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Disclaimer 

This report has been prepared by WorleyParsons for the exclusive use of City of New 
Westminster and the BC Ministry of Environment, who have reviewed the scope of work for this 
project and understands its limitations. In providing this report, WorleyParsons accepts no liability 
or responsibility with respect to the property described in this report or for any business decisions 
relating to the property, including decisions regarding the purchase, sale, or investment in the 
property. Nothing in this report is intended to constitute or provide a legal opinion. 

This report reflects the best judgment of WorleyParsons based on the property conditions 
observed at the time of the site visit and on information available at the time of preparation of this 
report. WorleyParsons has exercised reasonable skill, care, and diligence in assessing the 
information acquired during the preparation of this report, but makes no guarantees or warranties 
as to the accuracy or completeness of this information. Any information that may have been 
provided by others is believed to be accurate, but has not been independently verified and cannot 
be guaranteed. The findings of this report are specific to this property and are based, in part, upon 
visual observation, subsurface investigation at discrete locations and depths, and analysis of 
specific chemical parameters during a specific time interval, all as described in this report. The 
findings cannot be extended to previous or future property conditions, portions of the property that 
were unavailable for direct investigation, subsurface locations that were not investigated directly, 
or chemical parameters that were not analyzed. Substances addressed by the investigation may 
exist in areas of the property not investigated by WorleyParsons, and concentrations of 
substances addressed that are different from those reported may exist in areas other than the 
locations from which samples were taken. Substances of concern other than those addressed by 
the investigation described in this report may exist within the site. If property conditions or 
applicable regulatory guidelines change, or if any additional information becomes available at a 
future date, modifications to the findings, conclusions, and recommendations in this report may be 
necessary. 

Any use, reliance, or decision made by a third party based on this report is the sole responsibility 
of said third party. WorleyParsons makes no representation or warranty to any third party with 
regard to this report and/or the work referred to in this report, and accepts no duty of care to any 
third party or any liability or responsibility whatsoever for any losses, expenses, damages, fines, 
penalties, or other harm that may be suffered or incurred as a result of the use of, reliance on, any 
decision made, or any action taken based on, this report or the work referred to in this report. 

This report is intended to be used in its entirety, and no individual part of the report may be taken 
as representative of the findings of the report. No part of this publication may be reproduced, 
stored in a retrieval system, or transmitted in any form, by any third party without the expressed 
written permission of City of New Westminster or WorleyParsons. 
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EXECUTIVE SUMMARY 

This report constitutes the post-remedial risk management plan (RMP) for 224 Front Street, New 
Westminster, British Columbia (BC; the “Site”). The document provides an outline of work completed 
on the Site prior to and concurrent with redevelopment of the Site into the Westminster Pier Park. The 
RMP presented herein constitutes the final document in a series of five (5) reports that details work 
completed for submission to BC Ministry of Environment (MoE) in support of obtaining a Certificate of 
Compliance for the Site.  

The human health risk assessment (HHRA) concluded that risk-based standards are met on site. The 
detailed ecological risk assessment (DERA) concluded that risks were low to aquatic and terrestrial life. 

The monitoring plan was developed to confirm that remedial measures (soil removal, installation of a 
grout wall for containment, vapour mitigation in the concession building and sediment capping) were 
successful and that assumptions made as part of the HHRA and DERA are accurate. This includes 
discussion of certain features associated with park construction (e.g. raising ground levels, placement 
of hard-covered areas such as playgrounds and sidewalks, placement of shoreline protection) and their 
relevance to the risk assessment and risk management process. These features require maintenance 
throughout the lifetime of the park and changes to these features (e.g. reduction of ground levels, 
construction of additional buildings) will need to be designed with consideration of their impacts to the 
risk assessment. 

The purpose of proposed monitoring is described in this report. Where monitoring includes chemical 
analysis, the proposed analytical, sampling frequency and duration, criteria for evaluation of results and 
closure criteria for cessation of the monitoring program are presented (Tables A and B). The proposed 
duration for monitoring will be based on confirming with the MoE that the associated concentrations of 
identified contaminants of potential concern (COPCs) in nearshore wells are stable and/or decreasing 
and support the conclusions of the DERA that risks are low to the aquatic receiving environment.  
Consideration for additional monitoring is provided and is dependent on the results for the initial 
program. 

It is proposed that quarterly memoranda, which summarize results, be issued to the City of New 
Westminster and the BC MoE. Additionally, an annual report is recommended that includes an 
evaluation of data, actions required and proposed changes to the following year’s monitoring schedule. 
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ACRONYMS 
AEC Area of Environmental Concern 
AL Agricultural Land Use 
APEC Areas of Potential Environmental Concern 
AST Aboveground Storage Tank 
AWF Freshwater Aquatic Life 
AWM Marine Aquatic Life 
BC British Columbia 
BCLQAAC British Columbia Laboratory Quality Assurance Advisory Committee 
BCWQG BC Working and Approved Water Quality Guidelines 
BTEX Benzene, Toluene, Ethylbenzene, Xylenes 
CL Commercial Land Use 
COC Contaminants of Concern 
CofC Certificate of Compliance 
CoNW City of New Westminster 
COR Confirmation of Remediation 
CSM Conceptual Site Model 
CSR Contaminated Sites Regulation 
DNAPL Dense Non-Aqueous Phase Liquids 
DO Dissolved Oxygen 
DSI Detailed Site Investigation 
DW Drinking Water Use 
EC Electrical Conductivity 
EMA Environmental Management Act 
EPH Extractable Petroleum Hydrocarbon 
ESA Environmental Site Assessment 
F&OC Department of Fisheries and Oceans Canada 
FREMP Fraser River Estuary Management Program 
GVSDD Greater Vancouver Sewer and Drainage District 
GW Groundwater 
HEPH Heavy Extractable Petroleum Hydrocarbons 
HHDERA Human Health and Detailed Ecological Risk Assessment 
HWR Hazardous Waste Regulation  
IL Industrial Land Use 
IW Irrigation Water Use 
LEPH Light Extractable Petroleum Hydrocarbons 
LNAPL Light Non-Aqueous Phase Liquids 
LTDL Less than the detection limit 
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LW Livestock Water Use 
m asl metres above sea level 
m bgs metres below grade surface 
m brb metres below river bed 
MDL Method Detection Limit 
MoE Ministry of Environment 
MSG Mainland Sand and Gravel Ltd. 
MTBE Methyl Tertiary Butyl Ether 
NIR Notification of Independent Remediation 
NOM Notification of Likely or Actual Offsite Migration 
ORP Oxidation-Reduction Potential 
OVA Organic Vapour Analyzer 
PAHs Polycyclic Aromatic Hydrocarbons 
PCB Polychlorinated biphenol 
PCE 1,1,2,2-tetrachloroethene 
PCOC Potential Contaminant of Concern 
PID Photoionization detector 
PL Urban Park Land Use 
ppmv parts per million by volume 
PVC Polyvinyl Chloride 
PSI Preliminary Site Investigation 
QA/QC Quality Assurance / Quality Control 
RL Residential Land Use 
RPD Relative Percent Difference 
SALM Strong Acid Leachable Metals  
TBT Tributyltin 
TCE 1,1,2-Trichloroethane 
TD Thermal Desorption 
TEH Total Extractable Hydrocarbons 
TEQ Toxicity Equivalent Factor  
TG Technical Guidance 
TOC Total Organic Carbon 
UST Underground Storage Tank 
VOC Volatile Organic Compounds 
VH Volatile Hydrocarbons 
VPH Volatile Petroleum Hydrocarbons with the exception of BTEX 
WL Wildlands Land Use 
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1. INTRODUCTION 

1.1 Terms of Reference 

WorleyParsons Canada Services Ltd. (WorleyParsons) was retained by the City of New Westminster 
(CoNW) to complete a risk management plan (RMP) for the property located at 224 Front Street 
(previously known as 610 Front Street) in the City of New Westminster (CoNW), British Columbia (BC) 
(the “Site”) (Figure 1). The area of the Site is approximately 3.8 hectares, comprising a land lot 
(approximately 1 hectare) and a water lot (approximately 2.8 hectares). The Site was purchased by the 
CoNW in 2009. The Site is being redeveloped from a Brownfield into an urban park (WorleyParsons and 
PWL Partnership Ltd [PWL], 2010).  

The CoNW requested the completion of the RMP based on results of investigations, remedial activities 
and risk assessment on the Site. The results of this work are presented in the Stage 1 Preliminary Site 
Investigation (PSI; WorleyParsons, 2011a), Detailed Site Investigation (DSI; WorleyParsons, 2011b), 
Confirmation of Remediation (CoR; WorleyParsons, 2011c) and Human Health and Detailed Ecological 
Risk Assessment (HHRA and DERA; WorleyParsons, 2011d) reports. The CoNW requires the RMP to 
summarize the mitigation measures that has been implemented to address potential human and/or 
ecological risks at the Site, and outline the associated maintenance and monitoring requirements. 
Additionally, the RMP outlines the analytical schedule for the monitoring program, the duration of the 
monitoring program, defines risk-based standards for data evaluation and identifies Site conditions when 
monitoring can be reduced or eliminated.  

The report has been prepared for the purpose of submission to BC Ministry of Environment (MoE) in 
support of an application for a Certificate of Compliance (CofC).  

1.2 Objectives 

The RMP was intended to achieve the following objectives: 

• provide an overview of remedial activities (WorleyParsons, 2011c) and the risk assessment 
(WorleyParsons, 2011d); 

• summarize assumptions (e.g. construction features, exposure control) incorporated into the 
conclusions of the risk assessment from site works (WorleyParsons, 2011b; 2011c; 2011d); 

• outline post-remedial monitoring required to confirm that risk-based standards have and will 
continue to be met at the Site; and 

• outline reporting requirements for the duration of the monitoring program.  
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1.3 Report Structure 

The RMP is presented according to the following general structure: 

• Section 1: Introduction: discussion of terms of reference, objectives and scope of work; 

• Section 2: Overview: discussion of post-remediation conditions detailed in the CoR (WorleyParsons, 
2011c) and HHRA and DERA (WorleyParsons, 2011d) reports; 

• Section 3: Risk Assessment and Risk Management Assumptions: description of assumptions made 
within the HHRA and DERA (WorleyParsons, 2011d) which require ongoing verification; 

• Section 4: Monitoring Plan: summary of monitoring locations, analytical schedule, frequency and 
duration of monitoring, evaluation criteria and closure criteria; 

• Section 5: Closure: Provides names of key personnel involved with the reporting process; and 

• Section 6: References. 

1.4 Directional References 

Due to the shape of the Site, the location of the Fraser River, and the grid pattern of the associated 
streets, relative “Site” directions have been used in this report in place of cardinal directions (i.e. with the 
Site oriented horizontally, “north” as is used in this report is equal to approximately cardinal northwest). 
This has been done with the intention of aiding in reader review and understanding. Both the Site and 
Cardinal North arrows are shown on Site plans. 

1.5 Qualifications 

WorleyParsons provided qualified personnel to complete tasks conducted within this report, which 
included the primary signatories. If required by the MoE, further details on personnel qualifications can be 
provided upon request. 
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2. OVERVIEW 

Investigations were completed on the Site by WorleyParsons (2011a; 2011b) and others (see 
WorleyParsons, 2011a) between 2005 through 2011. Contamination was identified in soil, groundwater, 
nearshore groundwater and sediments. Soil vapour met numerical standards in samples collected. 

2.1 CoR (WorleyParsons, 2011c) 

Remedial works were completed that included: 

• physical excavation of contaminated surface soils (located less than 3 m below ground surface 
[bgs]) followed by backfilling of excavations with clean fill material; 

• containment of potential non aqueous phase liquids (NAPL) in groundwater bearing zones through 
the construction of a Jet Grout Wall (completed in June 2011); 

• burial of post-production jet grout spoils for a beneficial use as backfill when possible; 

• installation of a sub-slab ventilation system within the concession building to preclude potential soil 
vapour risks in future; and 

• physical excavation of contaminated sediments and construction of an engineered cap where 
excavation was either not practicable or required based on manageable risk conditions. 

2.2 HHRA and DERA (WorleyParsons, 2011d) 

A HHRA and DERA (WorleyParsons, 2011d) was completed for the Site considering substances 
remaining on Site that exceeded numerical standards, were bioaccumulative, had potential to generate 
toxic degradation products, or were non-scheduled within the CSR (BC MoE, 2011). The HHRA and 
DERA were completed in accordance with published methods (WorleyParsons, 2011d). Results of the 
assessment are summarized in the following subsections. 

2.2.1 HHRA 

Potential risks to human health were estimated for Site workers and the general public. Risk-based 
standards were met at the Site based, in part, on the presence of park construction features such as the 
raising of Site grades through addition of fill material, and placement of hard covered areas. The validity of 
the HHRA is therefore contingent on landscaping features being maintained as described in the design 
within the Landscaping Issued for Construction drawings (WorleyParsons, 2011). 
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2.2.2 Aquatic DERA 

Results from the aquatic DERA were evaluated using a weight of evidence (WOE) approach to risk 
characterization. A WOE approach considers multiple lines of evidence (LOE) from a detailed assessment 
process. The approach draws an overall conclusion about probability, magnitude/scale of harm, and 
ecological relevance. The WOE approach predicted a low overall risk to aquatic receptors based on: 

• multiple LOE within each AEC and across the Site, where contaminants of potential concern 
(COPCs) were located beyond the boundaries of defined AECs; 

• Site-specific physico-chemical data and observations; 

• engineering controls installed during remediation (WorleyParsons, 2011c) including the Jet Grout 
Wall and sediment capping; and 

• anticipated improvements in groundwater and nearshore groundwater quality post remediation 
based on source isolation and/or removal.  

The low predicted risks to aquatic life are contingent on maintained integrity of the Jet Grout Wall and 
sediment cap, and improvements in groundwater and nearshore groundwater quality post remediation.  

2.2.3 Terrestrial DERA  

The terrestrial DERA considered only pathway exclusion in assessment of potential risks to terrestrial 
receptors. Since the majority of surface soils were remediated to numerical standards, limited COPCs 
were identified. Where COPCs were identified in soils, pathways were deemed inoperable based on 
characteristics of receptors and the park design. Since exposure pathways are inoperable, this infers that 
risks to terrestrial receptors are low. The pathway exclusion is contingent on Site-specific vegetation and 
landscaping features being maintained as described in the design within the Landscaping Issued for 
Construction drawings (WorleyParsons, 2011).  
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3. RISK ASSESSMENT AND RISK MANAGEMENT ASSUMPTIONS 

Several exposure controls have been constructed or will be installed during construction works at the Site. 
A number of these features and controls were incorporated into the risk assessment and form the basis of 
conclusions of the HHRA and DERA (WorleyParsons, 2011d). The assumptions made in relation to these 
features and controls are described in the following sections. This allows future monitoring requirements to 
be identified to confirm that features and controls are functioning as required for continued risk 
management. 

3.1 Soil Capping and Landscaping Features 

The design within the Landscaping Issued for Construction drawings (WorleyParsons, 2011) detail 
permanent features of the Pier Park. The design requires:  

• changes to grade across the Site; 

• construction of permanent features, including a building, concrete and wooden decking, children’s 
playground and basketball courts; and 

• vegetation of the Site with ornamental and native plant species.  

These features were incorporated as assumptions within the HHRA and DERA. The assumptions made in 
relation to specific sections of the HHRA and DERA (WorleyParsons, 2011d) are discussed below. 

3.1.1 Potential Human Health Risks – Soil Exposure 

Potential human health risks were identified for polycyclic aromatic hydrocarbons (PAHs) measured in a 
single sample located approximately 1.5 m below current grade at SS11-64 (Figure 2). Although the grade 
in the vicinity of this sample is not expected to change (WorleyParsons, 2011), a permanent structure 
(children’s playground) will be constructed over the area where PAHs were identified in subsurface soils, 
1.5 m bgs. Therefore, the risk management strategy to address potential human health risks for PAHs in 
this area is capping (exposure control). Potential human health risks may require reassessment if the 
location of the playground is relocated or excavation of soils in the area is required. 

Potential human health risks were identified for theoretical concentrations of vinyl chloride. The risks were 
associated with a sample located approximately 0.4 m below current grade at MW10-50C (Figure 2). 
Risks were theoretical, based on estimated future concentrations considering degradation of 
tetrachloroethene and trichloroethene to vinyl chloride. Grade in the vicinity of this location is anticipated to 
increase by up to 3 m. Additionally, within the vicinity of the potential soil exceedance, permanent 
structures including a concession building (located to the west) and a basketball court (located to the east) 
will be constructed. Therefore, the risk management strategy to address potential human health risks for 
vinyl chloride in this area is capping (exposure control). Potential human health risks may require 
reassessment if the location of the building or basketball court is relocated or excavation of soils in the 
area is required.  
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3.1.2 Potential Human Health Risks – Outdoor Air Inhalation 

Human health risks associated with inhalation of outdoor air were not identified. Although not present, the 
source of potential soil vapour beneath the Site is anticipated to be soil and/or groundwater contamination. 
The grade of the Site is generally increasing through addition of fill material as part of development. 
Therefore, attenuation factors will also increase as the overlying soil column thickens leading to a further 
reduction in estimated concentrations. Ongoing monitoring in relation to soil vapour in outdoor air is 
therefore not required.  

3.1.3 Potential Aquatic Health Risks 

There was no requirement within the aquatic DERA to assess soils, as the assumption was made that 
groundwater sample concentrations provided a more representative measure of current Site conditions. 
However, there were several locations in surface and subsurface soils where concentrations of metals 
(arsenic [SS10-19], copper [BH/MW10-23], chromium [BH/MW10-25] and zinc [BH10-44, BH/MW10-68C, 
SS10-12, EX04-W2]) exceeded numerical soil standards for protection of groundwater used by freshwater 
and/or marine aquatic life. These substances were generally not observed in samples collected from 
adjacent groundwater monitoring wells at concentrations exceeding numerical standards and/or 
guidelines. Therefore, it is anticipated that these exceedances do not represent a risk to aquatic health. 
Where less than one year of monitoring data are available from monitoring wells located adjacent to or 
downgradient of these soil exceedances, additional sampling (quarterly over one year) should be 
completed as a component of the RMP to confirm observations to date. Proposed monitoring locations are 
detailed in Table A and B and shown on Figure 2.  

Zinc was observed in groundwater above numerical standards adjacent to one soil sampling location 
(BH/MW11-110) where zinc was also observed in soils (0.6 m bgs and 1.75 m bgs; current and future 
grade respectively). This exceedance was observed during a single sampling event. Zinc contaminated 
soils were excavated from locations proximal to these soil exceedances (WorleyParsons, 2011c). Source 
removal occurred within the vicinity of these soil exceedances and ongoing improvement of groundwater 
quality is expected. Additionally, a sidewalk will be constructed around this location. This will create a rain 
shadow, reducing surface water infiltration at this location. Since water is required for leaching to occur, it 
is anticipated that further exceedances in groundwater will not be observed. However, to confirm this, 
additional sampling (quarterly over one year) should be completed as a component of the RMP to confirm 
that the exceedance was an isolated event.  

3.1.4 Risk Management – Potential Terrestrial Health Risks 

No risks were identified to terrestrial health on the basis of pathway exclusion. Across the Site, grade is 
anticipated to increase by up to 3 m from current elevation. This generally precludes exposure to 
terrestrial receptors as described in the HHRA and DERA (WorleyParsons, 2011d). In two (2) locations, 
grade is not changing. However, in these locations, pavement (e.g. permanent features) will be 
constructed (WorleyParsons, 2011). Therefore, the risk management strategy to address potential 
ecological health risks for exposure to zinc and PAHs is capping. Potential ecological health risks may 
require reassessment if the paved areas are relocated or excavation of soils in the area is required.  
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3.2 Jet Grout Containment Wall 

The purpose of the Jet Grout Wall was to limit the migration of possible solvent NAPL towards the Fraser 
River where it may pose a risk to aquatic life. There are a number of assumptions that have been made in 
relation to the function of the wall. These are discussed below along with the related monitoring proposed: 

• Groundwater monitoring downgradient of the solvent plume prior to installation of the wall indicated 
that contaminant concentrations reaching the Fraser River pose low risks to aquatic life. This was 
confirmed through modelling and toxicity studies (WorleyParsons, 2011d). Groundwater monitoring 
along the southern (River) boundary should be carried out for volatile organic compounds (VOCs) to 
confirm that attenuation of concentrations to risk-based criteria is being achieved. 

• Solvent concentrations in groundwater indicative of free phase (defined per MoE Protocol 16) were 
encountered within the central part of the plume. NAPL was not observed in monitoring wells during 
sampling completed to date. The location of the wall was based on 2 - 3% solubility contour for 
tetrachloroethene and trichloroethene on the assumption that NAPL may be found in the future 
where concentrations greater than 2 - 3% solubility exist. Groundwater monitoring for presence of 
NAPL downgradient of the grout wall should be carried out for two years to confirm NAPL is not 
present.  

• The Jet Grout Wall borders the Site boundary to the north and contains or captures both on and 
off-Site contamination from accessible areas. The hydraulic conductivity of the grout columns that 
comprise the Jet Grout Wall is estimated as 1X10-8 m/s. Groundwater modelling predicted that 
within one year of wall construction (by June 2012), water levels will increase within the box and 
overtop the southern wall (WorleyParsons, 2011c) leading to discharge of groundwater in the upper 
soil unit. The reduced hydraulic conductivity of the Jet Grout Wall suggests that if integrity of the 
columns is maintained, degradation of chlorinated solvents within the Jet Grout Wall to non-toxic 
ethylene should occur in advance of groundwater discharge above the wall. Groundwater 
monitoring for VOCs is proposed in wells downgradient of the wall to confirm that discharge of 
groundwater from within the walled area does not exceed risk-based criteria. The data from these 
wells will also provide information on whether the wall is working effectively as a barrier. Monitoring 
for two years is proposed to assess the stable conditions that are established by June 2012. A third 
year will be considered based on results of the monitoring. 

• Further north of the Jet Grout Wall, access restrictions (e.g. railway tracks) precluded additional 
intrusive investigations. Therefore, the current state of solvent contamination immediately north of 
the Jet Grout Wall within the railway corridor is unknown. It has been assumed that contaminated 
groundwater from off-site lands moving around the Jet Grout Wall will have a longer migration 
pathway and not exceed risk-based criteria if it reaches the Fraser River based on groundwater 
monitoring completed to date. Groundwater monitoring downgradient of the grout wall is proposed 
to confirm contaminant trends from off-Site. Analytes would include VOCs. 
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In summary, the monitoring program to confirm integrity of the Jet Grout Wall is proposed to include two 
initial years of quarterly monitoring as summarized in Table A and B. A third year will be reviewed with 
MOE input based on a review of the 2 previous years of data. 

3.3 Grout Spoils 

As a result of jet grout containment wall construction, post-production grout spoils (primarily a mixture of 
concrete, bentonite, soil and water) were generated.  

Since backfill was needed on Site for park construction, on-Site generated spoils were used whenever 
possible. This approach decreased disposal and transportation costs and reduced the environmental 
effects associated with soil movement (i.e. less vehicle emissions). Spoils for disposal were classified as 
either 6% bentonite spoils (based on original mixture) or 3% bentonite spoils. Spoil placement locations on 
Site are presented in Figure 2. 

Grout spoils were placed on-Site in a manner that supports park construction and meets the requirements 
of the risk assessment review process. Specifically, spoils were placed above the water table and a 
minimum of 1.5 m below final park grade to meet risk assessment requirements for exposure pathway 
elimination – i.e. to reduce leachability risks, mitigate vapour migration to ground surface and prevent 
direct contact with plants and invertebrates. The spoils were also covered by a 40 mil environmental low 
density polyethylene liner with a non-woven geotextile protective matting (for liner protection) as mitigation 
for leachability, vapour movement and plant contact (WorleyParsons, 2011c). 

It is important therefore that the liner is maintained and repaired if future excavation work is required in 
these areas to depths which may impact the liner. 

3.4 Risk Assessment – Groundwater and Nearshore Groundwater 

Risk assessment completed on groundwater and nearshore groundwater identified several locations 
where numerical standards, screening concentrations and/or toxicity reference values (TRVs) were 
exceeded by substances in groundwater. However, overall, potential risks to aquatic life were generally 
considered low when spatial and temporal extent of contamination and anticipated improvements from 
source removal were factored into the assessment.  

The assumptions of limited spatial and temporal extent of contamination and improvements in 
groundwater and nearshore groundwater quality were based on less than one year of data. Therefore, 
additional monitoring is required to confirm that the conclusions of the aquatic DERA are reflective of 
long-term site conditions.  

Where potential risks to aquatic life were downgraded to low risks from moderate or high risks based on 
spatial and/or temporal extent of contamination, two years of quarterly monitoring should be completed for 
contaminants of potential concern. Locations where monitoring wells should be sampled, and the 
proposed analytical schedule for each monitoring well are provided in Figure 2 and in Tables A and B, 
respectively.  
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3.5 Passive Building Ventilation 

Potential human health risks associated with indoor air inhalation were not identified. However, building 
construction can significantly influence sub-surface soil vapour concentrations and distribution. Building 
construction may affect sub-slab pressure and result in development of a rain shadow beneath the 
building. Both features may influence soil vapour intrusion (Science Advisory Board for Contaminated 
Sites [SABCS], 2006). Since the building is undergoing construction within soils (e.g. it is partially 
encapsulated within the soils of the slope), it was proactively constructed with a vapour mitigation system.  

The system included a sub-slab depressurization system beneath the building slab and impermeable 
membrane beneath the slab and on the walls located within soils. The objective of the system is to 
intercept vapours that could enter the building due a net pressure difference between the soil surrounding 
the building and the interior air space/breathing zone. The soil vapour system can be operated to prevent 
soil vapour infiltration into the building through either passive or active ventilation. Pipework and 
equipment (a blower fan) have been installed to allow either mode to be used. Venting would occur 
through a pipe that exits the Site approximately 3.3 m above grade on the northern property line adjacent 
to the railway line. 

If the system is operating in passive ventilation mode, the blower is not activated and the vapour from 
below and around the building vents naturally to the outside (see Figure 2). Passive ventilation occurs 
through both the fresh air vent on the east side of the building (connected to the outer system loop) and 
through the porous gravel subsurface by diffusion controlled processes. As winds and barometric 
pressures change, air and soil vapour will naturally move in and out of the subsurface through these 
conduits. The passive venting process may prevent the accumulation of contaminated vapour 
concentrations in the subsurface provided concentrations in the subsurface do not accumulate at a rate 
exceeding the rate of diffusion.  

Active ventilation occurs by activating the system’s mechanical blower system. The blower would create a 
vacuum that draws air from the sub-slab piping network and vents to atmosphere. This negative pressure 
gradient creates a continuous flow of fresh air below the building and prevents accumulation of 
contaminated soil vapour concentrations beneath the building. The blower equipment is installed but some 
minor modifications may be required prior to commissioning including the possible addition of a granular 
activated carbon drum to treat vapours prior to discharge, depending on effluent vapour concentrations. 
An Air Quality Management Permit would be required from Metro Vancouver prior to operation of an active 
system. In the event that an active system is required, we recommend that the monitoring requirements 
are re-assessed. 

Monitoring is therefore recommended in order to confirm: 

• whether vapours are accumulating within the sub-slab ventilation system and that it is functioning as 
per the design (WorleyParsons, 2011c); 

• if the system is venting effectively in passive mode and if not, identify the requirement to switch the 
system to active mode; and 

•  if required, that the active venting system is operating effectively. 
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The building was installed with two sub-slab sampling ports located approximately equi-distance across 
the building, and two sampling ports adjacent the north wall of the building. To confirm that the vapour 
mitigation system is functional, two sampling events (dry and wet seasons) should be completed for each 
of the two sub-slab sampling ports for one year. Refer to the CoR Report (WorleyParsons 2011c) for 
further installation details. 

3.6 Sediment Cap Construction and Sediment Risk Assessment 

A sediment cap was constructed across the nearshore water lot across the Site (WorleyParsons, 2011c). 
The cap mitigated potential risks as follows: 

• lead in sediments within AEC 1B, as a result of making the biologically active zone more shallow 
through capping (e.g. cap exceeds 1 m thickness); 

• PAHs in sediments within AEC 1B, as a result of making the biologically active zone more shallow 
through capping (e.g. cap exceeds 1 m thickness); 

• PAHs in sediments within AEC 1B by reducing exposure to samples within the biologically active 
zone (e.g. approximately 10% of total area); 

• heavy extractable hydrocarbons (HEPH) and PAH exceedances in sediments within AEC 4, as a 
result of making the biologically active zone more shallow through capping (e.g. cap exceeds 1 m 
thickness); and 

• PAHs, metals and polychlorinated biphenyls (PCBs) in AEC 17A, as a result of making the 
biologically active zone more shallow through capping (e.g. cap exceeds 1 m thickness).  

To confirm the integrity of the cap, a survey should be completed following freshet in 2012. Additionally, a 
survey should be completed following a 1 in 5 year high water level within the Fraser River. The survey 
should be used to demonstrate that cap elevations do not decrease as a result of erosion. Visual 
observations of the cap should be made at low tide during groundwater sampling rounds to provide 
additional assessment of cap integrity. 
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4. MONITORING PLAN & REPORTING 

This Section identifies the proposed monitoring plan for the Site to verify that control measures are in 
place and water quality is consistent or improving over time. A schedule and scope of reporting during the 
monitoring period is proposed together with suggested close-out criteria (cessation of monitoring). 

4.1 Proposed Monitoring Plan 

The following monitoring plan is identified for groundwater, soil vapour and sediment monitoring on the 
Site following receipt of a CofC. The monitoring plan outlines the sampling frequency, required analytes to 
be sampled, and screening criteria above which action is required. Note that an exceedance of the 
screening criteria does not signify that a risk is present, only that further consideration or assessment may 
be required. The well network is presented on Figure 2. 

Because a Weight of Evidence (WOE) approach was used for the aquatic DERA (WorleyParsons, 2011d), 
TRVs are proposed as risk-based screening criteria for the majority of chemicals to be monitored 
(Table 1). The TRVs selected represent levels where protection of approximately 95% of species is 
achieved. Further details can be found in Appendix 17 of the HHRA/DERA (WorleyParsons, 2011d).  

In addition, the appropriate CSR standards and BCWQG guidelines are proposed as screening criteria for 
sampled well locations (as discussed in Section 4.2.2). At well location MW12-126, the copper standard is 
proposed since this well falls outside the 10 m nearshore zone. In well MW10-61, the BC Water Quality 
Guideline is proposed for chromium since a risk-based TRV was not developed for chromium in water. At 
the end of each year’s monitoring, a short report will be produced that includes an assessment of potential 
risks to aquatic life using risk-based criteria and, if necessary, in relation to the WOE approach. As 
appropriate and from discussions with MoE, the report will provide recommendations for cessation of well 
monitoring based on available data and associated rationale indicating a stable and/or decreasing trend.  

Data that are anomalous with previous results will be resampled to confirm that assessment is not based 
on erroneous data (e.g. sampling error, laboratory error; i.e., toluene). In cases of anomalous sampling 
data, we will provide recommendations for cessation of monitoring for specific parameters on a case-by -
case basis, if results reflect a stable and/or decreasing trend. 

Monitoring rationale for the solvent NAPL area is based on the short groundwater travel time across the 
Site to the Fraser River. The groundwater flow velocity on the Site prior to construction of the Jet Grout 
Wall suggests that if mobile contamination was present, migration from the northern Site boundary to the 
Fraser River within Units 1 and 3 would occur over a relatively short duration (under 1 week to 30 days to 
travel through the site). Within the upper sand and gravel unit (Unit 1), groundwater velocity to the Fraser 
River ranged from 6 to 8 m/day (with reversals to the north at high and mid-high tides). In the lower sand 
and gravel unit (Unit 3), groundwater velocity ranged from 1 to 2 m/day at mid-high and low tides 
(WorleyParsons, 2011b).  

Within the solvent area, no additional wells have been installed within the silty sand layer (Unit 2) based 
on our assessment that lateral migration of dissolved phase or NAPL through this unit will be negligible. 
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Using a range of field measured hydraulic conductivity values (1 x10-6 m/s to 3.6 x 10-6 m/s), calculated 
lateral hydraulic gradients for different tidal conditions (0.02 to 0.06 m/m) and literature values for effective 
porosity (0.1 to 0.3), groundwater migration times within the silt between the southern end of the grout box 
and the sheet pile wall adjacent to the river are estimated to range from 0.2 to 7 years. In comparison, the 
age of the solvent has been estimated as greater than 20 years (WorleyParsons, 2011b). This comparison 
suggests that if NAPL or dissolved phase was mobile within Unit 2 (i.e. migrating laterally), it would 
currently be present south of the grout box at greater concentrations than have been measured to date. 
Therefore our assessment is that Unit 2 is not a viable pathway for lateral migration of NAPL or dissolved 
phase. Monitoring therefore is focused on the pathways most likely to be active; dissolved phase solvents 
migrating vertically from the silt unit into the overlying (Unit 1) or underlying (Unit 3) sand and gravel. Note 
that well MW62A and 61A is screened within Unit 2 and will continue to be monitored as part of the 
ongoing monitoring schedule. 

All proposed wells are presented in Figure 2. The new wells being installed begin with the prefix MW12- 
(per Table A) and are screened as set out in Table B. 

The proposed reporting schedule is detailed in Section 4.2. 

 



CITY OF NEW WESTMINSTER 
RISK MANAGEMENT PLAN 

224 FRONT STREET, NEW WESTMINSTER, BC 

09216 : Rev 4 : December 23, 2011  Page 13 

 

Table A Proposed Monitoring Plan 

Media/Feature Locations Analytical 
Schedule/Basis 
of Assessment 

Frequency Screening Criteria Closure Criteria  

Soil Capping – 
presence of 
additional fill 
material 
(Section 3.1.1, 
3.1.4) 

Refer to Figure 2 Review design 
through risk 
assessment if 
changes are 
made (excavation 
or reconfiguration) 

N/A Hard covered 
features are 
maintained at the 
Site. 

No changes to park features. 

Soil Capping – 
hard covered 
features 
(playground, 
basketball 
court) (Section 
3.1.1, 3.1.4) 

Refer to Figure 2 Review design 
through risk 
assessment if 
changes are 
made (excavation 
or reconfiguration) 

N/A Hard covered 
features are 
maintained at the 
Site.  

No changes to park features. 

Groundwater 
(Section 3.1.3) 

MW10-61A, MW11-110, 
MW12-121, MW12-122, 
MW12-123. (Refer to 
Figure 2) 

Dissolved and 
total metals 
(individual metals 
vary with well) ); 
visual inspection 
of shoreline for Fe 
staining 

Quarterly for 1 
year (potentially 
expanded based 
on results) 

TRVs as shown in 
Table 1 

Stable and/or decreasing plume and 
below criteria (except Fe, Mn) (after 
1 year of monitoring – to be re-
evaluated) 

Groundwater 
(Section 3.1.3) 

MW12-126 
(Figure 2) 

Copper Quarterly for 1 
year 

Standard (marine) 
as in Table 1 

Stable and/or decreasing plume  
and below criteria (after 1 year of 
monitoring – to be re-evaluated) 

Groundwater – 
Grout Wall 
(Section 3.2) 

MW10-62A/B, MW12-
62AAR/BB, MW10-
63AA/B, MW12-63BB, 
MW12-64AAR, MW10-
64B. (Refer to Figure 2) 

Chlorinated VOCs 
and presence of 
NAPL 

Quarterly for 2 
years; re-
assessed for 
Year 3 
(potentially 

TRVs as shown in 
Table 1 

Stable and/or decreasing plume and 
below criteria (after 2 year 
monitoring – to be re-evaluated)   
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Media/Feature Locations Analytical 
Schedule/Basis 
of Assessment 

Frequency Screening Criteria Closure Criteria  

expanded based 
on results) 

Groundwater – 
Solvents 
(Section 3.2) 

MW10-60A/B, MW10-
61A, MW12-124. (Refer 
to Figure 2) 

Chlorinated VOCs 
and presence of 
NAPL 

Quarterly for 2 
years; re-
assessed for 
Year 3 
(potentially 
expanded based 
on results) 

TRVs as shown in 
Table 1 

Stable and/or decreasing plume and 
below criteria (after 2 year 
monitoring – to be re-evaluated)   

Grout Spoil 
(Section 3.3) 

Three areas shown on 
Figure 2 

Assess possible 
impact of future 
excavation work 
and amend plan 
to avoid damage 
to liner. 

As required Liner continues to 
function as effective 
barrier 

N/A 

Groundwater 
(Section 3.4) 

MW11-108A, MW11-
116, MW12-121, 
MW12-127. (Refer to 
Figure 2) 

Total and 
dissolved metals 
(individual metals 
depend on well); 
visual inspection 
of shoreline for Fe 
staining 

Quarterly for 2 
years.  

TRVs as shown in 
Table 1 

Stable and/or decreasing plume and 
below criteria (except Fe, Mn) (after 
2 year monitoring – to be re-
evaluated)  

Groundwater 
(Section 3.4) 

MW10-61AA, MW12-
123, MW12-125.(Refer 
to Figure 2) 

Toluene or VPH 
(depending on 

well)

Quarterly for 2 
years. 

TRVs as shown in 
Table 1 

Stable and/or decreasing plume and 
below criteria (after 2 year 
monitoring – to be re-evaluated)  

Groundwater 
(Section 3.4) 

MW11-108A, MW11-
116, MW12-121, 
MW12-127, MW12-128. 
(Refer to Figure 2) 

LEPH/HEPH 
and/or PAHs 
(depending on 
well- see Table B) 

Quarterly for 2 
years 

TRVs as shown in 
Table 1 

Stable and/or decreasing plume and 
below criteria (after 2 year 
monitoring – to be re-evaluated)   
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Passive 
Venting System 
– Concession 
Building 
(Section 3.5) 

Sampling Ports 1 and 2 
(Refer to Figure 2) 

Chlorinated VOCs Two sampling 
events (1 dry 
season sample, 1 
wet season 
sample) during 
2012.  

Schedule 11 
standards with 
appropriate 
attenuation factor 
applied (BC MoE, 
2010a). 

Substances meet numerical criteria 
during both sampling events.  

Vent discharge VOCs Two sampling 
events per year 
(1 dry season 
sample, 1 wet 
season sample). 
Sampling only 
required if 
concentrations 
exceeding criteria 
are found in Ports 
1 and 2. 

Schedule 11 
standards. 

Substances meet numerical criteria 
during both sampling events. If the 
criteria are not met, then an 
assessment should be made of air 
quality impacts along the railway 
corridor. 

Active Venting 
System – 
Concession 
Building 
(Section 3.5)  
- If required. 

Vent discharge VOCs Two sampling 
events per year 
for 1 year (1 dry 
season sample, 1 
wet season 
sample).  

Schedule 11 
standards. 

Substances meet numerical criteria 
during both sampling events. If the 
criteria are not met, then an 
assessment should be made of air 
quality impacts along the railway 
corridor. 
 

Sediment Cap 
(Section 3.6) 

Refer to Figure 2 Visual 
assessment of 
capping at low 
tide. 

Quarterly during 
groundwater 
sampling events 
for 2 years 

Rip rap does not 
show significant 
evidence of erosion 
based on photo 
documentation.  

Cap elevation does not decrease by 
more than an estimated 10%.  

Bathymetric 
survey. 

Following freshet 
in 2012.  
Following 1-in-5 
year high water 
event 

Rip rap does not 
show significant 
evidence of 
erosion. 

Cap elevation does not decrease by 
more than 10%.  
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Notes: VOC = volatile organic compound, VPH = volatile petroleum hydrocarbons, BTEX = benzene, toluene, ethylbenzene, xylenes, LEPH = light extractable petroleum 
hydrocarbons, HEPH = heavy extractable petroleum hydrocarbons, PAHs = polycyclic aromatic hydrocarbons, N/A = not applicable.  
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Table B Monitoring Well Screen Intervals and Analytical Schedule 

Well Designation Depth Interval of Screen (masl) 
and Soil Unit 

Analytical Schedule 

MW10-60A -11.0 to -12.5 (Unit 2/3) Chlorinated VOCs, Fe, Mn 

MW10-60B -15.8 to -17.3 (Unit 3) Chlorinated VOCs Fe, Mn 

MW10-61A -10.5 to -12.0 (Unit 2/3) Chlorinated VOCs, chromium, Fe, Mn 

MW10-61AA -4.75 to -6.0 (Unit 1) Toluene, Fe, Mn 

MW12-62AAR -3.55 to -5.05 (Unit 1) Chlorinated VOCs, Fe, Mn 

MW10-62A -8.5 to -10.0 (Unit 2/3) Chlorinated VOCs, Fe, Mn 

MW10-62B -18.9 to -20.4 (Unit 3) Chlorinated VOCs, Fe, Mn 

MW12-62BB -10.55 to -12.05 (Unit 3) Chlorinated VOCs, Fe, Mn 

MW10-63AA -4.95 to -6.45 (Unit 1) Chlorinated VOCs, Fe, Mn 

MW10-63B -18.45 to -19.95 (Unit 3) Chlorinated VOCs, Fe, Mn 

MW12-63BB -14.96 to -16.1 (Unit 3) Chlorinated VOCs, Fe, Mn 

MW12-64AAR -5.75 to -7.25 (Unit 1) Chlorinated VOCs, Fe, Mn 

MW10-64B -13.25 to -13.95 (Unit 3) Chlorinated VOCs, Fe, Mn 

MW11-108A -0.62 to -2.12 (Unit 1) Zinc, fluoranthene, pyrene, Fe, Mn 

MW11-110 0.23 to -1.23 (Unit 1) Zinc, arsenic, Fe, Mn 

MW11-116 -1.0 to -2.5 (Unit 1) Zinc, anthracene, benzo(a)pyrene, 
phenanthrene, pyrene, LEPH, Fe, Mn 

MW12-121 0.75 to -0.75 (Unit 1) Copper, zinc, acridine, anthracene, 
fluoranthene, phenanthrene, pyrene, 
HEPH, Fe, Mn 

MW12-122 0.75 to -0.75 (Unit 1) Zinc, Fe, Mn 

MW12-123 -9.15 to -10.65 (Unit 2) VPH, zinc, Fe, Mn 

MW12-124 -9.1 to -10.6 (Unit 3) Chlorinated VOCs, Fe, Mn  

MW12-125 -4.7 to -6.3 (Unit 1) Toluene, Fe, Mn 

MW12-126 -1.4 to -2.9 (Unit 1) Copper, Fe, Mn 

MW12-127 0.65 to -0.85 (Unit 1) Copper, zinc, HEPH, Fe, Mn 

MW12-128 1.65 to 0.15 (Unit 1) anthracene, fluoranthene, 
phenanthrene, pyrene, Fe, Mn 

Notes: VOC = volatile organic compound, VPH = volatile petroleum hydrocarbons, LEPH = light extractable petroleum 
hydrocarbons, HEPH = heavy extractable petroleum hydrocarbons  



 
 
 

Page 18  09216-EN-RPT-Risk Management Plan_Rev4.docx 

  

4.2 Contingency Plan 

The following contingency plan is identified for groundwater monitoring in relation to the site following 
receipt of a CofC. The plan is meant to proactively identify steps to be taken if exceedances of numerical 
and/or risk-based standards/guidelines occur that were not previously assessed and/or if Site conditions 
change.   

The contaminants of concern are assessed to be chlorinated VOCs: tetrachloroethene, trichloroethene, 
cis-1,2-dichloroethene, trans-1,2,-dichloroethene, 1,1-dichloroethene and vinyl chloride; metals, VPH, 
PAHs, LEPH, HEPH and toluene as shown on Table 1.  

4.2.1 Analysis of Initial Monitoring Data 

An analysis of the groundwater monitoring data will be completed after a year of monitoring data (four 
quarters) has been collected. This is to recognize the changed site conditions post remediation and post 
park completion and the expected variations associated with effects of freshet, tides and/or the new site 
surface water infiltration conditions.  

Once four rounds of data have been collected, a statistical evaluation will be completed. The data will be 
assessed against historic data (pre-park completion) to evaluate changes to groundwater quality that may 
impact the interpretation of data. The statistical data review will help understand the expected range of 
variations within a year to help interpret substantial trends during future quarterly sampling rounds.  We 
propose to use the Mann-Kendall test which is a non-parametric statistical method that is appropriate for 
analysis of groundwater trends over time. 

The Mann-Kendall method tests the null hypothesis that there is no temporal trend in the data values at a 
prescribed confidence level (Mann 1945; Kendall 1975). There are no distributional assumptions and 
missing data (i.e. non-detects) or irregularly spaced measurement periods are permitted. The Mann-
Kendall statistic (“S”) is computed as the number of pairwise positive differences minus the number of 
pairwise negative differences. If S is a large positive value, then there is evidence of an increasing trend in 
the data. Conversely, if S is a large negative value, then there is evidence of a decreasing trend in the 
data. 

Seasonal variability will be assessed through a review of previous monitoring rounds to confirm that this 
does not impact the identification of an increasing or decreasing trend in concentrations.   

Unless concentrations exceed the trend criteria below, exceed TRVs or standards/guidelines, or free 
phase is encountered, monitoring will be closed out in accordance with the criteria set out in Table A.  

If all the following trend criteria are met, then the MOE will be notified and an appropriate set of actions will 
be agreed: 

• concentrations of a particular parameter are within 20% of TRV, standard or guideline; 
• concentrations are identified as having a strong increasing trend through use of the Mann-Kendall 

test; and  
• extrapolation of this trend data indicates that an exceedance will occur within 3 years. 
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Depending on the rate of increase of concentrations, a number of actions will be considered including: 

• more frequent monitoring; 
• an assessment of risks to aquatic life (potentially including toxicity testing); and 
• active remediation. 

Proposed actions for exceedance of TRVs, standards or guidelines are outlined in Section 4.2.2. 

4.2.2 Exceedance of TRVs or Standards/Guidelines 

If a TRV, standard and/or guideline is exceeded during a sampling event, an assessment of exceedance 
data for that well will be made to assess whether the concentration is part of an increasing trend, due to 
seasonal variation or possible sampling/laboratory error. If increasing concentrations are noted that 
exceed the TRV, standard or guideline, the following actions are proposed:  

• Resampling of the groundwater monitoring well(s) where increasing concentrations were noted 
should be completed within 2 weeks of receiving the initial exceedance result.  

If the exceedance results are confirmed during subsequent sampling, BC MoE and CoNW shall be notified 
within 2 weeks of receiving the subsequent sample result (within 1 month of initial exceedance). If there is 
evidence the exceedance is due to a seasonal or sampling/laboratory issue, further monitoring as part of 
the normal quarterly sampling will be continued prior to completing other actions. If it is determined the 
exceedance is part of an increasing trend, an assessment will be made of: 

• the potential cause (i.e., impacts from solvent area north of jet grout box, impacts from within the 
grout box, etc); and 

• the potential acute and/or chronic risks to aquatic life through a WOE risk assessment approach. 

 

There are a variety of possible outcomes from this assessment which include: 

• If potential risks to aquatic life are predicted from nearshore groundwater concentrations, further 
sampling/investigation, including possibly toxicity testing, should be completed on groundwater 
collected from the monitoring well to confirm the results.  

• If results of toxicity testing and consideration within the WOE risk assessment indicate an actual risk 
to aquatic life, mitigation should be implemented. This may include:  

− non-destructive testing and subsequent repair of the Jet Grout Containment Wall followed by 
monitoring to demonstrate decreasing concentrations downgradient; and 

− consideration of in situ treatment options such as a Permeable Reactive Barrier (PRB) with 
monitoring to demonstrate decreasing concentrations. 
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4.2.3 Presence of Measurable NAPL 

If measurable NAPL is found in the monitoring wells on site, the following actions would be taken: 

• Reconfirm observations of NAPL within 48-72 hrs of the initial observations; 

• Remove NAPL and measure for recovery on a weekly basis for at least 4 weeks or until recovery 
rate has been determined (methods may include a skimmer pump or alternative methods of NAPL 
recovery); 

• Analyze NAPL and assess the likely source and transport/flow mechanism which resulted in its 
presence within the well (i.e. from off-Site areas, from onsite well vandalism, or from within the grout 
box); and 

• Assess the potential immediate and long term risks to aquatic life through a WOE risk assessment 
approach. 

A number of outcomes and further actions are outlined below: 

1. No further NAPL is found in this or other wells: Continue monitoring for another 2 years (frequency 
and length of monitoring to be based on contaminant transport analysis and recovery data). Follow 
steps in 4.2.1 or 4.2.2 as appropriate to demonstrate that dissolved phase concentrations do not 
pose a risk to aquatic receptors. 

2. If measured NAPL presence continues to be found: 
a. Remove/cut-off source if possible (repair of grout box or extraction wells at northern 

boundary, depending on location of source) and continue to remove measurable NAPL from 
monitoring wells where it was observed. Once measurable NAPL is removed, continue 
monitoring for 2 years (as above) to demonstrate it has been addressed. 

b. Assess risks to aquatic life and consider treatment options for dissolved phase if required 
(i.e. PRB). 

3. No further requirement for NAPL removal if risk assessment demonstrates that there are no 
significant risks to aquatic life. 

Measurable NAPL is defined as greater than 2 mm (BC MoE, 2010b) as measured in a bailer or with a 
multiphase probe.  

4.3 Proposed Reporting Schedule/Monitoring Cessation 

It is recommended that a brief quarterly memorandum be produced and sent to the CoNW and the BC 
MoE following each monitoring round. Additionally, an annual monitoring report will be compiled to assess 
water quality trends from the previous year and provide recommendations for the following year. The 
scope of these reports is outlined below: 

• Quarterly Memo: to CoNW and BC MoE – table of monitoring results with non-interpretive text (one 
to two pages) that provides an overview of the data from that sampling round, obvious anomalies 
and identification of immediate action which may be required (e.g. resampling or contingency items 
discussed above).  

• Annual Monitoring Report: to CoNW and BC MoE – to include the following information: 
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1. Background, purpose of monitoring; 
2. Map of well locations; 
3. Summary of changes to the monitoring program made since the last report; 
4. Tables with analytical data compared to risk-based (groundwater) and numerical 

(groundwater and soil vapour) screening criteria; 
5. Photographs of monitoring; 
6. Summary of groundwater elevations; 
7. Interpretation of groundwater flow patterns; 
8. Interpretation of analytical results including: 

a. control charts indicating trends in contaminant concentrations, when sufficient data are 
available (cannot be produced prior to 2013), and 

b. discussion of QA/QC data. 
9. Interpretation of contaminant migration; 
10. Proposed sampling and monitoring schedule for the following year;  
11. Additional risk interpretation (if required); and 
12. Recommendations, if appropriate. 

In regard to monitoring cessation, it would be based on the closure criteria outlined in the sampling 
Schedule in Table A. Generally, if results are stable or decreasing with no significant increases or trends 
indicating exceedances, monitoring will cease.  The recommended cessation will be submitted to MoE as 
part of the Annual report. 
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Table  1
Proposed Screening Criteria

PROJECT NO: 09216 410A

Metals

Arsenic MW11-110 48

Chromium MW10-61A 1 (BCWQG)

Copper MW12-121, MW12-127 3.7

Copper MW12-126 37

Iron all monitoring wells 350

Manganese all monitoring wells 295

Zinc

MW11-110, MW11-108A, MW11-116, 

MW12-121, MW12-122, MW12-123, 

MW12-127
23

Hydrocarbons

HEPHw* MW12-121, MW12-127 NS

LEPHw MW11-116 50 (Schedule 6 out of dilution zone)

Toluene MW10-61AA, MW12-125 560

VPHw MW12-123 218 (FCV)

VOCs

1,1-Dichloroethene 290

cis-1,2-Dichloroethene 290

trans-1,2-Dichloroethene 290

Trichloroethene 500

Tetrachloroethene 499

Vinyl chloride 1280

PAHs

Acridine 80

Anthracene 11.3

Benzo[a]pyrene 0.5

Fluoranthene 3.17

Naphthalene 100

Phenanthrene 10.4

Pyrene 3.64

FCV = Final Chronic Value 

BCWQG = BC Water Quality Guideline

Schedule 6 = MOE Aquatic Life Marine numerical standard

NS = Not Soluble. HEPH is not expected to be soluble at concentrations above the method detection limit.

TRVs = Toxicity Reference Value, from WorleyParsons, 2011d.

Applicable TRV (or Guideline or Standard as 

indicated) (ug/L)
Substance Location

MW11-108A, MW11-116, MW12-121, 

MW12-128

MW10-60A/B, MW10-61A, MW10-

62A/B, MW12-62AAR/BB, MW10-

63AA/B, MW12-63BB, MW12-64AAR, 

MW10-64B, MW12-124

15/06/2012 11:05 AM J:\09216-City-of-New Westminster\12.0_Reports\12.2_Final\RMP\Backends\Tables\09216-00-ENV-Table 1_Rev4.xlsm 1 of 1
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