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The District of North Vancouver 

REPORT TO COUNCIL . 

AUTHOR: Doug Allan, Community Planner 

SUBJECT: BYLAWS 8024 AND 8025- OCP AMENDMENT AND REZONING FOR A 
MIXED APARTMENT/TOWNHOUSE PROJECT AT 3829/3919 DOLLARTON 
HIGHWAY 

RECOMMENDATION: 

It is recommended that Council receive this report for information. 

REASON FOR REPORT: 

On January 6, 2014, Council introduced an OCP amendment (Bylaw 8024), a rezoning bylaw 
(Bylaw 8025) and a Housing Agreement Bylaw (Bylaw 8030) for a multi-family residential 
project on the Dollarton Shipyard and McKenzie Barge and Marineways sites at 3829/3919 
Dollarton Highway. Bylaws 8024 and 8025 were referred to a public hearing, however, 
before setting a public hearing date, Council requested additional information on several 
issues. This report is provided in response to Council's direction. 

SUMMARY: 

During the discussion on the project, Council raised the following issues: 

• public access to the waterfront and connection to Cates Park/Whey-au-Wichen; 
• plans for the remediation of the Port Metro Vancouver foreshore lands; 
• port nuisances; 
• absence of a commercial component in the project; and 
• loss of waterfront industrial lands. 

Staff and Port Metro Vancouver have continued discussions regarding the foreshore lands 
and Port permitting. A public hearing date on Bylaws 8024 and 8025 has been set for 
Tuesday, April8 , 2014. 
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ANALYSIS: 

Public Access: 

As illustrated on the following plan , public access to the waterfront is encompassed by: 

• a public pathway with two view points, located immediately upland of the foreshore 
lands. This path will conned to the existing waterfront path to the west and the 
existing trail network in Cates Park/Whey-au-Wichen; and 

• a public path, leading from Dollarton Highway adjacent to the Roche Point Creek 
riparian area to the internal driveway with a connection down to the waterfront trail, 
west of Roche Point Creek. 

Connection to Cates Park/Whey-au-Wichen: 

Staff and the applicant are currently working with the Tsleil Waututh Nation to define a 
specific alignment for the extension of the waterfront path to the existing trail network in 
Cates Park/Whey-au-Wichen. As this has not yet been established, staff will report on this 
connection at the development permit stage if the project proceeds. 
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Dock Proposal: 

Under the initial scheme, as presented at bylaw introduction, Polygon had proposed to 
reconfigure the existing western pier for boat moorage (15 slips) for project residents. The 
public would also have had access to a portion of the dock. However, Polygon has advised 
staff that, due to significant costs, the pier has been eliminated from the project. 

Port Foreshore Remediation: 

Concept Plan 

Polygon has submitted a proposal for the remediation of the foreshore lands to Port Metro 
Vancouver. The conceptual plan, illustrated below, involves the removal of the existing 
industrial structures, reshaping and armouring the shoreline and introducing marsh and 
intertidal planting. At this point, Polygon is continuing to work with Port staff to develop a 
final foreshore enhancement plan. 

The developer will be responsible for monitoring and correcting any deficiencies for a period 
of 3-5 years following which, the Department of Fisheries and Oceans will assume 
responsibility. 

·~ ....... 

' ·. 
\ ... 

Low Tide ? '-... 
Line ······ .................. __ _ 

··-······-.... ' 
....... ·· 

BURRARO INLET 

Foreshore Enhancement Plan Concept 
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Foreshore Access and Planting: 

As illustrated on the concept plan above and detailed in the plan included as Attachment A. 
the plan will create several layers including an intertidal marsh up to the high tide line with a 
riparian bench from that point to the global high tide line. The intention is that the public will 
not have access beyond the waterfront pathway to the remediated lands. The cross sections 
included as Attachment B illustrate the relationship between the path and the remediated and 
enhanced foreshore lands. 

The following images from the detail plan illustrate cross sections at various points on the 
foreshore to illustrate the different components of the remediation plan. 

The following photographs are examples of what the foreshore lands could look like once 
they are re-contoured and planted/armoured . 

Rip Rap Shoreline Tidal Pool 

Marsh Bench Marsh Bench 
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Industrial Uses in Burrard Inlet: 

Port Metro staff have advised that, in the event of contamination of the foreshore lands due 
to port- or ship-related activities, the responsibility for the clean up rests with the polluter. 

Council raised the issue of port-related nuisances such as noise and odors. Staff considered 
the registration of a nuisance easement on the property. However, the municipal solicitor 
recommended against an easement (or covenant) which had the potential to draw the 
municipality into a dispute on issues over which we have no control. If the project proceeds, 
the development covenant will require that the disclosure statement identify that purchasers 
will be buying a home adjacent to a working port. 

For Council 's reference, the accompanying 
image illustrates the location of the subject site 
and the existing Westridge Terminal on the south 
side of the harbour which are approximately 
1.6km apart. 

Commercial Uses: 

At the public information meeting there were 
comments relating to the provision of a small 
commercial component in the project and this was also noted in comments from both the 
Seymour Community Association and the Seymour Local Plan Monitoring Committee. In 
response, the applicant provided a report assessing the viability of a small commercial outlet 
on the site such as a coffee shop but the study concluded that there were not enough 
residents in the area or parking to make a potential commercial use viable. 

Loss of Waterfront Industrial Lands: 

In a letter dated August 2, 2013 (Attachment C), the Port indicated that while its mandate is 
to protect waterfront port lands, there was benefit in remediating and restoring the foreshore 
lands that would result from the redevelopment of the upland property. On that basis, the 
Port was not opposed to the proposal. This was re-affirmed by the Port in February 2014. 

Under the draf(Port Land Use Plan , the foreshore lands are designated 'Commercial'. The 
Port has advised that this will not preclude the remediation of the foreshore as a habitat 
restoration area and will allow for the consideration of a future dock facility upon application. 
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Conclusion: 

This report has been prepared in response to the issues raised by Council on January 6, 
2014 when Bylaws 8024 and 8025 were given First Reading. A Public Hearing on the two 
Bylaws has been established for Tuesday, April 8, 2014. 

Respectfully submitted, 

Doug 
Community 
da/ 
attach. 
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~~ PORTMETRO 

~IJ vancouver 

August 2, 2013 

Doug Allan 
District of North Vancouver 
355 West Queens Road 
North Vancouver, BC V7N 4N5 

Dear Mr. Allan, 

[A TI ACHMENT 

VIA E-MAIL a MAIL 

Re: Preliminary Application - Mixed Apartment/Townhouse Project 
3829/3919 Dollarton Highway (Polygon Development 270 Ltd.) 

Thank you for your letter of June 4, 2013, regarding a preliminary application by 
Polygon Development for the redevelopment of 4 legal lots at 3829 and 3919 
Dollarton Highway with 95 multi-family residential units. As described in your 
letter, a key component of the project involves the development of a public amenity 
and recreational area along the foreshore, some of which is land under the 
jurisdiction of Port Metro Vancouver (PMV). PMV staff have reviewed the material 
provided and have the following preliminary comments. 

In general, Port Metro Vancouver encourages the retention of industrial lands, 
which are a critical resource not just for the port but for the regional as whole. In 
this particular case, consideration of non-industrial uses as proposed presents an 
opportunity to rehabilitate a valuable waterfront site and address other important 
issues related to the riparian area and, potentially, public access to the waterfront, 
though in the broader context, PMV would like to ensure that there is no net loss to 
industrial land. Part of this would involve remediation of any site contamination 
arising from historic industrial uses to standards appropriate for the intended use. 

It would be important to ensure that future residents of the new development be 
fully aware of the on-going industrial activity in the working port, including the 
noise and other potential impacts. This can be addressed through a variety of 
means, including project marketing, disclosure statements on title, etc. 

The development is associated with a separate proposal for redevelopment of the 
(currently industrial) foreshore area for public· access and recreational use. This 
portion of the overall development would have to be carefully designed to allow 
public access and activity and ensure the protection of riparian and habitat values. 
Considerable discussion between the District, project proponents and Port Metro 
Vancouver will be required on matters of tenure, use and associated conditions for 
the foreshore area. We look forward to continued productive dialogue between the 
parties in this regard . 

... 2. 
100 The Pointe, 999 Canada Place, Vancouver, B.C. Canada V6C 3T4 

portmetrovancouver.com 
100 The Pointe, 999 Canada Place, Vancouver, C.-B. Canada V6C 3T4 



District of North Vancouver 
August 2, 2013 
Page 2 

Thank you for the opportunity to comment on this proposal. We would appreciate 
further opportunities to provide input to this proposal as it proceeds. If you have 
any questions or concerns, please do not hesitate to contact Colleen Wickstrom at 
604-665-904 7 or colleen. wickstrom@portmetrovancouver .com. 

Sincerely, 

PORT METRO VANCOUVER 

Colleen Wickstrom for 
Sarah Farina 
Planner 

Cc: Christine Eriksen, Property Administrator, PMV 
Greg Yeomans, Manager, Planning, PMV 
Cari St. Pierre, Planner, PMV 
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Polygon’s Dollarton Residential Redevelopment 
Transportation Overview: Addendum 

 
At the public information meeting held June 11, 2013 concerns were expressed by some 
attendees about traffic getting out of the project onto Dollarton Highway.  Subsequently 
traffic data was collected at a similar location – the Maples development on the south 
side of the Mt. Seymour Parkway (MSP) just east of the Mt. Seymour Golf and Country 
Club.  The Maples is an 86 unit town house development with a single access driveway 
onto Mt. Seymour Parkway.  The Dollarton project is 15 town houses and 80 
apartments. 
 
The comparative traffic data is shown below in Sketch 1.  Comments about the data are 
provided also. 
 

 
 
Comments: 
 
At Dollarton / project the EB and WB through are counted volumes while the turning 
volumes in and out of the project are calculated volumes.  At MSP / maples all the 
volumes shown are counted volumes. 
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No unusual delays or back-ups at the Maples driveway were observed during the count 
periods. 
 
The through volumes on the Mt. Seymour Parkway are 47% and 63% higher than on 
Dollarton in the a.m. and p.m. peak hours respectively. 
 
Based on data in the Institute of Transportation Engineers Trip Generation Manual 
(recognized industry data source) trip rates are generally lower for low rise apartments 
compared to town houses. 
 
In the calculation of project traffic activity no reduction was included that would reflect 
a portion of the residents being retirees or not in the “9 to 5” work force. 
 
The forecast exiting volumes onto Dollarton are similar to the exiting volumes at the 
Maples (most critical movement). 
 
A standard procedure for analyzing the intersection operating conditions is to use the 
SYNCHRO computer model that is based on the Highway Capacity Manual analysis 
procedures.  The basic SYNCHRO inputs are the volumes by movement, the laning and 
the control (in this case stop sign on the driveway).  The SYNCHRO outputs include (by 
movement and for the overall intersection) volume/capacity ratios, delays in seconds 
per vehicle and a letter grade measure of the Level of Service (LoS).  Letter grades range 
from” A” to “F”.  A LoS of “A” represents excellent operating conditions with no delay or 
congestion (e.g. at 5 a.m. on the Second Narrows Bridge).  A LoS of “F” represents poor 
operating conditions with congestion and significant delays (e.g. at 5 p.m. southbound 
onto the Lions Gate Bridge).  A generally desirable target in urban areas is LoS “D”. 
 
The SYNCHRO analyses for the project driveway/Dollarton intersection (with the east-
west volumes on Sketch 1 increased by 25%) showed Levels of Service of “C” for the 
driveway (left out, right out) for both the a.m. and p.m. representing good operating 
conditions.  The overall intersection operation is LoS “A” in both the a.m. and p.m. peak. 
 
The roadway configuration proposed for the site driveway location is as follows: 
 

 Westbound through lane 

 Westbound to southbound left turn lane 

 Eastbound combined through and right turn lane 

 Northbound combined left turn and right turn lane. 
 
The addition of the left turn lane will enhance the traffic operations and will provide a 
safety benefit by storing left turning vehicles in their own lane so that westbound 
through traffic is not affected. 
 
The conclusion drawn from this comparison is the same as stated in the Transportation 
Overview i.e.:  “The operating conditions at the site driveway/Dollarton intersection will  
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be satisfactory at opening day and for many years depending on the growth in traffic 
along Dollarton”. 
 

 
Brian W. Wallace,  PEng 
BWW CONSULTING 
1 -215 East Keith Road 
North Vancouver BC  V7L 1V4 
E: bwwallace@telus.net  T: 604-986-1276 
bwwc776 
July 3, 2013 
 

 



















































































































































 

 
 

 

File: 00098-01 
 

Core6 Environmental Ltd. 
885 Dunsmuir Street, Suite 310 

Vancouver, BC  V6C 1N5 
 

(604) 696-2673 
www.core6.ca 

October 31, 2013 
Via E-mail: siteprofiles@gov.bc.ca 

Ministry of Environment   
Land Remediation Section   
Second Floor, 10470 – 152nd Street  
Surrey, BC    V3R 0Y3 

 
RE: Release Request, Site ID (3412/14456) 3829 to 3919 Dollarton Highway, North 

Vancouver, BC PID: 008-965-358, 008-965-404, 015-994-937, 015-994-902 
 
This letter is provided in support of the release request submitted for the above-referenced site. 
As a Contaminated Sites Approved Professional Risk Assessment Specialist I make the follow-
ing statements about the Preliminary Problem Formulation: 

• The problem formulation conservatively screened in contaminants of interest as 
contaminants of potential concern if their maximum concentration exceeded the 
applicable chemical and media specific standard or guideline; 

• The receptors selected for evaluation were appropriate for the future residential site 
use; 

• Rationale was provided for receptor exposure pathways that will not be evaluated in 
the future human health and ecological risk assessment, subject to the data gap 
investigation; 

• A risk assessment based on the problem formulation as described will identify areas at 
the site requiring further risk management or more detailed risk assessment.  

• The risk assessment acknowledges that further investigation is required to address 
data gaps and that the Problem Formulation will need to reflect the collection of this 
additional data before completion of a risk assessment for the site. 

 
The site is a high-risk site; however, remediation of high-risk conditions is achievable before 
occupancy or reuse of the land. The proponent has attached a letter indicating their 
commitment to remediation of the Site, including high-risk conditions, during site 
decommissioning and redevelopment.  
  
If you have any questions or require clarification, please contact Marc Cameron at 250-686-
0405.  
 
Yours sincerely, 
Core6 Environmental Ltd. 
 
 
 
 
Marc Cameron, MSc, RPBio, CSAP 
mcameron@core6.ca 
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Via E-mail: si teprofiles@gov.bc.ca 

Ministry of Environment 
Land Remediation Section 
Second Floor. 10470 - 152m' Street 
Surrey. BC 
V3A OY3 

RE : RELEASE REQUEST, SITE 10 (3412114456) 
3829 TO 3919 DOLLARTON HIGHWAY, NORTH VANCOUVER, BC 
PID: 008-965-358, 008-965-404, 015·994-937, 015·994-902 

Th1s letter is provided in support of the release request submitted for the above-referenced site. 
As a Contaminated Sites Approved Professional. f make the following statements: 

• All contamination at and originating from t11e proponent's parcel has been delineated on the 
proponent's parcel and neighbouring parcels: 

• Remediation ot contamination to applicable standards is achievable before occupancy or 
reuse of the rand; and 

• Once remediation is complete. the proponent's parcel will conform to applicable 
environmental quality standards and criteria in ll1e Regulation and will be eligible for a 
Certificate of Compliance. 

The parcel is a high-risk site: however. remediation of high-risk conditions is achievable before 
occupancy or reuse of tl1e land. The proponent has auached a letter indicating their commitment 
to remediation of the Site. Including high risk conditions, during site decommissioning and 
redevelopment. 

I trust that this meets your needs. If you have any questions or reqUire clarification. please 
contact Duncan Macdonald at 604·895-7639. 

POTTINGER GAHERTY ENVIRONM~~J~~ CONSULTANTS LTD. 
~ ~·(o'<e.ss;;-,~ 

Per· /q,«- 1\o·, ~, "'..,~~ 
: . ' ... ~ ~~ 

-~ c::= .._ ~ D. G. 1..11\CO NALD ~ 
--·· ~ #:>::c:7 ~ 

Duncan Macdonald. B.Sc .. P. En~w ~~~ ,/ 
Semor Environmental Engineer ~, f.'"c we.~~···' 

')I • .,., , ,,.., 

OGI.IiSfr 
?. ;.:00-1599 1543 O!J·03·J·l543·09·03-Reloasc Roquest-Oct13.doc 
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Executive Summary 

Polygon Development 270 Ltd. (Polygon) retained Pottinger Gaherty Environmental Consultants 
Ltd. (PGL) to complete this Stage 2 Preliminary Site Investigation and Detailed Site Investigation 
report for 3919 and 3829 Dollarton Highway and adjacent leased Port Metro Vancouver lands to 
the south in North Vancouver, BC (the Site). This report forms part of PGL's overall submission to 
secure a release of re-development perm1t under BC Ministry of Environment Administrative 
Guidance 6. 

The Site contains a terrestrial area of roughly 1.9 ha, and extends north from the foreshore of 
Burrard Inlet to the south side of Dollarton Highway in North Vancouver. The Site is comprised of 
four freehold fee simple lots and two partially filled water lots leased from Port Metro Vancouver. 
The freehold land at the 3829 Property comprises one legal lot, while the freehold land at the 
3919 Property consists of three legal lots. 

The Site is occupied by two industrial shipyard operators: Noble Towing to the west at 3829 
Dollarton and McKenzie Barge and Marine Ways to the east at 3919 Dollarton. The Site is 
bounded by Cates Park to the east and residential properties to the west and across Dollarton 
Highway to the north. Roche Point Creek flows through the Noble Towing site. 

Polygon has submitted a Development Permit Application to the District of North Vancouver to 
redevelop the fee simple portions of the Site for residential use. Future development plans for the 
Site include eight multi-tenant residential buildings conta ining 99 residential units. The water lot 
leased from Port Metro Vancouver is being addressed as part of the development for use by Port 
Metro Vancouver as a habitat bank. 

The terrestrial freehold land use will be residential once the redevelopment is complete. The 
terrestrial leasehold will be riparian habitat reserve. The applicable soil, sediment, soil-vapour and 
groundwater standards are based on future land use and vary between the discrete Site areas as 
defined in this report. 

PGL's Stage 1 Preliminary Site Investigation identified twenty-one onsite and one offsite areas of 
potential environmental concern (APECs) that warranted further investigation. The objective of 
Stage 2 Preliminary Site Investigation and Detailed Site Investigation work was to confirm the 
presence or absence of contamination from these APECs in soil, groundwater, sediment, and soil 
vapour and delineate identified areas of environmental concern (AECs) and their associated 
contaminants of concern (COCs). 

PGL's Stage 2 Preliminary Site Investigation and Detailed Site Investigation 1dent1fied eleven 
AECs for soil and groundwater, and one AEC for sediments at the Site. A summary of AEC is 
summarized in the table on the following page. 
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APECs, COCs, AECs and ZOCs 

APEC Name PCOCs AEC COC or Rationale 

AEC1-1 : 
So1l: Metals (antimony. copper. 
tm, zmc); 

AEC 1-2 
Groundwater: Dissolved 
Arsenic 

General Shipbuilding Primary: Metals. Yes, 
and Brickyard LEPH/HEPH, MAH, AEC 1 APEC 1 
Activities VPH, TBT (three AEC 1-3: 

(3829 Dollarton) Secondary: PAH areas) 
Soil: PAH (naphthalene and 
phenanthrene); MAH 
(benzene, ethylbenzene); 
VPH, and LEPH 

Groundwater: PAH, LEPH 

Soil Vapour: no contamination 
identified when attenuation 
factors applied 
AEC2: 
Soil/Sediment: Metals (arsenic, 
chromium, copper, lead, 

Sediments - Foreshore Primary: Metals, PAH, mercury, and zinc); PAH; and 

APEC2 
and Marine Ways - TBT Yes, PCB (AEC 2-2 only) 
General Shipyard AEC2 
Act1v1t1es Secondary: PCB Groundwater. Not applicable 

So1l Vapour: Not applicable 

AEC 3: 
Soil: Metals (arsenic, copper, 
zinc); and PAH 

Imported Fill East of Primary: Metals 
Yes. Groundwater: No 

APEC3 Shipyard Building Secondary: AEC 3 contamination identified 
(3829 Dollarton) LEPH/HEPH, PAH 

Soil Vapour· no contamination 
Identified when attenuation 
factors applied 
AEC4 · 
Soil Metals (ant1mony. 
arsenic, cadmium. chromium. 

ln-f1lled Sandblasting Pnmary: Metals. copper, m1olybdenum. nickel, 

and Pamting Area with LEPH/HEPH, MAH, zinc); and PAH 

APEC4 Accumulated VPH, VOC, TBT Yes. 

Sandblast Grit (3919 
AEC4 Groundwater: No 

Secondary: PAH, contamination identified 
Dollarton) PCB 

Soil Vapour: no contamination 
1denlif1ed when attenuation 
factors applied 

/I, PGL 



APEC Name PCOCs AEC COC or Rationale 

AECS: 
Soil: Metals (antimony, 
arsenic, chromium, copper, 

Primary: Metals. Otfsite F1lled 
lead, mercury, m1olybdenum, 

Foreshore and Former LEPH/HEPH, PAH nickel, tm, zinc); 

APECS Matenals storage/ MAH, VPH, TBT Yes, PAH, LEPH and MAH. 

Burn1ng Area East of Secondary· PCB 
AECS 

S1te voc 
Groundwater PAH and LEPH 

So1l Vapour. no contamination 
ident1fied when attenuat1on 
factors are applied 

Historical Boiler House 
Primary: No soil or groundwater 

APEC6 (3829 Dollarton) 
LEPH/HEPH, PAH No contamination identified with 

Secondary: None this APEC 

Primary: Metals, 

APEC 7 
H1stoncal Work Shop LEPH/HEPH, MAH No soil or groundwater 

(3829 Dollarton) VPH, VOC No contamination identified with 
th1sAPEC 

Secondary: PAH 

Primary: Metals, No, but 

APEC8 Mach1ne Shop LEPH/HEPH, MAH, carried No investigation has taken 

(3919 Dollarton) VPH, VOC forward place beneath the 

Secondary: PAH 
asAPEC maintenance shop building 

8 

Shed on Western S1de 
Primary: Metals, 
LEPH/HEPH, MAH, 

APEC9 
of 3919 Dollarton VPH No, see 

Soil contam1na11on identified 

(former mach1ne and AEC 16 
but is included as part of AEC 

blacksmith shop) Secondary: PAH 16 (Northwest boneyard) 

PCB 

Primary: Metals 

APEC 10 
Waste Dump LEPH/HEPH, PAH No soil or groundwater 

(3829 Dollarton) Secondary: MAH, 
No contammallon identified with 

this APEC 
VPH, VOC 

Buried Barge and 
Primary: Metals, PAH 

APEC 11 
Metal Debris (Water APEC 11 was not directly 

Lot South of Secondary: None 
No investigated but is included in 

3829 Dollarton) 
AEC2 

AEC12: 
Soil: Metals (copper. zmc); 

Primary: Metals 
HEPH; and PAH 

H1stoncal Solvent and VOC, VPH, 
APEC12 Paint Storage Area 

Yes, Groundwater No 

(3829 Dollarton) 
LEPH/HEPH AEC12 contamination identified 

Secondary: MAH 
Soil Vapour: no contamination 
identified when attenuation 
factors are aoolied 

1/, PGL 



APEC Name PCOCs AEC COC or Rationale 

Former Storage Area Primary: 
No, see 

Soil contamination identified 
APEC 13 for Creosoted Ties LEPH/HEPH, PAH but is included as part of AEC AEC 16 

(3919 Dollarton) Secondary: Metals 16 (Northwest Boneyard) 

AEC14: 
Soil: Metals (lead and 
cadmium); 

Former Gasoline Primary: MAH, VPH, PAH (benzo(a)fluoranthene); 

Underground Storage LEPH, Metals (for LEPH/HEPH; and VPH 

APEC14 Tank and Outdoor battery storage) Yes, 
AEC14 Groundwater: No Battery Storage Area Secondary: MTBE, contamination identified (3919 Dollarton) EDB, DCA 

Soil Vapour: no contamination 
identified when attenuation 
factors are applied 
AEC15: 
Soil: MAH (ethylbenzene, 

Primary: 
xylene); 

APEC 15 Former Drum Rack LEPH/HEPH, MAH, Yes, Groundwater: No 
(3919 Dollarton) VPH, VOC AEC15 contamination identified 

Secondary: None 
Soil Vapour: no contamination 
identified when attenuation 
factors are applied 
AEC16: 
Soil: Metals (arsenic, 
chromiuim, copper, nickel, and 

Primary: Metals, 
zinc); 
PAH (benzo(b)fluoranthene); 

LEPH/HEPH, MAH, HEPH, and MAH (benzene). 
APEC 16 Northwest Bone Yard VPH Yes, 

(3919 Dollarton) AEC16 
Secondary: PCB, Groundwater: No 

VOC contamination identified 

Soil Vapour: no contamination 
identified when attenuation 
factors are applied 
AEC17: 
Soil: Metals (antimony, 

Primary: Metals, 
arsenic, barium, chromium, 
copper, lead, molybdenum, tin, 

LEPH/HEPH, MAH, and zinc) 
APEC 17 Northeast Bone Yard VPH Yes, 

(3919 Dollarton) AEC 17 
Groundwater: TBT Secondary: PCB, 

voc 
Soil Vapour: no contamination 
identified when attenuation 
factors are aj)Qiied 

It PGL 



APEC Name PCOCs AEC 

Stainmg and Stressed Pnmary: Metals, 
Vegetat1on in Area of LEPH/HEPH, MAH. 

APEC 18 
Former VPH Yes, 
Office/Bunkhouse/Coo AEC18 
khouse (3919 Secondary: PAH, 

Dollarton) VOC. PCB 

Winch Shed/Area Primary: Metals. 

Beneath Decking LEPH/HEPH, PAH, Yes, APEC 19 
North of Marine Ways MAH, PCB, TBT AEC 19 
(3919 Dollarton) Secondary: None 

Paint and Solvent 
Primary: Metals. 
VOC, VPH No, see APEC 20 Storage Building (old 

AEC 18 
office) (3919 Dollarton) Secondary: 

LEPH/HEPH, MAH 

Primary: Asbestos, No, but 

Regulated building PCBs, etc. In building carried 
APEC 21 

materials materials only forward 
asAPEC 

Secondary: None 21 

No, see 
AEC 14 - General Site Coverage Primary: Metals, PAH 

and AEC 
16 

Notes LEPH/HEPH = hght and heavy extractable petroleum hydrocarbons 
PAH = polycyclic aromatic hydrocarbons 
MAH = monocychc aromatic hydrocarbons 
VPH = volatile petroleum hydrocarbons 
VOC = volat1le orgamc compounds 
PCB = polychlonnated biphenyls 
EDB = 1,2-dlbromoethane 
DCA = 1 ,2-dichloroethane 
TBT = tnbutyltin 

COC or Rationale 

AEC18: 
Soil: Metals (barium, copper, 
molybdenum, tin and zinc); 

Groundwater: No 
contam1nat1on Identified 

Soil Vapour· no contamination 
1dent1fied when attenuation 
factors are applied 
AEC19. 
Soil: Metals (antimony, 
arsenic, cadmium, chromium. 
copper, lead, mercury, 
molybdenum, nickel. 
vanad1um. and zmc) 

Groundwater: No 
contam1nat1on identified 

So1l Vapour· no contamination 
1denllfied when attenuation 
factors are applied 

Soil contamination identified 
but is included as part of AEC 
18. 

Regulated bU1Id1ng materials 
were not mveshgated at the 
S1te. 

Soil contamination Identified at 
BH12 IS included as part of 
AEC 14. 
So1l contamination identified at 
BH64M and BH82 is included 
as part of AEC 16 (Northwest 
Boneyard) 
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The identified contamination is associated with the long term operation of shipyards and the use 
of contaminated fill material at the Site. All contaminated media has been at least coarsely 
delineated both vertically and horizontally. Delineation is incomplete in areas where access is 
limited by site improvements that are still in use. 

PGL's investigation identified the following: 

• Surface soils at the Site are widely contaminated with metals (ZOC1 , ZOC3, ZOC4, ZOCS, 
ZOC 16, ZOC 17, ZOC 18, ZOC 19). The contamination appears to be sporadic but is a Site­
wide issue and extends offsite into portions of Cates Park. Many of these shallow soils are 
also sporadically impacted with pockets of hydrocarbon contamination associated with 
surface spills; 

• Deeper metals contamination is present in soils in the filled intertidal areas (ZOC3, ZOC4, 
and ZOCS); 

• Despite widespread soil contamination , groundwater at the Site generally meets standards 
except for two areas where hydrocarbons are present (ZOC1-3 and ZOC5). Soil metals are 
not leachable and have not impacted groundwater. This was expected as most of the metals 
are low environmental availability because they are related to blasting grit; 

• The entire offsite filled intertidal area southeast of the Site (ZOC5) contains impacted soil 
(metals and hydrocarbons) and groundwater (hydrocarbons), including hazardous waste 
concentrations of PAH in soil ; 

• Sediment contamination (metals and PAH) is widespread south of the Site (ZOC2). 
• Soil contamination is present in the area surrounding the former UST tank nest at the Site 

(ZOC14); 
• Tributyltin (TBT) contamination is present in groundwater beneath the painting shelter and 

northeast boneyard (ZOC17); and 
• Dissolved arsenic contamination is present in groundwater exceeding the drinking water 

standard beneath the Noble Towing building (ZOC1-2) . 

Remediation Plan 

The preliminary remediation plan for the Site is to remove soils that require removal as part of site 
development and soils of the greatest environmental risk: 

• hazardous waste soils; 
• soils in the Port Metro Vancouver fill zone southeast of the Site (AEC 5) where groundwater 

PAHs exceed applicable standards; and 
• Soil east of the Noble Towing building where groundwater concentrations of PAH exceed 

applicable standards (AEC 1-3). 

Groundwater will not be separately addressed because contaminated pore water will simply be 
excavated with soil. Excavation of source material of PAH contamination will be completed as 
much as is practicable. 

Any contaminated soil and groundwater left in place will be risk assessed and risk managed as 
appropriate. Risk management measures are likely to include capping. 
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The conceptual plan for sediment remediation is to identify a toxicity threshold, and target soils 
exceeding that threshold for management. Soils below the threshold would be managed in place. 
Soils above the threshold could be capped , an option that is available based on the information 
that this area is subject to sediment deposition. Another alternative that could be considered if 
capping is not feasible for any reason would be dredging. Special management options will be 
developed for high value habitat that cannot reasonably be capped or dredged, if any. 

We recommend that this report be submitted in support of an application for a Release of 
Development Permit under Administrative Guidance 6 that the Site has been delineated and has 
a remediation plan in place suitable to remediate the Site to numerical and risk-based standards 
for soil, soil vapour, sediment, and groundwater. 

This Executive Summary is subject to the same standard limitations as contained in the report 
and must be read in conjunction with the entire report. 

~ " PGL 
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PGL File: 1543-09.03 

1.0 INTRODUCTION 

October 201 3 
Page 1 

Pottinger Gaherty Environmental Consultants Ltd. (PGL) was retained by Polygon Development 
270 Ltd. (Polygon), to complete this Stage 2 Preliminary Site Investigation (PSI) and Detailed Site 
Investigation (DSI) report for a site including the properties at 3919 and 3829 Dollarton Highway 
and adjacent leased Port Metro Vancouver lands to the south in North Vancouver, BC (the Site, 
Figure 1 ). 

This report was prepared, and the investigations were carried out, in accordance with the 
requirements of the Environmental Management Act and Contaminated Sites Regulation (CSR). 
This report may be submitted as part of an application for a Certificate of Compliance under the 
Roster of Approved Professionals provisions of the Environmental Management Act and CSR, 
and may be relied upon by the MOE and the Contaminated Sites Approved Professionals Society 
for this purpose. 

1.1 Objective 

We are seeking to obtain a Release of municipal permits for the Site under BC Ministry of 
Environment (MOE) Administrative Guidance 6, Scenario 5. The MOE Release will facilitate the 
redevelopment of the Site for residential use. Future development plans for the Site include 
8 multi-tenant residential buildings containing 99 residential units. 

1.2 Site Description 

The terrestrial portion of the Site extends north from the foreshore of Burrard Inlet to the south 
side of Dollarton Highway in North Vancouver. The Site is comprised of four freehold fee-simple 
lots and two partially filled water lots leased from the Vancouver Port Authority doing business as 
Port Metro Vancouver. The freehold land at the 3829 Property comprises one legal lot, while the 
freehold land at the 3919 Property consists of 3 legal lots. A Site plan showing these lots is 
provided as Figure 2. 

The topography of the Site slopes very steeply up to the north from Burrard Inlet towards 
Dollarton Highway. Roche Point Creek crosses the Site from north to south, creating a natural 
east-west divide between the two Site water lots. The creek runs through the property at 
3829 Dollarton Highway, including underneath the northeast corner of the main building on that 
property. 

The Site is occupied by two industrial shipyard operators: Noble Towing to the west at 
3829 Dollarton Highway and McKenzie Barge and Marine Ways to the east at 3919 Dollarton 
Highway. 

General information regarding location, land use. and ownership is summarized in Table A. 
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Table A: Site Identification Information 

Civic Address 3829 to 3919 Dollarton Highway, North Vancouver, BC 

008-965-358 

PID 
008-965-404 

015-994-937 

015-994-902 

LOT 1, Blocks A and D, District Lot 230, Plan 12037; 

LOT 2, Blocks A and D. District Lot 230, Plan 12037; 

Legal Descriptions The East 66 feet of the West 1/3 of Lot A (Reference Plan 757) District 
Lot 230 Group 1, New Westminster Land District; and 

The Centre 1/3 of Lot A (Reference Plan 757) District Lot 230 Group 1, 
New Westminster Land District. 

OWner 
MAN. Estates Ltd. (3829 Dollarton Hwy); McKenzie Enterprises Ltd. 
(3919 Dollarton Hwy) 

Land Use Industrial 

Zoning 1-1 (Waterfront Industrial) 

Proposed Land Use Residential 

Latitude* 
49° 18' 13" North* 

Longitude* 
122° 57' 51" West* 

Terrestrial Fee Simple Area= 19,236 m2 Total (41egallots) 

In-filled Port Metro Vancouver Water Lot Leases= 5426 m2 Total 
(Parcel A south of 3919 Dollarton is 5,196m2 and Parcel C south of 

Site Areas 3829 Dollarton is 230m2
) 

Port Metro Vancouver Water Lots= 31 ,960 m2 Total (Parcel B south of 
3919 Dollarton is 13,015m2

; Parcels A, B, D, and E south of 3829 
Dollarton are 18,945m2

). 

MOE Site# 3412 /1 4456 

• Source Google Earth 

•• Port Metro Vancouver propert1es are not filed w1th the Land T1tle Office therefore there are no o ff1C1allegal descnptions 
or parcel identifier numbers 

2.0 REPORT PARTICIPANTS 

David Bell, B.Sc. was the project manager for the Stage 2 PSI and DSI work completed in 2013. 
Kathy Minehan, M.Sc., P.Geo. was the project manager for previous Stage 2 Site Investigation 
work completed at the two properties. 

Senior review was provided by Will Gaherty, M.S., P.Eng. The Approved Professional was 
Duncan Macdonald, P.Eng. 
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David Bell has more than nine years of consulting experience, which includes more than six years 
of experience in contaminated site assessments. David has managed projects, coordinated 
fieldwork, and completed reporting for numerous projects, in both urban and remote locations. He 
has supervised subsurface investigations as well as soil , groundwater, and soil-vapour 
remediation projects. 

Kathy Minehan, M.Sc., P.Geo. has been an environmental consultant since 1990. Her work 
experience includes environmental site assessments, audits, contaminated sites investigation 
and remediation, waste management. and classification and transport of hazardous materials and 
wastes. 

Duncan Macdonald is a senior environmental engineer and project manager, with more than 
16 years of experience in contaminated sites environmental investigation and remediation. He 
was appointed to the Roster of Approved Professionals for Contaminated Sites in British 
Columbia as a standards assessor in 2007. As a roster member, Duncan has made 
21 submissions to the MOE and is intimately familiar with both provincial and federal regulations. 

Will Gaherty is an environmental engineer specializing in contaminant fate, environmental 
chemistry, and clean up. He has consulted on over 1 ,000 site investigations and audits since 
1985, in environmental auditing, contaminated site investigation/clean up, landfill design and 
monitoring, landfill gas assessment, environmental toxicology, and groundwater assessment. His 
academic training includes contaminant hydrogeology and environmental toxicology. He has 
worked on projects across Canada, and in the United States, Mexico. and Taiwan. Will 's project 
management experience includes complex projects and involves planning, design, execution, 
coordinating staff and contractors. liaising with clients and stakeholders, providing ongoing project 
updates, tracking and maintaining budgets, and dealing with provincial and federal regulatory 
authorities. He has extensive experience as an expert witness for legal proceedings. 

3.0 STAGE 2 PSI/DSI 

To assess the APECs and PCOCs identified in the Stage 1 PSI , PGL conducted soil, 
groundwater, sediment, surface water, and soil-vapour investigations at the Site. 

3.1 Objectives 

The objective of the Stage 2 PSI/DSI was to assess the presence/absence of soil , groundwater, 
sediment, and soil-vapour contamination at each area of potential environmental concern (APEC) 
and delineate the extent of contamination in each area of environmental concern (AEC) identified. 

3.2 Site History and Background 

Details of the Site history and background are provided in PGL's October 2013 Stage 1 PSI 
report. 

The west part of the Site (currently 3829 Dollarton Highway) was first developed as a brickyard in 
the 1920s or 1930s and redeveloped as a shipyard in the late 1940s or early 1950s. Between 
1950 and 1989 I.M. Matsumoto constructed aluminum fishing boats onsite. MAN. Estates 
purchased the property in 1989 and Noble Towing began its boat building and maintenance 
operations at that time. 
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The east part of the Site (currently 3919 Dollarton Highway) has been owned by the McKenzie 
family since 1931 . The McKenzie Barge Company began building and repairing ships onsite at 
that time. Ship building activities have not been carried out on the property since 1989 but ship 
repair and maintenance operations continue to this day. 

Both operations are considered an environmental risk. 

3.3 Summary of Stage 1 PSI -Identified APECs and Potential Contaminants of 
Conc ern 

The Stage 1 PSI identified twenty onsite and one offsite APECs and their associated potential 
contaminants of concern (PCOCs) related to current and historical uses of the Site. The identified 
APECs are shown on Figure 3 and Table B describes the APECs and their associated PCOCs. 

Table 8: APECS and PCOCs 

PCOCs 
APEC Name/Activity 

Primary Secondary 

General Shipbuilding and Metals, LEPH/HEPH. MAH, 1 Brickyard Activities VPH, VOC, TBT PAH 
(3829 Dollarton) 

Sediments · Foreshore and 
2 Marine Ways - General Metals, PAH, TBT PCB 

Shipyard Activities 

3 
Imported Fill East of Shipyard 

Metals, LEPH/HEPH PAH Building (3829 Dollarton) 

In-filled Sandblasting and 

4 
Painting Area with Metals, LEPH/HEPH, MAH, PAH, PCB 
Accumulated Sandblast Grit VPH, VOC, TBT 
(3919 Dollarton) 

Offsite Filled Foreshore and Metals, LEPH/HEPH, PAH, 
5 Former Materials Storage I PCB, VOC 

Burning Area East of Site MAH, VPH, TBT 

6 Historic Boiler House LEPH/HEPH, PAH {3829 Dollarton) 

7 Historical Work Shop Metals, LEPH/HEPH, MAHs, 
PAH (3829 Dollarton) VPH, VOC 

8 Machine Shop Metals, LEPH/HEPH, MAH, PAH (3919 Dollarton) VPH, VOC 

Shed on Western Side of 

9 3919 Dollarton (former Metals, LEPH/HEPH, MAH, PAH.PCB machine and blacksmith VPH 
shop) 
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Metals, LEPH/HEPH, PAH 

10 Waste Dump (3829 Dollarton) (screening parameters only, 
all waste was removed 
several years ago) 

Buried Barge and Metal 
11 Debris (Water Lot South of Metals, PAH 

3829 Dollarton) 

12 Historical Solvent and Paint Metals, VOC, VPH, 
Storage Area (3829 Dollarton) LEPH/HEPH 

Former Storage Area for 
13 Creosoted Ties (3919 LEPH/HEPH, PAH 

Dollarton) 

Former Gasoline UST and 
14 Outdoor Battery Storage Area MAH. VPH, LEPH. Metals 

(3919 Dollarton) {for battery storage) 

15 
Former Drum Rack LEPH/HEPH, MAH, VPH, 
(3919 Dollarton) voc 

16 Northwest Bone Yard Metals, LEPH/HEPH, MAH, 
(3919 Dollarton) VPH 

17 Northeast Bone Yard Metals, LEPH/HEPH, MAH, 
{3919 Dollarton) VPH 

Staining and stressed 

18 vegetation in area of former Metals, LEPH/HEPH, MAH, 
office/bunkhouse/cookhouse VPH 
(3919 Dollarton) 

Winch Shed I Area beneath 
Metals, LEPH/HEPH, PAH, 19 decking north of Marine Ways 

(3919 Dollarton) MAH, PCB, TBT 

Paint and solvent storage 
20 building (old office) Metals, VOC, VPH 

(3919 Dollarton) 

21 Regulated building materials Asbestos, PCBs, etc. in 
building materials only 

Notes· LEPH/HEPH = light and heavy extractable petroleum hydrocarbons 
PAH =polycyclic aromatic hydrocarbons 
MAH = monocyclic aromatic hydrocarbons 
MTBE = methyl tertiary butyl ether 
VPH = volatile petroleum hydrocarbons 
VOC = volatile organic compounds 
PCB = polychlorinated biphenyls 
TBT = tributyltin 
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MAH, VPH, VOC 

MAH 

MTBE, EDB {1 ,2-
dibromoethane ). 
DCA (1,2-
dichloroethane) 

PCB, PAH, VOC 

PCB, PAH, VOC 

PAH, VOC, PCB 

LEPH/HEPH, MAH 

Based on the results of the Stage 1 PSI , PGL recommended the completion of a Stage 2 PSI/DSI 
to investigate the presence/absence of contamination associated with the identified APECs. 

I~ PGL 
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A conceptual site model describes the potential sources of contamination on the Site, the 
potential receptors in the receiving environment, and the pathways along which contaminants 
might flow from the source to the receptors. Such a model serves as a scientific basis for 
structuring a site investigation. and judging the significance of contamination at a site, if any. This 
section develops a conceptual site model for the Site based on the CSR and BC Hazardous 
Waste Regulation (HWR) standards. Under section 11 (2) of the CSR, a site is not a 
contaminated site if the soil, surface, groundwater and soil vapour do not exceed the applicable 
Site-specific numerical criteria. The following sections describe the applicable standards for this 
Site. Table E summarizes the applicable standards at the Site. 

4.1 Site Areas 

For ease of reporting and explanation PGL has divided the Site into four discrete areas. Different 
soil, sediment, groundwater, and soil/vapour standards apply within these areas and different 
regulatory agencies have jurisdiction over these areas. The areas are shown on Figure 4. 

• Uplands - all areas north of the historic high water mark, excluding the north portions of the 
marine ways at the McKenzie Barge property; 

• Filled Intertidal - 3 discrete sections of land histoncally filled to extend further south into 
Burrard Inlet: 

o Noble Point west of the mouth of Roche Point Creek; 
o Sandblasting area east of the mouth of Roche Point Creek; and 
o Offsite fi lled PMV foreshore area east of the Site and south of Cates Park. 

• Intertidal - the area between the current high and low water marks at the Site 1• Soils in this 
area are underwater at the highest tide and exposed at the lowest tide; and 

• Subtidal - the area south of the current low water mark 

4.2 Water Standards 

Five categories of water use have CSR standards. In addition, some standards unrelated to use 
are mandatory. 

4.2.1 Drinking Water and Schedule 10 Water Standards 

Drinking water use applies at a site where the groundwater or surface water at or within SOOm of 
the outer extent of the groundwater contamination source IS currently used for drink1ng water. If 
groundwater flow direction has been reliably determined, nearby current uses may be limited to 
include drinking water wells or surface water intakes located 1OOm upgradient and SOOm 
downgradient of the outer extent of the contamination source (Technical Guidance #6: Water Use 
Determination, February 2010). 

If drinking water use does not currently apply, future drinking water applicability is evaluated. 

The Drinking Water standards apply if the aquifer below a site has a hydraulic conductivity 
greater than 1 x 10'6m/s and a yield greater than or equal to 1.3L/min. If this scenario is met, a 

1 High and low water mark locations provided by Port Metro Vancouver 
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number of items are listed within Technical Guidance 6 to evaluate drinking water applicability, 
specifically, the natural water quality within the aquifer and the presence of a confining layer. Until 
Site-specific data is obtained, the Drinking Water standards are normally applied to all sites. If 
exceedences of Drinking Water standards are detected, Site-specific hydraulic conductivity tests 
can be initiated to further evaluate application of Drinking Water standards. In addition to the 
Drinking Water standards in Schedule 6, Schedule 10 standards are Drinking Water standards. 

Recent hydraulic conductivity tests have not been completed at the Site. Norecol, Dames & 
Moore (NOM) completed order of magnitude hydraulic conductivity testing at the Site in 1993 and 
some calculations were less than 1 x 10·6m/s while others were greater than 1 x 10·6m/s. 

If total dissolved solids (TDS) at a site exceed 4,000 mg/L, then Drinking Water standards will not 
apply to the Site. PGL sampled several wells for TDS during the 2013 DSI work and although two 
samples collected from wells near Burrard Inlet exceeded 4,000 mg/L, 13 of a total of 15 samples 
were below 4,000 mg/L. Groundwater TDS results are presented in Table 1. 

The Filled Intertidal portions of the Site are located on filled land that extends the foreshore into 
Burrard Inlet below the historic high water mark. It is logical that groundwater south of the historic 
high water mark will be non-potable due to salt content. This rationale is supported by TDS data 
indicating that the two wells that exceeded 4,000 mg/L TDS were located in fil led areas south of 
the historic high water mark. Drinking water Standards do not apply to groundwater south of the 
historic high water mark. 

Based on available Site-specific hydraulic conductivity and TDS results , Drinking Water and 
Schedule 10 standards cannot be ruled out for the Uplands portion of the Site above the historic 
high water mark. Drinking water standards will be applied to groundwater beneath the uplands 
portion of the Site but not to the Filled Intertidal areas below the historic high water mark. 

4.2.2 Aquatic Life Water Standards 

Technical Guidance 6 determines the application of Aquatic Life standards. It states that Aquatic 
Life water standards are considered applicable to groundwater located within 500m of a surface 
water body containing aquatic life. Investigations must demonstrate that groundwater containing 
substances at concentrations greater than the applicable Aquatic Life water standards does not 
have the potential to migrate to within 500m of a surface water body used by aquatic life. 

The nearest marine water body to the Site is Burrard Inlet, adjacent to the Site to the south. 
Marine Aquatic Life Standards have therefore been applied to groundwater beneath all areas of 
the Site. 

The nearest freshwater body to the Site is Roche Point Creek which runs through the centre of 
the Site. Freshwater Aquatic Life use Standards have therefore been applied to groundwater 
beneath the Uplands area of the Site above the historic high water mark. Roche Point Creek is 
estuarine below the historical high water mark, therefore Freshwater Aquatic Life use Standards 
do not apply to groundwater beneath the Filled Intertidal or Intertidal areas of the Site. 

It PGL 
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Irrigation and livestock watering use applies if watering well intakes servicing those lands are 
located within 500m from the outer extent of a groundwater contamination source. The Site 
consists of two industrial properties located in a primarily residential area of North Vancouver and 
there is no farmland within 500m of the Site. No irrigation or livestock watering well intakes were 
identified in the BC Water Well Database search. Irrigation and Livestock watering standards do 
not apply at the Site. 

4 .2.4 Protocol 7 

Protocol 7, Regulation of Petroleum Hydrocarbons in Water also stratifies application of gross 
petroleum hydrocarbon parameters for volatile and light extractable petroleum hydrocarbons 
based on proximity to water uses. Our tables reflect the appropriate standards. 

4 .2.5 Hazardous Waste Leachate 

Based on groundwater concentrations, a site can be considered a hazardous waste site, but this 
does not necessarily make it a contaminated site (for example, a site with groundwater 
contamination can be a hazardous waste site but not be a contaminated site in a "no water use" 
scenario). Groundwater hazardous waste sites are identified by filtering groundwater through a 
0 .6 ~-Jm-0.81-lm filter using procedures specified in US EPA Method 1311. If the resulting filtrate 
exceeds the standards in Table 1 of Schedule 4 of the BC HWR (except benzene, ethylbenzene, 
toluene and xylenes, which are excluded by Protocol 7, Regulation of Petroleum Hydrocarbons in 
Water) , the site contains hazardous waste. Consequently, we screen site groundwater (which is 
not tested by US EPA Method 1311 but groundwater results are roughly the same as a first 
approximation) for exceedenoes of Table 1 of Schedule 4 where it is not modified under 
Protocol 7. Generally this does not take the form of tabulation of the HWR standards, but rather a 
text discussion since the presence of hazardous waste does not define a contaminated site. If a 
site is a hazardous waste site, this triggers application of some provisions of the HWR. In this 
case, no HWR exceedences were noted in groundwater. 

4 .2.6 Groundwater Standards for Sodium, Magnesium, Iron, and Manganese 

CSR Stage 8 Amendments (January 25, 2013) state that groundwater standards for iron and 
manganese only apply to sites that have one or more specific Schedule 2 Industrial and 
Commercial Purposes and Activities. Welding has taken place at the Site; therefore we have 
applied groundwater standards for iron. No Schedule 2 uses have occurred on the Site that 
warrant the application of groundwater standards for manganese. 

CSR Schedule 6 Drinking water standards exist for sodium and magnesium to protect against 
taste and odour concerns. The concentrations of sodium and magnesium are known to be high 
in sea water and the Site is adjacent to Burrard Inlet. Accordingly, we have not flagged 
groundwater concentrations exceeding the Schedule 6 drinking water standards for sodium and 
magnesium as contamination in our data tables or figures. The presence of these dissolved 
metals in Site groundwater is not indicative of Site contamination. 

~ " PGL 
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Land use is an important part of the conceptual site model , as it influences the way potential 
receptors interact with the Site. The CSR bases the applicability of soil criterion on land use. 
Standards are given in the CSR for five land use categories (Agricultural, Urban Park, 
Residential, Commercial, and Industrial) except in Schedule 10. 

The Site development plan is for future resrdential Site use. with principal uses at grade being 
residential. CSR Residential land use (RL) standards are therefore applicable to the Site. The 
development plan for the foreshore areas of the Site includes a walkway along the historic 
foreshore line dedicated to the District of North Vancouver (DNV) and banked habitat on the 
Filled Intertidal portions of the PMV water lots. Parkland standards are applicable to these areas 
as well as offsite in Cates Park and on the PMV lands southeast of the Site. Commercial land use 
(CL) standards are applicable to Site soils below 3.0m. 

Under the CSR. there are two types of numerical standards for soil contaminants; generic and 
matrix. These are based on the presence of pathways along which a contaminant can travel from 
soil to a receptor. The derivation of a matrix standard is described in the CSST Policy Decision 
Summary (CSST January 1996) and the Workslwp on the Development and Implementation of 
Soil Quality Standards for Contaminated S1tes (MacDonald, October 1995). 

There are eight basic pathways covered by the CSR: 

• Two pathways have a human receptor: intake of contaminated soil and groundwater used for 
drinking water; and 

• Six pathways refer to non-human receptors: toxicity to soil invertebrates and plants, livestock 
ingesting soil and fodder, major microbial functional impairment, groundwater flow to surface 
water used by aquatic life, freshwater and/or marine/estuarine, groundwater used for 
irrigation watering, and groundwater used for livestock watering. 

Irrespective of whether the intake of contaminated soil pathway and the toxicity to soil 
invertebrates and plants pathway are active on any given site, the related Schedule 5 standards 
are mandatory at all sites. 

Table C summarizes the applicable standards for this Site. 

4.3.1 Standard for Sodium 

The application of CSR Schedule 5 sodium standards is explained in the MOE document 
Finalization of Proposed 2007 Final Draft - Matrix Soil Standards for Sod1um (Na+) and Chloride 
(CI - ) . For the standard to be applicable, substances must be analyzed using methods specified 
in a director's protocol or alternate methods acceptable to the director. Historical sodium data for 
the Site was not analyzed using the specified saturated paste extraction method, so sodium 
standards have not been applied to the data. Sodium at the Site is expected to be from sea water 
and is not indicative of contamination. 
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Tributyltin (TBT) is not regulated in soil in the CSR but tributyltin ox1de (TBTO) IS regulated in 
Schedule 10. TBT data have historically been reported in a number of different ways. A simple 
conversion based on the ratio of molecular weights was used to convert historical TBT data from 
the Site to a TBTO equivalent. These values were then compared to the Schedule 1 0 TBTO 
standards. The conversion is [TBTO]/g = [TBT)/g x 1.05263 as provided in the Puget Sound 
Dredged Disposal Analysis November 1998 Evaluation Framework. TBT in sediment is not 
regulated by the CSR. 

4.3.3 Hazardous Waste Criteria for Soil 

The HWR also applies to Site soils. Soil can be defined as hazardous waste based on total 
contenVtoxicity equivalent (oil and grease, dioxins furans, PAH, tetrachloroethylene) or 
leachability. Section 13 of the CSR covers conflicts between soil standards in the HWR and the 
CSR by altering some of the criteria in the HWR when the HWR would otherwise define a soil as 
hazardous waste based on total content Nearly all hazardous waste sites would also be 
contaminated sites. but the presence of hazardous waste does not define a contaminated site, so 
generally our assessment of a site for hazardous waste does not take the form of including the 
HWR standards in the tables, but rather a text discussion. The presence of hazardous waste 
usually has its greatest impact on remediation costs. If a site is a hazardous waste site, this 
triggers application of some provisions of the HWR. 

In this report, the toxicity characteristic leaching procedure (TCLP) was used to determine if 
Hazardous Waste was present in soils due to leachable metals and PAH content. The results of 
leachate analysis for metals and PAH are compared with TCLP Standards of Table 1, Schedule 4 
of the HWR. 

The HWR defines waste containing PAH as hazardous waste when the total concentration of 
PAH is greater than 100 parts per million measured as PAH TEQ (toxicity equivalent) by weight. 
PAH TEQ is a number that allows the toxicity of substances containing different PAHs to be 
compared. PAH TEQ is the amount of benzo[a)pyrene a substance would have to contain to have 
the same toxicity as the substance containing the different PAHs. Section 1 of the HWR 
describes how to calculate PAH TEQ. 

4.3.4 Schedule 10 Toxic Substances in Soil 

Schedule 1 0 includes substances in soil regulated solely to protect human health. These 
standards may be used as appropriate remedial targets at sites electing to remediate us1ng the 
numerical standards approach. Sites containing a Schedule 10 substance in soil are eligible for a 
Certificate of Compliance if satisfactorily remediated to Schedule 1 0 standards. In addition, 
provided all other related requirements are met (i.e., see CSR Protocol 6), a site remediated to a 
MOE-approved standard for a Schedule 10 substance is eligible for certification under the Roster 
of Professional Experts process. 

4.4 Sediment Standards 

Sediments are defined in the CSR as "'particulate material that usually lies below water." The 
Intertidal samples collected at the Site are located between the h1gh and low-tide water marks, so 
are below the water at least some of the time. We have conservatively applied both soil and 
sediment standards to intertidal soil samples. 

t " PGL 
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Sediment Standards are presented in Schedule 9 of the CSR. Guidance on the procedures and 
application of the Schedule 9 Standards are provided in the Directors Criteria for Managing 
Contaminated Sediment in BC (EMA 2004). Definitions or guidance provided in the document, 
which are relevant to this project, are presented and discussed below: 

• There are two sets of sediment Standards presented in Schedule 9, for typical and sensitive 
sediment sites. Sensitive sediment sites include those that border habitat compensation 
areas. Typical sediment sites are those which are not sensitive, and which must be stable 
with respect to erosion. 

To evaluate sediment quality, we compared analytical data for Intertidal and Sub-tidal sediments 
to the BC CSR Sediment Criteria for marine typical sites. Freshwater sediment sample results 
from Roche Point Creek were compared to the BC CSR Sediment Criteria for freshwater typical 
sites . 

4.5 Soil Vapour Standards 

The CSR mandates the application of soil-vapour sampling on sites with volatile PCOCs. CSR RL 
and PL standards for soil vapour are applicable at the Site depending on future proposed land 
use in sample locations. Vapour standards vary based on land use and selection of MOE­
approved attenuation factors. Attenuation factors are selected based on indoor and/or outdoor 
exposure and the investigation location (crawlspace, sub-slab, preferential flow pathway, or 
subsurface). Subsurface attenuation factors vary based on the depth of the investigation location. 

Residential and/or parkland standards are applicable to soil vapour on the Site. 

4 .5.1 Soil Vapour Attenuation Factors 

PGL applied vapour attenuation factors to soil-vapour sample results, where applicable, based on 
the BC MOE Technical Guidance 4 (September 2010) . At the time of this report, the proposed 
new development for the Site will consist of eight multi-tenant residential buildings. The area 
outside of the building footprints will be landscaping, roadways, or parkland. A maximum of one 
level of underground parking is proposed in the buildings, but the majority will be slab-on grade 
construction. 

Attenuation factors were applied to represent future indoor and outdoor air concentrations at the 
proposed residential development. Based on the locations of future buildings in the proposed 
development plan and soil vapour sample depths, the following attenuation factors were applied 
to measured soil vapour concentrations collected from the Site: 

• 1.5x1 o·6 (Outdoor- 1.0m depth) at NSV01 , NSV03, SV03, SV04, and SV05; 
• 1.2x10·6 (Outdoor- 1.5m depth) at NSV02, SV01 , and SV02; 
• 9.2x10·7 (Outdoor- 2.0m depth) at SV08; 
• 2.8x10'3 (Indoor- 1.5m depth) at NSV04, SV06, and SV1 0; and 
• 2.0x10'3 (Indoor - 2.4m depth) at SV09. 

1/,PGL 
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To evaluate surface water quality, we compared analytical data from Roche Point Creek to the 
BC Water Quality Guidelines. 

4.7 Summary 

Table C summarizes the applicable pathways for the Site and offsite areas investigated. 

Table C: Applicable Pathways and Standards 

Pathway Protective Standard Uplands Filled Intertidal Sub-tidal 
Intertidal 

Groundwater Drinking Yes No No No 
Water/Schedule 1 0 

Freshwater Aquatic Yes No No No 
Life 

Marine Aquatic Life Yes Yes Yes No 

Irrigation No No No No 

Livestock Watering No No No No 

Protocol 7 - Default Mandatory Mandatory Mandatory No 
Petroleum 
Hydrocarbon 
Standards 

Protocol 7 -Aquatic Yes Yes Yes No 
Sites 

Hazardous waste No 
leachate (except for 
select monocyclic Yes* Yes* Yes* 
aromatic 
hydrocarbons) 

Soil Intake of Mandatory Mandatory Mandatory No 
Contaminated 
Soil/Schedule 1 0 

Toxicity to Soil Mandatory Mandatory Mandatory No 
Invertebrates and 
Plants 

Groundwater used for Yes No No No 
Drinking Water 

Livestock Ingesting No No No No 
Soil and Fodder 

Major Microbial No No No No 
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Pathway Protective Standard Uplands Filled 
Intertidal 

Functional Impairment 

Groundwater Flow to Yes No 
Surface Water used 
by Freshwater Aquatic 
Life 

Groundwater Flow to Yes Yes 
Surface Water used 
by Marine Aquatic Life 

Groundwater used for No No 
Irrigation Watering 

Groundwater used for No No 
Livestock Watering 

Hazardous Waste Yes* Yes* 
Standards 

Vapour Air Concentration Residential Parkland 
Criteria or Parkland 

Sediment BC CSR Sediment Yes No 
Criteria for freshwater 
typical sites 

BC CSR Sediment No No 
Criteria for freshwater 
sensitive sites 

BC CSR Sediment No No 
Criteria for marine 
typical sites 

BC CSR Sediment No No 
Criteria for marine 
sensitive sites 

Surface Water BC Water Quality Yes Yes 
Guidelines 

• Does not define a contaminated site. but defines a hazardous waste site 

Intertidal 

No 

Yes 

No 

No 

Yes* 

No 

No 

No 

Yes 

No 

Yes 
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Sub-tidal 

No 

No 

No 

No 

Yes* 

No 

No 

No 

Yes 

No 

Yes 

4 .8 Site-specific PCOC Characteristics and Mechanism of Contamination 

Characteristics of PCOCs for the Site were considered in the investigative approach: 

4.8.1 Metals 

Media at the Site most at risk of metals contamination are surface soils where sandblasting has 
taken place, areas where sandblast grit impacted soils may have been moved or used as fill, and 
fill from unknown sources. 

/1/ PGL 
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The mechantsm of surficial sandblast grit contamination is airborne deposition of grit material 
during sandblasting. Sandblast grit is often derived from metal slag. As a result it typically 
contains elevated metals concentrations, but environmental availability is low. Sandblasting at the 
Site is concentrated on boat hulls and used sandblast grit likely contains metals from marine paint 
chips and boat hulls in addition to any intrinsic metals. 

Metals in soil do not typically migrate and are not expected to significantly change with time. If 
metals are leachable and become dissolved. their migration is controlled by groundwater 
gradients and geochemistry. 

4 .8.2 Petroleum Hydrocarbons 

Media at the Site most at risk of petroleum hydrocarbon contamination are surficial soils in areas 
where fuelling or dumping has taken place and where machinery and equipment has been 
operated or stored. Also at risk are deeper soils and groundwater in the area of the former 
underground storage tank (UST). Except the area around the UST, contamination of Site 
groundwater with petroleum hydrocarbons would be unlikely 1n the absence of hydrocarbon 
impacts to soils above the water table. 

Extractable petroleum hydrocarbons (EPH), monocyclic aromatic hydrocarbons (MAH), and 
volatile petroleum hydrocarbons (VPH) are lighter than water and hydrophobic, and therefore are 
classified as light non-aqueous phase liquid (LNAPL) and will float on the groundwater table. 
PCOCs associated with gasoline and diesel are highly degradable when dissolved in 
groundwater. Migration of LNAPL is generally governed by contaminant release volumes and 
depth to groundwater, where petroleum w1ll pool on the water table surface and "pancake" 
outwards (and so have a limited ability to migrate upgradient). The resulting LNAPL plumes or 
dissolved plumes typically migrate according to groundwater gradients. Petroleum PCOCs have a 
high affinity for organic and fine-textured soils, and less of an affinity to coarse-textured mineral 
soils. 

4.8.3 Polycyclic Aromatic Hydrocarbons (PAH) 

Media at the Site most at risk of PAH contamination are soil and groundwater where creosote or 
heavy hydrocarbon fuels and oils have been used. Hydrocarbon spillage, leaks, and dumping at 
grade, buried creosote treated piles, and contaminated fill materials are the likely mechanisms of 
PAH contamination at the Site. PAH contamination in Site groundwater would be unlikely in the 
absence of PAH presence in to soils above the water table or the presence of creosote treated 
piles below grade. 

PAHs are sparingly water soluble, generally form as a result of incomplete combustion, and so 
arc common in waste oil, for example. They are also present in creosote, which has been 
identified as a significant risk on this Site. PAH presence is often indicated by blackened soil or 
creosote odours. 

Low molecular weight PAHs, especially naphthalene, are a trace component of d1esel and 
heav1er hydrocarbon fuels. and so can be present at sites with this type of contamination, 
particularly when spills are fresh. but are usually not remedial drivers at those sites. They are 
primary PCOCs because the standards are stringent compared to typical concentrations. 
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PAH mobility in groundwater is surprisingly high considering their low water solubility, and can be 
enhanced by co-solvation in hydrocarbon plumes. The stringent standards coupled with the 
ubiquity of PAHs in the environment makes these contaminants common on many types of sites. 

4.8.4 Volatile organic compounds (VOC) 

Media at the Site most at risk of VOC contamination are soil, groundwater, and soil vapour in 
areas where paints and solvents have been used. Spillage, leaks and dumping at grade is the 
likely mechanism of VOC contamination at the Site. VOC contamination in Site groundwater 
would be unlikely in the absence of detectable VOC concentrations in soils above the water table. 
Paint is the main VOC risk at the Site and to a lesser extent solvents. Chlorinated solvents are 
not considered a risk at the Site. VOCs commonly used as carriers in paints are methyl isobutyl 
ketone and methyl ethyl ketone. The presence of these compounds and aliphatic solvents would 
be indicated by primary PCOCs MAH, VPH and LEPH. 

VOC have widely varying characteristics, including density, solubility/mobility, and degradability. 
Parent solvents are generally denser than water, volatile, and sparingly soluble in water. 
Migration in soil is difficult to predict because of their low viscosity and interfacial tension coupled 
with their being denser than water. In dissolved phase they are highly mobile and tend to form 
narrow, hard-to-find groundwater plumes. Degradation products are generally more 
environmentally significant than parent solvents. 

4.8.5 Tributyltin (TBT) 

TBT is widely used in marine paints as an anti-fouling biocide. TBT presence at the Site would be 
expected in soils and sediments impacted with sandblast grit and in areas where boat painting 
and maintenance occurred. The mechanism of contamination would be deposition at grade in 
sandblast grit or spillage of TBT containing anti-fouling paints. Tributyltin compounds are 
moderately to highly persistent organic pollutants that can biomagnify in the food chain. TBT 
contamination in Site groundwater would be unlikely in the absence of TBT in soils above the 
water table . These compounds are sparingly soluble in water. 

4.8.6 Polychlorinated Biphenyls (PCB) 

PCBs were used as coolants and insulating fluids (transformer oil) for transformers and 
capacitors in specialized applications, and for a variety of other purposes where their stability was 
an asset. In many cases, PCB contamination originates from inadvertently tainted oils rather than 
directly from PCB applications. Due to their high octanol-water partition coefficients, PCBs 
accumulate primarily in the in the organic fraction of soil and sediment. Spillage, leaks and 
dumping at grade is the likely mechanism of PCB contamination at the Site. PCBs are not 
regulated in groundwater because of their very low solubility. They are extremely persistent. 

4 .8.7 Chlorinated Phenols 

Pentachlorophenol and the lower chlorinated phenols, tetra- and trichlorophenols, developed for 
use as fungicides, herbicides, insecticides, and precursors in the synthesis of other pesticides. It 
is possible that chlorinated phenols would have been used at the Site for wood or boat hull 
treatment during shipbuilding. Spillage, leaks and dumping at grade is the likely mechanism of 
chlorinated phenols contamination at the Site. Chlorinated phenols contamination in Site 
groundwater would be unlikely in the absence of detectable chlorinated phenols concentrations in 
soils above the water table. 

I~ PGL 
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Quality assurance/quality control (QAIQC) for data was a significant focus of our work. Quality 
assurance measures applicable to this report included: 

• Document, data table and figure QAIQC activ1t1es by designated personnel; 
• Use of electronically transferred data in all tables (no manual entry); and 
• Analysis of duplicate sample results and laboratory internal QA/QC. 

5.1 QA/QC Summary 

A detailed review of QAIQC is provided in Appendix 1. A summary discussion of the detailed 
findings follows below. 

Based on a review of the data quality indicators reviewed in Appendix 1, we conclude that the 
data quality objectives have been substantially achieved. PGL finds the dataset to be reliable for 
comparison against applicable standards. Generally, the MOE suggested frequency of 
1 duplicate per 10 samples was met for all parameters. 

As detailed in Appendix 1, data quality objectives were not met in all cases, including RPDs 
greater than the required level of precision, wetted well screen lengths greater than 1.8m during 
sampling, and hold time exceedences in select soil samples prior to laboratory analysis. 

Elevated RPDs are not unexpected at the Site because Site soils and sediments are susceptible 
to nugget effects due to the nature of deposition and contaminants of concern. Much of the 
metals contamination in soil and sediment at the Site is due to small metal particulates created 
during sand blasting, and sample concentrations are greatly affected by how many particulates 
are included in a laboratory aliquot. Therefore, elevated RPDs are expected. Nugget effects are 
also expected for PAH parameters, especially in sediments and fill material where PAH impacted 
soils have been redistributed over an area. 

Despite several wells at the Site having 3m well screens, only a few wells had a greater than 
1.8m wetted screen during sampling and parameter concentrations in these wells were generally 
far enough below the standard that our conclusions with respect to sample exceedences do not 
change after considering potential dilution affects. 

Where soil samples exceeded hold times prior to laboratory analyses, the results were all below 
the laboratory detection limits. One of these samples (BH35-05) vertically delineates soil PAH 
impacts and should not be relied upon to confirm remediation at the Site. 

For those samples that have not met the data quality objectives, we concluded in all cases that 
the increased variability would not significantly affect the conclusions of this report. We conclude 
that the data quality objectives have been substantially achieved. Specific limitations of the 
dataset are discussed in Section 11 .5. 

~ " PGL 
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Since 2007, PGL has supervised multiple environmental investigations at the Site that comprised: 

• Advancing 173 boreholes in the Uplands, Filled Intertidal and Intertidal Site areas; 
• Completing 47 boreholes as monitoring wells; 
• Installing 14 soil-vapour wells; 
• Sampling marine sediments at 60 locations and freshwater sediment at 3 locations; and 
• Sampling surface water in Roche Point Creek at one location. 

Investigation locations were positioned across the Site, offsite to the east (Cates Park) and 
southeast (PMV filled foreshore), in PMV water lots south of the Site, and in sediments south of 
the PMV water lots (Figure 5) to address the APECs (Figure 6). Contractors were selected based 
on availability and experience at the Site. 

Our methodology and rationale used in our Stage 2 PSI/DSI work are detailed in Appendix 2 
along with detailed information covering PGL's investigation history at the Site. PGL's standard 
field protocols are also included in Appendix 2. PGL did not deviate from standard protocols. 

Photographs of the field investigation are provided in Appendix 3. PGL's borehole and test pit 
logs are found in Appendix 4. PGL's field groundwater and soil-vapour monitoring well data 
sheets are found in Appendix 5. 

6.1 Previous Investigations 

In addition to our September 2013 Stage 1 PSI, PGL has access to five prior reports that address 
portions of the Site (Appendix 6): 

• July 8, 1993, Norecol, Dames & Moore. Preliminary Environmental Investigation Report, 3828 
and 3919 Dollarton Highway, North Vancouver, British Columbia. Job. No. 26674-002-313; 

• December 9, 2005. Hemmera Envirochem Inc. Final Report, Phase 1 Environmental Site 
Assessment and Sediment Investigation, Waterlots Adjacent to 3785 and 3829 Dollarton 
Highway, North Vancouver, BC. File: 302-015.01 ; 

• January 24, 2006. Hemmera Envirochem Inc. Addendum Reporl - Supplemental Coring 
Investigation, VPA Waterlots Adjacent to 3785 and 3829 Dollarton Highway, Nort/1 
Vancouver, BC. File: 302-015.02; 

• January 201 0. PGL. Limited Stage 1 and 2 Environmental Site Investigation. McKenzie Barge 
and Marine Ways Ltd. , 3919 Do/larton Highway, North Vancouver, BC; and 

• February 2010. PGL. Limited Stage 1 and Stage 2 Preliminary Site Investigation. Noble 
Towing, 3829 Dol/arton Highway, North Vancouver, BC. 

During the Stage 1 PSI, PGL reviewed these reports. In general, PGL is satisfied that the data 
underlying the reports is accurate and reasonable, on the basis of review and corroborated by the 
consistency of the complete body of work. We have chosen to rely on these reports (NOM and 
Hemmera) only to the extent of using the data, but have formed our own independent conclusions 
from that data after duly considering each consultant's conclusions. The results have been 
incorporated into our Stage 2 PSI. 

I~ PGL 
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6.1.1 1993 Preliminary Environmental Investigation (Norecol , Dames & Moore) 

The approach of the Norecol, Dames & Moore (NOM) Preliminary Environmental Investigation 
was to investigate areas most likely to be contaminated. NOM advanced a total of 18 boreholes at 
the Site (named O-BH1 , O-BH2A, O-BH2B, and O-BH3 through O-BH17 in this report) and 
mstalled wells in seven of these boreholes (OW2A, OW2B, OW4, OW5, OW7 OW9, and OW10). 
NOM also collected nine sediment samples in three specific "Areas" at 3829 Dollarton (1-01 
through 1-03, 2-01 through 2-03 and 3-01 through 3-03) and collected 31 surface soil or sediment 
samples in 13 specific "Areas" at 3919 Dollarton. NOM also collected seven foreshore sediment 
samples near the end of the dock at 3919 Dollarton (FS1 through FS7). 

NOM did not identify specific APECs at the Site but did identify the following PCOCs: 

• Metals from painting and sandblasting; 
• Polychlorinated biphenyls (PCBs) from electrical equipment; 
• Petroleum hydrocarbons from fuel storage and use as lubricants; 
• Volatile organic compounds from solvent use; and 
• Wood preservatives from treated wood. 

NOM applied the regulatory standards of the day as follows: 

• BC MOE's2 Criteria for Managing Contaminated Sites in British Columbia was applied to the 
freehold portions of the Site; 

• Canadian Council of Ministers of the Environment's Interim Canadian Environmental Quality 
Criteria for Contaminated Sites was applied to the portion of the Site leased from Port Metro 
Vancouver (south of the original high-water mark}; and 

• Environment Canada's Benthic Apparent Effects Thresholds were used to assess sediment 
quality. 

NOM identified metals contamination (greater than Industrial Standards) in soil, and metals and 
polycyclic aromatic hydrocarbons (PAHs) contamination 1n sediments at 3829 Dollarton. NOM 
identified metals and hydrocarbon contamination (greater than Industrial Standards/Criteria) in 
soil and groundwater, and metals and polycyclic aromatic hydrocarbons contamination in 
sediments at 3919 Dollarton. Special Waste (now referred to as hazardous waste) was also 
identified in the north end of the eastern marine way at 3919 Dollarton. 

PGL reviewed NOM's laboratory data relative to today's standards. To apply the appropriate 
Contaminated Sites Regulation Standard to metals in soil, which are pH dependent, we applied a 
pH from a nearby sample collected during our 2007 sampling program, since the older NOM data 
did not include pH analysis. 

NOM's investigation and findings were used 1n our assessment of APECs and PCOCs at the Site 
and in the preparation of investigation plans for a Detailed Site Investigation. 

' BC Mtnistry of EnVIronment. Lands and Parks tn 1993 
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6.1.2 2005 Phase 1 Environmental Site Assessment and Sediment Investigation 
(Hemmera Envirochem Inc.) 

The 2005 investigation by Hemmera Envirochem Inc. (Hemmera) comprised a Phase 
Environmental Site Assessment and sediment investigation at 3829 Dollarton as well as the 
adjacent water lot to the west. The study area was not considered an environmentally sensitive 
area so standards for Typical Marine and Estuarine Sediments were applied. 

Hemmera identified eight APECs at 3829 Dollarton as follows: 

1. Boat Servicing Area: corresponds to the south end of the eastern marine way at 3829 
Dollarton; 

2. Waste Dump: Documented by the Vancouver Port Authority in a letter dated July 8, 2002. 
Waste steel drums, wood products, scrap metal, plastics, and other unknown materials 
were deposited in the southwest section of the shipyard building3; 

3. Dock and Wharf Head; 

4. Former Metal Debris and Old Buried Barge Area; offshore, south of the warehouse 
building; 

5. Hull Sandblasting and Painting Area (northern portion of the eastern marine way); 

6. Former solvent and Paint Storage Area; corresponds to the southwest corner of the Site; 

7. Possible PCB-containing Electrical Equipment; and 

8. McKenzie Barge and Marine Ways at 3919 Dollarton. 

In September 2005, Hemmera collected 22 surface sediment samples with a ponar grab sampler 
(SSOS-12 through SS05-33) in Burrard Inlet south of the Site. Hemmera concluded that 
sediments were impacted with metals, PAHs, PCBs and organotins. 

6.1.3 January 24, 2006. Hemmera Envirochem Inc. Addendum Report- Supplemental 
Coring Investigation, VPA Waterlots Adjacent to 3785 and 3829 Dollarton 
Highway, North Vancouver, BC. File: 302-015.02. 

In 2006 Hemmera returned to the Site to complete a supplemental coring investigation to collect 
deeper sediment samples since the Site is in an area of sediment deposition. Using a barge­
mounted drill rig, six sediment cores (C3 through C1 0) were advanced to a maximum of 1.5m 
depth. Metals impacts, including organotins, were identified south of the main shipbuilding marine 
ways. 

3 
This corresponds to an area reportedly cleaned up by Lark Noble . Extraneous materials were reportedly appropriately 

disposed of offsite. 

/V PGL 
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6.1.4 January 2010. PGL. Limited Stage 1 and 2 Environmental Site Investigation. 
McKenzie Barge and Marine Ways Ltd. , 3919 Dollarton Highway, North 
Vancouver, BC. 

Between January 2007 and April 2009 PGL conducted site inspections, interviews, a limited 
historical review, a soil, groundwater and two phases of sediment investigation at the McKenzie 
Barge property and associated PMV lease areas. 

Both provincial and federal Standards were applied in the 2010 report. Provincial Standards were 
applied to the freehold (northern) portion of the Site. The provincial Standards as well as federal 
Guidelines/Standards were applied to the portion of the Site leased from Port Metro Vancouver. 

PGL's investigation plan focused on filling data gaps in prior environmental investigations and 
providing better Site coverage. Twenty three boreholes were advanced at 3919 Oollarton (BH1 
through BH22) and 15 of these were completed as monitoring wells. Sediment samples were 
collected from the sub-tidal zone and the intertidal marine ways south of 3919 Oollarton. 

Based on the standards applied in 2010, soil, groundwater and sediment contamination was 
identified onsite. 

6.1.5 February 2010. PGL. Limited Stage 1 and Stage 2 Preliminary Site Investigation. 
Noble Towing, 3829 Dollarton Highway, North Vancouver. BC. 

Between February 2007 and November 2007 PGL conducted site inspections. interviews, a 
limited historical review, and a soil and groundwater investigation at the Noble Towing property 
and associated PMV lease areas. 

Both provincial and federal Standards were applied in the 201 0 report. Provincial Standards were 
applied to the freehold (northern) portion of the Site. The provincial Standards as well as federal 
Guidelines/Standards were applied to the portion of the Site leased from Port Metro Vancouver. 

PGL's investigation plan focused on filling data gaps in prior environmental investigations and 
providing better Site coverage. Eleven boreholes were advanced at 3829 Dollarton (BH1 through 
BH 11) and four of these were completed as monitoring wells. 

Based on the standards applied in 2010, soil, groundwater and sediment contamination was 
identified onsite. 

6.2 Definitions and Naming Conventions 

Due to the existence of historical data by other consultants and previous work done by PGL at the 
two Site properties under separate scopes of work, historic sample names and investigation 
locations have been modified to prevent duplication and ease presentation of tables and figures. 

6 .2.1 Boreholes and Monitoring Wells (Soil and Groundwater Samples) 

1993 NOM borehole locations have been re-labelled in PGL figures and tables with the prefix 
"0-". For example NOM's BH1 was re-labelled as O-BH1 to prevent duplication with PGL 
investigation locations. The names of other NOM investigation locations and groundwater wells 
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were not changed for presentation in PGL figures and tables. 1993 NOM surficial hand auger 
samples were labelled with the convention 12-01 , where the first digit represented an area on the 
Site and the second set of digits discrete sample locations within the area. 1993 NOM monitoring 
well locations were labelled as OW (observation well), e.g. OW4. 

PGL conducted historical investigations at both 3829 and 3919 Dollarton Highway under separate 
scopes of work, resulting in duplicate naming of investigation locations (e.g. there was a BH01 at 
both properties). To reduce confusion, the names of 2007 PGL investigation locations at the 
Noble Towing property (3829 Dollarton) have been altered for presentation in figures and tables 
by adding an "N" before sample names. For example BH09M at 3829 Dollarton was re-labelled 
as NBH09M. All 2013 PGL investigation locations at the Noble Towing property continued to be 
named with this "NBH" convention. This convention was also applied to soil vapour wells installed 
at the Noble Towing property (e.g. NSV01 ). 

PGL standard convention to differentiate between boreholes and monitoring wells is to add an 
"M" after the name of boreholes in which monitoring wells were installed. PGL soil samples are 
named consecutively with depth, for example BH10M-1 is a shallow sample while BH10M-2 is 
deeper. 

6.2.2 Sediment Samples 

Sediment sampling south of the Site has been conducted in several stages over the years by 
NOM, Hemmera, and PGL and several different naming conventions have been used. 

Hemmera 2005 ponar grab samples were named SS05-01 through SS05-33. Hemmera 2006 
core samples were named C1 through C10. NOM intertidal hand auger samples were labelled 
with the convention 1-01 , where the first digit represented an area on the Site and the second set 
of digits discrete sample locations within the area. NOM sub-tidal ponar grab sediment samples 
were labelled 14-FS1 through 14-FS?. 

PGL sediment samples collected from the McKenzie Barge marine ways from drill rig auger 
flights were labelled as SS1 through SS7. PGL intertidal and subtidal sediment samples collected 
as ponar grab samples or core samples were labelled as SSA through SSZ, followed by SSAA 
through SSZZ and concluded at SSAAA. 

6.2.3 Naming Convention Summary 

A summary of naming conventions used in this report to describe current data and historical data 
collected by PGL and other consultants is provided in Table D. 

/V PGL 
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Table D: Naming Convention Summary 

Investigation Description Original Nomenclature 

NOM Boreholes* BH3, BH17 
-
NOM Monitoring Wells OW2A, OW10 

NOM Hand Auger Samples 7-02, 12-03 
(surficial soil and intertidal sediment) 

NOM Sub-tidal Sediment Samples 14-FS1 through 14-FS7 

Hemmera Sediment Samples (ponar grab) SSOS-1 through SSOS-33 

Hemmera Sediment Samples (core) C1 through C10 

PGL Boreholes and Monitoring Wells at 
Noble Towing property (3829 Oollarton BH1. BH9M 
Highway)* 

PGL Boreholes and Monitoring Wells at 
McKenzie Barge property (3919 Oollarton BH1 , BH9M 
Highway) 

PGL Soil Vapour Wells at Noble Towing N/A property (3829 Oollarton Highway) 

PGL Soil Vapour Wells at McKenzie Barge N/A property (3829 Oollarton Highway) 

PGL Sediment Samples from McKenzie 
SS 1 through SS7 Barge marine ways 

SSA- SSZ; 
PGL Sediment Samples SSAA- SSZZ; 

and SSAAA 

• Historical naming convention changed for this report 

7.0 GEOLOGY 

October 2013 
Page 22 

PGL Stage2 
PSIIDSIReport 
Nomenclature 

O-BH3, O-BH17 

unchanged 

unchanged 

unchanged 

unchanged 

unchanged 

NBH01 , NBH09M 

BH01 , BH09M 

NSV01 through 
NSV04 

SV01 through 
SV10 

unchanged 

unchanged 

The geology of the S1te is consistent with expectations from surficial geology maps and 
experience in the area. The stratigraphy of the Site varies between the discrete Site areas as 
described in the following sections. 

7.1 Uplands Terrestrial Area 

The Uplands terrestrial area north of the historical high water mark contains generally undisturbed 
geology w1th the exception of varying thicknesses of fill material at grade. The Uplands 
stratigraphy generally consists of a thin layer of fill soils (usually less than 1m) overlay1ng native 
glacial till soils (sand and silt) to the maximum depth investigated (15.5m bgs). 

~ PGL 
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The Filled Intertidal area consists of three areas below the historic high water mark which were 
historically filled with imported or dredged material. Filling was completed to extend the shoreline 
south into Burrard Inlet. 

7 .2.1 Noble Point west of the mouth of Roche Point Creek 

Fill materials east of the building at 3829 Dollarton and extending south into Burrard Inlet at Noble 
Point consist of sands and silts with varying gravel content. These fill soils exist at depths 
between 1.4m bgs near the northeast corner of the building to 5.8m bgs at the south end of Noble 
Point. The fill material was reportedly imported from East Vancouver in the early 1980s and is of 
unknown quality. Some brick debris is also evident in soils on the east and west sides of the 
building at 3829 Dollarton. 

7.2.2 Sandblasting area east of the mouth of Roche Point Creek 

Fill materials in the McKenzie Barge sandblasting area 3919 Dollarton consist primarily of sand 
and silt which is likely dredged material but the source of fill is not known. Fill at grade surface in 
this area contains vis1ble sandblast grit. 

7.2.3 Off-Site filled PMV foreshore area east of the Site and south of Cates Park 

Fill materials in the off-Site filled area southeast of 3919 Dollarton Highway consists primarily of 
sand and silt which is likely a combination of dredged material and fill from other Site areas. The 
source of the fill is not known. Fill at grade surface in this area contains visible metals debris and 
sandblast grit. 

7.3 Intertidal Area 

The intertidal area south of the Site contains marine sediments. Some areas contain surface 
depositions of fill or sandblast grit extending from the filled intertidal areas and the marine ways. 

7.4 Sub-tidal Area 

The sub-tidal areas south of the Site contain marine sediments. Non-native material has likely 
been deposited above native sediments since shipbuilding activities began on the Site. Historical 
dredging has also likely taken place in the area. 

8.0 HYDROGEOLOGY 

No perched groundwater table has been identified at the Site. The aquifer at the Site is generally 
characterized as an unconfined aquifer hosted in native silts and sands. The aquifer is also 
present in fill soils overlaying native soils 1n the Filled Intertidal areas below the original high water 
mark. 

The water table depth in the area varies with Site topography and distance from Burrard Inlet. 
The local topography slopes steeply down to the south towards Burrard Inlet. The groundwater 
surface is approximately 15m below ground surface near the northern property boundary and 
about 2m below ground in the south portion of the Site. Groundwater levels near Burrard Inlet 
fluctuate with the tides. 

I~ PGL 
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Roche Point Creek runs south through the centre of the Site and a DNV storm-water outflow 
daylights from a culvert at the south edge of Cates Park, approximately 80m east of the Site. 

Groundwater flows in a south direction following the local topography and is confirmed by 
groundwater elevations, collected at high tide and low tide from the aquifer on September 27, 
2013 (Figures 7a and 7b, respectively and associated Table). 

8.1 Hydraulic Conductivity 

Hydraulic conductivity tests were not completed at the Site during the Stage 2 PSI/DSI. NOM 
completed order of magnitude hydraulic conductivity testing at the Site in 1993 and some 
calculations were less than 1 x 1 o·6m/s while others were greater than 1 x 10 6m/s. Based on 
available Site-specific hydraulic conductivity and TDS results, Drinking Water and Schedule 1 0 
standards cannot be ruled out and have been applied at the Site as discussed in Section 4.2. 

8.2 Preferred Pathways 

PGL assessed the impact of contamination on preferred pathways such as underground utilities 
beneath the Site and under Dollarton Highway. 

8.2.1 On-Site 

Several utilities are present onsite. These include five water services, one gas service, and three 
sanitary sewer connections. The depths of these utilities are all 1.5m or less and enter the Site 
near Dollarton Highway where the groundwater depth is approximately 15m below grade. Any 
onsite underground utilities are also assumed to be less than 1.5m in depth. Considering this, 
utility services do not provide preferred pathways for contaminant migration at the Site. 

8 .2.2 Offsite 

There are utility corridors adjacent to the Site beneath Dollarton Highway to the north. Adjacent to 
the property line are the following utilities (with offset from the property line): 

• Abandoned gas (0.4m offset to the north) at a depth of 0.6m bgs; 
• Fortis BC (6. 1 m offset to the north) at a depth of 0.6mbgs; 
• Sanitary sewers (4 .8m, 5.4m, 14.0m and 14.75m offsets to the north) at approximate depths 

of 2.0m bgs; 
• Storm sewer (9.3m and 15.0m offsets to the north) at approximate depths of 1.2m bgs; and 
• Water (11.6m offset to the north) at an approximate depth of 1.5m bgs. 

The utility corridors are all upgradient of the Site with respect to groundwater now direction and 
are at significantly higher elevations than the groundwater table north of the Site. Considering 
this, utility corridors do not provide preferred pathways for contaminant migration at the Site. 

9.0 FINDINGS BY APEC 

Shallow soil is contaminated by metals, PAHs, and petroleum products, while groundwater effects 
are limited to a few individual locations on-Site and the offsite PMV Filled Intertidal land for a few 
contaminants of concern. Contamination was not identified in soil vapour when attenuation 
factors were applied Contamination was delineated vertically and horizontally. Offsite 

1/J PGL 
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investigation was required to the east in Cates Park, to the southeast on PMV Filled Intertidal 
land, and to the south, southeast, and southwest in intertidal and sub-tidal sediments in Burrard 
Inlet. 

The results of the DSI indicate that the AECs have been delineated to the extent required for 
supporting a remedial plan. The investigation findings for each APEC are presented individually in 
the following sections. 

Chemical results are presented graphically on Figure 8 through Figure 23 and in tabular format in 
associated Tables. Laboratory analytical reports are provided in Appendix 7. Borehole soil logs 
and monitoring well construction details are presented in Appendix 4. 

9.1 APEC 1- General Shipbuilding and Brickyard Activities- 3829 Dollarton 
Highway 

A brickyard operated at the 3829 Dollarton property in the 1920s or 1930s and a shipyard has 
been onsite since the late 1940s I early 1950s. Investigation locations and PCOCs for this APEC 
are summarized below. 

Table E: Investigation Locations in APEC 1 

Investigation Locations PCOCs 

Soil (Uplands): O-BH1 , O-BH3, NBH01 , NBH03, 
NBH07, NBH08, NBH09M, NBH10, NBH11 , NBH12, 
NBH13, NBH14, NBH15, NBH16, NBH17, NBH20, 
NBH21, NBH23, NBH26, NBH27, NBH31 , NBH32, 
NBH35, NBH36 Primary: Metals, LEPH/HEPH, MAH, 
Soil and Groundwater (Uplands): OW2A, OW2B, VPH, TBT 
NBH02M, NBH06M, NBH09M, NBH22M, NBH28M, 
NBH29M, NBH30M, NBH33M, NBH34M, Secondary: PAH, VOC 
Soil Vapour (Uplands): NSV01 , NSV03, NSV04 

Sediment (Freshwater): SED-01, SED-02, SED-03 

Surface Water (Freshwater): SW01 

9.1.1 Soil Chemistry 

Metals and hydrocarbons exceeded applicable Standards in APEC 1 . Concentrations of at least 
one metal (antimony, arsenic, copper, tin, and/or zinc) exceed the applicable CSR standards in 
soil at ten out of eighteen borehole locations in APEC 1. Hydrocarbon contamination (PAH, 
LEPH/HEPH, and/or MAH) was also identified in soil at seven locations in APEC 1. 
Concentrations of all other metals, LEPH/HEPH, PAH, MAH, VPH, and TBT (reported as TBTO) 
analyzed in soil samples from APEC 1 were less than the applicable CSR standards. 

I~ PGL 
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Groundwater contamination in APEC 1 was in discrete wells. 
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• LEPH, PAH, MAH, and dissolved iron exceeded applicable Standards at NBH22M. 
• PAH contamination was also identified further east at NBH28M near the edge of Roche Point 

Creek. 
• Dissolved arsen1c was identified at OW2A by NOM in 1993 and by PGL at NBH09M at 

concentrations exceeding the Drinking Water standard. 

Benzo(a)pyrene concentrations at NBH02M exceeded the standard during two sampling events 
but subsequent samples show non-detectable concentrations. This has been discounted as a 
sampling artifact. Concentrations of MAH, VPH, and VOC and all other metals and PAH 
parameters were less than the applicable CSR standards in all groundwater samples analyzed at 
APEC 1. 

9.1 .3 Soil Vapour 

Concentrations of soil vapour PCOCs at APEC 1 are below the applicable standards after the 
applicable attenuat1on factors are applied. 

9.1.4 Freshwater Sediment 

Freshwater sediments were sampled at three locations in Roche Point Creek. Samples were 
analyzed for metals, EPH and PAH concentrations. All were all below the applicable standards. 

9 .1 .5 Surface Water 

A surface water sample was collected from Roche Point Creek and analyzed for PAH 
concentrations. Concentrations of PAH were below the laboratory detection limits and met the 
applicable BC Water Quality Guidelines. 

9.1.6 Discussion 

The soil metals exceedences at APEC 1 are clustered in 3 separate areas and are attributable to 
three separate mechanisms of contamination. 

The west edge of the gravel lot (also part of APEC 12 - Historical Solvent and Paint Storage 
Area) contains copper and zinc exceedences (NBH01 , NBH26) that are comingled with shallow 
hydrocarbon contamination (NBH01 , NBH26, and NBH27). The mechanism of contamination is 
likely spillage of waste oil in APEC 12 and is discussed further in Section 9.12. 

Metals contamination detected on the east side of the Noble Towing building (O-BH1, NBH05, 
NBH06M, NBH07, and NBH23) is attributable to APEC 3 (Imported Fill) and is discussed further 
in Section 9.3. Hydrocarbons are also present in soil and groundwater in this area and the 
suspected mechanism of hydrocarbon contamination is shipyard activities in the adjacent marine 
way attributable to APEC 1. 
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Hydrocarbon contamination in soil and groundwater east of the Noble Towing building was likely 
caused by shipyard operations before the eastern marine way was covered (prior to 1980). 
Naphthalene concentrations exceeding the upper cap concentrations for freshwater aquatic life 
were observed in groundwater at NBH22M and adjacent to Roche Point Creek at NBH28M. A 
surface water sample collected from the creek in this area did not contain detectable 
concentrations of PAH. The identified groundwater contamination at NBH22M and NBH28M is 
delineated vertically by NBH29M, to the south by NBH06M, to the north (upgradient) and east by 
the hydraulic barrier of Roche Point Creek and grossly to the west by NBH33M and NBH09M. 

In the east side of the gravel lot west of the Noble Towing building, metals exceedenoes of zinc 
(NBH02M), copper (NBH14), and tin and antimony (NBH31) were identified. Theses metals were 
likely deposited in soils during shipbuilding or brickyard activities and are attributable to APEC 1. 
This metals contamination is delineated vertically and laterally. 

Groundwater arsenic contamination identified at NBH09M beneath the Noble Towing building is 
delineated vertically by NBH34M, and laterally by samples collected from surrounding wells. No 
cause (either related to site use or natural causes) is apparent. While arsenic is found broadly on 
the site, this is almost certainly related to slag-derived blasting grit, and so is not generally 
available under amb1ent conditions. Repeated testing of the monitoring well confirms it is 
persistently present. 

APEC 1 was carried forward as AEC 1-1 , AEC 1-2, and AEC 1-3 with the following COCs: 

AEC 1-1: West side of Noble Towing building (NBH02M, NBH14, and NBH31): 

• Soil metals (antimony, copper, tin, and zinc). 

AEC 1-2: Beneath Noble Towing building (NBH09M): 

• Groundwater dissolved arsenic. 

AEC 1-3: East side of Noble Towing building (NBH07, NBH22M, and NBH28M): 

• Soil MAH (benzene, ethylbenzene); 
• Soil VPH; 
• Soil LEPH; 
• Soil PAH (naphthalene and phenanthrene), 
• Groundwater LEPH; and 
• Groundwater PAH 

9.1. 7 Limitations 

Investigation of all areas of APEC 1 was not possible due to the presence of facilities such as the 
concrete marine way. Additional investigation and remediation is required at APEC 1 during Site 
decommissioning. 
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VOCs were not tested in soil. This is not considered a major limitation because s1nce MAHNPH 
can be considered primary PCOCs for VOC and LEPH/HEPH. 

9.2 APEC 2 - Sediments - Foreshore and Marine Ways -General Shipyard 
Activities 

The sediments in the foreshore of Burrard Inlet and the marine ways south of the Site have been 
exposed to potential contaminants or concern due to long-term shipyard activities at both Site 
properties. 

Table F: Investigation Locations in APEC 2 

Investigation Locations PCOCs 

Intertidal: 1-01 , 1-02, 1-03,2-01,2-02, 2-03, 3-01 , 3-02, 3-03,, 
7-02, 7-03, 7-04, 7-05, 8-02, 8-03, 8-04, 8-05, SS05-1 , SS05-
2, SS05-3, SS05-4, S05-12, SSOS-13, SSOS-14, SS05-15, 
SS05-16, SSOS-17, SS05-22, C6, C7, CB, SS1 , SS2, SS3, 
SS4, SS5, SS6, SS7, SSW, SSBB, SSII , SSTI, SSUU, 
NBH13, NBH31 , NBH35, NBH36, BH33, BH34, BH35, BH99, 
BH100, BH101 , BH102, BH105, BH106M, BH107M, BH116, 
BH117, BH118, BH119, BH120, BH134, BH135, BH136, 
BH137. 

Subtidal: 14-FS1, 14-FS2, 14-FS3, 14-FS4, 14-FS5, 14-FS6, 
Primary: Metals, PAH, TBT 

14-FS7, SSOS-5, SS05-6, S05-7, SS05-8, SSOS-9, SS05-10, Secondary: PCB 
SS05-11 , SS05-16, SS05-18, SS05-19, SS05-20, SS05-21 , 
SS05-23, SS05-24, SS05-25, SS05-26, SS05-27, SS05-28, 
SSOS-29, SS05-30, SS05-31 , SS05-32, SS05-33, C2, C4, CS, 
C9, C1 0, C11 , SSA. SSB, SSC, SSD, SSE, SSF, SSG, SSH, 
SSI, SSJ, SSK, SSL, SSM, SSN, SSO, SSP, SSQ, SSR, SSS, 
SST, SSU, SSV, SSX, SSY, SSZ, SSAA, SSCC, SSDD, 
SSEE, SSFF, SSGG, SSHH, SSJJ, SSKK, SSLL, SSMM, 
SSNN, SSOO, SSPP, SSQQ, SSRR, SSSS, SSW, SSXX, 
SSYY, SSZZ, SSAAA. 

A total of 66 intertidal and 83 subtidal sediment locations have been sampled south of the Site. 

The intertidal samples are located between the high and low-tide water marks, so are below the 
water at least some of the time. We have conservatively applied both soil and sediment standards 
to the intertidal samples. Soil standards related to drinking water or marine aquatic life do not 
apply to locations below the high tide mark. 

Contamination of sediments is predominantly metals and PAHs in three main areas. The smaller 
areas are coincident with the Noble dock and marine ways. The larger area extends offshore and 
east from the marine ways at the Mackenzie property. Some intertidal areas will be inaccessible 
for testing until the overlying decking (in many places consisting of a steel plate) has been 
removed. With the exception of these covered areas, delineation was achieved for all parameters. 
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Metals in sediments (excluding tributyltin) are extensive, and for the most part appear to be those 
we would expect in blasting grit and paint. 

• Concentrations of at least one metal (arsenic, chromium, copper, lead, mercury, or zinc) 
exceeded either the applicable CSR soil standards or CSR marine typical standards at 27 
intertidal sediment investigation locations at APEC 2 (Figure 8); and 

• Concentrations of at least one metal (arsenic, chromium, copper, lead, mercury, or zinc) were 
identified to exceed either the CSR marine typical standards at 14 sub-tidal sediment 
investigation locations at APEC 2 (Figure 8) . 

PAHs 

PAHs, likely associated with the use of creosote in barge building and the extensive use of 
pilings, are extensive in sediment off the Mackenzie area. 

• Concentrations of at least one PAH were identified to exceed either applicable soil or 
sediment standards at 22 investigation locations in the intertidal portion of APEC 2; 

• Concentrations of EPH exceeding the applicable Schedule 4 soil standard were identified at 
three intertidal sampling locations, one south of APEC 4 (BH34) and two south of APEC 5 
(BH99 and BH 101 ); and 

• Concentrations of at least one PAH constituent were identified to exceed the CSR marine 
typical standards at 31 sub-tidal investigation locations at APEC 2. 

PCBs 

PCBs were detected by Hemmera at one location exceeding the standard, but not elsewhere, 
and may be an artifact. 

• PCBs exceeded the applicable standard at Hemmera intertidal investigation location C7. Two 
other samples analyzed for PCB in the intertidal area south of 3829 Dollarton contained 
concentrations below the applicable standards; and 

• Concentrations of PCB in sediments were historically assessed at 12 sub-tidal locations. 
Sample SS05-6 collected by Hemmera contained total PCB at a concentration exceeding the 
applicable Standard. Additional samples collected in that location by Hemmera (C2) did not 
detect concentrations of PCB exceeding the Standard. 

TBT 

TBT was not identified as an issue in sediments. Given the nature of the use of the sites 
(aluminum boat building and barge building and repair predominating), the lack of elevated TBT is 
not particularly surprising. 

• Intertidal soil samples analyzed for TBT met the applicable Schedule 10 Standards for TBTO. 
All intertidal sampling locations where soil samples were analyzed for MAH and VOC 
constituents also contained concentrations below the applicable standards; and 
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• TBT was tested in sub-tidal sediments at several locations. There is no applicable CSR 
standard for TBT m sediments but concentrations are lower than those observed in the 
intertidal and uplands areas where they met applicable standards after conversion to TBTO. 

9.2.1 Discussion 

PGL identified metals and PAH contamination in APEC 2 in intertidal and sub-tidal sediments. 
Contaminated sediments are predominantly located south and east of the McKenzie Barge 
property and appear to be sourced from activity in the marine ways there. Contaminated 
sediments have likely been mobilized to the east by tidal currents moving up Burrard Inlet 
towards Indian Arm. Some metals and PAH exceedences of lesser spatial magnitude were also 
located near the Noble Towing marine ways and south of the Noble Towing dock. The extent of 
identified contaminants in intertidal and sub-tidal sediments is laterally delineated. 

APEC 2 was carried forward as AEC 2-1 , AEC 2-2, and AEC 2-3 for the following COGs in 
sediment: 

• Metals (arsenic, chromium, copper, lead, mercury, or zinc); 
• PAH; and 
• PCB (AEC 2-2 only). 

The remedial option for sediments will depend on aquatic biota toxicity testing currently in 
progress. 

9.2.2 Limitations 

Vertical delineation of all contaminants in sediments could not be achieved at all investigation 
locations. This was due the vertical sampling limitations of a ponar grab sampler, and the limited 
penetration of core samplers due to the presence of cobbles and gravel beneath surficial 
sediments. Vertical delineation data is available at some sed1ment sampling locations, for 
example contamination at SSAA is vertically delineated between 1.5 and 1.8m below sediment 
surface. 

The lack of complete vertical delineation in sediments south of the Site is not considered a major 
limitation because observed contaminant concentrations generally decrease with depth. The 
mechanism of sediment contamination is deposition or settlement of contaminated material 
through the water column, and impacts are concentrated in surficial sediments. The maximum 
depth of contamination can be inferred to be approximately 2m based on the mechanism of 
contamination, vertical delineation achieved above 1.8m at other locations; and the stratigraphy in 
the area (cobbles and gravel beneath surface sediments). 
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9.3 APEC 3- Imported Fill Material East of the Shipyard Building (3829 
Dollarton) 

The area east of the current building at 3829 Dollarton was filled in the early 1980s during 
construction of the eastern section of the building. The fill in this area was reportedly imported 
from an unknown source in East Vancouver. Field indicators at multiple locations in the fill layer 
included: 

• Hydrocarbon odours and/or staining; 
• Miscellaneous debris; 
• Crushed brick; and 
• Wood waste. 

PGL assessed soil, groundwater, soil vapour quality in the filled area east of the Noble Towing 
building as well as sediment and freshwater quality in the adjacent Roche Point Creek. 

Table G: Investigation Locations in APEC 3 

Investigation Locations PCOCs 

Soil (Uplands): O-BH1 ,. NBH07, NBH20, NBH21 , NBH23 

Soil and Groundwater (Uplands): NBH06M, NBH22M, 
NBH28M, NBH29M 

Soil (Filled Intertidal): NBH05, NBH18 

Soil and Groundwater (Filled Intertidal ): NBH19M Primary: Metals 

Soil Vapour (Uplands): NSV01 Secondary: LEPH/HEPH, PAH 

Soil Vapour (Filled Intertidal): NSV02 

Sediment (Freshwater): SED-01 , SED-02 

Surface Water (Freshwater): SW01 

9.3.1 Soil Chemistry 

PGL delineated metals and hydrocarbons contamination in fill soils in APEC 3: 

• Metal contamination (arsenic, copper and/or zinc) was identified in soil at five investigation 
locations (NBH05, NBH06M, NBH07, NBH23, and O-BH1) in fill soils at APEC 3 between 
0.2m and 4.6m bgs; and 

• Hydrocarbon (PAH, LEPH, MAH and/or HEPH) contamination was identified in fill soils at 
APEC 3 (NBH05 and NBH18). 

Hydrocarbon contamination was also identified further north (NBH22M and NBH07) near Roche 
Point Creek, but that contamination is associated with APEC 1 and was discussed in Section 9.1. 
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No groundwater contamination was identified in APEC 3. ln1tial exceedence of pyrene standards 
at NBH 19M is an artifact based on three subsequent samples. Groundwater contamination 
identified at NBH22M and NBH28M near the edge of Roche Point Creek is attributed to APEC 1 
and was discussed in Section 9.1. Groundwater from other wells sampled at APEC 3 did not 
contain concentrations of PCOCs above the applicable standards. 

9.3.3 Soil Vapour Chemistry 

The concentrations of PCOCs in soil vapour samples collected at APEC 3 from two locations are 
below the applicable standards when appropriate attenuation factors are applied. 

9.3.4 Freshwater Sediment 

Freshwater sediments sampled at three locations in Roche Point Creek met applicable Standards 
for metals, LEPH and PAHs. 

9.3.5 Surface Water 

Water collected from Roche Point Creek was below the laboratory detection limits for PAHs and 
met the applicable BC Water Quality Guidelines. 

9.3.6 Discussion 

While the concentrations of PCOCs in some fill soil samples at APEC 3 were below the 
applicable Standards, a conseNative look at the data suggests that the entire fill volume east of 
the building at 3829 Dollarton and west of Roche Point Creek is suspect. The contaminated soils 
exist at depths up to 3.4m to the north (at the south edge of Roche Point Creek) to a maximum 
depth of 4.6m to the south end of Noble Point at NBH05. Clean soil samples were obtained in the 
native silt layer below the fill material. 

Metals contaminated fill soils are delineated to the west by the concrete lined marine way in the 
Noble Towing building. Further investigation of soils beneath the manne way is warranted during 
decommissioning. Contaminated fill is delineated to the east near the edge of Roche Point Creek 
by NBH20 and at NBH21, but these results may simply indicate the heterogeneous nature of the 
fill . Contaminated fill is delmeated to the south edges of the fill. NBH19M which was drilled as far 
south as possible on Noble Point. 

Soil contamination was identified in APEC 3 The APEC was carried forward as AEC 3 for the 
following COCs in soil: 

• Metals (arsenic, copper, and zinc); and 
• PAH 

9.3.7 Limitations 

Certa1n soil and groundwater exceedences could not be fully delineated to the east due to the 
presence of Roche Point Creek, and to the west due to the active marine way. This is not a major 
limitation to our investigation because sediment and surface water in the Creek do not appear to 
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be impacted. Further investigation and remediation is required near the creek and beneath the 
building during Site decommissioning. 

9.4 APEC 4 - In-filled Sandblasting and Painting Area with Accumulated 
Sandblast Grit (3919 Dollarton) 

By 197 4 filling of the foreshore south of the western portion of the McKenzie Barge property 
extended the western half of the Site about 50m south into Burrard Inlet. This in-filled area on the 
west side of the 3919 Dollarton property has since been used as a sandblasting and painting 
area. 

PGL assessed soil, groundwater. soil vapour. and sediment quality of the filled sandblasting area 
Site through drilling and analysis of shallow soil samples from the borehole locations. Soil 
exceeded standards but no other medium did. 

Table H: Investigation Locations in APEC 4 

Investigation Locations PCOCs 

Soil (Filled Intertidal): 4-01, 4-02, 4-03, 5-01, 5-02, 5-03, 6-
01,6-02, 6-03, O-BH13, O-BH15,. BH20, BH30, BH31, 
BH32, BH36, BH37, BH38, BH39, BH40, BH41 , BH65 

Primary: Metals, LEPH/HEPH, 
Soil and Groundwater (Filled Intertidal): OW9, OW10, MAH, VPH, VOC, TBT 
BH10M, BH18M, BH19M, BH21M 

Secondary: PAH, PCB 
Soil/Sediment (Intertidal): BH33, BH34, BH35 

Soil Vapour: SV05 

9.4.1 Soil Chemistry 

The investigation delineated metals, PAHs and, to a lesser extent, hydrocarbon contamination in 
shallow fill in APEC 4. 

• Metals (antimony, arsenic, cadmium, chromium, copper, molybdenum, nickel , and/or zinc) 
exceeded standards at seven investigation locations; 

• At least one PAH constituent is present at concentrations exceeding the applicable standards 
at seven locations; and 

• LEPH and HEPH contamination was identified at BH34 and LEPH contamination at BH36. 

MAH, VOC or phenols contamination was not identified in soils at APEC 4. TBT was non­
detectable in soils. 

9.4.2 Groundwater Chemistry 

No wells tested by PGL exceeded applicable standards for MAH, VPH, LEPH/HEPH, PAH, VOC, 
or TBT at APEC 4. In 1993, OW10 in APEC 4 and OW9 to the east exceeded the applicable 
standard for copper. These wells were not available for re-sampling to assess current dissolved 
metals concentrations. A lack of groundwater contamination at the other wells in APEC 4 
indicates that NOM's 1993 dissolved metals results do not represent current Site conditions. 
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Soil vapour was assessed at SV05 in APEC 4 due to the detection of volatile parameters in soil 
and groundwater. The concentrations of PCOCs in soil vapour at SV05 are below the applicable 
standards when the applicable attenuation factor is applied. 

9.4.4 Hazardous Waste 

A sample from BH37 that contained visible sandblast grit was analyzed for leachable metals 
content. Concentrations of all leachable metals in the sample were below the Hazardous Waste 
Regulation standards. The only detectable leachable metals were copper, magnesium and zinc 
(Table 3). 

9.4.5 Discussion 

The soil metals and PAH impacts at APEC 4 are generally located within the top metre of fill soils. 
The exception is copper at BH36 (exceeds the sediment standard at 3-3.5m bgs) and PAH at 
BH35 (contamination extends to at least a depth of 2.1 m and is vertically delineated at a depth of 
2.7m bgs) and BH37 (vertically delineated at 1.5m bgs). 

The predominance of contamination in the upper 1m of soil at APEC 4 indicates that the 
contamination was caused by surficial deposition, likely during sandblasting, boat maintenance, 
and painting activities. The identified contaminants in deeper fill soils could have been sourced 
from contaminated fill or nearby sediments that were dredged to fill the area at APEC 4. 

APEC 4 was carried forward as AEC 4 for the following COCs in soil : 

• Antimony, arsenic, cadmium, chromium, copper, molybdenum. nickel, and zinc; and 
• PAH. 

9.5 APEC 5 - Offsite In-filled Foreshore and Former Materials Storage, Boat 
Building, and Burning Area 

Aerial photographs indicate that this former foreshore area southeast of the Site was filled in the 
late 1950s. After this, the area was reportedly used for burning scrap wood from the building of 
wooden boats up until about 1995. 

PGL assessed soil , groundwater, soil vapour, and sediment quality of the offsite filled former 
boatbuilding, scrap and burning area through drilling, hand augering, and analysis of soil, 
groundwater, soil vapour and sediment samples from the borehole locations. 

Fill at APEC 5 is extensively contaminated with metals, PAH, LEPH/HEPH and MAH, and the 
effect extends to the adjacent exposed native intertidal sediment. Groundwater is also impacted 
with PAH and LEPH. 

1/,PGL 



Stage 2 Preliminary Site Investigation and Detailed Site Investigation 
Polygon Development 270 Ltd./MOE Site IDs 341 2/14456 
PGL File: 1543-09.03 

Table 1: Investigation Locations in APEC 5 

Investigation Locations 

Soil (Filled Intertidal): 9-01 , 9-02, BH15, BH77, BH78, BH85, 
BH86, BH94, BH95, BH96, BH105, BH108, BH109, BH110, 
BH111 , BH112, BH113, BH114, BH115, BH121 , BH122, 
BH129, BH130, BH131 , BH132, BH133 

PCOCs 
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Soil and Groundwater (Filled Intertidal) : OW5, BH22M, 
BH42M, BH43M,BH44M, BH74M,BH75M, BH76M, BH79M, 
BH97M, BH98M 

Primary: Metals, LEPH/HEPH, 
PAH, MAH, VPH, TBT 

Soil/Sediment (Intertidal): BH99, BH100, BH101 , BH102, 
BH116, BH117, BH118, BH119, BH120, BH134, BH135, 
BH136, BH137, SSW, SSII 

Secondary: PCB, VOC 

Soil/Sediment and Porewater (Filled Intertidal): BH106M, 
BH107M, 

Soil Vapour: SV01, SV02, SV03 

9.5.1 Soil and Sediment Chemistry (Filled Intertidal and Intertidal) 

Fill in this area appears to be fully impacted. Soil metals (antimony, arsenic, chromium, copper, 
lead, mercury, and/or zinc) and PAH contamination was identified at most of the investigation 
locations at APEC 5. LEPH/HEPH contamination was also extensive at APEC 5. The identified 
metals contaminants are located between grade surface and a maximum depth of 3.3m bgs (at 
BH43M). Molybdenum, nickel and tin exceeded in a few locations. 

Concentrations of VOC (9-01 ), TBT (BH15, BH22M) and PCB (BH22M) tested in APEC 5 soils 
during previous investigations were below the applicable standards. 

9 .5.2 Groundwater Chemistry 

Extensive PAH effects on groundwater are unique to APEC 5, with eight wells exceeding 
Standards. The concentration of LEPH in groundwater exceeds the standard at BH97M and 
BH98M. PAH and LEPH concentrations in groundwater at APEC 5 are delineated vertically at 
BH79M. 

Concentrations of dissolved metals in samples collected at APEC 5 by PGL did not exceed the 
applicable standards. The concentration of dissolved cadmium at OW5 exceeded the standard 
when it was sampled by NOM in 1993. This well could not be located for re-sampling but 
dissolved cadmium concentrations in nearby wells were below the standard. 

TBT tested in groundwater at BH22M did not exceed the applicable standard. 

MAH, VPH and VOC concentrations in groundwater at APEC 5 were below the applicable 
standards. 
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Soil vapour was assessed at 3 locations in APEC 5 due to the detection of volatile parameters in 
soil and groundwater. The concentrations of PCOCs in soil vapour at APEC 5 are below the 
applicable standards when the appropriate attenuation factors are applied. 

9.5.4 Hazardous Waste 

Soil sample BH85-02 from APEC 5 contains a PAH TEQ concentration exceeding the Hazardous 
Waste Regulation (HWR) standard (Table 5). A PAH TCLP analysis was completed on this 
sample and benzo(a)pyrene results meet the HWR standard for leachate quality (Table 4). 

Leachable metals concentrations were analyzed in a soil sample collected from the north end of 
the west marine way at 3919 Dollarton that contained very high concentrations of metals and the 
visible sandblast grit. Concentrations of all leachable metals in the sample (BH?0-0 1) were below 
the Hazardous Waste leachate quality standards. Only copper, iron, lead, magnesium and zinc 
were detected (Table 3). 

9.5.5 Discussion 

The offsite filled intertidal area (APEC 5) extends from the eastern edge of the east marine way 
(above former wooden dock) north to the original shoreline border with Cates Park, northeast to 
the squatter shack and east to a makeshift retaining wall made of creosoted wood and metal. Soil 
results indicate that this entire filled area is impacted with metals, PAH, LEPH/HEPH and MAH. 
Groundwater in the area is also impacted with PAH and LEPH. 

The likely mechanism of metals contamination at APEC 5 is airborne depositions of sandblast grit 
from the adjacent marine ways to the west as well as physical dumping of grit in the area. 
Sandblast grit impacted surficial soils and sediments extend in all directions from the marine ways 
through airborne deposition. To delineate the extent of surficial metals contamination, 
investigation was required to the east on the foreshore, to the north in Cates Park. and to the 
south in marine sediments. 

The mechanism of identified MAH, LEPH/HEPH and PAH contamination in soil and LEPH and 
PAH contamination in groundwater at APEC 5 was likely historical use of the area for boat 
building, painting, equipment storage, and burning of materials. Dumping or spilling of chemicals 
during boat maintenance and the presence of creosote treated piles in the buried dock adjacent 
to the marine way are also likely contributors 

Delineation of soil metals contamination has been obtained to the north in Cates Park and to the 
east on the foreshore. Metal debris is evident on the foreshore south of the filled area and we 
have assumed that this will be cleaned up during development. PAH and metals contamination in 
soil appears to extend south into the sediments which are impacted south of the Site water lots. 

Aerial photographs, topography, and investigation results indicate that these activities only took 
place on the filled foreshore and not up the slope in Cates Park. The topography slopes up 
steeply from the original high water mark to the north into Cates Park. MAH and LEPH/HEPH 
contamination in soil concentrated near the border with Cates Park was likely caused by spilling 
or dumping in the area where NOM documented a former painting shed. Soil samples collected to 
the north in the park did not contain concentrations of PAH exceeding the standards. 
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Groundwater at APEC 5 is tidally influenced and shallow relative to other areas on the Site. 
Vertical migration of dumped or spilled hydrocarbons has caused groundwater contamination in 
the area. 

The Filled area is proposed to be remediated by excavation and source removal. APEC 5 was 
carried forward as AEC 5 for the following COGs: 

• Soil metals (antimony, arsenic, chrom1um, copper, lead, mercury, molybdenum, nickel, tin, 
and zinc); 

• Soil and groundwater PAH; 
• Soil and groundwater LEPH; and 
• Soil MAH. 

9.5.6 Limitations 

Groundwater contamination identified at BH98M is not directly delineated to the north because a 
groundwater well could not be installed within the heavily forested area of Cates Park. Impacts to 
groundwater to the north are unlikely, given the topography, direction of groundwater flow, 
suspected mechanism of contamination, and the marginal exceedence of pyrene in BH98M that 
is likely attributable to a sampling artifact. Groundwater in this well was turbid (>10 NTU) during 
sampling and pyrene concentrations marginally exceed the applicable standard. 

9.6 APEC 6- Historic Boiler House ( 3829 Dollarton) 

A former boiler house at 3829 Dollarton was identified in the 1965 fire insurance map. 

PGL assessed soil quality in the area of the former boiler house by drilling one borehole and 
collecting soil samples. No contamination has been identified associated with this APEC and it 
has not been retained as an AEC. 

Table J : Investigation Location in APEC 6 

Investigation Location PCOCs 

Soil (Uplands): NBH08 Primary: LEPH/HEPH, PAH 

9 .6.1 Soil Chemistry (Uplands) 

No detectable concentrations of LEPH/HEPH were present in shallow soils at NBH08. There 
were detectable concentrations of some PAH and metals constituents, but at concentrations 
below the applicable standards. 

9.6.2 Groundwater Chemistry 

Groundwater was not assessed at APEC 6 because soil contamination was not detected at 
NBH08M and the potential mechanism of contamination would have been spillage at grade. 
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As naphthalene was non-detectable in soil and there are no other volat1le PCOCs for this APEC, 
soil vapour was not assessed. 

9.7 APEC 7- Historic Work Shop (3829 Dollarton) 

' A former workshop at the north end of the easternmost marine way was identified in the 1965 
insurance map. 

PGL assessed soil quality in the area of the former boiler house by drilling one borehole and 
collecting soil samples. 

No contamination has been identified associated with this APEC and it has not been retained as 
an AEC. 

Table K: Investigation Location in APEC 7 

Investigation Location PCOCs 

Primary: Metals, LEPH/HEPH, 
Soil (Uplands): NBH11 MAH, VPH 

Secondary: PAH, VOC 

9. 7.1 Soil Chemistry (Uplands) 

No detectable concentrations of LEPH/HEPH, MAH or VPH were present in shallow soils at 
NBH11 . There were detectable concentrations of some PAH and metals constituents, but at 
concentrations below the applicable standards. 

9.7.2 Groundwater Chemistry 

Groundwater was not assessed at APEC 7 because soil contamination was not identified and the 
potential mechanism of contamination would have been spillage at grade. 

9.7.3 Soil Vapour 

As naphthalene was non-detectable in soil and no detectable concentrations of MAH or VPH 
were present in soil, soil vapour was not assessed at APEC 7. VOCs were not tested in soil at 
APEC 7 but they were screened out as a secondary PCOC due to the lack of detection of MAH or 
VPH parameters. 
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9.8 APEC 8 - Machine Shop beneath McKenzie Barge Office Building (3919 
Dollarton) 

A machine shop beneath the main office building has been present since at least 1965. 

Due to the thickness of the slab and ongoing use of the machine shop, PGL assessed soil, 
groundwater, and soil vapour quality to the south, immediately adjacent and downgradient of the 
machine shop. 

No contamination associated with APEC 8 was identified; however it is carried forward as APEC 
8 because further investigation is required directly beneath the machine shop slab during Site 
decommissioning. 

Table L: Investigation Locations in APEC 8 

Investigation Locations PCOCs 

Soil/Groundwater (Uplands): BH 11M, BH51 , BH52 Primary: Metals, LEPH/HEPH, 
MAH, VPH, VOC 

Soil Vapour: SV1 0 Secondary: PAH 

9.8.1 Soil Chemistry 

Cadmium was identified in shallow soil at BH11 M at a concentration exceeding the applicable 
standards. Due to its location south of the machine shop, the cadmium contamination identified in 
shallow soils at BH11 M is attributed to APEC 14 (Former UST and Outdoor Battery Storage Area) 
rather than APEC 8 and is further discussed in Section 9.14. 

Detectable concentrations of HEPH and PAHs were detected in shallow soil at BH11 M but meet 
the applicable standards. Concentrations of MAH were not detectable at BH 11M or BH52. 

9.8.2 Groundwater Chemistry 

No detectable concentrations of LEPH/HEPH, MAH, VPH, or PAH were detected. Chloroform 
exceeded the applicable standard in 2007 but no other VOC compounds were detected. This 
concentration of chloroform is unlikely to be the result of Site contamination, as there is no site 
related use of chloroform. PGL believes the chloroform concentration is attributable to chlorinated 
municipal water leaks and not to contamination. 

It is not the responsibility of the Site owner, or the intention of the Contaminated Sites Regulation, 
to address chloroform caused by municipal water supply, as this is a societal risk choice and not 
a result of Schedule 2 activity. PGL has left this data in the tables and report for completeness, 
but is not highlighting it as an exceedence caused by contamination by the Site. 

9 .8.3 Soil Vapour Chemistry 

Soil vapour was assessed at SV1 0 due to the volatile PCOCs associated with APEC 8. 
Concentrations of PCOCs in soil vapour are below the applicable standards when the appropriate 
attenuation factor is applied. 
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Further investigation of APEC 8 is warranted during Site decommissioning to assess the 
presence of PCOCs directly beneath the machine shop slab and in the area of a reported but not 
identified oil-water separator. 

9.9 APEC 9- Shed Containing Former Maintenance Shop and Blacksmith 
(3919 Dollarton) 

The shed near the western property line of the McKenzie Barge property contained a 
maintenance shop and adjacent blacksmith in the 1965 fire insurance map. ASTs and electrical 
equipment were also identified in the shed in recent years. 

PGL assessed soil, groundwater, and soil vapour quality in the area of the former maintenance 
shop and blacksmith . 

Table M: Investigation Locations in APEC 9 

Investigation Locations PCOCs 

Soil: 11-01 , 11-02, BH26, BH27 Primary: Metals, LEPH/HEPH, 
Soil/Groundwater: BH04M, BHOSM MAH, VPH 

Soil Vapour: SV04 Secondary: PAH, PCB 

9.9.1 Discussion 

Shallow soil metals contamination (arsenic, chromium, copper, and zinc) was identified at APEC 
9 that appears to be similar in nature and contiguous with contamination observed to the north at 
APEC 16 (Northwest Boneyard). Accordingly, APEC 9 has not been retained as an AEC on its 
own but has been incorporated into AEC 16 and is discussed in Section 9.16 

9.10 APEC 10 - Waste Dump (3829 Dollarton) 

Hemmera's Phase 1 report identified a waste dump in the southwest section of the building at 
3829 Dollarton. The waste was reportedly removed years ago but we have identified this area as 
an APEC. 

Due to the presence of a filled/capped former marine way, PGL could only assess the area just 
north of APEC 10. NOM advanced 2 hand auger samples in the intertidal zone at APEC 10 and 
did not submit these samples for analysis, Indicating a lack of field indicators of contamination. 
NOM submitted a soil/sediment sample 2-03 for metals analysis south of and adjacent to APEC 
10. Lark Noble indicated that materials from the waste dump were removed. 

PGL assessed soil quality in the area adjacent to the waste dump to the north by drilling one 
borehole (NBH10) and collecting soil samples. PGL also advanced a shallow borehole NBH35 in 
the intertidal area west of APEC 10. 
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No contamination has been identified associated with APEC 10 and it has not been retained as 
an AEC. 

Table N: Investigation Location in APEC 10 

Investigation Location PCOCs 

Primary: Metals, LEPH/HEPH, 

Soil (Uplands): NBH10 PAH (screening parameters 
only, all waste was removed 

Soil/Sediment (Intertidal): 2-01 , 2-02, 2-03, NBH35 several years ago) 

Secondary: MAH, VPH, VOC 

9.10.1 Soil and Sediment Chemistry (Uplands and Intertidal) 

No detectable concentrations of LEPH/HEPH were present in soil at NBH1 0. There were 
detectable concentrations of some PAH and metals constituents, but at concentrations below the 
applicable standards. The concentration of TBT in soil at NBH10 meets the applicable BC CSR 
Schedule 10 standard when converted to tributyltin oxide (TBTO). Secondary PCOCs were not 
analyzed in soil at APEC 10 due to the lack of primary COCs identified. 

Metals concentrations in soil/sediment samples collected from 2-03 and NBH25 adjacent to 
APEC 10 were below the applicable soil and sediment standards. 

9.1 0.2 Groundwater Chemistry 

Groundwater was not assessed at APEC 10 because soil contamination was not detected and 
the mechanism of groundwater contamination would have been migration through soils from 
grade. 

9 .10.3 Soil Vapour Chemistry 

Soil vapour was not assessed because field indicators and screening for primary PCOCs did not 
indicate a need to test for volatile secondary PCOCs. 

9.11 APEC 11 - Offshore Buried Barge and Metal Debris (3829 Dollarton) 

Hemmera's Phase 1 report identified an offshore barge and buried metal debris in the foreshore 
southwest of the shipyard building at 3829 Dollarton. 

No direct investigation of the barge at APEC 11 has taken place although it is located within the 
larger area of AEC 2 and sediment samples from the surrounding area have been analyzed for 
metals and PAH PCOCs. 

Table 0 : Investigation Locations near APEC 11 

Investigation Location PCOCs 

Sediment (Sub-tidal): SS05-12, SSOS-13, SSOS-1 6, C6 Metals, PAH 
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The uarye ~xisls in on area of APEC 2 that has been identified as A~C ~-~ lor PAH and metals 
COCs in sediments. This indicates that aside from the barge as a physical object, it does not 
appear to have affected sediments in the area more than they already are. 

APEC 11 has not been retained as an AEC. 

9.12 APEC 12 - Historical Solvent and Paint Storage Area (3829 Dollarton) 

Hemmera's Phase 1 report identified an area of historical solvent and paint storage in the current 
gravel parking lot area southwest of the shipyard buildrng at 3829 Dollarton Hrghway. 

PGL assessed soil, groundwater, and soil vapour quality in the area of the historical solvent and 
paint storage area. As discussed in Section 9.1, this APEC overlaps with APEC 1 (General 
Shipbuilding and Brickyard Activities). Soil metals contaminants (NBH02M, NBH14, and NBH31) 
and groundwater arsenic contamination (OW2A) identified on the east side of APEC 12 is 
associated with APEC 1 and was discussed in Section 9.1. 

The west side of the parking lot in APEC 12 contains copper, zinc, and hydrocarbon 
contamination in shallow soils that was likely caused by a surficial spill of waste oil in the area. 

Table P: Investigation Locations in APEC 12 

Investigation Locations PCOCs 

Soil : OW2A, OW2B, O-BH3, NBH01 , NBH03, NBH12, 
NBH13, NBH14, NBH15, NBH16, NBH17, NBH26, NBH27, Primary: Metals, VOC, 
NBH31 , NBH32, NBH35, NBH36 LEPH/HEPH, 

Soil/Groundwater: NBH02M, NBH30M Secondary: PAH, MAH 

Soil Vapour: NSV03, NSV04 

9.12.1 Soil Chemistry 

Concentrations of at least one metal (antimony, arsenic, copper, tin, and/or zinc) were identified 
to exceed the applicable CSR standards rn five borehole locations within APEC 12 (NBH01 , 
NBH02M, NBH14, NBH26, and NBH31 ). 

Concentrations of HEPH and PAH parameters were identified to exceed the applicable CSR 
standards in shallow soils at NBH01 and NBH26. Two PAH parameters (benzo(a)pyrene and 
benzo(b)fluoranthene) also exceeded the applicable standards in shallow soils at NBH27. 

Concentrations of all other metal, LEPH/HEPH and PAH parameters as well as MAH, VPH, and 
TBT (reported as TBTO) were less than the applicable CSR standards in all other soil samples 
analyzed at APEC 12. 
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l::lenzo(a)pyrene concentrations at Nl::lHU:.:'M exceeded the standard dunng two sampling events 
but subsequent samples show non-detectable concentrations. This has been discounted as a 
sampling artifact. 

Concentrations of MAH, VPH, and VOC and all other metals and PAH parameters were less than 
the applicable CSR standards in all groundwater samples analyzed at APEC 12. 

9.12.3 Soil Vapour 

Concentrations of all PCOCs in soil vapour are below the applicable standards after applying the 
appropriate attenuation factors. 

9.12.4 Discussion 

The contamination identified at APEC 12 is delineated vertically within the top 1m of soil and does 
not extend to the depth of groundwater. The area is located at the base of a steep slope down 
from the west and contamination is delineated horizontally to the west by NBH30M which had to 
be drilled at the top of the hill due to access limitations. 

APEC 12 has been retained as AEC 12 following COCs in soil: 

• Metals (copper, and zinc); 
• HEPH; and 
• PAH. 

9.12.5 Limitations 

VOC is listed as a primary PCOC for APEC 12 and are not present in groundwater but were not 
tested in soil. All samples analyzed for MAH and VPH at APEC 12 contained concentrations 
below the method detection limits. This is not considered a major limitation because the presence 
of VOCs in soil sourced from paint and aliphatic solvents would be indicated by MAHNPH. 

9.13 APEC 13- Former Storage Area for Creosoted Ties (3919 Oollarton) 

An area formerly known to be used for storage of creosoted ties is located in the northwest 
portion of the McKenzie Barge property. 

PGL assessed soil and groundwater quality in the area of the former storage of creosoted ties. 
Metals (copper and barium) and benzo(b)fluoranthene contamination was identified in shallow 
soils at APEC 13. 

Table Q: Investigation Locations in APEC 13 

Investigation Locations PCOCs 

Soil: 12-01 , 12-02, 12-03, 0-BH 16 Primary: LEPH/HEPH, PAH, 
Soil/Groundwater: BH06M, BH07M, BH63M Metals 
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The shallow soil contamination (copper, IJC:Ir iur n, Clr u..t IJenLo(tJ )rluoranthene) identified at APEC 13 
appears to be similar in nature and contiguous with contamination observed to the west at APEC 
16 (Northwest Boneyard). PAHs suggestive of creosote were not found at APEC 13. Accordingly, 
APEC 13 has not been retained as an AEC on its own but has been incorporated into AEC 16 
and is discussed in Section 9.16 

9.14 APEC 14- Former Gasoline UST and Outdoor Battery Storage Area (3919 
Dollarton) 

A gasoline UST and associated fuel pump was removed from the area south of the McKenzie 
Barge office building in 2012. A certificate documenting the UST removal is included as Appendix 
8. Remediation did not take place when the UST was removed. In this area in 2007, a PGL Site 
inspector also noted two pallets containing about 30 waste batteries stored on a gravel area 
adjacent to the UST nest. 

PGL assessed soil, groundwater, and soil vapour quality in the area of the former UST and 
battery storage area. Soils at APEC 14 exceed the applicable standards for LEPH, HEPH, VPH, 
benzo(b)fluoranthene, lead and cadmium. The rdentified contamination was likely caused by fuel 
spillage during UST filling and use of the pump island and is delineated vertically and laterally in 
all directions. 

TableR: Investigation Locations in APEC 14 

Investigation Locations PCOCs 

Soil: 13-01 , 13-02, CS01 , CS02, CS03, CS04, TP01 , TP02, Primary: MAH, VPH, LEPH, 
BH51 , BH52, BH66 Metals (for battery storage) 

SoiVGroundwater: BH 11M, BH53M Secondary: MTBE, EDB (1 ,2-

Soil/Soil Vapour: SV09 
dibromoethane), DCA (1 ,2-

dichloroethane) 

9.14.1 Soil Chemistry 

Soil concentrations of LEPH, HEPH, VPH, and benzo(b)fluoranthene exceed the applicable 
standards in a soil sample collected during the installation of SV09 adjacent to the former UST 
tank nest. The concentration of VPH also exceeded the applicable standard at confirmatory 
samples CS03 (west wall) and CS04 (base) collected during the UST removal. All of these soil 
exceedences are at 2.4-2.7m bgs. The concentration of lead in soil at confirmatory sample CS03 
(west wall) exceeds the applicable standard. 

As previously discussed in Section 9.8, cadmium concentrations in shallow soil at BH11 M exceed 
the applicable standard. 

Other soil samples analyzed from APEC 14 did not contain concentrations of MAH, VPH, LEPH, 
HEPH, or PAH that exceeded the applicable standards. 
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No detectable concentrations of LEPH/HEPH, MAH, VPH, or PAH were detected 1n BH11 M in 
2007 or 2013 or in BH53M in 2013, with the exception of MTBE at a concentration well below the 
applicable standard. 

As discussed Section 9.8.2 (APEC 8), a concentration of chloroform exceeded the applicable 
standard in BH 11M in 2007 but no other VOC compounds were detected. This concentration of 
chloroform is unlikely to be the result of Site contamination . 

9.14.3 Soil Vapour Chemistry 

Soil vapour was assessed at SV09 adjacent to the former UST tank nest. The concentrations of 
all PCOCs in the soil vapour sample meet the applicable standards after the application of the 
appropriate attenuation factor. 

9.14.4 Discussion 

Soils in the area of the former UST tank nest at APEC 14 exceed the applicable standards for 
LEPH, HEPH, VPH, benzo(b)fluoranthene, lead and cadmium. The identified contamination is 
delineated vertically by samples analyzed from BH11 M and BH53M and laterally in all directions. 

The contamination at APEC 14 was likely caused by fuel spillage during UST filling and use of the 
pump island. Observations during UST removal, soil delineation, and the absence of groundwater 
contamination downgradient of the former UST, all indicate that the UST and associated piping 
did not have major fuel leaks. 

APEC 14 has been retained as AEC 14 for the following COCs in soil: 

• LEPH/HEPH; 
• VPH; 
• Benzo(b)fluoranthene; and 
• Metals (lead and cadmium). 

9.14.5 Limitations 

The cadmium contamination in shallow soil identified at BH 11M is delineated vertically and to the 
east, west. and south by BH51 , BH52, and BH53M, respectively where all metals concentrations 
met the applicable standards. The cadmium exceedence at BH11 M has not been delineated to 
the north due to the location of the McKenzie Barge office building. As discussed in Section 9.8.5, 
further investigation is warranted during Site decommissioning beneath the machine shop slab 
and in the area of a reported but not identified oil-water separator. 

The secondary PCOCs EDB (1 ,2-dibromoethane) and DCA (1 ,2-dichloroethane) were not tested 
in soil but given that they were non-detectable in groundwater at BH11 M and soil vapour at SV09, 
this is not considered a major limitation. 
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of the former UST. 

PGL assessed soil and groundwater quality in the area of the former drum rack. A soil vapour 
well was advanced but a sample could not be recovered due to high vacuum in the well. 

MAH contamination was present in shallow soils during the NDM investigation in 1993. No 
contamination was identified at APEC 15 in subsequent investigations. The contamination is 
delineated vertically and laterally and has not impacted groundwater in the area. 

Table S: Investigation Locations in APEC 15 

Investigation Locations PCOCs 

Soil: 13-01 , 13-02, O-BH6, O-BH08, BH67 Primary: LEPH/HEPH, MAH, 

Soil/Groundwater· BH 13M, BH54M VPH, VOC 

Soil Vapour: SV07 Secondary: PAH 

9.15.1 Soil Chemistry 

Ethylbenzene and xylenes (MAH) exceed the applicable soil standards at NOM investigation 
location O-BH8 in 1993. No other locations in APEC 15 contained detectable concentrations of 
MAH, LEPH/HEPH or PAH. All soil metals concentrations in APEC 15 were below the applicable 
standards. 

9.15.2 Groundwater Chemistry 

No concentrations of LEPH/HEPH, MAH, VPH, VOC or PAH were detected tn groundwater at 
APEC 15 and meet the applicable standards. Concentrations of dissolved metals at APEC 15 
meet the applicable standards. 

9.15.3 Soi l Vapour Chemistry 

Soil vapour was not assessed at SV07 because the well vacuum was unacceptable for sampling. 
We consider it a low risk for exceeding the applicable Standards due to marginal detections of 
volatile parameters in soil at O-BH08 in 1993 and no detection of MAHNPH in soil or MAHNPH 
and VOC in groundwater at APEC 15 in subsequent investigations in 2007 or 2013. 

9.15.4 Discussion 

The MAH contamination was likely caused by minor chemical spillage in the area of the drum 
rack during chemical transfer. The volatile nature of the contaminants detected by NOM in 1993 
and the lack of detections in subsequent investigations, indicates that contamination may no 
longer be present in APEC 15. 
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Despite this, APEC 15 has been retained as AEC 15 for the following COCs in soil : 

• MAH (ethylbenzene and xylenes). 

9.15.5 Limitations 

VOC is listed as a primary PCOC for APEC 15 and was not present in groundwater but was not 
tested in soil. With the exception of O-BH8 sampled in 1993, the remainder of soil samples 
analyzed for MAH and VPH at APEC 15 contained concentrations below the method detection 
limits. This is not considered a major limitation because the presence of VOCs in soil sourced 
from paint and aliphatic solvents would be indicated by MAHNPH. 

9.16 APEC 16- Northwest Boneyard (3919 Dollarton) 

The northwest boneyard at the McKenzie Barge property was formerly used to store creosote­
treated wood beams, a pile of tires, an old generator, an old forklift, and currently contains scrap 
metal and old vehicles. 

PGL assessed soil and groundwater quality in the northwest boneyard. Concentrations of shallow 
metals, HEPH, and benzene exceed the applicable standards in soil. Groundwater and soil 
vapour concentrations meet applicable standards. 

As discussed in Sections 9.9 and 9.13, results at APEC 9 and APEC 13 indicate the same area 
and mechanism of contamination as at APEC 16. The results from those three APECs are 
discussed in the following sections. 

TableT: Investigation Locations in APEC 16 

Investigation Locations PCOCs 

Soil : O-BH11, O-BH12, BH01 , BH02, BH03, BH24, BH25, Primary: Metals, LEPH/HEPH, 
BH28,BH29, 8H80, BH81 MAH, VPH 

Soil/Groundwater: BH04M Secondary: PCB, PAH, VOC 

9.16.1 Soil Chemistry 

Concentrations of at least one metal (arsenic, chromium, copper, nickel , and/or zinc) exceeds the 
applicable standards in surface soils at 11-01, 12-01 , O-BH12, BH02, BH07, and BH27 exceeded 
the applicable standards in soil samples collected from APEC 9, APEC 13 and APEC 16. Metals 
concentrations in the remainder of samples analyzed at these APECs met the applicable 
standards. 

Concentrations of HEPH exceed the applicable standards in soil at BH02 and BH24 and 
benzo(b)fluoranthene exceeds in BH07M 

A marginal detection of benzene in a duplicate sample collected from shallow soil at BH02 
exceeds the applicable drinking water standard. At O-BH12 and O-BH13 benzene was not 
detected but the detection limit was above the drinking water standard. Additional MAH 
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constituents were detected in soil at BH02 and O-BH12 but at concentrations below the 
applicable standards. 

Concentrations of LEPHIHEPH, PAH, MAH, VPH, LEPH, VOCs, and PCB were below the 
applicable standards at other locations in APEC 9, APEC 13 and APEC 16. 

9.16.2 Groundwater Chemistry 

No concentrations of LEPH/HEPH, MAH, VPH, PAH or VOC were detected in groundwater at 
APEC 9, APEC 13, or APEC 16 and meet the applicable standards. Metals concentrations at the 
APECs were below the applicable standards. 

9.16.3 Soil Vapour Chemistry 

Soil vapour was assessed at SV04 due to detections of volatile constituents in soil at BH02 at 
APEC 16. The concentrations of soil vapour PCOCs are below the applicable standards after the 
application of the appropriate attenuation factor. 

9.16.4 Discussion 

Shallow soil contamination identified at APEC 9 to the south and APEC 13 to the east of APEC 
16 contains similar COCs and mechanism of contamination. 

APEC 9, APEC 13, and APEC 16 have been retained as a larger area defined as AEC 16 for the 
following COCs in soil: 

• HEPH; 
• MAH (benzene); 
• PAH (benzo(b)fluoranthene; and 
• Metals (arsenic, chromium, copper, nickel, and zinc). 

9.16.5 Limitations 

Investigation did not take place directly in the area where creosoted ties were formerly stored due 
to the slope in the area. This is not considered a major limitation because investigation locations 
surround APEC 13 and groundwater was sampled immediately downgradient at BH07M. 

Vertical delineation of shallow soil contam1nat1on at O-BH12, BH02. BH07M and 12-01 has not 
been achieved at the specific investigation locations. The contamination is delineated laterally in 
shallow soils in all directions and the lack of groundwater contamination indicates lack of 
widespread contamination. Vertical delineation is inferred to be within the top 1m of soil because 
the identified concentrations of COCs marginally exceed the applicable standards in surface soils 
and the mechanism of contamination is deposition at grade. 

Further investigation at AEC 16 is warranted dunng Site decommiSSIOning. 
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9.17 APEC 17 - Northeast Boneyard (3919 Dollarton) 

This area along the northeast Site property line formerly contained scrap wood and metal and 
empty pails of anti-fouling paint and currently contains wood planks. 

PGL assessed soil, groundwater and soil vapour quality in the northeast boneyard. Metals 
contamination was identified in soils at APEC 17. Off-site investigation was required to delineate 
shallow metals present in Cates Park to the east. The mechanism of contamination is deposition 
of sandblast grit through dumping or airborne transfer during sandblasting in nearby marine ways. 

Table U: Investigation Locations in APEC 17 

Investigation Locations PCOCs 

Soil: BH87, BH88, BH89, BH90, BH91 , BH92, BH93, BH124, 
BH125, BH126, BH127, BH128 Primary: Metals, LEPH/HEPH, 

Soil and Groundwater: BH14M, BH45M, BH46M, BH47M, MAH, VPH 

BH84M Secondary: PCB, PAH, VOC 

Soil Vapour: SV08 

9. 17 .1 Soil Chemistry 

Metals contamination in soil was identified at seven investigation locations in APEC 17 (BH14M, 
BH45M, BH46M, BH89, BH90 and BH93). The metals exceeding the standards are antimony, 
arsenic, barium. chromium, copper, lead, molybdenum, tin and zinc. 

Concentrations of MAH, LEPH/HEPH, PAH, PCBs and TBT were detected 1n soil at APEC 17 but 
at concentrations below the applicable standards. VOCs were below the laboratory detection 
limits in soil at APEC 17. 

9 .17.2 Groundwater Chemistry 

The concentration of TBT in groundwater at BH14M exceeded the applicable standard in 2007. 
but met the applicable standard in 2013. The concentration of TBT at BH46M exceeded the 
applicable standard in 2013. TBT concentrations in downgradient (BH45M) and cross-gradient 
(BH47M) monitoring wells met the applicable standards. 

Concentrations of dissolved metals were below the applicable standards at APEC 17. 

Marginal detections of select PAH parameters have been observed in groundwater at BH14M, 
BH45M, and BH47M. The concentration of benzo(a)pyrene in these samples straddles the 
standard which is equal to the applicable drinking water standard. The latest sample collected 
from BH45M exceeds the standard for benzo(a)pyrene but this has been discounted as a 
sampling artifact. 

No concentrations of LEPH/HEPH, VPH, or VOC were detected in groundwater at APEC 17 and 
all groundwater meets the applicable standards for these parameters. 
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With the exception of a detectable concentration of xylenes at BH46M, no MAH were detected in 
groundwater at APEC 17 and all MAH parameters meet the applicable standards. 

9. 17.3 Soil Vapour Chemistry 

Soil vapour was assessed at SV08 due to detections of volatile MAH constituents in soil and 
xylenes in GW at APEC 17. The concentrations of soil vapour PCOCs at SV08 are below the 
applicable standards after the application of the appropriate attenuation factor. 

9.17.4 Hazardous Waste 

Leachable metals concentrations were analyzed in a soil sample collected from the northwest 
boneyard (BH46M-01) that contained high concentrations of metals and the visible presence of 
sandblast grit. Concentrations of all leachable metals in the sample were below the Hazardous 
Waste leachate quality standards. TCLP leachable metals results are shown in Table 3. 

9.17.5 Discussion 

The metals contamination at APEC 17 is widespread in surficial soils and extends to a depth of 
up to 1.5m on-Site and to depths of 0.5m up the slope in Cates Park to the east. The mechanism 
of contamination is deposition of sandblast grit through dumping or airborne transfer during 
sandblasting in nearby marine ways. Topography slopes steeply and immediately up to the east 
into Cates Park from the Site property line. Taking the slope and mechanism of contamination 
into consideration, vertical delineation of soil metals was assessed with respect to depth from 
surface rather than geodetic elevation. 

Groundwater TBT contamination identified at BH46M is less than 2x the freshwater aquatic life 
standard and just over 2x the marine aquatic standard. The TBT concentration cannot currently 
be delineated to the west or southwest due to the presence of Site structures, or to the north due 
Lo a steep slope. The Identified contamination does not extend offsite. Further investigation is 
required during decommissioning to delineate the vertical and lateral extent of TBT contamination 
identified in groundwater at AEC 17. 

APEC 17 has been retained as AEC 17 for the following COCs in soil and groundwater: 

• Soil- metals (antimony, arsenic, barium, chromium, copper, lead, molybdenum, tin and zinc); 
and 

• Groundwater - TBT. 

9.18 APEC 18 - Staining and Stressed Vegetation in Area of Former 
Office/Bunkhouse/Cookhouse (3919 Dollarton) 

During the 2007 PGL Site visit at 3919 Dollarton, vegetation in the grassy area northwest of the 
western marine way was identified as stressed and surficial staining was evident. 

PGL assessed soil and groundwater quality in the area of the stressed vegetation. Shallow soil 
metals contamination was identified at APEC 18. The mechanism of contamination is likely 
airborne deposition or placement of sandblast grit No contamination was identified in 
groundwater or soil vapour 
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Investigation Locations 

Soil: 10-01 , 10-02, 10-03, BH16, BH17M, BH23, BH55, 

PCOCs 
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BH56, BH57, BH68, BH69 Primary: Metals, LEPHIHEPH, 

Soil/Groundwater: OW7. BH 17M 
MAH, VPH 

Soil Vapour: SV06 
Secondary: PAH, VOC, PCB 

9.18.1 Soil Chemistry 

Copper (10-01 and 10-02, BH68), zinc (10-01, 10-03, BH57, and BH68) , barium (10-03), and tin 
(BH69) exceed applicable standards in shallow soils (0-0.3m bgs) at APEC 18. Molybdenum 
exceeds the standard at BH58. 

MAH, LEPH/HEPH, PAH, and PCB concentrations in soil at APEC 18 and APEC 20 were below 
the applicable standards. 

9.18.2 Groundwater Chemistry 

VOC and MAH (toluene and xylenes) were detected in groundwater at OW7 in 1993 but at 
concentrations below the applicable standards. No detectable concentrations of MAH or VPH 
were detected in groundwater in BH17M in 2007 or 2013. 

There were no detectable concentrations of LEPH/HEPH or PAH in groundwater at APEC 18 or 
APEC 20 and all concentrations of dissolved metals were below the applicable standards. 

9.18.3 Soil Vapour Chemistry 

Soil vapour was assessed at SV06 southwest of APEC18 at the location of OW7 due to 
detections of volatile constituents in groundwater in 1993. The concentrations of soil vapour 
PCOCs at SV06 are below the applicable standards when the appropriate attenuation factor is 
applied. 

9.18.4 Discussion 

Soil contamination identified at APEC 18 and APEC 20 includes soil metals (barium, copper, tin 
and zinc). As discussed in Section 9.20, shallow metals impacts at APEC 20 are similar in nature 
to COCs detected at APEC 18 and will be included together as AEC 18. 

APEC 18 has been retained as AEC 18 for the following COCs in soil: 

• Metals (barium, copper, molybdenum, lin and zinc. 
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Further investigation is warranted at AEC 18 during demolition of the former office building (APEC 
20) because investigation of soil and groundwater beneath the building was not possible during 
the DSI. 

9.19 APEC 19- Winch Shed and Area beneath Decking North of Marine Ways 
(3919 Dollarton) 

The winch shed and adjacent areas beneath the decking north of the marine ways have been 
identified as APEC 19. The APEC includes the area beneath a diesel AST and beneath the 
painting shelter. 

PGL assessed soil , groundwater and soil vapour quality in the area of the winch shed and 
beneath the decking. Metals and PAH soil contamination has been identified at APEC 19. The 
mechanism of contamination is sandblasting and boat maintenance activities that have deposited 
and spilled sandblast grit and paints over time. 

Table W: Investigation Locations in APEC 19 

Investigation Locations PCOCs 

Soil: O-BH6, 7-01 , 7-02, 7-03,8-01 , 8-02, 8-03, SS1, SS7, 
Primary: Metals, LEPH/HEPH, BH70, 8H71 , BH72,BH73 

Soil/Groundwater: BH13M, BH14M, BH17M 
PAH, MAH, PCB, TBT 

Soil Vapour: SV06, SV08 

9.19.1 Soil Chemistry 

The concentrations of several metals parameters (antimony. arsenic, cadm1um, chromium, 
copper, lead, mercury, molybdenum, nickel , vanad1um and zinc) are elevated in surficial soils 
adjacent to the marine ways at APEC 19 and exceed the applicable standards at most 
investigation locations. 

LEPH/HEPH concentrations in shallow soils exceed the applicable standards at BH71 and BH73. 
PAH concentrations exceed the applicable standards at 7-02, 8-02, BH71 and SS7 

MAHNPH, PCBs and VOC concentrations 1n soil were below the applicable standards in samples 
analyzed from APEC 19. TBT in soil at BH14M to the northwest of APEC 19 d1d not exceed the 
Schedule 10 standard for TBTO after applying a conversion factor. 

9.19.2 Groundwater Chemistry 

Groundwater was not directly investigated beneath APEC 19 due to inaccessibility for drilling and 
the presence of ocean water in the marine ways. 
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Groundwater in surrounding areas met the applicable standards to the northeast and northwest. 
Groundwater to the southeast is impacted in APEC 5 but this is likely due to spillage or dumping 
in that area and not contamination related to APEC 19. 

9.19.3 Soil Vapour Chemistry 

Soil vapour was assessed at SV06 and SV08 to the east and west of APEC19. The 
concentrations of soil vapour PCOCs are below the applicable standards with the application of 
appropriate attenuation factors. 

9.19.4 Hazardous Waste 

Soil sample BH71-01 from APEC 19 contains a PAH TEQ concentration exceeding the 
Hazardous Waste Regulation (HWR) standard. PAH TEO calculations are shown in Table 5. A 
leachable PAH TCLP analysis was completed on this sample and leachable concentrations of 
several PAH constituents were present. The results meet the only existing HWR standard for 
leachate quality which is for benzo(a)pyrene. PAH TCLP results are presented in Table 4. 

9.19.5 Discussion 

Contamination in groundwater at APEC 19 is unlikely based on groundwater results from the 
surrounding areas and in areas where similar PAH and metals contaminants were present in soils 
but not in groundwater. 

A soil sample (BH?0-01) collected from the north end of the west marine way contained very high 
concentrations of metals and the visible presence of sandblast grit. This sample was analyzed for 
leachable metals content and concentrations of all leachable metals were below the Hazardous 
Waste leachate quality standards. With the exception of copper, iron, lead, magnesium and zinc, 
no leachable concentrations of other metals were detected. TCLP leachable metals results are 
shown in Table 3 and indicate that metals contaminants at the Site are not leachable and no 
Hazardous Waste metals are present. 

APEC 19 has been retained as AEC 19 for the following COCs in soil: 

• Metals (antimony, arsenic, cadmium, chromium, copper, lead, mercury, molybdenum, nickel, 
vanadium and zinc). 

9.19.6 Limitations 

Investigation locations at APEC 19 were limited by the presence of Site facilities and the steel 
decking which prevented penetration with a drill rig. Further investigation in this area is warranted 
during Site decommissioning. 

9.20 APEC 20- Paint and Solvent Storage Building (Old Office at 3919 Dollarton) 

Paints and solvents are stored on the ground floor of the old McKenzie Barge office building 
northwest of the marine ways. 
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PGL assessed soil and groundwater quality in the area downgradient of the paint and solvent 
storage building. Shallow soil metals contamination was identified at APEC 20. Since the COCs 
and mechanism of contamination is similar to those at APEC 18, these two APECs were 
combined into AEC 18. 

Table X: Investigation Locations in APEC 20 

Investigation Locations PCOCs 

Soil: BH23, BH57, BH58, BH59, BH60, BH68 Primary: Metals, VOC, VPH 

Soil/Groundwater: OW?, BH09M Secondary: LEPH/HEPH, 

Soil Vapour: SV06 MAH 

9.20.1 Soil Chemistry 

Concentrations of MAH, LEPH/HEPH, and PAH in soil at APEC 20 are below the applicable 
standards. 

Soil and sediment chemistry results are presented on Figures 8 through 14 and in associated 
Tables. 

9.20.2 Groundwater Chemistry 

The concentrations of all PCOCs tested 1n groundwater at APEC 20 (LEPH/HEPH, dissolved 
metals, PAH, MAH, VOC, and VPH) were below the applicable standards. 

Groundwater chemistry results are provided on Figures 15 through 20 and in associated Tables. 

9.20.3 Soil Vapour Chemistry 

Soil vapour was assessed at SV06 adjacent to APEC 20. The concentrations of all soil vapour 
PCOCs at SV06 are below the applicable standards when the appropriate attenuation factor is 
applied. 

Soil vapour chemistry results are provided on F1gures 21 and 22 and in associated Tables. 

9.20.4 Discussion 

Metals contamination was identified at APEC 20 (copper, molybdenum, and zinc). These metals 
are present only in shallow soils and area delineated vertically and horizontally. The contaminants 
and mechanism of contamination are similar to those observed in the adjacent APEC 18. As 
discussed in Section 9.18, these COCs have been included as part of AEC 18. 

The COCs identified at APEC 20 have been 1ncluded as part of AEC 18 and APEC 20 has not 
been retained as an AEC. 
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Based on the age of the current Site buildings, regulated building materials may have been used 
in their construction. PCOCs for this APEC are as follows: 

• Asbestos; 
• Polychlorinated biphenyls (PCBs); 
• Mercury; and 
• Lead (paint). 

Due to the ages of the buildings, building components that are regulated in some circumstances, 
such as asbestos, lead paint and PCBs (in light ballasts) may be present. Potentially asbestos­
containing materials at the Site may include drywall joint compound , roofing membrane, pipe 
lagging, acoustic plaster/texture coat, ceiling tiles, and vinyl nooring. These items are common in 
buildings of this age and are not a hazard unless disturbed, as in renovation or demolition. 
Several Site buildings have nuorescent fixtures that could have PCB-containing ballasts. If 
regulated building materials are present, building owners have certain obligations to protect 
workers under the BC Workers ' Compensation Act. PGL has not conducted a regulated building 
materials survey as part of this investigation, as it is best dealt with prior to demolition. 

APEC 21 has been carried forward as APEC 21 because hazardous building materials have not 
yet been investigated at the Site. 

9.22 Additional Investigation Locations- General Site Coverage 

Additional soil and groundwater investigation took place outside of defined APECs at the Site in 
order to provide increased sample density. 

Shallow copper contamination was identified in an area to the north of AEC 16 and due to the 
location and similar mechanism of contamination has been incorporated into AEC 16 (Northwest 
Boneyard). 

Shallow cadmium contamination was identified at BH12 south of the McKenzie Barge office 
building and was delineated laterally and vertically by step out boreholes (BH48, BH49, and 
BH50). There is no clear source of this contamination but it has been included as AEC 14-2 
(former UST and battery storage area). 

Table Y: Investigation Locations for General Site Coverage 

Investigation Locations General Site PCOCs 

Soil: O-BH17, BH12, BH48, BH49, BH50, BH61 , B82, BH83, 
BH103, BH104, Primary: Metals 

Soil/Groundwater: OW4, OW9, BH08M, BH62M, BH64M, Secondary: LEPH/HEPH, PAH 
NBH04M, NBH24M, NBH25M 
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Copper was identified in soil at BH64M and BH82 at concentrations exceeding the applicable 
standard. Cadmium exceeded the applicable standard in shallow soils at BH12. 

The concentrations of LEPH/HEPH, PAH, MAH, VPH and metals at all other general coverage 
investigation locations were below the applicable standards. 

9.22.2 Groundwater Chemistry 

Naphthalene and cadmium exceeded the standard 1n NOM well OW4 in 1993. Copper exceeded 
the applicable standard in NOM well OW9 in 1993. 

Arsenic exceeded the applicable Drinking Water standard in several samples collected at 
NBH04M, but was below the standard in subsequent sampling events. 

The concentrations of LEPH/HEPH, PAH, MAH, VPH, VOC and metals at the other general Site 
coverage investigations were below the applicable standards. 

9.22.3 Discussion 

The shallow copper contamination at BH64M and BH82 is contained in the top 1m of soils. The 
source of the copper is unclear, but may be due to equipment storage in the parking area near 
Dollarton Highway. Due to the location and similar mechanism of contamination , this area wil l be 
included as part of AEC 16 (Northwest Boneyard). 

The shallow cadm1um contamination at BH12 was delineated laterally and vertically by step out 
boreholes (BH48, BH49, and BH50). There is no clear source of this contamination but cadmium 
was also identified in shallow soil further west at BH 11M (AEC 14) further west at a similar 
location south of the McKenzie Barge office building. The cadmium contamination at BH12 has 
been included as AEC 14-2 and although it has been delineated, further investigation of fill 
material beneath the McKenzie Barge office building should be assessed for cadmium upon 
building demolition. 

Groundwater contamination detected by NOM in 1993 could not be verified because the wells do 
not exist. PGL did not detect dissolved copper or cadmium exceedences in any wells at the Site 
and groundwater naphthalene exceedences were only located at AEC 1 and AEC 5. 

10.0 STAGE 2 PSIIDSI CONCLUSIONS 

PGL has identified twelve AECs (Figure 24), with COCs as Indicated in Table Z. These AECs and 
COCs were delineated in the Detailed Site Investigation (DSI) to identify Zones of Contamination 
(ZOCs) which are defined as the spatial area within an AEC caused by a single contaminant 
source. These ZOCs represent Zones of Soil, Groundwater and Soil Vapour Contaminant 
Plumes. 
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Table Z: APECs, COCs, AECs and ZOCs 

APEC Name PCOCs AEC COC or Rationale 

AEC1-1: 
Soil: Metals (antimony. 
copper, tin. zinc); 

AEC 1-2: 
Groundwater: Dissolved 
Arsenic 

Primary: 

General Metals, 

Shipbuilding LEPH/HEPH, AEC 1-3: 
APEC 

and Brickyard MAH, VPH, Yes, Soil: PAH (naphthalene 
1 TBT AEC 1 and phenanthrene); Act1vities MAH (benzene, (3829 Dollarton) Secondary: ethylbenzene); VPH, 

PAH and LEPH 

Groundwater: PAH, 
LEPH 

Soil Vapour: no 
contamination identified 
when attenuation factors 
applied 

AEC2: 
Soil/Sediment: Metals 
(arsenic, chromium, 

Sediments- Primary: 
copper, lead, mercury, 

Foreshore and Metals, PAH. 
and ZinC); PAH; and 

APEC Manne Ways - TBT Yes, 
PCB (AEC 2-2 only) 

2 General AEC2 Groundwater: Not Shipyard Secondary: 
Activities PCB applicable 

Soil Vapour: Not 
applicable 

AEC3: 
Soil: Metals (arsenic, 

Primary: 
copper, zinc); and PAH 

Imported F1ll 
East of Metals Groundwater: No APEC Sh1pyard Yes. contamination identified 3 Secondary: AEC3 Building (3829 LEPH/HEPH, 
Dollarton) PAH So1l Vapour: no 

contamination identified 
when attenuation factors 
applied 
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ZOC1-1 : 
So11: 
Depth: to 1.1 m bgs 
Area: 300m2 

ZOC1-2: 
Groundwater: 
Est. Area: 900m2 

ZOC1-3: 
Soil: 
Depth: to 3.4m bgs 
Area: 400m2 

~rQundwater: 
Est. Area: 400 m2 

ZOC2-1 : 
Sediment : 
Depth: to 1.5m bgs 
Area: 34,500m2 

ZOC2-2: 
Sed1ment : 
Depth: to 1.0m bgs 
Area: 2,250m2 

ZOC2-3: 
Sediment: 
Depth: to 1.0m bgs 
Area: 3,100m2 

ZOC3: 
So1l: 
Depth. 0.2 to 4.6m 
bgs 
Area. 775m2 
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APEC Name PCOCs AEC COC or Rationale 

AEC4: 
Soil: Metals (antimony, 
arsenic, cadmium, 

In-filled Primary: chromium, copper, 

Sandblasting Metals, mtolybdenum, nickel. 

and Patntmg LEPH/HEPH, Ztnc), and PAH 
APEC 

Area wtth MAH, VPH. Yes 
4 

Accumulated VOC. TBT AEC4 Groundwater: No 

Sandblast Grtt 
contamination identified 

Secondary: 
(3919 Dollarton) PAH. PCB Soil Vapour: no 

contamination identified 
when attenuation factors 
applied 
AECS: 
Soil: Metals (antimony. 
arsenic, chromium, 
copper. lead, mercury, 

Offsite Ftlled Prtmary: mtolybdenum, nickel, 
Foreshore and Metals. ttn, ztnc); 
Former LEPHIHEPH, PAH; LEPH; and MAH. 

APEC 
Matenals PAH, MAH, Yes, 

5 
storagel VPH, TBT AECS 

Groundwater: PAH and 
Burning Area Secondary: LEPH 
East of Stte PCB, VOC 

Soil Vapour: no 
contamination identified 
when attenuation factors 
are applied 

Primary: 

Htstorical Botler LEPH/HEPH, No sotl or groundwater 
APEC 

House PAH No contamination identified 
6 

(3829 Dollarton) wtth thts APEC Secondary: 
None 

Primary: 
Metals, 

Historical Work LEPH/HEPH, No soil or groundwater 
APEC 

Shop MAH. VPH, No contamination identified 
7 

(3829 Dollarton) voc with this APEC 

Secondary: 
PAH 

Prtmary: No tnvesttgal.ion has 
Metals, No but taken place beneath the 
LEPH/HEPH. earned matntenance shop 

APEC Machtne Shop MAH, VPH, forward buildtng 
8 (3919 Dollarton) voc as 

Secondary: APEC8 Carried forward as 

PAH APEC8 

ZOC4 : 
,SQi!; 
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Depth: grade to a 
maximum of 3.5m 
bgs 
Area· 2,220m2 

ZOC5: 
Soil: 
Depth: grade to a 
maxtmum of 4.0m 
bgs 
Area: 2 300m2 

GrQundwater: 
Est. Area: 900m2 
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APEC Name PCOCs AEC COC or Rat ionale 

Shed on Primary: 
Western Side of Metals, Soil contamination 

APEC 
3919 Dollarton LEPH/HEPH, No, see identified but is included 

9 
(former MAH, VPH AEC 16 as part of AEC 16 machine and 
blacksmith Secondary: (Northwest Boneyard) 

shop) PAH, PCB 

Primary: 
Metals, 
LEPH/HEPH, No soil or groundwater 

APEC Waste Dump PAH No contamination identified 10 (3829 Dollarton) 
with this APEC Secondary: 

MAH, VPH, 
voc 

Buried Barge Primary: 

APEC and Metal Metals, PAH APEC 11 was not 

11 Debris (Water No directly investigated but 
Lot South of Secondary: is included in AEC 2 
3829 Dollarton) None 

AEC12: 
Soil: Metals (copper, 

Primary: zinc); HEPH; and PAH 
Historical Metals, VOC, 

APEC Solvent and VPH, Yes, 
Groundwater: No 

12 Paint Storage LEPH/HEPH AEC 12 
contamination identified 

Area (3829 
Dollarton) Secondary: Soil Vapour: no 

MAH contamination identified 
when attenuation factors 
are applied 

Primary: 
Former Storage LEPH/HEPH, Soil contamination 

APEC Area for PAH No, see identified but is included 
13 Creosoted Ties AEC 16 as part of AEC 16 

(3919 Dollarton) Secondary: (Northwest Boneyard) 
Metals 

AEC14: 
Soil: Metals (lead and 

Primary: 
cadmium); 

Former PAH 
Gasoline MAH, VPH, (benzo(a )fluoranthene ); 
Underground LEPH, Metals LEPH/HEPH; and VPH 

APEC Storage Tank (for battery Yes, 
14 and Outdoor storage) AEC 14 Groundwater: No 

Battery Storage Secondary: contamination identified 
Area (3919 MTBE, EDB, 
Dollarton) DCA Soil Vapour: no 

contamination identified 
when attenuation factors 
are applied 
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See AEC 16 

See AEC 2-2 

ZOC12: 
Soil: 
Depth: to 1.1 m bgs 
Area: 125m2 

SeeAEC 16 

ZOC14-1 : 
Soil : 
Depth: to 4.0m bgs 
Area: 75m2 

ZOC14-2: 
Soil: 
Depth: to 2.2m bgs 
Area: 15m2 
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APEC Name PCOCs AEC COC or Rationale 

AEC15: 
Soil: MAH 

Primary: (ethylbenzene, xylene): 
LEPH/HEPH, 

APEC 
Former Drum MAH, VPH, Yes. 

Groundwater: No 

15 
Rack voc AEC15 

contam•nation ident1fied 
(3919 Dollarton) 

Secondary: So11 Vapour: no 
None contamination identified 

when attenuation factors 
are applied 
AEC16: 
So1l: Metals (arsenic, 
chromiuim, copper, 
nickel. and zinc): 
PAH 

Primary: (benzo(b )fluoranthene ): 
Metals. HEPH. and MAH 

APEC Northwest Bone LEPH/HEPH, Yes. (benzene). 
16 Yard MAH. VPH AEC 16 

(3919 Dollarton) 
Secondary: Groundwater: No 

PCB, VOC contamination identified 

Soil Vapour: no 
contamination identified 
when attenuation factors 
are applied 
AEC17: 
So1l: Metals (antimony, 
arsenic, barium, 

Pnmary: chrom1um. copper, lead, 
Metals, molybdenum, tin, and 

APEC Northeast Bone LEPH/HEPH, Yes, 
ZinC) 

17 
Yard MAH, VPH AEC 17 
(3919 Dollarton) Groundwater: TBT 

Secondary: 
PCB, VOC Soil Vapour: no 

contamination identified 
when attenuation factors 
are applied 
AEC18: 
Sotl: Metals (barium, 

Staining and Pnmary: copper. molybdenum. 

Stressed Metals, !In and zinc); 

Vegetat1on 1n LEPHIHEPH, 
APEC Area of Former MAH. VPH Yes, Groundwater: No 

18 
Office/Bunkhou 

AEC 18 contamtnation ident1fied 
Secondary: 

sa/Cookhouse PAH, VOC, Soil Vapour: no (3919 Dollarton) PCB contamination identified 
when attenuation factors 
are applied 

ZOC15: 
Soil: 
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Depth: to 1.5m bgs 
Area: 4m2 

ZOC16: 
Soil: 
Depth: to 1.0m bgs 
Area· 1,340m2 

ZOC17: 
.s2i1 
Depth: to 2.5m bgs 
ons•te. to 0.6m bgs 
offs1te 1n Cates Park 
Area: 360m2 

Groundwater: 
Est. Area: 75m2 

ZOC18: 
Soil: 
Depth· to 1.0m bgs 
Area: 550m2 
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APEC Name PCOCs AEC COC or Rationale 

AEC19: 
Soil: Metals (antimony, 
arsenic, cadmium, 
chromium, copper, lead, 

Winch 
Primary: mercury, molybdenum, 
Metals, nickel, vanadium, and Shed/Area LEPH/HEPH, zinc) APEC Beneath PAH, MAH, Yes, 

19 Decking North PCB, TBT AEC19 Groundwater: No of Marine Ways 
Secondary: contamination identified (3919 Dollarton) 
None 

Soil Vapour: no 
contamination identified 
when attenuation factors 
are applied 

Primary: 
Paint and Metals, VOC, 

APEC Solvent Storage VPH No, see Soil contamination 

20 Building (old AEC18 identified but is included 
office) Secondary: as part of AEC 18. 
(3919 Dollarton) LEPH/HEPH, 

MAH 

Primary: 
Asbestos, No, but Regulated building 

Regulated PCBs, etc. in carried materials were not 
APEC building building forward investigated at the Site 

21 materials only as materials 
APEC Carried forward as 

Secondary: 21 APEC 21 
None 

Soil contamination 
identified at BH12 is 
included as part of AEC 

No. see 
14. 
Soil contamination General Site Primary: AEC14 
identified at BH64M and - Coverage Metals, PAH and BH82 is included as part AEC 16 of AEC 16 (Northwest 
Boneyard) 

ZOC19: 
Soil: 
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zoe 

Depth: to 1.0m bgs 
Area: 650m2 

See AEC 18 

See AEC 14-2 and 
AEC16 

Cross section Figures showing Site topography, stratigraphy, and select investigation locations 
with contaminated soil and groundwater are provided as Figure 25 through Figure 28. 

11.0 UNCERTAINTIES 

All environmental investigations of this nature involve uncertainty including statistical variability in 
analytical results, false negatives. and extrapolation and interpolation between data points. In the 
case of this project, several uncertainties merit specific mention. 

I~ PGL 
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NOM analyzed several soil samples for Mineral Oil and Grease (MOG) which was formerly 
regulated under the CSR but is not currently regulated. No current standard is applicable to 
Mineral Oil and Grease data. In order to use the data as an indicator of contamination, we 
conservatively applied the CSR RL standards for LEPH/HEPH to historical MOG data presented 
on Figure 9 and in associated data Tables. 

11.2 NOM Groundwater dissolved m etals exceedences 

NOM findings related to metals in groundwater could not be replicated and so have been 
discounted, but there is a slight possibility this is incorrect. Several locations sampled by NOM in 
1993 exceeded groundwater standards for certain dissolved metals: 

1. OW4 cadmium concentration was 17ug/L and OW5 was 6ug/L. The highest concentration of 
dissolved cadmium observed at the Site in any sample collected by PGL was 0.648ug/L at 
BH62M. Most of the data was below laboratory detection limits; and 

2. OW9 and OW10 contained concentrations of dissolved copper of 54ug/L and 27ug/L 
respectively. The highest dissolved copper concentration measured by PGL was 17 ug/L at 
BH45M and 13ug/L at NBH02M. The remainder of the dissolved copper concentrations were 
below 1 Oug/L. 

These are at odds with our much larger and more recent dataset to the point where they appear 
incorrect. The difference is unlikely to be that dissolved metals in Site groundwater have cleaned 
up significantly since 1993. and so an assumption of analytical or sampling anomaly is 
appropriate. 

11.3 Chloroform 

We have discounted a 2007 chloroform exceedence 1n groundwater (BH11 M) as unlikely to be 
the result of contam1nat1on at the Site. PGL believes the chloroform concentration is likely 
attributable to chlorinated drinking water leaks beneath the office building or from the City water 
supply. This is based in the absence of chloroform as a PCOC, common observance of this 
parameter originating from drinking water leaks, and proximity of the sample location to the 
occupied building. 

It is not the responsibility of the Site owner, or the intention of the Contaminated Sites Regulation, 
to address chloroform caused by municipal water supply, as this is a societal risk choice and not 
a result of Schedule 2 activity. PGL has left this data in the tables and report for completeness, 
but is not highlightmg 1t as an exceedence caused by contamination at the Site. 
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Only one round of soil vapour testing has been completed at the Site. Samples were collected in 
summer (dry) season in generally coarse grained soils, suggesting that this sample set would be 
worst case. Further, a number of site specific factors mitigate against soil vapour contamination: 

• The Site uses would not have been volatiles-intensive; 
• Volatiles have not proven to be a significant soil or groundwater contaminant, and so the 

absence of soil vapour effects is not surprising; and 
• Much of the high activity areas along the waterfront are over water or have tidally flushed 

groundwater, resulting in conditions not conducive to retention of volatiles. 

In this context, the absence of seasonal testing is not a significant limitation in this case. 

11 .5 Data Quality Objectives 

As discussed in Section 5.0 and detailed in Appendix 1, a detailed review of QAJQC concluded 
that the overall dataset for the Stage 2 PSI/DSI is reliable. Specific limitations of the dataset 
where data quality objectives were not met and the data could be influenced are as follows: 

PAH data from soil sample BH35-05 should not relied upon to confirm remediation at the Site due 
to a hold time exceedence prior to laboratory analysis; and 

Arsenic concentrations in NBH09M and NBH34M could potentially be affected by dilution effects 
due to saturated well screen lengths in excess of 1.8m. Natural tidal flushing of these well 
screens would have more significant dilution effects than the potential effect of screen length. We 
would also not expect arsenic concentrations to be vertically stratified as there is no clear source 
(i.e. it is not migrating from grade). The longer well screen lengths noted in Appendix 1 do not 
affect our conclusions with respect to exceedences of the applicable standards. 

12.0 REMEDIATION PLAN 

Polygon has submitted a Development Permit Application to the District of North Vancouver. The 
uses would be as follows: 

1. Re-zone and redevelop the Uplands, freehold portion of the Site with multi-tenant residential 
condominiums and townhouses. Most planned structures will be slab on grade but the 
development plan includes under-building parking that will be below grade in some areas; 

2. Dedicate a public use walkway along the original high water mark on Freehold land 
(parkland use); 

3. The Filled Intertidal Areas may include a small area of public access areas immediately along 
the walkway (parkland use). The balance would be banked riparian and intertidal habitat that 
would exclude access by humans from the land side with barrier planting (wildlands use); and 

4. Enhancement and rehabilitation of habitat in Roche Point Creek that will include enhanced 
riparian habitat that would exclude access from the land side by humans with barrier planting 
(wildlands use). 
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Stage 2 Preliminary Site Investigation and Detailed Site Investigation 
Polygon Development 270 ltd./MOE Site IDs 3412 / 14456 
PGL File: 1543-09.03 

October 2013 
Page 64 

Because the development is comparatively low density in consideration of community concerns 
and zoning guidance from the District of North Vancouver (DNV), aggressive approaches to soil 
management would make the project uneconomic. For this reason, it is fortunate that most of the 
contaminants on the sites show minimal environmental availability. Securing these materials in­
place to eliminate direct exposure, combined with removal of more highly impacted soils is the 
most feasible remediation plan. Select removal would be applied to soils that require removal as 
part of site development and soils of the greatest environmental risk: 

• Hazardous waste soils; 
• Soils in the Port Metro Vancouver fill zone southeast of the Site (AEC 5) where groundwater 

PAHs exceed applicable standards; and 
• Soil east of the Noble Towing building where groundwater concentrations of PAH exceed 

applicable standards (AEC 1-3). 

Soil left in place will be risk assessed and risk managed as appropriate. Risk management 
measures are likely to 1nclude capping. 

The following Sections discuss the Site remediation plan with respect to identified ZOCs. ZOCs 
have been grouped together for ease of discussion where the remediation and/or risk 
assessment plan for the ZOCs is similar. 

The risk assessment problem formulation has been prepared under separate cover, and 
addresses this in additional detail. The following plan is conceptual. 

12.1 Metals and hydrocarbons in shallow soils (ZOC1 -1, ZOC3, ZOC4, ZOC12, 
ZOC15, ZOC16, ZOC17, ZOC18, ZOC19) 

Fill soils (predominantly shallow) and surface soils at the Site are sporadically contaminated with 
various metals parameters. The native till material (silts and sands) underlying Site fill and 
surface soils is generally not contaminated w1th metals. 

During Site redevelopment and construction, fill soils and surface soils in many Site areas will be 
disturbed, and some contaminated soils will be removed from the Site. The final development 
plans will indicate the areas where soil disturbance will occur and will help determine where soil 
removal or surface capping I risk assessment are feasible remedial options. 

In areas where shallow hydrocarbon impacts are present at grade (ZOC1-1 , ZOC4, ZOC16, 
ZOC18, ZOC19), some hot-spot excavat1on of these soils may be incorporated into the 
remediation plan. Hazardous waste concentrations of PAH detected in ZOC19 will be excavated 
and disposed of at an approved facility. 

A conservative look at the data from ZOC3 suggests that the entire fill volume east of the building 
at 3829 Dollarton and west of Roche Point Creek is contaminated The contaminated soils exist 
at depths up to 3.4m to the north (at the south edge of Roche Point Creek) to a maximum depth 
of 4.6m to the south end of Noble Point. Except for planned removal of hydrocarbon 
contamination in soil and groundwater at ZOC 1-3 which overlaps with ZOC3, soils at ZOC3 will 
be risk assessed and remain in place. 

t PGL 
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An acceptable remedial/risk assessment option must be explored in conjunction with the DNV 
and Tsleill- Wautouth Nation who co-manage Cates Park to deal with offsite soils in Cates Park 
(ZOC17 and ZOCS) that are impacted with shallow metals contamination. Subject to stakeholder 
approval, these offsite affected soils would be removed. 

12.2 Metals and Hydrocarbons in Deeper Soil and Groundwater (ZOC1-3 and 
ZOC5) 

The preliminary remediation plan for the Site is to excavate and remove hazardous waste and 
PAH contaminated soil and pore water from ZOC1 -2 and ZOCS for offsite disposal in coordination 
with bulk excavation during development. Groundwater will not be separately addressed because 
contaminated pore water will simply be excavated with soil. Over-excavation of source material 
will be completed as necessary. As required, the resulting area will be restored to pre-filling 
conditions (grades, surface cover). 

Contamination at the offsite filled intertidal area (ZOCS) extends from the eastern edge of the 
east marine way (above former wooden dock) north to the original high water mark (border with 
Cates Park), northeast to the squatter shack, and east to a makeshift retaining wall made of 
creosoted wood and metal. Soil and groundwater results indicate that this entire filled area is 
impacted with metals and PAH, including some hazardous waste (PAH TEQ). Delineation has 
been obtained to the north in Cates Park and to the east on the foreshore. PAH and metals 
contamination appears to extend/co-mingle with sediments to the south. The Filled area is 
proposed to be remediated by excavation for offsite disposal. 

Hydrocarbon contamination in soil and groundwater east of the Noble Towing building (ZOC1-3) 
will require remediation through excavation and off-site disposal to remediate high risk conditions 
caused by naphthalene concentrations in groundwater at NBH22M and adjacent to Roche Point 
Creek at NBH28M. 

12.3 Sediment Remedial Plan (ZOC2) 

Surface sediments (ZOC2) south of the Site are contaminated with metals and PAH. Sediment 
delineation work extended a great distance from the Site. The remediation plan for sediments will 
be determined based on toxicity tests currently in progress. 

Based on our experience, contaminant concentrations up to five times the applicable standards 
are highly likely to pass toxicity testing, while h1gher concentrations are in doubt. Concentrations 
up to roughly ten times the standard have been identified, but this is generally restricted to a 
small fraction of the area identified as exceeding applicable standards. Conceptually we plan to 
identify a toxicity threshold, and target soils exceeding that threshold for management. Soils 
below the threshold would be managed in place. Soils above the threshold could be capped, an 
option that is available based on the information that this area is subject to sediment deposition. 
Another alternative that could be considered if capping is not feasible for any reason would be 
dredging. Special management options will be developed for high value habitat that cannot 
reasonably be capped or dredged, if any. 
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12.4 Hydrocarbon Contaminated Soils in the Former UST Tank Nest (ZOC14) 

Contaminated soil surrounding the former UST was assessed during tank removal and found to 
be contaminated, but localized. The hydrocarbon impacted soils will be removed from the Site 
during development related construction in the area of ZOC14. 

12.5 Groundwater Arsenic (ZOC1-2) 

Groundwater arsenic concentrations exceeding the drinking water standard will likely be risk 
assessed based on removing the drinking water pathway by placing a covenant on the titles for 
the Site, or by obtaining an exemption from drinking water standards at the Site. 

12.6 Groundwater Tributyltin (TBT) (ZOC17) 

The groundwater TBT concentration exceeding the applicable aquatic life standards will be 
delineated and risk assessed. It is likely that complete exposure pathways between TBT in 
groundwater and potential human and/or ecological receptors will not identified. Further work is 
required to delineate the extent of contamination laterally and vertically during Site 
decommissioning. 

12.7 Feasibility of Risk Assessment 

PGL has reviewed the viability of risk assessment to address risks on the Site and in Cates Park 
and PMV foreshore and water lots south of the Site. The information is contained in the separate 
document Preliminary Problem Formulation 

13.0 CONCLUSIONS 

PGL completed a Stage 2 PSI and DSI to assess the risks of contamination related to the 
identified areas of potential environmental concern at the Site. Investigation of both onsite and 
offsite APECs identified contaminated soil, groundwater and sediments at the Site. The identified 
contamination is associated with the long term operation of shipyards and the use of 
contaminated fill material at the Site. All contaminated media has been at least coarsely 
delineated both vertically and horizontally. Delineation IS incomplete 1n areas where access is 
limited by site improvements that are still in use. 
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• Surface soils at the Site are widely contaminated with metals (ZOC1 , ZOC3, ZOC4, ZOC5, 
ZOC16, ZOC17, ZOC18, and ZOC19). The contamination appears to be sporadic but is a 
Site-wide issue and extends offsite into portions of Cates Park. Many of these shallow soils 
are also sporadically impacted with pockets of hydrocarbon contamination associated with 
surface spills; 

• Deeper metals contamination is present in soils in the filled intertidal areas (ZOC3, ZOC4, 
and ZOC5); 

• Despite widespread soil contamination, groundwater at the Site generally meets standards 
except for two areas where hydrocarbons are present (ZOC1-3 and ZOC5). Soil metals are 
not leachable and have not impacted groundwater. This was expected as most of the metals 
are low environmental availability because they are related to blasting grit; 

• The entire offsite filled intertidal area southeast of the Site (ZOC5) contains impacted soil 
(metals and hydrocarbons) and groundwater (hydrocarbons), including hazardous waste 
concentrations of PAH in soil: 

• Sediment contamination (metals and PAH) is widespread south of the Site (ZOC2); 
• Soil contamination is present in the area surrounding the former UST tank nest at the Site 

(ZOC14}; 
• TBT contamination is present in groundwater beneath the painting shelter and northeast 

boneyard (ZOC17); and 
• Dissolved arsenic contamination is present in groundwater exceeding the drinking water 

standard beneath the Noble Towing building (ZOC1-2). 

14.0 RECOMMENDATIONS 

We recommend that this report be submitted in support of an application for a Release of 
Development Permit under Administrative Guidance 6 that the Site has been delineated and has 
remediation plan in place suitable to remediate the Site to numerical and risk-based standards for 
soil, sediment, and groundwater. 

15.0 PROFESSIONAL STATEMENT 

Pursuant to the requirements of Part 16 of the Contaminated Sites Regulation, PGL affirms that: 

• This documentation has been prepared in accordance with all requirements of the Waste 
Management Act and Regulations; and 

• The persons signing this report have demonstrable experience with this type of investigation 
and the Site conditions. 

16.0 STANDARD LIMITATIONS 

PGL prepared this report for Polygon Development 270 Ltd. and its agents exclusively. It may be 
relied upon by these parties, Port Metro Vancouver, District of North Vancouver and the BC 
Ministry of Environment and the Contaminated Sites Approved Professionals Society exclusively. 
PGL accepts no responsibility for any damages that may be suffered by third parties as a result of 
decisions or actions based on this report. 

The report 's purpose is to provide the client with an assessment of contamination on the Site. The 
investigation consisted of a screening for potential contamination and, as is true for all 
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envrronmental 1nvest1gat1011S J:Ot.;r ,tlal rema1ns for tile presenct: of unknown un1den11f1eO or 
unforeseen surface or Sllllsurface con1ammat1on More or dtfferent uwest1ga11cn may be reqUired 
f other nsks are tdent1f1t:ld The data presented 111 thiS repon IS valid tor the d<1te of sampltng but 

S1te cona1110ns may change w1tl 11me 

The ftndtngs and conclusions are S1te-spec1frc and were developed n a manner cons1stent w1th 
t11a1 level of care and s"111 normally exerc1sed by enwonme"ltal profess1onals currently pract1c1ng 
under s1m11ar condttlons tn the area Changtng asse:ssrnent te:cl1mques regulations and Sue 
condtttons means that envlfonmental tnvt.:sllgauons <lnd tt•e~r conci.Jstons c.Jn qutckly become 
dated so th1s report 1s for use now The report should ,ot be used after that w1thout PGL 
rt:lVICWiappro•Jal 

The proJect has been conducted accordtng to our 1nstruct1ons and work program. Addlltonal 
condtllons and hm1tat1ons on ou• habthty are set forth 111 our work program/contract Thts report 1s 
ne ther an er·dorsement nor a condemnation of the subJect propt:lrty No warranty exprt:sseo or 
1mphed IS made 

Respectfully submll ted 

POITINGER GAHERTY ENVIRONMENTAL CONSULTANTS LTD. 
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