediment cores were provided to Maxxam for analytical chemistry analysis; the 
analytical results are provided in Appendix E2. See Figure 7-4, Figure 7-5, and Figure 7-6 for locations of sediment 
vibracore samples that were collected. 

7.4.2.2 Marine Water Column 

Marine water samples were collected from 10 locations in the Marine Water and Sediment Quality Study Area on 
July 14, 2016, to enable the existing water quality around the Centerm facility to be characterized (see Figure 7-7 
for water sampling locations). Prior to collecting each sample, measurements were taken of physical parameters 
(e.g., dissolved oxygen, total dissolved solids, temperature, salinity) to determine whether there was a physical 
difference in surface water and subsurface water.  

At each of the 10 locations, using a Teflon lined Niskin bottle, samples were collected at three depths: 

• near-surface 1 m below surface 
• mid-column midway between the surface and bottom 
• near-bottom approximately 1 m above bottom 
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Samples were submitted to Maxxam Analytical for analysis of metals (total and dissolved), PAHs, physical 
properties including total suspended solids (TSS), and microbiological parameters. Detailed analytical methods and 
results are presented in Appendix E4. 

7.4.3 Computer Modelling Studies 
Three computer models were used to simulate future conditions and predict potential Project-related effects: 

• Tidal Current Simulations for the CRAB Park Embayment Area: Tetra Tech EBA Inc. (Tetra Tech) 
employed an in-house three-dimensional hydrodynamic model of Vancouver Harbour (H3D) to examine 
flushing time in the area south of Centerm with and without the proposed expansion to quantify differences in 
circulation shoreward of the proposed Project. This study investigates changes, if any, to the circulation regime 
of the embayment that encompasses CRAB Park. Details and methods of the application are described in 
Appendix F1. 

• Turbidity Modelling of Fugitive Dredgeate Suspended Solids: Model simulation of turbidity (i.e., TSS) 
during construction dredging is in the design stage to characterize potential effects on local water column 
conditions as a function of distance from the dredge source. The results and interpretation are summarized in 
later sections, and detailed analysis is provided in Appendix F2. 

• Pore Water Dispersion Modelling Using CORMIX: CORMIX (Cornell Mixing Zone Expert System) is a 
USEPA model for the analysis, prediction, and design of outfall mixing zones resulting from discharge of 
aqueous pollutants into diverse water bodies. Details and methods of the application are described in Appendix 
F3. 

7.5 Existing Conditions  
The proposed Project is located along the south shore of Burrard Inlet within the Inner Harbour, which is a working 
harbour that has undergone high levels of commercial and industrial port activity since the late 1800s. The Inner 
Harbour has developed significantly over time, and now includes a variety of port, residential, and recreational uses 
that have modified almost the entire shoreline. 

Industrial harbours, especially those with long operating histories like that of Vancouver, contain sediment with 
varying levels of contamination. PAHs and metals are common contaminants in these areas due to releases from 
historical docking of large vessels and accidental releases, such as bilge water, antifouling paint historically used 
on hulls, and urban surface water runoff from roadways (e.g., metals, oil/grease/fuel residue, tire residues, asphalt 
residues). 

Currents throughout the Inner Harbour (between First Narrows and Second Narrows) are characterized by a tidally 
influenced counter-clockwise circulation with a flood-directed transport seen in the south side of the Harbour and 
ebb-directed transport in the central and northern portion. During the flood tide, currents enter the Inner Harbour 
along the southern shore and a weaker countercurrent is created on the opposite side. As the tide changes and the 
ebb begins, currents become stronger in the northern half and weaker in the south. There is a net transport into the 
individual docks along the Vancouver waterfront in the Inner Harbour. A counter-clockwise transport regime follows 
the Vancouver waterfront, resulting in net accretion (gradual accumulation of layers) of sediment in the project area 
(McLaren 1994). 

7.5.1 Existing Conditions Reported in Published Studies 
The Burrard Inlet Environmental Action Program (BIEAP) collected data on environmental indicators to measure 
the environmental quality of Burrard Inlet. Historical sediment core data collected by the BIEAP were reviewed to 
determine historical metal concentrations and trends in Burrard Inlet sediments. Review of these data identified that 
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cadmium and zinc occasionally exceeded the ISQG; arsenic, chromium, and mercury were consistently above the 
ISQG; and copper was consistently above the PEL (Table 7-2). Lead concentrations were approximately double the 
ISQG in deeper sediments, but below the ISQG in the shallowest (i.e., newest) sediments. These results indicate 
that historical sediments in the Marine Water and Sediment Quality Study Area are metal-contaminated but that 
lead content has improved over time, likely as a consequence of the gradual phasing out of tetraethyl lead from 
automobile fuel during the 1990s. 

Table 7-2: Sediment Sample CH-1 Compared with CCME ISQG and PEL 

 ISQG* PEL* 
Depth (cm) 

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-12 12-14 14-16 16-18 18-20 

Ag --- --- 1.5 1.5 1.5 1.4 1.4 1.5 1.4 1.5 1.5 1.2 1.3 1.2 1.7 1.6 2.6 
As 7.24 41.6 10 7 10 9 8 9 9 8 10 23 8 6 9 9 10 
Cd 0.7 4.2 0.5 0.4 0.5 0.4 0.4 0.5 0.4 0.4 0.5 0.4 0.5 0.4 0.8 0.5 0.7 
Cr 52.3 160 80 74 72 76 68 74 74 78 70 66 70 58 70 66 70 
Cu 18.7 108 140 120 130 140 150 170 170 150 230 270 150 230 120 110 120 
Hg 0.13 0.7 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.1 0.3 0.34 0.5 
Ni --- --- 46 41 35 35 33 34 35 37 37 32 33 26 35.2 33 36.3 
Pb 30.2 112 26 27 30 40 34 34 37 36 58 43 49 32 64 51 62 
Zn 124 271 130 110 120 120 110 130 120 120 140 120 120 110 140 110 130 
Source: BIEAP (1997) 
* Regulatory exceedances indicated by shading. Blue shading indicates exceedances of the ISQG and pink shading indicates exceedances of 
the PEL. 
--- No regulatory guideline 

The BIEAP studies also tested sediment samples to assess the biological response to metal-contaminated 
sediments. The results of toxicity bioassay testing of sediment and associated pore water are presented in Table 
7-3. The results indicated: 

• no effect of sediment on amphipod survival 
• no effect of pore water on Microtox luminescence  
• a reduction on Microtox bioluminescence 
• an effect on echinoid fertilization 
• inconsistently toxic sediments, depending on the bioassay 

Table 7-3: Sediment Sample 22E Compared with CCME ISQG and PEL 

 ISQG* PEL* replicate 1 replicate 2 replicate 3 
Ag ---- ---- <2 <2 <2 
As 7.24 41.6 10 10 10 
Cd 0.7 4.2 0.5 0.4 0.5 
Cr 52.3 160 49 49 53 
Cu 18.7 108 188 187 180 
Hg 0.13 0.7 0.2 0.2 0.2 
Ni ---- ---- 42 39 39 
Pb 30.2 112 40 42 46 
Zn 124 271 162 146 152 
Source: BIEAP (1998) 
*Regulatory exceedances indicated by shading. 
--- No regulatory guideline 

In addition to the BIEAP studies, private sector site remediation associated with Southern Rail’s Slip (also known as 
Burrard Slip; the pier located immediately east of Centerm - see Figure 7-3) that is being conducted under the BC 
CSR (http://www.bclaws.ca/Recon/document/ID/freeside/375_96_00) provided data from sediments near the 
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eastern expansion for the proposed Project. These data show that sediments exceed the Province of BC Generic 
Numerical Criteria for Typical Marine/Estuarine Sediment (BC CSR Schedule 9 expressed as dry weight [dw]) for 
copper (130 µg/g dw), lead (130 µg/g dw), zinc (330 µg/g dw), and PAH (20.0 µg/g dw total). 

As part of 2016 risk-based remediation measures at Burrard Slip, approved by BC MOE, a dredging program will 
remove surficial sediment from the area north and west of Burrard Slip. The total area of sediment expected to be 
remediated is approximately 12,000 m2, and the associated sediment volume is approximately 6,000 m3. Residual 
sediment contamination that will remain after the remediation program will comply with the risk-based standards of 
the BC CSR. This remediation program will reduce the required amount of sediment to be dredged within the 
eastern dredge footprint of the proposed Project.  

Information from review of published studies indicates that historical sediments from areas peripheral to the 
proposed Project have anthropogenic chemical characteristics reflective of active ports and harbours. That these 
areas are not pristine is demonstrated by the elevated metal and PAH content of sediments that often exceed ISQG 
or PEL values or both. 

7.5.2 Existing Conditions from Field Sampling Results 
Tabulated laboratory chemistry results for sediment and pore water are presented in Appendices E2 and E3, 
respectively, and statistical results are presented in Appendix E5 (laboratory certificates of analysis are not 
provided but are available on request). The sediment and pore water data indicate that some sediments within the 
Marine Water and Sediment Quality Study Area exceed federal guideline values for PAHs and various metals. This 
reflects the ongoing and historical use of the Inner Harbour. The major findings from the field program follow. 

7.5.2.1 Marine Sediment 

Eastern Pier Expansion Area (ESed sample stations at Ballantyne Pier and CEP-East Dredge Area) 

Surficial Marine Sediment Studies: 

• Metals 
o Arsenic, cadmium, copper, lead, mercury, and zinc exceeded the CCME ISQGs in at least one sample.  
o Maximum measured concentrations exceeded the CCME PEL for cadmium, copper, lead, mercury, and 

zinc. 
• Polycyclic Aromatic Hydrocarbons  

o All PAHs for which guidelines exist exceeded CCME ISQG in at least one sample.  
• PCBs 

o Maximum measured concentration for total PCB exceeded the CCME ISQG in at least one sample. 

Deep Marine Sediment Study: 

• Metals 
o No metals exceeded the CCME ISQGs in any sediments sampled from greater than 1 m deep.  

• PAH 
o No PAHs exceeded CCME ISQG in any sediments sampled from greater than 1 m deep. 

• PCB 
o No PCBs exceeded CCME ISQG in any sediments sampled from greater than 1 m deep. 

Western Pier Expansion Area (WSed sample stations and CEP-West Dredge Area) 

Surficial Marine Sediment Studies: 

• Metals 
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o Arsenic, cadmium, copper, lead, mercury, and zinc concentrations exceeded the CCME ISQGs in at least 
one sample. 

o Maximum concentrations of copper and zinc exceeded the CCME PEL.  
• PAH 

o All PAHs for which guidelines exist exceeded the CCME ISQG in at least one sample. 
o No PAH concentrations exceeded the CCME PEL. 

• PCB 
o Maximum total PCBs exceeded the CCME ISQG in at least one sample. 

Deep Marine Sediment Study: 

• Metals 
o Arsenic and copper exceeded the CCME ISQGs in at least one sample in both the 0.6  to 1.0 m fraction 

and the >1.0 m fraction. 
o Lead and mercury exceeded the CCME ISQGs in at least one sample in the 0.6 m to 1.0 m fraction. 

• PAH 
o No PAHs exceeded CCME ISQG in any sediments sampled from greater than 1 m deep. 

• PCB 
o No PCBs exceeded CCME ISQG in any sediments sampled from greater than 1 m deep. 

SeaBus Terminal Dredge Area 

Surficial Marine Sediment Studies: 

• Metals 
o Arsenic, cadmium, copper, lead, mercury, and zinc exceeded the CCME ISQGs in at least one sample.  
o Maximum measured concentrations exceeded the CCME PEL for copper, lead, and mercury. 

• PAH 
o 13 of the 17 PAHs for which guidelines exist exceeded CCME ISQG in at least one sample.  

• PCB 
o Maximum measured concentration for total PCB exceeded the CCME ISQG in at least one sample 

Near-field Reference Stations (RSed sample stations) 

Surficial Marine Sediment Study: 

• Metals 
o Maximum concentrations of arsenic, cadmium, copper, lead, mercury, and zinc exceeded the CCME ISQG. 
o Typical concentrations of copper, lead, mercury, and zinc typical of near-field reference sediments 

exceeded the CCME ISQG and PEL. 
• PAH 

o All PAHs for which guidelines exist exceeded CCME ISQG in at least one reference sample.  

7.5.2.2 Pore Water 

• Metals 
o The majority of metal chemicals analyzed were below CCME concentrations. Isolated exceedances were 

noted for iron, boron, and selenium. 
• PAH 

o Concentrations of acenaphthene, benzo(a)pyrene, chrysene, and naphthalene exceeded the CCME and 
BC Ambient WQG for the protection of marine aquatic life. 
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7.5.2.3 Marine Water Column Chemistry 

The key findings from the marine water quality sampling program are: 

• Concentrations of total and dissolved metals were below CCME Water Quality Guidelines for the Protection of 
Marine Aquatic Life in all samples with one exception. 
o Concentration of total cadmium measured in sample SW 09-M was measured to be 0.148 µg/L, compared 

to a CCME WQG of 0.12 µg/L. Dissolved cadmium in this sample was measured to be 0.062 µg/L. 
• Concentration of microbiological parameters (fecal coliforms and Enterococcus spp.) were observed at 

detectable concentrations in nearly all samples. Observed concentrations were well below the CCME 
Guidelines for Canadian Recreational Water Quality.  

• Hydrocarbons (PAHs) were below analytical limits of detection and/or applicable CCME WQGs in all samples 
collected. 

• Comparison of the water quality samples taken in the embayment area to those collected on the north face of 
Centerm do not suggest any notable differences. 
o Concentrations of microbiological parameters are similar between the western embayment, the outer 

berthing face and the Ballantyne pier area. 
o Concentrations of total and dissolved metals are similar between the western embayment, the outer 

berthing face and the Ballantyne pier area. 
o Concentration of TSS in seawater in the vicinity of the Ballantyne Pier are elevated relative to the other 

sampling locations visited.  

The full tabulated results of the marine water quality sampling program are provided in Appendices E1 through E4. 

7.6 Potential Project Effects and Mitigation 

7.6.1 Dredging and Infilling 
To create new land for the expanded port facility, the proposed Project would involve a combination of dredging 
and ocean infilling. Dredging for the proposed Project is required to create suitable foundations for infilling for the 
eastern and western expansions (Figure 7-8 and Figure 7-9, respectively). The total estimated area of dredging to 
support the eastern and western expansions is 3.2 ha. As the western expansion will affect how cruise ships 
manoeuvre and berth at the Canada Place terminal, navigational dredging is required south of the cruise ship 
terminal in the area of the SeaBus terminal (Figure 7-1). The area estimated for navigational dredging is 0.76 ha. 
Dredging has the potential to (1) release fugitive sediment particles to the marine water column (potentially 
affecting local turbidity) and (2) deposit fugitive sediment particles to nearby undisturbed sediment (potentially 
affecting local sediment quality).  

Following dredging at the western and eastern expansion areas, a rock dyke retaining wall would be constructed at 
each expansion area to enable infilling and creation of new land for the western and eastern expansion of the 
terminal. As the sediment bed compacts, pore water may be squeezed out and released into the water above the 
sediment. The expulsion of pore water is a slow process that occurs over several months as the sediment bed 
compacts.  

Pore water that is released has the potential to convey pre-existing pollutants into the water. The activities and 
effects on marine water and sediment are illustrated on Figure 7-10. 

Infilling for the western expansion may alter tidal currents of the embayment between Centerm and the cruise ship 
terminal, which includes the CRAB Park area. There is the potential that this infill will diminish the flushing effect 
that the tidal circulation regime provides to the embayment. The potential effects of these activities are discussed in 
the following subsections. 



2016 / 05/ 04

40

1 : 2000

10 20 60 80 m0

Figure 7-8



N

2016 / 05 / 04

Figure 7-9

40

1 : 2000

10 20 60 80 m0



 Vancouver Fraser Port Authority 
Centerm Expansion Project / South Shore Access Project Environmental Studies 

Chapter 7: Marine Water & Sediment Quality 
 

 

 7-21  

 
Figure 7-10: Conceptual Model of Construction Elements and Potential Effects on Marine Water and 

Sediment 

7.6.1.1 Effects of Fugitive Dredgeate on Water Quality 

Dredging has potential to increase TSS within a mixing zone in the immediate area of the dredging; this effect will 
be temporary and limited to approximately three months. The CCME WQG for Protection of Aquatic Life standard 
for turbidity levels is a maximum increase of 5 mg/L TSS for any exposure of more than 24 hours, or 25 mg/L TSS 
above background for events for less than 24 hours. DFO typically requires that the standards be achieved within a 
mixing zone of 100 m.  Since dredging is expected to occur over an extended period, the guideline for events 
longer the 24 hours will apply to the proposed Project. Recent modelling studies of the dispersion of the bottom 
sediment during dredging at the three locations indicate that the longer term turbidity guideline of an incremental 
5 mg/L above background can be achieved most of the time without mitigation (Appendix F2). The modelling 
results provide good confidence that when mitigation measures are employed, the federal turbidity guidelines can 
be achieved within a mixing zone of 100 m. During dredging, mitigation measures will be implemented to meet the 
CCME turbidity TSS levels of 5 mg/L above background at the mixing zone.  

The potential temporary effects of dredging and TSS on marine biota are discussed in Chapter 8.  

Some of the fugitive suspended solids in the water column (mostly from surficial sediment) will likely contain 
chemical substances originating from historical urban and industrial surface water runoff and discharges. The 
nature of these chemical substances is to bind and stick onto sediment particles rather than to remain unbound and 
freely dissolved in the water. This means the substances have a relatively low bioavailability to marine biota. During 
the dredging disturbance, these chemical substances are expected to largely remain attached to the suspended 
sediment particles and have negligible influence on dissolved concentrations in the water column. The combination 
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of short-term sediment resuspension, low chemical bioavailability, and prohibited fishing or shellfish collection in 
these areas infers dredging will have a negligible effect on water column concentrations of dissolved chemicals, 
human health, and marine biota.  

The mitigation measures that will be used to reduce turbidity and achieve turbidity performance levels will be 
finalized during the final design. Proven methods used to reduce turbidity that could be adopted during dredging 
include: 

• Dredging technology 
o Mechanical dredging with an environmental “bucket” that is designed to have minimal loss of sediment after 

it is has engulfed the sediment and is being retrieved to the surface. These are more efficient than standard 
construction dredge buckets. 

o Cutter/suction dredging, which involves a dredge head that uses pumps and suction to entrain both 
sediment and water and minimize loss of sediment solids to the surrounding waters. These can minimize 
loss of solids and minimize turbidity, and can be manoeuvered with good precision. The dredgeate that is 
brought to surface has much higher water content and less solids content compared to dredge buckets. 
The entrained water would be batch stored in large poly-tanks (situated either at shore or on the dredge 
barge), tested for quality, and if needed treated before safe return to the marine environment. 

• Management of fugitive dredgeate through the use of sediment booms or semi-permeable enclosures (silt 
curtains) that create a barrier to constrain the movement of fugitive sediment particles and reduce the 
magnitude and distance of construction-related turbidity plumes. 

• Coordination with optimal tidal conditions to avoid maximum tidal currents that could increase the transport 
distance of turbidity. 

• Safe dredgeate handling/transfer procedures. Sediment is transferred to a containment facility on the barge 
where the water and solids are separated. The water is collected in a containment tank. The water is tested to 
determine whether it meets CCME Water Quality Standards. Water that meets CCME standards is discharged 
to the marine environment. Water that does not meet the standards is retreated and retested before it 
discharged. 

In addition, construction supervision and environmental monitoring will support real time environmental 
management to ensure that turbidity levels achieve the prescribed limits. If water quality monitoring during dredging 
indicates the standards are exceeded then dredging will be temporarily stopped to allow for attenuation of turbidity 
before dredging continues.  

A Dredging Plan will be established by the selected successful DB Contractor that will outline how dredging will be 
conducted and the mitigation measures and operating procedures that will be implemented to achieve CCME water 
quality performance standards. 

7.6.1.2 Potential Release of Fugitive Dredged Sediment to Existing Near-Field Sediment 

While mitigation measures will be undertaken to minimize the release of fugitive dredgeate, some dredged solids 
will be released and deposited into the surrounding benthic marine environment.  

Based on historical data (BIEAP 1997, 1998) and the results of the field sampling program, the sediments in the 
areas that will receive fugitive suspended solids from dredging do not appear to be materially different in chemistry 
than the sediments in the dredge areas. Therefore, deposition of fugitive dredgeate is unlikely to negatively affect 
sediment quality in the near-field receiving benthic environment. 
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7.6.1.3 Potential Release of Sediment Pore Water 

The present analysis of pore water release and potential effects is based on an over-estimate of the infilling and 
compaction footprint (i.e., more pore water is assumed to be released with greater influence on the overlying 
water). This approach overestimates effects on water quality. 

The analysis also conservatively assumes all pore water would be squeezed out of the sediment and released into 
the overlying water, which will not likely happen. In fact, it is possible that a large amount of pore water would 
actually remain in the sediment and not be released to the overlying water. The assumption that all pore water is 
squeezed out accounts for the maximum possible effect.  

A water mixing model (CORMIX) was used to predict how expelled pore water mixes with overlying water. This 
model helped in determining the distance of the mixing zone that would allow substances dissolved in the pore 
water to dilute to levels compliant with federal and provincial marine water quality guidelines. Figure 7-8 shows the 
location (transects) where the pore water might be released during sediment compaction. A detailed description of 
how the model works and the model assumptions are provided in Appendix F3. 

In brief, the model predicted mixing and dilution of the pore water substances would occur rapidly and the 
concentrations would be within federal guidelines within less than 1 m from the pore water release point. Given the 
conservative assumptions on which the modelling is based, this distance is actually likely to be less than 10 cm, 
given the large attenuation factors predicted by the model to occur in close proximity to the pore water release 
point. These attenuation factors range from 10-fold to 3,000-fold (i.e., reduction of 10 times to 3,000 times) within 
10 cm of the release and 110-fold to 10,000-fold within 1 m of release (Table F3-3 of Appendix F3). These results 
suggest that the proposed Project would not result in a measurable change in water quality within the Marine Water 
and Sediment Quality Study Area. 

Based on this predictive modelling and its inherent conservatism, no residual effect on overlying water quality is 
anticipated. Mitigation of pore water expulsion is therefore not considered to be warranted based on the minimal 
effect and attenuation zone for water quality under a highly conservative modelling scenario.  

7.6.1.4 Potential Change in Tidal Circulation Regime of Embayment at CRAB Park 

During early engagement, concerns were raised about whether the western expansion would alter tidal currents 
and reduce flushing of the embayment between Centerm and the cruise ship terminal, which includes the CRAB 
Park area. As a result of the concerns raised, modelling was conducted to quantify effects of the project on 
circulation within the embayment. 

The results of the modelling indicate that the residence time of the water within the embayment currently ranges 
from 5 hours to 11 hours, depending on season and tide. After Project completion, residence time would increase 
by approximately 2 to 3 hours. The slightly reduced current velocity will continue to flush all areas of the 
embayment and replenish new water mass through natural tidal cycles. The water quality sampling program 
determined that existing water quality throughout the embayment meets both CCME WQGs for Protection of 
Aquatic Life and the Guidelines for Canadian Recreational Water Use; this situation is not expected to change as a 
result of the proposed Project.   

7.6.2 Stormwater Discharges 
Stormwater discharge from the Terminal to the marine environment during either the construction phase or 
operation phase, if uncontrolled, could cause deterioration of water quality. Centerm has an existing stormwater 
management system that includes remote-controlled outfalls on each side of the Terminal (north, east, south, and 
west) with oil/water separators to prevent any contaminated run-off from entering the marine environment. The 
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existing systems will be maintained and will be expanded to handle the surface flow from all new land surfaces. All 
outfalls will continue to be equipped with remote-controlled oil/water separators.  

Centerm also has an existing operations Spill Response Plan in place that will be updated to reflect the new layout 
and expanded area of Centerm to maintain safe operations. The control systems and the Stormwater Pollution 
Prevent Plan will prevent uncontrolled stormwater release. Stormwater discharged to the marine environment will 
meet federal regulatory water quality guidelines and therefore prevent deterioration of receiving water quality.  

7.6.3 Summary of Potential Residual Effects 
The mitigation measures and residual effects of the proposed Project on marine water and sediment quality are 
summarized in Table 7-4. 

Table 7-4: Summary of Potential Residual Project Effects 

Potential Adverse Effect Project Component Mitigation Measures Potential Residual Effect 
Deterioration of marine 
water quality - TSS  

Dredging TSS performance standard not to exceed 
5 mg/L or 25 mg/L above background for 
events more than 24 hours or less than 
24 hours, respectively, beyond the 
construction mixing zone or cessation of 
activity imposed to allow attenuation. 
 
Conceptual mitigation methods include: 
 Dredging technology 

o Mechanical dredging with 
environmental bucket 

o Cutter/suction dredging 
 Management of fugitive dredgeate 

(i.e., sediment booms or permeable 
enclosures) 

 Coordination with optimal tidal 
conditions 

 Safe dredgeate handling/transfer 
procedures 

No residual effect beyond 
construction mixing zone 
 
Residual effect within mixing 
zone will be exceedance of 
CCME TSS water quality 
standard; geographic extent 
will be 100 m, and if 
necessary additional 
mitigation measures applied 
to avoid serious harm to 
fish. 

Deterioration of sediment 
quality 

No residual effect 

Deterioration of marine 
water quality – water 
chemistry  

Infilling and pore 
water expulsion, 
dredging and 
release of fugitive 
suspended solids 

No mitigation warranted No residual effect 

Increased flushing time of 
the CRAB Park embayment 
due to modification of local 
tidal currents 

Western expansion 
footprint  

Mitigation of slightly reduced tidal flushing 
(increased embayment residence time) is 
not proposed. 

Embayment residence time, 
which is currently 5 hours to 
11 hours, will increase by 2 
to 3 hours 

Deterioration of storm- 
water runoff quality 

Discharge of 
stormwater during 
construction and 
operation 

Stormwater collection and control 
systems, Stormwater Pollution Prevention 
Plan, and Spill Response Plan 

No residual effect  
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7.6.4 Characterization of Significance of Residual Effects 

7.6.4.1 Residual Effects of Dredging on Water Column Quality 

Magnitude: Within the mixing zone there would be an exceedance of the CCME TSS water quality standard. 
Turbidity in the Marine Water and Sediment Quality Study Area varies naturally through the year due to multiple 
factors, such as plankton blooms, storm-induced sediment disturbances, and discharges of suspended solids into 
Burrard Inlet. While the temporary increase in turbidity may exceed the CCME turbidity standard within the 
authorized mixing zone, it is likely to be similar to high turbidity conditions caused by various natural factors.  

Geographic Extent: The extent of the mixing zone is currently under review. The final extent will be determined 
through the TSS plume modelling and the potential interaction with fish and fish habitat. During the course of 
dredging, if an exceedance is observed beyond the mixing zone, dredging will ceased to reverse the effect. 

Duration: The duration will be limited to periods during dredging, currently estimated to be approximately three 
months. 

Reversibility: The effect on water quality will be fully reversible and will cease on completion of dredging. 

Frequency: The frequency will be episodic, with dredging moving from one area to another as it proceeds.  

7.6.4.2 Residual Effect of Western Expansion on Tidal Flushing of Embayment  

Magnitude: The effect on residence time, which currently ranges from 5 hours to 11 hours, is an increase of 2 to 3 
hours. The variability is associated with seasonal and tidal variability. 

Geographic Extent: The spatial boundaries of the effects are limited to the embayment formed between the western 
edge of the Terminal and the cruise ship terminal. 

Duration: The effects duration will be permanent, meaning that residence time will be permanently increased by 
approximately 2 to 3 hours. However, tidal flushing of the embayment will continue to occur on a cyclical basis in 
accordance with tides and hydrodynamics of the Inner Harbour. 

Reversibility: The increased residence time of water within the embayment will not be reversible. 

Frequency: The frequency of the effect will be continuous, meaning the increased residence time compared to 
baseline will prevail. However, episodic flushing of the embayment will continue cyclically in accordance with tides 
and hydrodynamics of the Inner Harbour. 

7.7 Monitoring and Follow-Up  
Monitoring will be conducted with two broad objectives: 

• Monitor Dredging Operation: Observation, documentation, and corrective action during active dredging and 
dredgeate handling to ensure proper material handling, spill avoidance, and documentation of process and 
dredgeate spills 

• Monitor Marine Water and Sediment Chemistry: Focus on construction area and waters immediately 
adjacent, including boundaries of the mixing zone 
o Sample water quality (turbidity and TSS) and fugitive dredgeate deposition in adjacent benthic areas 

(active sampling and passive sampling) to characterize the scope of effect of construction on the local 
receiving environment. 

o Post-construction (e.g., 6 months post construction): sample marine water column (turbidity, TSS) and 
sediment quality (metals and PAHs) to determine post construction water/sediment quality and determine 
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whether effects that occurred during construction (active sampling, passive sampling) have resolved; 
document whether the post-construction condition for marine water and sediment is acceptable, shows 
signs of recovery, or requires corrective actions. 
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