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PRELIMINARY HAZARD ASSESSMENT FORM 
 

Project Number: R.026729.002 
South Jetty Reconstruction 

Location:  Esquimalt Graving Dock 

Date: August 17, 2016 

Name of Departmental Representative: Patrick Truong, Project Manager 

Name of Client: EASS-EGD 

Name of Client Project Co-ordinator Wyatt Wright 

 
Site Specific Orientation Provided at Project Location     Yes   X      No  
 
Notice of Project Required          Yes X        No      
 
NOTE: 
PWGSC requires “A Notice of Project” for all construction work related activities. 
 
NOTE: 
OHS law is made up of many municipal, provincial, and federal acts, regulations, bylaws and codes.  
There are also many other pieces of legislation in British Columbia that impose OHS obligations. 

Important Notice: This hazard assessment has been prepared by PWGSC for its own project planning process, and to 
inform the service provider of actual and potential hazards that may be encountered in performance of the work.  

PWGSC does not warrant the completeness or adequacy of this hazard assessment for the project and the paramount 
responsibility for project hazard assessment rests with the service provider. 

 
TYPES OF HAZARDS TO CONSIDER Potential Risk for: COMMENTS 

Examples: 
Chemical, Biological, Natural, Physical, 
and Ergonomic 
 
Listed below are common construction 
related hazards.  Your project may 
include pre-existing hazards that are not 
listed.  Contact the Regional 
Construction Safety Coordinator for 
assistance should this issue arise. 

PWGSC, OGD’s, 
or tenants 

 
General Public 

or other 
contractors 

 

Note: When thinking about this pre-
construction hazard assessment, 
remember a hazard is anything that 
may cause harm, such as chemicals, 
electricity, working from heights, etc; 
the  risk is the chance, high or low, 
that somebody could be harmed by 
these and other hazards, together 
with an indication of how serious the 
harm could be. 

Yes No Yes No 

 

Typical Construction Hazards 
Concealed/Buried Services (electrical, 
gas, water, sewer etc) 

X  X  No natural gas services on site  
 

Slip Hazards or Unsound Footing X  X   
Working at Heights X  X   

Working Over or Around Water X  X   

Heavy overhead lifting operations, 
mobile cranes etc. 

X  X   
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Marine and/or Vehicular Traffic (site 
vehicles, public vehicles, etc. 

X  X   

Fire and Explosion Hazards X  X   

High Noise Levels X  X   

Excavations X  X   

Blasting X  X   

Construction Equipment X  X   

Pedestrian Traffic (site personnel, 
tenants, visitors, public) 

X  X   

Multiple Employer Worksite X  X   

Electrical Hazards 
Contact With Overhead Wires  X  X  

Live Electrical Systems or Equipment X  X   

Physical Hazards 

Equipment Slippage Due To 
Slopes/Ground Conditions 

 X  X  

Earthquake X  X   

Tsunami X  X   

Avalanche  X  X  

Forest Fires  X  X  

Fire and Explosion Hazards X  X   

Working in Isolation X  X   

Working Alone X  X   

Violence in the Workplace X  X   

High Noise Levels X  X   

Inclement weather X  X   

High Pressure Systems X  X   

Other:      

Hazardous Work Environments 

Confined Spaces / Restricted Spaces X  X  
Service Tunnels are restricted 
spaces.  Electrical Vaults are 
confined spaces. 

Suspended / Mobile Work Platforms X  X   

Other: X  X  Overhead cranes 

Biological Hazards 

Mould Proliferations  X  X  

Accumulation of Bird or Bat Guano  X  X  

Bacteria / Legionella in Cooling Towers / 
Process Water 

 X  X  

Rodent / Insect Infestation  X  X  

Poisonous Plants  X  X  

Sharp or Potentially Infectious Objects in 
Wastes 

X  X  Multiple employer workplace  

Wildlife X  X  Resident deer population  
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Chemical Hazards 

Asbestos Materials on Site X  X  
Asbestos is known to exist at specific 
locations within service tunnels. 

Designated Substance Present  X  X  

Chemicals Used in work X  X  Active ship repair facility 

Lead in paint X  X  

Paint on steel and concrete surfaces 
is known to contain lead.  Lead dust 
has also recently been identified in 
multiple locations within some 
buildings and service tunnels. 

Mercury in Thermostats or Switches  X  X  

Application of Chemicals or Pesticides  X  X  

PCB Liquids in Electrical Equipment  X  X  

Radioactive Materials in Equipment  X  X  

Other:      

Contaminated Sites Hazards 

Hazardous Waste X  X  Suspected contaminated soils  

Hydrocarbons X  X  Suspected contaminated soils  

Metals X  X  Suspected contaminated soils  

Other: X  X  Suspected contaminated soils  

Security Hazards 
Risk of Assault X  X  Multiple employer workplace 

Other: X  X  No unauthorized entry to site.   

Other Hazards 

      

      

      

      

 

Other Compliance and Permit Requirements1 YES NO Notes / Comments2 
Is a Building Permit required?  X  
Is an Electrical permit required? X  Required for any electrical work on 

site  

Is a Plumbing Permit required? X   

Is a Sewage Permit required?   No discharge of sewage allowed. 

Is a Dumping Permit required?   No dumping allowed on site 

Is a Hot Work Permit required? X   
Is a Permit to Work required?  X  

Is a Confined Space Entry Permit required? X   

Is a Confined Space Entry Log required? X   

Discharge Approval for treated water required? X   
 
 
Notes: 
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(1)  Does not relieve Service Provider from complying with all applicable federal, provincial, and municipal laws and 
regulations. 

(2) TBD means To Be Determined by Service Provider. 
 
 

Service Provider Acknowledgement: We confirm receipt and review of this Pre-Project Hazard Assessment and 
acknowledge our responsibility for conducting our own assessment of project hazards, and taking all 
necessary protective measures (which may exceed those cited herein) for performance of the work. 

Service Provider Name 
 
 

Signatory for Service Provider 
 
 

Date Signed  

RETURN EXECUTED DOCUMENT TO PWGSC DEPARTMENTAL REPRESENTATIVE PRIOR TO ANY WORK 
COMMENCING 
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It is the goal of the Esquimalt Graving Dock, in partnership with the ship 
repair  industry, to be the premier ship repair, construction and maintenance 
facility on the west coast of North America.

The Esquimalt Graving Dock and its Users realize that environmental 
management is an integral part of attaining that goal. Through the 
implementation of an ISO 14001 Environmental Management System, 
we are committed to managing the actual and potential environmental 
impacts of our operations.

Esquimalt Graving Dock
Environmental Policy

To meet our commitment we will:

Protect the natural environment and prevent pollution.

Meet or exceed applicable federal, provincial and municipal legislation  
and regulations; uphold departmental policies; and abide by industry  
standards, practices and other requirements related to our identi�ed  
environmental aspects.

Establish and review our programs, objectives and targets to ensure    
we are meeting our environmental commitments.

Communicate openly with our employees, Users, tenants, contractors,  
suppliers, neighbours and other stakeholders regarding our 
Environmental Management System and the nature of our operations.

Educate our employees and the Users of our facility to ensure they are 
aware of and understand their roles and responsibilities in protecting  
the environment.

Meet the evolving needs and expectations of our industry and    
community through the continual improvement of our systems,    
programs and procedures.

>

>

>

>

>

>

August 2013

David Latoski
Operations Manager
Esquimalt Graving Dock
Engineering Assets
Strategy Sector

Marilea Pirie
Director General
Engineering Assets
Strategy Sector

Jim Milne
Director
Esquimalt Graving Dock
Engineering Assets
Strategy Sector
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Prepared By: Approved By: Date Issued: Version: Controlled Copy: 

DB  2008/01/04 1 DB01 

 

PUBLIC WORKS AND GOVERNMENT SERVICES CANADA 
ESQUIMALT GRAVING DOCK 

Section:  
Subject: Hot Work Application, Procedures,  

Terms and Conditions for Approval Page: 1  

    

Company Name:  
 

Date: ______________________ Required Start Time:  
___________________ 
 

Location /Building ______________________ 
Estimated Completion 
Time: 

___________________ 

Dept /Contractor ______________________ Expires on (date /time) ___________________ 

Area /Floor ______________________ Is a Fire Watch Required?          Yes   No   

Work to be Done ______________________ Special Precautions ___________________ 

_________________________________________ ________________________________________ 

 
 

Before application approval, the undersigned Contractor/ Department and any 
representatives are required to read and understand all relevant codes and standards in 
accordance with the National Fire Code of Canada, 2005, Division B, Section 5.2. Hot 
Works, and NFPA 51B Standard for Fire Prevention During Welding, Cutting, and Other 
Hot Work, 1999 Edition.  
 
 

Area Pre-Inspection (for EGD use only) Contractor/ Department 

  

Fire Safety Rep: 
(print name) 

___________________ 
Company / Department 
Representative: 
(print name) 

___________________ 

Fire Safety Rep: 
(sign) 

___________________ Signed: ___________________ 

Date of Inspection: ___________________ Date: ___________________ 

 
 

Approved     Denied  
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PREFACE 

The Asbestos Management Plan is required in order to comply with the Canada Labour Code 
and provincial regulations governing the safe work environment for employees, public and 
contractors visiting or working in buildings containing asbestos.  

NOTE:  (Provincial Regulation – Part 6 of the Regulation 185/99 – as prescribed under 
the British Columbia Occupational Health and Safety Act). 

The Asbestos Management Plan (AMP) will perform several functions: 

To act as a common term of reference for the safe operation and management of 
buildings containing asbestos materials; 
To be a central depository of information for each facility; 
To act as a control mechanism to ensure compliance; 
To communicate roles and responsibilities of those required to work with or around 
asbestos materials; and, 
To communicate the accepted departmental procedures for working with asbestos 
materials. 

This document provides information, procedures, and work practices necessary to the 
establishment of an Asbestos Management Plan (AMP).  The AMP sets guidelines for all facility 
maintenance, alteration, repair or other activities that may disturb asbestos; and provides 
ongoing re-assessment of friable asbestos materials.  If continuing disturbance or severe 
deterioration of friable asbestos is indicated, the material will be removed.  Major renovations 
will be preceded by total removal of friable asbestos materials in the project area. 

The AMP describes work practices for minor disturbance of friable asbestos materials (plaster 
and mechanical insulation), and non-friable materials (Low and Moderate Risk work).  This
document is divided so that specific sections can be copied and provided to the worker 
or contractor performing the work.  The AMP includes policies for inspection of work, air 
monitoring, and worker training. 

The AMP does not describe work procedures for major asbestos removal.  Such removal 
is classified as High Risk work.  These procedures generally require an experienced contractor, 
and, therefore are not detailed in this AMP document.  This type of work usually requires a 
“project specific approach” and should be coordinated and monitored by the Regional Asbestos 
Coordinator and/or Project Manager. 
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DEFINITIONS 

Abatement - control or attend to. 

Amended Water - water which has been treated with a chemical agent to enhance the wetting 
of asbestos material prior to removal. 

Area by area survey - survey of large areas where each plane within the area is sampled 
visually and scientifically tested for the presence of asbestos containing materials, i.e. corridors, 
assembly areas, total basement boiler rooms.   

Asbestos – a group of naturally occurring mineral silicates which are capable of being 
separated into fibres.  Asbestos comes from the Greek word “indestructible”. 

Amosite  - "brown asbestos" is from the amphibole family. 
 Chrosidilite - "blue asbestos" is from the amphibole family. No longer/very rarely used. 
 Chrysotile - "white asbestos" is from the serpentine family. Most commonly used 
 Other Types – Actinolite, Anthophyllite, Tremolite 

Asbestos Containing Material (ACM) - a manufactured article containing 1% or more
asbestos by weight at the time of manufacture or other materials which contain 1% or more 
asbestos as determined by X-ray diffraction or optical polarizing microscope analytical 
techniques. 

Asbestos Process - refers to any handling of materials which generates airborne asbestos 
fibres, including: 

 sawing, cutting, drilling or abrasion of asbestos materials; 
 packing or unpacking of asbestos; 
 installation or removal of asbestos insulation or coverings; 
 mixing or application of asbestos cements, plasters, putties or similar compounds; 
 cleaning of asbestos-contaminated clothing; or 
 storage, conveyance or disposal of materials containing asbestos. 

Containment - an isolation system designed to effectively contain asbestos fibres within a 
designated work area where asbestos-containing material is handled, removed, encapsulated or 
enclosed, and includes a glove bag. 

Encapsulation - treatment of an asbestos-containing material which penetrates the material 
and binds all the fibres together. 

Enclosure - isolation of asbestos-containing material, from adjacent occupied areas in a 
building, by physical barriers such as gyproc, plywood, or metal sheeting, to prevent the release 
of airborne asbestos fibres into these areas. 

Friable Asbestos Product (Material) - ACM, that when dry, can be crumbled, pulverized or 
powdered by hand pressure.  This definition also includes dust or debris arising from non-friable 
materials that are, or will become, crumbled, pulverized or powdered, i.e., asbestos containing 
plaster disturbed by demolition.  Friable asbestos - suspect products include: sprayed asbestos 
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products (fireproofing, thermal insulation, acoustic insulation or decorative products) applied in 
1974 or earlier; acoustic or texture plaster applied in 1983 or earlier; mechanical insulation 
installed in 1983 or earlier (jacketed or not); compressed mineral fibre ceiling tiles installed in 
1983 or earlier. 

Generic survey - spot check type survey where a small number of random samples are done at 
different locations of similar or non similar materials to get a localized perspective as to where 
asbestos containing materials are located.  This type of survey would be good in areas such as 
boiler rooms where high concentrations of most materials are suspect to contain asbestos in 
localized areas such as boiler jacketing, pipe lagging, and exhaust breaching.   

Phase Contrast Microscopy (PCM) - approved Treasury Board method for measurement of 
airborne particulate matter. 

Polarized Light Microscopy (PLM) - method of detection for small amounts of asbestos in bulk 
samples.  

Risk of Exposure to Asbestos Fibres - the risk of exposure to asbestos fibres when handling 
friable asbestos material is much greater than when handling hard, well-bonded asbestos 
material like vinyl-asbestos floor tile or asbestos cement products.

Room by room survey - survey of individual rooms where each plane within the room is 
sampled visually and scientifically tested for the presence of asbestos containing material. 

Serpentine and amphiboles - rock types. 

TEM - method of detection used for positive identification of airborne asbestos fibres via the use 
of an electron microscope. 

Waste Asbestos - a waste containing friable asbestos fibres or asbestos dust in a 
concentration greater than 1% by weight either at the time of manufacture, or as determined by 
the test method "Asbestos in Bulk Samples-Dispersion Staining", Industrial Hygiene Laboratory 
Analytical Methods. 
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CONTACT LIST 

Name Address Number 
Daryl Lawes 
EGD Environmental Coordinator 
AMP Site Manager 

825 Admirals Road 
Victoria, V9A 2P1 

Office: (250) 363-6985 
Cell: (250) 213-7242 

Kim Wilson 
Best Practices Coordinator 

825 Admirals Road 
Victoria, BC V9A 2P1 

Office: (250) 363-3914 
Cell: (250) 213-6540 

David Latoski 
Operations Manager 

825 Admirals Road 
Victoria, V9A 2P1 

Office: (250) 363-8056 
Cell: (250) 889-5808 

Bob Desmarais 
Yard Supervisor 

825 Admirals Road 
Victoria, V9A 2P1 

Office: (250) 363-0274 
Cell: (250) 888-0141 

Wyatt Wright 
Pumphouse Supervisor 

825 Admirals Road 
Victoria, V9A 2P1 

Office: (250) 363-3768 
Cell: (250) 213-5154 

Joe Lezetc 
Electrical Supervisor 

825 Admirals Road 
Victoria, V9A 2P1 

Office: (250) 363-3991 
Cell: (250) 213-2545 

Jack Gale 
Crane Supervisor 

825 Admirals Road 
Victoria, V9A 2P1 

Office: (250) 363-0272 
Cell: (250) 213-9683 

Jim Milne 
EGD General Manager 

825 Admirals Road 
Victoria, V9A 2P1 

Office: (250) 363-3256 
Cell: (250) 812-7208 

Amy Moizumi 
PWGSC Regional Asbestos Coordinator 

19th Floor  
800 Burrard St. 
Vancouver, BC  

Office: (604) 666-6321 

EMERGENCY PROCEDURES 

If Moderate Risk work procedures cannot be strictly observed due to the urgency, some 
judgment will be required of the person responsible for the work, and other staff or contractors 
responding to the emergency.  The general principle of emergency response work is to protect 
the workers performing the repair and to minimize the exposure of others to airborne asbestos.  
The procedures given below should be followed to the extent possible in the circumstances of 
the emergency. 

VACATE the area of unnecessary personnel. 

CONTACT immediate Supervisor for guidance on contamination, or, in the absence of same, 
the EGD Operations Manager, the EGD Environmental Coordinator, the EGD Best Practices 
Coordinator, the EGD Yard Supervisor, the EGD Pumphouse Supervisor, the EGD Electrical 
Supervisor, the EGD Crane Supervisor, or the PWGSC Regional Asbestos Coordinator. 



ESQUIMALT GRAVING DOCK ASBESTOS MANAGEMENT PLAN
____________________________________________________________

Esquimalt Graving Dock – Asbestos Management Plan (April 2012)   Part 2 - Page ix

LIMIT the asbestos contamination.  
 Construct enclosure around area if time permits.  
 Shut down ventilation system serving area. 
 Use drop sheet under work to minimize clean-up if possible. 

Worker performing the repair shall wear protective respirator and disposable suit.  If normal 
work clothes are worn they must be disposed of as asbestos waste if visibly contaminated. 

Perform emergency repair with minimum disturbance of asbestos.  

Obtain asbestos equipment and perform clean-up of visible material before allowing unprotected 
personnel to enter area.  Use HEPA filtered vacuum or wet cleaning.  Dispose of all cleaning 
supplies as contaminated waste. 

The worker should wipe off or vacuum disposable clothing and footwear.  Proceed to washroom 
to wash face and hands.

The EGD Environmental Coordinator (or, in absence of same, the EGD Operations Coordinator, 
the EGD Best Practices Coordinator, the EGD Yard Supervisor, the EGD Pumphouse 
Supervisor, the EGD Electrical Supervisor, the EGD Crane Supervisor) will INFORM the 
following of the emergency: 

INFORM the following of the emergency: 

 All personnel/clients in the building 
 EGD Health and Safety Committee Chair 
 PWGSC Regional Asbestos Coordinator 
 Occupational & Environmental Health Services, Health Canada (OEMs, HC) 
 Human Resources Development Canada – Labour Program, Occupational Safety 
 WorkSafeBC (when private sector clients/contractors present) 

Before removing an enclosure, monitor the air to confirm acceptable levels and document 
readings. OBTAIN verification from OEMs (HC) on air monitoring requirements.  If the 
regulatory bodies do not perform the monitoring, hire a qualified consultant. 

Arrange for the EGD Project Managers to INSPECT the work as soon as possible and, in 
conjunction with the regulatory bodies, to OVERSEE the work and APPROVE the corrective 
work required. 

DOCUMENT the disposal of the asbestos and the procedures used. 
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EMERGENCIES - GENERAL INFORMATION 

Examples of possible emergencies:  
 an asbestos clad boiler explodes  
 a heating main breaks and floods the building 

Most asbestos emergencies are unique, but basic procedures apply in all cases: 

 handle emergencies as quickly as possible; 
 follow standard procedures; and  
 notify regulatory agencies and the EGD Environmental Coordinator at once. 

The main goal is to limit contamination. Decontaminate and/or enclose problem areas with 
polyethylene.  Shut off air-handling units to affected areas and post warning signs. 

In a minor emergency, decontamination may be handled by trained in-house personnel or by a 
reputable asbestos contractor. 

The asbestos emergency situation is under control when the asbestos relating to the emergency 
is enclosed.  

Before removing an enclosure, monitor the air to confirm acceptable levels and document 
readings.  If the regulatory bodies do not perform the monitoring, hire a qualified consultant.  
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ESQUIMALT GRAVING DOCK ASBESTOS MANAGEMENT PLAN

1.0 INTRODUCTION TO THE PROGRAM 

1.1 Objectives 

The Asbestos Management Plan is formulated to meet the following objectives: 

 To identify all friable asbestos materials.  Friable asbestos materials are defined in the 
Program; 

 To maintain all accessible friable asbestos materials in good condition; 
 To prevent unintended asbestos exposures to client staff and visitors, contractors, and 

PWGSC staff; 
 To manage all construction and maintenance activities that might disturb asbestos 

materials; 
 To comply with all federal, provincial, territorial, and municipal requirements for 

occupational health and safety, and environmental control. 

1.2 Response to Policy Directives 

The Asbestos Management Plan has been developed to meet federal and provincial regulatory 
requirements.

The Asbestos Management Plan meets the requirements for employee health protection set out 
in Treasury Board Manual, Human Resources Management, Procedures for Occupational 
Exposure to Asbestos, Chapter 4-03, 1994 and in the Deputy Minister's Directive, Asbestos 
Management, and Code of Practice (DM 057). 

1.3 Regional Asbestos Coordinator 

A position of Regional Asbestos Coordinator will exist to provide services for asbestos control. 
Name and telephone number of the Regional Asbestos Coordinator is the following:   

Regional Asbestos Coordinator 
Name: Amy Moizumi (Vancouver Office)  

 Tel: 604-666-6321   
Fax: 604-775-6645   

1.4 Regulatory Requirements 

PWGSC has responsibilities as building owner, tenant, landlord, and employer, under the 
following regulations and statutes: 

 Canada Labour Code, Part II 
 Canadian Environmental Protection Act 
 Provincial and territorial occupational health and safety legislation (Part 6 of Regulation 

185/99 – as prescribed under the British Columbia Occupational Health and Safety Act); 
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 Provincial and territorial environmental protection legislation (British Columbia Ministry of 
Environment - Waste Management Branch).

2.0 DEPARTMENTAL POLICIES 

2.1 Friable Asbestos Products in Leased Premises 

When PWGSC is considering leasing space in a building built before 1983, PWGSC shall be 
provided with an asbestos survey that addresses and includes analysis of all friable materials as 
defined in the PWGSC Asbestos Management Plan.  The survey shall be signed by and 
conducted under the direction of a person competent in asbestos control, such as a 
Professional Engineer, a Certified Industrial Hygienist, or a Registered Occupational Hygienist. 

PWGSC will not lease space where there is friable asbestos material (other than properly 
encapsulated or enclosed asbestos containing insulation on mechanical systems) within the 
space to be occupied. 

The Department may lease space in buildings where friable asbestos products are present 
elsewhere in the building, provided there is an asbestos management plan in place that meets 
the minimum requirements of the PWGSC Asbestos Management Plan.   

A copy of the lease building asbestos management plan shall be submitted to PWGSC as a 
condition of issuance of the lease. 

2.2 Definition of Friable Asbestos Products 

For the purposes of the Asbestos Management Plan, a friable asbestos material is a material 
that when dry can be crumbled, pulverized or powdered by hand pressure, and includes dust or 
debris arising from non-friable materials that is or will become crumbled, pulverized or powdered 
(such as asbestos-containing plaster disturbed by demolition).  Friable asbestos-suspect 
products include, but are not limited to: 

 Sprayed asbestos products (fireproofing, thermal insulation, acoustic insulation, or 
decorative products) applied in 1974 or earlier. 

 Acoustic or texture plaster applied in 1983 or earlier. 
 Mechanical insulation installed in 1983 or earlier, whether or not jacketed. 
 Compressed mineral fibre ceiling tiles installed in 1983 or earlier. 

2.3 Detection Limit of Bulk Analysis 

Asbestos-containing material is defined as any material found to contain asbestos at or above 
the detection limit of asbestos fibres set provincially, as determined by the standard Polarized 
Light Microscopy method for the analysis of bulk samples.  The provincial detection limit is: 
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RECOGNIZED LIMITS FOR PLM METHOD

Province(Region)                                                                           Detection Limit
British Columbia                                                                                           1.0 %

PWGSC will adopt the above Provincial regulated limits.

3.0 ASBESTOS INVENTORY AND ASSESSMENT 

The EGD Environmental Coordinator will arrange for a complete survey and assessment of 
asbestos materials. 

The initial survey to provide the Asbestos Inventory and Assessment will be performed on a 
building-by-building and room-by-room basis.  The inventory information will be held in a 
regional database.  This database should allow for easy retrieval for reports to be submitted as 
and when required.  

The survey will address all of the friable asbestos materials, as defined in the Asbestos 
Management Plan (AMP), plus applications of floor finishes and asbestos-reinforced cement 
products (i.e. asbestos cement sheeting and piping). 

The evaluation of friable asbestos materials will follow the criteria given in Appendix A.

The analysis of bulk samples will be performed to the detection limits given in Section 2.3, and 
by laboratories accredited by the National Voluntary Laboratory Accreditation Program (NVLAP) 
of the U.S. National Institute of Science and Technology (NIST) for Polarized Light Microscopy 
analysis of asbestos materials.  Health Canada laboratory and Labour Canada laboratory are 
acceptable. 

The survey will be conducted under the direction, and signed by a person competent in 
asbestos control, such as a Professional Engineer, a Certified Industrial Hygienist, or a 
Registered Occupational Hygienist. 

The EGD Environmental Coordinator will arrange for copies of the completed Asbestos 
Inventory and Assessment reports and annual re-assessments to be held at the following 
location: 

 A location in each building, accessible to maintenance staff and contractors. 

Copies will also be retained by the Regional Asbestos Coordinator. 

The EGD Environmental Coordinator will utilize the services of the Regional Asbestos 
Coordinator to arrange for removal or repair of damaged or deteriorated friable asbestos 
materials identified by the Asbestos Inventory and Assessment. 
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4.0 RE-ASSESSMENT 

The EGD Environmental Coordinator will arrange for a yearly re-assessment of all friable 
asbestos materials in exposed, accessible locations. 

Copies of the re-assessment reports will be distributed to holders of the Asbestos Inventory and 
Assessment reports. 

The EGD Environmental Coordinator will utilize the services of the Regional Asbestos 
Coordinator to arrange for removal or repair of damaged or deteriorated friable asbestos 
materials identified by the yearly re-assessments and when High Risk removal and repairs are 
required.  

5.0 NOTIFICATION 

5.1 General Notification 

Under the Canada Labour Code, government employees have to be informed of any asbestos 
in facilities they work in.  To this, the EGD Environmental Coordinator will provide a written 
interim notice of the presence of friable asbestos materials, as known at the time the Asbestos 
Management Plan (AMP) comes into effect, to the EGD Operations Coordinator, who will 
ensure written notice is provided to the following groups:  

 EGD Health and Safety Committees representatives. (PWGSC and Users); 
 Maintenance employees; and 
 Contractors who may enter parts of the building where friable asbestos materials may be 

present, i.e. telecommunications firms, boiler maintenance contractors.  Refer to 
Appendix I for a Contractor Notification and Acknowledgement form. 

The EGD Environmental Coordinator will provide copies of these notices to the Regional 
Asbestos Coordinator, who will maintain them. 

5.2 Notification Updates 

After receipt of the Asbestos Inventory and Assessment reports, the EGD Environmental 
Coordinator will provide an updated written notification to the groups listed in Section 5.1.

5.3 Notification Requirements for Planned Asbestos Work 

DO NOT START an asbestos removal project, testing and/or maintenance without notifying the 
clients and appropriate authorities.  

Client Notification 
The clients should be informed by the EGD Environmental Coordinator or their representative. 
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Notification of Authorities 
The following authorities should be contacted; 

(a) Labour Canada 
(b) Occupational and Environmental Health Services (Health Canada) 
(c)  WorkSafeBC 

6.0 TRAINING 

All PWGSC personnel, who have responsibilities under the Asbestos Management Program, 
must be trained on Asbestos.  The training is available in modules, so that staff can receive the 
training necessary for their particular duties.  This is also to prevent duplication with previous 
training.  The Department Training Coordinator and the Regional Asbestos Coordinator will 
maintain records of training.  Record of such training will be kept on the employee’s file. 

6.1 Asbestos Management Training 

Asbestos Management Training will be provided to the management staff at the EGD including 
the Operations Coordinator, Yard Supervisor, Pumphouse Supervisor, Electrical Supervisor, 
and Crane Supervisor.  Appropriate levels of training shall be provided to Project Managers 
dedicated to the EGD or those that are frequently involved with projects at the EGD.  This is to 
ensure that all staff who has responsibilities under the Asbestos Management Plan is properly 
trained and possess the required knowledge to work in an asbestos environment.  The training 
will include an introduction to the Asbestos Inventory and Assessment reports, health hazards of 
asbestos exposure, regulations, the Asbestos Management Plan, classification of asbestos 
work, asbestos project control, and emergency procedures.  

6.2 Asbestos Procedures Training 

Training will be provided to maintenance workers who will perform Low and Moderate Risk work 
leading to disturbance of asbestos products.  The training will include an introduction to the 
Asbestos Inventory and Assessment reports, health hazards of asbestos exposure, regulations, 
the Asbestos Management Plan, Low and Moderate work practices, and disposal procedures.  
Upon completion of the training, workers shall sign a form acknowledging the training received.  
See Appendix H, Certificate of Training for Asbestos-Related Work. 

Respirator training will be provided to all those who will perform Moderate Risk work, and all 
those who will perform Low Risk work and request a respirator.  The training will cover 
limitations of use, facial hair, fitting, and maintenance of respirators.  Persons provided with a 
respirator will be fit-tested with the assigned respirator, using the CSA irritant smoke method.  
Appendix E gives notes on respirator fitting and maintenance.  Persons who will wear tight-
fitting respirators will be required to be clean-shaven where the respirator seals to the face.  
Depending on the extent of asbestos work to be undertaken and case-by-case evaluation, 
PWGSC may provide workers with facial hair alternate respirators that do not require a facial 
seal.  Reference should be made to the new CSA Z94.4, Selection, Care and Use of 
Respirators.
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6.3 Asbestos Awareness Training 

Training will be provided to all maintenance and operations personnel who may work around 
asbestos materials, or who supervise workers or contractors.  The training will introduce the 
Asbestos Inventory and Assessment reports, health hazards of asbestos exposure, the 
Asbestos Management Plan, and emergency procedures. 

This training shall also be made available to the EGD Safety and Health Committee. 

7.0 CLASSIFICATION OF ASBESTOS WORK 

Asbestos work will be classified as Low, Moderate and High Risk according to the following 
criteria: 

LOW RISK WORK (Type 1)

Low Risk work activities include moving cleaned, sealed bags of asbestos material in a 
covered container through a work area, and working near disturbed friable asbestos-
containing materials. 
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MODERATE RISK WORK  (Type 2)

Removal or replacement of asbestos containing compressed mineral fibre type ceiling tiles. 

Entry into ceiling spaces, crawl spaces, pipe tunnels, etc., where friable asbestos debris is 
present. 

Using hand tools to cut, shape, drill, grind, or remove non-friable asbestos-containing products. 

Minor removal of friable asbestos materials, limited to a maximum of 0.3m2 (3 ft2).

Drilling (with wetting agents or with local exhaust ventilation) through non-friable asbestos-
containing materials. 

Backing mounting screws out of asbestos cement products and removing the boards or tile intact. 

Buffing floor tiles with a course disc. 

Collecting samples of laboratory analysis. 

Analyzing samples of asbestos or asbestos-containing materials in the laboratory. 

Handling asbestos-containing materials in sealed containers at the workplace. 

Removing any part of a false ceiling to gain access to a work area when friable asbestos-
containing materials are, or are likely to be, lying on the surface of the false ceiling. 

Removing drywall materials where joint filling materials contain asbestos. 

Removing an entire piece of equipment or pipe with the asbestos-containing material remaining 
effectively intact. 

Demolishing a block wall that has asbestos debris in the cavity. 

Dismantling a treated enclosure at completion of an asbestos removal project. 

Moving bags of asbestos-containing material by hand. 

Setting up and removing a glove-bag apparatus for the removal of pipe insulation when the 
insulation is in good condition. 

Using a “single” glove-bag method to remove asbestos insulation from piping systems. 

Using a HEPA vacuum to clean ceiling tiles or light fixtures with light to moderate contamination. 

Using HEPA vacuum to clean an area before setting up a High Risk enclosure.  
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HIGH RISK WORK (Type 3)

Work not permitted under Low or Moderate Risk work. 

Removing, encapsulating, or enclosing friable asbestos-containing materials. 

Cleaning, maintaining, or removing air-handling equipment in buildings where spray 
fireproofing materials containing asbestos have been applied to the airways or ventilation 
ducts or have been used as spray-on insulations. 

Repairing, altering, or dismantling any part of a boiler, furnace, kiln, or similar device in 
which insulating materials containing asbestos have been used or applied. 

Demolishing, dismantling, altering, or repairing any part of a building or structure in which 
insulating materials containing asbestos were used, or in which asbestos-containing 
products were manufactured. 

Removing non-friable materials in circumstances where the materials will be damaged, 
resulting in friable asbestos waste or a significant release of fibres. 

Carrying out multiple moderate-risk work activities in a limited area, i.e. multiple glove bag 
operations. 

8.0 IDENTIFICATION AND CONTROL OF ASBESTOS-RELATED WORK 

8.1 Maintenance Work 

The EGD Supervisors are responsible to review all maintenance work for the possibility of 
disturbance of asbestos materials.   

If there are friable asbestos materials in the area of maintenance, but the EGD Supervisors or a 
designate judge that the friable materials will not likely be disturbed by the maintenance work, 
the EGD Supervisors must caution the maintenance staff or the contractor of the presence of 
friable asbestos materials. 

If there is a friable or non-friable asbestos material in the area of maintenance, and this will be 
disturbed by the intended work, the EGD Supervisors, in conjunction with the EGD 
Environmental Coordinator, will classify the work as Low, Moderate or High Risk. 

The PWGSC Project Manager or Regional Asbestos Coordinator will be responsible to review 
or direct all maintenance work that will require High Risk work. 

At the completion of any maintenance work that involves asbestos removal or repair, a report 
will be provided to the Regional Asbestos Coordinator. 
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8.2 Asbestos-Related Work Record 

The supervisors of PWGSC staff performing Low or Moderate Risk work will be responsible to 
ensure that a record is completed for each period of work.  These records shall be copied to the 
employee's employment file, and a copy forwarded to the Regional Asbestos Coordinator.  
Appendix G gives an example of an Asbestos-Related Work Record. 

All PWGSC employees who will perform Low and Moderate Risk work shall be medically 
examined through the facilities of Health Canada.  The examinations shall be carried out in 
accordance with the Treasury Board Occupational Health evaluation standard. 

Documentation should also be placed on the employee's medical file that they are asbestos 
workers.

8.3 Renovations and Construction Work 

The EGD Environmental Coordinator and Project Manager will review the asbestos survey 
reports prior to all renovation and construction work for the possible impact on asbestos 
materials. 

Prior to projects that includes the demolition of plaster, testing of the plaster for asbestos will be 
undertaken unless previous comprehensive testing in the building has shown this plaster to be 
asbestos-free.  Records of plaster test results will be maintained by EGD Environmental 
Coordinator along the with the asbestos surveys of the building. 

If there are friable asbestos materials in the renovation area, but the Project Manager or the 
Regional Asbestos Coordinator judges that the friable materials will not likely be disturbed by 
the maintenance work, the Project Manager must notify, in writing, the maintenance staff or the 
contractor of the presence of friable asbestos materials. 

The Project Manager will provide a Hazardous Materials report (a prescribed listing of asbestos, 
lead, and other hazardous materials) prior to tendering the work.  

The Project Manager, will classify the disturbance of asbestos materials as Low, Moderate or 
High Risk work.   

The Project Manager will arrange for specifications to be prepared for asbestos work, following 
the National Master Specification, with alterations for special provincial requirements, where 
needed.

At the completion of project work that alters the amount or condition of friable asbestos 
materials, the Environmental Coordinator will amend the Asbestos Survey and Assessment 
report to reflect the changes.  This alteration will be noted in the building survey and distributed 
to holders of the Asbestos Inventory and Assessment reports. 

8.4 Low Risk, Moderate Risk, and Glove Bag Procedures 

Appendices B, C, and D give standard practices for performing Low and Moderate Risk work, 
as well as glove bag asbestos work, respectively. 
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8.5 Project Inspection and Air Monitoring 

Low and Moderate Risk work will be subject to the normal maintenance or project inspection 
provided to non-asbestos work by PWGSC.  Asbestos specific air monitoring or inspection will 
not be mandatory. 

The Project Manager will arrange for inspection and air monitoring of High Risk asbestos 
projects.  In an occupied building or a building in use, inspection and air monitoring will be 
provided on a daily basis.  If the building is not occupied, inspection shall be at critical stages of 
the work unless provincial standards require daily inspection.   

In British Columbia, to ensure that work areas are properly inspected and monitored, the 
following must be done:  

a) Inspect the containment and all decontamination facilities for gaps and breaks at least 
daily.  Complete a visual check as well as a smoke-tube test to ensure that air flow from 
the clean areas into the containment areas.  Measuring the air pressure differential 
between clean and containment areas is also recommended.  Keep a record of such 
inspection for at least 10 years.

b) Take air samples to determine asbestos fibre concentrations, both during the asbestos 
work and before the containment is removed.  The minimum sampling requirements are 
as follows: 

 On a daily basis, take samples outside the containment when there are 
unprotected persons in the immediate vicinity of the containment. 

 During every shift, sample the air in the clean room during removal and clean up 
operations.  Sampling must cover at least half of the total duration of the work 
shift and at least one decontamination sequence at the end of the work shift.  
Analyze filters and notify workers of the results within 24 hours. 

 Take “occupational” air samples to determine or assess the adequacy of work 
procedures and controls, or when changes to the work procedures occur.  

High Risk removal projects will be subject to final clearance air testing.  The clearance criteria 
will be a maximum fibre concentration of 0.01 fibre/ml of air, as determined by the standard 
PCM method.  Health Canada or a third party consultant may perform the clearance.  The 
NIOSH method 7400 will be used.  One clearance air sample shall be obtained for every 110m2

of containment.

8.6 Emergency Asbestos Work 

Procedures for immediate response to floods, pipe breaks, ceiling collapses, or other 
emergencies that affect asbestos materials, are given in Appendix F.  The general principles of 
emergency asbestos work are to protect the responder and prevent tenants and visitors from 
having an asbestos exposure.  
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9.0 AIR MONITORING AND BULK ANALYSIS 

9.1 Air Monitoring for Hazard Assessment 

Air monitoring will not be used as the primary resource for the assessment of hazard from 
asbestos materials.  If the Project Manager is requested to perform air monitoring under normal 
conditions of building use (i.e. away from asbestos work) the measurements may be made by 
the Transmission Electron Microscopy (TEM) analytical method.   

9.2 Air Monitoring During Asbestos Work Procedures 

The EGD Project Managers may arrange for air monitoring during High Risk work, to confirm 
the safety of work practices and the effectiveness of work area isolation.  These measurements 
would be made by the Phase Contrast Microscope (PCM) method recognized by Labour 
Canada and provincial occupational health and safety authorities.  Health Canada monitors the 
air outside the removal area to protect the federal employees.  

PCM measurements will be made by NIOSH Method 7400.   

Analysis of PCM samples will be performed by Health Canada or individuals or organizations 
successfully participating in a recognized external quality control program. 

9.3 Bulk Sample Collection and Analysis 

Appendix J gives procedures for collection and labeling of bulk samples for asbestos analysis.   

Analyses of materials to determine asbestos content will be performed by Health Canada or by 
private laboratories accredited by the National Voluntary Laboratory Accreditation Program 
(NVLAP) of the U.S. National Institute of Science and Technology.  The laboratories shall report 
to the limits of detection given in Section 2.3.

10.0 FACILITIES AND WASTE DISPOSAL 

10.1 Equipment and Supplies 

The Esquimalt Graving Dock will maintain a stock of the necessary asbestos-related equipment, 
as required for Low and Moderate Risk work, for those facilities where PWGSC staff will perform 
asbestos work. 

10.2 Waste Disposal 

Where PWGSC staff will perform asbestos work, asbestos debris will be packaged in double-
bagged containers or other suitable containers, by staff completing the project.  These 
containers will be held at a secure location in the building.  The EGD Environmental Services 
will arrange for periodic collection. 
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APPENDIX A 

EVALUATION AND RECOMMENDATION CRITERIA
FOR CONTROL OF ASBESTOS CONTAINING 

MATERIALS (ACM) 
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1.0 ASSESSMENT OF CONDITION  

Spray Applied Fireproofing, Insulation and Texture Finishes 

To evaluate the condition of ACM spray applied as fireproofing, thermal insulation, or texture, 
decorative or acoustic finishes, the following criteria are applied: 

GOOD 
Surface of material shows no significant signs of damage, deterioration or delaminating.  Up to 
one percent visible damage to surface is allowed within range of GOOD.  Evaluation of sprayed 
fireproofing requires the surveyor to be familiar with the irregular surface texture typical of 
sprayed asbestos products.  GOOD condition includes unencapsulated or unpainted fireproofing 
or texture finishes, where no delaminating or damage is observed, and encapsulated 
fireproofing or texture finishes where the encapsulation has been applied after the damage or 
fallout occurred.   

POOR
Sprayed materials show signs of damage, delaminating or deterioration.  More than one percent 
damage to surface of ACM spray. 

In observation areas where damage exists in isolated locations, both GOOD and POOR
condition may be reported.  The extent or percentage of each condition will be recorded on the 
survey or re-assessment form.  FAIR condition is not utilized in the evaluation of the sprayed 
fireproofing, sprayed insulation, or texture coat finishes. 

The evaluation of ACM spray applied as fireproofing, non-mechanical thermal insulation, or 
texture, decorative or acoustic finishes which are present above ceilings, may be limited by the 
number of observations made, and by building components such as ducts or full height walls 
that obstruct the above ceiling observations.  Persons entering the ceiling are advised to be 
watchful for ACM DEBRIS prior to accessing or working above ceilings in areas of buildings with 
ACM regardless of the reported condition. 

Mechanical Insulation 

The evaluation of the condition of mechanical insulation (on boilers, breaching, ductwork, piping, 
tanks, equipment, etc.) utilizes the following criteria: 

GOOD 
Insulation is completely covered in jacketing and exhibits no evidence of damage or 
deterioration.  No insulation is exposed.  Includes conditions where the jacketing has minor 
surface damage (i.e. scuffs or stains), but the jacketing is not penetrated. 

FAIR
Minor penetrating damage to jacketed insulation (cuts, tears, nicks, deterioration or 
delaminating) or undamaged insulation that has never been jacketed.  Insulation is exposed but 
not showing surface disintegration.  The extent of missing insulation ranges should be minor to 
none.
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POOR
Original insulation jacket is missing, damaged, deteriorated or delaminated.  Insulation is 
exposed and significant areas have been dislodged.  Damage cannot be readily repaired.  

The evaluation of mechanical insulation may be limited by the number of observations made 
and building components such as ducts or full height walls that obstruct observations.  It is not 
possible to observe each foot of mechanical insulation from all angles. 

Non-Friable and Potentially Friable Materials 

Non-friable materials generally have little potential to release airborne fibres, even when 
damaged by mechanical breakage.  However, some non-friable materials, i.e. exterior asbestos 
cement products, may have deteriorated so that the binder no longer effectively contains the 
asbestos fibres.  In such cases of significantly deteriorated non-friable material, the material 
should be treated as a friable product. 

1.1 EVALUATION OF ACCESSIBILITY 

The accessibility of building materials known or suspected of being ACM is rated according to 
the following criteria: 

ACCESS (A)
ACM is located in areas of the building within reach (from floor level) of all building users.  This 
would include areas such as gymnasiums, workshops, and storage areas where activities of the 
building users may result in disturbance of ACM not normally within reach from floor level. 

ACCESS (B)
ACM is located in frequently accessed maintenance areas within reach of maintenance staff, 
without the need for a ladder. These include: 

 areas within reach from a fixed ladder or catwalk, i.e. tops of equipment, mezzanines;  
 frequently entered pipe chases, tunnels and service areas. 

ACCESS (C EXPOSED)
ACM is in an area of the building above 8'-0" where use of a ladder is required to reach the 
ACM.  This only refers to ACM that is exposed to view, from the floor or ladder, without the 
removal or opening of other building components such as ceiling tiles, or service access door or 
hatch.  Does not include infrequently accessed service areas of the building. 

ACCESS (C CONCEALED) 
ACM is in an area of the building that requires the removal of a building component, such as 
lay-in ceilings or access panels, into solid ceiling systems.  Includes rarely entered crawl 
spaces, attic spaces, etc.  Observations will be limited to the extent visible from the access 
points. 

ACCESS (D) 
ACM is located within areas of the building behind inaccessible solid ceiling systems, walls or 
mechanical equipment, etc. where demolition of the ceiling, wall or equipment, etc. is required to 
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reach the ACM.  Evaluation of condition and extent of ACM is limited or impossible, depending 
on the surveyor's ability to visually examine materials in ACCESS D. 

1.2 ACM DEBRIS 

Debris from Friable ACM 

The presence of fallen ACM is noted separately from the presumed friable ACM source 
(sprayed fireproofing, thermal insulation, texture, decorative or acoustic finishes or mechanical 
insulation) and is referred to as DEBRIS.

Debris from Damaged Non-Friable ACM 

The presence of fallen ACM from damaged non-friable ACM is also reported separately from 
the non-friable ACM source.  Only fallen non-friable ACM that has become friable is reported as 
DEBRIS.

The identification of the exact location or presence of DEBRIS on the top of ceiling tiles is 
limited by the number of observations made and the presence of building components such as 
ducts or full height walls that obstruct observations.  Workers are advised to be watchful for the 
presence of DEBRIS prior to accessing or working in proximity to mechanical insulation or 
above ceilings in areas of buildings with ACM regardless of the reported presence or absence of 
DEBRIS.

1.3 ACTION MATRIX AND DEFINITIONS 

The Asbestos Management Plan requires the following responses: 

 Immediately clean-up DEBRIS that is likely to be disturbed. 
 Remove, repair or enclose friable ACM in POOR or FAIR condition whose continued 

deterioration will result in DEBRIS that is likely to be disturbed.   

The following factors are also considered in making site-specific recommendations for 
compliance with the regulation and the practical implementation of the Asbestos Management 
Plan:

i. ACM in POOR condition is not routinely repairable.  If an abatement action is necessary, 
removal is the recommended action (enclosure is a viable option in unusual 
circumstances).

ii. Mechanical insulation in FAIR condition can be repaired or removed based on the 
following general recommendations applied on a case by case basis (Note: Either repair 
or removal are legally acceptable options for the treatment of ACM found in FAIR
condition):   

 Repair ACM mechanical insulation found in FAIR condition in ACCESS (B) or 
ACCESS (C EXPOSED) areas; 
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 Remove ACM mechanical insulation found in FAIR condition in ACCESS (B) and 
ACCESS (C EXPOSED) areas, where future damage to the ACM is likely to occur; 

 Remove ACM mechanical insulation found in FAIR condition with ACCESS (A) to 
eliminate the potential for re-damaging ACM by all building users.  

iii. ACM in GOOD condition present in ACCESS (A) can be managed by surveillance, as 
long as future renovation, maintenance or demolition does not disturb it.  However, pro-
active removal of the ACM in ACCESS (A) should be considered where damage is 
possible by ongoing occupant activity (accidental or intentional). 

iv. Non-friable or manufactured products are considered in the action matrix as follows: 

 Non-friable or manufactured products reported in POOR condition or friable DEBRIS
resulting from the deterioration of non-friable ACM are treated as friable materials 
and the appropriate Action, depending on accessibility, is determined from the Action 
Matrix for friable ACM. 

 For non-friable or manufactured products reported in GOOD condition, Action 7 
(surveillance) is recommended regardless of Accessibility. 

v. Remove all ACM from a particular area where small quantities of asbestos are present 
and removal will negate the need for the use of the Asbestos Management Plan in that 
area.

With these principles in mind the following Action Matrix Tables establish the recommended 
asbestos control action.  Note that factors not included in the above discussion, such as an 
owner's policy decision to remove material, knowledge of upcoming maintenance, etc., may 
result in a recommendation that differs from this table.  The ACTIONS are described in full 
following the table. 

ACTION MATRIX TABLE

FRIABLE ACM
CONDITION

ACCESS GOOD FAIR POOR DEBRIS
(A) ACTION 5/71 ACTION 5/62 ACTION 3 ACTION 1 
(B) ACTION 7 ACTION 6/53 ACTION 3 ACTION 1 
(C EXPOSED) ACTION 7 ACTION 6 ACTION 4 ACTION 2 
(C CONCEALED) ACTION 7 ACTION 7 ACTION 4 ACTION 2 
(D) ACTION 7 ACTION 7 ACTION 7 ACTION 7 

1. If material in ACCESS (A)/GOOD condition is not removed ACTION 7 is required. 
2. If material in ACCESS(A)/FAIR condition is not removed ACTION 6 is required. 
3. Remove ACM in ACCESS (B)/FAIR condition if ACM is likely to be disturbed. 
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1.4 ACTION DEFINITIONS 

ACTION 1 -  Immediate Clean-Up of DEBRIS that is Likely to Be Disturbed 
Restrict access that is likely to cause a disturbance of the ACM DEBRIS and
clean up ACM DEBRIS immediately.  Utilize correct asbestos procedures. This 
action is required for compliance with regulatory requirements.  The surveyor 
should immediately notify the Asbestos Coordinator of this condition. 

ACTION 2 -  Isolate Areas with ACM DEBRIS 
At locations where ACM DEBRIS can be isolated in lieu of removal or cleaned 
up, use appropriate means to limit entry to the area.  Restrict access to the area 
to persons utilizing Moderate Risk Work Procedures.  The precautions will be 
required until the ACM DEBRIS has been cleaned up, and the source of the 
DEBRIS has been stabilized or removed.   

ACTION 3 -  ACM Removal Required for Compliance 
Remove ACM for compliance with regulatory requirements.  Utilize asbestos 
procedures appropriate to the scope of the removal work.   

ACTION 4 -  Moderate Risk Work Procedures for Access into Areas Where ACM is 
Likely to be Disturbed by Access 
Use Moderate Risk Work Procedures when entry or access into an area is likely 
to disturb the ACM.  ACTION 4 must be used until the ACM is removed (Use 
ACTION 1 or 2 if DEBRIS is present). 

ACTION 5 -  Proactive ACM Removal  
 Remove ACM in lieu of repair, or at locations where the presence of asbestos in 
GOOD condition is not desirable.   

ACTION 6 -  ACM Repair 
Repair ACM found in FAIR condition, and not likely to be damaged again or 
disturbed by normal use of the area or room.  Upon completion of the repair work 
treat ACM as material in GOOD condition and implement ACTION 7.  If ACM is 
likely to be damaged or disturbed, during normal use of the area or room, 
implement ACTION 5.

ACTION 7 -  Routine Surveillance 
 Institute routine surveillance of the ACM.  Trained workers or contractors must 
use appropriate asbestos precautions for activity in the area which may create a 
risk for disturbing the ACM.
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1.0 LOW RISK WORK PROCEDURES 

For locations of non-friable asbestos materials, refer to the current version of the Asbestos 
Inventory and Assessment Report. 

NOTE: Low Risk Work Procedures assume the non-friable material can be removed with 
relatively little risk of generating airborne fibers.  Generation of debris is permissible as long as 
the debris can be wetted and completely removed.  If the work will release more than a trivial 
amount of dry loose dust, do not proceed.  The Regional Asbestos Coordinator will determine 
which of Low Risk, Moderate Risk or High Risk procedures are appropriate. 

1.1 EQUIPMENT 

All equipment must be on site before proceeding. 

Vacuum
Use of a vacuum is optional.  Wet cleaning methods may be used in place of a vacuum.  If a 
vacuum is used it must be equipped with a high efficiency particulate (HEPA) filter and all 
brushes, fittings, etc.  The vacuum must only be opened in an enclosure following Moderate 
Risk Procedures, or in a laboratory exhaust hood.  The vacuum exterior should be carefully wet- 
cleaned after emptying. 

Respirators 
Use of a respirator is optional.  However, a respirator is strongly advised for work on sheet 
flooring, any type of ceiling tile, and other work performed overhead.  PWGSC will supply, at the 
worker's request, a half face respirator with HEPA filters, with training on use and qualitative fit 
testing.  Respirator must be used according to written use procedures provided to the worker as 
per training procedures.  Filters must be changed after 24 hours of wear or sooner if breathing 
resistance increases.  No person using the respirator shall wear facial hair which affects the 
seal between respirator and face. 

Protective Clothing 
Reusable or disposable clothing may be used.  Non-disposable clothing with visible asbestos 
contamination shall be cleaned with a HEPA vacuum and handled as contaminated asbestos 
material.  Disposable clothing and respirator filters to be disposed of as asbestos waste. 

Other Equipment 
 plastic sheet (0.15mm / 6 mil polyethylene) - to serve as a drop sheet; 
 hand pump sprayer with nozzle or alternative method to wet material; 
 labeled yellow asbestos waste bags (6 mil) - for all asbestos waste, disposable 

equipment, plastic, etc.; and, 
 small tools and cleaning supplies - e.g. scouring pads, sponges, brushes, buckets, etc. 

1.2 OTHER PROTECTIVE MEASURES 

Do not eat, drink or smoke in the work area. 

On leaving work area, proceed to washroom and wash all exposed skin on hands and face. 
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1.3 PREPARATION 

Before disturbing non-friable asbestos materials, cover floor and surfaces below work with 
polyethylene sheeting to catch debris. 

Wherever dust on a surface is likely to be disturbed remove with HEPA vacuum or damp cloth.  

1.4 EXECUTION 

Removal of Vinyl Asbestos Floor Tile (less than 0.1m2)

Do not use electric powered scrapers. 

Start removal by wedging a heavy-duty scraper in seam of two adjoining tiles and gradually 
force edge of one tile up and away from floor.  Do not break off pieces of tile, but continue to 
force balance of tile up. 

Continue removal of tiles using hand tools, removing tiles intact wherever possible.  When 
adhesive is spread heavily or is quite hard, it may prove easier to force scraper through tightly 
adhered areas by striking scraper handle with a hammer using blows of moderate force while 
maintaining scraper at 25° to 30° angle to floor.  When this technique cannot loosen tile, 
removal can be simplified by heating tile thoroughly with a hot air gun until heat penetrates 
through tile and softens the adhesive. 

When tiles are removed, place into asbestos waste receptor.  Do not break into smaller pieces. 

After removal of small area scrape up adhesive remaining on floor with a hand scraper until only 
a thin smooth film remains.  Where deposits are heavy or difficult to scrape, a hot air gun may 
be used.  Deposit scrapings in the asbestos waste disposal bag.  Do not dry scrape surface of 
adhering pieces of tile.  Do not use powered electric scrapers. 

On completion of area, vacuum clean floor with HEPA vacuum or wet mop.  Dispose of the mop 
head as contaminated waste. 

1.5 WASTE TRANSPORT AND DISPOSAL 

Place waste into asbestos labeled disposal bag, seal with tape, clean the exterior of the bag 
with a clean cloth, and place into a second clean bag, also to be sealed with tape.  Use a barrel, 
fibre drum, or cardboard or wooden box in place of the second bag when the asbestos waste 
material is likely to tear the inner bag.  Seal the outer container. 

Provide storage area for holding minor amounts of asbestos waste in sealed containers.  
Garbage containers shall be labeled and assigned exclusively for asbestos waste.   

Dispose of the waste in compliance with provincial regulations.  The EGD Environmental 
Coordinator will arrange for disposal. 
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1.0 MODERATE RISK WORK PROCEDURES 

For locations of asbestos materials, refer to the current version of the Asbestos Inventory and 
Assessment Report. 

1.1 EQUIPMENT 

Equipment required for the work must be on-site before proceeding.   

Vacuum
An asbestos-approved vacuum (HEPA filtered), equipped with brushes, fittings, etc.  The 
vacuum must only be opened by a properly protected worker within a Moderate Risk enclosure. 

Respirators 
Workers within the work area shall wear approved respirator.  Respirators and filters will be 
provided by the employer, and individually assigned to workers.  Respirator shall be a half-face 
piece respirator with high efficiency filters.  Respirators must be properly worn throughout the 
entire time that the worker is in the area of the work from first disturbance of the asbestos 
material until the final cleaning of the area and bagging of waste is complete.  Change filters 
after 24 hours of wear or sooner if breathing resistance increases.  No person using the 
respirator shall wear facial hair which affects seal between respirator and face. 

Protective Clothing 
All workers shall wear disposable coveralls with attached elasticized hood.  Coveralls should be 
worn with the hood in place at all times.  Coveralls may be vacuumed or wet wiped clean for re-
use, for a maximum of 8 hours cumulative wear.  Suit and head cover shall remain in place until 
worker leaves work area or the enclosure is dismantled.  Boot covers or dedicated boots are 
recommended. 

Other Equipment 
plastic sheet (6 mil polyethylene) - to erect a total enclosure or to serve as drop sheet; 
wood framing or clips to support polyethylene sheeting, as appropriate to work area; 
tape to fasten plastic enclosure to ceiling or to tape drop sheet to floor; 3/4" double-sided 
tape recommended for attaching polyethylene to T-bar ceiling; 
labeled asbestos waste bag (6 mil) - for all asbestos waste, disposable suit, plastic for 
disposal, etc.; 
pump sprayer containing water with wetting agent to wet asbestos as necessary; dilute 
wetting agent 2 oz per gallon of water; 
asbestos warning signs; 
cleaning supplies - e.g. scouring pads, sponges, brushes, buckets, etc. 
insulation repair supplies (lagging compound, cloth, PVC covers); and, 
encapsulating sealer, for brush or airless spray application. 

1.2 OTHER PROTECTIVE MEASURES 

Do not eat, drink or smoke in the work area. 
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On completing clean up of work area, use vacuum or wet cloth to clean hands, face, respirator 
and boots.  Remove protective equipment and proceed to nearest washroom to wash exposed 
skin on hands and face. 

1.3 SCHEDULING OF WORK 

Schedule work when occupants are absent.  If persons are present, do not start work. 

If work above ceiling is required on an emergency basis when area is occupied, have the 
Department advise occupants to vacate area until work is complete and clearance is given to 
return.

1.4 PREPARATION 

Shut down ventilation systems to and from the work area.  Seal over all ventilation openings, 
diffusers, grilles, etc. with plastic and tape. 

Where practical, clear areas of movable furnishings or equipment.  This should include anything 
which occupants may wish to use during work period.  Any furnishings or equipment not 
removed shall be adequately covered and sealed using 6 mil polyethylene and tape.  The intent 
of the protection is to provide an airtight envelope to protect the articles from airborne dust or 
splashed debris. 

Post signs or barrier tape to indicate asbestos hazard and requirement for protective clothing for 
anyone entering the space. 

For small rooms, cover walls with plastic such that the complete room becomes the work area.
For larger rooms, erect enclosure of 6-mil polyethylene of suitable dimensions to enclose the 
work area and scaffolds and ladders required to gain access.  If a suspended ceiling is present, 
the enclosure shall extend to the ceiling line.  The enclosure shall be as airtight as conditions 
permit including the provision of a double overlapping flap at the entrance.  The floor of the work 
area shall be a layer of 6-mil polyethylene sealed to the plastic walls of the enclosure. 

Don protective clothing and respirator prior to removing ceiling tile or disturbing pipe jacketing or 
sprayed fireproofing. 

1.5 EXECUTION 

To remove less than 0.1m2 of fireproofing or texture plaster, saturate using amended water 
solution, by use of a pump sprayer.  Do not remove the asbestos material until the material is 
thoroughly wetted to the substrate.  Do not use water where electrical hazard exists.

To remove pipe insulation when the use of glove bags are impractical, first wet any area of 
damage, then carefully cut jacket.  Keep insulation surface wetted by mist of water with wetting 
agent.  Remove insulation in large sections and place immediately in disposal bag.  After large 
pieces have been removed, saturate debris on mechanical equipment and clean all exposed 
surfaces with abrasive pads, sponges, cloths, etc. 
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To repair pipe insulation, use drop sheet under area of work to aid clean-up of any dislodged 
material. Plastic enclosure is not required.  Mist any exposed insulation to wet surface and 
apply lagging paint and canvas or PVC jacketing as required. 

For removal of suspended ceiling tiles (where asbestos debris is present on top of tiles or 
equipment to be accessed), remove the first tile carefully and vacuum all surfaces.  Vacuum the 
upper surface of each subsequent tile prior to removal.  Store tiles in the work area. 

Remove dust and loose friable material likely to be disturbed in the process of doing the work, 
with a HEPA vacuum or by damp wiping. 

When asbestos material is removed, all pieces should be placed directly into 6 mil polyethylene 
bags as they are removed.  Avoid dropping material to floor wherever possible.  After bulk 
removal is complete, wet wash the exposed surface. 

Frequently, and at regular intervals during the work, clean up dust and waste in the work area 
by wet mopping, placing in disposal bags, or by HEPA vacuuming. 

After completion of removal, seal exposed ends of fireproofing, texture plaster, or mechanical 
insulation with heavy layer of encapsulating sealer.  Apply sealer coat to surfaces from which 
asbestos material was removed. 

At completion of work, decontaminate equipment, tools and materials used in the work area by 
wet cleaning or HEPA vacuum. 

Dispose of drop sheets and enclosures by wetting the polyethylene, then folding into disposal 
bags.  Do not reuse drop sheets or enclosures. 

Before leaving work area, decontaminate shoes and protective clothing by using HEPA vacuum 
or damp wiping.  When protective clothing is to be disposed of, it shall be decontaminated as 
above and placed in labelled disposal bags.  Workers shall vacuum all exposed skin, suit and 
respirator, and proceed to nearest washroom to wash hands and face. 

1.6 WASTE TRANSPORT AND DISPOSAL 

Place waste into asbestos labelled disposal bag, seal with tape, clean the bag, and place into a 
second clean bag, also to be sealed with tape.  Use a barrel, fibre drum, or cardboard or 
wooden box in place of the second bag when the asbestos waste material is likely to tear the 
inner bag.  Seal the rigid outer container. 

Provide storage area for holding minor amounts of asbestos waste in sealed containers.  
Containers shall be labelled and assigned exclusively for asbestos waste. 

Dispose of waste in compliance with provincial regulations.  The EGD Environmental 
Coordinator will arrange for disposal.  
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APPENDIX D 

GLOVE BAG WORK PROCEDURES 
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1.0 EQUIPMENT 

All equipment must be on site before proceeding with the work.  Note that these procedures are 
primarily based on the use of Safe-T-Strip polyvinyl chloride movable glove bags.  Only the 
Safe-T-Strip glove bag is allowed.  

Glove Bag 
Prefabricated, 0.25 mm (10 mil) minimum thickness polyvinyl-chloride bag with integral 0.25 mm 
(10 mil) thick polyvinyl-chloride gloves and elasticized port.  Bag shall be equipped with 
reversible double-pull double throw zipper on top.  Bag must incorporate internal closure strip if 
it is to be removed from pipe for re-use elsewhere. 

Prefabricated polyethylene glove bag, single use, not movable. 

Provide size and configuration appropriate for insulation to be removed.  Once filled, bag must 
be disposed of.  Bag shall not be emptied and reused. 

Securing Straps 
Reusable nylon straps at least 25mm /1" wide with metal buckle for sealing ends of bags around 
pipe and/or insulation. 

Water Sprayer 
Garden reservoir type, low velocity, capable of producing mist or fine spray with water 
containing wetting agent.  Wetting agent shall be diluted 2 oz. per gallon of water. 

Respirators 
Workers using glove bag must wear approved respiratory protection.  Respiratory protection 
must be equal to or exceed protection of half-face respirator with high efficiency filters.  
Respirators must be kept in position from the time the worker attaches the glove bag to the pipe 
until final cleaning of the pipe and bagging of waste is completed.  Filters shall be changed after 
24 hours of wear or sooner if breathing resistance increases.  No person using respirator shall 
wear facial hair which affects the seal between respirator and face. 

Protective Clothing 
Workers shall wear disposable suit with attached head cover.  Suit and head cover shall remain 
in place until worker completes cleaning of pipe.  Suit may be cleaned for re-use or disposed of 
as asbestos waste. 

Other Equipment 
labeled asbestos waste bags 0.15mm (6 mil) - for all asbestos waste in glove bag, 
disposable suit, cleaning materials, etc. 
asbestos warning signs 
wire saw - saw with flexible serrated wire blade and handles to allow use inside glove 
bag
knife with fully retractable blade for use inside glove bag 
plastic sheet (4 mil polyethylene) to cover exposed or damaged section of pipe prior to 
attaching glove bag 
tape - to fasten plastic to pipe if required 
cleaning supplies, e.g. scouring pads, sponges, brushes, buckets, etc. 



Esquimalt Graving Dock – Asbestos Management Plan (April 2012) Appendix D - Page 3 

       ESQUIMALT GRAVING DOCK ASBESTOS MANAGEMENT PLAN

HEPA vacuum, for evacuating air from bag prior to removing bag from pipe 

1.2 OTHER PROTECTIVE MEASURES 

Do not eat, drink or smoke in the work area. 

On completing clean-up of work area, use HEPA vacuum or wet cloth to clean hands, face, 
respirator and boots.  Remove protective equipment and proceed to nearest washroom to wash 
all exposed skin on hands and face. 

1.3 SCHEDULING OF WORK 

Schedule work when occupants are absent.  If persons are present, do not start work. 

1.4 PREPARATION 

Where practical, clear area below pipe of moveable furnishing or equipment.  Provide scaffold 
as required to reach pipe. 

Post an asbestos warning sign at all entrances to room in which the procedure is being used.  
Use rope or tape barriers to separate work area. 

Segregate the area of asbestos work from other parts of the building required to remain in use 
using polyethylene walls or barrier tape. 

Shut off and seal all diffusers, vents and other openings to ventilation and exhaust systems in 
the room with polyethylene secured with tape. 

Cover all items or equipment located in the designated work area with polyethylene if the items 
or equipment cannot be cleaned in the case of a spill.  Tape the polyethylene in place.  The 
polyethylene should cover a width equal to the height of the pipe from the floor, with a minimum 
width of 12 feet, where required. 

Seal all openings or voids in the vicinity of the glove bag operation with one layer of 
polyethylene secured with tape. 

Check condition of pipe insulation where work will be performed.  If the pipe insulation has 
minor isolated damage, mist surface and patch with tape.  If damage is more extensive, wrap 
pipe with plastic and "candy stripe" it with duct tape first.  If pipe insulation is severely damaged 
and cannot be simply repaired, glove bag is not appropriate. (See Moderate Risk Procedures)

Pre-clean with HEPA vacuum or wet methods any loose material on surface of pipe or any 
material on the floor.  If significant amount of material is on floor, Moderate Risk procedures 
may be required for clean-up. (See Moderate Risk Procedures)

Place necessary tools in bottom of glove bag. 
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1.5 EXECUTION 

Zip the bag onto the pipe and seal each end to the pipe with the securing straps.  Do not pull the 
bag tightly to the ends - a small amount of slack allows better room to work within the bag.  If a 
vertical bag is in use, ensure lower strap passes through plastic grommet and cloth tab on 
zipper. 

Place hands into gloves and use necessary tools (wire saw, utility knife, wire cutters) to remove 
insulation from pipe.  Arrange insulation in bottom of bag to obtain full capacity of bag.  Roll 
jacketing carefully to minimize the possibility of ripping or puncturing the bag. 

Insert nozzle of spray pump into bag through valve and wash pipe and interior of upper section 
of bag thoroughly.  Use one hand to aid washing process.  Wet surface of insulation in lower 
section of bag and any exposed ends of asbestos insulation remaining on pipe. 

Prior to removing the bag from the pipe, wash the top section of the bag and tools thoroughly.  
Insert nozzle of HEPA filtered vacuum into bag through elasticized valve and evacuate air from 
bag.  Seal the closure strip, remove the vacuum nozzle and straps, and remove the bag.  Re-
install and seal in new location before reopening closure. 

If bag is to be moved along the same pipe, loosen securing straps, move bag, re-seal to pipe 
using double-pull zipper to pass hangers.  Repeat insulation removal operation. 

If during use the glove bag is ripped, cut or opened in any way, cease work and repair opening 
before continuing work.  All spilled material must be cleaned up and removed with a HEPA 
vacuum or wet cleaning. 

To remove tools after completion of insulation removal, thoroughly wash top section of bag and 
tools.  Place tools in one glove, pull hand out inverted, twist to create a separate pouch, tape 
inside-out glove at two separate locations 1" apart to seal pouch.  Remove inside-out glove and 
tools by cutting between the tape seals. 

Place glove pouch and tools into the next clean glove bag to be used.  Alternately, place the tool 
pouch into water bucket, open pouch underwater and clean tools, then allow to dry. 

Prior to disposal of bag, evacuate the bag with a HEPA vacuum.  Pull a 6 mil polyethylene bag 
over glove bag before removing from pipe.  Remove securing straps.  Unfasten zipper.  Seal 
glove bag and seal 6 mil polyethylene bag. 

After removal of bag ensure pipe is clean of all residue.  If necessary, after removal of each 
section of asbestos, vacuum all surfaces of pipe, using HEPA filtered vacuum equipment or 
wipe with wet cloth. 

Seal all surfaces of freshly-exposed pipe with encapsulating sealer to tack-down any residual 
dust.  Cover exposed ends of any remaining asbestos insulation with lagging cloth or tape. 

Before leaving work area, decontaminate shoes and protective clothing by using HEPA vacuum 
or damp wiping.  When protective clothing is to be disposed of, it shall be decontaminated as 
above and placed in labelled disposal bags.  Workers shall vacuum all exposed skin, suit, 
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respirator and hair (after removing hood) and proceed to nearest washroom to wash hands and 
face. 

1.6 WASTE TRANSPORT AND DISPOSAL 

Provide storage area for holding minor amounts of asbestos waste in sealed containers.  
Containers shall be labelled and assigned exclusively for asbestos waste. 

Dispose of waste in compliance with provincial regulations.  The EGD Environmental 
Coordinator will arrange for disposal. 
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1.0 NOTES FOR AIR PURIFYING HALF FACEPIECE RESPIRATORS 

WARNING:  This respirator does not supply oxygen.  It must not be used in oxygen 
deficient atmospheres ( <19.5%); in poorly ventilated areas or enclosed spaces such 
as tanks or small rooms; for abrasive blasting or firefighting; or for protection against 
contaminants excluded or not covered by the applicable Approval Label. 

Respirators must be approved for protection against asbestos.  Check for NIOSH certification.  
Please refer to CSA Z94.4, Selection, Care and Use of Respirators.  Federal employees must 
comply with Z94.4. 

1.1 RESPIRATOR FITTING 

Persons required to wear respirators must first pass a qualitative fit-test administered according 
to the current version of CSA Standard Z-94.4.  The fit-test should be repeated yearly. 

The respirator wearer must be clean-shaven along all the seal points for proper protection.  
Even stubble growth may be sufficient to reduce the seal of the face piece, and therefore the 
protection.  The respirator approval is voided for users with facial hair which interferes with the 
seal.   

1.2 INSPECTION ITEMS PRIOR TO EACH USE 

1. Examine face piece for: 
dirt
cracks, tears or holes 
distortion and inflexibility 
crack or breaks in filter holders, worn threads and missing gaskets 

2. Examine head straps for: 
breaks or tears 
loss of elasticity 
broken or malfunctioning buckles and attachments 

3. Examine valves for: 
detergent residue, dust or other material on valves or valve seats 
cracks, tears or distortion in the valve material 
missing or defective valves or valve covers 

4. Examine filter for: 
proper filter for protection against asbestos (High Efficiency Particulate) 
incorrect installation, loose connections, missing or worn gaskets or cross threading 
cracks or dents in filter housing 



Esquimalt Graving Dock – Asbestos Management Plan (April 2012)   Appendix E - Page 3

ESQUIMALT GRAVING DOCK ASBESTOS MANAGEMENT PLAN

5. Leak-checks: 
 Perform the following tests on each donning: 

negative pressure test:  cover inlets to filters, breathe in and hold breath; respirator 
should be drawn to face for minimum of 10 seconds (if not, check exhalation valve 
and fit) 

positive pressure test:  cover exhalation valve cover and puff out slightly and hold 
breath; respirator should slightly pressurize and still hold seal (if not, check inhalation 
valves and fit) 

1.3 RESPIRATOR CLEANING AND DISINFECTION 

1. Remove filters and disassemble face piece.  Discard or repair defective parts. 

2. Wash components in warm water (50oC - 60oC) with mild detergent, using a brush.
Cleaning and disinfectant solutions are available from respirator manufacturers. 

3. Thoroughly rinse components in clean, warm water. 

4. Air dry or hand dry components with a clean, lint-free cloth. 

5. Reassemble respirator and test to ensure that all components are working properly (see 
above).  Be careful to check that valves are not lost in the cleaning. 

1.4 FILTER CARTRIDGE HANDLING AND REPLACEMENT 

1. Filter cartridges should be sealed on the inlet side with tape once used. 

2. Filters can be re-used until an increase in breathing resistance is noted.  Under typical 
Moderate Risk conditions, filter cartridges should last a minimum of 24 hours. 
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If Moderate Risk procedures cannot be strictly observed due to the urgency, some judgement 
will be required of the person responsible for the work, and other staff or contractors responding 
to the emergency.  The general principle of emergency response work is to protect the workers 
performing the repair and to minimize the exposure of others to airborne asbestos.  The 
procedures given below should be followed to the extent possible in the circumstances of the 
emergency. 

1. Clear area of all occupants. 

2. Construct enclosure around area if time permits.   

3. Shut down ventilation system serving area. 

4. Worker performing repair shall wear protective respirator and disposable suit.  If normal 
work clothes are worn they must be disposed of if visibly contaminated. 

5. Use drop sheet under work to minimize clean-up if possible. 

6. Perform emergency repair with minimum disturbance of asbestos. 

7. Obtain asbestos equipment and perform clean-up of visible material before allowing 
unprotected personnel to enter area.  Use HEPA filtered vacuum or wet cleaning.  
Dispose of all cleaning supplies as contaminated waste. 

8. The worker should wipe off or vacuum disposable clothing and footwear.  Proceed to 
washroom to wash face and hands.   

9. Notify the EGD Environmental Coordinator and the EGD Operations Coordinator 
regarding the asbestos disturbance.  The EGD Environmental Coordinator will contact the 
Project Manager to arrange for removal, clean-up or repair of the asbestos material. 
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APPENDIX G

ASBESTOS-RELATED WORK RECORD 
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APPENDIX H 

CERTIFICATE OF TRAINING FOR

ASBESTOS-RELATED WORK
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APPENDIX I 

CONTRACTOR NOTIFICATION AND 
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BULK SAMPLE COLLECTION PROCEDURES

1. Sample the material when the area is not in use.  Only those persons needed for sampling 
should be present in the immediate area. 

2. Spray the material with a light mist of water to prevent fibre release during sampling.  Do 
not disturb the material any more than necessary. 

3. Materials of different appearance should be sampled separately.  Mechanical insulation 
must be sampled separately on all systems, tanks, vessels, etc.  Sample both the straight 
sections of pre-formed insulation and the insulating cement typically present at elbows, 
fittings, etc. (unless visually identified as fibreglass). 

4. Collect the sample by penetrating the entire depth of the material, as the insulation may 
have been applied in more than one layer or covered with paint or other protective 
coating. 

5. Depending on the condition of the material, significant amounts of airborne fibres can be 
generated during sampling.  The use of a respirator is recommended for all sampling. 

6. If pieces of material break off during sampling, the contaminated area must be cleaned up 
with a HEPA vacuum cleaner or by wet cleaning.  Any debris generated must be placed in 
plastic bags, labelled, sealed and disposed of as asbestos waste. 

7. Place samples in labelled plastic bags with a zip-lock closure or in sealed plastic vials.  
Samples shall be identified with the following information: 

Sample Number 
Building 
Room Number 
Date of Sampling 
Name of Sampler 
Source of sample, e.g. Cold Water Pipe, Cold Water Fitting, etc. 

8. Temporarily seal any openings created to collect the sample, for example, with metal foil 
tape wrapped completely around the pipe.  Advise the EGD Environmental Coordinator or 
Regional Asbestos Coordinator. 

9. Analysis must be performed by a laboratory accredited by the National Voluntary 
Laboratory Accreditation Program (NVLAP).  Contact the EGD Environmental Coordinator 
or Regional Asbestos Coordinator for a list of acceptable laboratories. 
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ROLES AND RESPONSIBILITIES

Regional Asbestos Technical Coordinator (Non-Mandatory)
To maintain a technical competency within Environmental Services. 
To provide technical training to staff. 
Working with the Regional Asbestos Coordinator to develop training packages for 
various groups of staff involved with asbestos. 
Provide asbestos audit and survey when requested. 
To provide advisory support to the Regional Asbestos Coordinator. 
To provide communication on technical issues. 
Develop and maintain contracts for asbestos related services. 
Provide technical support and advice to staff. 
Conduct the quality assurance evaluations of survey reports performed by others. 
Conduct the quality assurance evaluations of removal and repair work being performed 
by others, when requested. 

Regional Asbestos Coordinator (Mandatory)
To develop and maintain a liaison with EGD Environmental Coordinator for day-to-day 
reporting and communication. 
To arrange for a complete survey and assessment of asbestos materials. 
Will decide the degree/detail of surveys required to meet Departmental Policy.  (This is 
to be done in concert with Regional Asbestos Technical Advisor). 
Will decide the degree/detail of reassessment of all friable asbestos materials in 
exposed locations.  (This is to be done with Regional Asbestos Technical Advisor). 
To maintain and manage a regional inventory of asbestos.  Inventory to include all test 
results, positive and negative. 
To establish a system of keeping the reports to ensure ready access to all staff. 
To establish an acceptable paper trail to deal with removal and repair of asbestos. 
To establish an acceptable system of notifying EGD Environmental Coordinator of new 
findings of asbestos. 
To maintain a regional inventory of trained personnel and the level of training given. 
To maintain a consistency standard within the Region. 
To provide communication on management issues. 
To develop a standard reporting form to be used to report on maintenance repair and 
removal work. 

EGD Environmental Coordinator 
Ensure that the requirements for asbestos management are fully implemented. 
Assist in reviewing all maintenance work requirements against survey information to 
determine the possibility of friable asbestos being disturbed, and classifying the work 
based on the approved criteria. 
Notify, in writing, Workplace Safety and Health Committees and Representatives, 
employees, and contractors of the existence of friable ACM, and provide updates on 
conditions as modifications or changes are made. 
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Maintain asbestos inventory, assessment and reassessment reports and ensure that a 
copy of this information is maintained in a location that is accessible to maintenance staff 
and contractors 
Obtain the approval of the Regional Asbestos Coordinator prior to arranging for the 
removal or repair of damaged or deteriorated friable ACM. 
Submit all High Risk work requirements to the Regional Asbestos Coordinator for review 
prior to arranging for the work to be undertaken. 
Consult the Regional Asbestos Coordinator, when necessary, to determine the impact of 
a specific project with regards to ACM. 
Ensure a stock of required equipment is maintained for work classified as Low and 
Moderate Risk. 
Assist in identifying and providing a suitable storage area for waste resulting from 
asbestos work, and assist in arranging for waste removal.  

EGD Management 
Ensure that the requirements for asbestos management are fully implemented within 
their area of responsibility. 
Review all maintenance work requirements, within their area of responsibility, against 
survey information to determine the possibility of friable asbestos being disturbed, and 
classify the work based on the approved criteria. 
Notify, in writing, the EGD Environmental Coordinator of maintenance work that may 
impact upon ACM, and provide updates on conditions as modifications or changes are 
made. 

All Contractors
This includes anyone contracted to do work on the interior or exterior of PWGSC buildings. 

To review the asbestos survey reports prior to all renovation and construction work for 
the possible impact on asbestos. 
To complete "Contractor Notification and Acknowledgement" form. 
Not to disturb asbestos materials as part of their doing their work.  The disturbance of 
asbestos building materials may only be undertaken by contractors who have received 
training in asbestos-related precautions. 
As a condition of their contract to provide services and materials to PWGSC, their 
company will not disturb asbestos-containing materials without prior notification to the 
EGD Environmental Coordinator.  This firm and its workers, while working in this 
"location of work", will follow all procedures specified by the PWGSC Asbestos 
Management Program. 

All Contractors, Doing Work Involving Asbestos
This includes any work on the interior or exterior of PWGSC owned buildings involving 
asbestos. 

To ensure they follow all procedures specified by the PWGSC Asbestos Management 
Plan and work specification.  
To ensure that they complete all the required documentation required by the PWGSC 
Asbestos Management Plan. 
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LOG BOOK FOR ANNUAL VISUAL INSPECTION

NAME OF INSPECTOR:_______________________  DATE: _____________________ 

BUILDING 
ACM

IDENTIFIED
LOCATION MATERIAL 

ORIGINAL 
CONDITION

PRESENT 
CONDITION

Back gate 
guardhouse 

yes 
exterior
cladding 

cement board Good  

 yes floor tiles beige vinyl Good  

Drydock service 
tunnels

yes 
north & east 

perimeter

cement piping 
REMOVED in 

2004
Stubs

remaining
where pipes 
enter tunnel 

walls

Good   

Pumphouse yes 
throughout

EGD
systems 

Gaskets and 
Plating

Good

PWGSC Admin yes boiler room wallboard Good  

 Crawl space

Pipe insulation 
REMOVED 

But treat area 
with caution as 
due diligence 

VSL Admin  yes floor tile beige vinyl Good  

Details of Action required (if any): 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

Date Action Initiated:_____________________________________________________
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  ACM INSPECTION LOG

Date Area Inspection Comments Initial 
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ASBESTOS SPILL RESPONSE LOG 

DATE:             

PERSON REPORTING SPILL:          

PERSON RESPONDING TO SPILL ADVISORY:        

ACTION:

 Area Isolation 

 Spill Containment 

 Personnel Advised 

INCIDENT REPORT:           

RECOMMENDED DECONTAMINATION:         

DECONTAMINATION FOLLOW-UP:

 Were recommendations followed?        
 (If NO, give details on back) 

 Abatement Contractor:         
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1.2.2 Provincial Acts
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Wildlife Act
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5.1.3 Marine Mammal and Migratory Bird Monitoring Component  

 



5.3.1 Pre-construction meetings 

5.3.2 Pre-work Orientation meetings 

 

5.3.3 Tailgate Meetings 



 



6.1.1 Environmental Monitoring 

6.1.2 Regulations 

meet or exceed requirements of the contract documents, specified 
standards, codes, and referenced documents,

In the event of any conflict or discrepancy between requirements, the more stringent 
shall apply

Workplace Hazardous Materials Information System (WHMIS
guidelines and procedures must be followed by all workers. Material Safety Data 

Sheets (MSDS) must be available to all workers for all products used on-site.

6.1.3 Working in or About Water 
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6.1.5 Water Quality Management Plan 
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6.1.8 Bird Interactions 
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Migratory Birds Regulations Wildlife Act. 
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6.2.4 Structure Relocation 
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6.2.7 Earthworks BMPs  
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Overview

The Esquimalt Graving Dock (EGD) is a federal-government-operated, multi-
user ship repair and maintenance facility located in Esquimalt, British Columbia. 
The facility has been in operation since 1925, and provides service to local, 
Federal, and international vessels.  The vessel repair and maintenance work at 
the EGD is carried out by privately owned shipyards that rent the required 
sections of the drydock and lease upland work space from the government, and 
pay a fee for services such as cranes, compressed air, water and power.

Industrial ship maintenance and repair operations have the potential to result in 
significant environmental issues and impacts. To help identify and manage these 
potential impacts, the EGD has implemented an Environmental Management 
System (EMS) certified under the internationally recognized standard ISO
14001. The EMS provides the framework for identifying potential impacts, and 
ensures adequate controls are in place to effectively manage them.  

This manual contains a series of recommended Environmental Best 
Management Practices (EBMPs) to reduce potential environmental impacts of 
common activities and operations at the Esquimalt Graving Dock. The manual 
contains guidance for those operating at the EGD, and is intended to 
complement existing environmental legislation. It does not remove the 
responsibility of all contractors and companies operating at the facility to abide by 
all applicable regulatory requirements and industry standards. All users of the 
facility are expected to follow the EBMPs.

For further information on environmental rules and standards contact the EGD 
Environmental Department.
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BMP #1 
High Pressure/ Ultrahigh Pressure Washing 

One of the first activities to occur on a dry-docked vessel is the high pressure washing of the 
vessel hull to remove salts and marine growth prior to surface preparation or painting. This 
typically involves pressure washing the hull and/or super structure with water at 2,000 – 3,500 
psi, which may produce large volumes of paint contaminated wastewater.  Shipyards may use 
an Ultra High Pressure (UHP) washing process (from 40,000 – 55,000 psi) to completely 
remove all paints, eliminating the need for further surface preparation prior to painting. This 
operation generates even larger volumes of wastewater and solids, which will need to be 
managed. 

Management of Wastewater on the Graving Dock Floor 
 Ensure all wastes and wastewater discharges resulting from hull washing activities are 

collected and disposed properly. 
 Coordinate high pressure washing operations to ensure effective collection of wastewater. 
 Close all sump well valves in the floor collection system prior to and during high pressure 

washing operations. 
 Divert contaminated wastewater that falls outside of the dock floor containment area away 

from the tunnel drains. 
 Direct non-contaminated water (i.e. ballast water, cooling water) away from contaminants 

on the dock floor. 
 Collect and dispose of stormwater that comes into contact with contaminants. 
 Do not use environmentally harmful detergents or additives in wash water. 

All wastewater containing paint 
contaminants must be directed 

to the collection drains and 
sumps on the drydock floor, 

collected, and sent for 
treatment.

Antifoulant contaminated wash water entering 
the trench drain sump wells on dock bottom.
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Section 1 Considerations � Caisson Leakage and Sediment

Diversion of sill water away from pressure washing areas 
Water leaking into Section 1 of the graving dock from the caisson can be diverted from 
the work area by using a sump pump hooked to the PVC pipe installed along the north 
wall of the graving dock (Section 1).

Managing Entrained Sediment
Harbour sediment may become trapped in section 1, and accumulate in the corners, 
trenches and sumps. The users of the section will need to be aware of this.  This 
sediment will have to be removed if it becomes contaminated with pressure washing 
wastewater, sandblast grit, paint chips, paint overspray, or other contaminants.   

The sill diversion pump removes clean saltwater 
from the pool at the front of Section 1(moon 

pool) and discharges to the tunnel drains 
through a hard pipe on the dock wall.

Sediment from the harbour often settles on dock 
bottom after dewatering.  This may become 
contaminated with paint, etc. and must be 

disposed of. 

Ultra High Pressure (UHP) Washing 

Ultra high pressure washing generates significant 
volumes of wastewater and sludge that may pose a 
challenge for collection and disposal.

 Prepare in advance for the management of the 
UHP waste. 

 Remove all water, sludge and debris generated 
from UHP washing from the dock. 

 Ensure the sludge is disposed of at an 
appropriately permitted facility. 

The hull of a cruise ship being ultra high 
pressure washed.   Inset: sludge produced 

during ultra high pressure washing. 
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Management of Small Vessel High Pressure Wastewater in the Upland Areas 
 Perform pressure washing only in designated areas where wastewater management can 

be effectively achieved. 
 Completely block off all drains prior to use for collecting wastewater from pressure 

washing.
 Ensure sufficient equipment is available for the timely collection and removal of wash 

water.
 Clean up work area and drains prior to removal of collection equipment. (i.e. filter cloth, 

plugs, tarps) 

A small vessel is power washed on 
the North Landing Wharf (NLW). 

The trench drain is blocked and a 
sump pump is installed to collect 

wash water into a tote. 

Example of styrofoam blocks used as 
a drain blocker on the NLW. 

Example of a pump set up used to 
collect wash water on the NLW. 
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BMP #2 
Abrasive Blasting 

Abrasive blasting is a common operation performed at the Esquimalt Graving Dock (EGD) to 
prepare vessel surfaces for painting.  However, this operation creates challenges with respect 
to controlling air emissions and the waste materials generated.

Fugitive emissions from blasting operations have the potential to negatively affect employees, 
facility users, neighbours, equipment and infrastructure.  The dust from blasting may contain 
harmful environmental pollutants which may enter the harbour directly or via stormwater runoff.  

Waste grit may be contaminated with antifouling paint which poses a risk to marine life if not 
handled properly. 

Dust Control 
 Cover all blast media (new and used) during transport.
 Use containment such as tarps, shrouds or portable structures to prevent airborne particles 

from entering the atmosphere and surface waters.
o Containment should be large enough to adequately enclose or segregate the 

working area.  
o Ensure containment devices are connected so there are no gaps.  
o Ensure that containment reaches the dock floor or walls 

Adequate Containment Inadequate Containment 

 Where physical containment techniques are not sufficient to prevent fugitive emissions 
water curtains may be used to mitigate dust emissions in problem areas. 

 Do not abrasive blast during conditions that render containment ineffective (i.e. during 
windy conditions)

 Minimize dust emissions by ensuring blast nozzles are angled close to perpendicular and 
aimed slightly downward during blasting. 

 No abrasive blasting of vessels shall be performed while vessels are docked at the North 
Landing Wharf or South Jetty 
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Air Quality Alarm 
The Esquimalt Graving Dock has an onsite PM10 monitor 

in partnership with the Ministry of Environment. 

If particulate matter levels in the air exceed 100 g/m3 an 
alarm sounds in the Pumphouse, at which time corrective 

actions must be taken. 

Waste Grit Management 
 Remove waste grit from work areas as soon as possible. 
 Store all waste grit in appropriate containers to prevent stormwater and wind impacts. 
 Cover all skips, storage bins, tanks, and hoppers to prevent dust emissions. 
 Dispose of waste grit in accordance with applicable provincial regulations.  

Store all waste grit away from drains, to 
prevent contaminated water migrating 

into the marine environment.

Sweep waste grit under the vessel to 
prevent it from being washed down the 

drain. 

Store waste grit in appropriate 
containers, protected from inclement 

weather. 

Remove waste grit from work areas as 
soon as possible. 
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Keel/Bilge Blocks 

Keel and bilge blocks on dock bottom 
present a challenge for clean up of spent 
waste grit. 

Excess blocks stored in dock bottom may be 
moved prior to sandblasting, or covered to 
prevent grit from collecting between the 
blocks.
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No

Waste is 
Hazardous**

Does the waste pass 
the appropriate 96 hr 

LC50 test?* 

Yes 

No Yes 

Is there potential for 
other hazardous 
components (i.e. 

pesticides, TBT, etc.)? 

Step 1: 
Stockpile waste grit 

Step 2: 
Take representative 

sample

Step 3: 
Analyze sample for 

appropriate parameters 
(i.e. TCLP Total Metals, 

PAH)

Are the TCLP test 
results below allowable 

concentrations? 

No

Waste is
non-Hazardous***

Yes 

Determination of Waste Grit 

*BC Hazardous Waste Regulations (max 500mg/L). 

**Waste must be disposed of at a permitted facility. 

***non-Hazardous waste may be considered “Controlled” and must be disposed of 
at an approved facility.   
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BMP #3 
Painting and Coating 

Ship repair and maintenance often requires painting and coating of vessel surfaces to protect 
from corrosion or to inhibit growth of marine life. The industrial nature of marine paints, in 
particular antifouling paints, may result in negative impacts to the environment and surrounding 
infrastructure if not properly managed. 

Paint Overspray 
Paint overspray has the potential to impact the marine environment, soils, neighbouring 
residences, and nearby equipment and infrastructure. 

 Use containment such as tarps, shrouds or portable structures to prevent airborne particles 
from entering the atmosphere and surface waters.

o Containment should be large enough to adequately enclose or segregate the 
working area.  

o Ensure containment is secured so there are no gaps.  
o Ensure that containment reaches the dock floor or walls. 

Adequate
Containment

Inadequate
Containment

 Do not spray paint during conditions that render 
containment ineffective (i.e. windy). 

 Place containment beneath and around structures 
being painted on dock floor and in work areas to ensure 
overspray does not reach the surrounding area (i.e. 
during painting of anchor chains, grates, etc.). 

 Manage overspray on the graving dock floor to prevent 
safety hazards (e.g. slippage). 

For vessels docked in Section 1
ensure that overspray does not 

reach the sill water.  Avoid docking 
vessels so they extend over sill area.
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Painting Dockside 
 Do not spray paint vessels docked at the North Landing Wharf or South Jetty. 
 Use rollers and brushes to paint vessels dockside 
 Ensure tarps are in place below work areas, as well as in between the vessel and the dock 

to prevent spills and drips from entering the water. 
 Ensure paint cans are stored securely when working alongside vessel edges. 
 Ensure floor grates of manlifts are covered to prevent spills to the marine environment 
 Waste generated from grinding and hand tooling must be prevented from entering the 

marine environment. 

Ensure tarps are in place to prevent overspray 
impacting the surrounding work area. 

While painting vessels berthed at the North 
Landing Wharf and the South Jetty do not spray 
paint, and take measures to prevent paint from 

entering the marine environment. 

Temporary Paint Storage/Mixing Areas
 Must be under cover to protect from inclement weather 
 Only in designated areas 
 Must be on secondary containment (a tarp at minimum) 
 Ensure empty paint cans and other associated wastes 

from painting are stored properly, protected from the 
weather, and removed from dock bottom as soon as 
possible.

In rare situations (i.e. shape of the vessel combined with ideal weather conditions) containment may 
not be necessary to prevent overspray from escaping the area.  

In this situation, the User must notify PWGSC prior to beginning the work, and obtain approval, in
writing, to paint without completely enclosing the vessel. Restrictions and monitoring requirements 
will be applied. 

To this date this has only been allowed in three situations: 
painting underneath a flat bottom barge 
painting the underwater hull portion of the midsection of a cruise ship 
painting of a C-class ferry underwater hull area during calm wind conditions 
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BMP #4 
Dry Dock Floor Management and Cleanup 

Drain Management 
 All sump well valves must be closed prior to and during 

power washing operations. 
 Cover all tunnel drains and net cages during sandblasting, 

painting and power washing to prevent contaminants from 
entering the marine environment.

 In the case of a spill or release on dock bottom all sump well 
valves must be closed and all contaminated material 
contained and removed from dock bottom. 

 Direct all contaminated water to the trench drain system, to 
avoid entering the tunnel drains. 

 Collect and properly dispose of all contaminated water.  
Ensure sufficient equipment is available for contaminated 
water collection. 

 Ensure all non-contaminated water is directed away from 
work areas and into the tunnel drain system. (i.e. ballast 
water, cooling water, caisson sill water). 

Sediment Management 

 Segregate any marine sediment which may 
enter the dock during vessel transfer from 
pollutants generated from vessel repair in order 
to reduce the amount of wastes requiring 
disposal.

 Collect and properly dispose of marine 
sediment that becomes contaminated with 
waste generated from vessel repair. 

 Remove all contaminants and residues from the 
trench drains and sump wells prior to flooding 
at the end of work period. 

Hazardous Materials Management 
 Store hazardous materials (i.e. fuel, paint, waste oils) away from the drains on dock bottom. 
 Store hazardous materials to the inside of the trench drains so that any spills or releases 

can be captured. 
 Store hazardous materials in areas protected from the weather, water curtains and other 

water sources. 
 Ensure adequate spill response equipment is in close proximity to hazardous material 

transfer operations.  At a minimum one spill kit is required per section of the graving dock.  
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Housekeeping
 Remove waste sandblast grit from the work area as soon as possible to prevent migration 

of grit contaminants into tunnel drain system. 
 Store wastes collected from the dock floor in appropriate secondary containment and 

removed from dock bottom as soon as possible. 

Residual paint in the cans, may drip out of the skip 
and enter the marine environment through the 

drain systems. 

Leaving garbage around the work site attracts 
wildlife such as seagulls, racoons, and rats.

When cleaning dock bottom, skips of waste 
sandblast grit may leak contaminated water and 

should be removed as soon as possible. 

All hazardous materials must be stored in 
appropriate containment and away from tunnel 

drain system. 
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Inspection and Cleanliness 
 Prior to flooding, the drydock must be cleaned to meet the Esquimalt Graving Dock (EGD) 

Standard of Cleanliness, as determined by the EGD undocking supervisor. 
 Users must ensure that the dock floor is free of deleterious substances prior to flooding. 
 Water may be used to clean the dock floor; however, any wastewater generated must be 

collected and disposed of properly. 
 If a vessel occupies a shared portion of a dock section each User must clean the trench 

drains up to and including the section sump well.

Example of a dock floor that would 
pass inspection. 

Example of a dock floor that would 
not pass inspection. 

EGD Standard of Cleanliness 

Due to the importance of drydock cleanliness prior to flooding, and since quantitative testing 
is impractical due to time and cost restrictions, the following guidelines will be used to 
assess cleanliness of drydock surfaces. 

- All drydock surfaces, including stairwells and sills must meet the standard for “residue
free” prior to flooding of the drydock.  �Residue free� is considered met when a person 
of normal visual acuity, while standing, is unable to detect visible accumulations of 
potential pollutants. 

- This includes, but is not restricted to, the removal of abrasive grit, paint residues, cutting 
and grinding wastes, oil and grease, food and drink containers, ear plugs, dust masks, 
rope, cigarette packs, or any other refuse that may have been deposited during the work 
period.

- Debris of natural origin that may have been deposited during the previous flooding of the 
drydock, such as wood, sand, silt, seaweed, or marine life may be exempt from these 
requirements, as long as it will not contaminate the environment upon reintroduction. 



Issue Date: October 6, 2010 Version: 4

Approved By: Environmental Coordinator Last printed: 06/10/2010 10:06:00 AM

This document is only valid at time of printing; any copies made are considered uncontrolled. Page 13

Important Locations Acceptable Not Acceptable 

Ramps 

Sills

Keel Blocks 

Trench Drains 

Sump Wells 
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BMP #5 
Hazardous Materials Handling and Storage 

A variety of materials are used, stored and transported by the Users at the Esquimalt Graving 
Dock (EGD).  If not handled appropriately, these materials have the potential to negatively 
impact worker health and safety, infrastructure or the environment.

Long Term Storage 
Users must have designated storage areas suitable for the 
materials they use on site.  These areas must: 

 Have appropriate secondary containment suitable to the 
quantity and nature of the material in that area 

 Ensure materials are stored in accordance with 
compatibility requirements 

 Be protected from the weather 
 Have placards and ventilation (where applicable) 
 Have controlled access 

Short Term Storage and Working Areas 
These areas must be: 

 Clearly identified and labelled 
 Located away from pathways to the marine environment  
 Located on impervious surfaces (i.e. concrete, asphalt) 
 Protected from the weather

Materials must be:
 Stored in containers appropriate for the nature of the material 
 Labelled appropriately with product name, first aid information, and PPE requirements. 
 Secured appropriately during transport 

MSDS for all products stored 
on site must be available to all 

employees. 

Empty containers must be 
labelled “Empty”. 

Inspect all valves and storage 
containers for rust or damage 

before use. 
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Federal Regulation for Fuel Storage Tanks 

As the EGD is a Federal facility, any storage tanks onsite 
may fall under the Petroleum and Allied Petroleum 
Products Storage Tanks Regulations (2008).  Tenants may 
be required to register their tanks with Environment 
Canada.

National Fire Code 
This code outlines the containment, labelling and location 
requirements for flammable liquid storage. 

Areas to Avoid Storing Containers of Hazardous Materials 

Drains:  Although the trench drains provide the 
opportunity to collect accidentally released materials, if a 
tote or drum is placed directly over top or beside a drain 
the material will flow directly into it and the spill may not be 
noticed until it is too late.

Fire Holes: On the South Jetty the fire holes flow directly 
into the harbour.  If any containers fail near the fire holes, 
the material will not be able to be recovered once it is in 
the harbour..

South Jetty and North Landing Wharf Edges:  Any 
containers placed near the edge of the jetties have the 
potential to spill directly into the harbour as there are no 
berms or secondary containment available.
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BMP #6 
Waste Management and Recycling 

Operations at the Esquimalt Graving Dock (EGD) generate a variety of waste streams 
including hazardous waste, international wastes, and general refuse and recyclables.  

Hazardous Waste 
Hazardous wastes generated at the EGD may include waste oil and oil filters, antifreeze, 
batteries, paint and solvents, oily rags and absorbent materials, spent grit, solids generated 
during power washing, and asbestos.  Appropriate management of hazardous waste will 
reduce environmental liability associated with inappropriate disposal and storage as well as 
reduce the risk of human injury and environmental impact. 

Hazardous waste storage shall be segregated from new product storage.  
 Ensure designated storage areas are away from active work areas. 
 Ensure areas are covered to reduce exposure to environment and wildlife. 
 Ensure that waste accumulation areas are organized. 

Hazardous waste should be segregated into separate containers. 
 Ensure containers used are appropriate for the type of waste (i.e. separate drums for 

waste oil, oil filters, antifreeze, batteries, paint and solvents, oily rags and absorbent 
material, spent grit) 

 Store batteries in a manner that prevents leakage of acid to the environment.  
 Properly dispose of contaminated clean-up materials (i.e. absorbents, rags, etc.) 
 Do not dilute or mix hazardous waste other hazardous or non-hazardous wastes. 
 Cover waste containers to prevent exposure to weather (i.e. rain) 

Clearly label all hazardous waste containers.  
 Labels should Include: type of waste, generator/company name, and contact 

information

Asbestos

All asbestos containers and asbestos-
containing materials must be identified by 
signage and labelling in accordance with 
applicable legislation. 

Companies which engage in asbestos 
related work at the EGD must be qualified 
to do so.
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Biological Waste 

Marine life removed from vessel hulls 
may contain paint contaminants.  This 
waste may be considered a controlled 
or hazardous waste and would need to 
be handled and disposed of accordingly.

Recycling
All Users of the EGD are responsible for collecting and disposing of the solid waste they 
generate from their activities, properties and vessels they are responsible for.

 Recycle solid waste such as plastic, glass, aluminum, mixed paper and cardboard. 
Recycling areas should be conveniently located and easily identifiable. 

 Segregate other solid waste, such as scrap metal, wood, electronics, polystyrene foam 
and soft plastics for recycling at an approved facility. 

 Leaf and yard waste collected on property should be composted at designated sites 
located on dock property. 

 Construction and demolition waste should be reused or recycled wherever cost effective 
and technically feasible. 

 Encourage the use of recyclable products to reduce the solid waste impact on the 
environment.

International Waste 
Like hazardous waste, International Wastes may pose a threat to human health and the 

environment.

Dunnage from vessels has been known to carry invasive insects to local areas.  Foreign dunnage 
must be identified, stored, and disposed of at an approved facility. 

Food wastes may carry pathogenic organisms that could cause illness to those handling it.  Food 
wastes shall be kept in separate, closed containers.  The Canadian Food Inspection Agency (CFIA) 
will inspect foreign vessels and issue directions on disposal. 
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BMP #7 
Fuelling and Oil Transfer 

At the Esquimalt Graving Dock (EGD) the transfer of oil and fuel is a common activity.  An 
accidental release during these operations has the potential to negatively impact the 
environment, and health and safety of those at the facility.

 Prior to any fuelling or oil transfer operations an emergency plan must be in place, 
adequate spill response equipment must be available, and employees aware of spill 
response procedures must be on hand. 

 All transfer and storage equipment must be in good condition, tested, and properly 
connected.

 Do not place storage and transfer equipment near pathways to the marine environment (i.e. 
storm drains, edge of the dock). 

 Berthed vessel fuelling operations involving trucks and barges as well as bulk oil transfers 
exceeding 10 tonnes (10,000 L) per day must comply with the EGD Fuelling and Oil 
Transfer Policy and Checklist.

Vessel Fuelling and Bulk Oil Transfer 
Definition of Oil: as described in the Canada Shipping Act oil is considered 

petroleum in any form, including: crude oil, fuel oil, sludge, oil refuse, and refined 
products.

 All berthed vessels receiving fuel from a 
truck or a barge require a containment 
boom.

 Transfers of greater than 10 tonnes of oil 
per day to/from a berthed vessel require a 
containment boom. 

 An EGD Oil Transfer Checklist must be 
filled out and signed by representatives 
from the truck and the vessel and 
submitted to EGD representatives in the 
pumphouse prior to fuelling or oil transfer 
operations. 

 Transfer operations must comply with the 
Canada Shipping Act, Regulations for the 
Prevention of Pollution from Ships and for 
Dangerous Chemicals Subdivision 5.

Containment Boom Rental 

The Esquimalt Graving Dock has a boom 
and deployment equipment available for 

rent.  To arrange for booking or rental 
contact the EGD Operations Manager. 

The EGD 
boom reel and 

containment
boom

An orange 
containment
boom surrounds 
the vessel while 
being fuelled
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Example Scenario Requirements 

Scenario 1: Fuelling a berthed vessel 

Completed and signed EGD Oil Transfer Checklist submitted 
to EGD Pumphouse 

Containment boom adequately secured at both ends. 

Emergency response plan in place. 

Adequate spill response equipment and qualified personnel 
available.

Scenario 2: Fuelling a vessel or bulk oil transfer (greater than 10 tonnes a day) in the 
drydock 

Completed and signed EGD Oil Transfer Checklist submitted 
to EGD Pumphouse. 

Pumphouse operator on site prepared to shut down auxiliary 
pumps in case of an emergency. 

Receiving containers located away from pathways to the 
harbour (i.e. tunnel drains). 

Adequate spill response equipment and qualified personnel 
available.

Emergency response plan in place. 

Scenario 3: Bulk oil transfer from berthed vessel (greater than 10 tonnes a day) 

Completed and signed EGD Oil Transfer Checklist submitted 
to EGD Pumphouse. 

Containment boom adequately secured at both ends. 

Receiving containers located away from pathways to the 
harbour (i.e. storm drains, edge of dock). 

Emergency response plan in place. 

Adequate spill response equipment and qualified personnel 
available.

Scenario 4: Onshore oil transfer between containers 

All containers located away from pathways to the harbour 
(i.e. storm drains, edge of dock). 

Emergency response plan in place. 

Adequate spill response equipment and qualified personnel 
available.
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BMP #8 
Invasive Species (Ballast Tanks and Hulls) 

Invasive species are a significant threat to the marine ecosystems of British Columbia and 
Esquimalt Harbour.  In 2000 a Fisheries and Oceans sponsored study of invasive species 
found that Esquimalt Harbour had a disproportionately high number of non-indigenous species.  
It has been widely recognized that the primary source of non-indigenous marine species in 
local waters are the ballast tanks and hull surfaces of transoceanic vessels. 

Marine growth removed from vessel hulls must not be allowed to enter the harbour 
through the graving dock drainage system. 

 Ballast Water 
 Vessels must follow Transport Canada Ballast Water Control and Management 

Regulations
 Ballast Tank Sediment 

 Shipyards must follow Transport Canada Ballast Water Control and Management 
Regulations

 Sediments removed from the ballast tanks at the EGD must be contained, collected 
and disposed of at an authorized facility. 
Sediments must not be allowed to enter the 
harbour.

 Anchor chain-growth 
 All biological material removed from anchor 

chains must be contained, collected and 
disposed of appropriately. 

 Sea chests 
 All biological material removed from sea chests 

must be contained, collected and disposed of 
appropriately.

Sea chests such as this one 
from a cruise ship docked at 
the EGD often contain a 
significant amount of marine 
life.  If not managed 
appropriately this marine life 
has the potential to negatively 
impact the local ecosystem of 
the harbour 
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BMP #9 
Fish and Wildlife Management 

The daily operations and activities of the Esquimalt Graving Dock (EGD) have the potential to 
negatively impact wildlife which frequents the property. 

Fish
Fish and other marine life have the potential to become stranded in the graving dock during 
normal vessel docking/undocking operations.  This may include, but is not limited to: salmon, 
octopus, other fish species, and seals.

 The bubble curtain must be employed during vessel transfer into and out of the graving 
dock.

 EGD employees must monitor the graving dock 
for stranded fish and/or other marine life during 
dewatering.

 Whenever possible, EGD employees must 
retrieve fish and marine life and safely return 
them to the Esquimalt Harbour. 

 Users are prohibited from removing fish and 
marine life from the graving dock. 

Report all instances of fish and marine life interaction with the
Graving Dock to EGD Environmental Services 

Authorization for the Destruction of Fish (Section 32) 

The EGD has received authorization for the destruction of fish 
associated with normal operation of the graving dock from the 
Department of Fisheries and Oceans. 

Conditions of the Authorization: 
Take all reasonable precautions to prevent the trapping and 
mortality of fish 
Monitor the success of preventative measures and retrieval success 
Report to the DFO annually 
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Wildlife
A variety of wildlife is known to occupy areas of the EGD property.  In some cases wildlife may 
use the facility as a nesting/breeding ground, while others are present for short periods of time 
to pass to another location or to feed.  Activities and operations at the EGD have the potential 
to impact the well being of wildlife at the facility. 

Such wildlife includes: deer, raccoon, mink, river otter, great blue heron, osprey, raven, 
cormorants and a variety of other common nesting and song birds.

 All wildlife must be left alone 
 Injured or orphaned wildlife must not be handled without proper experience and 

equipment. 
 Dispose of dead wildlife appropriately. 
 Prior approval from EGD Environmental Services is required for the relocation or 

removal of nesting wildlife. 

In all cases, call EGD Environmental 
Services for wildlife related incidents 

EGD Wildlife Management Plan 
Contact Information 

Conservation Officer 
T: (250) 391-2225 (daytime) 

1-800-663-9453 (after hours call centre-will take 
messages and pass along to the Conservation Officer) 

BC SPCA Wild ARC  
(Animal Rehabilitation Centre) 

T: (250) 478-9453 

Vancouver Aquarium Rehabilitation/Rescue 
T: (604) 258-7325 
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BMP #10 
Water Use 

Water consumption and the quality of water are considerations of the environmental 
management system at the Esquimalt Graving Dock (EGD).  

Water Consumption 
Large volumes of water are used during normal operations at the facility; because of this the 
EGD is considered a high volume user of fresh water in the Capital Region. 

Water Use Expenditure
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Fiscal Year* Values expressed in thousands of dollars.

Significant Water Consuming Activities 

Water Curtains 
Water curtains are used to mitigate the 
escape of dust from sandblasting 
operations in dock bottom

Ultra High Pressure Washing 
Ultra high pressure washing uses large 
amounts of water at high pressure to scour 
paint and biological material from the hulls 
of ships 
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In order to reduce the amount of water consumed onsite: 
 Only use water curtains when all other attempts to contain particulate emissions from 

sandblasting have failed. 
 Avoid use of freshwater to clean work areas (e.g. graving dock bottom, wharves, jetties). 
 Maintain fittings in buildings and on equipment to prevent leakages. 

Water Quality 

The EGD maintains the water distribution system.
 Flushing of the entire system is conducted on an 

annual basis. 
 Collection and analysis of water in comparison to 

drinking water quality guidelines is conducted 
regularly. 

The water distribution system at the EGD was 
originally designed as a firefighting system; therefore, 
the water in certain areas of the system may not be 
considered potable.
 Users are responsible for ensuring that the water 

they use meets guidelines for the purpose 
intended. 

Metered Water Use at the Esquimalt Graving Dock 

 Users must ensure that water is accessed from a 
metered line when connecting to the water 
distribution system  

 Portable meters are to be used where necessary. 

 Pumphouse must be contacted for proper access 
to the water distribution system. 
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BMP #11 
Energy Conservation 

The Esquimalt Graving Dock (EGD), as a facility, is a major energy consumer.  Inefficient 
energy use may result in a negative economical and environmental impact.  Economical 
impacts are associated with inefficient electrical usage (i.e. cost).  Environmental impacts 
include those associated with the consumption of fuel (i.e. air emissions). 

Electrical Consumption 

There are a number of opportunities to increase the efficiency 
of electrical usage at the EGD: 

 Turn off lights when not in use (flood lights, office 
buildings) 

 Turn off equipment when not in use 
 Use energy efficient equipment whenever possible 
 Stagger equipment start-up to decrease load on electrical 

system

Fuel Consumption and Emissions 

The second largest source of greenhouse gas emissions from the dock is employee 
commuting and fuel consumption. Some opportunities to decrease the amount of fuel 
consumed by day to day activities are: 

 Use energy efficient vehicles 
 Use alternative fuels/energy sources if possible 
 Avoid idling vehicles 
 Use shore power whenever possible 
 Encourage staff to find alternative means for commuting to 

work (i.e. carpool, public transit, cycling)

Idling Vehicles 

Idling Vehicles produce unnecessary air emissions and noise. 

 Do not idle vehicles near building doorways or air intakes 
 Vehicles must be turned off if idling for more than 3 minutes 

in a 60 minute period 
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Greenhouse Gas Emissions: 

Energy consumption results in the production and release of greenhouse gas emissions 
through the combustion of fossil fuels.  Every aspect of work at the EGD results in the release 
of greenhouse gases whether it is running the cranes or printing a report.  It is important to 
minimize energy consumption wherever possible to mitigate the release of harmful greenhouse 
gases.

The Royal Roads University (RRU) Greenhouse Gas Audit determined that the largest 
source of carbon emissions at the EGD was electricity use.  Employee commuting was the 
second largest greenhouse gas producer. 

Shore Power 

When vessels are moored at the 
North Landing Wharf or the South 
Jetty it is important that they utilize 

shore power.  With shore power 
the generator can be turned off 

thereby saving fuel and preventing 
the release of harmful air 

pollutants.
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BMP #12 
Nusiance Pollution (Noise/Odour/Light) 

The daily operations of the Esquimalt Graving Dock (EGD) tenants have the potential to 
negatively impact the work and living environment of neighbouring businesses and homes.  
Nuisance pollution is often created by noise, odour and light. 

Noise 
 The main sources of noise at the EGD include 

sandblasting, drilling, hammering, compressors, 
generators and the crane warning bell.  Even general 
shop repair activities generate large amounts of noise. 

 Whenever possible schedule noisy activities for 
daytime hours 0700 hrs to 2300 hrs on weekdays, and 
from 0700 hrs to 1900 hrs on weekends and holidays.
Through worker education and good practice the 
generation of high-level intermittent or non-continuous 
noises can be minimized. 

 The EGD Environmental Policy makes a commitment to follow all applicable municipal laws 
and regulations, therefore it is expected that the daily operations at the EGD will meet the 
Esquimalt Noise Control Bylaw (2677).

The EGD is considered an “Activity Zone” and the neighbouring area is considered a “Quiet 
Zone”.  Building and infrastructure related projects at the EGD may fall under the definition of a 
“Construction Zone” as per the Esquimalt Noise Control Bylaw.   

Esquimalt Noise Control Bylaw
Noise Receiver Zone

Quiet
Day Night

Noise Source Zone Activity 60 dBA 55 dBA

Construction Zone 
Building and infrastructure related projects at the EGD may fall under the definition of a 
“Construction Zone” as per the Esquimalt Noise Control Bylaw.  The definition of a construction zone 
according to the Esquimalt Noise Control Bylaw is:

a) the erection, alteration, repair, relocation, dismantling, demolition and removal of a building; 
b) structural maintenance, power-washing, painting, land clearing, earth moving, grading 

excavating, the laying of pipe and conduit, concrete placement, and the installation, or 
removal of construction equipment, components and materials in any form or for any 
purpose; 

c) any work being done in connection with any of the work listed in paragraphs (a) or (b); 
The noise level limit for a “Construction Zone” is 85 dBA day and night. 
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Odour

 Daily dock operations often create strong and 
unpleasant odours whether from the release of 
VOCs, H2S, organic materials, or chemicals an 
offensive smell can reduce the quality of the work 
environment for neighbouring tenants and home 
owners.

 In the event that odours are negatively affecting 
other tenants or stakeholders odour mitigating 
measures may be required. 

 Contact EGD Environmental Services in the event of 
a nuisance odour from an unknown source. 

Light

 Night time dock operations require spotlights to provide 
a safe work environment.  However for residential 
neighbours strong spotlights can be a significant 
intrusion.

 Utilizing spotlights only when absolutely necessary will 
help prevent disturbing the neighbours as well as 
provide a more energy efficient work environment. 

 Changing the direction of the lights may reduce the 
effect they have on the neighbours. 

 Turn off or report to your supervisor any unnecessary 
lights left on. 

H2S Meter 
The EGD utilizes an H2S meter to 

ensure that any emissions released 
from the sanitary sewer system that 

create nuisance odours are not 
hazardous to adjacent work areas. 
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BMP #13 
Sanitary Waste Management and Sewer Use 

The Esquimalt Graving Dock is authorized by the Capital Regional District (CRD) as a ship and 
boat waste disposal facility. 

Discharge to the sanitary sewer at any location other than at the LS#15, LS#11 or the 
four vessel connections at the Graving Dock is prohibited. 

Permitted wastes include: 
    sanitary waste 
    grey water 
    treated superchlorinated water* 

Prohibited wastes include: 
    bilge and ballast water 
    wastewater sludge 
    fuel and oil, paint, paint thinner, 

solvents, and products containing 
toxic chemicals

*Superchlorinated Water: must not be discharged to the sanitary sewer unless it has been 
dechlorinated to less than 5 ppm chlorine.  

 Users must notify the Pumphouse before conducting any discharges to the sanitary sewer.  
Typical methods of discharge are: large (connection to a vessel), and small (portable 
discharges from totes). 

 Users must complete a Sanitary Sewage Discharge Form and provide it to the Pumphouse 
prior to discharging to the sanitary sewer. 

 Pumphouse Operators will ensure that sanitary sewer discharges are in accordance with 
applicable regulations and authorizations. 

 Pumphouse Operators will provide all completed Sanitary Sewer Discharge Forms to EGD 
Environmental Services, who will submit quarterly reports to the CRD. 

 Users must ensure a sample collection point is accessible at the point of discharge.

The EGD is authorized to 
discharge to the sanitary sewer 
at the: 

 Lift Station #15 (LS#15), 
 Lift Station #11 (LS#11) and 
 And the four vessel connections 

in the graving dock. 
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BMP #14 
Spill Preparedness and Response 

The Esquimalt Graving Dock (EGD) is committed to the protection of human health and the 
environment.  Safety and environmental management programs have been implemented at 
the EGD to reduce the potential for accidents and spills.  Emphasis is placed on the prevention 
of spills, and although the potential for spills can be reduced through these programs, spills do 
happen.

All Users operating at the EGD must have the 
capability to effectively manage spills resulting 
from their activities and operations. 

 User employees must have adequate training in 
spill response 

 User employees must have access to appropriate 
spill response equipment and materials 

 Users must have plans and procedures in place to 
respond to spills 

For spills which are beyond the capability of the User or are not being effectively responded to 
by the User, the EGD will provide assistance.  The EGD has additional resources available, 
including: 
 Spill kits and response materials for land and water based spills 
 Spill response boom, deployment reels and boat 
 Staff trained to deal with land and water based spills 

For access to the EGD spill response resources, contact EGD Management or 
Commissionaires.

For spills beyond the capability of the facility to manage, the DND, Port Operations and 
Emergency Services Branch (DND POESB) will provide support for response to land and 
water based spills. 

ALL Spills Must Be Reported to
EGD Management 
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Trench Drains: The EGD has installed trench drains throughout the site.  These drains are 
easily accessible and allow for rapid containment and recovery of materials spilled on the 
property or in the drydock. 

Environmental Emergency Contacts (24 Hours): 

EGD Commissionaires 250-363-3784 

Provincial Emergency Program (PEP) 1-800-663-3456 

DND POESB/QHM 250-363-2160 or VHF Channel 10 

Canadian Coast Guard 1- 800-889-8852 or VHF Channel 12 

Environment Canada 604-666-6100 
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BMP #15 
In-water Hull Cleaning and Maintenance 

The cleaning of the underwater hull in water has the potential to release harmful contaminants 
into the marine environment. 

Vessel berthed at the North Landing Wharf for in-
water hull washing.  In-water hull washing must not 
release antifouling paint. Discoloured water is an 
indication that you may be harming the environment.

In-water Hull Maintenance 

 Users must receive approval from EGD 
Management prior to commencement of 
hull maintenance.

 Cleaning of the anodes, inlets, props, 
transducers, etc.

 Underwater maintenance required for 
operational and inspection purposes is 
permitted at the Esquimalt Graving Dock.

Did you know? 

Antifouling paints and their residues 
contain heavy metals, such as copper, 

that are toxic to aquatic organisms, 
including salmon and shellfish.  Wash 

water and solid residues from the 
washing, scraping, sanding, and 

blasting of antifouling paints from boat 
hulls are considered �deleterious 

substances� under the Fisheries Act.
Releasing these wastes to fish bearing 

waters is a violation of the Act. 

For inquiries regarding in-water hull washing please contact the
Esquimalt Graving Dock Management at (250) 363-8056 

In-water Hull Cleaning 

 In-water hull cleaning of vessel hulls that 
are coated with antifouling paint is 
prohibited at the Esquimalt Graving 
Dock.

 Vessels coated in non-biocide containing 
paints (such as silicone based), may be 
considered on a case by case basis and 
must be approved by EGD Management 
prior to the commencement of hull 
cleaning activities.
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BMP #16 
Housekeeping

An organized, clean facility provides an environment that reduces the potential for pollutants to 
enter surface and ground water through spills and accidents. General cleanliness will lead to 
more organized and consistent handling of hazardous materials and waste products.

Clean-Up 

 Clean debris from work areas immediately after any 
maintenance activity. Dispose of collected material 
appropriately.

 Ensure garbage and recycling containers are available 
in all leased areas and are emptied regularly. 

 Do not use running water to clean the work areas 
where the contaminated water could enter the storm 
drainage system.  

 Ensure trench and storm drains within designated 
leased areas are kept clean and free of debris. 

 Sweep and/or clean the active working area of the yard 
on a regular basis. 

Storage 

 Do not store material/equipment outside of identified boundaries of leased areas.  

 Regularly inspect the lease areas for unidentified or 
improperly stored materials. 

 Place a drip pan underneath vehicles and equipment 
when performing maintenance.   Promptly transfer the 
used fluids to the proper waste or recycling drums.

 Ensure all containers (i.e. drums, totes, etc.) are in 
good condition and have a clean exterior at all times.
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BMP #17 
Stormwater Management 

Stormwater has been identified as one of the primary pathways of contaminant loading to the 
harbour from daily Esquimalt Graving Dock (EGD) operations.  Common contaminants found 
in stormwater samples include cadmium, copper, chromium, arsenic, tributyltin (TBT), 
extractable petroleum hydrocarbons (LEPH/HEPH), and total suspended solids (TSS).  Five 
stormwater catchment areas terminate into the harbour from the EGD property.   

A stormwater monitoring program has been implemented at the EGD.  The stormwater outfalls 
will be sampled semi-annually in the spring and fall.  Waste grit separators have been installed 
upstream of the five stormwater outfalls.  These help to remove contaminants or debris that 
enter the storm drain system from daily operations at the EGD, in particular they remove: fuel 
or oil, paint, sandblast grit, general debris. 

Materials Storage: 

 Store hazardous materials away from storm drains 
and trenches. 

 Store hazardous materials away from the South 
Jetty fire holes.  These holes lead directly to the 
marine environment. 

 Ensure totes, drums and pails containing 
hazardous materials are protected from the 
weather.

Storm Drains: 

 Ensure storm drains are kept clear of debris to prevent flooding during heavy stormwater 
events.

 When using trench drains for secondary containment, ensure 
the containment system is monitored and removed in a 
stormwater event.  A blocked trench drain may cause flooding 
of the area. 

 Conduct regular inspections of trench drains in lease areas to 
ensure they are kept clear of debris.
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During heavy rain events in dock bottom: 
Stormwater has the potential to mix with wash water during power washing operations in dock 
bottom.  To reduce the amount of wash water requiring treatment it is good practice to stop 
power washing operations until storm water can be controlled.   
 Sump well valves may be opened to allow storm water to drain in to the tunnel drains if the 

area is clear of contaminants and debris.
 Sump wells containing visibly contaminated material must be pumped out and cleaned prior 

to opening the valves.
 Ensure there is capacity in the trench drain/sump well system to manage the expected 

stormwater volume to prevent flooding of the dock floor.

Stormwater Monitoring Program 
 Stormwater sampling is conducted semi-annually in the spring and fall by EGD 

Environmental Services.
 Stormwater samples are tested for: total metals, total suspended solids, tributytin, 

LEPH/HEPH and microbiological parameters.

EGD Stormwater Monitoring Program Sample Sites 
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BMP #18 
Property and Infrastructure Maintenance, Modifications and Construction

There are significant environmental issues and potential impacts related to the management of 
Esquimalt Graving Dock properties and infrastructure.  Any new construction or modifications 
to the infrastructure at the EGD must consider environmental issues in the project planning. 

Infrastructure Maintenance
Maintenance and repair of the aging EGD infrastructure often results in waste generation and 
other environmental issues which need to be addressed.  

Minor Concrete Work 
 Contain dust from cutting and drilling. 
 Prevent runoff to the storm drains. 

Use of Preserved Wood 
 Avoid use of creosote preserved timbers 

where possible. 
 Follow applicable guideline for use of 

preserved wood products. 
 Creosote wood waste may be 

considered a hazardous, restricted or 
controlled waste. 

Demolition/Renovation  
 Ensure structures are assessed for the presence of hazardous materials (i.e. lead paint, 

asbestos) prior demolition or renovation. 

Infrastructure Modification and Construction
All construction projects taking place at the EGD need to be assessed for environmental 
impacts, and plans put in place to mitigate these impacts.

Environmental Impact Assessment 

 Any significant changes to infrastructure, changes to an existing lease or 
application for a new lease, must be approved by EGD Management. 

 Prior to the approval of an infrastructure project, a CEAA Environmental 
Impact Assessment may be required. 

 An Environmental Approval Form must be filled out for new lease applications 
and changes to existing leases. 

**The Environmental Impact Assessment and Environmental Approval 
Form outlines specific environmental protection and mitigation measures 

required**
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Common project related aspects that require management include: noise, dust, hazardous 
materials, storm water runoff, and prevention and management of accidental releases and 
spills.  Requirements for the operational aspects are identified in previous sections of these 
EBMPs.

Significant non-operational aspects related to 
construction projects may include: 

 Loss of Green Space and Vegetation 
 Management of Archaeological Impacts 
 Soil Management 

Loss of Green Space and Vegetation 
The EGD property includes an area of vegetation that provides many benefits.  It is home to a 
number of sensitive native plant species, provides habitat for wildlife, and acts as a buffer 
between the industrial operations of the drydock and ship repair operations and the 
neighbouring residential area. 

All projects which have the potential to impact vegetation must be reviewed and 
approved by EGD Management. 
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Archaeological Considerations 
The EGD property and surrounding area has a rich First Nations history. There are four 
Provincially Registered Archaeological Sites listed within the property boundaries of the EGD. 

 All excavation projects must be reviewed and approved by EGD management prior to 
work beginning 

 Depending on the scale of the project a detailed Archaeological Impact Assessment 
may be required. 

Esquimalt Graving Dock Archaeological Overview Assessment 

An Archaeological Overview Assessment was carried out in 
2010 which outlines the archaeologically sensitive areas on 
the EGD property and identifies areas of high archaeological 
potential.  Archaeological significant materials found during 
excavation projects at the facility include artefacts, shell 
midden, faunal and human remains.

Soil Management  
The EGD has undergone significant capital and operation and maintenance projects in recent 
years. Extensive investigations into the soil conditions (chemical contamination and structure), 
utility mapping and identification of archaeological conditions have taken place.  The industrial 
history of the facility has resulted in the contamination of the soil and in-fill material used on 
site. The primary contaminants commonly found at levels exceeding industrial soil standards 
include: arsenic, cadmium, copper, lead, mercury, zinc, and polycyclic aromatic hydrocarbons 
(PAH).

Requirements for Excavations at the EGD 

Planning Excavation 

1. Consult with EGD Facility Management to identify: 
 Project area and excavation boundaries. 
 Known utilities, structures, and historical information regarding the proposed excavation 

area.
 Known contaminated soil locations, the nature and level of contaminants potentially in 

the soils to be excavated. 
 Archaeologically significant areas, requirements for mitigation archaeological impacts, 

and dealing with unanticipated archaeological finds. 
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2. Prepare a plan for management, stockpiling, and sampling of soils to be excavated.  Key 
issues to be identified include: 

 Turnaround times for samples may be up to 2 weeks.  
 Parameters to be sampled may vary depending area of excavation. Common 

parameters include total metals, leachable metals, PAHS, and hydrocarbons (LEPH, 
HEPH).

 Stockpile areas must be approved by EGD Management. 
 Soils which exceed the CCME Industrial Levels or BC CSR Industrial levels must be 

disposed of off site at an approved location. 
 Soils which are below industrial standards may remain on site if geotechnically suitable, 

approved by EGD Management, and there is an identified use for the soil.

3. Ensure contractors and employees are aware of the health and environmental risks 
associated with the suspected contaminated soils and have procedures in place to mitigate 
these risks. This includes adequate Personal Protective Equipment (PPE) and hygiene 
practices (i.e. no smoking, wear gloves)

Conducting Excavation

1. Ensure appropriate PPE and hygienic precautions are in place to prevent exposure to 
contaminants in the soils. 

2. Monitor all excavations for visible soil contamination 
or archaeologically significant material. 

3. Ensure soil is stockpiled, sampled and analysed in 
accordance with the BC MOE Technical Guidance 
on Contaminated Sites (January 2009). 

4. Ensure soils suspected of contamination are 
stockpiled on an impervious surface and covered 
with a minimum 6 mil PVC or plastic liner to prevent 
exposure to wind, storm water runoff or people.  

5. Imported fill material must be certified clean by the 
supplier.

After Excavation

1. Ensure all soil is disposed of at approved facilities. 
2. Obtain disposal certificates from the receivers of contaminated soils.  
3. Report to EGD Management on the volume, analysis of results, excavation details and 

dimensions. 
4. Provide all as-builts and project drawings to EGD management in the format compatible 

with the EGD drawing standards.    
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Requirements for Small Excavations (less than 10m3)

In areas of suspect contamination: soil must be removed, stockpiled and sampled. Soil 
cannot go back into the excavation or used elsewhere on site until it is determined through 
analysis to contain contaminants less than industrial soil standards. The EGD management 
must give approval for any reuse of excavated soil on site. 

In areas of non-suspect contamination: soil may go back into the excavation if geotechnical 
suitable. The EGD management must give approval for any reuse of excavated soil on site. 
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Best Management Practices for Pile Driving and Related 
Operations  BC Marine and Pile Driving Contractors 

Association - November, 2006 
 
 

The BC Marine and Pile Driving Contractors Association and Fisheries and 
Oceans Canada (DFO) have developed a Best Management Practices Policy for 
pile driving operations and related activities when working on the water within the 
province of British Columbia. 
 
The Pile Driving Industry utilizes many different construction methods, equipment 
and materials in order to complete the contractual obligations for its client. 
Hammers; including drop, diesel, air, vibratory and hydraulic, vibroflot, and rotary, 
air and churn drills are the primary instruments in a pile driving operation. These 
hammers and drills are supported by a wide variety of heavy equipment, 
including a range of conventional cranes (truck mounted, crawler and pedestal 
mounted), spud scows, support barges and other water borne equipment. The 
piling types include treated timber (primarily creosote), concrete and steel (pipe, 
h-beam and sheet). Construction projects have the potential to utilize a number 
of different combinations of equipment and materials. It is the purpose of this 
document to examine the characteristics of each potential combination and 
develop a Best Management Practices Policy that will meet the following criteria: 
                                    
                                   -Maximize environmental protection 
                                   -Avoid contravention of the Fisheries Act 
                                   -Provide construction services economically 

 
1)- Basic Rules of Operation 
 
When in an aquatic environment, contractors will employ the following BASIC 
Best Management Practices: 
 
 All equipment will be maintained in good proper running order to prevent 

leaking or spilling of potentially hazardous or toxic products. This includes 
hydraulic fluid, diesel, gasoline and other petroleum products. 

 Storage of fuels and petroleum products will comply with safe operating 
procedures, including containment facilities in case of a spill. 

 Pile cut-offs, waste or any miscellaneous unused materials will be recovered 
for either disposal in a designated facility or placed in storage. Under no 
circumstances will materials be deliberately thrown overboard. 

 Contractors will have emergency spill equipment available whenever working 
near or on the water. 

 Contractors, where possible, will position their water-borne equipment in a 
manner that will prevent damage to identified fish habitat (eg: eelgrass, kelp 
beds, shellfish beds, salt marshes, etc.). Where possible, alternative methods  
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 will be employed (eg. Use of anchors instead of spuds). In the event that, 

despite precautions, the contractor is aware that fish habitat has been 
inadvertently damaged, the incident must be reported to and discussed with 
the DFO assessor to ensure that appropriate remedial action is taken. 

 Prior to the commencement of any work, the contractor will complete and 
ment of Fisheries and 

Oceans. Letters of advice or Habitat Authorizations may be required, 
depending on the scope of work proposed.  

 If contractors are working and a herring (or other fish) spawning occurs, the 
work will be temporarily suspended and the appropriate DFO contact notified. 

 There will be no restriction of work during closure periods (the only exception 
being when spawning is present  all work must cease and the DFO habitat 
assessor must be contacted for further instructions), provided the contractors 
employ an exclusion device (protective netting or geotextile material 
suspended in the water column around pile driving area) around the work 
area to prevent fish access or when required, an effective method of 
mitigating shock waves (bubble curtain). 

 Whenever shock wave monitoring (hydrophone) is performed at a marine 
construction site and the findings are available to the contractor, the data will 
be forwarded to the BC Marine and Pile Driving Contractors Association and 
Svein Vagle at the Institute of Ocean Sciences in Sidney, BC. It is hoped that 
a database can be built that will more precisely define work procedures and 
reflect the safest and most economical approach to protecting the fish and 
their habitat. 

 
2)-Timber Piling (creosote): 
 
When driving timber piling, the following Best Management Practices will be 
employed to prevent impact to marine fish and their habitat: 
 
 Where possible, new timber piles will comply with the best Management 

Practices for the use of treated wood in aquatic environments as developed 
by the Canadian Institute of Treated Wood and the Western Wood Preservers 

 
 Where the above is not possible, creosote piling will stand (weather) for a 

period of 45 days prior to installation. 
 These requirements are for new piling only. Re-used piling will not normally 

be subject to any additional treatments (timberfume is a provincially licensed 
preservative that is available for treatment of used piles), however, pilings 
with excessive creosote should be avoided. Reuse of suitable piles should be 
encouraged. In the case of mooring piles exposed to significant wear, the 
contractor should encourage the owner to protect the piling with rub strips as 
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 Timber piling is normally driven using a drop hammer, a diesel/air impact 

hammer or a small vibratory hammer. Because of the relative small diameter 
of the timber pile, and its excellent energy absorbing quality, there is little 
threat of sound pressure impacts to fish and their habitat when driving timber 
piles. 

 Environmental monitoring of sound pressure impacts is not required. 
 An attempt should be made to determine whether least impact means full 

extraction of the piling or if leaving a stub that would interfere with navigation 
is acceptable. If complete demolition is required on timber piles structures, the 
contactor will remove the piling by mechanical means and avoid breaking the 
piling at the mud line or below. It may be appropriate to cut off the piling flush 
with the mud line. All demolition operations should be monitored in order to 
control construction debris and determine whether there are any effects on 
fish or fish habitat. 

 
 3)-Concrete Piles 
 
When driving concrete piles, regardless of which hammer is being used, the 
following Best Management Practices will be employed to minimize/prevent 
impacts to fish habitat: 
 
Concrete Piles 24 inch diameter and less 
 
 The physical design of 24 inch concrete pile dictates that: 1/ the energy 

required must be controlled in order to prevent the pile from breaking and 2/ 
the concrete construction of the pile will absorb the energy. These two factors 
are expected to result in low level shock wave emission (less than 30 kPa.) 
and minimal or no effects to fish and their habitat should result. 

 Environmental monitoring of sound pressure levels is generally not required. 
 
Piles Larger than 24 inch diameter 
 
 When driving concrete piles with a diameter greater than 24 inches using an 

impact or hydraulic hammer, the following Best Management Practice will be 
employed to minimize the impact on fish habitat: 

 Visual and hydrophone monitoring of the impact on fish by the sound waves 
emitted will be required. If sound pressures over 30 kPa are measured or a 
fish kill occurs, the contractor will introduce effective means of reducing the 
level of the shock waves. Appropriate mitigating measures would be the 
deployment of a bubble curtain over the full length of the wetted pile. This 
should reduce the shock waves to an acceptable level. 

 If, despite the introduction of preventative measures, further 
visual/hydrophone monitoring reveals unacceptable conditions (fish kill or  
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sound pressure over 30 kPa), the work will stop immediately, the DFO assessor 
will be contacted, and the methods will be reviewed and corrected 

 
4)-Steel Pipe Piles  
 
Piles smaller than 24 inch diameter 
 
When driving steel piles 24 inches in diameter and less, regardless of the type of 
hammer being used, the following Best Management Practices will be employed 
to prevent impacts to fish habitat: 
 
 Because of the small diameter of the pile it is assumed that the energy 

required to drive the pile to the final point of installation will not result in shock 
waves in excess of 30 kPa, therefore, protective measures to reduce shock 
waves are not expected to be required.  

 If, however, ground conditions during pile installation cause a fish kill, work 
will cease and contractors will be responsible for introducing effective means 
of reducing the level of shock waves or will introduce measures that will 
prevent fish from  
entering the potentially harmful shock wave area. Appropriate mitigating 
measures would include the deployment a bubble curtain over the full length 
of the wetted pile. This technique should reduce the shock waves to an 
acceptable level. 

 If, despite the introduction of preventive measures, further visual/hydrophone 
monitoring reveals unacceptable conditions (fish kill or sound pressure over 
30 kPa), then the work will stop immediately and the methods will be 
reviewed and corrected (in consultation with DFO). 

 
Piles larger than 24 inches in diameter 
 
When driving steel pipe piles with a diameter greater than 24 inches using impact 
or hydraulic hammers, the following Best Management Practices will be 
employed to prevent impacts to fish habitat: 
 
 Hydrophone and visual monitoring of the effects of the shock waves on fish 

will be required. If a fish kill occurs, the contractor will introduce effective 
means of reducing the level of the shockwave. Appropriate mitigating 
measures would be the deployment of a bubble curtain over the full length of 
the wetted pile.  

 If, despite the introduction of preventative measures, further 
visual/hydrophone monitoring reveals unacceptable conditions (fish kill or 
sound pressure over 30 kPa), then the work must stop immediately and the 
work methods will be reviewed and corrected (in consultation with DFO). 
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5)-Steel Sheet Piles and H-piles 
 
When driving steel sheet piles and H-piles with a drop hammer, an impact 
hammer or a vibratory hammer, the following Best Management Practices will be 
employed to minimize the impact on fish habitat: 
 
 It is anticipated that the driving of these types of piles will not generate shock 

waves in excess of 30kPa, therefore, mitigating measures are not expected to 
be required. 

 If, however, ground conditions during pile installation cause a fish kill, work 
will cease and contractors will be responsible for introducing effective means 
of reducing the level of shock waves or will introduce measures that will 
prevent fish from  
entering the potentially harmful shock wave area. Appropriate mitigating 
measures would include the deployment a bubble curtain over the full length 
of the wetted pile. This technique should reduce the shock waves to an 
acceptable level. 

 If, despite the introduction of preventive measures, further visual/hydrophone 
monitoring reveals unacceptable conditions (fish kill or sound pressure over 
30 kPa), then the work will stop immediately and the methods will be 
reviewed and corrected (in consultation with DFO). 

 
6)-Stone Column Construction 
 
When installing stone column using a vibroflot, the following Best Management 
Practices will be employed to prevent impacts to fish habitat: 
 
 The vibrating action and air flush associated with the operation of the probe 

results in a high degree of turbidity. When this level exceeds the criteria as 
outlined in the British Columbia Approved Water Quality Guidelines, the 
contractor will introduce containment methods that are designed to isolate the 
contaminated area and to prevent  
fish from entering the contaminated area. Silt curtains and netting are two 
methods that can provide the necessary protection. 

 When supplying the aggregate to the probe, the contractor will ensure that 
spillage is prevented, thereby providing additional protection to fish habitat. 

 An independent environmental consultant will be used to monitor turbidity 
levels. 

 
7)-Underwater Drilling and Blasting 
 
When performing underwater drilling and blasting the following Best 
Management Practices will be employed to prevent impacts to fish habitat: 
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Underwater Drilling 
 
 Generally, drilling underwater is a process that has very little impact on fish or 

fish habitat. The procedure does not generate shock waves. 
 Contractors will ensure that all attachments (hydraulic connections and 

couplings) are in good operating order and inspected prior to the start of 
every day. Spill kits and containment booms must be maintained on-site in 
case of spills. 

 Depending on soil conditions and the potential for turbidity, drill cuttings will 
be deposited adjacent to the operation, contained on the sea bed or pumped 
to the surface for deposit into containment skiffs or scows for land disposal 
when it is determined that the drill cuttings are unsuitable for return to the 
environment.  

 
Underwater Blasting 
 
Contractors required to perform blasting underwater will provide the following 
protection to prevent impacts to fish habitat: 
 
 Because of the potential for harmful shock waves resulting from a blast, a 

protection shield will surround the immediate blast area. This would be in the 
form of an air-induced bubble curtain, which has the primary purpose of 
absorbing the shock wave and a secondary purpose of preventing fish from 
entering the blast area. 

 In order to protect against flying rock, mats (rubber) will be placed over the 
blasting area. The placement of the mats may also provide protection for any 
fish swimming in the immediate area. 

 Monitoring of fish movement and concentrations will be conducted using a 
sounder to determine if fish herding or scaring techniques (seal bombs) can 
be utilized to reduce the presence of fish in the blast area. If fish scaring 
techniques are deemed necessary, the DFO habitat biologist or technician 
responsible for reviewing the project must be consulted to determine a 
method that will present the lowest risk to fish mortality. 

 
8)-Cleaning out Pipe Piles: 
 
When cleaning out pipe piles (i.e.: air lifting) the following Best Management 
Practices will be employed to prevent impacts to fish habitat: 
 
 Generally, sediment contained in the pipe will be pumped to the surface and 

processed through an approved containment system and disposed of at an 
approved landfill site. 

 If the contractor knows that the sediment is toxic, the sediment must not be 
redistributed in the area. If sediment is non-toxic, and if fish are not present in  
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the area, and adjacent fish habitats are not a concern (contact DFO), it may be 
acceptable to: 
 
1. Pump the sediment through a discharge tube and allow it to settle in the 

immediate area with or without a silt curtain to contain the sediment. 
2. Pump the sediment through a discharge tube and additional flex hosing and 

redirect it back to the base of the pile. 
 
9) Containment of Concrete Residue and Water Run Off 
 
When placing concrete in form work over or in water, the following Best 
Management Practices will be employed to prevent the impacts to fish habitat: 
 
Pouring concrete 

 
 Spills: When pouring concrete all spills of fresh concrete must be 

prevented. Concrete is toxic to fish due its high pH. If concrete is 
discharged from the transit mixer directly to the formwork or placed by 
wheelbarrow, proper sealed chutes must be constructed to avoid 
spillage. 

 If the concrete is being placed with a concrete pump, all hose and pipe 
connections must be sealed and locked properly to ensure the lines 
will not leak or uncouple. Crews will ensure that concrete forms are not 
filled to overflowing. 

 Sealing forms: All concrete forms will be constructed in a manner 
which will prevent fresh concrete or cement-laden water from leaking 
into the surrounding water. 

Curing concrete 
 When fresh water is used to cure concrete, the run off must be 

monitored for acceptable pH levels. If the pH levels are outside the 
allowable limits then the run off water must be contained and 
neutralized.  

Grinding concrete 
 When grinding cured concrete, the dust and fines entering the water 

must not exceed the allowable limits for suspended solids. When 
grinding green or incompletely cured concrete and the dust or fines 
are entering the water, pH  
monitoring will be conducted to ensure allowable ranges are 
maintained. In the event that the levels are outside the acceptable 
ranges, preventative measures will be introduced. This may include 
introducing silt curtains to contain the solids and prevent fish from 
entering a contaminated area or constructing catch basins to recover 
the run off and neutralizing it prior to disposal. 

Patching concrete 



 8 

8 
 
 Spills: When patching concrete, all spills must be contained and 

prevented from entering the water.  
 
Washing hand tools, pumps and transit mixer 
 

 All tools, pumps, pipes, hoses and trucks used for finishing, placing or 
transporting fresh concrete must be washed off in such a way as to 
prevent the wash water and excess concrete from entering the marine 
environment. The wash water will be contained and disposed of upland 
in an environmentally acceptable manner. 

 
Whenever there is the possibility of contaminants entering water, the contractor 
will monitor pH levels to ensure acceptable levels. 
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NOTICE OF PROJECT 
 
Project Location: 
 
To: Fisheries and Oceans Canada Attention: 
 
 Telephone/Fax/email:______________________________________ 
 

 
 
 Telephone/Fax/email:______________________________________ 
 
 Representative: 
 
Please be advised of the following marine/pile driving project: 
 
 Project Name: 
 
 Project Location: 
 
 Project Manager/Superintendent: 
 
 Project Telephone/Fax/email:________________________________ 
 
 Project commencement date: 
 
 Project Information: 
 
 Type:  Bearing  Fender       Mooring 
 
 Number of Piles: 
 
 Pile Diameter  (if steel) 
 
 Type of Driving: Vibro Drop Hammer __________________ 
 
Special Conditions at the Bottom (use of pins, sockets, epoxy, concrete, other) 
_______________________________________________________________ 
 
General Equipment On-Site (barge, truck, crane, etc.) ____________________ 
 
Signature of Contractor: _____________________________ 
 
Date: ____________________ 
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1. Introduction

Best Management Practices (BMP) are ways of lowering the Fire Risk/Fire losses through good Fire Prevention 
Practices, Fire and Building Code Compliance of the National, Provincial, Municipal Bylaws, NFPA Standards, 
and the Fire Commissioner of Canada Standards. BMP also include Indoor and Outdoor Storage of Combustible 
Products and Dangerous Goods the Storage and Handling of Flammable and Combustible Liquids, Hazardous 
Processes and Spray Operations

The benefits derived from implementing BMPs include: 

Code Compliance 
Safer working environment 
Lower the Risk of Loss of Life due to Fire and Explosion 
Lower the Risk of Fire losses due to Fire or Explosion 

1.a Authority Having Jurisdiction

The Authority Having Jurisdiction for The Esquimalt Graving Dock is the General Manager of the Dock or his/her 
designate.

Note.    Authority Having Jurisdiction (AHJ)       (Definition by National Fire Protection Association) 

The phrase “authority having jurisdiction” used in this document is in a broad manner, since jurisdictions 
and approval agencies vary, as to their responsibilities. Where public safety is primary, the authority having 
jurisdiction may be federal, provincial, municipal, or other regional department or individual such as a fire chief; 
chief of a fire prevention bureau, or other having statutory authority. For insurance purposes, an insurance 
inspection department, rating bureau, or other insurers company representative may be the authority having 
jurisdiction. In many circumstances, the property owner or his/her designated agent assumes the role of authority 
having jurisdiction; at government installations; the commanding officer or department official may be the authority 
having jurisdiction.
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1.0 Scope

This document shall apply to all contractor facilities and equipment used to repair, service, construct, store, haul, 
and fuel vessels and small craft within the property owned or managed by the Esquimalt Graving Dock (PWGSC). 

These Best Management Practices are for the Fire Prevention in Works, Buildings, and Vessels in the Esquimalt 
Graving Dock (PWGSC) area. The Esquimalt Graving Dock (PWGSC) provides specific guidelines that shall be 
followed by all individuals who conduct activities on property owned or managed by the Esquimalt Graving Dock 
(PWGSC). The purpose of this Best Management Practice document is to compliment existing Codes, Standards, 
Lease Agreements, Municipal Bylaws, Public Works Act, Occupation Health & Safety Regulation (BC), Canada 
Labour Code Part II, and WCB Regulations. 

1.0.1 Purpose

This document is intended to provide a minimum acceptable level of safety to life and property from fire and other 
hazards at the Esquimalt Graving Dock (PWGSC). 

Every reasonable means of preventing fire shall be provided and supplemented by means of detection, protection 
equipment that permits the prompt discovery, retard the spread, and permit extinguishment of any fire before it 
has passed the incipient stage. These fire-fighting methods shall include fire watching, fire extinguisher training, 
co-ordination and co-operation with the Esquimalt Graving Dock (PWGSC) primary emergency responder. 

Nothing in this document shall be construed as prohibiting the immediate dry docking of a vessel whose safety is 
imperil, as by sinking condition or by being seriously damaged. In such cases, all necessary precautionary 
measures shall be taken as soon as practical. 

1.0.2 Abbreviations/Acronyms

FC  Fire Commissioner of Canada Standards adopted by the Treasury Board of Canada 
BCFC  British Columbia Fire Code 1998 
NFC  National Fire Code of Canada 1995 
NFPA  National Fire Protection Association 
CEC  Canadian Electrical Code 
BCEC  British Columbia Electrical Code 
BCBC  British Columbia Building Code 1998 
NBC  National Building Code of Canada 
CSA  Canadian Standards Association 
ULC  Underwriters Laboratories of Canada 
TC  Transport Canada 
ISPS  International Ship & Port Security Code 
EGD  Esquimalt Graving Dock 
PWGSC Public Works and Government Services Canada 
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1.0.3 Definitions

“Approved � - acceptable to the authority having jurisdiction. (As applied to the Esquimalt 
Graving Dock (PWGSC) see 1.a page 3) 

“Authority Having Jurisdiction” - the organization, office, or individual responsible for approving equipment, 
installation, or a procedure 

“Contractor” - any company, firm, shipyard, corporation, government department, vessel 
using/ leasing the Esquimalt Graving Dock (PWGSC) or areas within the 
Esquimalt Graving Dock (PWGSC) for repairs, construction, conversion, lay-up 
of vessels, or a shiprepair related business. 

“Building” - any structure used or intended for supporting or sheltering any use or 
occupancy.

“Combustible Liquid”  - a liquid that has a close-cup flash point at or above 37.8 degrees C. 

“Flammable Liquid” - a liquid that has a close-cup flash point that is below 37.8 degrees C. and the 
maximum of vapor pressure of 40 psi (2068mm Hg) at 37.8 degrees C. 

“Hot Work” - the use of any equipment involving open flames or producing heat or sparks, 
including, without being limited to, cutting, welding, soldering, brazing, grinding, 
gouging, adhesive bonding, thermal spraying and thawing pipes. 

“Shall”    - a mandatory requirement 

“Should” - a recommendation or that which is advised but not a mandatory requirement.
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1.1 Fire and Emergency Response Plans

All contractors within the Esquimalt Graving Dock (PWGSC) area shall have Fire, Emergency, and Earthquake 
Response Plans in place. A copy of these plans shall be given to the Esquimalt Graving Dock (PWGSC) Best 
Practices Coordinator for review. These plans are to be reviewed on an annual basis by the contractor and 
Esquimalt Graving Dock (PWGSC) Best Practices Coordinator or his/her representative.

1.2 Emergency Response Drills

All contractors will participate in emergency response drills on an annual basis in accordance with Occupational 
Heath & Safety Regulation (BC) Emergency Procedures Training and Drills.
Drills will be held at the least disruptive times to minimize the impact of work stoppage to the contractor. 

1.3 Hot Work Permits

All contractors within the Esquimalt Graving Dock (PWGSC) area shall have written hot work procedures and 
permits in place. A copy of the procedures and permits shall be given to the Esquimalt Graving Dock (PWGSC) 
Best Practices Coordinator. These procedures and permits are to be reviewed on an annual basis by the 
contractor and Esquimalt Graving Dock Best (PWGSC) Practices Coordinator or his/her representative. If any 
contractor does not have written hot work procedures and permits in place, the contractor shall be subject to 
article 1.3.a of this document. Contractors written hot work procedures and permits do not apply to common 
areas of the yard. All contractors shall obtain a hot work permit issued by the Esquimalt Graving Dock (PWGSC) 
Best Practices Coordinator, or his/her representative for all common areas within the Esquimalt Graving Dock 
areas

1.3.a. Hot work permits will be issued by Esquimalt Graving Dock (PWGSC) Best Practices Coordinator or 
his/her representative for all areas other than shipboard work and work on leased property. Permits shall be 
posted in the area of hot work. All hot work shall comply with the National Fire Code of Canada, British Columbia 
Fire Code 1998, CSA W117.2, �Safety in Welding, Cutting, and Allied Processes�, NFPA 51B Standard for Fire 
Prevention in Use of Cutting and Welding Processes. 2003 Edition. FC 302 Standard for Welding and Cutting 
June 1982.

1.4 Flammable and Combustible Liquids 

All contractors, sub-contractors, and agents shall comply with Part 4 of the National Fire Code of Canada, British 
Columbia Fire Code 1998.

1.5 Spray Coating Operations

All contractors who are involved in spray coating operations other than on board a ship in the dry dock or a ship 
berthed alongside, the contractor shall comply with Section 5.4. Spray Coating Operations in the British Columbia 
Fire Code 1998, and the National Fire Code of Canada 1995. 
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1.6 Fire Protection

All contractors shall comply the following:

British Columbia Fire Code Part 2 Section 2.16. Part 3, Part 4, Part5, and Part 6 2005 

National Fire Code of Canada Part 3, Part4, Part 6, 2006 

NFPA Standard 1 Uniform Fire Code 2003 Edition 

NFPA Standard 10 Standard for Portable Fire Extinguishers 2006 Edition 

NFPA Standard 51 B Standard for Fire Prevention During Welding, Cutting, and Other Hot Work 2006 
Edition

NFPA Standard 101 Life Safety Code 2003 Edition 

NFPA 303 Standard for Fire Protection of Marinas and Boatyards 2006 Edition 

NFPA Standard 306 Standard for the Control of Gas Hazards on Vessels 2006 Edition 

NFPA Standard 307 Standard for the Construction and Fire Protection of Marine Terminals, Piers and 
Wharves 2006 Edition 

NFPA Standard 312 Standard for Fire Protection of Vessels During Construction, Repair, and Lay-up 
2006 Edition 

CSA C22.1 Electrical Installations, British Columbia Electrical Act and pursuant Regulations 

CSA W117.2 Safety in Welding, Cutting, and Allied Processes 

FC 302 Standard for Welding and Cutting June 1982 

Transport Canada TP3177E Standard for the Control of Gas Hazards in Vessels to be Repaired or 
Altered

Workers` Compensation Board of British Columbia Occupational Health Safety Regulation 



PUBLIC WORKS AND GOVERNMENT SERVICES CANADA 
ESQUIMALT GRAVING DOCK 

Best Management Practices for Fire Prevention  

Section: 1

Page: 8
Subject: General

Prepared By: Approved By: Date Issued: Version: Controlled Copy: 

EGD PWGSC    01 

1.6. Continued

All contractors in conjunction with the Esquimalt Graving Dock (PWGSC) Best Practices Coordinator or his/her 
representative, shall do a post docking inspection of the vessel if the vessel is over 30.5M (100ft). The contractor 
or their representative shall complete a post docking inspection form along with the vessels fire control plans and 
crew list within 24 hours of the vessels arrival at the Esquimalt Graving Dock (PWGSC) facility. These forms and 
fire control plans will be given to Esquimalt Graving Dock (PWGSC) Best Practices Coordinator to be kept in the 
Esquimalt Graving Dock (PWGSC) Incident Command Post in the Esquimalt Graving Dock (PWGSC) 
administration building. 

All contractors shall comply with NFPA Standard 312 Fire Protection of Vessels during Construction, Repair and 
Lay-up 2006 Edition and shall apply to all vessels, with the exceptions of vessels 30.5M (100ft) or less in length. 

While vessels are at berths or in dry dock, temporary fire hoses supplied from shore connections to Esquimalt 
Graving Dock (PWGSC) Fire Equipment Boxes and a Portable Foam Units, shall be placed aboard the vessel 
and shall be connected and ready for use. The ratio shall be at least one hose for each 200 ft (62 m) of vessel 
length. This shall apply to all vessels, with the exceptions of vessels 30.5M (100ft) or less in length. Vessels 
30.5M (100ft) or less in length and deemed vulnerable by the AHJ, may be required to have readily available,  a 
temporary fire hose supplied from a shore connection to an Esquimalt Graving Dock (PWGSC) Fire Equipment 
Box and a Portable Foam Unit. 

All contractors shall sign out the required fire equipment from the Esquimalt Graving Dock (PWGSC) stores 
person in the operation building. 

If the contractor is unable to place the fire equipment onboard the vessel, the contractor or their representative 
shall inform an EGD representative the rationale and sign a non-compliance form.  A copy of the non-compliance 
form shall be given to the Esquimalt Graving Dock (PWGSC) Best Practices Coordinator kept on file with the post 
docking inspection reports. 
(A non-compliance form can be obtained from the Esquimalt Graving Dock stores person in the operations 
building)

On vessels under repair, the vessel's fire system piping, where the system is intact and capable of being used, 
shall be connected to water supplies from the yard by means of temporary shore-to-ship connections. 

All contractors engaged in the breaking-up of vessels shall comply, to all required codes and regulations. 

Smoking is permitted in contractors designated smoking areas only. Smoking is not permitted on board vessels 
in for repair or refit. All contractors shall post no smoking signs on all gangways to vessels in the EGD area. 

1.7 Building Construction

All building construction whether permanent or temporary shall be built and located in accordance with the British 
Columbia Building Code 1998, British Columbia Fire Code 1998, National Building Code of Canada 2006, 
National Fire Code of Canada 2006, Municipal by-laws & Permits, plus any other applicable codes and standards.
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1.7.1 Building Construction Compliance 

All structures built, erected, or relocated on property owned or managed by Esquimalt Graving Dock (PWGSC) 
shall comply with Article 1.7 of this document. 

1.8 Building Construction

Prior to any type of construction, major renovation, placement of trailers or temporary buildings, permits must be 
obtained from the Municipality of Esquimalt. The plans and copies of the permits shall be by submitted the 
contractor to the Operations Coordinator of the dock or his/her representative for approval. Plans and permits 
should be submitted well in advance of the planned project as this would expedite the approval process. 

1.9 Building /Site Inspections by AHJ or Emergency Responder

As per the signed lease agreement Art. 11.02 the tenant agrees to comply with all requests and orders from the 
AHJ , primary emergency responder or Esquimalt Graving Docks (PWGSC) Representative 
.
1.10 Compliance with Laws, Rules, and Regulations

Pursuant to any signed lease agreement the tenant shall comply with this document.

1.11 Marine Transportation Security Act / International Ship & Port Facility Security Code 

All contractors shall be compliant to the Marine Transportation Security Act / International Ship & Port Security 
Code Codes when required.

1.12 Orientation of Subcontractors

Contractors are required to give to all visitors, or sub-trades/contractors hired by them to perform work within the 
Esquimalt Graving Dock (PWGSC) area, or on vessels within the Esquimalt Graving Dock (PWGSC) area, an 
orientation in the Esquimalt Graving Dock (PWGSC) Safety Regulations, and Emergency Procedures. 
NOTE: For all 911 emergency calls the caller must state to the operator that you are calling from the Esquimalt 
Graving Dock and give your exact location in the dock area. Then the caller must call the main gate at 363-3784 
and inform them that emergency services are on their way to the Esquimalt Graving Dock and give them you 
exact location in the dock area. 

1.13 Flammable Material, and Dangerous Cargo Vessels

All work on vessels, barges, rigs and similar floating structures shall comply with Transport Canada TP3177E 
Standards for the Control of Gas Hazards in Vessels to be Repaired or Altered.

Vessels that carry explosives or other dangerous cargo such as flammable gases, hazardous chemicals, and 
flammable liquids, but excluding fuel and storage in specifically designated spaces, shall not be permitted to enter 
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the EGD until materials are removed and spaces have been certified as gas free. The gas free certificates are to 
posted and a copy given to the Esquimalt Graving Dock (PWGSC) Best Practices Coordinator

1.14 Code Compliance

All contractors working and leasing space within the Esquimalt Graving Dock (PWGSC) areas shall comply with 
all required codes in this document, all contractors shall supply their own copies of all required codes and 
regulations pertaining to this document. Failure to comply with the Esquimalt Graving Dock (PWGSC) Beat 
Management Practices for fire prevention and all required codes could mean immediate denial of dock services.  

1.15 Reporting of Fires.

All fire regardless of size once extinguished shall be reported to the responding fire department and to the 
Esquimalt Graving Dock (PWGSC) Best Practices Coordinator immediately.

Reference Publications

This document or portions there of, are referenced within this document and shall be considered part of the 
requirements of this document. 

NFPA Standard 1 Uniform Fire Code 2003 Edition 

NFPA Standard 10 Standard for Portable Fire Extinguishers 

NFPA Standard 51 B Standard for Fire Prevention During Welding, Cutting, and Other Hot Work 2006 
Edition
NFPA Standard 101 Life Safety Code 2003 Edition 

NFPA 303 Standard for Fire Protection of Marinas and Boatyards 2006 Edition 

NFPA Standard 306 Standard for the Control of Gas Hazards on Vessels 2006 Edition 

NFPA Standard 307 Standard for the Construction and Fire Protection of Marine Terminals, Piers and 
Wharves 2006 Edition 

NFPA Standard 312 Standard for Fire Protection of Vessels During Construction, Repair, and Lay-up 
2006 Edition 

CSA C22.1 Electrical Installations, British Columbia Electrical Act and pursuant Regulations 

CSA W117.2 Safety in Welding, Cutting, and Allied Processes 

FC 302 Standard for Welding and Cutting June 1982 

Transport Canada TP3177E Standard for the Control of Gas Hazards in Vessels to be Repaired or 
Altered
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Workers` Compensation Board of British Columbia Occupational Health Safety Regulation 

NFPA 303 Standard for Fire Protection of Marinas and Boatyards 2006 Edition 

NFPA Standard 306 Standard for the Control of Gas Hazards on Vessels 2006 Edition 

Transport Canada TP3177E Standard for the Control of Gas Hazards in Vessels to be Repaired or 
Altered

Workers` Compensation Board of British Columbia Occupational Health Safety Regulation 

National Fire Code of Canada 2006

British Columbia Fire Code 1998 





Form A 
Environmental 
Incident Report 
Form

Public Works and Government Services Canada 
Esquimalt Graving Dock 

Environmental Management System Manual

Issue Date: July 1, 2007 Version: 1
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1.0 Introduction 
 
1.1 Purpose 
 
The Esquimalt Graving Dock (EGD) is committed to the protection of human health and the 
environment.  Extensive safety and environmental management programs have been implemented at 
the EGD to reduce the potential for accidents and spills.  Although the potential for spills can be 
reduced through these programs, spills do happen.  The EGD Spill Contingency Plan was developed 
for those occasions when spills occur. 
 
Specifically, the purpose of the EGD Spill Contingency Plan is to act as both policy and as a resource 
guide during spill events that occur within the Esquimalt Graving Dock and adjacent waters.   
 
 
1.2 Scope  
 
The EGD Spill Contingency Plan is intended to provide guidance to PWGSC Employees, EGD Users, 
and can be used as a resource for external spill response teams, in the event of a spill on land and/or 
the marine environment, generated at the Esquimalt Graving Dock property or water lot.  The scope 
is intended primarily for 1st and 2nd level response, but provides notification requirements in the event 
that a 3rd level spill occurs. 

 
2.0 Roles and Responsibilities 
 
2.1 PWGSC Employees 
 
PWGSC employees are responsible for understanding the information provided in both the EGD Spill 
Contingency Plan and the EGD Emergency Response Plan Handbook.  PWGSC employees are 
expected to be able to appropriately respond to all PWGSC generated Level 1 and 2 spills. 
 
Communication with external stakeholders, including the media, will be handled in accordance with 
the Public Works and Government Services Canada�s protocol including Departmental Policy - 009, 
Critical Incident Reporting. 
 
2.2 Esquimalt Graving Dock Users 
 
Users are responsible for understanding the information provided in the EGD Spill Contingency Plan 
and the EGD Emergency Response Plan Handbook.  In addition, each of the Users are responsible 
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for developing Level 1 spill contingency plans, practicing those plans, and having the appropriate spill 
kits on site.    
 
In the event of a spill, Users are responsible for reporting spills in accordance with applicable 
legislation as well at to PWGSC Environmental Services.   

3.0 Spill Response Procedures 
 
3.1 Definition of a Spill 
 
For the purposes of the EGD Spill Contingency Plan, a spill can be defined as the abandonment, 
deposition, discharge, dumping, emission, escape, exhaust, throwing, injection, leakage, pouring, 
placement, release seepage, and/or spraying of a deleterious or hazardous material.  This can occur 
during storage, handling, use, and/or transport.   

 
3.2 Six Steps to Spill Response 
 
There are six steps to follow when responding to a spill: 

1. Assess the Risk 
2. Protect Yourself and Others 
3. Stop the Source/Contain the Spill 
4. Clean the Spill 
5. Dispose of Waste 
6. Report the Spill 

 
1. Assessing the Risk 
Determine what hazards associated with the product that has spilled.  Gather as much information as 
possible about the product and how it should be handled and cleaned up.  Specific product 
information can be obtained from the product label, hazard symbol, or the Material Data Safety Sheet 
(MSDS) located on the site and location map in appendix IV. Once the product information is 
assessed, the level of response required can be determined. There are 3 levels of response, 
depending on the nature of a spill.  The level is determined during the first step to responding to a 
spill: assessing the risk. 
 
a)    Level 1 Response � Generator/Discoverer Responds 

A level 1 response is where the generator or discoverer of the spill is capable of adequately 
responding to the spill himself or herself.  This applies to both PWGSC staff and EGD Users.   
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b)    Level 2 Response � PWGSC Response Team and Resources Deployed 
A level 2 response is a where the generator or discoverer of a spill does not have the capability 
for responding to the spill and/or assistance is required.   
 

c)    Level 3 Response � External Agencies Call in for Assistance 
A level 3 response is required when the spill is assessed to be out of the capability of the 
generator or discoverer and external response organizations, are required to assist or manage 
the incident.   

 
  
2. Protecting Yourself and Others 
It is important to protect yourself and others in the event of a spill.  Notifications should be made to a 
number of personnel including employees, supervisors, safety representatives, tenants of the facility 
and the site commissionaires, who may be affected by the incident.  Use of proper personal 
protective equipment (PPE) is also required.  There are 4 levels of PPE:  

A � full membrane and respiratory protection 
B � full respiratory and limited membrane protection 
C � limited respiratory and membrane protection 
D � normal work safety gear (hard hat, safety glasses, etc.) 

 
Most spills at the Esquimalt Graving Dock require level D protection. 

3. Stopping the Source and Containing the Spill 
It is important to ensure that the risk has been assessed prior to attempting to stop the source and 
contain the spill.  For example, products may be flammable; therefore, need to be handled in an 
appropriate manner (e.g. no smoking in the immediate area).  There are a number of ways to stop the 
source and contain a spill.   
 
4. Cleaning the Spill 
There are three types of spill supplies that can be found at the Esquimalt Graving Dock: oil only, 
universal, and hazardous material.  The oil only products are meant for use in aqueous environments 
as well as on land (with the exception of loose absorbent type products). The oil only pads and 
absorbent socks will float on water and should be used for any oil based marine spills in the harbour.   
 
The universal pads will pick up both oil and water based products, but are meant to be used for land 
based spills only. As the universal pads and absorbent socks absorb water based products, these 
supplies would sink if used in the marine environment.   
 
There are spill supplies designed for chemical spills such as acids, bases, and oxidizers.  These 
response supplies are specially designed to be inert and not react chemically with the product being 
cleaned up.     
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Three large yellow spill kits are available; one in the fuel storage area, one in the pump house, and 
one in front of the operations center compound.  These spill kits contain both oil only and universal 
spill response supplies.  

A spill supply shed is located adjacent to the Operations Centre building, and contains a large variety 
and quantity of spill supplies.  Personnel should become familiar with the contents of the spill supply 
shed, and the uses of the various types of supplies.     

Refer to Appendix IV for site and location map with specific spill kit locations.   

5. Disposing of Waste 
Waste generated from the cleanup of a spill needs to be disposed of properly.  Open top drums and 
hazardous materials bags are available for disposal of waste.  Waste of different origins should not be 
mixed for disposal.  All waste containers need to be labeled prior to filling.  Waste containers should 
be visibly stored in designated areas with secondary containment, such as the EGD hazardous 
materials storage vault located adjacent to the Operations Centre building.  

6. Notification and Reporting the Spill 
Notification of a spill to the proper authorities will depend on the severity of the spill, once the risk has 
been assessed. 

For example: 

 In the event of the discovery of a minor spill or sheen on water, the alert may be made by two way 
VHF radio on Channel 4. Dock employees will stand by and await further direction from the 
Incident Commander 

 If a spill occurs on water that is not within the capability of the generator/discoverer or EGD 
personnel and resources, the Provincial Emergency Program (PEP), DND Pollution Control, the 
Canadian Coast Guard, or an external contractor will be contacted immediately.   

 In the event of the discovery of a major spill (land or water), the general alarm can be activated at 
one of the stations indicated on the site plan (Appendix IV). This will ensure that all available 
resources are made available to respond to the spill. 

 
 If a spill occurs after hours, the discoverer will contact the Incident Commander. The Incident 

Commander will activate a recall of key personnel as required. Emergency contact numbers are 
located in Section 4.0. 

 Internal emergency alerting procedures are also described in the EGD Emergency Response Plan 
Handbook.   
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All spills are reportable to PWGSC EGD Environmental Services.  Any spills on land that exceed the 
limits outlined in Appendix I, shall be immediately reported to the Provincial Emergency Program 
(PEP).  All marine spills will immediately be reported to PEP.   
 
Environmental Incident Reports will be documented for all spills.  These reports will be maintained by 
EGD Environmental Services location of the incident.   
 
Notification and Reporting requirements are illustrated in the Environmental Spill or Incident Flow 
Chart in Appendix III.   
 
4.0 Emergency Contact Numbers 

PWGSC Esquimalt Graving Dock Contacts 

Contact Person Company/Organization Phone Number 

Dave Latoski 
 

EGD Operations Manager (250) 889-5808 (c) 

Bob Desmarais 
 

EGD Yard Supervisor  (250) 888-0141 (c) 

Wyatt Wright 
 

EGD Pumphouse Supervisor (250) 213-5154 (c) 

Jack Gale 
 

EGD Crane Supervisor (250) 213-9683 (c) 

Kim Wilson EGD Risk Management (250) 213-6540 (c) 

Daryl Lawes 
 

EGD Environmental Coordinator (250) 213-7242 (c) 

Melissa Piasta 
 

EGD Environmental Officer (250) 888-7357 (c) 

Alanna Morbin 
 

EGD Environmental Officer (250) 889-3566 (c) 
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User Contacts 

Company Office # After Hrs. Contact After Hrs. # 

Victoria Shipyards Ltd. 
 

(250) 380-1602 Malcolm Barker (250) 727-2912 (h) 

Jenkins Marine (250) 383-6440 John Jenkins (250) 478-2605 (h) 

Esquimalt Drydock 
Company 
 

(250) 386-4172 Joe Sansalone (604) 202-5454 (c) 

Hazco (formerly 
PWWS) 

(250 380-0436 Peter Lehman 
 

(250) 380-8143 (h) 
 

Intercon Marine (250) 389-0391 Tom Whyte (250) 480-8064 (c) 

Nanaimo Shipyard (250) 753-1151 Ron Van Wachem (250) 753-4751 (h) 

 
Other Stakeholder Contacts 

Organization Phone Number 

 
DND Emergency Response 
(Call for all level 3 land and waterborne spills) 
 

 
911 (from PWGSC government phones) 

 
Port Operations and Emergency Services 
Branch � DND 
 

 
Working Hrs: 363-2160 or VHF Channel 10 
After Working Hrs: 911 or VHF Channel 10 

 
QHM Pollution Control � Office Only 

Bob Pope: 363-5428 (Pollution Control Officer) 
Lyle Fairly: 363-2911(A/Pollution Control Officer 
Dave Buchanan: 363-5429 (A/ Pollution Control 
Officer) 

 
Environment Canada 
Spill Reporting line 
 

 
(604) 666-6100 

 
Canadian Coast Guard 
Emergency Line 

24 hr Emergency 1-800-889-8852 
 
(604) 666-6011or Maritime Communication and 
Traffic Services (MCTS) VHF Channel 12 
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Senior Response Officer (Victoria) (250) 363-
3806 

 
BC Provincial Emergency Program (PEP) 
Spill Reporting/Emergency Coordination Line 
 

 
 
(800) 663-3456 

Burrard Clean 24 hr Emergency (604) 294-9116 
 
Non-Emergency (604) 294-6001 
 
Fax (604) 294-6003 

Canadian Forces Sailing Association 
 

(250) 385-2646 

Songhees First Nations Office 
 

(250) 386-1043 

5.0 Training 

PWGSC EGD employees will receive appropriate spill response training.  Training will include, but is 
not limited to: 

 Policy, Legislation and Liabilities 
 Basics of Spill Response 
 Spill Prevention Strategies 
 Resources Available at the EGD 
 Hands on Exercises 

Users of the Esquimalt Graving Dock will ensure that their employees receive appropriate spill 
response training.   

6.0 Records 

The controlled copy of this plan is held with the EGD Environmental Services. Uncontrolled copies will 
be distributed as requested.   

Spill response training records for EGD personnel will be documented and retained on file with EGD 
Environmental Services.   



Appendix I 
Responding to a Spill on Land 

 
 
 
 
 



Responding to a Spill on Land 
 
For all spills on land (including the wharves or in the Graving Dock), every effort shall be made to 
prevent the spill from reaching the marine environment.  This can be achieved by placing absorbent 
material (e.g. sock/boom, pad, bagged universal absorbent) on the spill and also between the spill 
and the water.   
 
Level 1: 
 
If there is a land based spill, and it is within the capability of the generator or discoverer to respond to 
the spill, the generator/discoverer will proceed to clean up the spill using the appropriate PPE and 
spill supplies.  The waste shall be properly labeled and disposed of in accordance with EGD policy.  
The waste shall not be abandoned or disposed of in the garbage or a dumpster.  Once the spill has 
been cleaned up, the responder will immediately report the spill to their supervisor and to PEP if 
applicable (refer to Appendix I for reportable quantities on land).  An Environmental Incident Report, 
or information for a report, will also be submitted to Environmental Services for tracking purposes.   
 
Level 2: 
 
If there is a land based spill and the generator/discoverer requires assistance with clean up, the 
generator/discoverer will immediately notify the Incident Commander and Environmental Services.  
The Incident Commander or Environmental Services will determine if the spill is within the capability 
of PWGSC staff and resources.  Dock employees will stand by and await further direction from the 
Incident Commander or Environmental Services. If within PWGSC capability clean up will commence 
using appropriate PPE and spill supplies. The waste will be properly labeled and disposed of in 
accordance with EGD policy.  The waste shall not be abandoned or disposed of in the garbage or a 
dumpster.  Once the spill has been cleaned up, the responder will report the spill to PEP if applicable 
(refer to Appendix I for reportable quantities on land). An Environmental Incident Report, or 
information for a report, will also be submitted to Environmental Services for tracking purposes.   
  
Level 3: 
 
If there is a land based spill, and the Incident Commander and/or Environmental Services have 
deemed the spill not within the capability of PWGSC staff/resources, the DND Fire Department will be 
called in to assist or manage the spill.  PWGSC personnel and resources may still be utilized during 
cleanup, therefore; dock employees will stand by and await further direction from the Incident 
Commander or Environmental Services. Once the spill has been cleaned up, PWGSC Environmental 
Services will report the spill to PEP if applicable (refer to Appendix I for reportable quantities on land).  
Environmental Services for tracking purposes will also file a report. An Environmental Incident Report, 
or information for a report, will also be submitted to Environmental Services for tracking purposes.   
 
 



Reportable Quantities for Land Spills 
Federal Regulations for the Transportation of Dangerous Goods  
 

Substance Spilled Reportable Limit 

Explosives of Class 1 as defined in section 
2.9 of the Federal Regulations 

Any amount that could pose a danger to public 
safety or is greater than 50kg 

Gases of Class 2 as defined in section 2.13 
of the Federal Regulations 

Any quantity that could pose a danger to public 
safety or any sustained release of 10 minutes or 
more 

Flammable liquids of Class 3 as defined in 
section 2.18 of the Federal Regulations 

200 L 

Flammable solids of Class 4 as defined in 
section 2.20 of the Federal Regulations 

25 kg 

Products or substances that are oxidizing 
substances of Division 1 of Class 5 as 
defined in section 2.23 and 2.24 (a) of the 
Federal Regulations 

50 kg or 50 L 

Products or substances that are organic 
peroxides that contain the bivalent �-O-O-� 
structure of Division 2 of Class 5 as defined 
in sections 2.23 and 2.24 (b) of the Federal 
Regulations 

1 kg or 1 L 

Products or substances that are toxic and 
substances of Division 1 of Class 6 as 
defined in section 2.26 and 2.27 (a) of the 
Federal Regulations 

5 kg or 5L 

Infectious Substances defined in sections 
2.26 and 2.27 (b) of the Federal Regulations 

Any amount 

Radioactive materials of Class 7 as defined 
by section 2.37 of the Federal Regulations 
and section 20 of the Packaging and 
Transport of Nuclear Substances 
Regulations 

Any amount or any emission that is: 

(a) 10 mSv/h on the external surface of a 
package that is being transported under 
exclusive use, 2 mSv/h on the surface of the 
conveyance, and 0.1 mSv/h at a distance of 2 m 
from the surface of the conveyance; and  

(b) 2 mSv/h on the external surface of a package 
that is not being transported under exclusive 
use, 0.1 mSv/h at a distance of 1 m from the 
package, 2 mSv/h on the surface of the 
conveyance, and 0.1 mSv/h at a distance of 2 m 
from the surface of the conveyance. 

Corrosive products or substances of Class 8 
as defined by section 2.40 of the Federal 
Regulations 

5 kg or 5 L 



Miscellaneous products or substances of 
Class 9 as defined by section 2.43 of the 
Federal Regulations 

25 kg or 25 L 
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Responding to a Spill on Water 
 
For spills on water it is often difficult to determine the source.  The priority is to determine the size of 
the spill and the direction it is moving.  A solid boom is the most effective means of containing a spill 
on water. The only readily available boom material at EGD is permanently in the water providing 
containment for the Dock main discharge port.  If necessary, this boom may be disconnected and 
moved to contain a spill on the water as an intern measure.  In addition, absorbent booms and pads 
may be place on the water to absorb oil.   
 
In the event of the discovery of a minor spill or sheen on the water, the alert will be made by two-way 
VHF radio on Channel 4 and Channel 10.  Dock employees will stand-by and await further direction 
from the Incident Commander or Environmental Services.   
 
 
Level 1: 
 
If there is a spill that reached the marine environment, and it is within the capability of the generator 
or discoverer to respond to the spill, the generator/discoverer will proceed to clean up the spill using 
the appropriate PPE and Spill Kits (Hydrocarbon).  The waste shall be properly labeled and disposed 
of in accordance with EGD policy.  The waste shall not be abandoned or disposed of in the garbage 
or a dumpster.  Once the spill has been cleaned up, the responder will immediately report the spill to 
their supervisor and to Environmental Services regardless of size.  Environmental Services will report 
the spill to PEP.  An Environmental Incident Report will also be submitted by the generator/discoverer 
to Environmental Services for tracking purposes.  An Environmental Incident Report template can be 
located in Appendix II.   
 
Level 2: 
 
If there is a spill that reaches the marine environment, and the generator/discoverer requires 
assistance with clean up, the generator/discoverer will immediately notify the Incident Commander 
and Environmental Services (Contact numbers are located in Appendix III).  The Incident Commander 
or Environmental Services will determine if the spill in within the capability of PWGSC staff and 
resources.  If within PWGSC capability, clean up will commence using appropriate PPE, permanent 
boom, and spill response resources. The waste will be properly labeled and disposed of in 
accordance with EGD policy.  The waste shall not be abandoned or disposed of in the garbage or a 
dumpster. Once the spill has been cleaned up, the responder will immediately report the spill to 
Environmental Services (if not previously notified).  Environmental Services will report the spill to 
PEP. An Environmental Incident Report will also be submitted by the generator/discoverer to 
Environmental Services for tracking purposes. An Environmental Incident Report template can be 
located in Appendix II.   
 
Level 3: 
 
If there is a spill that reaches the marine environment and the Incident Commander and/or 
Environmental Services have deemed the spill not within the capability of PWGSC staff/resources, 



DND Pollution Control, the Canadian Coast Guard, or an external contractor will be immediately 
notified and brought in to assist or manage the spill.  PWGSC personnel and resources may still be 
utilized during cleanup.  Once the spill has been cleaned up, PWGSC Environmental Services will 
report the spill to PEP.  Environmental Services will also file a report internally for tracking purposes.  
Environmental Services, the Incident Commander, or Environment Canada may investigate the 
incident. 
 
 
Oil Spills on Water 
 
Environmental Impacts 
The environmental implications of an oil spill are dependent on a number of variables including the 
product spilled, the quantity spilled, the location of the spill, and the habitat or wildlife impacted.   

 
Spilled oil and certain cleanup operations can threaten different types of marine habitats and animals 
in different ways. For example, exposed sandy, gravel or cobble beaches are usually cleaned by 
manual techniques. Although oil can soak into sand and gravel, few organisms live full-time in this 
habitat, so the risk to animal life or the food chain is less that in other habitats, such as tidal flats.     
 
Sheltered beaches have very little wave action to encourage natural dispersion.  If the cleanup effort 
is not timely, oil may remain stranded on these beaches for years. Tidal flats are broad, low-tide 
zones, usually containing rich plant, animal, and bird communities. Deposited oil may seep into the 
muddy bottoms of these flats, creating potentially harmful effects on the ecology of the area. Finally, 
salt marshes host a variety of plants, bird and mammal life. Marsh vegetation; especially the root 
systems are easily damaged by fresh light oils.   
 
In open water, marine organisms such as fish and whales have the ability to swim away from a spill 
by going deeper in the water or further out to sea.  However, marine animals that live close to shore 
have a higher risk of being adversely affected as a result of an oil spill.  Further, if one species in a 
food chain is adversely affected as a result of contamination, the entire food chain suffers.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Properties of Various Oil Types 

Oil Type Representa
tive Oils 

Diagnostic
Properties

Physical/Chemical Properties 

Light volatile 
oils 

Distillate fuel, 
and most 
light crude 
oils 

Highly fluid, usually 
transparent but can 
be opaque, strong 
odour, rapid 
spreading, can be 
rinsed from plant 
sample by simple 
agitation 

 May be flammable 
 High rate of evaporative loss of volatile components 
 Assumed to be highly toxic to marine biota when 

fresh 
 Tend to form unstable emulsions 
 May penetrate sediments 

Non-sticky 
oils 

Medium to 
heavy 
paraffin-
based 
refined and 
crude oils 

Moderate to high 
viscosity, waxy or 
oily feel, can be 
rinsed from surfaces 
by low pressure 
water flushing 

 Generally removable from surfaces 
 Penetration of substrates variable 
 Toxicity variable 
 Includes water in oil emulsions 

Heavy 
sticky oils 

Residual fuel 
oil; medium 
to heavy 
asphalt and 
mixed base 
crudes 

Typically opaque 
brown or black, 
sticky or tarry, 
viscous, cannot be 
rinsed from plant by 
agitation 

 High viscosity 
 Hard to remove from surfaces 
 Tend to form stable emulsions 
 High specific gravity and potential for sinking after 

weathering 
 Low substrate penetration 
 Low toxicity (biological effects due to smothering) 
 Will interfere with many types of recovery 

equipment 
Non-fluid 
oils (at 
ambient 
temperature
) 

Residual and 
heavy crude 
oils (all 
types); 
asphalt 

Tarry or waxy lumps  Non-spreading 
 Cannot be recovered from water surfaces using 

most conventional clean-up equipment 
 Cannot be pumped without preheating or slurring 
 Initially relatively nontoxic 
 May melt and flow when stranded in sun 

Reference:  QHM Pollution Contingency Plan, Department of National Defence, December 2000. 

Note:  One of the most common substances spilled is dirty bilge water, which can be spilled during pumping operations.  
Bilge water is composed of a wide variety of substances, the majority of which include seawater, freshwater and 
numerous petroleum products (e.g. lubricants and fuels).   

Estimating the Size of a Spill 
When oil is spilled a working estimate of the volume of a spill on the water surface can be made by 
visual assessment of its surface area and thickness.  When making a visual estimate of quantity, 
consideration should be given to slick thickness which can vary considerably even in a single slick. In 
general, dark brown or black patches indicate higher concentrations of oil, while coloured or silvery 
bands, such as those often seen at slick edges indicate extremely thin areas. The following table 
summarizes the appearance of oil on water as it is related to thickness.  



Thickness ( m)* 
 

Quantity (L/km2) Appearance 

0.04 40 Barely visible under very good light conditions 
0.08 90 Visible as a silvery sheen on water 
0.15 175 First trace of colour may be observed 
0.3 350 Bright bands of colour 
1.0 1200 Colours begin to turn dull 
2.0 2300 Colours are much darker 

1000 10 x 106 Dark brown, black; emulsions may be present 
Reference:  QHM Pollution Contingency Plan, Department of National Defence, December 2000. 

*1000 m  = 1.0 mm 

Fate of Spilled Oil 
When oil is spilled on water, the slick itself can be affected by a number of weathering processes 
including oxidation, evaporation, spreading, emulsification, dissolution, biodegradation, and 
sedimentation.  Weathering is a series of chemical and physical changes that cause spilled oil to 
break down and become heavier than water. Winds, waves, and currents may result in natural 
dispersion, breaking a slick into droplets which are then distributed throughout the water. 
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Esquimalt Graving Dock 
Fueling and Oil Transfer Policy

From time to time, bulk transfer of oil and fuel to or from vessels takes place at the Esquimalt 
Graving Dock (EGD) facility.  Oil spills pose a significant risk to the environment, economy, 
and infrastructure at the EGD. 

Scope: This policy applies to all vessel fueling operations involving trucks and barges, as well as 
bulk oil transfers of greater than 10 tonnes (10,000 litres) per day involving vessels berthed at the 
EGD. It applies to fueling of vessels in the drydock, but not bulk oil transfers involving dry-
docked ships. 

Oil, as described in the Canada Shipping Act, is considered petroleum in any form, including 
crude oil, fuel oil, sludge, oil refuse and refined products.

Requirements:  The following must be adhered to when transferring bulk fuel/oil to or from 
vessels at the EGD:

1. Transfer operations must comply with the requirements outlined in the Canada Shipping 
Act, Oil Pollution Prevention Regulations Part IV – Transfer Operations.

2. An Oil Transfer Checklist must be completed and signed by both the representatives 
from the transfer vehicle (tank, truck or barge) and the vessel. This checklist must be 
received and signed by an EGD Representative prior to fuel/oil transfer.

3. For berthed vessels, a containment boom must be securely in place so that the areas of 
operations involved in the oil transfer process are completely surrounded.  The 
containment boom must be structurally sound and have a minimum stand off of 5 feet 
from the sides of the vessel (this standoff may be adjusted to meet short term needs as 
long as potential spills from the dock, transfer hoses, decks and vents can be contained). 
Users may deploy their own containment boom, have boom provided by a third party, or 
rent the Esquimalt Graving Dock boom.

4. For transfers involving vessels in the Graving Dock, there must be a Pumphouse Operator 
present to shut down the auxiliary drydock pumps if a spill occurs. If no operator is on 
site, the drains and trenches on the dock floor should be covered, blocked or otherwise 
isolated from the tunnels leading to the auxiliary pumps.

Fuel transfer will not be allowed to commence without the permission of an Esquimalt Graving 
Dock Supervisor and completion of the Oil Transfer Checklist. The Oil Transfer Checklist
can be obtained from the Front Gate Commissionaires or Pumphouse Operator. It must be filled 
out and submitted to the Pumphouse Operator or Front Gate Commissionaires prior to transfer.

Further details on safe transfer procedures can be found in the Tank Truck to Marine Vessel-
Oil Transfer Manual (http://www.pacific.ccg-gcc.gc.ca/er/oiltransfer/index_e.htm).
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Example Scenarios

Fuelling a Vessel at a Jetty
1. Agent/User arranges fuel for vessel.
2. Agent/User notifies Esquimalt Graving Dock Supervisor of fuelling plan. 
3. A containment boom is secured around the vessel.
4. Fuel truck arrives at Front Gate.
5. Front Gate Commissionaire provides Oil Transfer Checklist. Commissionaire notifies the 

Pumphouse Operator of the operation, and to expect a submitted checklist. 
6. Truck meets with the responsible vessel representative. 
7. The checklist is filled out and signed by both parties. 
8. Checklist is taken to the Pumphouse, signed as received by Pumphouse Operator, and 

filed. Copy is provided to the vessel or truck representative if requested.
9. Transfer takes place.
10. Truck leaves property.
11. Containment boom is retrieved.

Containment boom around vessel during fueling operations

Transfer of Lube Oil (> 10,000 litres) from a Berthed Vessel.
1. Shipyard prepares to transfer 10,000 litres of lube oil from a vessel to dockside 

tanks/totes. 
2. Shipyard notifies Esquimalt Graving Dock Supervisor of transfer.
3. A containment boom is secured around the vessel.
4. The responsible personnel on the vessel and the shore fill out the Oil Transfer Checklist 

(this may be the same company if they are responsible for both ends of transfer).
5. Checklist is taken to the Pumphouse, signed as received by Pumphouse Operator, and 

filed. Copy is provided to the vessel or truck representative if requested.
6. Transfer takes place.
7. Containment boom is retrieved.



ESQUIMALT GRAVING DOCK
OIL TRANSFER CHECKLIST

In case of emergency contact the Commissionaires immediately
(250) 363-3784

OIL TRANSFER LOCATION (circle): South Jetty            North Landing Wharf       Graving Dock  ( Section 1   2   3 )
TANK/TRUCK/BARGE COMPANY NAME:  
VESSEL NAME:

RESPONSE PERSONNEL INFORMATION:
Vessel (Name, Phone):
Tank, Truck or Barge (Name, phone):

INSTRUCTIONS FOR COMPLETION: No vessel berthed at the Esquimalt Graving Dock is to begin loading or discharging 
oil until this form is completed in its entirety, and submitted to the Pumphouse Operator. For dry-docked vessels, this 
checklist needs to be completed for fuelling operations only. Transfer must not proceed unless affirmative answers are 
provided for each applicable checklist question. If the Pumphouse Operator is not on Duty, please provide the completed 
form to the Front Gate Commissionaires.

QUESTIONS VESSEL TANK, TRUCK
or BARGE

Yes No Yes No
Is there a written spill procedure plan?
Is there immediately available cleanup and containment material?
Are sufficient/qualified personnel available to deal with an emergency?
Is there an effective deck watch and adequate supervision ashore?
Have procedures for oil transfer handling been agreed to?
Is there an agreed upon communication system?
Agree on units of volume measure (gallons, litres)
Have emergency shutdown procedures been agreed to?
Are transfer hoses in good condition, tested and properly rigged?
0BAre scuppers plugged and drip tray positioned?
1BAre unused connections blanked?
Are safety/smoking requirements being observed?
2BBerthed Vessels

3BIs the vessel securely moored? (Vessel at a Jetty)
4BIs there a sufficient containment boom in place to contain a spill or 
release? (Vessel at a Jetty)

DATE/TIME PRODUCT QUANTITIY 
TO BE

LOADED

DESCRIPTION
OF RECEIVING

TANK

CAPACITY OF
RECEIVING

TANK

RATE PUMPING
PRESSURE (psi)

DECLARATION
We have checked all the items on this checklist and have satisfied ourselves that the entries we have made are correct to the
best of our knowledge.

VESSEL REPRESENTATIVE TANK, TRUCK, BARGE REPRESENTATIVE
NAME: NAME:
SIGNATURE: SIGNATURE:
DATE: DATE:

EGD REPRESENTATIVE SIGNATURE: DATE:









 

DND 

DND 

DND 

GOLF 
COURSE





 

August 4, 2016 

Fisheries Protection Program 
Fisheries and Oceans Canada 
219  800 Burrard Street 
Vancouver, BC  V6C 0B9 

Dear DFO: 

Re: 14-HPAC-00210 Construction Schedule 
Esquimalt Graving Dock South Jetty Reconstruction Project 
Esquimalt, BC  
Project No. 13024 

Public Works and Government Services Canada (PWGSC) and Defence Construction Canada 
will begin construction of the South Jetty Pier beginning as early as October 2016, and 
completed as late as July 31, 2020. Keystone Environmental Ltd. has been retained by PWGSC 
to provide environmental support throughout the project. 

Keystone Environmental is requesting confirmation from the Fisheries Protection Program 
(FPP) on the following in advance of tendering the project: 

1. The estimated completion data for the construction of the South Jetty has been revised to 
July 31, 2020.  Does this change the recommendations by FPP in the May 13, 2014 letter 
14-HPAC-00210 (attached) that no formal approval from FPP is required? 

2. The marine contractors will request to work throughout the year, including during outside of 
the least risk windows for fish: 

Can works occur during October 1 to November 30? 

Can works occur during February 16 to June 30? 

Anticipated works related to the construction of the South Jetty include: 

Pile driving 

Concrete pouring 

Intertidal excavation to install headwalls 



 
14-HPAC-00210 Construction Schedule 
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The contractor will be required to install mitigation measures and supply a full-time qualified 
environmental monitor during in-water works.  In addition, Keystone Environmental will perform 
spot checks to confirm compliance with the Environmental Management Plan. 

Please contact us with any questions.  

Sincerely, 

Keystone Environmental Ltd. 

Warren Appleton, R.P.Bio. 
Project Manager 

\\10.0.0.8\Common\13000-13099\13024 PWGSC\Report\13024 160804 DFO Notification Letter.docx 
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August 12, 2016 

Fisheries Protection Program 
Fisheries and Oceans Canada 
219  800 Burrard Street 
Vancouver, BC  V6C 0B9 

Dear FPP: 

Re: 14-HPAC-00210 Construction Schedule 
Esquimalt Graving Dock South Jetty Reconstruction Project 
Esquimalt, BC  
Project No. 13024 

Public Works and Government Services Canada (PWGSC) will begin construction of the South 
Jetty Pier beginning as early as October 2016, and completing as late as July 31, 2020. 
Keystone Environmental Ltd. has been retained by PWGSC to provide environmental support 
throughout the project. 

On February 26, 2014, a Request for Review (RfR) was submitted by PWGSC to the Fisheries 
Protection Program (FPP) to determine if a Fisheries Act Authorization was required for the 
Esquimalt Graving Dock South Jetty Redevelopment / Waterlot Underpier Phase 2 Remediation 
Project. Phase 2 involves the demolition of the existing south jetty, dredging and remediation of 
contaminated sediments (5,225 m2 intertidal course sediment and bedrock; 6,893 m2 subtidal 
unconsolidated sediment), construction of a new South Jetty pier, and removal of the existing 
sheet pile containment wall (RfR attached). FPP concluded that provided the mitigation 
measures identified in the Request for Review were followed, no serious harm to fish would 
occur and no formal approval from FPP was required (14-HPAC-00210 - see attached). 
The application included completing some works outside of the least risk windows for fish. 

During the Phase 1 works, which involved dredging and rock placement within the EGD waterlot 
and nearby areas, work outside of the summer (July 1  October 1) or winter (December 1  
February 15) windows was not recommended based on the potential for contaminant desorption 
from re-suspended sediments potentially caused by dredging. Portions of the Phase 2 works 
are already complete (sheet pile installation, dredging, cap placement, pier removal) and were 
allowed to be performed by FPP outside of the least risk windows. Rational provided by 
PWGSC included: 
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Dredging was performed within a contained in isolated work cell; 

A very low probability of negative interactions was anticipated with the implementation of 
Best Management Practices (BMP) and Environmental Management Plan (EMP) and 
associated Water Quality Monitoring Plan (WQMP) with stop work provisions because: 

Significant salmon spawning streams do not drain into Esquimalt Harbour, reducing the 
likelihood of returning spawners being present; 

Herring spawns typically do not occur in Esquimalt Harbour; 

Hay and McCarter, 1999, indicate there is a low probability of herring spawning if works do 
not occur between March and mid-April. Herring observations are absent since 1993. 
Modelling by Anchor further demonstrated that even if a silt curtain or TRB were absent, 
TSS concentrations were orders of magnitude less than concentrations where acute lethality 
occurs (see RfR 2014 attached). Further, pile driving was not expected to exceed 30 kPa 
1m from the source (RfR 2014). 

If salmon were present, they would unlikely be caught up by the dredging bucket, would not 
have access through the sheet piling wall or within the temporary resuspension barrier 
(TRB), and water quality criteria in the WQMP would be monitored for compliance. 

Monitoring for herring and herring eggs on equipment would also occur.  If found, equipment 
would remain inactive until the eggs hatch. 

Pressure waves from pile driving were not expected to exceed 30 kPa more than 1m away 
from pile driving activities. 

PWGSC is proceeding with the construction of the South Jetty component. 
Keystone Environmental is requesting confirmation from FPP on the following in advance of 
tendering the project: 

1. The estimated completion date for the construction of the South Jetty has been revised to 
July 31, 2020.  Does this change the recommendations by FPP in the May 13, 2014 letter 
14-HPAC-00210 (attached) that no formal approval from FPP is required? 

2. The marine contractors will request to work throughout the year.  It is understood these work 
windows are intended to provide times of least risk to sensitive fisheries resources that may 
occupy/use the area. Salmon migrating to spawning areas may be present in October and 
November and spawning herring may be present from the end of February to June. PWGSC 
is seeking confirmation that works may occur, subject to successful implementation of 
BMPs, outside of the least risk windows for fish: 

Can works occur during October 1 to November 30? 

Can works occur during February 16 to June 30? 

Anticipated works related to the construction of the South Jetty include: 

Pile driving 

Concrete pouring 

Intertidal excavation to install headwalls 
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The contractor will be required to install mitigation measures and supply a full-time qualified 
environmental monitor during in-water works.  In addition, Keystone Environmental will perform 
spot checks to confirm compliance with the EMP. 

Please contact us with any questions.  

Sincerely, 

Keystone Environmental Ltd. 

Warren Appleton, R.P.Bio. 
Project Manager 
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January 30th, 2014 
 
Esquimalt Graving Dock 
825 Admirals Rd. 
Victoria, B.C. 
V9A 2P1 
 
Attention: Mr. Joe Lezetc 

Electrical Department 
 
Re: Cathodic Protection Maintenance 

Esquimalt Graving Dock - South Landing Wharf 
Victoria, B.C. 

 
The annual inspection for the above noted facility was completed on December 11th, 2013.  Please 
find attached our report, including rectifier, current and potential data as well as a drawing showing 
the dock structure and the protection system.  A summary of the survey results is as follows. 
  
1. Protection Criteria 
 
Please see Appendix I of the survey report for the National Association of Corrosion Engineers 
(NACE) Protection Criteria, Standard SPO169-2007.  Note that for saltwater environments a silver-
silver chloride reference electrode is generally used with an equivalent potential of 800 millivolts 
negative. 
 
2. Survey Results 
 
2.1. Rectifier Operation: The impressed current system includes two 18 volt, 200 amp rectifiers. 
The rectifiers were inspected and found to be operating normally: the west unit at 7.6 volts 
producing 57.5 amps with a circuit resistance of 0.132 ohms, the east unit at 7.1 volts producing 50.5 
amps with a circuit resistance of 0.141 ohms. 

The systems should be left on at all times except during dock work or other unusual conditions.  
Monthly or quarterly checks on system output should be undertaken with a total target current level 
of approximately 100 amps.  Changes greater than 15% in output should be reported to Corrosion 
Service Company. 

2.2. Status of Protection: As the data shows in Appendix III, potential measurements meet the 
equivalent NACE No. 1 Protection Criterion at most test locations.  A significant exception 
however, is at west end of the dock in rows 1 - 4, Bents G – I (see Appendix V drawing) were 
protection levels are significantly diminished and do not meet the required NACE Protection.  
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Based on an initial visual inspection we conclude that the reduced protection levels may result from 
a mechanical short to the new sheet pile wall through tie-back structures anchored to the existing 
pile cap.  To restore proper protection to the pile structure we recommend follow-up review and 
investigation and repair/upgrade work as required. 
 
Aside from the above scope of work regular checks on system outputs and a complete maintenance 
survey by year end are also recommended. 
 
We trust this information is to your satisfaction and note your invoice for the survey work and this 
report will be sent directly from our Toronto office.  If you have questions or require additional 
copies of the report please contact the undersigned at our Annacis Island office. 
 
 
Yours truly, 
 
Corrosion Service Company Limited 
 

 
 
Ross Armstrong 
Branch Manager 
NACE Certified, No. 6520 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Encl.  
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REPORT SUMMARY 
 
The survey and inspection work for the subject systems was completed on 
December 11th, 2013.  A summary of the findings is as follows. 
 
1. Protection Criteria 
 
Please see Appendix I of the report for the National Association of Corrosion 
Engineers (NACE) protection criteria, Standard SPO169-2007.  For saltwater 
environments a silver-silver chloride reference electrode is generally used with an 
equivalent potential of 800 millivolts negative. 
 
2. Survey Results 
 
2.1 Rectifier Operation: The impressed current system includes two 18 volt, 200 
amp rectifiers. The rectifiers were inspected and found to be operating normally: the 
west unit at 7.6 volts producing 57.5 amps with a circuit resistance of 0.132 ohms, 
the east unit at 7.1 volts producing 50.5 amps with a circuit resistance of 0.141 
ohms. 
 
The systems should be left on at all times except during dock work or other unusual 
conditions.  Monthly or quarterly checks on system output should be undertaken 
with a total target current level of approximately 100 amps.  Changes greater than 
15% in output should be reported to Corrosion Service Company. 
 
2.2. Status of Protection: As the data shows in Appendix III, potential 
measurements meet the equivalent NACE No. 1 Protection Criterion at most test 
locations.  A significant exception however, is at west end of the dock in rows 1 - 4, 
Bents G – I (see Appendix V drawing) where protection levels are significantly 
diminished and do not meet the required NACE Protection.  
 
Based on an initial visual inspection we conclude that the reduced protection levels 
at the west end of dock may result from a mechanical short to the new sheet pile 
wall through tie-back structures anchored to the existing pile cap.  To restore proper 
protection to the pile structure we recommend follow-up review and investigation 
and repair/upgrade work as required. 
 
Aside from the above scope of work regular checks on system outputs and a 
complete maintenance survey by year end are also recommended. 
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1.0 BACKGROUND 

1.1 A cathodic protection system was installed at the subject site in 1986. 
Cathodic protection is provided to the South Landing Wharf including the 
piling supports and the sheet pile wall.  The installation was completed 
by Ricketts-Sewell Electric Ltd. of Victoria. 

1.2 Since that time the system has performed well.  Rectifier outputs have 
been allowed to decline as structure polarization has generally 
maintained protection levels at reduced current levels. 

1.3 To improve protection levels in some areas several new lead silver 
anodes were installed in May 1999.  The anode installation has provided 
a more balanced current discharge and as a result system outputs have 
been reduced. 

1.4 During July 2006 two new 50lb. lead silver anodes were installed for the 
west rectifier.  Other work included replacement of failed conduit straps 
as well as cleaning and coating of some bond connections. 

1.5 The last complete survey was undertaken in December of 2012.  At that 
time protection levels were found to be complete on most accessible 
piles and complete to near complete on the sheet pile wall. 

1.6 During October 2012 three replacement Mix Metal Oxide (MMO) anodes 
were installed for the West Rectifier.  The anodes are sized to match the 
output and design life of the existing lead silver anodes. 

1.7 This report covers the 2013 maintenance survey of the above noted 
systems conducted by Corrosion Service Company Limited. 

2.0 PURPOSE 

2.1 To determine the status of the anodes, rectifiers and associated wiring. 

2.2 To measure rectifier outputs, bond, ground and anode lead drains. To 
inspect cables and other provisions for condition and operation.  

2.3 To make adjustments and undertake minor repairs to the system to 
achieve optimum performance. 

2.4 To determine the level and extent of protection being achieved 
throughout dock structure. 
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2.5 To report on the survey results and to make recommendations for 
maintaining complete protection. 

3.0 PROCEDURE 

3.1 Survey Equipment 
 Simpson model 400 multimeters, 
 T & R or Neilson Copper Sulphate Electrodes, 
 CCPL-3 silver-silver chloride electrode 
 Swain model Sea Clip D.C. ammeter 

3.2 The rectifiers were inspected.  Voltage and current readings were 
recorded and total circuit resistance was calculated.  To check meter 
accuracy, readings were taken with an external meter. 

3.3 For the dock facility, structure-to-water constant on potential readings 
were recorded for as many of the accessible piles and sheet pile wall as 
possible (See Appendix IV). 

3.4 Negative and anode leads were measured for current drains. 

3.5 All data was tabulated and analyzed in the preparation of this report. 

4.0 DISCUSSION OF RESULTS 

4.1 Status of Facilities 

4.11 Rectifiers: The impressed current system includes two 18 volt, 200 amp 
rectifiers.  The rectifiers were inspected and found to be operating 
normally: the west unit at 7.6 volts producing 57.5 amps with a circuit 
resistance of 0.132 ohms, the east unit at 7.1 volts producing 50.5 amps 
with a circuit resistance of 0.141 ohms. 

The systems should be left on at all times except during dock work or 
other unusual conditions.  Monthly or quarterly checks on system output 
should be undertaken with a total target current level of approximately 
100 amps.  Changes greater than 15% in output should be reported to 
Corrosion Service Company Limited. 

4.12 Anodes: Current readings were recorded for individual anodes and for 
negative bond connections.  As the data shows all anodes for both 
systems are producing satisfactory current outputs. 
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4.2 Status of Protection 

4.21 Protection Criterion 

For interpretation of potential data see Appendix I: National Association 
of Corrosion Engineers (NACE) Protection Criteria, standard SPO169-
2007.  For saltwater environments a silver-silver chloride electrode is 
generally used with an equivalent referenced potential of 800 millivolts 
negative.   

Note that polarized potentials cannot be measured for the dock structure, 
as protective current from the rectifiers cannot be interrupted during the 
potential measurement.  To minimize IR drop reading error, potential 
measurements are recorded in close proximity to pile surfaces at 
locations remote from the anodes.  In highly conductive electrolytes, 
such as saltwater, voltage drops other than those across the structure to 
electrolyte boundary are expected to be very low and as such should not 
add significant error to potential measurements. 

4.22 Dock Structure 

As the data shows, protection levels are generally similar to the last 
survey in 2012 (see Appendix IV), and at most test locations, potential 
measurements meet the equivalent NACE No. 1 Protection Criterion. .  A 
significant exception however, is at west end of the dock in rows 1 - 4, 
Bents G – I (see Appendix V drawing) where protection levels are 
significantly diminished and do not meet the required NACE Protection. 
Based on an initial visual inspection we conclude that reduced protection 
levels at the west end of dock may result from a mechanical short to the 
new sheet pile wall through tie-back structures anchored to the existing 
pile cap.  To restore proper protection to the pile structure we 
recommend follow-up review and investigation and repair/upgrade work 
as required. 
 

5.0 RECOMMENDATIONS 

5.1 Monthly or quarterly checks on system output should be undertaken with 
a target total target current level of approximately 100 amps.  Changes 
greater than 15% in output should be referred to CSCL. ror review. 

5.2 At the first opportunity investigate the apparent short and reduced 
protection levels at the west end of the dock.  

5.3 Undertake a complete maintenance survey by year end. 
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APPENDIX I 
 

CATHODIC PROTECTION CRITERIA 
 

From National Association of Corrosion Engineers (NACE) 
Standard SPO169-2007 

 
 

1. A negative (cathodic) potential of at least 850 mV with the cathodic protection 
applied. This potential is measured with respect to a saturated copper-copper 
sulphate electrode contracting the electrolyte. Voltage drops other than those 
across the structure to electrolyte boundary must be considered for valid 
interpretation of this voltage measurement.  “Consideration” is understood to 
mean the application of sound engineering practice in determining the 
significance of voltage drops by methods such as the following: 

 
 Measuring or calculating the voltage drop(s). 

 
 Reviewing the historical performance of the cathodic protection system. 

 
 Evaluating the physical and electrical characteristics of the structure and its 

environment. 
 

 Determining whether or not there is physical evidence of corrosion. 
 
2. A negative polarized potential of at least 850 mV measured with respect to a 

saturated copper-copper sulphate electrode contacting the electrolyte 
 
3. A minimum of 100 mV of cathodic protection between the structure and a stable 

reference electrode contacting the electrolyte. The formation or decay of 
polarization can be measured to satisfy this criterion. 

 
ALTERNATE REFERENCE ELECTRODES 

 
Other standard reference electrodes may be substituted for the saturated 
copper/copper sulphate reference electrode. Two commonly used reference 
electrodes are listed below along with their voltage equivalent (at 25ºC [77ºF]) to –
850 mV referred to a saturated copper/copper sulphate reference electrode.  

 
1. Saturated KCL calomel reference electrode: -780 mV; and  

2. Saturated silver/silver chloride reference electrode used in 25 ohm-cm seawater: -
800 mV. 
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APPENDIX II-1
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

RECTIFIER "A" PERFORMANCE DATA (West Rectifier, Near Bent 42)
Model No: CSOWTZ 18-200EPZ, Serial No. 86C1051
Note: AF: As Found, AL: As Left, Set: System Activated

DATE TIME BY STATUS TAP VOLTS AMPS OHMS  HOURS

07-13-06  9:30 RJA AF CBF4 8.0 62.0 0.129 32263

Meter Check 7.8  62.5 0.125

  

12/13/07  11:00 RJA AF/AL CBF4 8.0 60.0 0.133 40998

Meter Check 7.4  56.0 0.133

12/16/08  10:30 RJA AF/AL CBF4 8.0 60.0 0.133 49842

Meter Check 7.8  60.5 0.129

12/16/09  10:30 RJA AF/AL CBF4 8.0 55.0 0.145 58295

Meter Check 7.9  54.0 0.146

12/09/10  10:30 RJA AF/AL CBF4 8.0 48.0 0.167 66674

Meter Check 8.3  41.5 0.200

12/07/11  11:15 RJA AF/AL CBF4 7.5 50.0 0.150 74950

Meter Check 8.3  37.8 0.220

03-10-12  10:00 RJA AF CBF4 8.3 34.5 0.241 82145

AL 8.1  60.0 0.135

11/12/12  09:00 RJA AF/AL CBF4 8.0 60.0 0.133 n/a

Meter Check 7.8  60.8 0.128

12/11/13  11:30 RJA AF/AL CBF4 8.0 60.0 0.133 n/a

Meter Check 7.6  57.5 0.132
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APPENDIX II-2
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

RECTIFIER "B" PERFORMANCE DATA (East Rectifier, Near Bent 20)
Model No: CSOWTZ 18-200EPZ, Serial No. 86C1052
Note: AF: As Found, AL: As Left, Set: System Activated

DATE TIME BY STATUS TAP VOLTS AMPS OHMS  HOURS

12-13-07 10:30 RJA AF/AL CBF3 7.5 50.0 15570

Meter Check 7.1 49.0 0.145

12-16-08 10:45 RJA AF/AL CBF3 7.5 50.0 15570

Meter Check 7.3 51.5 0.141

12-16-09 11:00 RJA AF/AL CBF3 7.5 50.0 15570

Meter Check 7.4 52.0 0.141

12-09-10 11:00 RJA AF/AL CBF3 7.5 50.0 n/a

Meter Check 7.6 52.0 0.146

12/07/11 11:00 RJA AF/AL CBF3 7.5 50.0 n/a

Meter Check 7.2 49.0 0.147

12/11/12 09:30 RJA AF/AL CBF3 7.5 50.0 n/a

Meter Check 7.4 52.5 0.140

12/11/13  11:30 RJA AF/AL CBF3 7.5 50.0 0.150 n/a

Meter Check 7.1  50.5 0.141

Corrosion Service Company | Corrosion Prevention in Soil and Water | Industrial - Marine - Infrastructure
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APPENDIX III-1
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

ANODE TO STRUCTURE CURRENT DATA - RECTIFIER A (West Rectifier)

SURVEY DATE 12/07/11 11/03/12 12/11/12 12/11/13
SURVEY BY R.J.A. R.J.A. R.J.A. R.J.A.
CURRENT 37.8 Amps 34.5 60.1 60.8 57.5

Anode Cable #

1 0.0 0.0 12.0 11.4 10.7

2 12.5 7.5 5.5 5.9 10.8

3 0.0 0.0 11.4 10.9 9.4

4 0.0 0.0 10.3 10.4 8.9

5 11.1 12.1 9.5 9.8 9.5

6 14.8 13.9 11.3 11.1 11.6

Anode Total 38.4 33.5 60.0 59.5 60.9

Negative Cable 37.9 60.0
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APPENDIX III-2
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

ANODE TO STRUCTURE CURRENT DATA - RECTIFIER B (East Rectifier)

SURVEY DATE 12-07-11 12/11/12 12/11/13
SURVEY BY R.J.A. R.J.A. R.J.A.
CURRENT 49.0 Amps 60.8 50.5

Anode Cable #

1 11.0 11.2 10.8

2 10.1 10.6 10.1

3 9.7 10.4 9.6

4 9.8 10.3 10.6

5 10.4 10.1 9.4

Anode Total 51.0 52.6 50.5

Negative Cable

(Structure Bond)

1 27.0 29.3

2 23.0 22.8

Total 50.0 52.1

Corrosion Service Company | Corrosion Prevention in Soil and Water | Industrial - Marine - Infrastructure
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APPENDIX IV-1
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

PILE-TO-WATER POTENTIAL MEASURMENTS, MILLIVOLTS NEGATIVE
Readings to Silver-Silver Chloride Reference Electrode
Except Where Noted All Measurments Recorded In Water At 1 Meter Depth

SURVEY DATE 12/16/09 12/09/10 12/07/11 12/11/12 12/11/13
SURVEY BY R.J.A R.J.A R.J.A R.J.A R.J.A
CURRENT 106 Amps 94 Amps 87 Amps 113 AMPS 108 AMPS

Pile Location
W1
W2
W3
W4
W5

W6
W7
W8
W9

W10 843 828 820

W11 833 843 840 840
W12 828 816 830 960 820
W13 812 816 846 815 814
W14 805 790 823 821 809
W15 783 785 804 800

W16 805 800 890 800 880
W17 865 800 900 870 870
W18 800 863 900 865
W19 825 863 909 858 790
W20 870 823 909 790 813

W21 865 775 800 811
W22
W23 870 810 817 860
W24 870 858 845 861
W25 922 858 860 903 930

W26 926 842 900 903 940
W27 926 860 912 953 940
W28 956 907 930 950 968
W29 986 915 912 963 1000
W30 983 915 915 948 980

W31 998 956 951 980 1027
W32 997 990 960 946 1030
W33 950 990 961 923 1040
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APPENDIX IV-2
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

PILE-TO-WATER POTENTIAL MEASURMENTS, MILLIVOLTS NEGATIVE
Readings to Silver-Silver Chloride Reference Electrode
Except Where Noted All Measurments Recorded In Water At 1 Meter Depth

SURVEY DATE 12/16/09 12/09/10 12/07/11 12/11/12 12/11/13
SURVEY BY R.J.A R.J.A R.J.A R.J.A R.J.A
CURRENT 106 Amps 94 Amps 87 Amps 113 AMPS 108 AMPS

Pile Location
A1 1037 1020 1033 1067 960
A2 992 980 1010 1036 894
A3 964 826 1021 953

B1 1047 1000 1049 1094 950
B2  1034 970 1017 1063 1102
B3  992 956 1001 1020
B4
B5

B6
B7
B8
B9

B10 998 986 988

B11 1000 1010 950 1012 952
B12 1009 965 1075 970 940
B13 984 963 970 980 924
B14 968 932 946 970 890
B15 937 963 1000 950

B16 959 930 925 1060 940
B16 WEST 959 923 985 1057 943
B17 1028 1054 985 1050 1085
B17 WEST 1028 1065 1140 1050 1080
B18 1108 1040 1100 1070 1750

B19 946 920 983 956 880
B20 962 945 935 963 940
B21 1020 993 960 1017
B22 1010 990 1020 1030
B23 1012 970 1063 1047

B24 1030 958 1050 1037 1035
B25 1030 990 1044 1046 1050
B26 1077 1082 1076 1067 1000
B27 1077 1089 1098 1043 1065
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APPENDIX IV-3
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

PILE-TO-WATER POTENTIAL MEASURMENTS, MILLIVOLTS NEGATIVE
Readings to Silver-Silver Chloride Reference Electrode
Except Where Noted All Measurments Recorded In Water At 1 Meter Depth

SURVEY DATE 12/16/09 12/09/10 12/07/11 12/11/12 12/11/13
SURVEY BY R.J.A R.J.A R.J.A R.J.A R.J.A
CURRENT 106 Amps 94 Amps 87 Amps 113 AMPS 108 AMPS

Pile Location
B28 1098 1106 962 1058 1086
B28 WEST 1098 1105 970 1058 1086
B29 1200 1209 1040 1153 1236
B29 WEST 1200 1208 1042 1070 1240
B30 1150 1161 1057 1100 1080

  
B31 1141 1106 1057 1054 1124
B32 1151 1146 1037 1023 1100
B33
B34

C1 1090 1037 1100 1165 1070
C2 1092 1010 1057 1170 1028
C2 WEST 1047 1005 1057 1100 1000
C3 1047 956 1000 1030 938
C4 1000 957

C5
C6
C7
C8 974 944 931 940 870
C9 967 1040 1023 964 902

C10 1116 1120 1237 1040 1080
C11 1145 1170 1180 1116 1060
C11 WEST 1145 1199 1200 1120 1075
C12 1112 1140 1110 1060 1050
C13 1122 1150 1120 1060 1060

C14 1105 1142 1167 1059 1050
C14 WEST 1085 1123 1150 1093 1045
C15 1028 1040 1053 1045 970
C16 1010 993 1060 1014 960
C16 WEST 1010 987 1058 1012 960

C17 1075 1058 1127 1080 1130
C17 WEST 1082 1075 1125 1095 1135
C18 1175 1220 1290 1174 1230
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APPENDIX IV-4
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

PILE-TO-WATER POTENTIAL MEASURMENTS, MILLIVOLTS NEGATIVE
Readings to Silver-Silver Chloride Reference Electrode
Except Where Noted All Measurments Recorded In Water At 1 Meter Depth

SURVEY DATE 12/16/09 12/09/10 12/07/11 12/11/12 12/11/13
SURVEY BY R.J.A R.J.A R.J.A R.J.A R.J.A
CURRENT 106 Amps 94 Amps 87 Amps 113 AMPS 108 AMPS

Pile Location
C18 WEST 1175 1215 1273 1173 1230
C19 1052 1026 1286 1040 995
C20 1034 1000 1285 1119 992
C21 1108 1072 1100 1180 1150
C22 1085 1142 1062 1090 1226
C23 1085 1069 1184 1075 1050
C23 WEST 1060 1072 1144 1080 1051

C24 1080 1054 1140 1088 1129
C25 1090 1062 1123 1085 1085
C26 1175 1128 1130 1137 1132
C26 WEST 1175 1133 1197 1128 1145
C27 1124 1117 1180 1137 1114

C28 1117 1125 1163 1096 1154
C28 WEST 1119 1122 1160 1096 1155
C29 1243 1220 1260 1234 1310
C29 WEST 1243 1240 1270 1280 1323
C30 1198 1222 1310 1275 1230
C30 WEST 1198 1223 1242 1186 1230

C31 1122 1121 1146 1116 1150
C32 1207 1208 1270 1205 1140
C33 1198 1258 1246 1216 1070
C34 1088 1097 1107 1100 1085

D1 1111 994 1091 1160 1024
D2 1069 987 1020 1132 980
D2 WEST 1068 966 1021 1105 980
D3 1040 947 1012 1056 1010
D4 1036 938 998 1063 904
D4 WEST 1020 936 1002 1010 840

D5
D5 WEST
D6
D6 WEST
D7
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APPENDIX IV-5
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

PILE-TO-WATER POTENTIAL MEASURMENTS, MILLIVOLTS NEGATIVE
Readings to Silver-Silver Chloride Reference Electrode
Except Where Noted All Measurments Recorded In Water At 1 Meter Depth

SURVEY DATE 12/16/09 12/09/10 12/07/11 12/11/12 12/11/13
SURVEY BY R.J.A R.J.A R.J.A R.J.A R.J.A
CURRENT 106 Amps 94 Amps 87 Amps 113 AMPS 108 AMPS

Pile Location
D8 935 940 930 930 860
D8 WEST 935 945 950 923 830
D9 985 1010 967 963 910
D9 WEST 985 1012 991 970 916

D10 1165 1040 990 1094 1042

D11 1130 1100 1196 1100 1046
D11 WEST 1130 1110 1165 1042 1048
D12 1143 1109 1170 1126 1114
D13 1150 ` 1130 1240 1136 1109
D14 1130 1154 1238 1024 1142
D14 WEST 1130 1160 1150 1027 1138

D15 1033 1142 1240 1069 980
D16 1064 1140 1240 1070 985
D16 WEST 1070 1206 1150 1085 965
D17 1063 1188 1070 1058 1006
D17 WEST 1060 1110 1070 1060 1010

D18 1087 1022 1162 1140 1042
D18 WEST 1087 1018 1107 1135 1043
D19 1050 1062 1130 1202 1000
D20 1059 1057 1133 1170 1040
D20 WEST 1059 1066 1090 1202 1030

D21 1146 1037 1093 1118 1114
D21 WEST 1143 1056 1090 1122 1120
D22 1214 1053 1095 1118 1249
D23 1127 1140 1190 1120 1080
D23 WEST 1127 1163 1090 1220 1074

D24 1167 1111 1158 1200 1140
D25 1160 1112 1157 1176 1130
D26 1210 1222 1220 1181 1238
D26 WEST 1200 1208 11219 1121 1233
D27 1130 1213 1289 1122 1140
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APPENDIX IV-6
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

PILE-TO-WATER POTENTIAL MEASURMENTS, MILLIVOLTS NEGATIVE
Readings to Silver-Silver Chloride Reference Electrode
Except Where Noted All Measurments Recorded In Water At 1 Meter Depth

SURVEY DATE 12/16/09 12/09/10 12/07/11 12/11/12 12/11/13
SURVEY BY R.J.A R.J.A R.J.A R.J.A R.J.A
CURRENT 106 Amps 94 Amps 87 Amps 113 AMPS 108 AMPS

Pile Location
D28 1130 1130 1184 1190 1116
D28 WEST 1130 1139 1156 1170 1116
D29 1240 1140 1158 1224 1228
D29 WEST 1237 1271 1276 1225 1240
D30 1190 1259 1299 1183 1185
D30 WEST 1190 1187 1232 1171 1202

D31 1192 1195 1223 1180 1120
D32 1163 1101 1170 1132 1154
D32 WEST 1163 1210 1181 1137 1160
D33 1167 1140 1070 1153 1220
D33 WEST 1167 1158 1205 1156 1210
D34 1070 1058 1080 1070 1054

E1 1107 992 1050 1149 1011
E2 1072 973 1020 1090 910
E2 WEST 1055 968 1020 1086 869
E3 1030 952 980 1050 808
E4 1016 937 970 1020 815
E4 WEST 1016 933 965 1020 900

F1 1100 960 1021 1110 890
F2 1050 958 1018 1094 800
F3 1062 935 970 1060 790
F4 1040 940 994 1034 726
F4 WEST 1039 943 992 1040 740

MF1 1040 950 1009 1082 870
MF2 1085 934 960 1030 880
MF3 1102 900 954 975 810

  
G1 1100 956 1023 1096 723
G2 1092 953 1017 1070 730
G3 1060 937 989 1030 720
G4 1043 941 993 1030 760
G4 WEST 1045 940 994 1050 860
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APPENDIX IV-7
PUBLIC WORKS CANADA
ESQUIMALT GRAVING DOCK
SOUTH LANDING WHARF PILING

PILE-TO-WATER POTENTIAL MEASURMENTS, MILLIVOLTS NEGATIVE
Readings to Silver-Silver Chloride Reference Electrode
Except Where Noted All Measurments Recorded In Water At 1 Meter Depth

SURVEY DATE 12/16/09 12/09/10 12/07/11 12/11/12 12/11/13
SURVEY BY R.J.A R.J.A R.J.A R.J.A R.J.A
CURRENT 106 Amps 94 Amps 87 Amps 113 AMPS 108 AMPS

Pile Location
H1 1105 964 1020 1023 790
H2 1100 954 1029 1032 782
H3 1040 944 940 1060 740
H4 1050 950 1007 1074 633
H4 WEST 1045 946 1002 1080 710

MH1 1055 962 1026 1030 732
MH2 1040 950 930 1075 740
MH3 1045 975 999 1080

I1 1132 964 1020 HT 700
I2 1117 958 1030 HT 764
I3 1040 942 1036 HT 740
I4 1040 944 1006 HT 680
I4 WEST 1037 947 1015 1085 645
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September 21, 2016 
 
Herold Engineering Ltd. 
1051 Vancouver St. 
Victoria, B.C. V8V 4T6 
 
Attention: Kate Ulmer, P.Eng 

Associate 
 

Re: Cathodic Protection Design Review  
Esquimalt Graving Dock (EGD) 
South Jetty Wharf Development 
Victoria, B.C. 

 
As requested we have undertaken a cathodic protection (cp) study for the above noted facility.  In the 
following sections we provide background information on corrosion and cathodic protection, review 
the construction details of the proposed and existing wharf structures, examine cathodic protection 
design options and provide a cp system recommendation complete with initial cost estimate. Details 
are as follows. 
 
1. Study Scope 
 
The study scope covers initial review and pricing of cathodic protection for the EGD South Jetty Wharf 
Development project.  For corrosion mitigation it is understood the subject structures will be provided 
a high quality coating (epoxy or similar) from the pile cap through to the mudline complimented by 
cathodic protection.  In summary, we have assumed the cathodic protection should be designed to 
provide a minimum 20 year service life and for a more detailed discussion of system design life and 
related considerations see section 3.3 below. 
 
2. Corrosion & Cathodic Protection Background 
 
2.1. Marine Corrosion & Cathodic Protection 

 
Cathodic protection is an effective method of eliminating corrosion in marine environments.  In 
the inter-tidal zone the level of protection is dependent on the elevation above low tide.  Typically, 
cathodic protection is totally effective to the mid tide level and below including seabed 
penetrations.  Through the upper tidal zone protection levels decrease and above high tide there 
is no effect.  For marine applications then, an ideal corrosion protection system includes cathodic 
protection used in conjunction with a structure coating, which is installed in at least the inter-tidal 
zone. Cathodic protection of the submerged portion of the marine structures in addition to the 
lower half of the tidal zone can be achieved by sacrificial anodes or an impressed current system.  
Details of these types of systems are as follows. 
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2.2. Sacrificial Cathodic Protection 
 

“Sacrificial” type cathodic protection utilizes the inherent nature of reactive metals such as 
aluminum, zinc or magnesium to provide energy for the protection system.  Through electrolysis 
the energy becomes available when potential difference between dissimilar metals (the anode 
material verses the ferrous metal of the dock structure) is configured in an electrical circuit and 
the anode material is consumed.  This electrochemical energy source is similar to a battery. 
 
Aluminum and zinc are common sacrificial anodes.  Both are widely used in marine applications 
and although zinc provides better performance under more variable conditions, the consumption 
rate by weight is approximately three times that of aluminum often making it the less economical 
choice.  In summary for the purposes of cost comparison we have chosen a standard 96kg. 
aluminum anode assembly which has proven to be reliable as well as cost effective to purchase 
and install.  Advantages of sacrificial systems include: 
 

 Relatively simple design and installation, 

 Easier and less costly to protect smaller, physically remote or isolated structures, 

 Generally most cost effective option for smaller current requirement systems, 

 System material is easy and inexpensive to manufacture and replace, 

 No AC power required, so no operational costs and reduced maintenance costs, 

 Reduced or absent structure continuity bond requirements, 

 Minimal or absent complication relating to interference effects on un-bonded foreign 
structures such as vessels, barges, etc. berthed at the terminal. 

2.3. Impressed Current Cathodic Protection 
 

Impressed current cathodic protection is provided by a combination of rectifier power supply, 
impressed current anodes and coupling conductors and hardware.  To power the electrolysis 
reaction these systems convert A.C. to D.C. power.  General configurations often include one or 
more rectifier power supplies and cast iron or mixed metal oxide anode assemblies  System 
advantages include:  

 The capital cost of an equal life system is generally lower for larger current requirement 
systems with a breakeven point in the range of approximately 100 amps.  In summary, 
below this value capital costs for a sacrificial system are lower whereas above this value 
capital costs increasing favour the use of impressed current systems. 

 It is easier to adjust for losses in anodes or additions to the dock structure, 

 After the anodes are consumed, usually only the anodes and anode cables need 
replacement, 

 Extra system capacity can protect new structures or provide extended service life. 
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3. Subject Facility Review 
 
3.1. Facility Description 
 

Select sheets from the provided drawing package for project #R.026729.002, were used as 
references for the subject review.  Cathodic protection is to be provided to the following structures 
at the marine facility including: 

 West Jetty: Wharf replacement structure, including 102 - 762mm diameter coated steel 
piles.  Also 14 – 762mm diameter steel displacement control piles with bedrock 
anchors. 

 South Jetty: Wharf replacement structure, including 100 - 762mm & 914mm diameter 
coated steel piles. 

 Existing South Jetty Dock Structure: The existing pile structure is to be retained 
including approximately 170 coated steel piles and 200 linear meters of coated sheet 
pile wall (SPW).  In summary, these structures are provided cathodic protection and for 
more details see the following section. 

3.2. Status of Facility 
 
We understand the existing coated steel South Jetty Dock is to be retained.  The structure dates 
from the 1980’s and has been provided impressed current cathodic protection (cp) since 1986.  
The cp system was originally designed and installed by Coproco Corrosion Control, now 
Corrosion Service, and over the years our company has generally undertaken annual maintenance 
surveys with some upgrades and repairs completed as required.  The original system had a 
nominal 20 year design life and includes two (2) DC 18V-200A rectifier units complete with 
seabed placed anode assemblies.  The anodes were a 50lb., 2% lead silver type and over the last 
10 years as they have failed a Mixed Metal Oxide (MMO) replacement has been installed, such 
that approximately 2/3 of the original anodes have now been replaced.  The last maintenance 
inspection of the systems dates from 2014 and at that time the systems were found to be operating 
normally at a total output of approximately about 120 Amps.  Finally note that on-going South 
Jetty Remediation Project has meant that the systems have been off since early 2015 with the 
anodes and some cabling removed. At this time we are uncertain of the status of these components 
or the system re-installation-commissioning plans. 
 
In summary for many years the existing cp systems have generally provided satisfactory corrosion 
protection, however due to system age, limited maintenance work and what we expect may be 
significant damage due to the Remediation Project, more significant repairs/upgrades will likely 
to be required in the short to medium term.  Finally, if we assume the cathodic protection system 
service life for both the existing and new pile structures should be similar then we conclude that 
replacement of the existing cp systems is likely the preferred approach within an overall design 
concept for the Wharf Development project. 
 
 



Herold Engineering Limited September 21, 2016 
EGD – South Jetty Wharf Development Page 4 
Cathodic Protection Review  

 

 

 
 

Corrosion Service Company Limited 
1103  Cliveden Avenue East, Annacis Island, Delta, B.C. V3M 6G9 (604) 521-1234 Fax: (604) 521-0910 Web: www.corrosionservice.com 
MONTREAL    •    SARNIA    •    TORONTO    •    CALGARY    •    EDMONTON    •    VANCOUVER    •    INTERNATIONAL 

3.3. CP Design, Redundancy and Facility Service Life 
 

As noted above, the design life for the cathodic protection is a minimum twenty years although 
for the subject structures there is some additional protective capacity based on conservative 
design estimates and likely reduced, longer term polarization requirements.  This may provide 
either longer service life or more protective capacity for scenarios such as structure additions.  
 
In regard to service life it has been our experience that marine cp systems experience 
considerable time related deterioration as they approach and exceed 20 years of service and more 
typically develop significant protection deficiencies as a result of aging cables, bonds and 
hardware rather than fully consumed anodes.  For this reason, regular annual maintenance 
surveys are recommended  and become increasingly important as the marine structures age. 
 

4. System Design Considerations 
 
4.1. Current Requirement 
 

A critical design consideration for providing proper cathodic protection is current requirement.  
Current requirement calculations are based on unit density recommendations outlined in NACE 
(National Association of Corrosion Engineers) SP0176-2007.  To determine overall system 
current requirements, the subject structures were inventoried with estimates made for surface 
area seawater exposures and seabed penetrations.  Note that for seawater exposures initial 
current requirements are higher than mean requirements as a result of structure polarization 
effects.  In Table 1 we summarize our assumptions and estimates and indicate expected overall 
current requirements for the subject new and existing EGD South Jetty structures2. 

Table 1 Cathodic Protection Design Calculations Summary 
 

Ref. 
Esquimalt 
Graving 

Dock Facility 

Structure 
Description 

Coating 
Quality 

Estimate 

Total Exposure 
(Sea/Mud) 

Surface Area 
(meter)2 

Required Current 
Density (mA/meter2) 

Total 
Required Current (A)

Initial1 Average1 
Initial Average 

Sea Mud Rock Sea Mud Rock 

2. 
West Jetty 

Wharf 
116-762mm 

Piles 
90% 12,936 15 30 2 9 30 2 337 321 

3. 
South Jetty 

Wharf 

100- 
762/914 mm 

Piles  
90% 9,348 15 30 n/a 9 30 n/a 290 280 

 
Existing 

Dock 
Structure 

170 Piles & 
200m of 

SPW 

Assumed 
to be 
High 

Uncertain n/a 2002 1202 

 

1: NACE (National Association of Corrosion Engineers) SP0176-2007 Recommended Current Densities, De-
rated For Coating Completeness 

2: Current Requirements Based on Operational History 
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4.2. Current Requirement Assumptions and Estimates 
 
As noted above in the summary table a coating quality estimate of 90% complete is used for the 
new pile structures.  As compared to for example, pipeline soil applications this estimate may 
seem low, however there are several factors which account for this including:  

 A conductive, dense electrolyte (seawater) which more readily exposes coating holidays, 
thinness and other deficiencies, 

 Accelerated coating deterioration and much more likely damage due to harsh 
environmental conditions including seawater and atmospheric/weather exposures, 
marine life growth, mechanical impacts, etc., 

 Difficult environmental conditions for field handling and field coating applications. 

To account for these factors we have de-rated the design estimate coating quality by 10% which 
is based on considerable empirical experience in marine applications.  In addition note that mud 
exposed surfaces are assumed to be uncoated but have a lower current requirement (30mA/M2) 
than bare pile surfaces exposed to seawater (un-derated).  Note also that the new piles typically 
have very deep Toe (driven) elevations, typically -20 to -50 meters which greatly increases 
surface areas where reduced polarization effects occur.  The net result is much less difference 
between initial and mean current requirements as compared to other dock structure applications.  
Finally note that current requirement estimates for the existing dock structures are based on 
recent operational values including an expected initial value for depolarization. 

In summary and as indicated in the table above the total initial current requirement for both the 
new and existing pile structures is in the range of 830 Amps while the average requirement is 
approximately 720 Amps.  In summary, this overall current requirement is relatively high and 
in the absence of other considerations would typically move a cost based design decision 
strongly in favour of impressed current type systems. 

 
4.3. Structure Continuity 

 
For cathodic protection to be effective sacrificial systems generally require at least some 
electrical continuity within and in some cases between structures whereas impressed current 
systems normally require the entire dock structure to be electrically continuous.  Depending on 
the cp system type and the continuity status of the dock structure required bonding work may be 
minimal in scope and cost or be very significant. 
 
Based on our review of the provided drawings, continuity between piles and/or individual bents 
can likely be provided through bonding of or within the rebar cage of the prefabricated pile 
cap/beams.  Subsequent bonding between bents can then be made by connecting to the topping 
slabs, if possible, or independently after construction (details to be confirmed). 
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4.4. Interference Effects 
 
As noted above for impressed current cp systems to be effective proper electrical continuity must 
be provided.  An additional consideration is interference effects to electrically foreign structures, 
which can include vessels and barges berthed at the dock facility.  In summary berthed vessels 
may pick up current from the terminal impressed current system(s) and without a return ground 
path the current can discharge back to the electrolyte (seawater) which may result in accelerated 
corrosion.  This risk is usually be mitigated through vessel cp systems, grounding through shore 
power services or other paths and/or as can be provided through intentional bonding provisions. 

 
5. Conclusions and Recommendations 
 

Cathodic protection is widely used in many industries and is accepted as a cost effective method 
of corrosion control.  Based on a number of considerations we conclude that an impressed current 
type cathodic protection system is the preferred option for the subject dock structures. Specific 
technical and cost considerations include: 

 Relatively high overall initial and mean current requirements in the range of DC 800 – 
700 amps respectively (see Table 1 above).  This results from the relatively large number 
of piles, approaching 400 as well as the very deep Toe elevations for many of the new 
piles. 

 With a current requirement in the range of 800 Amps, a very large number of sacrificial 
anodes would be required for a 20 year design life, including 1 to 4 anodes installed on 
each pile depending on size and other considerations.  Although technically feasible, the 
very large number of required anodes, may make the installation impractical and more  
costly. 

 Although bonding requirements for an impressed current system are more 
comprehensive than for sacrificial, the cost for this work (scope to be confirmed) will 
likely be relatively modest, particularly if incorporated in to the dock construction work 
(see above). 

 The cost for a technically equivalent, equal life system likely favours the impressed 
current option. 

 
5.1. Comparative Cost Estimates 

 
The following lump sum costs are for technically equivalent, 20 year systems delivered on a 
design build basis.  The systems would protect all existing and new piles including the SPW and 
the pricing is inclusive of all costs for cp materials, labour, sub-contracts and expenses including 
a design package (drawings and specification), project supervision, construction inspection and 
system commissioning complete with reporting.  Our estimates reflect recent prices charged by 
British Columbia suppliers and contractors for similar industrial projects in B.C. and we expect 
the estimates to be accurate within +/-20% pending clarification of design details, project scope, 
timing, etc. 
 



Herold Engineering Limited September 21, 2016 
EGD – South Jetty Wharf Development Page 7 
Cathodic Protection Review  

 

 

 
 

Corrosion Service Company Limited 
1103  Cliveden Avenue East, Annacis Island, Delta, B.C. V3M 6G9 (604) 521-1234 Fax: (604) 521-0910 Web: www.corrosionservice.com 
MONTREAL    •    SARNIA    •    TORONTO    •    CALGARY    •    EDMONTON    •    VANCOUVER    •    INTERNATIONAL 

 Sacrificial System: Inclusive costs for a complete sacrificial system amount to 
approximately $XXXXXX.  This includes XXX 96 kg. sacrificial anodes, all installation 
labour and services complete with project supervision, system commissioning and 
reporting etc. as detailed above.  Note that depending the continuity status of the dock 
structures some relatively minor additional bond work may be required. 

 

 Impressed Current System: Inclusive costs for a complete impressed current system 
amounts to approximately $XXXXXX including all materials (rectifiers, anodes, 
cabling, etc.) all installation labour and services complete with project supervision, 
system commissioning and reporting etc.  
 

In summary and as can be seen, the costs for a technically equivalent, 20 year system favour the 
impressed current option.  On this basis, as well as technical considerations as noted above we 
recommend the use of an impressed current type system for protection of all new and existing 
pile structures for the subject South Jetty Wharf Development project. 

 
We trust this information is to your satisfaction.  If you have questions or require further information 
please contact the undersigned at our Annacis Island office. 
 
Yours truly, 
 
CORROSION SERVCICE COMPANY LTD. 
 
 
 
 
David Coskin, EIT 
Systems Specialist 
NACE Certified No. 54488 
 
 

 
Ross Armstrong 
B.C. Regional Branch Manager 
NACE Certified No. 6520 
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1.0 INTRODUCTION 

1.1 Site Description 
The Esquimalt Graving Dock (EGD) is located on the north shore of Constance Cove in Esquimalt Harbour, at 
825 Admirals Road in the Township of Esquimalt, British Columbia.  The EGD Waterlot covers an approximate 
surface area of 5.5 hectares (ha).  The EGD facility is bounded by the Esquimalt and Nanaimo (E&N) Railway 
and the Songhees Indian Reserve to the north, the Department of National Defence (DND) Munroe Head 
Property to the northwest, and the DND Naden Base to the east and southeast.  The Canadian Forces Sailing 
Association (CFSA) is located on the northwest tip of the Waterlot. 

The EGD facility is operated and managed by Public Works and Government Services Canada (PWGSC) and 
constitutes federal Crown-owned property.  Esquimalt Harbour is administered by the DND and is governed by 
the Canada Marine Act, Transport Canada’s Natural and Man Made Harbour Regulations and local policies and 
procedures.  The Harbour Authority is the Queen’s Harbour Master, Canadian Forces Base (CFB) Esquimalt. 

Constance Cove and Esquimalt Harbour have a long history of naval and industrial activity, dating back to the 
mid-1800s.  In 1921, PWGSC began construction of the Esquimalt Graving Dock (EGD) at Skinner Cove, a 
natural marine basin on the north shore of Constance Cove.  The Dry Dock was developed by blasting and 
excavating bedrock, with the blast rock used as fill in portions of the Dry Dock.  Construction was carried out 
within a cofferdam system.  The EGD was operational by 1926 and became one of the largest solid-bottom dry 
docks in the world. 

The EGD facility structures bounding the Waterlot include the North Landing Wharf (NLW), the Dry Dock and the 
South Jetty (or South Landing Wharf).  To the west of the NLW is the Munroe Head foreshore area. 

 

1.2 Project Background 
PWGSC has retained Anchor QEA L.L.C. (Anchor) of Seattle, Washington and Golder Associates Ltd. (Golder) 
to prepare a Remedial Action Plan (RAP) / Risk Management Plan (RMP) for the Esquimalt Graving Dock 
Waterlot.  The current preferred remedial alternative for the Waterlot involves the dredging of contaminated 
sediments to the full extent practicable (Anchor RAP/RMP, 2009).  This includes dredging contaminated 
sediments adjacent to sensitive infrastructure; the North Landing Wharf, Dry Dock entrance and South Jetty.  

Golder has previously provided a preliminary assessment of the potential geotechnical and infrastructure stability 
constraints associated with the proposed remedial dredging of the Waterlot, issued in two technical 
memorandums: 

 “Geotechnical Review of Remedial Options for Esquimalt Graving Dock” dated July 6, 2009; and, 

 “Infrastructure Stability Considerations for proposed Esquimalt Graving Dock Waterlot Sediment 
Remediation” dated June 26, 2009. 

 

These preliminary assessments were based on a review of existing sub-surface information and geotechnical 
data collected or collated by Golder and Klohn Crippen Berger Ltd. (KCB) as part of previous studies at EGD 
(which were mainly focused on the upland area of the facility).  The preliminary assessments also referred to 
shallow sub-surface data available from Golder’s sediment coring program in the Waterlot, which was carried out 
as part of the environmental investigation. 
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The available information was reviewed in the context of the conceptual remedial alternatives being considered 
for the Waterlot.  The potential constraints associated with the proposed remediation were primarily related to 
the dredging of sediments up to or adjacent to sensitive structures, as identified above.  It was recommended 
that a program of sub-surface investigation be carried out within the Waterlot to provide further information with 
which to assess the potential constraints identified and provide a better understanding of the possible cost 
associated with the remedial dredging. 

 

1.3 Objective and Scope of Work 
As identified above, the current preferred remedial alternative for the Waterlot involves dredging contaminated 
sediments adjacent to sensitive infrastructure.  

As part of the remedial alternatives evaluation and costing being carried out by Anchor, sheet piling was 
identified (conceptually) as a potential method which may facilitate dredging up to structures where potential 
undermining or de-stabilising was a concern.  Due to the potential for shallow bedrock or till-like material, it was 
considered necessary to obtain additional data on sub-surface stratigraphy to assess the feasibility of sheet 
piling and to further assess concerns regarding potential undermining or de-stabilising of structures. 

To refine the remedial alternatives evaluation and to provide geotechnical data for the future detailed design 
phase of the remediation, Golder recommended that a program of sub-surface investigation be carried out.  
The objective of the investigation was to further assess Waterlot stratigraphy and associated soil/sediment 
material and in-situ properties, and to assess sub-marine slopes along the NLW and around the South Jetty. 

The scope of work identified by Golder is detailed in our workplan titled “Revised Workplan for a Supplementary 
Borehole Investigation” dated September 30, 2009 (reference P/09/373).  In summary, the scope of work 
included a program comprising: 

 Sonic drilling through the open timber and steel pipe piled section of the South Jetty; 

 Sonic, mud rotary drilling and cone penetration testing (CPT) within the Waterlot from a barge; and, 

 Geotechnical laboratory testing. 

 

As part of the marine based drilling program, Golder included seven CPT locations to support the South Jetty 
rehabilitation project which, is being assessed by KCB on behalf of PWGSC.  This work was undertaken in 
accordance with Golder Change Order Request dated October 1, 2009 (reference E/09/372).  

Sonic drilling through the South Jetty was carried out in conjunction with the environmental detailed site 
investigation, as detailed in Golder’s “Draft Detailed Site Investigation, Esquimalt Graving Dock Waterlot” report, 
which is currently being finalised.  

This report provides a factual account of the geotechnical scope of work undertaken and presents the results of 
the field investigation and laboratory analyses. 
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2.0 AVAILABLE SUBSURFACE INFORMATION 

2.1 Previous Studies 
The following reports were referred to in reviewing the potential geotechnical and infrastructure stability 
considerations, assessing sub-surface stratigraphy and determining the scope of additional investigation 
required at the Waterlot to support the assessment of engineering design considerations for the remedial 
dredging:  

 Westmar Consultants Inc., 2007, “Structural Condition Inspection and Report for: Esquimalt Graving Dock 
South Jetty – Bent Nos. 65S to 96S”: report dated December 2007. 

 Klohn Freundlich Associates Consultants, 2004, “Esquimalt Graving Dock, Seismic Retrofit of Caisson 
Gates and Sills (Final Report)”: report dated March 2004. 

 Klohn Crippen Consultants Ltd., 2002a, “North Landing Wharf Cribs and Laydown Area Renewal, Phase 1 
(Study), Final Report”: report dated September 2002. 

 Klohn Crippen Consultants Ltd., 2002b, “Esquimalt Graving Dock and South Landing Wharf, Site 
Investigation and Liquefaction Assessment, Final Report”: report dated June 2002b. 

 Hay & Company Consultants Inc., 2001, “Report on Condition of South Jetty Wharf, Esquimalt Graving 
Dock, Esquimalt, BC”: report dated June 2001. 

 Golder Associates Ltd., 2001, “Field Investigation Program, North Landing Wharf, Esquimalt Graving Dock, 
Esquimalt, BC”, report dated November 13, 2001. 

 Golder Associates Ltd., 2000, “Compilation of Existing Geotechnical Information, Esquimalt Graving Dock, 
Esquimalt, BC.” PWGSC Project #846348. 

 

Relevant test hole locations and information from the above reports are shown on Figure 1 and data included in 
cross-sections where applicable. 

 

2.2 Published Geology 
The bedrock geology in the area of the Esquimalt Graving Dock, and over a large portion of Greater Victoria, is 
mapped as Wark Gneiss, which is a complex of metamorphic rocks including massive and gneissic metadiorite, 
metagabbro, and amphibolite (Muller, 1983)1.  Metamorphosed granitic rocks of the Saltspring Intrusions occur 
near the southern boundary of the Waterlot based on the geologic mapping of Muller, which suggests that the 
inferred intrusive contact between the Wark Gneiss and the Saltspring Intrusions crosses the point of land 
between Pilgrim Cove and Lang Cove in a roughly east-west direction. 

  

                                                      
1 Muller, J.E., 1983, “Geology, Victoria west of sixth meridian, British Columbia”: Geological Survey of Canada, Map 1553A. 
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During the glacial advances of the Late Pleistocene epoch, the weathered surface of the bedrock, along with 
fault zones or zones with closely spaced joints oriented parallel to the direction of ice movement, were eroded by 
the glaciers, leaving a surface of strong, unweathered rock with highly irregular topography (Nasmith and Buck, 
1998)2.  Many of the valleys and depressions in the bedrock surface were subsequently infilled with glacial and 
post-glacial sediments that range in thickness from less than three metres to more than 30 m. 

In the project area, bedrock is exposed at surface immediately north of the pumphouse and North Landing 
Wharf, where it slopes steeply toward the south and the southwest, respectively.  Bedrock was excavated to 
construct the pumphouse, and the north wall and floor of the dry dock.  A ridge of exposed bedrock occurs along 
the south shore of Pilgrim Cove, located south of the east end of the South Jetty.   

In the Greater Victoria area, the bedrock is directly overlain by discontinuous deposits of basal till and/or poorly 
sorted till-like glacial deposits (ablation till and redeposited till) of silt, sand, gravel, and clay, which may contain 
cobbles and boulders and is collectively referred to as Vashon Till.  The Vashon Till was deposited during the 
Fraser Glaciation (the last of at least three glacial advances of the Late Pleistocene), which began about 20,000 
years ago and ended about 12,000 years ago.  At the peak of the Fraser Glaciation, the ice filled the Strait of 
Juan de Fuca to the Pacific Ocean (Nasmith and Buck, 1998).  In much of the Greater Victoria area, the Vashon 
Till is generally less than a few metres in thickness, but the Vashon Till may be underlain by older glacial and 
inter-glacial deposits of the Late Pleistocene, which may include the QuadraSediments (i.e., Quadra Sand) and 
Dashwood Drift (Clague, 1979). 

The glacial soils and bedrock are overlain by widespread deposits of fine-grained soils known locally as 
“Victoria Clay”, which have infilled many of the bedrock valleys and depressions.  The Victoria Clay consists of 
Capilano-aged glaciomarine sediments, which were deposited near the end of the Fraser Glaciation between 
about 12,000 and 13,000 years ago, at a time when the sea level was approximately 70 m higher than present 
(Nasmith and Buck, 1998).  The Victoria Clay comprises a mixture of silt and clay, with lesser quantities of fine 
sand and coarser-grained materials carried and deposited by floating ice.   

Isostatic rebound of the land due to retreat of the glaciers caused the Victoria Clay to be uplifted which resulted 
in the height of the ground surface relative to sea level being as much as 50 m higher than present levels 
(Nasmith and Buck, 1998).  Where the water table dropped below the surface of the exposed Victoria Clay, 
sub-aerial weathering and desiccation occurred, resulting in the formation of a generally stiff to hard crust that 
typically has a characteristic tan to brown colour due to oxidation (locally referred to as the “brown Victoria 
Clay”).  The upper part of the crust may be cross-cut by closely spaced fissures.  Depending on the depth of the 
underlying bedrock, the weathered crust of the Victoria Clay, which is typically 2 to 5 m thick, may be underlain 
by the “grey Victoria Clay”, which is typically composed of firm, grey, silty clay that has undergone minimal 
subaerial weathering and/or oxidation.  

During the early part of the Holocene epoch, gradual sea level rise allowed scattered beach deposits to develop 
on the surface of the Victoria Clay along historic shorelines that moved as the sea level changed.  Inundation of 
the surface of the Victoria Clay allowed deposition of more recent, Holocene-aged “marine mud” typically 
comprising fine-grained mixtures of silt, clay, fine sand, and marine detritus. 

  

                                                      
2 Nasmith, H.W. and Buck, G.F., 1998.  “The Engineering Geology of the Greater Victoria Area, British Columbia” in Urban Geology of 
Canadian Cities, P.F. Karrow and O. White, Editors, Geological Association of Canada, Special Paper 42; p. 21-38. 
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3.0 INVESTIGATION METHODOLOGY 
The first phase of the supplementary borehole investigation program consisted of ten (10) sonic boreholes 
(GBH09-01 to GBH09-10 inclusive) within the timber pile-supported section of the South Jetty that were drilled 
between August 25 and September 3, 2009. 

This was followed by a phased marine subsurface investigation of the Waterlot using barge-supported drilling as 
follows:  

 Drilling of seven (7) sonic boreholes (GBH09-11, 12, 15 and GBH09-18 to 21 inclusive) between 
October 14 and 16, 2009.  During that period, the planned sonic boreholes in the North Landing Wharf area 
could not be completed due to an unscheduled ship requiring berthing along the NLW.  

 Drilling of one mud-rotary borehole (GBH09-23) from October 19 to 20, 2009. 

 Pushing of fourteen (14) electric piezo-cone penetration test (CPT) soundings at locations selected by 
Golder (GCPT09-01 through 11, inclusive, as well as GCPT09-02B which was the second attempt to get 
through a gravel fill layer) from October 21 to 23, 2009 and from October 2 to 3, 2009.  This included an 
additional logged mud-rotary Borehole GBH09-24 required to drill through the gravel fill layer that caused 
premature cone penetration refusal at GBH09-02B. 

 Pushing of seven (7) CPT soundings at locations selected by Klohn-Crippen Berger (KCPT09-101 through 
107 inclusive) from October 28 to 30, 2009 and from November 2 to 3, 2009, including an additional logged 
mud-rotary Borehole GBH09-17 that was carried out to assess if very shallow refusal at KCPT09-107 was 
due to dense native soils or coarse-grained fill materials (as was encountered at GCPT09-02B).  During this 
period, GCPT09-08 and GCPT09-09 were re-pushed (identified as GCPT09-08B and 09B) due to 
equipment problems that compromised some of the data in the original soundings.  

 Drilling of one mud-rotary borehole through the South Jetty (GBH09-22) on November 4, 2009. 

 Drilling of three (3) sonic boreholes (GBH09-13, 14, 16) and pushing of four (4) CPT soundings 
(GCPT09-03 through 06, inclusive) between November 10 and 13, 2009. 

 

The locations of the test holes for the investigation are plotted on the site plan on Figure 1; a list of the UTM 
coordinates, mudline elevations, maximum depth of penetration, and bottom of hole elevations for each test hole 
are provided in the attached Table 1.  Test holes in the Waterlot along the perimeter of the South Jetty and 
directly in front of the NLW, were located as close to each of the structures as was considered practical, which 
resulted in the test holes being, on average, about 7 m from the edge of the structures. 

The drill rigs used in this investigation were supplied and operated by Mud Bay Drilling Co. Ltd. of Surrey, BC.  
The barge was supplied and operated by Spectrum Marine Ltd. of Richmond, BC.  Cone penetration testing was 
carried out by ConeTec Investigations Ltd. of Richmond, BC.  All field work was carried out under the full-time 
inspection of members of Golder’s geotechnical and/or geo-environmental staff, who located the test holes in the 
field, determined mudline elevations, monitored changes in tide levels, visually examined and logged the 
subsurface conditions encountered, and collected soil samples for detailed examination and laboratory testing of 
geotechnical and/or chemical parameters.  Upon completion of drilling, the boreholes were backfilled with 
bentonite grout. 

The field methodology used for each type of test hole (sonic and mud rotary boreholes and CPTs) is outlined in 
Sections 3.1 to 3.3.  The various methods used to assess the locations and mudline elevations of the test holes 
are described in Section 3.4.  An outline of the various geotechnical laboratory tests carried out on samples 
obtained from the boreholes is provided in Section 3.5.   
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3.1 Sonic Drilling 
Five (5) sonic boreholes on the South Jetty (GBH09-05 through 09, inclusive) and one borehole at Munroe Head 
(GBH09-11) were drilled specifically for environmental sampling of the upper strata and were terminated before 
till-like glacial deposits or bedrock.  Five (5) sonic boreholes on the South Jetty (GBH09-01 to 04 inclusive and 
GBH09-10), and two boreholes in the Waterlot (GBH09-12 and 18), were drilled for combined environmental and 
geotechnical purposes; the remainder of the boreholes were drilled solely for geotechnical purposes. 

The objective of the geotechnical sonic boreholes was to assess the depth to till and bedrock.  Till or bedrock 
were encountered at all geotechnical sonic boreholes except for GBH09-01 and 20, which were both terminated 
at depths of approximately 48 m to 50 m below mudline, within very dense glacial deposits interpreted to be 
basal till.  Two of the originally planned sonic boreholes along the NLW (one in front of NLW Timber Crib #5 and 
one in the northeast corner of the Dry Dock entrance) were to be carried out during the last week of the drilling 
program, but wind storms on November 9 and 13 resulted in rough seas that prevented safe deployment of the 
barge and drill rig.  Test Hole GBH09-13 was to have been drilled adjacent to GCPT09-05, but was instead 
drilled and logged as a pilot hole (i.e., “drill-out”) for GCPT09-04, in which the CPT probe was broken while 
pushing into the top of a layer of rock fill.   

The sonic boreholes drilled through the South Jetty were advanced using a small track-mounted sonic rig 
(DB 320 Mini Sonic Rig).  The sonic boreholes drilled from the barge during the marine investigation were 
advanced using a full size truck-mounted sonic rig.  Sediment/soil cores were recovered using an approximately 
10 cm (four-inch) outer-diameter core barrel which is vibrated into the ground.  Before extracting the core barrel, 
an approximately 15 cm (six-inch) outer-diameter casing is advanced to the core barrel tip depth to maintain a 
cased borehole.  Recovered cores were then extruded from the core barrel into an approximately 150 mm 
diameter polyethylene liner.  In sonic boreholes drilled for environmental purposes, core barrels and lengths of 
casing were decontaminated with soap and water and a high pressure rinse prior to advancing each new 
borehole.   

Poor recovery of the very soft near-surface sediments occurred at all of the sonic boreholes drilled at the west 
end of the South Jetty (GBH09-01, GBH09-03 and GBH09-05 to 08 inclusive), where the greatest thickness of 
these sediments were encountered.  The use of both an open-faced bit and a “flapper” bit were attempted with 
limited success.  At GBH09-03, an apparent cobble became jammed in the “flapper” bit, which may have 
damaged the bit and prevented it from opening sufficiently on a subsequent run, which resulting in poor core 
recovery.  At GBH09-02, an apparent plug of wood in the bit prevented recovery in the top 4 m of core. 

 

3.2 Mud Rotary Drilling 
Mud rotary Boreholes GBH09-22 and 23 were advanced to depths of 12.8 and 14.6 m below mudline, 
respectively, to obtain relatively undisturbed samples of unconsolidated marine sediments and Victoria Clay.  
Sampling was carried out using a piston tube sampling apparatus, which consists of a 76 mm diameter 
thin-walled steel tube that is lowered to the bottom of the borehole, with the bottom of the piston blocking the 
bottom of the tube and keeping drilling mud and slough out of the tube.  The tube is pushed hydraulically into the 
soil or sediment below the bottom of the borehole while the piston stays in contact with the top of the resulting 
sample.   

Mud rotary Boreholes GBH09-17 and GBH09-24 were advanced at KCPT09-107 and GCPT09-24, respectively, 
as “drill-outs”, since the CPT at both locations encountered refusal at shallow depths. 
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In all of the mud rotary boreholes, Standard Penetration Testing (SPT) was carried out at selected depths to 
obtain disturbed soil/sediment samples for stratigraphic identification, and to obtain SPT ‘N’ values3 for 
assessing the relative density of granular soils or the consistency of stiff to hard fine-grained soils.  The SPTs 
were carried out using an automatic trip hammer that maximizes the driving efficiency of the hammer. 

 

3.3 Cone Penetration Testing 
Electronic piezocone penetration test (CPT) soundings were carried out to provide detailed characterization of 
the soil stratigraphy and provide near-continuous measurement of parameters that can be used to interpret soil 
properties used in geotechnical design. 

The CPT soundings were carried out using a cone penetrometer with a 500 bar (50 MPa) capacity cone tip 
(except for KCPT09-101 which was carried out using a 100 MPa capacity cone tip) with a 10 cm² tip area and a 
tip area ratio of 0.8.  The penetrometer was equipped with a pore pressure filter element located directly behind 
the shoulder of the cone (U2 location).  Saturation and assembly of the cone penetrometer was carried out in the 
field by the CPT technician from ConeTec.  Baseline voltage readings were taken at atmospheric pressure on 
the barge.  Measurements of the cone tip resistance (qc), sleeve friction (fs), and dynamic pore pressure 
response (u) were recorded at 0.05 m intervals during penetration at a relatively constant rate of approximately 
0.02 m/s. 

Profiles with depth below mudline of corrected cone tip resistance (qt), sleeve friction (fs), friction ratio (Rf = fs/qt), 
dynamic pore pressure response (u), and soil behaviour type normalized for overburden pressure (SBTn) from 
each CPT sounding are provided in Appendix D.  Profiles for GCPT09-02, 08, 09 have not been included as 
these soundings were replaced by GCPT09-02B, 08B, 09B, respectively.  An apparent problem with the 
equipment electronics appears to have compromised some of the pore pressure data in GCPT09-07 and in 
GCPT09-08, 09 (replaced by GCPT09-08B, 09B carried out after the problem had been corrected).  This may 
have also affected the fs baseline reading in GCPT09-02B, resulting in unusually low fs readings and Rf values in 
that sounding.  In GCPT09-01, the pore pressure data above a depth of approximately 16.5 m appears to exhibit 
a sluggish response that may have been caused by less than 100% saturation of the filter element, and the 
resulting pore pressure data between approximately 4 m and 16 m depth below mudline are lower than they 
should be, based on other CPT pore pressure data from other sounding locations.  

Note that the soil behaviour types indicated in the last column of the CPT plots indicates the type of soil 
response to cone penetration rather than actual soil composition.  The SBTn descriptions provided on the CPT 
profile sheets in Appendix D are based on the classification system developed by Robertson (1990), which is 
included in Appendix D.  Estimates of total and effective overburden stresses used to normalize the CPT data 
are based on the software used by ConeTec and have not been reviewed by Golder.  Use of the normalized 
system avoids the tendency for Soil Behaviour Type descriptions of fine-grained soils to become gradually 
coarser-grained with increasing depth below about 15 to 20 m, which occurs with the commonly used 
non-normalized classification system.  However, there is a tendency for near-surface soils to be described as 
being significantly coarser-grained than actual (e.g., plastic silts described as sands) due to very low overburden 
pressures.   

Both normalized and non-normalized classification systems based on tip resistance and friction ratio tend to 
classify the very stiff silty clay in the crust of the Victoria Clay deposit as a sand/silt mixture, rather than as a very 
stiff fine-grained soil.   

                                                      
3 SPT ‘N’ = the number of blows of a 63.5 kg hammer dropped from a height of 0.76 m to drive an open split spoon sampler a distance of 0.3 
m 
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3.3.1 Pore Pressure Dissipation Testing 
A pore pressure dissipation test was conducted within the glacial deposits encountered at most CPT locations.  
Dissipation tests were conducted to assess the equilibrium piezometric pressure at the test depth, and to 
differentiate fine-grained till-like soils from coarser-grained granular materials.  Once cone penetration is halted, 
the dynamic pore pressures (u) generated during penetration will increase or decrease with time (depending on 
whether u is above or below the background pressure at that depth), until u is in apparent equilibrium with the 
background pressure.  The rate of the change in u with time also provides information on the coefficient of 
consolidation of the soil, which is a function of soil permeability.  Generally, equilibrium pressures were only 
achieved where the penetrometer was able to adequately penetrate soils that were sufficiently permeable for the 
equilibrium pressure to be reached in a relatively short period of time. 

The dissipation curves are included in Appendix E, and the interpreted piezometric levels at locations where 
equilibrium conditions appear to have been achieved are listed in Table E-1. 

 

3.4 Surveying of Test Hole Locations and Mudline Elevations 
Surveying of test hole and mudline elevations was conducted by the Focus Corporation.  The horizontal location 
of the holes in the jetty deck that were used to allow boreholes to be advanced through the deck, and the 
elevation of the jetty deck were surveyed at each of the 10 sonic boreholes locations at the South Jetty.  The 
approximate elevation of the mudline was calculated using the measured distance between the surveyed deck 
and the mudline, which was determined using a weighted tape measure.  

Reference points for the marine investigation test holes along the perimeter of the South Jetty and the NLW 
were surveyed in advance by Andy Blaine Consulting and were marked with a survey pin and flagging on the 
edge of the structure.  The actual locations of the drill casing were determined by measuring the perpendicular 
offset distance between the survey pin and the drill casing, as well as the offset distance parallel to the structure 
(if necessary), using a tape measure.  The horizontal coordinates of the boreholes were determined by plotting 
the surveyed reference points on the AutoCAD base plan and applying the offset distances measured in the 
field.  The elevation of the mudline was obtained by measuring the vertical distance between the survey pin and 
the water level using a tape measure, and assessing the depth of the mudline below the water at the same point 
in time using a weighted tape.  This method was also used to determine the mudline elevations of GBH09-11 
and 12 located offshore of Munroe Head.  However, the horizontal locations of these boreholes were estimated 
using a hand-held GPS which has an approximate horizontal positional accuracy of +/- 3.0 m. 

For the marine investigation holes where the barge was anchored farther away from the structures, the 
horizontal coordinates of the drill casing and the elevation of the barge deck were measured using an RTK GPS 
unit that typically achieved a positional accuracy of approximately +/- 2.0 to 3.0 cm.  The approximate elevation 
of the mudline was calculated using the measured distance between the surveyed barge deck and the mudline, 
which was determined using a weighted tape measure. 

In addition to the limitations on the accuracy of the surveyed reference points and the taped measurements, the 
accuracy of the borehole locations and mudline elevations obtained using these methods is affected by potential 
deviations from plumb of the drill casing between the jetty deck or the barge deck and the mudline, as well as 
deviations from plumb of the tape measure through the water column.  Furthermore, the weighted tape can be 
expected to sink some unknown distance into the very soft sediments below the surface of the sediments during 
measurement of the mudline. 
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3.5 Geotechnical Laboratory Testing 
Geotechnical index tests are used to assess the geotechnical characteristics of soils and for soil classification 
purposes.  Laboratory testing was carried out at Golder’s materials testing facility in Victoria.  The following index 
tests were carried out on selected geotechnical samples recovered from the sonic and mud rotary boreholes:  

 Water content measurements; 

 Liquid and plastic limit (Atterberg limits) determinations; 

 Grain size distribution analyses (sieves with hydrometer tests for the fine-grained fraction); and, 

 Bulk density determinations from tube samples. 

 

A tabulated summary of the index test results is provided in Appendix I. 

Direct shear testing of test specimens obtained from two tube samples of marine sediments was carried out at 
Golder’s laboratory in Burnaby, BC.  Three individual specimens cut from each tube sample were consolidated 
under saturated conditions to vertical effective stresses of 30, 60 and 120 kPa (normal to the horizontal plane of 
shearing), prior to shearing at a rate that is intended to be slow enough to maintain drained conditions.  The 
results of the direct shear tests are provided in Appendix C. 

 

4.0 SUBSURFACE CONDITIONS  

4.1 General 
Detailed descriptions of the subsurface conditions encountered at the locations of the boreholes advanced 
during the 2009 investigation (GBH09-series holes) are presented in the Record of Boreholes in Appendix A.  
The results of laboratory index testing (water contents, Atterberg limits, and bulk densities) are also provided on 
the Record of Borehole sheets, and grain size distributions of selected samples are provided in Appendix B.  
The results of direct shear tests carried out on relatively undisturbed tube samples are provided in Appendix C.   

Data acquired during the Cone Penetration Test (GCPT and KCPT) soundings are provided in Appendix D, 
which includes profiles with depth below mudline of various CPT parameters for each sounding, including tip 
resistance (qt), sleeve friction (fs), friction ratio (Rf), dynamic pore pressure (u), and soil behaviour type 
normalized for overburden pressure (SBTn).  The results of pore pressure dissipation tests are provided in 
Appendix E.  Profiles with elevation of undrained shear strengths (su) interpreted from the CPT data are provided 
in Appendix F. 

Detailed descriptions of the subsurface conditions encountered at the locations of the vibra-core sampling 
carried out by Golder in 2009 (SC09-series holes) are presented in the Record of Sediment Cores in 
Appendix G.  Grain size distributions of selected geotechnical samples from the sediment cores are provided in 
Appendix H.  It should be noted that the “depths” indicated on the laboratory results for the grain size 
distributions for the sediment cores represent distances along the length of the core and not actual depths below 
mudline.  The actual depths below mudline for each of the test results are indicated in the Table in Appendix I.   

Compiled geotechnical laboratory index test results from all hole locations (GBHs and SCs) are provided in 
Appendix I, which include bulk densities, water contents and Atterberg limits, plasticity and liquidity indices, and 
soil composition (proportions of gravel and sand-sized particles, fines contents, and clay-size fractions).   
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General descriptions of the subsurface conditions encountered during the investigation are provided in the 
following sections. 

 

4.2 Stratigraphy 
The stratigraphic units encountered during the South Jetty and Waterlot investigations carried out in 2009 were 
generally consistent with the geologic units described in Section 2.1, and are summarized below, in order of 
increasing depth (note that not all of the units described below were encountered at each test hole location):   

 Unconsolidated Sediments: comprising very soft organic silt to organic clayey silt and/or very loose sandy 
silt, generally black or grey and black in colour and typically containing shells and/or fibrous organics.  
This surficial stratigraphic unit is inferred to represent the top of the Holocene (post-glacial) marine deposits 
(“marine mud”), and part of the same geologic unit as the underlying Upper Fine-Grained Marine 
Sediments.  These materials are referred to as Unconsolidated Sediments due to their very loose, 
saturated in-situ condition, and are inferred to have been deposited recently.  

 Upper Fine-Grained Marine Sediments: comprising soft to firm mixtures of silt, clay, and fine sand 
typically ranging from silty clay to clayey silt to sandy silt, with varying quantities of shells, and generally 
minor organic content.  These materials are generally grey in colour and exhibit properties similar to that of 
consolidated fine-grained sediments, and are interpreted to represent Holocene deposits of “marine mud”.  

 Upper Coarse-Grained Marine Sediments: comprising generally loose to compact granular soils ranging 
from silty sand to silty sand and gravel and sand to sandy gravel, with varying quantities of shells.  
These are inferred to be beach deposits derived from erosion of exposed glacial deposits. 

 Victoria Clay: comprising generally firm to stiff, grey silty clay with minor quantities of sand and gravel, 
includes an upper very stiff “crust” of brown to mottled grey and brown silty clay, in some but not all of the 
test holes.  

 Glacial Deposits, generally comprising dense to very dense, typically well-graded mixtures of sand, silt, 
gravel, and clay in varying proportions; may also contain cobbles and potential boulders.  Inferred to 
represent glacial till.   

 Bedrock, comprising strong to very strong meta-diorite and amphibolite of the Wark Gneiss, which may be 
highly fractured. 

 

Fill materials, typically comprising sand/gravel mixtures or broken rock, were encountered at surface or 
underlying the Unconsolidated Sediments at a few borehole locations (refer to Section 4.2.2).  Materials such as 
angular gravel and cobbles and wood timbers were encountered within the Unconsolidated Sediments and/or 
within the Upper Fine-Grained Marine Sediments at some locations.  These materials may have been deposited 
onto or into the soft surface of the marine mud at the time of construction of the Graving Dock and subsequently 
covered by later sediments. 

Typical stratigraphic cross-sections (Sections A-A’ through I-I’) that illustrate the inferred variations in the depth 
and elevation of the stratigraphic units are provided on the attached Figures 2a through 2i.  The locations of the 
cross-sections are shown on Figure 1. 

The interpreted elevations of the top of each of the stratigraphic units described above and their estimated 
thicknesses as estimated from boreholes and CPT soundings from this investigation are summarized in Table 2.  
Where the Unconsolidated Sediments are underlain by Upper Fine-Grained Marine Sediments, a gradual 
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transition in soil properties was typically observed between the two units rather than an abrupt boundary or 
contact.  The thickness of the Unconsolidated Sediments and the depth/elevation of the top of the Upper 
Fine-Grained Marine Sediments should, therefore, be considered to be approximate.  The variation in elevation 
of the top of the Victoria Clay, and the top of the Glacial Deposits, are shown on Figures 3a and 3b, respectively.  
It should be recognized that the depth, thickness, composition, and density/stiffness of the various soil layers can 
be expected to vary from that encountered at the test hole locations.   

More detailed descriptions of the physical properties of each of the soil units identified above are provided in the 
following sub-sections. 

 

4.2.1 Unconsolidated Sediments 
The surficial Unconsolidated Sediments are composed of silt with varying amounts of sand and marine shells, 
and minor clay, gravel, fibrous organics and wood debris, and materials of anthropogenic origin.  The surficial 
sediments tend to be black or mixed black and grey in colour, probably due to the presence of significant 
quantities of decayed organic matter. 

The grain size distributions obtained from selected samples from this unit are plotted together on Figure 4a.  
Note that the reported “sand” and “gravel” proportions may represent similarly sized shell fragments or mixtures 
of mineral particles and shell fragments.  Fines contents (silt and clay sized particles) varied from about 75% to 
95% (average 85%), with clay-sized fractions (% finer than 0.002 mm) in the range of 8% to 13% (average 10%).  
The gradation of the surficial sediments was observed to be very similar to that of the underlying Upper Fine-
Grained Marine Sediments; however, the organic content of the Unconsolidated Sediments sediments generally 
appears to be higher than the underlying marine sediments.  Measured Total Organic Carbon (TOC = mass of 
organic carbon / total dry mass) values in the range of 1.0 to 4.0% (mean of 2.1%) were measured from selected 
samples obtained from this unit.  

Measured water contents, Atterberg limits, and plasticity and liquidity indices from samples of this material are 
provided in Table 3.  The sediments in this unit have relatively high water contents, plastic and liquid limits, and 
plasticity indices, which are inferred to be due to the presence of fine, organic, colloidal materials.  The position 
of the measured Atterberg limits on the Unified Soil Classification System (USCS) plasticity chart (refer to 
Figure 5) indicates that these sediments can be classified as organic soils of high plasticity (OH).  There is some 
overlap in the ranges of index properties of this stratigraphic unit with that of the underlying Upper Fine-Grained 
Marine Sediments; however, the surficial sediments have higher plasticity and higher liquidity, on average, than 
the underlying grey marine sediments. 

 

Table 3:  Water Contents and Atterberg Limits (Unconsolidated Sediments) 
 Range Median Mean +/-Std Dev 

Water Content* (w) 82 – 152 % 108% 111+/-22 % 

Plastic Limit (PL) 30 – 53 % 38% 39+/-7 % 

Liquid Limit (LL) 53 – 134 % 81% 80+/-25 % 

Plasticity Index (LL-PL) 23 – 80 % 42% 41+/-18% 

Liquidity Index* (w-LL)/(LL-PL) 0.7 to 3.0 2.0 2.0+/-0.8 

*Note:  Measured water contents and liquidity indices may be lower than in-situ values due to drainage of excess 
water from recovered samples. 
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A bulk density of 1476 kg/m3 was determined from a core sample of the Unconsolidated Sediments, with a 
corresponding water content of 120%.   

The consistency of the surficial sediments can be described as very soft or very loose, to semi-fluid.  Measured 
liquidity indices were generally well above 1.0 for samples recovered from the top 1.2 m thickness of the 
sediments, indicating that the water content of the material (even after removal of excess water) is above the 
limit at which it behaves like a viscous fluid.  The one sample tested that had a liquidity index of less than unity 
(indicating that the sample was in a plastic state) came from a depth of approximately 4.2 m below mudline at 
GBH09-01.  The trend of decreasing liquidity index with depth below mudline is consistent in both the surficial 
Unconsolidated Sediments and the fine-grained Upper Marine Sediments. 

The sleeve friction (fs) measured within the surficial sediments in CPT soundings tended to be very low to 
negligible (less than 2 kPa).  Despite the fine-grained nature of the sediments, pore water pressures (u) 
measured during cone penetration matched the hydrostatic pressure profile.  The hydrostatic pore water 
pressures, negligible sleeve friction, high liquidity index determinations, and visual observations of recovered 
samples, suggest that the surficial fine-grained sediments have not consolidated into a cohesive soil.  

The approximate thicknesses of the Unconsolidated Sediments encountered at the borehole locations and 
interpreted from the CPT data are tabulated in Table 2.  At test hole locations within the Waterlot and below the 
South Jetty to the south of the existing sheet pile wall, the estimated thickness of the Unconsolidated Sediments 
ranges from 0.5 m to 2.0 m.  The thickness of the Unconsolidated Sediments under the western portion of the 
South Jetty was estimated to be 4.4 m at GBH09-01 and 3.4 m at GBH09-07.  The lack of recovery of the upper 
2.3 m to 4.6 m of sediments at GBH09-03, 05, 06 and 08, located in the same general area, may also indicate 
relatively thick Unconsolidated Sediments in this area, where mudline elevations are significantly higher than 
other areas of the Waterlot (perhaps due to a lack of historic dredging under the jetty structure). 

 

4.2.2 Fill Materials 
Fill materials, typically comprising sand/gravel mixtures with variable fines contents, or broken rock fill, were 
encountered at surface or underlying the Unconsolidated Sediments at some borehole locations, as summarised 
below. 

The thickest fills observed during the investigation consisted mainly of broken rock encountered in Boreholes 
GBH09-11 and 12 (at least 11.0 m thick and 4.9 m thick, respectively) at Munroe Head.  Layers of broken rock 
fill were also encountered at GCPT09-03/GBH09-14 and GCPT09-04/GBH09-13 in front of NLW Timber Crib #3 
and at GBH09-16 in front of the North Entrance Wall at the dry dock entrance.  Broken rock fills were also likely 
encountered at CPT location GCPT09-05 in front of the NLW Timber Crib #5, where a shallow CPT refusal 
required a drill-out.  A thin layer of broken rock fill was also encountered at GCPT09-02B/GBH09-24 on the north 
side of the South Jetty.   

Thick granular fill materials (extending to 7.5 m below mudline) comprising sand to gravely sand to sandy gravel, 
were encountered at GBH09-02 along the south side of the South Jetty.  A 1.3 m thick layer of gravel was also 
encountered overlying Upper Fine-Grained Marine Sediments at GBH09-09 on the southeast side of the South 
Jetty. 

Angular gravel to cobbles was encountered within silts at GBH09-07 and 08 under the South Jetty in the vicinity 
of Section C-C’.  Wood material, inferred to be part of a timber pile, was also encountered within clayey silt 
(inferred to belong to the Upper Marine Sediments deposit). 
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4.2.3 Upper Fine-Grained Marine Sediments 
The Unconsolidated Sediments and fill materials (where encountered) are underlain by soft to firm, fine-grained 
sediments that are generally grey in colour.  These sediments are primarily composed of silt-sized particles, with 
lesser amounts of sand (mainly fine-grained) and clay-sized particles, marine shells and shell fragments of 
varying sizes, and minor organics.  Based on soil plasticity, these sediments are classified as ranging from silty 
clay to clayey silt (plastic soils) to sandy silt (non-plastic).  Upward fining of sediment particle size was observed 
in some boreholes, with non-plastic sandy silt grading into plastic fine-grained silt at some locations.  At a few 
locations, the fine-grained sediments contained angular gravel, which likely represents materials incorporated 
into the sediments during construction of the Graving Dock.   

The laboratory grain size distributions of selected samples from this unit are plotted together on Figure 4b.  Note 
that the reported “sand” and “gravel” proportions may include shell fragments as well as mineral particles.  Fines 
contents of 62% to 97% (median of 88%) were measured, with clay-size fractions (% finer than 0.002 mm) 
ranging from 4% to 35% (median of 12%).  TOC values in the range of 0.6 to 1.3% (mean of 1.0%) were 
measured from selected samples in this unit.  

Measured water contents and Atterberg limits results (reported for plastic soils only) from samples of this 
material are listed in Table 4 below.  Based on the Atterberg Limits results, the fines content of these sediments 
tends to exhibit intermediate to high plasticity despite generally having low clay-size fractions, probably due to 
the presence of fine organic colloidal materials.  Measured liquidity indices tend to decrease with increasing 
depth below mudline, but were generally above unity for samples recovered from up to about 2 m depth below 
mudline, and generally below unity for samples recovered from depths greater than about 2 m below mudline. 

 

Table 4:  Water Contents and Atterberg Limits (Upper Fine-Grained Marine Sediments) 
 Range Median Mean +/-Std Dev 

Water Content (w) 23 – 76 % 51% 48+/-15 % 

Plastic Limit (PL) 16 – 34 % 26% 25+/-5 % 

Liquid Limit (LL) 32 – 63 % 46% 45+/-7 % 

Plasticity Index (LL-PL) 11 – 35 % 20% 20+/-5% 

Liquidity Index* (w-LL)/(LL-PL) 0.4 to 2.3 1.2 1.2+/-0.5 

*Note:  Lower end of the range of Liquidity Indices may not be representative due to sand and shell content, 
which can reduce measured water contents but is removed for Atterberg limits testing. 

 

The measured Atterberg limits are plotted on the Unified Soil Classification System (USCS) plasticity chart on 
Figure 5.  The results indicate a high degree of variability in the relationship between plasticity index and liquid 
limit for this stratigraphic unit, but the results generally straddle the “A-Line”, which is indicative of sediments with 
variable clay and organic contents.  Sediments with higher clay contents and negligible organic contents tend to 
plot higher on the chart (higher plasticity indices relative to their liquid limits) and above the A-Line, while 
sediments with higher organic contents plot further to the right on the chart (higher liquid limit) and tend to plot 
below the A-Line. 

The upper end of the range of index properties for the Upper Fine-Grained Marine Sediments overlaps with the 
index properties of the overlying Unconsolidated Sediments, and the lower end of the range overlaps with the 
underlying Victoria Clay unit.  However, the water contents, plastic and liquid limits, and liquidity indices 
measured from samples of the Fine-Grained Upper Marine Sediments are, on average, intermediate between 
the overlying and underlying units.  
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Bulk densities in the range of 1590 to 2050 kg/m3 (mean of 1760 kg/m3) were measured from tube samples and 
core samples of these sediments; the measured densities increased with decreasing water content. 

The consistency of the marine mud can be described as very soft to soft, becoming firm with depth.  Undrained 
shear strengths interpreted from CPT data generally increase with depth, typically in the range of 10 to 35 kPa.  
Peak undrained shear strengths measured by field vane in the Klohn Crippen Borehole DH02-02 ranged from 13 
to 27 kPa, and remoulded strengths ranged from 4 to 6 kPa (sensitivity to strength loss of 3 to 5).   

Pore water pressures (u) measured during cone penetration of this unit were typically close to hydrostatic 
pressures, indicating a relatively high permeability for the fine-grained nature of the sediments, likely due to a 
generally low clay content and relatively narrow gradation.  Consequently, undrained shear strengths measured 
in these sediments are likely to be only applicable to very rapid loading scenarios. 

Drained strength parameters are considered to be more representative for scenarios where load is applied over 
a period of hours to days.  Direct shear tests were carried out on specimens cut from two tube samples of the 
Upper Fine-Grained Marine Sediments recovered from GBH09-22 and 23.  The peak horizontal shear strengths 
measured at vertical effective stresses of 30, 60 and 120 kPa, for each of these tube samples, are plotted on 
Figure 6.  Peak friction angles of 35 and 38 degrees were determined from the samples which had measured 
coarse-grained particle (“sand” and “gravel” sized) contents of 18% and 26%, respectively, and clay-sized 
contents of 35% and 4%, respectively.  An apparent cohesion intercept (strength at zero normal stress) of 2 to 3 
kPa was determined from the peak strength envelope, corresponding to the 30 to 120 kPa range of normal 
stresses. 

The approximate thickness of the Upper Fine-Grained Marine Sediments unit encountered at the borehole 
locations and interpreted from the CPT data is tabulated in Table 2.  The thickness of this unit ranged from 0.5 m 
to 5.6 m (average of 2.9 m) where encountered at the boreholes and CPT soundings in front of the NLW Timber 
Crib Nos. 3 and 5, below the South Jetty, and off-shore of the west end of the South Jetty.  These sediments 
were not encountered at Boreholes GBH09-12 at Munroe Head, or at Boreholes GBH09-15 through 19 near the 
mouth of the Dry Dock, or at GBH09-04, GBH09-21 and GCPT09-11 at the east end of the south side of the 
South Jetty.  This deposit was encountered under the south side of the South Jetty at GBH09-02, GBH09-22, 
GBH09-09, and GBH09-10, however, it does not appear to have been encountered further south at GCPT09-
09B and GCPT09-10 and KCPT09-102 and 103 where the mudline is located at lower elevations at or beyond 
the toe of the submarine slope.  Past dredging operations may have removed the soft to firm sediments from 
those locations. 

 

4.2.4 Upper Coarse-Grained Marine Sediments 
The Upper Coarse-Grained Marine Sediments, comprising mixtures of sand, silt and gravel, with variable shell 
contents, and minor clay contents, were encountered underlying the Upper Fine-Grained Marine Sediments or 
the Unconsolidated Sediments at some test hole locations (refer to Table 2).  This deposit was encountered in 
various test holes along Section C-C’ (refer to Figure 2c) and Section I-I’ (refer to Figure 2i), and appears to 
extend across the Waterlot from the area of the intersection of Sections C-C’ and I-I’ to GBH09-14 in front of 
NLW Timber Crib #3.  The sediments encountered within this unit in this area are inferred to have been derived 
locally from glacial deposits located at higher elevations to the northeast, which would likely have been exposed 
above sea level some time after deposition of the Victoria Clay (Section 2.1).   

Similar deposits were also encountered overlying the Victoria Clay at borehole locations along the south side of 
the South Jetty east of Section D-D’ (GBH09-10, 09, 04), and in Pilgrim Cove at KCPT09-101 and SC09-134 
and 135A. 
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The composition of this unit varies widely from sand and silt, to silty sand, to silty sand and gravel, to gravelly 
sand with some silt, to sandy gravel, with varying shell contents.  The grain size distributions determined from 
selected samples from this unit are plotted together on Figure 4e.  Note that the reported “sand” and “gravel” 
proportions may include shell fragments as well as mineral particles.  Measured “sand” contents were in the 
range of 40% to 59% (median of 54%), fines contents were in the range of 12% to 49% (median of 21%), and 
“gravel” contents in the range of 3% to 39% (median of 22%).   

 

4.2.5  Victoria Clay 
Glaciomarine sediments known locally as “Victoria Clay” are composed of silty clay with minor sand and gravel, 
and may contain marine shells and/or lenses of fine sand to silty fine sand.  The grain size distributions 
determined from selected samples from this unit are plotted together on Figure 4d.  Clay-size fractions (% finer 
than 0.002 mm) determined from the hydrometer test results were 43% and 49%, which is significantly higher 
than the test results from samples of the overlying marine mud (Unconsolidated Sediments).  Sand, gravel and 
possibly cobbles were encountered within the silty clay near the base of the deposit at some locations 
(e.g., GBH09-04 and GBH09-20 and GCPT09-11 near the east end of the South Jetty and at GCPT09-03 and 
GCPT09-04, opposite NLW Timber Crib #3. 

Measured water contents, Atterberg limits, and plasticity and liquidity indices from samples of this material are 
listed in Table 5 below.  The Victoria Clay at the Site has relatively low plastic limits that are consistently below 
20%, as compared to the overlying marine muds that have plastic limits that are generally above 20%.  Typical 
water contents (26% to 36%) and typical liquidity indices (0.4 to 1.0) in the Victoria Clay deposit are also 
significantly lower than the typical ranges for the overlying marine muds (w = 33% to 63% and IL = 0.7 to 1.7).  
Two tests indicated water contents in excess of 38% and liquidity indices in excess of 0.9, both of which were 
located at the top of the deposit where water induced softening has likely occurred. 

 

Table 5:  Water Contents and Atterberg Limits (Victoria Clay) 
 Range Median Mean +/-Std Dev 

Water Content (w) 18 – 45 % 32% 31+/-5 % 

Plastic Limit (PL) 14 – 20 % 17% 17+/-2 % 

Liquid Limit (LL) 29 – 47 % 36% 36+/-5 % 

Plasticity Index (LL-PL) 14 – 28 % 19% 19+/-4% 

Liquidity Index (w-LL)/(LL-PL) 0.2 to 1.2 0.8 0.7+/-0.3 

 

The measured Atterberg limits are plotted on the Unified Soil Classification System (USCS) plasticity chart on 
Figure 5.  The relation between plasticity index and liquid limit for the Victoria Clay follows a consistent line 
parallel to and well above the A-Line, with measured liquid limits consistently less than 50%, thereby indicating 
classification as clay of low plasticity (CL) according to the USCS system.   

The estimated elevations of the top of the Victoria Clay at test holes from the current investigation are plotted in 
plan view on Figure 3a.  The surface of the deposit was encountered as deep as El. -18.5 m Geodetic west of 
the west of the South Jetty and south of the NLW Timber Crib No. 5, but rises gradually in an east-northeast 
direction.  This geologic unit was encountered at all borehole and CPT locations except for: 

 GBH09-15 through GBH09-18 near the mouth of the Dry Dock, where the top of glacial deposits were 
encountered at elevations in the range of -14.3 m to -12.6 m Geodetic (above the shallowest Victoria Clay 
in that area); and, 
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 GBH09-12 at Monroe Head, where the top of glacial deposits were encountered at El. -15.2 m Geodetic 
(above the top of the Victoria Clay at GCPT09-06 and GBH09-14). 

 

The approximate thickness of the Victoria Clay encountered at the borehole locations and interpreted from the 
CPT data is tabulated in Table 2.  The thickness ranges from 3.8 m at KCPT09-101 at the end of the floating 
dock in Pilgrim Cove, to greater than 36 m at KCPT09-104, at the southwest end of the South Jetty. 

The Victoria Clay has a firm to stiff consistency and is generally grey in colour where unweathered (i.e., “grey 
Victoria Clay” (Nasmith and Buck, 1998).  An upper weathered crust of very stiff silty clay, which is generally 
brown to mottled grey and brown in colour, was encountered at all test holes in the area of the west end of the 
South Jetty, as far east as Section C-C’. 

The thickness of the weathered crust at these locations ranges from about 2 m to 4 m.  The lowest water 
contents and liquidity indices were measured in samples of Victoria Clay obtained mainly from the middle of the 
crust, where undrained shear strengths interpreted from CPT data tend to increase to a peak in excess of 150 
kPa, before decreasing abruptly to less than 75 kPa below the bottom of the crust.  A bulk density of 2143 kg/m3 
was measured from a tube sample obtained from the middle of the crust at GBH09-23, with a corresponding 
water content of 20%. 

Bulk densities ranging from 1870 to 1960 kg/m3 were measured from tube and core samples of the grey Victoria 
Clay.  Undrained shear strengths interpreted from CPT data generally decreased with increasing depth below 
the crust, reaching a minimum strength typically in the range of 40 kPa to 60 kPa before increasing with depth to 
the bottom of the deposit.  Peak undrained shear strengths measured by field vane methods in Klohn Crippen 
Borehole DH02-04 ranged from 44 to 78 kPa; remoulded strengths ranged from 9 to 53 kPa (sensitivity of 6 to 
1.5). 

The bottom of the crust can be inferred from the CPT data at GCPT09-09B along Section D-D’.  No crust is 
apparent in the test holes located east of Section D-D’, where the top of the Victoria Clay was encountered at 
elevations above -15 m Geodetic.  It is possible that the clay crust was either eroded from this area, or may have 
been removed by previous dredging.  The top of the grey Victoria Clay at GBH09-10, 09 and 04 (and inferred 
from the data at KCPT09-101) is overlain by silty sand with variable gravel content, which is inferred to be part of 
the Upper Coarse-Grained Marine Sediments.  The grey Victoria Clay at GCPT09-09B, 10, 11, GCPT09-102 
and 103 and GBH09-21, is directly overlain by the Unconsolidated Sediments, which suggests that past 
dredging activities south of the jetty likely extended down to and possibly into the Victoria Clay.  The Victoria 
Clay crust was also absent in test holes along the NLW at Sections G-G’ and H-H’.  At all of these locations, the 
Victoria Clay appears to be overlain by the Upper Marine Sediments. 

 

4.2.6 Glacial Deposits 
Glacial Deposits were encountered underlying the Victoria Clay at all test holes that fully penetrated the clay.  
Grain size distributions of selected samples from this unit are plotted together on Figure 4e.   

The Glacial Deposits typically comprise very dense, well-graded silty sand to sand and silt, trace gravel to 
gravelly (clasts tending to be sub-angular to sub-rounded), trace to some clay, which is consistent with typical 
ground moraine deposits of the Vashon Till.  These deposits can be expected to include occasional cobbles and 
potential boulders.  CPT penetration refusal at measured tip resistances in excess of 30 MPa typically occurred 
abruptly at the inferred top of this deposit.  Due to the significant fines contents and very dense state of packing, 
the fine-grained till-like soils are expected to have relatively low hydraulic conductivities.   
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At a few locations (e.g., GBH09-02, 03, 10, 20), the surface of the Glacial Deposits consisted of a relatively thin 
layer of compact to dense sand to gravelly sand.  The cone penetrometer was able to penetrate into this surficial 
layer where it was encountered, with measured tip resistances generally in the range of 10 to 30 MPa 
(at GCPT09-06 and 10 and KCPT09-101 and 106).  Coarser-grained layers of dense to very dense, well-graded 
sand and gravel to sandy gravel, trace silt to silty, with cobbles, were also encountered between layers of 
finer-grained till-like deposits.  These deposits are inferred to potentially have higher hydraulic conductivities than 
the till-like materials.   

The estimated elevations of the top of the Glacial Deposits at test holes in the current investigation are plotted in 
plan view on Figure 3b.  In the vicinity of the mouth of the Dry Dock, this deposit was encountered at elevations 
ranging from -12.6 m Geodetic at GBH09-18 (underlying Unconsolidated Sediments) to -14.3 m Geodetic at 
GBH09-16 (underlying 1.4 m of rock fill) to -13.6 m at GBH09-15 (underlying Unconsolidated Sediments).  At 
GBH09-17, the Glacial Deposits were encountered at approx. El. -14.3 m Geodetic underlying sandy gravel 
interpreted as the Upper Coarse-Grained Marine Sediments.  West of GBH09-17 and GBH09-15, the surface of 
the Glacial Deposits is inferred to slope steeply to the southwest, and south of GBH09-17 and 18, the surface 
slopes steeply to the south.  Excavation of bedrock and overlying soils during dry dock construction is interpreted 
to have extended some distance west of the outer caisson berth along the North Entrance Wall.  A relatively flat 
“bench” was likely developed in this area by excavation into the surface of the Glacial Deposits.   

The top of the Glacial Deposits were encountered at El. -12.5 m Geodetic at KCPT09-101 at the end of the 
floating dock in Pilgrim Cove.  It appears that the surface of this deposit dips steeply westward from this point, to 
-25.0 m Geodetic at GBH09-21, to around -27 m Geodetic at GBH09-04 and KCPT09-102.  The location of the 
bedrock outcrop to the south of Pilgrim Cove, and the steeply northward dipping mudline to the south of 
KCPT09-102, suggests that the surface of the Glacial Deposits probably rises to the south of KCPT09-102.   

The approximate thickness of the Glacial Deposits at the sonic borehole locations where this unit was fully 
penetrated, are tabulated in Table 2.  The thickness of the unit ranges from about 0.5 to 0.6 m at GBH09-03 and 
GBH09-19 on the north side of the South Jetty, to about 14 m at GBH09-02 on the south side of the jetty and 
greater than 22 m at GBH09-20, where bedrock was not encountered before the borehole was terminated at 
El. - 63.6 m Geodetic.  The thicknesses of till-like materials encountered during Golder’s 2009 investigations are 
significantly greater than reported in previous studies, particularly along the south side of the South Jetty.  
Previous boreholes by others in the vicinity of the over-water portion of the South Jetty were drilled using mud 
rotary boreholes where soils samples would have been collected using a 51 mm diameter SPT sampler that may 
have encountered refusal in the very dense till materials.  Accordingly, glacial till may have previously been 
misidentified as bedrock. 

 

4.2.7 Bedrock 
Bedrock was encountered underlying the Glacial Deposits at all borehole locations where that unit was fully 
penetrated.  The bedrock surface elevations interpreted from the borehole information are tabulated in Table 2.  
Materials recovered from just below the bedrock surface in the sonic boreholes typically consisted of angular 
cobble, gravel and sand-sized rock fragments, interpreted to be the result of drilling disturbance (no water was 
used during sonic drilling through the Glacial Deposits or into the bedrock).  This zone has been identified as 
“probable BEDROCK” on the Record of Boreholes in Appendix A, and may correspond to the zone of highly 
fractured bedrock.  During drilling there was little or no recovery on the last core run within bedrock.  At 
GBH09-02, no sample was recovered from what is inferred to be the top of the bedrock, 

Within the Waterlot, bedrock was encountered as shallow as El. -14.6 m Geodetic at GBH09-18 in the southeast 
corner of the area of the mouth of the Dry Dock, and -15.5 m Geodetic at GBH09-16 along the North Entrance 
Wall.  The bedrock is overlain by Glacial Deposits at both of these locations.  Based on the original construction 
drawings for the Dry Dock facility, the original bedrock surface dipped from north to south across the Dry Dock in 
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the vicinity of Caisson Berths 1 and 2, and bedrock excavation was carried out to construct the floor of the Dry 
Dock.  Bedrock may occur at shallower depths than at the locations where it was encountered during the drilling 
investigation, and could potentially directly underlie the Unconsolidated Sediments to the north of GBH09-18 and 
east of GBH09-16. 

The bedrock surface appears to slope to the west and south away from the Dry Dock entrance.  At the west end 
of the South Jetty, the bedrock appears to slope steeply to the south, dropping from El. -31.2 m Geodetic at 
BH09-03 to below El. -57 m Geodetic at GBH09-01 and to at least El. -64 m Geodetic or deeper at GBH09-20. 

Along the south side of the NLW, the bedrock surface dips from El. -20.9 m Geodetic at GBH09-15 (in front of 
Timber Crib #1), to El. -25.5 m at GBH09-14 (in front of Timber Crib #3), to deeper than El. -29 m at GCPT09-5 
(in front of Timber Crib #5), but rises up to El. -16.7 m Geodetic at GBH09-12 (just west of the end of the NLW). 

At the east end of the South Jetty, bedrock was encountered at El. -31.4 m Geodetic at GBH09-21 located just 
south of the jetty.  Given that bedrock is exposed at surface along the south shore of Pilgrim Cove, the bedrock 
surface probably continues to slope steeply to the north below the mudline along the south side of Pilgrim Cove. 

 

4.3 Pore Water Pressures 
Pore water pressures measured during CPT soundings through the Unconsolidated Sediments and Upper 
Marine Sediments were generally close to the expected hydrostatic pressure profile generated by the weight of 
sea water above the mudline and tide levels at the time of testing.  Therefore, it is likely that equilibrium pore 
water pressures in these sediments are tidally controlled.   

Groundwater levels within the Glacial Deposits and underlying bedrock were not measured directly by 
piezometers.  However, equilibrium pore water pressures at the top of the Glacial Deposits were measured in 
CPT dissipation tests at a few locations where adequate penetration into the deposit could be achieved.  The 
measured equilibrium pore water pressures at these locations are listed in Table E-1 in Appendix E, along with 
the piezometric levels (Geodetic elevation) corresponding to the measured pore water pressures.  The difference 
between the piezometric level and the elevation at which the pore water pressure is measured is equivalent to 
the height (or “head”) of water that would produce the measured pore water pressure.  The head of water that 
corresponds to the measured pore water pressure depends on the pore water density, which is a function of the 
pore water salinity.  Since the salinity of the pore water within the Glacial Deposits underlying the confining 
influence of the Victoria Clay deposit is  not known, hydraulic heads and resulting piezometric levels were 
computed for assumed water densities of 1.00 g/cm3 (fresh water), 1.01 g/cm3 (brackish water), and 1.02 g/cm3 
(salt water).  Since the nearest exposures of the Glacial Deposits above the confining influence of the Victoria 
Clay occur in the mouth of the Dry Dock and under the NLW, where the soil unit would be in contact with sea 
water, it would be reasonable to assume salt water to brackish water densities for the measured pressures listed 
in Table E-1.  Accordingly, the interpreted piezometric levels within the top of the Glacial Deposits appear to be 
within about +/-1 m Geodetic (i.e., close to mean sea level).  It is unclear whether the variations between the 
tidal elevation and the interpreted piezometric levels within the top portion of the Glacial Deposits represent a 
tidally influenced regime with some time lag in pressure response, or reflects the limitation of the accuracy of the 
interpretation based on the available data. 
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5.0 CLOSURE 
This report has been provided to support the Waterlot RAP/RMP project.  We trust this meets with your 
requirements and look forward to discussing the report with you. 

GOLDER ASSOCIATES LTD. Reviewed by: 

 

 

 

Chris Weech, M.A.Sc., P.Eng. Jeff Fillipone, Ph.D., P.Geo. 
Senior Geotechnical Engineer Senior Geologist, Associate 
 

CNW/JF/rem 
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03/03/2010 Table 1
Summary of Test Hole Locations

09‐1475‐5008

Approximate 
Mudline Elevation

Maximum 
Depth Below 

Bottom 
Elevation

Northing Easting (m Geodetic) (m) (m Geodetic)
GBH09-01 Sonic Borehole South Jetty (Southwest) 5364793.0 468340.2 -8.65 48.46 -57.11
GBH09-02 Sonic Borehole South Jetty (South Side) 5364804.6 468416.3 -4.48 44.20 -48.68
GBH09-03 Sonic Borehole South Jetty (Northwest) 5364829.9 468334.1 -9.64 26.37 -36.01
GBH09-04 Sonic Borehole South Jetty (South Side) 5364820.1 468568.2 -4.31 32.00 -36.31
GBH09-05 Sonic Borehole South Jetty (Southwest) 5364801.8 468333.1 -9.16 11.43 -20.59
GBH09-06 Sonic Borehole South Jetty (Southwest) 5364800.7 468308.6 -10.09 10.67 -20.76
GBH09-07 Sonic Borehole South Jetty (Northwest) 5364840.9 468356.1 -9.64 8.08 -17.72
GBH09-08 Sonic Borehole South Jetty (Southwest) 5364806.1 468378.3 -9.20 8.53 -17.73
GBH09-09 Sonic Borehole South Jetty (South Side) 5364814.4 468537.6 -6.15 8.53 -14.68
GBH09-10 Sonic Borehole South Jetty (South Side) 5364805.7 468476.9 -7.82 34.59 -42.41
GBH09-11 Sonic Borehole Munroe Head 5365019 468067 -2.85 19.81 -22.66
GBH09-12 Sonic Borehole Munroe Head 5364981 468131 -10.28 11.28 -21.56
GBH09-13 Sonic Borehole North Landing Wharf 5364931.1 468251.1 -13.20 6.25 -19.45
GBH09-14 Sonic Borehole North Landing Wharf 5364938.6 468253.0 -12.93 14.02 -26.95
GBH09-15 Sonic Borehole North Landing Wharf 5364924.2 468312.9 -12.49 8.53 -21.02
GBH09-16 Sonic Borehole North Landing Wharf 5364914.0 468352.0 -12.17 3.51 -15.68
GBH09-17 Mud Rotary Borehole South Jetty (Northwest) 5364876.4 468356.3 -12.76 1.73 -14.49
GBH09-18 Sonic Borehole South Jetty (Northwest) 5364871.3 468381.2 -12.10 3.66 -15.76
GBH09-19 Sonic Borehole South Jetty (Northwest) 5364861.6 468362.0 -12.79 10.36 -23.15
GBH09-20 Sonic Borehole South Jetty (Southwest) 5364781.8 468366.7 -13.90 49.68 -63.58
GBH09-21 Sonic Borehole South Jetty (South Side) 5364803.6 468571.3 -12.20 22.86 -35.06
GBH09-22 Mud Rotary Borehole South Jetty (South Side) 5364797 468422 -9.11 12.80 -21.91
GBH09-23 Mud Rotary Borehole South Jetty (Northwest) 5364829.3 468296.6 -13.83 14.63 -28.46
GBH09-24 Mud Rotary Borehole South Jetty (Northwest) 5364845.3 468327.0 -13.21 3.58 -16.79

GCPT09-01 Peizo-Cone Penetration Test South Jetty (Northwest) 5364830.1 468296.3 -13.58 25.00 -38.58
GCPT09-02B Peizo-Cone Penetration Test South Jetty (Northwest) 5364845.3 468327.0 -13.21 12.85 -26.06
GCPT09-03 Peizo-Cone Penetration Test North Landing Wharf 5364938.6 468253.0 -12.93 8.50 -21.43
GCPT09-04 Peizo-Cone Penetration Test North Landing Wharf 5364931.1 468251.1 -13.20 8.90 -22.10
GCPT09-05 Peizo-Cone Penetration Test North Landing Wharf 5364950.5 468204.4 -13.60 15.40 -29.00
GCPT09-06 Peizo-Cone Penetration Test North Landing Wharf 5364933.8 468205.0 -14.33 16.00 -30.33
GCPT09-07 Peizo-Cone Penetration Test South Jetty (Southwest) 5364774.1 468296.1 -14.04 33.45 -47.49
GCPT09-08B Peizo-Cone Penetration Test South Jetty (Southwest) 5364781.5 468370.0 -14.14 26.85 -40.99
GCPT09-09B Peizo-Cone Penetration Test South Jetty (South Side) 5364786.5 468421.2 -13.65 24.45 -38.10
GCPT09-10 Peizo-Cone Penetration Test South Jetty (South Side) 5364795.7 468502.6 -12.32 25.35 -37.67
GCPT09-11 Peizo-Cone Penetration Test South Jetty (South Side) 5364802.8 468568.4 -12.22 14.20 -26.42

KCPT09-101 Peizo-Cone Penetration Test South Jetty (South Side) 5364798.6 468621.0 -5.62 7.70 -13.32
KCPT09-102 Peizo-Cone Penetration Test South Jetty (South Side) 5364786.4 468541.0 -12.62 14.65 -27.27
KCPT09-103 Peizo-Cone Penetration Test South Jetty (South Side) 5364776.8 468421.3 -13.52 27.10 -40.62
KCPT09-104 Peizo-Cone Penetration Test South Jetty (Southwest) 5364757.4 468300.0 -13.97 40.35 -54.32
KCPT09-105 Peizo-Cone Penetration Test South Jetty (Northwest) 5364814.5 468261.0 -13.37 34.90 -48.27
KCPT09-106 Peizo-Cone Penetration Test South Jetty (Northwest) 5364854.0 468315.5 -13.72 12.35 -26.07
KCPT09-107 Peizo-Cone Penetration Test South Jetty (Northwest) 5364876.4 468356.3 -12.76 0.70 -13.46

Approximate UTM 
CoordinatesTest Hole ID Facility AreaTest Hole Type
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03/03/2010 Table 2
Interpreted Stratigraphic Unit Elevations and Approximate Thicknesses

09‐1475‐5008

Stratigraphic Unit: Unconsolidated 
Sediments

Bedrock

Thickness Top Elevation Thickness Top Elevation Thickness Top Elevation Thickness Top Elevation Thickness Top Elevation Thickness Top Elevation

(m) (m Geodetic) (m) (m Geodetic) (m) (m Geodetic) (m) (m Geodetic) (m) (m Geodetic) (m) (m Geodetic)

GBH09-01 South Jetty (Southwest) -8.7 -57.1 4.4 -13.0 4.3 -17.3 28.0 -45.3 >11.8 below -57.1
GBH09-02 South Jetty (South Side) -4.5 -48.7 No Recovery to 1.2 m depth -4.5 8.1 -12.6 2.2 -14.8 17.4 -32.2 14.0 -46.2 (inferred)
GBH09-03 South Jetty (Northwest) -9.6 -36.0 No Recovery to 3.1 m depth -12.7 or higher at least 4.6 -17.3 or lower up to 13.4 -30.7 0.5 -31.2
GBH09-04 South Jetty (South Side) -4.3 -36.3 1.5 -5.8 0.3 -6.1 21.0 -27.2 4.6 -31.7
GBH09-05 South Jetty (Southwest) -9.2 -20.6 No Recovery to 2.3 m depth at least 0.3 -11.8 5.6 -17.4
GBH09-06 South Jetty (Southwest) -10.1 -20.8 No Recovery to 4.6 m depth -14.7 or higher at least 3.0 -17.7
GBH09-07 South Jetty (Northwest) -9.6 -17.7 3.4 -13.0 0.6 -13.6 0.5 -14.7 1.1 -15.8
GBH09-08 South Jetty (Southwest) -9.2 -17.7 No Recovery to 2.4 m depth -11.6 or higher at least 3.1 -14.7 1.1 -15.8
GBH09-09 South Jetty (South Side) -6.2 -14.7 1.5 -7.6 1.3 -8.9 1.1 -10.0 1.6 -11.6
GBH09-10 South Jetty (South Side) -7.8 -42.4 0.5 -8.3 3.6 -11.9 2.0 -13.9 21.8 -35.7 3.1 -38.8
GBH09-11 Munroe Head -2.9 -22.7 Not Encountered -2.9 13.1 -16.0 2.2 -18.1 1.5 -19.6

Not Encountered
Not Encountered

Not Encountered
Not Encountered

Approximate 
Mudline Elevation 

(m Geodetic)

Bottom of Hole 
Elevation (m 

Geodetic)

Not Encountered Not Encountered

Not Encountered

Test Hole ID Facility Area

Glacial DepositsFill Materials
Upper Marine Sediments 

(Fine-Grained)
Upper Marine Sediments 

(Coarse-Grained)
Victoria Clay
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GBH09-12 Munroe Head -10.3 -21.6 Not Encountered -10.3 6.4 -16.7
GBH09-13/GCPT09-04 North Landing Wharf -13.2 -19.5 1.8 -15.0 0.8 -15.8 1.2 (est.) -17 (est.) 5 (est.) -22.0
GBH09-14/GCPT09-03 North Landing Wharf -12.9 -27.0 1.2 -14.2 0.4 -14.6 1.5 -16.1 0.5 -16.6 4.7 -21.3 4.2 -25.5
GBH09-15 North Landing Wharf -12.5 -21.0 1.1 -13.6 7.3 -20.9
GBH09-16 North Landing Wharf -12.2 -15.7 0.7 -12.9 1.4 -14.3 1.2 -15.5
GBH09-17/KCPT09-107 South Jetty (Northwest) -12.8 -14.5 0.5 -13.2 1.1 -14.3
GBH09-18 South Jetty (Northwest) -12.1 -15.8 0.5 -12.6 2.0 -14.5
GBH09-19 South Jetty (Northwest) -12.8 -23.1 0.9 -13.7 0.9 -14.6 5.4 -20.0 0.6 -20.6
GBH09-20 South Jetty (Southwest) -13.9 -63.6 0.5 -14.4 1.9 -16.3 25.2 -41.5 >22.1 below -63.6
GBH09-21 South Jetty (South Side) -12.2 -35.1 1.4 -13.6 11.4 -25.0 6.4 -31.4
GBH09-22 South Jetty (South Side) -9.1 -21.9 1.7 -10.8 3.8 -14.6
GBH09-23 South Jetty (Northwest) -13.8 -28.5 Min. Recovery to 1.2 m depth -14.2 3.4 -17.6
GBH09-24/GCPT09-02B South Jetty (Northwest) -13.2 -26.1 1.1 -14.3 0.9 -15.2 1.8 (est.) -17 (est.) 9 (est.) -25.9

GCPT09-01 South Jetty (Northwest) -13.6 -38.6 0.6 -14.2 3.4 -17.6 20.8 -38.4
GCPT09-05 North Landing Wharf -13.6 -29.0 0.5 -14.1 2.7 -16.8 1.7 -18.5 10.4 -28.9Not Encountered

Not Encountered

Not Encountered
Not Encountered

Not Encountered

Not Encountered Not Encountered Not Encountered
Not Encountered

Not Encountered Not Encountered

Not Encountered
Not Encountered
Not Encountered

Not Encountered
Not Encountered

Not Encountered Not Encountered

Not Encountered Not Encountered Not Encountered
No Recovery

Not Encountered

Not Encountered

GCPT09 05 North Landing Wharf 3 6 29.0 0.5 14.1 2.7 16.8 1.7 18.5 10.4 28.9
GCPT09-06 North Landing Wharf -14.3 -30.3 0.5 -14.8 3.7 -18.5 11.2 -29.7
GCPT09-07 South Jetty (Southwest) -14.0 -47.5 0.5 -14.5 3.6 -18.1 >29.4 below -47.5
GCPT09-08B South Jetty (Southwest) -14.1 -41.0 1.3 -15.4 1.2 -16.5 24.3 -40.8
GCPT09-09B South Jetty (South Side) -13.7 -38.1 1.2 -14.8 23.2 -38.0
GCPT09-10 South Jetty (South Side) -12.3 -37.7 2.0 -14.3 21.8 -36.1
GCPT09-11 South Jetty (South Side) -12.2 -26.4 1.4 -13.6 12.6 -26.2

KCPT09-101 South Jetty (South Side) -5.6 -13.3 1.0 -6.6 2.0 -8.6 3.9 -12.5
KCPT09-102 South Jetty (South Side) -12.6 -27.3 1.8 -14.4 12.6 -27.0
KCPT09-103 South Jetty (South Side) -13.5 -40.6 1.5 -15.0 25.5 -40.5
KCPT09-104 South Jetty (Southwest) -14.0 -54.3 0.7 -14.7 3.4 -18.0 >36.3 below - 54.3
KCPT09-105 South Jetty (Northwest) -13.4 -48.3 1.2 -14.6 3.9 -18.5 >29.8 below - 48.3
KCPT09-106 South Jetty (Northwest) -13.7 -26.1 0.7 -14.4 2.5 -16.9 7.5 -24.4

Not Encountered

Not Encountered

Not Encountered

Not Encountered

Not Encountered

Not Encountered Not Encountered

Not Encountered
Not Encountered

Not Encountered Not Encountered

Not Encountered

Not Encountered
Not Encountered
Not Encountered Not Encountered

Not Encountered

Not Encountered
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Mudline profile was derived from bathymetric contours (interval =  0.5 m).

SOURCE

NOTES
Data concerning the various strata have been obtained at  test hole locations only. The soil
stratigraphy between the test holes has been inferred from geological evidence and so may vary
from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.
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NOTES
Data concerning the various strata have been obtained at  test hole locations only. The soil
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from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.
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NOTES
Data concerning the various strata have been obtained at  test hole locations only. The soil
stratigraphy between the test holes has been inferred from geological evidence and so may vary
from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.
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NOTES
Data concerning the various strata have been obtained at  test hole locations only. The soil
stratigraphy between the test holes has been inferred from geological evidence and so may vary
from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.
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from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.
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GRANULAR AND/OR ROCK FILL 1. Mudline profile was derived from bathymetric contours (interval =  0.5 m).
2. Rip Rap elevations from Focus Corportation: 03020056-104TS2.dwg, dated January 15, 2010
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FIGURE 2f

BEDROCK

Mudline profile was derived from bathymetric contours (interval =  0.5 m).

SOURCE

NOTES
Data concerning the various strata have been obtained at  test hole locations only. The soil
stratigraphy between the test holes has been inferred from geological evidence and so may vary
from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.

GRANULAR  AND/OR ROCK FILL

N1(60) FROM BECKER PENETRATION TEST (BPT)



G
e

o
d

e
tic

 E
le

va
tio

n
 (

m
)

-10

-15

-5

0

5

-30

-35

-25

-20

G

SOUTH

10

15

20

Distance Along Section Line (m)

6040200

-10

-15

-5

0

5

-30

-35

-25

-20

10

15

20

G'

NORTH

G
e

o
d

e
tic

 E
le

va
tio

n
 (

m
)

Timber Crib #3

W
h

a
rf

 e
dg

e

Mudline

B
P

T
0

1-
03

o/
s 

12
.7

m
 E

A
S

T

B
P

T
0

1-
10

o/
s 

3.
1

m
 E

A
S

T

B
P

T
0

1-
06

o/
s 

4.
6

m
 E

A
S

T

End of CPT-10
@1.8m

End of BPT-10
@16.2m

End of BPT01-06
@20.2m

End of BPT01-01
@14.0m

Drilled out

End of CPT-10
@1.8m

Loose sand &
gravel?
with localized
gravel/rock
zones?

Sands & silty
sands

Silty clay/clayey silt

Interbedded
sands, gravelly
sands, and silty
sand

0 60
N1(60)

0 60
N1(60)

0 60
N1(60)

Sand & gravel?
with localized
gravel/rock
zones?

150 tonne
Crane Rails

Possible void
in crib

80

G
C

P
T

0
9-

03
o

/s
 0

.1
m

 W
E

S
T

G
C

P
T

0
9-

04
o

/s
 0

.6
m

 W
E

S
T

Concrete
Face

TIP RESISTANCE (MPa)
CPT

012

FRICTION RATIO (%)

4 2 06810

345

0 2 4 6 8 10

FRICTION RATIO (%)
543210

CPT
TIP RESISTANCE (MPa)

G
B

H
0

9
-1

4
o

/s
 0

.1
m

 W
E

S
T

SAND

SILTY CLAY

CLAYEY SILT

G
B

H
0

9
-1

3
o

/s
 0

.6
m

 W
E

S
T

TILL?

GRANULAR FILL
and/or ROCK FILL

S
C

0
9

-1
6

o/
s 

3.
9

m
 E

A
S

T

ORGANIC SILT to
organic silty SAND

sandy GRAVEL,  with cobbles [FILL]

GRAVEL
[FILL]

CLAYEY
SILT

gravelly SAND
and SILT

[TILL-like]

[Probable
BEDROCK]

SILT,
some clay

LEGEND

GLACIAL DEPOSITS

GRANULAR AND/OR ROCK FILL

STRATIGRAPHIC
CROSS-SECTION G-G'

PUBLIC WORKS AND GOVERNMENT SERVICES CANADA
SUPPLEMENTARY TEST HOLE INVESTIGATION FOR RAP/RMP

ESQUIMALT GRAVING DOCK WATERLOT, ESQUIMALT, B.C.

FIGURE 2g
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N1(60) FROM BECKER PENETRATION TEST (BPT)

Mudline profile was derived from bathymetric contours (interval =  0.5 m).

SOURCE

NOTES
Data concerning the various strata have been obtained at  test hole locations only. The soil
stratigraphy between the test holes has been inferred from geological evidence and so may vary
from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.
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FIGURE 2h
Mudline profile was derived from bathymetric contours (interval =  0.5 m).

SOURCE

NOTES
Data concerning the various strata have been obtained at  test hole locations only. The soil
stratigraphy between the test holes has been inferred from geological evidence and so may vary
from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.
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FIGURE 2i

Mudline profile was derived from bathymetric contours (interval =  0.5 m).

SOURCE

NOTES
Data concerning the various strata have been obtained at  test hole locations only. The soil
stratigraphy between the test holes has been inferred from geological evidence and so may vary
from that shown. For detailed descriptions of stratigraphy at each borehole location, refer to the
Record of Borehole sheets.

UNCONSOLIDATED SEDIMENTS CPT TIP RESISTANCE - q T

CPT FRICTION RATIO- R f

UPPER MARINE SEDIMENTS
(COARSE-GRAINED)



-18

-17

-16

-15

-14

-13

-12

-12

-7

-8

-9
-10

-11

GBH09-23

PUBLIC WORKS AND GOVERNMENT SERVICES CANADA
SUPPLEMENTARY TEST HOLE INVESTIGATION FOR RAP/RMP

ESQUIMALT GRAVING DOCK WATERLOT, ESQUIMALT, B.C.

FIGURE 3a
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xx
##

Inferred Elevation Contours for Top of Victoria Clay (1m Interval)

1. All Elevations (in metres) referenced to Geodetic Datum.
2. Bathymetry contours (0.5m intervals) provided by CRA Surveys, February 2009.
3. Drawing base information provided by Public Works and Government Services Canada
4. Soil unit surface elevations have been interpreted from testhole data at the testhole

locations shown.  Subsurface elevations between the testholes have been inferred and
so may vary from that shown.
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FIGURE 3b

ELEVATION OF TOP
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Testhole (2009 Investigation) with Elevation Top of Glacial Deposit

Waterlot Boundary

NOTES
xx
##

Inferred Elevation Contours for Top of Glacial Deposit (5m Interval)-18

1. All Elevations (in metres) referenced to Geodetic Datum.
2. Bathymetry contours (0.5m intervals) provided by CRA Surveys, February 2009.
3. Drawing base information provided by Public Works and Government Services Canada
4. Soil unit surface elevations have been interpreted from testhole data at the testhole

locations shown.  Subsurface elevations between the testholes have been inferred and
so may vary from that shown.
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CH Inorganic clays of high plasticity, fat clays

MH Inorganic silts, micaeous or diatomaceous fine sandy or silty soils, elastic silts

OH Organic clays of medium to high plasticity, organic silts
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APPENDIX A 
Record of Boreholes 
 



Golder Associates 

GEOTECHNICAL SOIL DESCRIPTION TERMINOLOGY
  

RELATIVE DENSITY OR CONSISTENCY 
 

RELATIVE DENSITY OF COHESIONLESS SOILS 
Density Description  SPT N(1) (blows/ft) 

Very loose 0 to 4 
Loose 4 to 10 

Compact 10 to 30  
Dense 30 to 50  

Very Dense >50 
(1) Refer to ASTM D 1586 for a definition of N.  

 
CONSISTENCY OF COHESIVE SOILS 

Consistency Undrained Shear 
Strength (kPa) 

SPT N(1) (blows/ft) 

Very soft <12 0 to 2 
Soft 12 to 25 2 to 4 
Firm 25 to 50 4 to 8  
Stiff  50 to 100 8 to 15  

Very Stiff 100 to 200  15 to 30  
Hard >200 >30 

(1) Refer to ASTM D 1586 for a definition of N.  N value ranges in shaded cells may not be 
representative of consistency of cohesive soils with water contents at or above the liquid limit. 

 
COMPONENT CLASSIFICATION 

 
Component Definitions by Gradation 

Component Particle Size Range 
(mm) USS Sieve 

 
Boulders 
 
Cobbles 
 
Gravel 
 Coarse  
 Fine 
 
Sand 
 Coarse 
 Medium 
 Fine 
 
Silt and/or Clay 

 
>300 

 
75 to 300 

 
 

19 to 75 
4.76 to 19 

 
 

2.0 to 4.76 
0.42 to 2.0 

0.075 to 0.42 
 

<0.075 

 
12 inch 

 
3 to 12 inch 

 
3 inch to No. 4 
0.75 to 3 inch 

No. 4 to 0.75 inch 
 

No. 4 to No. 200 
No. 10 to No.4 

No. 40 to No. 10 
No. 200 to No. 40 

 
No. 200 

 
Description Terminology Denoting Component Proportions 

Descriptive Term Range of Proportion(1)

trace 1 to 10% 
some 10 to 20% 
…y 20 to 30% 
and >30% 

(1) Percentage by weight; does not apply to clay content or organic content 

 
Cohesive and Organic Soil Descriptions  

Description Typical USCS Designation 
CLAYEY SILT ML, CL-ML 
SILTY CLAY CL 

CLAY CH 
Organic SILT to 
Organic CLAY 

OL,OH 

PEAT Pt 
 
 
 
 
 
 

SAMPLE TYPE 
 

Log Symbol Sample Type 
AS auger sample 

DO drive open (SPT split spoon) 
CS chunk/core sample 
TP thin walled, piston 
TO thin walled, open (shelby tube) 

 
LABORATORY TESTS 

 
Log Symbol Laboratory Test 

circle plot (w) water content 

bar plot (wP,wL) Atterberg limits 
M sieve analysis 
H hydrometer analysis 
C consolidation test 

DS direct shear test 
 
 
GENERAL NOTES 
 
1. Cohesionless soils do not exhibit plastic behavior at any water 

content.  Cohesionless soils can include both coarse-grained and 
fine-grained particles.  Coarse-grained particles are particles 
that would be retained on the No. 200 USS sieve (0.075 mm), 
while fine-grained particles are particles that would pass the No. 
200 USS sieve (0.075 mm).  Cohesionless soils are described in 
terms of the relative mass proportions of the particle size 
constituents.   
 

2. Cohesive soils exhibit plastic behavior over a range of moulding 
water contents, and are classified as (in order of increasing 
degree of plasticity) CLAYEY SILT, SILTY CLAY, or CLAY, 
based on Atterberg limits testing, with reference to the plasticity 
chart in ASTM D 2487.  Cohesive soils exhibiting bulk plastic 
behaviour are generally fine-grained soils but may also contain 
minor or even major proportions of coarse-grained particles. 

 
3. Organic soils are soils with at least 5% organic content by 

weight.  The behaviour of organic fine-grained soils is similar to 
that of the mineral soil component.  Peat is comprised 
predominantly of organic matter (> 30% by weight), which may 
contain minor proportions of mineral soils. 
 

4. Standard Penetration Test (SPT, ASTM D 1586) and Dynamic 
Cone Penetration Test (DCPT) blow counts shown on the logs 
are field values and have not been corrected for effective 
overburden pressure or hammer efficiency.  
 

5. Soil component descriptions on the borehole logs are influenced 
by the borehole diameter, sampler size, and drilling method.  
The distribution of soil constituents within a soil formation can 
be expected to vary from the description on the Record of 
Borehole sheets, particularly with regards to gravel, cobbles, 
and boulders. 

 
6. Water levels shown on the Record of Borehole sheets represent 

water levels observed within the open boreholes at the time of 
drilling or at the time of standpipe piezometer monitoring.   
Groundwater levels may vary significantly with time due to 
annual, seasonal, and special meteorological conditions.  
Artesian conditions may be present in some soil formations but 
not apparent during drilling of the formation.      

 
7. Location coordinates shown on the logs are UTM and elevations 

are to Geodetic vertical datum.    
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SILTY CLAY. (continued)

Stiff becoming firm, wet, grey, SILTY
CLAY, trace sand, trace gravel.

Firm, wet, grey, SILTY CLAY.
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Firm, wet, grey, SILTY CLAY.
(continued)

Stiff, moist to wet, grey, SILTY CLAY.
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Stiff, moist to wet, grey, SILTY CLAY.
(continued)

Dense to very dense, wet, grey,
well-graded gravelly SAND, some silt
to silty.

Compact to dense, moist, grey, SAND
and SILT, some gravel, trace clay.

Dense to very dense, wet, grey,
well-graded SAND and GRAVEL,
some silt.

Very dense, moist, grey, well-graded
silty SAND and GRAVEL to silty sandy
GRAVEL.

Very dense, moist, grey, well-graded
SAND and SILT, some gravel to
gravelly (fine to coarse, rounded to
sub-angular). [TILL-like]
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Very dense, moist, grey, well-graded
SAND and SILT, some gravel to
gravelly (fine to coarse, rounded to
sub-angular). [TILL-like] (continued)

Very dense, moist, grey, well-graded
gravelly SAND (fine to coarse,
rounded to sub-angular gravel), some
silt to silty. [TILL-like]

Very dense, dry, mottled light and dark
green-grey with white inclusions,
well-graded  gravelly silty SAND, (fine
and coarse, angular gravel), trace
clay. [TILL-like]

End of Borehole.
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NO RECOVERY

Black creosote-soaked WOOD.

NO RECOVERY

Wet, black, well-graded SAND, trace
to some gravel, with wood debris and
shell fragments, creosote-like odour,
hydrocarbon sheen. [FILL]

Wet, grey with black staining, gravelly
SAND, trace silt, with shell fragments,
hydrocarbon-like odour. [FILL]

Wet, grey, sandy GRAVEL, trace silt
with shell fragments, hydrocarbon-like
odour. [FILL]

Wet, grey, SAND, some gravel, trace
silt, with shell fragments. [possible
FILL]

Firm, moist, grey, SILTY CLAY, trace
sand, trace gravel, with shell
fragments.

Stiff, moist, grey, CLAYEY SILT to
SILTY CLAY, trace sand, trace fine
gravel.
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Stiff, moist, grey, CLAYEY SILT to
SILTY CLAY, trace sand, trace fine
gravel. (continued)

Stiff becoming firm, moist to wet, grey,
SILTY CLAY, trace sand, trace fine
gravel.

Firm to stiff, moist to wet, grey, SILTY
CLAY.
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--- 20.4 to 20.9 m depth: Contains
lenses (3) of fine to medium sand < 25
mm thick.

Firm to stiff, moist to wet, grey, SILTY
CLAY. (continued)

--- Below 25.6 m depth: Contains trace
sand.

Compact to dense, wet, grey, SAND,
trace silt, trace gravel.

Very dense, moist, grey, well-graded
silty SAND, some gravel to gravelly
(fine and coarse, sub-rounded to
sub-angular). [TILL-like]
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Very dense, dry, grey, well-graded silty
SAND and GRAVEL, with cobbles.

Dense to very dense, wet, grey, sandy
GRAVEL with cobbles, becoming fine
to medium SAND, trace coarse sand,
trace fine gravel, becoming
well-graded gravelly SAND, trace silt.

Very dense, wet, grey, well-graded
gravelly SAND, some silt to silty, with
cobbles. [TILL-like]

Very dense, moist becoming dry,
mottled light/dark grey and olive grey,
well-graded silty SAND, trace to some
angular gravel, trace clay. [TILL-like]
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Very dense, moist becoming dry,
mottled light/dark grey and olive grey,
well-graded silty SAND, trace to some
angular gravel, trace clay. [TILL-like]
(continued)

NO RECOVERY (BEDROCK Inferred)

End of Borehole.
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NO RECOVERY

Soft, wet, grey, CLAYEY SILT to
SILTY CLAY, trace sand, trace gravel,
with shell fragments, wood debris and
organics, hydrocarbon-like odour.

Soft, wet, grey, CLAYEY SILT to
SILTY CLAY, trace to some gravel,
trace sand, with shell fragments.

--- Rounded cobble recovered from
approximately 7.62 m depth.

NO RECOVERY
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NO RECOVERY (continued)

Soft to firm, wet, grey, SILTY CLAY,
trace gravel, trace sand.
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NO RECOVERY (continued)

Dense to very dense, wet, grey, fine to
medium SAND, some silt.
Very dense, wet, grey, silty SAND,
some gravel. [TILL-like]

Dry, grey, coarse gravel to
cobble-sized, angular ROCK.
[probable BEDROCK]

Strong to very strong, GNEISS.
[BEDROCK]

NO RECOVERY

End of Borehole.
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NO RECOVERY

Soft, wet, black, ORGANIC SILT and
WOOD DEBRIS, hydrocarbon-like
odour, hydrocarbon sheen.

Soft to firm, wet, grey, organic
CLAYEY SILT, trace to some sand,
trace gravel, trace shell fragments,
hydrogen sulphide-like odour.
Wet, grey, silty SAND, some gravel,
with cobbles. [Possible FILL]

Stiff becoming firm, moist, grey, SILTY
CLAY, trace sand, trace gravel, with
shells.

Firm, moist, grey, SILTY CLAY, trace
sand.
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--- 9.8 to 14.3 m depth: Contains trace
gravel.

Firm, moist, grey, SILTY CLAY, trace
sand. (continued)

--- 17.7 m depth: Lens (<15 mm
thickness) of fine to medium sand.

Stiff, moist to wet, grey, sandy SILTY
CLAY, trace gravel.
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Compact, wet, grey, clayey GRAVEL
(angular), some sand. (continued)

Firm to stiff, moist to wet, grey SILTY
CLAY, trace to some sand.

Dense to very dense, moist to wet,
grey, silty SAND, some gravel to
gravelly (sub-rounded), trace clay.
[TILL-like]

Very dense, dry, light grey,
well-graded SAND and SILT, some
clay, trace fine angular gravel.
[TILL-like]

Very dense, moist, grey, well-graded
SAND and SILT, some clay, trace
angular gravel. [TILL-like]

--- 27.4 m depth: Possible seam of wet
gravelly sand.

Wet, grey and green with white
veining, coarse sand-sized to
gravel-sized to cobble-sized angular
rock. [Probable BEDROCK]

Strong to very strong GNEISS.
[BEDROCK]
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Strong to very strong GNEISS.
[BEDROCK] (continued)

NO RECOVERY

End of Borehole.
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NO RECOVERY

Loose, wet, grey, silty SAND, trace
gravel, with shells, with debris (glass,
wood), hydrocarbon-like odour
[possible FILL].

Firm, moist to wet, grey, CLAYEY
SILT, trace sand, trace gravel, with
shells, hydrogen sulphide-like odour.

--- Shell fragments below 4.42 m
depth.

Wet, grey, sandy SILT, trace gravel,
with shell fragments, hydrogen
sulphide-like odour.

---Shell layer 15 cm thick at 6.71 m
depth.
--- Contains cobbles (15 to 20 cm
thick) at 7.26 m depth.

Firm to stiff, moist, grey, CLAYEY
SILT, trace to some sand.

Very stiff, moist, grey with brown
mottle, sandy SILTY CLAY.

--- Silt, trace to some sand below
10.97 m depth.

HYDRAULIC CONDUCTIVITY,
             k, cm/s

SAMPLES

S
T

R
A

T
A

 P
LO

T

WATER CONTENT PERCENT

Wp
NP - Non-Plastic

W

10-6 10-5 10-4 10-3

DRILLING DATE:  September 2, 2009

INCLINATION:  -90°

A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

N
U

M
B

E
R

T
Y

P
E

SOIL PROFILE

SHEET  1  OF  2

B
LO

W
S

/0
.3

m

DESCRIPTION
WlDEPTH

(m)
25 50 75 100

ELEV.

B
O

R
IN

G
 M

E
T

H
O

D

RECORD OF BOREHOLE:    GBH09-05

-9.16

DEPTH SCALE

Mudline

DRILLING CONTRACTOR: Mud Bay Drilling Co. Ltd.

DATUM:   Geodetic

PROJECT No.:   09-1475-5008

LOCATION:  Esquimalt Graving Dock - See Location Plan

LOGGED: AK/DLS

CHECKED: MCS/CNW

D
E

P
T

H
 S

C
A

LE
M

E
T

R
E

S

CONTINUED NEXT PAGE

0.00
0

1

2

3

4

5

6

7

8

9

10

PIEZOMETER,
STANDPIPE

OR
THERMISTOR
INSTALLATION

1  :  50

N: 5364801.8   E: 468333.1
F

ile
:N

:\A
C

T
IV

E
\2

00
9\

14
75

\0
9-

14
75

-5
00

8 
P

W
G

S
C

 W
A

T
E

R
LO

T
 B

H
 S

S
I E

G
D

\V
IC

 D
R

A
F

T
IN

G
\G

IN
T

\0
9-

14
75

-5
00

8 
C

O
N

V
E

R
T

E
D

.G
P

J 
 O

ut
pu

t F
or

m
:B

O
R

E
H

O
LE

 (
A

U
T

O
) 

  T
em

pl
at

e:
B

C
 R

E
G

IO
N

 T
E

M
P

LA
T

E
 B

E
T

A
 1

.G
D

T
  L

ib
ra

ry
:B

C
 R

E
G

IO
N

 L
IB

R
A

R
Y

.G
LB

  C
F

el
ke

r 
 3

/1
/1

0

20 40 60 80

nat V.
rem V.

DYNAMIC PENETRATION
RESISTANCE, BLOWS/0.3m

20 40 60 80

Q -
U -

SHEAR STRENGTH
Cu, kPa

S
on

ic
 w

ith
 1

00
 m

m
 d

ia
m

et
er

 c
or

e 
ba

rr
el

 a
nd

 1
50

 m
m

 d
ia

m
et

er
 c

as
in

g



Sa7  CS

D
B

32
0 

M
in

i-T
ra

ck
 S

on
ic

 R
ig

-20.59
11.43

Very stiff, moist, grey with brown
mottle, sandy SILTY CLAY.

--- Silt, trace to some sand below
10.97 m depth. (continued)

End of Borehole.
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NO RECOVERY

Soft, wet, grey, CLAYEY SILT, trace
sand, trace coarse rounded gravel,
with shells, hydrogen sulphide-like
odour.

Soft to firm, wet, grey, sandy CLAYEY
SILT, trace gravel, with shells,
hydrogen sulphide-like odour.

Stiff, moist, blue-grey, SILTY CLAY,
trace sand.

--- Grey with brown mottle, very stiff
below 8.53 m depth.
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Stiff, moist, blue-grey, SILTY CLAY,
trace sand.

--- Grey with brown mottle, very stiff
below 8.53 m depth. (continued)

End of Borehole.
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NO RECOVERY

Very soft, wet, black, ORGANIC SILT
with shell fragments, trace sand,
hydrogen sulphide-like odour.

Soft, wet, grey, SILT, trace sand, trace
gravel, hydrogen sulphide-like odour.

Moist to wet, grey, gravelly  sandy
SILT (angular gravel). [possible FILL]

Firm, moist, grey, CLAYEY SILT, trace
sand, trace angular gravel with wood
debris, creosote and hydrocarbon-like
odour.

WOOD DEBRIS (possible timber pile),
creosote and hydrocarbon-like odour,
sheen.

Moist to wet, SAND and GRAVEL,
some silt, with shells,
hydrocarbon/creosote-like odour.

Very stiff, moist, grey with brown
mottle, SILTY CLAY.

End of Borehole.
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NO RECOVERY

Soft to firm, moist, grey and brown,
CLAYEY SILT, trace sand, trace to
some coarse angular gravel, with shell
fragments.

Firm, moist, grey, CLAYEY SILT, trace
sand, trace shell fragments, hydrogen
sulphide-like odour.

--- Angular cobbles (> 15 cm) from
4.27 to 4.57 m depth.

Wet, grey, silty SAND, trace rounded
gravel, with shells.

Moist, grey and brown, sandy SILTY
CLAY,  trace gravel with shells.

Moist, brown with grey mottle, SILTY
CLAY, trace sand, trace fine rounded
gravel.

End of Borehole.
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NO RECOVERY

Very soft, wet, black, ORGANIC SILT,
trace sand, with wood debris,
hydrogen sulphide-like odour, sheen.

--- Grey-black, soft at 1.27 m depth.

Loose, wet, grey, GRAVEL, some
sand, trace to some silt. [FILL]

Soft to firm, moist, grey, CLAYEY
SILT, trace sand.

Soft to firm, wet, grey, sandy CLAYEY
SILT, with shells, hydrogen
sulphide-like odour.

Wet, grey, SAND, trace gravel, with
shells.

--- Shell layer from 3.96 to 4.42 m
depth.

Firm, wet, grey, SILTY CLAY, trace
sand, creosote/hydrocarbon-like
odour.

Stiff, moist, grey, SILTY CLAY.

End of Borehole.
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Very soft, wet, black, ORGANIC SILT,
some sand, with shells and organics,
hydrogen sulphide-like odour.

Soft, wet, grey, CLAYEY SILT, some
sand, some gravel, creosote-like
odour.

Soft, wet, grey CLAYEY SILT and
SAND, trace gravel, with shells, with
wood debris, creosote-like odour.

Loose, wet, grey, fine SAND and SILT,
trace to some clay, trace medium to
coarse sand.

Firm to stiff, moist to wet, grey, SILTY
CLAY, trace sand, trace gravel.

Firm, wet, grey, SILTY CLAY, trace
sand.
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Firm, wet, grey, SILTY CLAY, trace
sand. (continued)

Firm to stiff, wet, grey, SILTY CLAY,
trace to some sand, trace to some
gravel.

Firm, moist to wet, grey, SILTY CLAY,
trace sand.
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Firm, moist to wet, grey, SILTY CLAY,
trace sand. (continued)

Stiff, moist, grey, SILTY CLAY, trace
sand.

--- Above 23.9 m and below 26.8 m
depth: Contains trace gravel.

Compact to dense, wet, grey,
well-graded gravelly SAND (fine to
coarse gravel).
Dense, wet, grey, well-graded silty
gravelly SAND.

Dense, wet, grey, medium to coarse
SAND and fine GRAVEL (rounded to
sub-angular), trace fine sand, trace
silt.

Very dense, wet, light grey,
well-graded silty SAND, some gravel,
trace clay. [TILL-like]
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Very dense, wet, light grey,
well-graded silty SAND, some gravel,
trace clay. [TILL-like] (continued)

Very dense, moist to dry, grey, silty
SAND, some sub-rounded to
sub-angular gravel. [TILL-like]
Very dense, dry, light grey to white,
fine sandy SILT (non-plastic), some
medium to coarse sand, trace to some
sub-angular to angular gravel.
[TILL-like]

Gravel to cobble-sized angular ROCK.
[Probable BEDROCK]

NO RECOVERY.

End of Borehole.
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Wet, grey, gravelly SAND to SAND
with trace gravel, with shells, with
angular cobbles. [FILL]

Angular coarse GRAVEL with angular
cobbles, with boulders (inferred) and
void spaces (inferred). [FILL]
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Angular coarse GRAVEL with angular
cobbles, with boulders (inferred) and
void spaces (inferred). [FILL]
(continued)

Wet, brown, gravelly SAND, some silt.
[possible FILL]

Wet, grey, sandy GRAVEL, trace silt.
[possible FILL]

Loose, wet, grey-brown, sandy SILT,
trace clay, with shells.

Wet, grey, silty SAND, trace gravel,
with shells.

Stiff, wet, grey, SILTY CLAY, trace
sand.

End of Borehole.
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Wet, black, SAND and GRAVEL
(angular), some silt, hydrocarbon-like
odour. [FILL]

Firm, wet, mottled light and dark grey,
CLAYEY SILT, some sand, trace
gravel, with shells, solvent and
hydrocarbon-like odour.

No Recovery

Wet, grey, silty SAND and GRAVEL,
trace clay,  with cobbles, solvent and
hydrocarbon-like odour. [FILL]

Possible BOULDER [FILL]

Coarse GRAVEL with cobbles
(sub-rounded to angular). [FILL]

Stiff, moist to wet, grey, SILTY CLAY
and well-graded SAND and GRAVEL
(sub-rounded to angular), with
cobbles, hydrocarbon-like odour.
[possible FILL]

Gravel-sized and cobble-sized angular
rock. [Probable BEDROCK]

No Recovery
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No Recovery (continued)

End of Borehole.
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Very soft, wet, black, ORGANIC SILT,
with shells, hydrocarbon-like odour.

Very loose, wet. grey and black, sandy
ORGANIC SILT to organic silty SAND,
trace gravel, with shells.

Wet, angular GRAVEL, some sand to
sandy, trace to some silt, with angular
cobbles. [FILL]

Firm, moist to wet, grey, CLAYEY
SILT, trace sand, with shell fragments.

No Recovery (core barrel may have
been blocked by cobble recovered at
end of barrel)

End of Borehole.
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Very loose, wet, black, organic silty
SAND, some gravel, with shells,
hydrocarbon-like odour.

Soft, wet, grey with black staining,
organic CLAYEY SILT, some coarse
angular gravel, trace sand.

Wet, grey-green, angular GRAVEL.
[FILL]

Soft to firm, wet, grey, CLAYEY SILT,
trace to some sand, trace gravel, with
shells.

Wet, grey, SAND, trace silt, with
shells.

Soft to firm, wet, grey, SILTY CLAY,
trace to some sand, trace gravel.

Stiff, moist to wet, grey, SILTY CLAY,
trace sand, trace gravel, with shells.

Very dense, moist to wet, green-grey,
SAND and SILT, some gravel to
gravelly, trace clay. [TILL-like]
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Very dense, moist to wet, green-grey,
SAND and SILT, some gravel to
gravelly, trace clay. [TILL-like]
(continued)

Gravel-sized angular rock. [Probable
BEDROCK]

End of Borehole.

HYDRAULIC CONDUCTIVITY,
             k, cm/s

SAMPLES

S
T

R
A

T
A

 P
LO

T

WATER CONTENT PERCENT

Wp
NP - Non-Plastic

W

10-6 10-5 10-4 10-3

DRILLING DATE:  November 12, 2009

INCLINATION:  -90°

A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

N
U

M
B

E
R

T
Y

P
E

SOIL PROFILE

SHEET  2  OF  2

B
LO

W
S

/0
.3

m

DESCRIPTION
WlDEPTH

(m)
25 50 75 100

ELEV.

B
O

R
IN

G
 M

E
T

H
O

D

RECORD OF BOREHOLE:    GBH09-14

DEPTH SCALE

DRILLING CONTRACTOR: Mud Bay Drilling Co. Ltd.

DATUM:   Geodetic

PROJECT No.:   09-1475-5008

LOCATION:  Esquimalt Graving Dock - See Location Plan

LOGGED: DGM

CHECKED: MCS/CNW

D
E

P
T

H
 S

C
A

LE
M

E
T

R
E

S

10

11

12

13

14

15

16

17

18

19

20

PIEZOMETER,
STANDPIPE

OR
THERMISTOR
INSTALLATION

1  :  50

N: 5364938.6   E: 468253
F

ile
:N

:\A
C

T
IV

E
\2

00
9\

14
75

\0
9-

14
75

-5
00

8 
P

W
G

S
C

 W
A

T
E

R
LO

T
 B

H
 S

S
I E

G
D

\V
IC

 D
R

A
F

T
IN

G
\G

IN
T

\0
9-

14
75

-5
00

8 
C

O
N

V
E

R
T

E
D

.G
P

J 
 O

ut
pu

t F
or

m
:B

O
R

E
H

O
LE

 (
A

U
T

O
) 

  T
em

pl
at

e:
B

C
 R

E
G

IO
N

 T
E

M
P

LA
T

E
 B

E
T

A
 1

.G
D

T
  L

ib
ra

ry
:B

C
 R

E
G

IO
N

 L
IB

R
A

R
Y

.G
LB

  C
F

el
ke

r 
 3

/1
/1

0

20 40 60 80

nat V.
rem V.

DYNAMIC PENETRATION
RESISTANCE, BLOWS/0.3m

20 40 60 80

Q -
U -

SHEAR STRENGTH
Cu, kPa

S
on

ic
 w

ith
 1

00
 m

m
 d

ia
m

et
er

 c
or

e 
ba

rr
el

 a
nd

 1
50

 m
m

 d
ia

m
et

er
 c

as
in

g



G1

G2

G3

G4

G5

G6

G7

G8

G9

G10

M, H CS

 CS

 CS

 CS

 CS

 CS

 CS

 CS

 CS

 CS

T
ru

ck
 M

ou
nt

ed
 S

on
ic

 D
ri

ll

-13.55

-15.99

-16.30

-16.75

-17.06

-17.82

-18.58

-20.87

-21.02

1.07

3.51

3.81

4.27

4.57

5.33

6.10

8.53

Very soft, wet, black, ORGANIC SILT,
some gravel, some sand, with organic
fibres, with metal debris.

Dense to very dense, moist to dry,
grey-brown becoming grey,
well-graded silty SAND to SAND and
SILT, some gravel to gravelly, trace
clay. [TILL-like]

Dense, moist, brown, fine SAND,
some medium to coarse sand, some
silt, trace fine gravel.

Dense, wet, grey, well-graded gravelly
SAND, some silt.

Hard, moist, grey, CLAY, trace gravel,
with shell fragments, fissured.

Dense, wet, grey, well-graded gravelly
silty SAND, with cobbles. [TILL-like]

Very dense, moist, grey, well-graded
silty SAND,  trace gravel, with partings
of fine sand, with ~5mm thick  seams
(2) of silt.

Very dense, wet, grey, silty fine SAND
to well-graded SAND, with some silt,
some gravel to gravelly. [TILL-like]

Possible Bedrock

End of Borehole.
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Very loose, wet, black, sandy
ORGANIC SILT, some gravel,
hydrocarbon-like odour.

Wet, green-grey, fine to coarse
angular GRAVEL, some medium to
coarse sand, trace silt. [FILL]

Very dense, moist to wet, green-grey,
well-graded silty SAND, some gravel,
trace clay. [TILL-like]

Gravel-sized angular rock fragments.
[Possible BEDROCK]

End of Borehole.
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Very loose, ORGANIC SILT to sandy
ORGANIC SILT.
Loose becoming compact, wet, grey,
sandy SILT becoming silty SAND,
trace gravel, with shell fragments and
organics (decayed twigs).

Compact to dense, wet, grey
becoming golden brown, sandy
GRAVEL (sub-rounded to
sub-angular), trace to some silt.

Compact, wet, golden brown,
well-graded silty SAND, some
sub-angular gravel. [TILL-like]
Note: Soil descriptions above 0.6m
depth based on data from
KCPT09-107 and SC09-111C

End of Borehole.
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Loose to very loose, wet, dark grey,
SILT and SAND, some gravel.

Dense, moist, green-grey, well graded
SAND and SILT, some gravel, some
clay. [TILL-like]

Very dense, dry, grey, sandy SILT,
some gravel, with cobbles. [TILL-like]

Wet, grey, fine to coarse gravel-sized,
angular rock fragments, some medium
to coarse sand, trace silt. [Probable
fractured BEDROCK]

No recovery

End of Borehole.
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Very soft, wet, black, ORGANIC SILT
some sand, trace gravel, with organic
fibres, hydrocarbon-like odour.

Loose to compact, wet, grey, silty
SAND and GRAVEL (sub-rounded to
angular), with shell fragments.

Stiff to very stiff. SILTY CLAY, trace to
some sand, trace gravel.

Firm, wet, grey, SILTY CLAY, trace
sand, trace gravel.

Very dense, moist, green-grey, silty
SAND, some gravel, trace clay.
[TILL-like]

Dry, green-grey, angular, coarse
sand-sized to gravel-sized angular
rock. [Probable BEDROCK]

No recovery
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No recovery (continued)

End of Borehole.
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Very soft, wet,  black, ORGANIC SILT,
trace sand, with shells and organic
fibres, hydrocarbon-like odour.

Soft becoming firm/loose, wet, grey,
CLAYEY SILT becoming sandy SILT,
trace  to some clay, trace gravel, with
shells.

Stiff becoming very stiff, moist, brown,
SILTY CLAY, trace sand, trace gravel.

Stiff, wet, grey, SILTY CLAY, trace
sand, trace gravel.
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Stiff, wet, grey, SILTY CLAY, trace
sand, trace gravel. (continued)

Firm becoming stiff, wet, grey, SILTY
CLAY, trace sand.
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Firm becoming stiff, wet, grey, SILTY
CLAY, trace sand. (continued)

Dense, wet, grey, SAND, some gravel
to gravelly, trace silt.

Very dense, moist to wet, grey,
well-graded silty SAND to SILT and
SAND, some gravel, trace clay, with
cobbles. [TILL-like]
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Very dense, moist to wet, grey,
well-graded silty SAND to SILT and
SAND, some gravel, trace clay, with
cobbles. [TILL-like] (continued)

Very dense, wet, grey, SAND, some
silt, some gravel.
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Very dense, dry to moist, green-grey,
SAND and SILT, trace to some gravel,
trace clay. [TILL-like] (continued)

Very dense, wet, grey, SAND, trace to
some silt.

Very dense, moist, grey-green, SAND
and SILT, trace gravel, trace clay.
[TILL-like]

Very dense, wet, grey, medium SAND,
trace to some silt.

Very dense, moist, green-grey, SAND
and SILT, trace gravel, trace clay.
[TILL-like]

Very dense, wet, green-grey, silty fine
to medium SAND, trace clay.

Very dense, wet, green-grey, silty
SAND and GRAVEL, trace clay, with
cobbles. [TILL-like]

End of Borehole.
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Very soft, wet, black, ORGANIC SILT,
trace sand, with organic fibres;
hydrocarbon-like odour.

Firm becoming stiff, wet, grey, SILTY
CLAY, trace sand, trace gravel.

-5.49m to 7.95m depth: contains
seams of fine sand <15mm thick.
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Firm becoming stiff, wet, grey, SILTY
CLAY, trace sand, trace gravel.

-5.49m to 7.95m depth: contains
seams of fine sand <15mm thick.
(continued)

Stiff, wet, grey, SILTY CLAY and
sandy GRAVEL.

Compact, moist, grey, SILT, some
sand, trace to some gravel, trace clay.

Very dense, dry to moist, green-grey,
SAND and SILT, some gravel.
[TILL-like]

Very dense, moist to wet, light grey,
SAND and SILT, some gravel, trace
clay. [TILL-like]

Dry, light grey to white rock flour with
sand and gravel-sized rock fragments.
[Possible BEDROCK]
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Gravel-sized angular rock. [Probable
BEDROCK]

Gravel-sized angular rock. [Probable
BEDROCK] (continued)

End of Borehole.
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No recovery

Loose, wet, grey with black staining,
sandy SILT, with decomposed wood
fibres.

Soft to firm, wet, grey, SILTY CLAY to
CLAYEY SILT, trace to some sand,
trace gravel, with shells.

-contains decomposed wood fibres
above 2.4m depth

Firm to stiff, moist to wet, grey, SILTY
CLAY, trace sand, trace gravel.

Firm, wet, grey, SILTY CLAY.
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G12

G13

 TP

 DO

-21.91
12.80

Firm, wet, grey, SILTY CLAY.
(continued)

End of Borehole.
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-20.82

1.22

2.90
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Minimal Recovery

Very soft becoming soft, wet, dark
grey, CLAYEY SILT, some sand, with
shells.

Loose, wet, grey, SILT, some fine
sand to sandy, trace clay, with shells.

Firm becoming very stiff, moist, grey,
SILTY CLAY, trace sand, with shells.
 - Possible coarse gravel or cobble at
4.19 m.

Very stiff, moist, grey-brown, SILTY
CLAY, trace sand.

Stiff becoming firm to stiff, wet, grey,
SILTY CLAY, trace sand.
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G12

G13

 DO

 DO

-28.46
14.63

Stiff becoming firm to stiff, wet, grey,
SILTY CLAY, trace sand. (continued)

End of Borehole.
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G1A

G1B

G2A

G2B

G3

51
DO

51
DO

51
DO

6

4

-13.66

-14.32

-14.60

-15.21

-15.67

-16.18

-16.79

0.45

1.12

1.40

2.01

2.46

2.97

3.58

Very soft becoming soft, wet, black,
ORGANIC SILT.

Soft to firm, wet, grey with black
banding, SILT.

Stiff, wet, grey, SILTY CLAY, trace
sand, trace gravel, with shell
fragments. [possible FILL]

Compact to dense, wet, grey, angular
GRAVEL, some sand to sandy
(coarse-grained), trace silt. [FILL]

Loose, wet, grey, fine sandy SILT, with
shell fragements.

No Recovery

Firm, wet, grey, CLAYEY SILT, trace
gravel, with shell fragments.

-sand lens at 3.48m depth

Note: Soil descriptions above 1.1m
depth based on data from
GCPT09-02B and SC09-37.

End of Borehole.
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APPENDIX B 
Grain Size Distributions (Boreholes) 
 



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

30 Oct 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-5008

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-04
Sample: G18
Depth: 20.12-20.27 m



PROJECT: Waterlot – BH/SSI
PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-04 Sample No. G18 Depth  (m) : 20.12-20.27
1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.2
Total Weight 1562.6 Before Wash 75.0 Total -200 61.8

After Wash 13.4 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 237.4 15.2 15.2 38.1 84.8
1" 179.5 11.5 11.5 25.4 73.3

3/4" 133.9 8.6 8.6 19.1 64.8
1/2" 156.9 10.0 10.0 12.7 54.7
3/8" 73.7 4.7 4.7 9.52 50.0
#4 189.4 12.1 12.1 4.76 37.9
#10 124.9 8.0 8.0 2.00 29.9
#20 6.7 9.0 2.7 0.840 27.2
#40 1.9 2.5 0.8 0.420 26.4
#60 1.2 1.6 0.5 0.250 26.0
#100 1.4 1.8 0.5 0.149 25.4
#200 2.0 2.6 0.8 0.074 24.6
Pan 61.8 82.4 24.6

HYDROMETER ANALYSIS     

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 66.0 20.0 -3.77 62.2 0.0504 24.5
1 64.5 20.0 -3.77 60.7 0.0365 23.9
2 63.0 20.0 -3.77 59.2 0.0264 23.3
4 58.5 20.0 -3.77 54.7 0.0198 21.6
8 54.0 20.0 -3.77 50.2 0.0148 19.8
15 50.0 20.0 -3.77 46.2 0.0113 18.2
30 45.0 20.0 -3.77 41.2 0.0084 16.2
60 41.0 20.0 -3.77 37.2 0.0061 14.7

120 37.5 19.5 -3.84 33.7 0.0045 13.3
240 34.0 19.5 -3.84 30.2 0.0033 11.9
360 31.5 19.0 -3.91 27.6 0.0027 10.9
1440 26.5 18.0 -3.91 22.6 0.0014 8.9

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-04
Sample: G23
Depth: 23.77-23.93 m



PROJECT: Waterlot – BH/SSI
PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-04 Sample No. G23 Depth  (m) : 23.77-23.93
1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.4
Total Weight 857.6 Before Wash 50.1 Total -200 28.8

After Wash 21.7 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 19.1 100.0
1/2" 0.0 0.0 12.7 100.0
3/8" 1.6 0.2 0.2 9.52 99.8
#4 18.5 2.2 2.2 4.76 97.7
#10 51.7 6.0 6.0 2.00 91.6
#20 3.8 7.5 6.9 0.840 84.7
#40 4.5 9.0 8.2 0.420 76.5
#60 3.9 7.8 7.1 0.250 69.4
#100 4.1 8.1 7.4 0.149 62.0
#200 5.1 10.2 9.3 0.074 52.6
Pan 28.8 57.5 52.6

HYDROMETER ANALYSIS     

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 32.5 20.0 -3.77 28.7 0.0720 52.0
1 31.0 20.0 -3.77 27.2 0.0515 49.3
2 29.0 20.0 -3.77 25.2 0.0370 45.7
4 27.0 20.0 -3.77 23.2 0.0265 42.0
8 25.5 20.0 -3.77 21.7 0.0189 39.3
15 23.5 20.0 -3.77 19.7 0.0140 35.7
30 22.0 20.0 -3.77 18.2 0.0100 33.0
60 20.0 20.0 -3.77 16.2 0.0072 29.4

120 18.5 19.5 -3.84 14.7 0.0051 26.5
240 17.0 19.5 -3.84 13.2 0.0037 23.8
360 16.0 19.0 -3.91 12.1 0.0030 21.9
1440 13.0 18.0 -3.91 9.1 0.0015 16.5

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-04
Sample: G26
Depth: 26.21-26.37 m



PROJECT: Waterlot – BH/SSI
PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-04 Sample No. G26 Depth  (m) : 26.21-26.37
1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.7
Total Weight 957.1 Before Wash 50.1 Total -200 30.3

After Wash 20.5 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 19.1 100.0
1/2" 0.0 0.0 12.7 100.0
3/8" 26.9 2.8 2.8 9.52 97.2
#4 22.2 2.3 2.3 4.76 94.9
#10 46.3 4.8 4.8 2.00 90.0
#20 3.7 7.4 6.7 0.840 83.3
#40 4.4 8.8 7.9 0.420 75.4
#60 3.6 7.1 6.4 0.250 69.0
#100 3.5 7.0 6.3 0.149 62.7
#200 4.6 9.1 8.2 0.074 54.5
Pan 30.3 60.5 54.5

HYDROMETER ANALYSIS     

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 34.0 20.0 -3.77 30.2 0.0712 53.7
1 32.5 20.0 -3.77 28.7 0.0509 51.1
2 30.0 20.0 -3.77 26.2 0.0367 46.6
4 29.0 20.0 -3.77 25.2 0.0261 44.8
8 27.0 20.0 -3.77 23.2 0.0187 41.3
15 25.0 20.0 -3.77 21.2 0.0139 37.7
30 24.0 20.0 -3.77 20.2 0.0099 36.0
60 21.5 20.0 -3.77 17.7 0.0071 31.5

120 20.0 19.5 -3.84 16.2 0.0051 28.7
240 18.0 19.5 -3.84 14.2 0.0036 25.2
360 17.0 19.0 -3.91 13.1 0.0030 23.3
1440 14.0 18.0 -3.91 10.1 0.0015 17.9

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-01 
Sample: G40
Depth: 36.73-36.88 m



SIEVE ANALYSIS OF FINE
AND COARSE AGGREGATE

ASTM C 136

PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008

DATE SAMPLED: SAMPLED BY: DGM

DATE TESTED: 30-Sep-09 TESTED BY: AMB

Auger Hole GBH09-01 Sample : G40 Depth : 36.73-36.88

1st  SIEVING 2nd  SIEVING Wash Sieving

Weight before sievin 1266.7 Weight before sieving Weight after wash 1027.6
Total weight 1266.7 1/4  Pass #4 Residual #200 17.3
Pass #4 Minus #200 256.4

Sieve Weight Weight  %  Retained Diameter

(USS) Retained % Retained Retained % Retained of  Total (mm) % Passing

3" 0.0 0.0 75.0 100.0

1 1/2" 0.0 0.0 37.5 100.0

1" 64.9 5.1 5.1 25.0 94.9

3/4" 66.5 5.2 5.2 19.0 89.6

1/2" 100.5 7.9 7.9 12.5 81.7

3/8" 40.0 3.2 3.2 9.5 78.5

#4 77.3 6.1 6.1 4.75 72.4

#8 88.7 7.0  7.0 2.36 65.4

#16 83.9 6.6  6.6 1.18 58.8

#30 79.2 6.3  6.3 0.6 52.6

#50 143.7 11.3  11.3 0.3 41.2

#100 192.2 15.2  15.2 0.15 26.0

#200 73.3 5.8  5.8 0.075 20.2

Pan 256.4 20.2  20.2

REMARKS :

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing service only.  Interpretation of the data given 
here may be provided upon request.

GOLDER ASSOCIATES LTD., 2640 Douglas St. Victoria, BC, V8T 4 M1, Tel: 250-881-7372 Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-01 
Sample: G42
Depth: 37.34-37.49 m



SIEVE ANALYSIS OF FINE
AND COARSE AGGREGATE

ASTM C 136

PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008

DATE SAMPLED: SAMPLED BY: DGM

DATE TESTED: 30-Sep-09 TESTED BY: AMB

Auger Hole GBH09-01 Sample : G42 Depth : 37.34-37.49

1st  SIEVING 2nd  SIEVING Wash Sieving

Weight before sievin 798.6 Weight before sieving Weight after wash 506.2
Total weight 798.6 1/4  Pass #4 Residual #200 24.2
Pass #4 Minus #200 316.6

Sieve Weight Weight  %  Retained Diameter

(USS) Retained % Retained Retained % Retained of  Total (mm) % Passing

3" 0.0 0.0 75.0 100.0

1 1/2" 0.0 0.0 37.5 100.0

1" 35.3 4.4 4.4 25.0 95.6

3/4" 20.9 2.6 2.6 19.0 93.0

1/2" 17.6 2.2 2.2 12.5 90.8

3/8" 12.7 1.6 1.6 9.5 89.2

#4 39.5 4.9 4.9 4.75 84.2

#8 39.5 4.9  4.9 2.36 79.3

#16 39.9 5.0  5.0 1.18 74.3

#30 38.7 4.8  4.8 0.6 69.4

#50 67.8 8.5  8.5 0.3 60.9

#100 101.3 12.7  12.7 0.15 48.3

#200 68.8 8.6  8.6 0.075 39.6

Pan 316.6 39.6  39.6

REMARKS :

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing service only.  Interpretation of the data given 
here may be provided upon request.

GOLDER ASSOCIATES LTD., 2640 Douglas St. Victoria, BC, V8T 4 M1, Tel: 250-881-7372 Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-01 
Sample: G45
Depth: 38.71-38.86 m



SIEVE ANALYSIS OF FINE
AND COARSE AGGREGATE

ASTM C 136

PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008

DATE SAMPLED: SAMPLED BY: DGM

DATE TESTED: Sept. 30, 2009 TESTED BY: AMB

Auger Hole GBH09-01 Sample : G45 Depth : 38.71-38.86

1st  SIEVING 2nd  SIEVING Wash Sieving

Weight before sievin 1856.7 Weight before sieving Weight after wash 1412.0
Total weight 1856.7 1/4  Pass #4 Residual #200 28.2
Pass #4 Minus #200 472.9

Sieve Weight Weight  %  Retained Diameter

(USS) Retained % Retained Retained % Retained of  Total (mm) % Passing

3" 0.0 0.0 75.0 100.0

1 1/2" 448.7 24.2 24.2 37.5 75.8

1" 233.3 12.6 12.6 25.0 63.3

3/4" 137.7 7.4 7.4 19.0 55.9

1/2" 20.4 1.1 1.1 12.5 54.8

3/8" 25.1 1.4 1.4 9.5 53.4

#4 60.6 3.3 3.3 4.75 50.1

#8 47.4 2.6  2.6 2.36 47.6

#16 42.4 2.3  2.3 1.18 45.3

#30 51.0 2.7  2.7 0.6 42.6

#50 84.9 4.6  4.6 0.3 38.0

#100 129.8 7.0  7.0 0.15 31.0

#200 102.5 5.5  5.5 0.075 25.5

Pan 472.9 25.5  25.5

REMARKS :

4.4% Moisture

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing service only.  Interpretation of the data given 
here may be provided upon request.

GOLDER ASSOCIATES LTD., 2640 Douglas St. Victoria, BC, V8T 4 M1, Tel: 250-881-7372 Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-01 
Sample: G47
Depth: 41.30-41.45 m



SIEVE ANALYSIS OF FINE
AND COARSE AGGREGATE

ASTM C 136

PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008

DATE SAMPLED: SAMPLED BY: DGM

DATE TESTED: 30-Sep-09 TESTED BY: AMB

Auger Hole GBH09-01 Sample : G47 Depth : 41.30-41.45

1st  SIEVING 2nd  SIEVING Wash Sieving

Weight before sievin 1163.7 Weight before sieving Weight after wash 729.5
Total weight 1163.7 1/4  Pass #4 Residual #200 37.8
Pass #4 Minus #200 472.0

Sieve Weight Weight  %  Retained Diameter

(USS) Retained % Retained Retained % Retained of  Total (mm) % Passing

3" 0.0 0.0 75.0 100.0

1 1/2" 0.0 0.0 37.5 100.0

1" 191.9 16.5 16.5 25.0 83.5

3/4" 0.0 0.0 0.0 19.0 83.5

1/2" 28.2 2.4 2.4 12.5 81.1

3/8" 9.5 0.8 0.8 9.5 80.3

#4 45.4 3.9 3.9 4.75 76.4

#8 43.2 3.7  3.7 2.36 72.7

#16 42.5 3.7  3.7 1.18 69.0

#30 45.2 3.9  3.9 0.6 65.1

#50 80.1 6.9  6.9 0.3 58.2

#100 111.5 9.6  9.6 0.15 48.7

#200 93.7 8.1  8.1 0.075 40.6

Pan 472.0 40.6  40.6

REMARKS :

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing service only.  Interpretation of the data given 
here may be provided upon request.

GOLDER ASSOCIATES LTD., 2640 Douglas St. Victoria, BC, V8T 4 M1, Tel: 250-881-7372 Fax: 250-881-7470



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

30 Oct 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-5008

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-01 
Sample: G49
Depth: 44.65-44.81 m



PROJECT: Waterlot – BH/SSI
PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-01 Sample No. G49 Depth  (m) : 44.65-44.81
1ST SIEVING Hydrometer: (Minus #10) Residual #200 1.5
Total Weight 1260.8 Before Wash 75.0 Total -200 32.6

After Wash 44.0 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 100.8 8.0 8.0 38.1 92.0
1" 146.4 11.6 11.6 25.4 80.4

3/4" 26.6 2.1 2.1 19.1 78.3
1/2" 28.7 2.3 2.3 12.7 76.0
3/8" 29.6 2.3 2.3 9.52 73.7
#4 70.6 5.6 5.6 4.76 68.1
#10 86.4 6.9 6.9 2.00 61.2
#20 7.9 10.5 6.4 0.840 54.8
#40 7.1 9.5 5.8 0.420 49.0
#60 8.2 11.0 6.7 0.250 42.3
#100 9.2 12.2 7.5 0.149 34.8
#200 10.0 13.3 8.2 0.074 26.6
Pan 32.6 43.4 26.5

HYDROMETER ANALYSIS     

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 36.0 20.0 -3.77 32.2 0.0701 26.0
1 33.0 20.0 -3.77 29.2 0.0507 23.6
2 29.0 20.0 -3.77 25.2 0.0370 20.3
4 24.0 20.0 -3.77 20.2 0.0271 16.3
8 21.0 20.0 -3.77 17.2 0.0195 13.9
15 18.0 20.0 -3.77 14.2 0.0145 11.5
30 16.0 20.0 -3.77 12.2 0.0104 9.9
60 14.0 20.0 -3.77 10.2 0.0074 8.2

120 13.5 19.5 -3.84 9.7 0.0053 7.8
240 12.0 19.5 -3.84 8.2 0.0038 6.6
360 11.0 19.0 -3.91 7.1 0.0031 5.7
1440 10.0 18.0 -3.91 6.1 0.0016 4.9

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-01 
Sample: G52
Depth: 46.94-47.09 m



PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-01 Sample No. G52 Depth  (m) : 46.94-47.09
1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.6
Total Weight 1069.6 Before Wash 75.0 Total -200 47.1

After Wash 28.5 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 82.5 7.7 7.7 25.4 92.3

3/4" 58.5 5.5 5.5 19.1 86.8
1/2" 46.2 4.3 4.3 12.7 82.5
3/8" 57.8 5.4 5.4 9.52 77.1
#4 77.2 7.2 7.2 4.76 69.9
#10 87.3 8.2 8.2 2.00 61.7
#20 6.2 8.2 5.1 0.840 56.7
#40 5.9 7.9 4.9 0.420 51.8
#60 4.6 6.1 3.8 0.250 48.0
#100 4.9 6.6 4.0 0.149 44.0
#200 6.3 8.3 5.1 0.074 38.8
Pan 47.1 62.8 38.8

HYDROMETER ANALYSIS  Calculations for Hydrometer Analysis

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 53.0 20.0 -3.77 49.2 0.0597
1 50.0 20.0 -3.77 46.2 0.0436 37.6
2 47.0 20.0 -3.77 43.2 0.0318 35.2
4 44.0 20.0 -3.77 40.2 0.0231 32.7
8 41.5 20.0 -3.77 37.7 0.0167 30.7

15 40.0 20.0 -3.77 36.2 0.0124 29.5
30 37.0 20.0 -3.77 33.2 0.0090 27.0
60 33.0 20.0 -3.77 29.2 0.0065 23.8
120 30.0 19.5 -3.84 26.2 0.0047 21.3
240 27.0 19.5 -3.84 23.2 0.0034 18.8
360 25.5 19.0 -3.91 21.6 0.0028 17.6

1440 22.0 18.0 -3.91 18.1 0.0015 14.7

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS

ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a 
testing service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-10
Sample: G1
Depth: 4.72-4.88 m



PROJECT: Waterlot – BH/SSI
PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-10 Sample No. G1 Depth  (m) : 4.72-4.88
1ST SIEVING Hydrometer: (Minus #10) Residual #200 2.0
Total Weight 626.2 Before Wash 75.0 Total -200 38.7

After Wash 38.3 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 19.1 100.0
1/2" 0.0 0.0 12.7 100.0
3/8" 7.5 1.2 1.2 9.52 98.8
#4 10.3 1.6 1.6 4.76 97.2
#10 12.1 1.9 1.9 2.00 95.2
#20 1.7 2.3 2.2 0.840 93.1
#40 3.0 4.0 3.8 0.420 89.3
#60 6.3 8.4 8.0 0.250 81.3
#100 11.6 15.5 14.7 0.149 66.5
#200 13.7 18.3 17.4 0.074 49.1
Pan 38.7 51.6 49.1

HYDROMETER ANALYSIS     

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 43.0 18.0 -4.04 39.0 0.0663
1 39.5 18.0 -4.04 35.5 0.0483 44.5
2 34.5 18.0 -4.04 30.5 0.0356 38.2
4 27.5 18.0 -4.04 23.5 0.0265 29.5
8 23.5 18.0 -4.04 19.5 0.0193 24.4
15 21.5 18.0 -4.04 17.5 0.0143 21.9
30 18.0 18.0 -4.04 14.0 0.0103 17.5
60 16.0 18.5 -3.97 12.0 0.0074 15.1

120 14.0 18.5 -3.97 10.0 0.0053 12.6
240 13.0 18.5 -3.97 9.0 0.0038 11.3
360 12.5 19.0 -3.91 8.6 0.0031 10.8
1440 10.5 19.0 -3.91 6.6 0.0016 8.3

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-15
Sample: G1
Depth: 2.44-2.59 m



PROJECT: Waterlot – BH/SSI
PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-15 Sample No. G1 Depth  (m) : 2.44-2.59
1ST SIEVING Hydrometer: (Minus #10) Residual #200 1.1
Total Weight 2243.8 Before Wash 75.1 Total -200 40.6

After Wash 35.6 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 186.2 8.3 8.3 38.1 91.7
1" 88.1 3.9 3.9 25.4 87.8

3/4" 41.3 1.8 1.8 19.1 85.9
1/2" 59.7 2.7 2.7 12.7 83.3
3/8" 35.6 1.6 1.6 9.52 81.7
#4 74.2 3.3 3.3 4.76 78.4
#10 146.5 6.5 6.5 2.00 71.9
#20 4.0 5.3 3.8 0.840 68.0
#40 4.3 5.7 4.1 0.420 63.9
#60 6.9 9.2 6.6 0.250 57.3
#100 9.6 12.8 9.2 0.149 48.1
#200 9.7 12.9 9.3 0.074 38.8
Pan 40.6 54.1 38.8

HYDROMETER ANALYSIS     

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 45.0 18.0 -4.04 41.0 0.0650 38.8
1 42.5 18.0 -4.04 38.5 0.0471 36.4
2 39.5 18.0 -4.04 35.5 0.0342 33.6
4 36.0 18.0 -4.04 32.0 0.0249 30.2
8 32.5 18.0 -4.04 28.5 0.0181 26.9
15 31.0 18.0 -4.04 27.0 0.0133 25.5
30 26.5 18.0 -4.04 22.5 0.0097 21.3
60 23.5 18.5 -3.97 19.5 0.0070 18.5

120 20.0 18.5 -3.97 16.0 0.0051 15.2
240 18.0 18.5 -3.97 14.0 0.0036 13.3
360 16.5 19.0 -3.91 12.6 0.0030 11.9
1440 13.5 19.0 -3.91 9.6 0.0015 9.1

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-16 
Sample: G1
Depth: 0.91-1.07 m



SIEVE ANALYSIS OF FINE
AND COARSE AGGREGATE

ASTM C 136

PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008

DATE SAMPLED: SAMPLED BY: DGM

DATE TESTED: 4-Dec-09 TESTED BY: AMB

Auger Hole GBH09-16 Sample : G1 Depth (m) : 0.91-1.07

1st  SIEVING 2nd  SIEVING Wash Sieving

Weight before sieving Weight after wash 2008.3
Total weight 2184.5 1/4  Pass #4 Residual #200 5.8
Pass #4 Minus #200 182.0

Sieve Weight Weight  %  Retained Diameter

(USS) Retained % Retained Retained % Retained of  Total (mm) % Passing

3" 0.0 0.0 75.0 100.0

1 1/2" 463.7 21.2 21.2 37.5 78.8

1" 284.4 13.0 13.0 25.0 65.8

3/4" 279.1 12.8 12.8 19.0 53.0

1/2" 200.2 9.2 9.2 12.5 43.8

3/8" 161.4 7.4 7.4 9.5 36.4

#4 225.8 10.3 10.3 4.75 26.1

#8 186.4 8.5  8.5 2.36 17.6

#16 102.2 4.7  4.7 1.18 12.9

#30 46.3 2.1  2.1 0.6 10.8

#50 19.2 0.9  0.9 0.3 9.9

#100 13.9 0.6  0.6 0.15 9.2

#200 21.0 1.0  1.0 0.075 8.3

Pan 182.0 8.3  8.3

REMARKS :

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing service only.  Interpretation of the data given 
here may be provided upon request.

GOLDER ASSOCIATES LTD., 2640 Douglas St. Victoria, BC, V8T 4 M1, Tel: 250-881-7372 Fax: 250-881-7470

Weight before sieving
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-16 
Sample: G2
Depth: 1.98-2.13 m



SIEVE ANALYSIS OF FINE
AND COARSE AGGREGATE

ASTM C 136

PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008

DATE SAMPLED: SAMPLED BY: DGM

DATE TESTED: 4-Dec-09 TESTED BY: AMB

Auger Hole GBH09-16 Sample : G2 Depth (m) : 1.98-2.13

1st  SIEVING 2nd  SIEVING Wash Sieving

Weight before sieving Weight after wash 1468.5
Total weight 1998.1 1/4  Pass #4 Residual #200 10.3
Pass #4 Minus #200 539.9

Sieve Weight Weight  %  Retained Diameter

(USS) Retained % Retained Retained % Retained of  Total (mm) % Passing

3" 0.0 0.0 75.0 100.0

1 1/2" 0.0 0.0 37.5 100.0

1" 311.2 15.6 15.6 25.0 84.4

3/4" 235.7 11.8 11.8 19.0 72.6

1/2" 228.5 11.4 11.4 12.5 61.2

3/8" 123.0 6.2 6.2 9.5 55.0

#4 212.0 10.6 10.6 4.75 44.4

#8 117.9 5.9  5.9 2.36 38.5

#16 59.3 3.0  3.0 1.18 35.6

#30 48.7 2.4  2.4 0.6 33.1

#50 33.8 1.7  1.7 0.3 31.4

#100 35.7 1.8  1.8 0.15 29.6

#200 53.0 2.7  2.7 0.075 27.0

Pan 539.9 27.0  27.0

REMARKS :

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing service only.  Interpretation of the data given 
here may be provided upon request.

GOLDER ASSOCIATES LTD., 2640 Douglas St. Victoria, BC, V8T 4 M1, Tel: 250-881-7372 Fax: 250-881-7470

Weight before sieving
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-18
Sample: G1
Depth: 0.76-0.91 m



PROJECT: Waterlot – BH/SSI
PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-18 Sample No. G1 Depth  (m) : 0.76-0.91
1ST SIEVING Hydrometer: (Minus #10) Residual #200 1.3
Total Weight 2012.5 Before Wash 75.1 Total -200 49.7

After Wash 26.7 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 87.3 4.3 4.3 25.4 95.7

3/4" 56.1 2.8 2.8 19.1 92.9
1/2" 33.5 1.7 1.7 12.7 91.2
3/8" 16.2 0.8 0.8 9.52 90.4
#4 64.5 3.2 3.2 4.76 87.2
#10 78.6 3.9 3.9 2.00 83.3
#20 4.0 5.3 4.4 0.840 78.9
#40 4.6 6.1 5.1 0.420 73.8
#60 4.7 6.3 5.2 0.250 68.5
#100 5.2 6.9 5.8 0.149 62.8
#200 6.9 9.2 7.7 0.074 55.1
Pan 49.7 66.2 55.1

HYDROMETER ANALYSIS     

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 54.0 18.0 -4.04 50.0 0.0593 54.8
1 52.0 18.0 -4.04 48.0 0.0429 52.6
2 50.5 18.0 -4.04 46.5 0.0308 51.0
4 47.5 18.0 -4.04 43.5 0.0224 47.7
8 43.0 18.0 -4.04 39.0 0.0166 42.8
15 40.5 18.0 -4.04 36.5 0.0124 40.0
30 37.0 18.0 -4.04 33.0 0.0090 36.2
60 31.0 18.5 -3.97 27.0 0.0067 29.7

120 27.5 18.5 -3.97 23.5 0.0048 25.8
240 24.0 18.5 -3.97 20.0 0.0035 22.0
360 22.0 19.0 -3.91 18.1 0.0029 19.9
1440 17.5 19.0 -3.91 13.6 0.0015 14.9

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-18 
Sample: G3
Depth: 3.05-3.20 m



SIEVE ANALYSIS OF FINE
AND COARSE AGGREGATE

ASTM C 136

PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008

DATE SAMPLED: SAMPLED BY: DGM

DATE TESTED: 4-Dec-09 TESTED BY: AMB

Auger Hole GBH09-18 Sample : G3 Depth (m) : 3.05-3.20

1st  SIEVING 2nd  SIEVING Wash Sieving

Weight before sieving Weight after wash 2294.7
Total weight 2493.9 1/4  Pass #4 Residual #200 7.0
Pass #4 Minus #200 206.2

Sieve Weight Weight  %  Retained Diameter

(USS) Retained % Retained Retained % Retained of  Total (mm) % Passing

3" 0.0 0.0 75.0 100.0

1 1/2" 290.5 11.6 11.6 37.5 88.4

1" 440.0 17.6 17.6 25.0 70.7

3/4" 244.5 9.8 9.8 19.0 60.9

1/2" 408.3 16.4 16.4 12.5 44.5

3/8" 219.0 8.8 8.8 9.5 35.8

#4 317.0 12.7 12.7 4.75 23.0

#8 195.6 7.8  7.8 2.36 15.2

#16 81.4 3.3  3.3 1.18 11.9

#30 34.1 1.4  1.4 0.6 10.6

#50 17.3 0.7  0.7 0.3 9.9

#100 14.9 0.6  0.6 0.15 9.3

#200 24.5 1.0  1.0 0.075 8.3

Pan 206.2 8.3  8.3

REMARKS :

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing service only.  Interpretation of the data given 
here may be provided upon request.

GOLDER ASSOCIATES LTD., 2640 Douglas St. Victoria, BC, V8T 4 M1, Tel: 250-881-7372 Fax: 250-881-7470

Weight before sieving
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-19 
Sample: G1
Depth: 0.76-0.91 m



SIEVE ANALYSIS OF FINE
AND COARSE AGGREGATE

ASTM C 136

PROJECT: Waterlot – BH/SSI

PROJECT NUMBER: 09-1475-5008

DATE SAMPLED: SAMPLED BY: DGM

DATE TESTED: 4-Dec-09 TESTED BY: AMB

Auger Hole GBH09-19 Sample : G1 Depth (m) : 0.76-0.91

1st  SIEVING 2nd  SIEVING Wash Sieving

Weight before sieving Weight after wash 830.7
Total weight 1037.4 1/4  Pass #4 Residual #200 11.0
Pass #4 Minus #200 217.7

Sieve Weight Weight  %  Retained Diameter

(USS) Retained % Retained Retained % Retained of  Total (mm) % Passing

3" 0.0 0.0 75.0 100.0

1 1/2" 0.0 0.0 37.5 100.0

1" 168.8 16.3 16.3 25.0 83.7

3/4" 81.4 7.8 7.8 19.0 75.9

1/2" 55.4 5.3 5.3 12.5 70.5

3/8" 28.4 2.7 2.7 9.5 67.8

#4 74.3 7.2 7.2 4.75 60.6

#8 84.9 8.2  8.2 2.36 52.5

#16 49.4 4.8  4.8 1.18 47.7

#30 54.2 5.2  5.2 0.6 42.5

#50 90.4 8.7  8.7 0.3 33.8

#100 87.6 8.4  8.4 0.15 25.3

#200 44.9 4.3  4.3 0.075 21.0

Pan 217.7 21.0  21.0

REMARKS :

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing service only.  Interpretation of the data given 
here may be provided upon request.

GOLDER ASSOCIATES LTD., 2640 Douglas St. Victoria, BC, V8T 4 M1, Tel: 250-881-7372 Fax: 250-881-7470

Weight before sieving
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Client: PWGSC
Project: Eqsuimalt Graving Dock 
              Waterlot - BH/SSI
Bore Hole: GBH09-20
Sample: G1
Depth: 2.13-2.29 m



PROJECT: Waterlot – BH/SSI
PROJECT NUMBER: 09-1475-5008
DATE SAMPLED: SAMPLED BY: DGM
DATE TESTED: TESTED BY:

Auger Hole GBH09-20 Sample No. G1 Depth  (m) : 2.13-2.29
1ST SIEVING Hydrometer: (Minus #10) Residual #200 4.6
Total Weight 694.5 Before Wash 75.0 Total -200 59.8

After Wash 19.8 Gs 2.70 (assumed)
Size Weight   Retained Weight   Retained  % Retained Diameter % Passing

(USS) Retained (%) Retained (%) Total (mm)
100.0

6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 25.4 100.0

3/4" 28.0 4.0 4.0 19.1 96.0
1/2" 12.1 1.7 1.7 12.7 94.2
3/8" 1.3 0.2 0.2 9.52 94.0
#4 8.8 1.3 1.3 4.76 92.8
#10 12.7 1.8 1.8 2.00 90.9
#20 0.6 0.8 0.7 0.840 90.2
#40 0.8 1.1 1.0 0.420 89.2
#60 1.1 1.5 1.3 0.250 87.9
#100 1.8 2.4 2.2 0.149 85.7
#200 10.9 14.5 13.2 0.074 72.5
Pan 59.8 79.7 72.5

HYDROMETER ANALYSIS     

Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 55.0 18.0 -4.04 51.0 0.0586 61.1
1 44.0 18.0 -4.04 40.0 0.0464 47.9
2 36.0 18.0 -4.04 32.0 0.0352 38.3
4 28.5 18.0 -4.04 24.5 0.0263 29.3
8 24.0 18.0 -4.04 20.0 0.0192 23.9
15 22.0 18.0 -4.04 18.0 0.0142 21.5
30 18.5 18.0 -4.04 14.5 0.0103 17.3
60 16.5 18.5 -3.97 12.5 0.0074 15.0

120 15.0 18.5 -3.97 11.0 0.0052 13.2
240 14.5 18.5 -3.97 10.5 0.0037 12.6
360 13.5 19.0 -3.91 9.6 0.0031 11.5
1440 11.5 19.0 -3.91 7.6 0.0015 9.1

Reported by: Reviewed by:

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470



Project No.: 09-1475-5008 / 3000 Borehole: GBH09-22
Client: PWGSC Sample No.: G4

Project: Waterlot BH SSI Depth (m): 4.27-4.88

Location: Esquimalt Graving Dock Lab ID No: 227

Other 

Remarks:

Dispersion Method:

Dispersion Period (min):

94.4

100.0

100.0

100.0

100.0

100.019.00

12.50 1/2"

0.00

Sieve Size % 
Passing(USS) (mm)

3.5" 87.50 100.0

75.00

50.00

37.50

25.00

 3/8"

#4

94.8

94.8

Golder Associates Ltd. - Burnaby Laboratory                        
4280 Still Creek Drive                                                                 
Burnaby, B.C. Canada V5C 6C6

PARTICLE SIZE ANALYSIS OF SOILS
Reference

ASTM D 422-63 (2007)

Specific Gravity  (assumed): 2.70

Stirring

1"

 3/4"

2"

1.5"

3"

9.50

4.75

#200#60#40#20#10#43/83/411/2361224

60

70

80

90

100

Size of opening,inches U.S. Standard Sieve Size, opening in meshes / inch USCS GRAIN SIZE SCALE

92.7

91.3

36.6

29.7

68.2

61.3

56.0

50.8

45.8

40.3

73.9

0.0184

0.0109

0.0079

0.0057

0.0041

0.425

0.250

0.150

0.075

0.0393

0.0283

2.00

0.850

90.2

88.5

85.7

82.4

77.5

TESTED BY DATE CHECKED BY DATE

#100

#200

-

-

TM 5/1/2010 LP January 6,2010

-

-

-

-

0.0025

0.0013

-

-

-

* The test data given herein pertain to the sample provided only. This report constitutes a testing service only. 
Interpretation of the data can be provided upon request. 
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Project No.: 09-1475-5008 / 3000 Borehole: GBH09-23
Client: PWGSC Sample No.: 4

Project: Waterlot BH SSI Depth (m): 3.05-3.66

Location: Esquimalt Graving Dock Lab ID No: 227

Other Material taken from Dtest-2 and Dtest-3 trimmings

Remarks:

Dispersion Method:

Dispersion Period (min):

95.4

100.0

100.0

100.0

100.0

100.019.00

12.50 1/2"

0.00

Sieve Size % 
Passing(USS) (mm)

3.5" 87.50 100.0

75.00

50.00

37.50

25.00

 3/8"

#4

100.0

95.5

Golder Associates Ltd. - Burnaby Laboratory                        
4280 Still Creek Drive                                                                 
Burnaby, B.C. Canada V5C 6C6

PARTICLE SIZE ANALYSIS OF SOILS
Reference

ASTM D 422-63 (2007)

Specific Gravity  (assumed): 2.70

Stirring

1"

 3/4"

2"

1.5"

3"

9.50

4.75

#200#60#40#20#10#43/83/411/2361224

60

70

80

90

100

Size of opening,inches U.S. Standard Sieve Size, opening in meshes / inch USCS GRAIN SIZE SCALE

94.8

93.0

4.3

4.3

21.6

14.4

11.2

7.6

6.1

4.9

31.5

0.0217

0.0128

0.0092

0.0066

0.0047

0.425

0.250

0.150

0.075

0.0451

0.0333

2.00

0.850

92.2

90.9

87.5

74.1

43.4

TESTED BY DATE CHECKED BY DATE

#100

#200

-

-

TM 5/1/2010 LP January 6,2010

-

-

-

-

0.0027

0.0014

-

-

-

* The test data given herein pertain to the sample provided only. This report constitutes a testing service only. 
Interpretation of the data can be provided upon request. 
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Direct Shear Test Results  
 



Client: PWGSC Sample No.: GBH09-22

Project: Waterlot BH SSI Sample Location: G4

Location: Esquimalt Graving Dock Depth (m): 4.27-4.88

Project No.: 09-1475-5008/ 3000 Lab ID No: 227

Test Condition: SATURATED Equipment Description: GEOTAC DIGISHEAR# 2

Visual Description: Soft to firm grey silty CLAY Normal Load Cell: Serial No.:

Undisturbed sample Shear Load Cell: Serial No.:

Vertical LPT: Serial No.:

Remarks: Area correction not applied to normal and shear stress calculation

Water added to the shear box

Golder Associates Ltd. - Burnaby Laboratory 

4280 Still Creek Drive 

Burnaby, B.C. Canada V5C 6C6

Weight Volume Relationships 

round

LP-567

31.69

80.75

PEAK

25.40

31.67

63.50 63.53

Area (cm2) 31.67

Sample Type

Peak only

PEAK

3

round

PEAK

25.40 25.48

round

63.50

80.44

266562

270986

Initial Sample Dimensions 

Test No.

Shear box geometry

Diameter (mm)

Height (mm)

Reference

ASTM D 3080-04
Direct Shear Testing of Soils Under Consolidated Drained Conditions

80.44

1 2

Volume (cm3)

Comments:

18.87

1.44

9.3

December 28, 2009 ROB January 26, 2010

Change in height Hc (mm)

Test 2 taken 19.8 cm from top of tube

Test 3 taken 17 cm from top of tube

Test 1 taken 16 cm from top of tube

5.8 4.9

TM/LL

Calculated t50 (min)

0.40 0.94

39.7 21.2

60

28.1

25.0

Dry Mass (g)

Initialwet (kN/m3)

PEAK

120.5

14.90

Normal Stress (kPa)

Initial water content (%)

Final water content (%) 28.4

28.9

120

29.3

Sample Type

15.5115.07 15.47

18.40

19.19

PEAK

122.2

19.27

PEAK

121.6

19.82 19.92

Finaldry (kN/m3)

TESTED BY DATE 

29.4

22.1

14.6414.83

CHECKED BY DATE

30

Finalwet (kN/m3)

Initialdry (kN/m3)

 t90 (Taylor Method) (min)

Consolidation Results
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Client: PWGSC Sample No.: GBH09-22

Project: Waterlot BH SSI Sample Location: G4

Location: Esquimalt Graving Dock Depth (m):

Project No.: 09-1475-5008/ 3000 Lab ID No: 227

Golder Associates Ltd. - Burnaby Laboratory 

4280 Still Creek Drive 

Burnaby, B.C. Canada V5C 6C6

4.27-4.88

Direct Shear Testing of Soils Under Consolidated Drained Conditions
Reference

ASTM D 3080-04

0

25
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100
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Shear Stress

TESTED BY DATE CHECKED BY DATE

TM/LL January 26, 2010December 28, 2009 ROB

0

25

50

75

100

0 1 2 3 4 5 6 7 8 9

S
h

ea
r 

S
tr

es
s 

(k
P

a)

Horizontal Displacement (mm)
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Series1 Series2 Series3
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)

Horizontal Displacement (mm)

Displacement

- Dilation
+  Compression

n=30 kPa n=60 kPa n=120 kPa
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Client: PWGSC Sample No.: GBH09-22

Project: Waterlot BH SSI Sample Location: G4

Location: Esquimalt Graving Dock Depth (m): 4.27-4.88

Project No.: 09-1475-5008/ 3000 Lab ID No: 227

Test 1 (After Shear) Test 2 (After Shear)

Golder Associates Ltd. - Burnaby Laboratory 

4280 Still Creek Drive 

Burnaby, B.C. Canada V5C 6C6

Direct Shear Testing of Soils Under Consolidated Drained Conditions
Reference

ASTM D 3080-04

Remarks:

Atterberg Limit Results

Plastic Limit =

Plastic Index =

wnatural  (%)  = 28.9 to 29.4

Classification =

Soft to firm, wet, very dark grey, silty CLAY to clayey SILT, little sand, little marine shells 

CHECKED BY DATE

Liquid Limit =

23

11

ML/CL

TESTED BY DATE 

Test 3 (After Shear)

TM/LL December 28, 2009 ROB January 26, 2010

34
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Client: PWGSC Sample No.: GBH09-22

Project: Waterlot BH SSI Sample Location: G4

Location: Esquimalt Graving Dock Depth (m): 4.27-4.88

Project No.: 09-1475-5008/ 3000 Lab ID No:

30 Normal Stress , kPa 60 Normal Stress , kPa 120 Normal Stress , kPa

0.0002 0.0002 0.0002

Horz Shear Vert Horz Shear Vert Horz Shear Vert Horz Shear Vert
Disp Stress Disp Disp Stress Disp Disp Stress Disp Disp Stress Disp
mm kPa mm mm kPa mm mm kPa mm mm kPa mm
0.00 0.4 0.000 0.05 0.25 0.006 0.00 2.0 0.000
0.01 0.4 ‐0.001 0.06 0.66 0.007 0.01 2.1 0.002
0.03 0.5 0.001 0.08 1.41 0.007 0.03 2.1 0.003
0.04 0.3 0.000 0.09 2.22 0.007 0.04 2.1 0.003
0.05 0.4 0.001 0.10 2.35 0.009 0.05 2.2 0.003
0.06 1.3 0.001 0.11 2.58 0.007 0.06 3.7 0.003
0.08 2.0 0.001 0.13 2.93 0.008 0.08 4.1 0.005
0.09 2.2 0.001 0.14 3.21 0.006 0.09 4.4 0.008
0.10 2.9 0.001 0.15 3.80 0.008 0.10 4.6 0.009

Golder Associates Ltd. - Burnaby Laboratory 

4280 Still Creek Drive 

Burnaby, B.C. Canada V5C 6C6

Direct Shear Testing of Soils Under Consolidated Drained Conditions
Reference

ASTM D 3080-04

227

Test 1 Test 3Test 2

Normal Stress , kPa

Disp Rate, mm/min Disp Rate, mm/min Disp Rate, mm/min Disp Rate, mm/min

0.11 3.4 0.001 0.17 4.68 0.009 0.11 7.0 0.009
0.13 3.6 0.002 0.18 5.38 0.007 0.13 10.0 0.010
0.14 3.6 0.003 0.19 6.14 0.008 0.14 12.7 0.009
0.15 4.0 0.004 0.20 6.10 0.009 0.15 14.9 0.009
0.17 4.3 0.004 0.22 6.41 0.009 0.17 16.8 0.010
0.18 4.6 0.004 0.23 6.24 0.012 0.18 18.3 0.015
0.19 4.8 0.006 0.24 7.37 0.011 0.19 20.0 0.020
0.20 5.4 0.008 0.25 7.18 0.013 0.20 21.5 0.022
0.22 4.9 0.018 0.27 7.30 0.012 0.22 22.9 0.022
0.23 5.6 0.018 0.28 8.37 0.015 0.23 24.1 0.022
0.24 6.0 0.019 0.29 9.24 0.015 0.24 24.8 0.025
0.25 6.1 0.019 0.31 10.46 0.019 0.25 26.0 0.026
0.27 6.6 0.020 0.32 11.63 0.021 0.27 27.2 0.034
0.28 6.7 0.022 0.33 12.46 0.023 0.28 28.2 0.041
0.29 7.1 0.024 0.34 13.65 0.025 0.29 29.0 0.046
0.30 7.1 0.028 0.36 13.68 0.026 0.30 30.1 0.047
0.32 7.4 0.030 0.37 14.69 0.028 0.32 30.8 0.048
0.33 7.7 0.031 0.38 14.93 0.030 0.33 31.7 0.049
0.34 7.9 0.031 0.39 15.54 0.032 0.34 32.5 0.051
0.36 7.9 0.032 0.41 15.41 0.032 0.36 33.1 0.055
0.37 8.2 0.036 0.42 16.09 0.034 0.37 33.8 0.064
0.38 8.2 0.041 0.43 16.13 0.035 0.38 34.6 0.070
0.39 8.4 0.046 0.44 16.68 0.034 0.39 35.2 0.071
0.41 8.7 0.048 0.46 16.55 0.034 0.41 35.7 0.072
0.42 8.8 0.051 0.47 16.49 0.037 0.42 36.4 0.073
0.43 9.1 0.051 0.48 17.12 0.035 0.43 36.7 0.074
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0.44 9.0 0.051 0.50 17.25 0.037 0.44 37.3 0.075
0.46 9.1 0.057 0.51 17.84 0.038 0.46 38.1 0.080
0.47 9.2 0.061 0.52 17.95 0.040 0.47 38.6 0.085
0.48 9.1 0.069 0.53 18.67 0.041 0.48 39.1 0.087
0.50 9.7 0.071 0.55 18.99 0.042 0.50 39.6 0.088
0.51 9.7 0.074 0.56 19.44 0.042 0.51 39.8 0.088
0.52 9.7 0.074 0.57 19.48 0.045 0.52 40.1 0.089
0.53 9.8 0.074 0.58 19.67 0.046 0.53 40.9 0.090
0.55 9.9 0.076 0.60 20.42 0.048 0.55 41.1 0.090
0.56 9.8 0.076 0.61 20.82 0.050 0.56 41.8 0.094
0.57 10.0 0.077 0.62 20.45 0.048 0.57 42.1 0.098
0.58 10.3 0.076 0.64 20.62 0.052 0.58 42.5 0.103
0.60 10.3 0.077 0.65 21.53 0.052 0.60 43.0 0.106
0.61 10.6 0.078 0.69 22.10 0.060 0.61 43.3 0.108
0.62 10.9 0.078 0.72 23.20 0.065 0.62 43.5 0.110
0.64 11.2 0.079 0.76 23.78 0.076 0.64 44.0 0.111
0.65 11.3 0.081 0.80 24.59 0.081 0.65 44.4 0.114
0.69 11.7 0.082 0.84 24.66 0.085 0.69 45.4 0.127
0.72 12.3 0.084 0.88 25.95 0.095 0.72 46.1 0.131
0.76 12.6 0.088 0.92 26.12 0.100 0.76 47.1 0.142
0.80 13.3 0.089 0.95 26.66 0.102 0.80 48.0 0.149
0.84 13.6 0.097 0.99 27.60 0.107 0.84 49.1 0.151
0.88 13.8 0.099 1.03 28.19 0.109 0.88 50.6 0.159
0.92 14.5 0.105 1.07 28.59 0.110 0.92 51.3 0.165
0.95 14.8 0.105 1.11 28.79 0.116 0.95 52.2 0.168
0.99 15.3 0.104 1.14 29.30 0.119 0.99 52.9 0.180
1.03 15.6 0.104 1.18 29.50 0.127 1.03 54.1 0.1871.03 15.6 0.104 1.18 29.50 0.127 1.03 54.1 0.187
1.07 16.0 0.102 1.22 30.46 0.130 1.07 55.1 0.193
1.11 16.1 0.102 1.26 30.56 0.137 1.11 56.0 0.204
1.14 16.0 0.105 1.30 30.30 0.147 1.14 56.7 0.207
1.18 16.0 0.109 1.33 31.39 0.147 1.18 57.8 0.214
1.22 16.3 0.112 1.37 31.95 0.149 1.22 58.7 0.217
1.26 16.5 0.117 1.41 32.44 0.154 1.26 59.6 0.219
1.30 16.9 0.120 1.45 32.83 0.157 1.30 60.5 0.224
1.33 16.9 0.123 1.49 33.26 0.160 1.33 61.0 0.227
1.37 17.4 0.126 1.53 33.53 0.162 1.37 62.2 0.234
1.41 17.5 0.140 1.56 33.61 0.164 1.41 62.7 0.247
1.45 18.2 0.135 1.60 34.54 0.164 1.45 63.3 0.250
1.49 18.2 0.137 1.64 34.20 0.168 1.49 64.0 0.252
1.53 18.2 0.139 1.68 35.14 0.169 1.53 64.6 0.266
1.56 18.6 0.146 1.72 35.53 0.169 1.56 65.6 0.267
1.60 18.7 0.150 1.75 35.74 0.172 1.60 66.4 0.268
1.64 18.9 0.158 1.79 35.73 0.174 1.64 66.9 0.271
1.68 19.0 0.165 1.83 35.83 0.179 1.68 66.9 0.274
1.72 19.2 0.157 1.87 36.62 0.183 1.72 67.7 0.276
1.75 19.6 0.160 1.91 36.24 0.184 1.75 68.2 0.279
1.79 19.9 0.163 1.94 36.48 0.188 1.79 68.9 0.282
1.83 19.9 0.168 1.98 37.02 0.192 1.83 69.5 0.284
1.87 20.2 0.160 2.02 37.35 0.195 1.87 69.9 0.287
1.91 20.3 0.164 2.06 37.40 0.199 1.91 70.5 0.291
1.94 20.6 0.165 2.10 37.53 0.204 1.94 70.5 0.299
1.98 20.5 0.167 2.14 38.04 0.207 1.98 71.2 0.302
2.02 20.8 0.171 2.17 38.15 0.210 2.02 71.5 0.308
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2.06 21.2 0.173 2.21 38.41 0.211 2.06 72.1 0.311
2.10 21.3 0.173 2.25 38.37 0.213 2.10 72.4 0.317
2.14 21.5 0.174 2.29 38.83 0.212 2.14 72.7 0.321
2.17 21.6 0.178 2.33 39.06 0.213 2.17 73.4 0.333
2.21 21.8 0.181 2.36 39.29 0.215 2.21 74.1 0.336
2.25 21.9 0.181 2.40 39.45 0.220 2.25 74.3 0.341
2.29 22.1 0.181 2.44 39.74 0.221 2.29 74.7 0.346
2.33 22.1 0.181 2.48 39.43 0.222 2.33 74.7 0.358
2.36 22.5 0.184 2.52 40.05 0.223 2.36 75.0 0.361
2.40 22.7 0.184 2.56 40.24 0.228 2.40 75.4 0.362
2.44 22.6 0.184 2.61 40.60 0.234 2.44 76.1 0.362
2.48 22.7 0.184 2.66 40.98 0.235 2.48 76.3 0.364
2.52 22.8 0.185 2.71 40.68 0.241 2.52 76.5 0.370
2.55 22.9 0.187 2.76 41.25 0.245 2.55 77.3 0.372
2.61 23.0 0.186 2.81 41.09 0.252 2.61 77.3 0.374
2.66 22.9 0.186 2.86 41.61 0.254 2.66 78.1 0.381
2.71 23.1 0.187 2.91 41.78 0.257 2.71 78.7 0.381
2.76 23.2 0.187 2.96 41.75 0.257 2.76 79.0 0.385
2.81 23.2 0.187 3.01 41.82 0.260 2.81 79.0 0.387
2.86 23.3 0.189 3.06 42.11 0.264 2.86 79.6 0.387
2.91 23.3 0.192 3.11 42.02 0.266 2.91 79.9 0.396
2.96 23.3 0.190 3.17 42.31 0.267 2.96 80.5 0.397
3.01 23.5 0.190 3.22 41.63 0.276 3.01 80.5 0.403
3.06 23.5 0.189 3.27 42.18 0.280 3.06 80.9 0.407
3.11 23.2 0.190 3.32 42.27 0.289 3.11 81.3 0.410
3.17 23.2 0.190 3.37 42.58 0.298 3.17 81.6 0.415
3.22 23.4 0.191 3.42 42.60 0.304 3.22 81.9 0.4163.22 23.4 0.191 3.42 42.60 0.304 3.22 81.9 0.416
3.27 23.5 0.193 3.47 42.57 0.305 3.27 82.3 0.420
3.32 23.5 0.193 3.52 42.82 0.306 3.32 82.4 0.426
3.37 24.1 0.203 3.57 42.48 0.305 3.37 82.8 0.427
3.42 23.9 0.198 3.62 43.14 0.305 3.42 82.8 0.435
3.47 23.7 0.199 3.67 42.99 0.303 3.47 83.2 0.435
3.52 23.5 0.202 3.72 43.49 0.306 3.52 83.3 0.444
3.57 23.5 0.193 3.78 43.58 0.303 3.57 83.2 0.443
3.62 23.4 0.191 3.83 43.93 0.304 3.62 82.7 0.450
3.67 23.4 0.191 3.88 44.04 0.304 3.67 83.4 0.450
3.72 23.3 0.191 3.93 43.72 0.304 3.72 83.6 0.449
3.78 23.1 0.190 3.98 44.08 0.304 3.78 83.6 0.448
3.83 23.0 0.188 4.03 44.38 0.304 3.83 83.1 0.448
3.88 22.8 0.188 4.08 44.93 0.305 3.88 83.3 0.448
3.93 22.6 0.187 4.13 44.53 0.303 3.93 83.6 0.448
3.98 22.4 0.187 4.18 44.39 0.308 3.98 83.3 0.448
4.03 22.6 0.186 4.23 44.72 0.309 4.03 83.4 0.449
4.08 22.3 0.187 4.28 44.79 0.310 4.08 83.7 0.449
4.13 22.3 0.187 4.33 44.61 0.313 4.13 83.5 0.451
4.18 22.4 0.188 4.39 44.79 0.312 4.18 83.9 0.451
4.23 22.2 0.188 4.44 44.99 0.316 4.23 84.2 0.451
4.28 22.2 0.188 4.49 45.06 0.317 4.28 84.0 0.452
4.33 22.3 0.188 4.54 45.17 0.315 4.33 84.3 0.452
4.39 22.1 0.187 4.59 45.02 0.318 4.39 84.8 0.453
4.44 22.4 0.190 4.64 44.92 0.317 4.44 84.9 0.454
4.49 22.1 0.189 4.69 45.21 0.320 4.49 85.1 0.456
4.54 22.3 0.190 4.74 44.79 0.319 4.54 85.1 0.457
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4.59 22.2 0.190 4.79 45.00 0.319 4.59 85.1 0.456
4.64 22.3 0.189 4.84 44.89 0.318 4.64 85.7 0.461
4.69 22.4 0.190 4.89 44.84 0.320 4.69 85.5 0.459
4.74 22.4 0.189 4.94 45.01 0.320 4.74 85.4 0.461
4.79 22.3 0.190 5.00 44.72 0.321 4.79 85.7 0.464
4.84 22.2 0.191 5.05 45.26 0.319 4.84 85.6 0.462
4.89 22.4 0.192 5.10 45.08 0.320 4.89 85.7 0.469
4.94 22.2 0.191 5.15 45.00 0.321 4.94 85.6 0.466
5.00 22.5 0.191 5.20 45.00 0.322 5.00 85.9 0.464
5.05 22.1 0.191 5.25 44.54 0.323 5.05 85.8 0.471
5.10 22.4 0.192 5.30 44.90 0.323 5.10 85.9 0.464
5.15 22.0 0.191 5.35 44.81 0.321 5.15 86.2 0.478
5.20 22.4 0.193 5.40 45.15 0.323 5.20 85.7 0.477
5.25 22.6 0.193 5.45 44.81 0.323 5.25 85.9 0.473
5.30 22.4 0.195 5.50 44.96 0.323 5.30 85.5 0.474
5.35 22.5 0.195 5.55 44.96 0.325 5.35 85.8 0.480
5.40 22.6 0.195 5.61 45.06 0.325 5.40 86.4 0.469
5.45 22.7 0.195 5.66 44.84 0.323 5.45 86.1 0.481
5.50 22.6 0.195 5.71 44.99 0.325 5.50 86.3 0.469
5.55 22.8 0.198 5.76 44.76 0.326 5.55 86.4 0.469
5.61 22.8 0.197 5.81 44.81 0.326 5.61 86.2 0.482
5.66 22.7 0.199 5.86 45.13 0.327 5.66 86.5 0.482
5.71 22.9 0.197 5.91 44.71 0.329 5.71 86.5 0.477
5.76 22.8 0.201 5.96 44.87 0.327 5.76 86.6 0.477
5.81 22.7 0.199 6.01 44.75 0.330 5.81 86.8 0.479
5.86 23.1 0.204 6.06 45.02 0.329 5.86 86.5 0.481
5.91 22.9 0.204 6.11 45.05 0.333 5.91 87.0 0.4795.91 22.9 0.204 6.11 45.05 0.333 5.91 87.0 0.479
5.96 22.9 0.204 6.16 45.22 0.332 5.96 86.9 0.480
6.01 22.9 0.204 6.22 45.16 0.336 6.01 86.9 0.476
6.06 22.9 0.204 6.27 44.88 0.334 6.06 86.9 0.477
6.11 22.9 0.205 6.32 45.21 0.334 6.11 86.7 0.481
6.16 23.1 0.204 6.37 45.15 0.335 6.16 86.8 0.477
6.22 23.3 0.205 6.42 45.07 0.339 6.22 86.4 0.482
6.27 23.2 0.205 6.47 44.89 0.338 6.27 86.7 0.487
6.32 23.2 0.206 6.52 44.68 0.339 6.32 86.8 0.492
6.37 23.0 0.205 6.57 44.64 0.340 6.37 86.9 0.491
6.42 23.4 0.207 6.62 44.67 0.340 6.42 86.8 0.493
6.47 23.1 0.206 6.67 44.94 0.343 6.47 87.1 0.494
6.52 23.3 0.207 6.72 44.75 0.342 6.52 87.3 0.496
6.57 23.1 0.207 6.77 44.85 0.345 6.57 87.6 0.498
6.62 23.5 0.208 6.83 45.21 0.345 6.62 87.5 0.503
6.67 23.1 0.207 6.88 45.19 0.346 6.67 87.7 0.504
6.72 23.2 0.209 6.93 45.09 0.346 6.72 87.5 0.507
6.77 23.1 0.208 6.98 44.91 0.347 6.77 87.7 0.507
6.83 23.4 0.208 7.03 45.04 0.347 6.83 87.7 0.510
6.88 23.4 0.209 7.08 44.84 0.352 6.88 87.2 0.509
6.93 23.2 0.208 7.13 45.22 0.352 6.93 87.7 0.511
6.98 23.3 0.208 7.18 44.95 0.355 6.98 87.2 0.512
7.03 23.2 0.211 7.23 44.73 0.354 7.03 87.4 0.511
7.08 23.3 0.210 7.28 44.82 0.357 7.08 87.2 0.513
7.13 23.5 0.211 7.33 44.92 0.355 7.13 87.7 0.511
7.18 23.5 0.212 7.39 44.95 0.358 7.18 87.6 0.508
7.23 23.5 0.211 7.44 45.09 0.358 7.23 87.6 0.516
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7.28 23.5 0.211 7.49 44.89 0.360 7.28 88.3 0.517
7.33 23.5 0.212 7.54 44.92 0.362 7.33 88.1 0.518
7.39 23.5 0.212 7.59 44.85 0.361 7.39 87.9 0.519
7.44 23.4 0.211 7.62 44.68 0.362 7.44 87.8 0.520
7.49 23.5 0.212 7.49 88.2 0.521
7.54 23.5 0.211 7.54 87.8 0.520
7.59 23.3 0.212 7.59 88.3 0.523
7.62 23.4 0.211 7.62 88.2 0.522

TM/LL December 28, 2009 ROB January 26, 2010
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Client: PWGSC Sample No.: GBH09-23

Project: Waterlot BH SSI Sample Location: 4

Location: Esquimalt Graving Dock Depth (m): 3.05-3.66

Project No.: 09-1475-5008/ 3000 Lab ID No: 227

Test Condition: SATURATED Equipment Description: GEOTAC DIGISHEAR# 2

Visual Description: Normal Load Cell: Serial No.:

Undisturbed sample Shear Load Cell: Serial No.:

Vertical LPT: Serial No.:

Remarks: Area correction not applied to normal and shear stress calculation

Water added to the shear box

Reference

ASTM D 3080-04
Direct Shear Testing of Soils Under Consolidated Drained Conditions

80.75

1 2

Volume (cm3)

266562

270986

Initial Sample Dimensions 

Test No.

Shear box geometry

Diameter (mm)

Height (mm)

Sample Type

Peak only

PEAK

3

round

PEAK

25.48 25.48

round

63.53

80.75 80.75

PEAK

25.48

31.69

63.53 63.53

Area (cm2) 31.69 31.69

Golder Associates Ltd. - Burnaby Laboratory 

4280 Still Creek Drive 

Burnaby, B.C. Canada V5C 6C6

Weight Volume Relationships 

round

LP-567

Comments:

TESTED BY DATE 

26.0

27.6

15.6915.32

CHECKED BY DATE

30

Finalwet (kN/m3)

Initialdry (kN/m3)

 t90 (Taylor Method) (min)

Consolidation Results

Sample Type

16.1215.45 16.69

19.72

19.29

PEAK

135.1

20.07

PEAK

126.1

20.61 20.10

Finaldry (kN/m3)

0.2

Dry Mass (g)

Initialwet (kN/m3)

PEAK

129.1

16.42

Normal Stress (kPa)

Initial water content (%)

Final water content (%) 24.7

24.1

120

22.3

23.5

0.42

0.5 0.2

60

0.68

0.13

January 4, 2010 ROB January 26, 2010

Change in height Hc (mm)

0.03 0.03

TM/LL

Calculated t50 (min)

0.22

19.46
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Client: PWGSC Sample No.: GBH09-23

Project: Waterlot BH SSI Sample Location: 4

Location: Esquimalt Graving Dock Depth (m):

Project No.: 09-1475-5008/ 3000 Lab ID No: 227

3.05-3.66

Direct Shear Testing of Soils Under Consolidated Drained Conditions
Reference

ASTM D 3080-04

Golder Associates Ltd. - Burnaby Laboratory 

4280 Still Creek Drive 

Burnaby, B.C. Canada V5C 6C6
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Client: PWGSC Sample No.: GBH09-23

Project: Waterlot BH SSI Sample Location: 4

Location: Esquimalt Graving Dock Depth (m): 3.05-3.66

Project No.: 09-1475-5008/ 3000 Lab ID No: 227

Golder Associates Ltd. - Burnaby Laboratory 

4280 Still Creek Drive 

Burnaby, B.C. Canada V5C 6C6

Direct Shear Testing of Soils Under Consolidated Drained Conditions
Reference

ASTM D 3080-04

Test 1 (After Shear) Test 2 (After Shear)

Remarks:

Atterberg Limit Results

Plastic Limit =

Plastic Index = Non Plastic Soil

wnatural  (%)  = 22.3 to 26.0

Classification =

Loose, wet, very dark grey sandy SILT, trace clay, trace seashells.

TM/LL January 4, 2010 ROB January 26, 2010

---

CHECKED BY DATE

Liquid Limit =

---

---

TESTED BY DATE 

Test 3 (After Shear)
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Client: PWGSC Sample No.: GBH09-23

Project: Waterlot BH SSI Sample Location: 4

Location: Esquimalt Graving Dock Depth (m): 3.05-3.66

Project No.: 09-1475-5008/ 3000 Lab ID No:

30 Normal Stress , kPa 60 Normal Stress , kPa 120 Normal Stress , kPa

0.0004 0.0004 0.0004

Horz Shear Vert Horz Shear Vert Horz Shear Vert Horz Shear Vert
Disp Stress Disp Disp Stress Disp Disp Stress Disp Disp Stress Disp
mm kPa mm mm kPa mm mm kPa mm mm kPa mm
0.00 2.3 0.000 0.00 0.86 0.013 0.00 0.3 0.003
0.01 2.5 ‐0.002 0.01 2.16 0.017 0.01 0.6 0.004
0.03 3.5 0.001 0.03 3.52 0.018 0.03 2.0 0.004
0.04 3.3 0.000 0.04 5.58 0.020 0.04 2.0 0.002
0.05 4.0 0.001 0.05 7.73 0.019 0.05 2.2 0.006
0.06 4.9 0.001 0.06 9.42 0.020 0.06 2.5 0.004
0.08 5.8 0.002 0.08 11.29 0.020 0.08 3.0 0.004
0.09 6.1 0.002 0.09 13.07 0.020 0.09 4.9 0.006
0.10 6.7 0.000 0.10 14.53 0.021 0.10 6.3 0.006

Test 1 Test 3Test 2

Normal Stress , kPa

Disp Rate, mm/min Disp Rate, mm/min Disp Rate, mm/min Disp Rate, mm/min

Golder Associates Ltd. - Burnaby Laboratory 

4280 Still Creek Drive 

Burnaby, B.C. Canada V5C 6C6

Direct Shear Testing of Soils Under Consolidated Drained Conditions
Reference

ASTM D 3080-04

227

0.11 7.2 0.002 0.11 16.31 0.021 0.11 7.0 0.003
0.13 8.0 0.005 0.13 17.58 0.021 0.13 8.3 0.005
0.14 7.8 0.003 0.14 19.12 0.021 0.14 8.8 0.005
0.15 8.8 0.005 0.15 20.12 0.021 0.15 10.1 0.005
0.17 9.0 0.005 0.17 21.35 0.022 0.17 11.4 0.004
0.18 9.6 0.006 0.18 22.27 0.026 0.18 12.4 0.006
0.19 9.9 0.008 0.19 23.52 0.029 0.19 13.3 0.009
0.20 9.8 0.008 0.20 24.47 0.031 0.20 14.8 0.011
0.22 10.5 0.006 0.22 25.45 0.031 0.22 16.2 0.011
0.23 10.7 0.007 0.23 26.34 0.031 0.23 17.2 0.013
0.24 10.7 0.010 0.24 27.16 0.031 0.24 18.3 0.015
0.25 10.4 0.008 0.25 27.91 0.031 0.25 19.5 0.016
0.27 11.0 0.011 0.27 28.76 0.031 0.27 20.0 0.020
0.28 11.1 0.012 0.28 29.64 0.031 0.28 21.7 0.023
0.29 10.9 0.013 0.29 30.36 0.031 0.29 23.0 0.026
0.30 11.5 0.008 0.30 31.03 0.031 0.30 24.1 0.024
0.32 11.5 0.011 0.32 31.69 0.031 0.32 25.6 0.028
0.33 11.5 0.012 0.33 32.03 0.031 0.33 27.0 0.029
0.34 12.1 0.011 0.34 32.52 0.030 0.34 28.1 0.030
0.36 12.2 0.011 0.36 32.82 0.030 0.36 29.4 0.029
0.37 12.3 0.011 0.37 33.55 0.031 0.37 30.5 0.032
0.38 12.5 0.011 0.38 33.73 0.033 0.38 31.4 0.032
0.39 12.4 0.011 0.39 34.25 0.035 0.39 32.6 0.033
0.41 13.0 0.011 0.41 34.87 0.035 0.41 34.1 0.035
0.42 13.4 0.012 0.42 35.05 0.036 0.42 35.0 0.037
0.43 13.3 0.012 0.43 35.50 0.036 0.43 36.0 0.038
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0.44 13.5 0.013 0.44 35.95 0.037 0.44 37.0 0.041
0.46 13.4 0.014 0.46 36.50 0.036 0.46 37.8 0.041
0.47 13.7 0.012 0.47 36.81 0.036 0.47 38.9 0.043
0.48 14.1 0.014 0.48 37.20 0.035 0.48 39.7 0.045
0.50 14.3 0.014 0.50 37.52 0.034 0.50 40.7 0.047
0.51 14.5 0.015 0.51 37.95 0.033 0.51 41.4 0.048
0.52 14.6 0.015 0.52 38.31 0.033 0.52 41.8 0.048
0.53 14.9 0.014 0.53 38.60 0.033 0.53 43.0 0.048
0.55 14.7 0.015 0.55 38.88 0.033 0.55 43.7 0.050
0.56 14.7 0.015 0.56 39.19 0.033 0.56 44.6 0.050
0.60 15.4 0.014 0.57 39.71 0.032 0.57 45.2 0.050
0.64 15.8 0.014 0.61 40.80 0.033 0.61 47.6 0.053
0.67 16.3 0.016 0.65 42.15 0.033 0.65 49.2 0.058
0.71 16.7 0.014 0.69 43.22 0.026 0.69 51.3 0.062
0.75 16.5 0.016 0.72 44.11 0.017 0.72 53.2 0.063
0.79 17.1 0.016 0.76 45.26 0.010 0.76 54.8 0.066
0.83 17.3 0.015 0.80 46.17 0.009 0.80 56.5 0.066
0.86 17.5 0.017 0.84 47.06 0.002 0.84 57.8 0.067
0.90 17.9 0.014 0.88 47.89 ‐0.008 0.88 59.0 0.071
0.94 18.7 0.012 0.91 48.77 ‐0.016 0.91 60.6 0.072
0.98 18.6 0.010 0.95 49.04 ‐0.020 0.95 62.0 0.073
1.02 19.3 0.012 0.99 49.91 ‐0.024 0.99 62.7 0.074
1.05 19.5 0.012 1.03 50.28 ‐0.027 1.03 64.4 0.078
1.09 19.7 0.011 1.07 50.82 ‐0.034 1.07 65.7 0.084
1.13 19.8 0.010 1.11 51.07 ‐0.039 1.11 66.2 0.089
1.17 19.9 0.008 1.14 51.39 ‐0.044 1.14 67.5 0.089
1.21 20.6 0.008 1.18 51.54 ‐0.046 1.18 68.5 0.0891.21 20.6 0.008 1.18 51.54 0.046 1.18 68.5 0.089
1.24 20.8 0.009 1.22 51.83 ‐0.049 1.22 69.7 0.092
1.28 20.9 0.008 1.26 51.98 ‐0.054 1.26 70.6 0.095
1.32 21.1 0.007 1.30 51.80 ‐0.066 1.30 71.6 0.095
1.36 21.4 0.006 1.33 51.79 ‐0.073 1.33 72.6 0.096
1.40 21.5 0.003 1.37 51.69 ‐0.076 1.37 73.5 0.096
1.44 21.7 0.005 1.41 51.36 ‐0.082 1.41 74.2 0.099
1.47 21.7 0.005 1.45 51.26 ‐0.087 1.45 75.1 0.099
1.51 22.1 0.003 1.49 51.15 ‐0.091 1.49 75.9 0.100
1.55 21.7 0.002 1.52 50.69 ‐0.095 1.52 76.7 0.100
1.59 22.3 ‐0.001 1.56 50.34 ‐0.099 1.56 77.5 0.099
1.63 22.4 ‐0.001 1.60 50.09 ‐0.106 1.60 78.1 0.100
1.66 22.2 ‐0.002 1.64 49.72 ‐0.111 1.64 78.5 0.100
1.70 22.5 ‐0.006 1.68 49.35 ‐0.115 1.68 79.5 0.100
1.74 22.6 ‐0.005 1.71 49.02 ‐0.119 1.71 80.2 0.100
1.78 22.6 ‐0.007 1.75 48.77 ‐0.123 1.75 80.8 0.098
1.82 22.3 ‐0.006 1.79 48.35 ‐0.127 1.79 80.9 0.101
1.85 22.5 ‐0.009 1.83 48.15 ‐0.128 1.83 81.9 0.099
1.89 22.4 ‐0.009 1.87 47.81 ‐0.130 1.87 82.3 0.098
1.93 23.1 ‐0.013 1.91 47.50 ‐0.132 1.91 83.0 0.098
1.97 22.9 ‐0.014 1.94 47.26 ‐0.134 1.94 83.6 0.098
2.01 22.7 ‐0.017 1.98 47.31 ‐0.136 1.98 84.5 0.099
2.04 23.1 ‐0.020 2.02 46.97 ‐0.137 2.02 84.5 0.097
2.08 23.2 ‐0.023 2.06 46.85 ‐0.138 2.06 85.1 0.099
2.12 23.4 ‐0.022 2.10 46.53 ‐0.138 2.10 85.7 0.097
2.16 23.5 ‐0.025 2.13 45.87 ‐0.139 2.13 86.3 0.097
2.20 23.5 ‐0.028 2.17 45.78 ‐0.139 2.17 86.6 0.098
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2.24 23.6 ‐0.029 2.21 45.73 ‐0.138 2.21 86.7 0.098
2.27 22.9 ‐0.033 2.25 45.42 ‐0.139 2.25 87.2 0.097
2.31 23.7 ‐0.036 2.29 45.20 ‐0.140 2.29 87.7 0.097
2.35 24.0 ‐0.036 2.32 45.05 ‐0.139 2.32 87.9 0.096
2.39 23.7 ‐0.038 2.36 44.97 ‐0.140 2.36 88.2 0.095
2.43 23.6 ‐0.039 2.40 44.62 ‐0.139 2.40 88.5 0.095
2.46 24.2 ‐0.036 2.44 44.38 ‐0.140 2.44 88.3 0.094
2.51 23.8 ‐0.043 2.48 44.50 ‐0.139 2.48 89.1 0.094
2.57 23.8 ‐0.047 2.53 44.36 ‐0.140 2.53 89.7 0.092
2.62 24.0 ‐0.047 2.58 44.34 ‐0.140 2.58 89.8 0.094
2.67 24.1 ‐0.046 2.63 43.98 ‐0.139 2.63 90.6 0.092
2.72 24.1 ‐0.047 2.68 44.25 ‐0.139 2.68 90.7 0.092
2.77 24.1 ‐0.048 2.73 44.11 ‐0.138 2.73 91.2 0.092
2.82 23.6 ‐0.048 2.78 43.97 ‐0.138 2.78 91.6 0.088
2.87 24.0 ‐0.051 2.83 44.09 ‐0.138 2.83 91.5 0.090
2.92 24.2 ‐0.051 2.88 43.90 ‐0.137 2.88 91.5 0.090
2.97 24.2 ‐0.052 2.93 44.25 ‐0.137 2.93 92.0 0.087
3.02 24.4 ‐0.051 2.98 44.10 ‐0.136 2.98 92.1 0.086
3.07 24.4 ‐0.049 3.04 44.33 ‐0.136 3.04 92.2 0.086
3.12 24.3 ‐0.052 3.09 44.15 ‐0.136 3.09 92.5 0.085
3.17 23.9 ‐0.054 3.14 44.34 ‐0.135 3.14 92.5 0.084
3.23 24.1 ‐0.057 3.19 44.22 ‐0.134 3.19 92.7 0.085
3.28 24.3 ‐0.056 3.24 44.19 ‐0.134 3.24 92.8 0.085
3.33 24.2 ‐0.055 3.29 44.38 ‐0.133 3.29 93.1 0.083
3.38 24.1 ‐0.058 3.34 44.36 ‐0.134 3.34 93.3 0.083
3.43 24.6 ‐0.055 3.39 44.42 ‐0.133 3.39 93.3 0.082
3.48 24.3 ‐0.057 3.44 44.55 ‐0.133 3.44 93.6 0.0843.48 24.3 0.057 3.44 44.55 0.133 3.44 93.6 0.084
3.53 24.4 ‐0.057 3.49 44.47 ‐0.132 3.49 93.9 0.083
3.58 24.4 ‐0.057 3.54 44.55 ‐0.133 3.54 93.9 0.083
3.63 24.5 ‐0.056 3.59 44.56 ‐0.131 3.59 94.6 0.082
3.68 24.6 ‐0.054 3.65 44.62 ‐0.132 3.64 94.4 0.083
3.73 24.4 ‐0.055 3.70 44.50 ‐0.132 3.70 94.4 0.082
3.78 24.5 ‐0.057 3.75 44.55 ‐0.131 3.75 94.7 0.082
3.84 24.6 ‐0.057 3.80 44.78 ‐0.132 3.80 94.7 0.082
3.89 24.5 ‐0.054 3.85 44.61 ‐0.131 3.85 95.0 0.081
3.94 24.8 ‐0.054 3.90 44.62 ‐0.131 3.90 95.2 0.082
3.99 24.7 ‐0.055 3.95 44.55 ‐0.130 3.95 95.1 0.081
4.04 24.8 ‐0.054 4.00 44.36 ‐0.131 4.00 95.6 0.080
4.09 24.8 ‐0.053 4.05 43.90 ‐0.130 4.05 96.1 0.082
4.14 24.6 ‐0.052 4.10 44.14 ‐0.131 4.10 96.0 0.081
4.19 24.6 ‐0.054 4.15 44.18 ‐0.130 4.15 95.9 0.080
4.24 24.8 ‐0.054 4.20 44.50 ‐0.130 4.20 96.1 0.081
4.29 24.7 ‐0.053 4.25 44.52 ‐0.130 4.25 96.1 0.081
4.34 24.3 ‐0.049 4.31 44.48 ‐0.129 4.31 96.1 0.082
4.39 24.7 ‐0.051 4.36 44.54 ‐0.129 4.36 96.0 0.078
4.44 24.6 ‐0.049 4.41 44.22 ‐0.128 4.41 96.1 0.082
4.50 24.7 ‐0.048 4.46 44.38 ‐0.128 4.46 96.0 0.082
4.55 24.5 ‐0.046 4.51 44.35 ‐0.128 4.51 96.1 0.081
4.60 24.6 ‐0.048 4.56 44.62 ‐0.127 4.56 96.3 0.079
4.65 24.8 ‐0.045 4.61 44.56 ‐0.128 4.61 96.2 0.080
4.70 24.6 ‐0.045 4.66 44.59 ‐0.127 4.66 96.4 0.080
4.75 24.5 ‐0.046 4.71 44.41 ‐0.127 4.71 96.1 0.078
4.80 24.8 ‐0.045 4.76 44.37 ‐0.127 4.76 96.0 0.079
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4.85 24.0 ‐0.045 4.81 44.49 ‐0.126 4.81 96.0 0.078
4.90 24.7 ‐0.047 4.86 44.44 ‐0.125 4.86 96.0 0.079
4.95 24.8 ‐0.044 4.91 44.36 ‐0.126 4.91 96.0 0.077
5.00 24.6 ‐0.041 4.97 44.40 ‐0.125 4.97 95.4 0.077
5.05 24.0 ‐0.042 5.02 44.47 ‐0.125 5.02 95.5 0.076
5.10 24.8 ‐0.042 5.07 44.48 ‐0.124 5.07 95.0 0.078
5.16 25.1 ‐0.041 5.12 44.47 ‐0.125 5.12 95.1 0.076
5.21 24.5 ‐0.042 5.17 44.48 ‐0.124 5.17 95.0 0.076
5.26 25.1 ‐0.039 5.22 44.57 ‐0.124 5.22 95.0 0.075
5.31 24.9 ‐0.037 5.27 44.57 ‐0.123 5.27 95.0 0.076
5.36 25.0 ‐0.038 5.32 44.58 ‐0.123 5.32 95.0 0.074
5.41 24.9 ‐0.039 5.37 44.45 ‐0.122 5.37 95.3 0.074
5.46 24.8 ‐0.037 5.42 44.56 ‐0.121 5.42 95.0 0.074
5.51 24.9 ‐0.037 5.47 44.43 ‐0.123 5.47 95.2 0.075
5.56 24.8 ‐0.038 5.52 44.27 ‐0.121 5.52 95.3 0.074
5.61 25.0 ‐0.038 5.58 44.66 ‐0.122 5.57 94.8 0.075
5.66 24.6 ‐0.038 5.63 44.46 ‐0.115 5.63 95.0 0.072
5.71 24.8 ‐0.037 5.68 44.58 ‐0.120 5.68 94.9 0.073
5.77 25.1 ‐0.035 5.73 44.32 ‐0.117 5.73 95.0 0.072
5.82 24.8 ‐0.036 5.78 44.54 ‐0.120 5.78 94.7 0.070
5.87 24.5 ‐0.034 5.83 44.62 ‐0.130 5.83 94.4 0.072
5.92 24.9 ‐0.032 5.88 44.43 ‐0.121 5.88 95.0 0.071
5.97 24.5 ‐0.032 5.93 44.65 ‐0.126 5.93 95.0 0.071
6.02 24.7 ‐0.029 5.98 44.47 ‐0.120 5.98 95.1 0.072
6.07 24.7 ‐0.028 6.03 44.50 ‐0.119 6.03 94.9 0.071
6.12 24.9 ‐0.028 6.08 44.42 ‐0.126 6.08 95.4 0.070
6.17 25.0 ‐0.029 6.13 44.57 ‐0.115 6.13 95.0 0.0716.17 25.0 0.029 6.13 44.57 0.115 6.13 95.0 0.071
6.22 24.7 ‐0.027 6.18 44.67 ‐0.112 6.18 95.0 0.071
6.27 24.8 ‐0.026 6.24 44.46 ‐0.118 6.23 94.9 0.070
6.32 24.5 ‐0.024 6.29 44.31 ‐0.119 6.29 94.7 0.072
6.37 25.0 ‐0.025 6.34 44.74 ‐0.105 6.34 94.5 0.070
6.43 25.0 ‐0.024 6.39 44.45 ‐0.109 6.39 94.8 0.072
6.48 24.9 ‐0.022 6.44 44.51 ‐0.114 6.44 95.4 0.072
6.53 24.8 ‐0.021 6.49 44.33 ‐0.114 6.49 95.0 0.071
6.58 24.6 ‐0.021 6.54 44.69 ‐0.116 6.54 95.1 0.070
6.63 25.0 ‐0.019 6.59 44.62 ‐0.108 6.59 95.2 0.071
6.68 24.2 ‐0.022 6.64 44.58 ‐0.112 6.64 95.4 0.072
6.73 24.8 ‐0.019 6.69 44.43 ‐0.112 6.69 95.2 0.071
6.78 24.7 ‐0.019 6.74 44.52 ‐0.115 6.74 95.1 0.071
6.83 25.4 ‐0.019 6.79 44.67 ‐0.113 6.79 95.0 0.072
6.88 24.9 ‐0.018 6.84 44.64 ‐0.112 6.84 95.2 0.071
6.93 24.8 ‐0.019 6.90 44.71 ‐0.111 6.90 95.7 0.072
6.98 25.1 ‐0.018 6.95 44.66 ‐0.105 6.95 95.7 0.073
7.03 24.7 ‐0.015 7.00 44.72 ‐0.099 7.00 95.2 0.073
7.09 24.3 ‐0.014 7.05 44.71 ‐0.099 7.05 95.7 0.076
7.14 25.0 ‐0.015 7.10 44.74 ‐0.105 7.10 95.6 0.077
7.19 24.7 ‐0.014 7.15 44.70 ‐0.104 7.15 95.6 0.076
7.24 24.8 ‐0.012 7.20 44.73 ‐0.098 7.20 95.4 0.076
7.29 25.1 ‐0.012 7.25 44.66 ‐0.108 7.25 95.4 0.075
7.34 24.5 ‐0.013 7.30 44.75 ‐0.100 7.30 95.5 0.076
7.39 25.0 ‐0.009 7.35 44.99 ‐0.104 7.35 95.4 0.077
7.44 24.8 ‐0.008 7.40 44.73 ‐0.106 7.40 95.8 0.076
7.49 24.7 ‐0.009 7.45 44.73 ‐0.107 7.45 95.1 0.077
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7.53 24.8 ‐0.008 7.51 44.68 ‐0.106 7.50 95.5 0.076
7.55 44.58 ‐0.103 7.54 95.5 0.078

TM/LL January 4, 2010 ROB January 26, 2010
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Cone Penetration Tests (CPTU)

The cone penetration tests (CPTU) with pore pressure measurement were carried out by ConeTec using an 
integrated electronic cone system.

All soundings were performed using compression type cone penetrometers (refer to Figure CPTU).  
ConeTec has cones of various cross sectional areas and capacities.  ConeTec’s 5 ton cones have a tip area 
of 10 cm2, a friction sleeve area of 150 cm2 and tip capacity of 500 bar. ConeTec’s 10 ton cones have a tip 
area of 10 cm2, a friction sleeve area of 150 cm2 and tip capacity of 1000 bar. ConeTec’s 20 Ton cones 
have a tip area of 15 cm2, a friction sleeve area of 225 cm2 and a tip capacity of 1500 bar.  ConeTec’s 
Medium Capacity cones (MC375) have a tip area of 15 cm2, a friction sleeve area of 225 cm2 and a tip 
capacity of 375 bar. The compression cones are designed with an equal end area friction sleeve and a tip 
end area ratio of 0.80. A porewater pressure filter is located directly behind the cone tip.  The filter is made 
of porous plastic and is 5.0 mm thick.  Each porewater pressure filters is saturated under vacuum pressure 
prior to penetration.  Porewater pressure dissipation data is recorded at 5-second intervals during pauses in 
penetration as directed by the field representative.

The cone system is capable of recording the following parameters at varying depth intervals:

Tip Resistance  (qc)
Sleeve Friction  (fs)
Dynamic Pore Pressure (u)
Temperature   (T)
Cone Inclination (I)

           Figure – CPTU
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A summary of the cone penetration tests carried out is presented in Table CPTU (Appendix CPTU).

Selected parameters were printed simultaneously on a printer and stored on a floppy disk for future analysis 
and reference.  All cone penetration testing was carried out in accordance with ASTM D-5778-95.

A complete set of baseline readings was taken prior to and at the completion of each sounding to determine 
temperature shifts and any zero load offsets.  Corrections for temperature shifts and zero load offsets can 
be extremely important, especially when the recorded loads are relatively small.  In sandy soils, however, 
these corrections are generally negligible.  Graphical plots of all CPT data are presented in Appendix  
CPTU.

The inferred stratigraphic profile at each CPT test location is included with this report.  The stratigraphic 
interpretations are based on relationships between cone bearing, qt, sleeve friction, fs, and dynamic pore 
pressure, u.  The friction ratio, Rf (100 x fs/qt), is a calculated parameter which is used to identify the type of 
soil and hence gives an indication of its behavior.  Generally, soft cohesive soils have high friction ratios, low 
cone bearing pressures and generate large porewater pressures during penetration.  Cohesionless soils 
have lower friction ratios, high cone bearing pressures and generate little in the way of excess porewater 
pressure during penetration.  The classification of soils is based on correlations summarized by Robertson 
(1990), as shown in Figure SBT.  It is not always possible to clearly identify a soil type based on qt and fs
alone.  Experience, judgment and analyses of porewater pressure generation during penetration and 
subsequent dissipation tests should be used in arriving at the soil type in these ambiguous situations.

Figure SBT – Non-Normalized Soil Behavior Type Chart, Robertson (1990)

It should be noted that stratigraphic interpretation using CPTU data can also be carried out using a 
normalized (stress corrected) soil behavior type chart (Robertson, 1990).  The Robertson publication 
emphasizes when normalized stratigraphic interpretation is appropriate.
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Robertson, P.K. (1990).  “Soil Classification Using the Cone Penetration Test”.  Canadian Geotechnical Journal, Vol. 27, No. 1, pp. 151 – 158. 

Normalized Friction Ratio 

 
CPT Soil Behaviour Type Classification 

 
CPT Classification Chart – Normalized  

 
 
 
 
 

   

Zone Soil Behavior Type 
   
1  Sensitive fine-grained 

 

 

 

2  Organic soils 
 

 
 

3  Clays (silty clay to clay) 
 

 
 

4  Silt Mixtures (clayey silt to silty clay) 
 

 
 

5  Sand Mixtures (silty sand to sandy silt) 
 

 
 

6  Sands (clean sand to silty sand) 
 

 
 

7  Gravelly sand to dense sand 
 

 
 

8  Very stiff cemented sand to clayey sand 
 

 
 

9  Very stiff, over-consolidated fine-grained soil 
   

   

   
   
   

 
 

qt = cone tip resistance 
 

fs  = sleeve friction 
 

σvo  = total overburden pressure 
 

σ’vo = effective overburden pressure 
  = σ vo - uo 

 

uo = equilibrium pore water pressure 
 

1000 
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Job No: 09-144
Date: 10:21:09  09:11
Site: Esquimalt Graving Dock

Sounding: GCPT09-01
Cone: 227:T500F10U500 

Max Depth:  25.000 m /   82.02 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m

File: 144CP01.COR
Unit Wt: SBT Chart Soil Zones

SBT: Lunne, Robertson and Powell, 1997
Coords: UTM 10U N: 5364831m  E: 468292m 
Page No: 1 of 1
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Site: Esquimalt Graving Dock
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Max Depth:  12.850 m /   42.16 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m
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Site: Esquimalt Graving Dock

Sounding: GCPT09-03       
Cone: 270:T500F10U500 

Max Depth:   8.500 m /   27.89 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m
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Unit Wt: SBT Chart Soil Zones
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Max Depth:  15.400 m /   50.52 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m
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Max Depth:  16.000 m /   52.49 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m
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APPENDIX E 
CPT Pore Pressure Dissipation Test Results 
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Pore Pressure Dissipation Testing (PPD) 
 
 
The penetration of the piezocone was halted at specific depths to carry out pore pressure dissipation tests 
as directed by the field representative.  The variation of the penetration pore pressure (u) with time was 
measured and recorded.  All pore pressure data was recorded immediately behind the cone tip at the u2 
location (refer to Figure PTL). 
 
 
 
 
 
 
 
 
 
 
 

Figure – PTL 
 
 
Pore pressure dissipation data can be interpreted to provide estimates of : 
 

- equilibrium piezometric pressure 
- phreatic surface 
- in situ horizontal coefficient of consolidation, ch 
- in situ horizontal coefficient of permeability, kh 

 
 
In order to interpret  the equilibrium piezometric pressure and/or the phreatic surface, the pore pressure 
must be monitored until such time as there is no variation in pore pressure with time (refer to Figure PPD).  
This time is commonly referred to as t100, the point at which 100% of the excess pore pressure has 
dissipated. 
 
Interpretation of either ch and kh from dissipation results can be most easily achieved using either of two 
analytical approaches:  cavity-expansion theory or the strain-path approach. Comparisons of the available  
solutions and results from field studies suggest that the cavity-expansion method of Torstensson (1977) and 
the strain-path approaches of Levadous (1980) and Teh (1987) all provide similar predications of 
consolidation parameters from CPTU dissipation data (Gillespie 1981; Kabir and Lutenegger 1990; 
Robertson et al. 1991).  Robertson et al. (1991) have shown that these methods, although developed for 
normally consolidated soils, can be equally applied to overconsolidated soils.  Furthermore, comparisons of 
field and laboratory data indicate that the trends in the measured (laboratory) and predicated (CPTU) data 
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are consistent provided the micro fabric and nature of the soils being tested are taken into consideration 
(Danziger 1990; Robertson et al. 1991). 
 
A complete reference on pore pressure dissipation tests is presented by Robertson et al. 1991. 
 
The pore pressure dissipation tests are summarized in Table PPD (Appendix PPD).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure - PPD 
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Location Test Depth
Mudline 

Elevation
Test Elevation

Tide Level at 

Time of Test
Equilibrium 

Pressure Head Piezometric Level

Equilibrium Pressure 

Head Piezometric Level

Equilibrium 

Pressure Head Piezometric Level

(m bml) (m Geodetic) (m Geodetic) (kPa) (m Geodetic) (m) (m Geodetic) (m) (m Geodetic) (m) (m Geodetic)

GCPT09-01 25.00 -13.58 -38.58 382 0.8 39.0 0.4 38.6 0.0 38.2 -0.4

GCPT09-05 15.40 -13.63 -29.03 286 -0.5 29.2 0.2 28.9 -0.1 28.6 -0.4

GCPT09-06 15.85 -14.33 -30.18 312 -1.3 31.8 1.6 31.5 1.3 31.2 1.0

GCPT09-09b 24.45 -13.65 -38.10 373 0.6 38.0 -0.1 37.6 -0.5 37.3 -0.8

KCPT09-103 27.10 -13.53 -40.63 411 0.6 41.9 1.3 41.5 0.9 41.1 0.4

KCPT09-106 12.35 -13.78 -26.13 263 0.7 26.8 0.7 26.5 0.4 26.3 0.1

Fresh Water (density = 1.00 g/cm3) Brackish Water (density = 1.01 g/cm3) Salt Water (density = 1.02 g/cm3)Measured 

Equilibrium 

Pressure

Table E-1 - Equilibrium Pore Water Pressures and Piezometric Levels from CPT Pore Pressure Dissipation Tests

Golder Associates Ltd.
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Tip Resistance q (MPa) Soil Behaviour Type Index, IcFriction Ratio R (%) Undrained Shear Strength - su (kPa)
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APPENDIX G 
Record of Sediment Cores (2009 Vibra-Core Investigation) 
 



C
or

e 
C

at
ch

er
 (

w
ith

 fi
ns

)

0765-03

0765-04
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0765-05

V
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e

Very soft, wet, black SILT.
Lost during handling.

Soft, wet, black SILT, piece of brittle
wood 9cm in lenth at 23cm.

Lost material due to large angular
cobble 12cm in size.

Firm, moist, dark grey SILT, some
clay, trace shells from 103-105cm and
core base.

End of Sediment Core.

5.40

67.90

94.60

187.50

3.00

38.00

53.00

105.00

Total Driven
Length (TDL): 232.0 cm

Initial Recovered
Length (IRL): 131.0 cm

Settled Length
(SL): 122.5 cm

Processed Length:
105.0 cm
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Photograph Showing Sediment Core SC09-01.
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INITIAL PERCENT RECOVERY: 56%

RECORD OF SEDIMENT CORE:    SC09-01

SOIL PROFILE

MEAS.
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 12, 2009 TIME: 15:00
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.S. / Pacific GAL

Est.*
IN-SITU

-12.10

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5365045.6   E: ~468008.0
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 0765-06 is duplicate of
0765-05.

(TDL)

(SL)

(IRL)

(CTL)
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0749-04

0749-05

0749-07

0749-06
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Very soft, wet, black SILT.

Soft, wet, black SILT, trace shell
fragments, dark grey below 20cm,
piece of concrete with rust stains
20cm in length at 29cm (kept for
reference), concrete and brick debris
approximately 3cm in length at 36cm.

Moderately firm, moist, dark grey SILT,
some clay, trace shell fragments,
becoming firm at 108cm.

End of Sediment Core.

50.10

194.90

37.00

144.00

Total Driven
Length (TDL): 245.0 cm

Initial Recovered
Length (IRL): 181.0 cm

Settled Length
(SL): 146.5 cm

Processed Length:
144.0 cm
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Photograph Showing Sediment Core SC09-02.
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INITIAL PERCENT RECOVERY: 73.9%

RECORD OF SEDIMENT CORE:    SC09-02

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 12, 2009 TIME: 13:10
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.S. / Pacific GAL

Est.*
IN-SITU

-12.90

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5365011.6   E: ~467962.3
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Additional sample collected
(0749-07) due to presence of
debris below 40cm
0822-01 -TCLP composite
(0-20cm+120-140cm).

(TDL)

(SL)

(IRL)

(CTL)
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0775-04

0775-05
0775-06

0775-07

0775-08
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Very soft, wet, dark grey CLAYEY
SILT, moderate hydrogen sulphide-like
odour.

Soft, wet, grey CLAYEY SILT, shell
fragments, angular gravel at 5-15 cm,
pinecone approximately 3cm in length
at 101cm, rounded gravel 4cm in size
at 122cm.

End of Sediment Core.

5.70

215.40

5.00

190.00

Total Driven
Length (TDL): 245.0 cm

Initial Recovered
Length (IRL): 216.0 cm

Settled Length
(SL): 210.0 cm

Processed Length:
190.0 cm
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Photograph Showing Sediment Core SC09-03.
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INITIAL PERCENT RECOVERY: 88.2%

RECORD OF SEDIMENT CORE:    SC09-03

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 09:05
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-12.30

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: J.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5365023.8   E: ~468006.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
from 120-160cm below
mudline.
3.) 0775-06 is a duplicate of
0775-05.

(TDL)

(SL)

(IRL)

(CTL)
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0749-11

0749-12

0822-02

0822-03
0822-04
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Very soft, wet, black SILT, some
coarse angular gravel 3-11cm in
length.

Firm, moist, dark grey SILT, some
clay, strong hydrogen sulphide-like
odour, trace intact shells less than
10cm in length.

End of Sediment Core.

13.70

203.80

13.00

194.00

Total Driven
Length (TDL): 230.0 cm

Initial Recovered
Length (IRL): 219.0 cm

Settled Length
(SL): 218.0 cm

Processed Length:
194.0 cm
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Photograph Showing Sediment Core SC09-04.
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INITIAL PERCENT RECOVERY: 95.2%

RECORD OF SEDIMENT CORE:    SC09-04

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 13, 2009 TIME: 09:27
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A. / Pacific GAL

Est.*
IN-SITU

-10.70
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5365025.5   E: ~468035.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 0822-04 is a duplicate of
0822-03.
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0749-01

0749-02

0749-03
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Very soft, wet, black SILT.

Soft, wet, black SILT, trace intact shell
from 18-24cm, moderately-strong
hydrogen sulphide-like odour.

Moderately firm, moist, dark grey SILT,
some clay, slight hydrogen
sulphide-like odour, trace shells.

End of Sediment Core.

10.70

36.10

199.20

8.00

27.00

149.00

Total Driven
Length (TDL): 243.0 cm

Initial Recovered
Length (IRL): 182.0 cm

Settled Length
(SL): 172.5 cm

Processed Length:
149.0 cm
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Photograph Showing Sediment Core SC09-05.

ELEV.
(m)

DEPTH
(cm)

DESCRIPTION

F
IN

E
S

WATER CONTENT PERCENT

Wl

10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 74.8%

RECORD OF SEDIMENT CORE:    SC09-05

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 12, 2009 TIME: 12:20
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.S. / Pacific GAL

Est.*
IN-SITU

-13.00
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364988.4   E: ~467996.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0771-04

0771-05
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Very soft, wet, black SILT, strong
hydrogen sulphide-like odour, trace
shell fragments, intact shells below
7cm.

Soft, moist, dark grey SILT, some clay,
trace shell fragments, intact shells at
142-149cm, becoming firm at 73cm,
becoming light grey at 130cm.

End of Sediment Core.

21.80

219.30

19.00

191.00

Total Driven
Length (TDL): 240.0 cm

Initial Recovered
Length (IRL): 209.0 cm

Settled Length
(SL): 204.0 cm

Processed Length:
191.0 cm
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Photograph Showing Sediment Core SC09-06.
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INITIAL PERCENT RECOVERY: 87.1%

RECORD OF SEDIMENT CORE:    SC09-06

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 17, 2009 TIME: 13:30
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.70
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364987.9   E: ~468057.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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Very soft, wet, black SILT trace wood
debris at 1-4cm.

Dense SHELLS and firm, wet, black
SILT, trace angular gravel.

Soft, moist, dark grey SILT, some clay,
becoming firm below 56cm, trace shell
fragments throughout, dense, moist,
grey, fine grained SAND a 6cm seam
at 79-86cm.

End of Sediment Core.

15.00

35.80

111.90

13.00

31.00

97.00

Total Driven
Length (TDL): 135.0 cm

Initial Recovered
Length (IRL): 117.0 cm

Settled Length
(SL): 97.0 cm

Processed Length:
97.0 cm
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Photograph Showing Sediment Core SC09-07.
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INITIAL PERCENT RECOVERY: 86.7%

RECORD OF SEDIMENT CORE:    SC09-07

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
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DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 17, 2009 TIME: 14:40
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.00
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364976.2   E: ~468104.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 50-70cm below mudline
3.) 0771-12 duplicate of
0771-11.
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0775-01

0775-02
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Very soft, wet, dark grey CLAYEY
SILT.

Soft, wet, dark grey CLAYEY SILT,
trace shell fragments, becoming firm at
169cm to end of core, black, coal-like
debris approximately 7cm in length at
20cm.

End of Sediment Core.
220.10 199.00

Total Driven
Length (TDL): 240.0 cm

Initial Recovered
Length (IRL): 217.0 cm

Settled Length
(SL): 227.0 cm

Processed Length:
199.0 cm
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Photograph Showing Sediment Core SC09-08.
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DESCRIPTION
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WATER CONTENT PERCENT
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INITIAL PERCENT RECOVERY: 90.4%

RECORD OF SEDIMENT CORE:    SC09-08

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 09:35
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.10

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364963.5   E: ~468039.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
from 40-70cm.
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0755-01

0755-02

0755-03

0755-04

V
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Soft, wet, dark grey SILT, some clay,
trace shells, approximately 30% shell
fragments with intact shells at
60-80cm, strong hydrogen
sulphide-like odour at 110-188cm, firm,
moist, dark grey SILT at 120cm, wood
fragments 20cm in length at 170cm.

End of Sediment Core.
226.20 188.00

Total Driven
Length (TDL): 254.0 cm

Initial Recovered
Length (IRL): 211.0 cm

Settled Length
(SL): 209.1 cm

Processed Length:
188.0 cm
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Photograph Showing Sediment Core SC09-09.

ELEV.
(m)

DEPTH
(cm)
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INITIAL PERCENT RECOVERY: 83.1%

RECORD OF SEDIMENT CORE:    SC09-09

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 11, 2009 TIME: 13:57
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A. / Pacific GAL

Est.*
IN-SITU

-12.80
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364962.6   E: ~468090.9
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0766-01

0766-02

0766-03

0766-04

V
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Very soft, wet, black SILT.

Soft, wet, dark grey SILT, trace shell,
trace clay, strong hydrogen
sulphide-like odour below 20cm.

Firm, moist to wet, grey SILT, some
clay, trace shell, moderate to strong
hydrogen sulphide-like odour.

End of Sediment Core.

55.90

235.40

48.00

202.00 Total Driven
Length (TDL): 260.0 cm

Initial Recovered
Length (IRL): 223.0 cm

Settled Length
(SL): 202.0 cm

Processed Length:
202.0 cm
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Photograph Showing Sediment Core SC09-10.
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INITIAL PERCENT RECOVERY: 85.8%

RECORD OF SEDIMENT CORE:    SC09-10

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 16, 2009 TIME: 14:33
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G. / Aluminator

Est.*
IN-SITU

-14.40

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364955.4   E: ~468133.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.

TOP

P
ro

ce
ss

ed
 L

en
gt

h

F
ile

:N
:\A

C
T

IV
E

\Y
E

A
R

 2
00

9\
14

75
\0

9-
14

75
-0

00
4 

(E
S

Q
U

IM
A

LT
 G

R
A

V
IN

G
 D

O
C

K
)\

G
IN

T
\C

O
M

B
IN

E
D

 C
O

R
E

 L
O

G
S

.G
P

J 
 O

ut
pu

t F
or

m
:S

E
D

IM
E

N
T

 C
O

R
E

   
T

em
pl

at
e:

B
C

 R
E

G
IO

N
 T

E
M

P
LA

T
E

 B
E

T
A

 1
.G

D
T

  L
ib

ra
ry

:B
C

 R
E

G
IO

N
 L

IB
R

A
R

Y
.G

LB
  V

W
ah

ls
tr

om
  0

2/
03

/1
0

Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) DRET/TCLP collected here:
composite of 0-40cm and
90-110cm of 2 large (250 ml)
jars [0767-01 and 0767-02].
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0765-07

0765-08

0765-09

0765-10

V
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Very soft, wet, black SILT.

Soft, wet, dark grey with black mottling
SILT, slight hydrogen sulphide-like
odour.

Moderately firm, moist, dark grey SILT,
some clay, trace shells, becoming firm
below 140cm.

End of Sediment Core.

37.20

220.60

30.00

178.00

Total Driven
Length (TDL): 244.0 cm

Initial Recovered
Length (IRL): 197.0 cm

Settled Length
(SL): 180.8 cm

Processed Length:
178.0 cm
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Photograph Showing Sediment Core SC09-11.
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DESCRIPTION

F
IN

E
S

WATER CONTENT PERCENT

Wl

10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 80.7%

RECORD OF SEDIMENT CORE:    SC09-11

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 11, 2009 TIME: 15:25
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: M.A./D.H./N.G. / Pacific GAL

Est.*
IN-SITU

-13.30

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364924.7   E: ~468076.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.

TOP

P
ro

ce
ss

ed
 L

en
gt

h

F
ile

:N
:\A

C
T

IV
E

\Y
E

A
R

 2
00

9\
14

75
\0

9-
14

75
-0

00
4 

(E
S

Q
U

IM
A

LT
 G

R
A

V
IN

G
 D

O
C

K
)\

G
IN

T
\C

O
M

B
IN

E
D

 C
O

R
E

 L
O

G
S

.G
P

J 
 O

ut
pu

t F
or

m
:S

E
D

IM
E

N
T

 C
O

R
E

   
T

em
pl

at
e:

B
C

 R
E

G
IO

N
 T

E
M

P
LA

T
E

 B
E

T
A

 1
.G

D
T

  L
ib

ra
ry

:B
C

 R
E

G
IO

N
 L

IB
R

A
R

Y
.G

LB
  V

W
ah

ls
tr

om
  0

2/
03

/1
0

Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0778-04

0778-05
0778-06

0778-07

0778-08

V
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Very soft, wet, black SILT, slight
hydrogen sulphide-like odour.

Soft, wet, grey SILT, trace shells,
strong hydrogen sulphide-like odour,
becoming firm below 85cm, wood
debris 1-2cm in length at 67cm.

End of Sediment Core.

22.10

228.80

18.00

186.00
Total Driven

Length (TDL): 260.0 cm

Initial Recovered
Length (IRL): 211.0 cm

Settled Length
(SL): 187.0 cm

Processed Length:
186.0 cm
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Photograph Showing Sediment Core SC09-12.
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INITIAL PERCENT RECOVERY: 81.3%

RECORD OF SEDIMENT CORE:    SC09-12

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 19, 2009 TIME: 09:45
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.20
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./J.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364928.2   E: ~468113.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 120-160cm below the
mudline.
3.) 0778-06 is a duplicate of
0778-05.
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0755-11

0755-12

0765-01

0765-02

V
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Very soft, wet, black SILT from 0-4cm,
soft, wet, black SILT, hydrogen
sulphide-like odour from 3-4cm,
becoming grey below 30cm, trace
shells at 18-57cm.

Firm, moist, grey SILT, some clay,
trace shell fragments, slight hydrogen
sulphide-like odour, becoming firm
below 140cm.

End of Sediment Core.

67.20

219.30

57.00

186.00

Total Driven
Length (TDL): 250.0 cm

Initial Recovered
Length (IRL): 212.0 cm

Settled Length
(SL): 188.1 cm

Processed Length:
187.0 cm
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Photograph Showing Sediment Core SC09-13.
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INITIAL PERCENT RECOVERY: 84.8%

RECORD OF SEDIMENT CORE:    SC09-13

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 11, 2009 TIME: 12:55
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: M.A./D.H./N.G. / Pacific GAL

Est.*
IN-SITU

-14.00
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364925.2   E: ~468150.9
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Lost approximately 6cm of
clay out of bottom during
removal of liner at 6cm
3.) Lost clay material between
liner and core catcher shoulder
approximately 3cm vertical
core length.
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0773-01
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0773-04
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Soft, wet, black SILT, trace clay below
15cm, trace intact shell, hydrogen
sulphide-like odour, becoming grey
below 9cm.

Firm, moist, grey SILT, some clay,
trace shells fragments, moderate
hydrogen sulphide-like odour, intact
shell at 160cm.

End of Sediment Core.

24.10

233.70

21.00

204.00 Total Driven
Length (TDL): 245.0 cm

Initial Recovered
Length (IRL): 214.0 cm

Settled Length
(SL): 201.5 cm

Processed Length:
204.0 cm
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Photograph Showing Sediment Core SC09-14.
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DEPTH
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INITIAL PERCENT RECOVERY: 87.3%

RECORD OF SEDIMENT CORE:    SC09-14

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 15:15
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.90
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364925.5   E: ~468184.9
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0774-01

0774-02

0774-03

0774-04

V
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Soft, wet, black SILT, slight hydrogen
sulphide-like odour, becoming grey in
colour below 11cm.

Soft, moist, grey SILT, black banding
at 21-40cm, layer of wet, black,
angular GRAVEL, some coarse sand,
trace silt at 41-49cm.

Firm, moist, grey SILT, some clay,
trace shell fragments, band of soft,
wet, grey SILT at 180-184cm.

End of Sediment Core.

24.50

61.80

241.30

21.00

53.00

207.00

Total Driven
Length (TDL): 260.0 cm

Initial Recovered
Length (IRL): 223.0 cm

Settled Length
(SL): 207.0 cm

Processed Length:
207.0 cm
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Photograph Showing Sediment Core SC09-15.
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DEPTH
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DESCRIPTION
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WATER CONTENT PERCENT
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10 20 30 40
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INITIAL PERCENT RECOVERY: 85.8%

RECORD OF SEDIMENT CORE:    SC09-15

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 14:50
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.50
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364917.4   E: ~468220.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 130-160cm below the
mudline.

(TDL)

(SL)

(IRL)

(CTL)



C
or

e 
C

at
ch

er
 (

w
ith

 fi
ns

)

0774-05

0774-06

0774-07

0774-08

V
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Soft, wet, grey SILT, trace clay and
shells.

Firm, moist, grey SILT, some clay,
trace shell fragments, strong hydrogen
sulphide-like odour below 80cm.

End of Sediment Core.

7.70

219.50

7.00

200.00

Total Driven
Length (TDL): 237.0 cm

Initial Recovered
Length (IRL): 216.0 cm

Settled Length
(SL): 201.0 cm

Processed Length:
200.0 cm
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Photograph Showing Sediment Core SC09-16.
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(m)

DEPTH
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DESCRIPTION
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WATER CONTENT PERCENT
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10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 91.1%

RECORD OF SEDIMENT CORE:    SC09-16

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 14:15
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.00

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364909.2   E: ~468250.3
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0770-06

0770-07

0770-08

0770-09

V
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Very soft, wet, black SILT, with wood
chips and debris.

Soft, wet, black SILT, trace wood
debris and shells, barnacle
approximately 8cm in length at 27cm,
bone fragment approximately 10cm in
length at 30cm, becoming firm below
55cm, with strong hydrogen
sulphide-like odour, hydrocarbon-like
sheen at 97-172cm, increased wood
debris and glass fragment at
111-126cm, strong hydrocarbon-like
odour at 118cm.

Firm, moist, dark grey SILT, some
clay, slight hydrogen sulphide-like
odour, becoming light grey in colour
below 193cm.

End of Sediment Core.

193.50

222.70

172.00

198.00

Total Driven
Length (TDL): 244.0 cm

Initial Recovered
Length (IRL): 217.0 cm

Settled Length
(SL): 198.0 cm

Processed Length:
198.0 cm
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Photograph Showing Sediment Core SC09-17.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 88.9%

RECORD OF SEDIMENT CORE:    SC09-17

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 17, 2009 TIME: 10:10
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.60

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364927.3   E: ~468292.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.

TOP

P
ro

ce
ss

ed
 L

en
gt

h

F
ile

:N
:\A

C
T

IV
E

\Y
E

A
R

 2
00

9\
14

75
\0

9-
14

75
-0

00
4 

(E
S

Q
U

IM
A

LT
 G

R
A

V
IN

G
 D

O
C

K
)\

G
IN

T
\C

O
M

B
IN

E
D

 C
O

R
E

 L
O

G
S

.G
P

J 
 O

ut
pu

t F
or

m
:S

E
D

IM
E

N
T

 C
O

R
E

   
T

em
pl

at
e:

B
C

 R
E

G
IO

N
 T

E
M

P
LA

T
E

 B
E

T
A

 1
.G

D
T

  L
ib

ra
ry

:B
C

 R
E

G
IO

N
 L

IB
R

A
R

Y
.G

LB
  V

W
ah

ls
tr

om
  0

2/
03

/1
0

Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 45-100cm below the
mudline.
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0769-03

0769-04

0769-05

0769-06

V
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e

Soft, wet, grey SILT, intact shell
approximately 6cm in length at 4cm.

Firm, moist, grey SILT, some clay,
trace shell fragments throughout,
strong hydrogen sulphide-like odour at
20cm.

End of Sediment Core.

21.30

225.10

18.00

190.00

Total Driven
Length (TDL): 257.0 cm

Initial Recovered
Length (IRL): 217.0 cm

Settled Length
(SL): 193.0 cm

Processed Length:
190.0 cm
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Photograph Showing Sediment Core SC09-18.
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INITIAL PERCENT RECOVERY: 84.4%

RECORD OF SEDIMENT CORE:    SC09-18

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 2 of 2

COLLECTION DATE:  February 16, 2009 TIME: 14:00
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G. / Aluminator

Est.*
IN-SITU

-13.80
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364891.0   E: ~468107.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 50-90cm below the mudline.
3.) Refusal on first attempt.
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Very soft, wet, black SILT.

Soft, wet, dark grey SILT, some clay,
trace intact shells and shell fragments,
strong hydrogen sulphide-like odour.

Firm, wet, grey SILT, some clay,
becoming light grey at 150cm.

End of Sediment Core.

152.60

235.90

130.00

201.00 Total Driven
Length (TDL): 263.0 cm

Initial Recovered
Length (IRL): 224.0 cm

Settled Length
(SL): 224.0 cm

Processed Length:
201.0 cm
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Photograph Showing Sediment Core SC09-19.
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INITIAL PERCENT RECOVERY: 85.2%

RECORD OF SEDIMENT CORE:    SC09-19

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 13, 2009 TIME: 10:30
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A. / Pacific GAL

Est.*
IN-SITU

-14.20

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364909.4   E: ~468156.0
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0777-11
0777-12

0778-01

0778-02

0778-03

V
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Very soft, wet, black SILT, slight
hydrogen sulphide-like odour

Soft, moist, grey CLAYEY SILT, trace
shell fragments, intact shell at 190cm,
strong hydrogen sulphide-like odour,
becoming firm below 70cm.

End of Sediment Core.

26.50

238.60

22.00

198.00
Total Driven

Length (TDL): 259.0 cm

Initial Recovered
Length (IRL): 215.0 cm

Settled Length
(SL): 216.0 cm

Processed Length:
198.0 cm
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Photograph Showing Sediment Core SC09-20.
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INITIAL PERCENT RECOVERY: 83%

RECORD OF SEDIMENT CORE:    SC09-20

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 19, 2009 TIME: 10:10
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.00
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./J.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364900.3   E: ~468189.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 40-70cm below mudline.
3.) 0777-12 is a duplicate of
0777-11.
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0823-05

0823-06

0823-07

0823-08

V
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Very soft, wet, dark grey SILT.
Soft, wet, dark grey SILT and
SHELLS, trace gravel, sub-rounded
cobble 8cm in length at 10cm.

Soft, wet, grey SILT, some clay, trace
intact and fragments of shell, strong
hydrogen sulphide-like odour,
becoming firm below 120cm.

End of Sediment Core.

2.50

20.20

231.10

2.00

16.00

183.00 Total Driven
Length (TDL): 264.0 cm

Initial Recovered
Length (IRL): 209.0 cm

Settled Length
(SL): 202.0 cm

Processed Length:
183.0 cm
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Photograph Showing Sediment Core SC09-21.
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INITIAL PERCENT RECOVERY: 79.2%

RECORD OF SEDIMENT CORE:    SC09-21

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 13, 2009 TIME: 11:10
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A. / Pacific GAL

Est.*
IN-SITU

-13.90

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364891.8   E: ~468234.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0823-09
0823-10

0823-11

0823-12

0824-01

V
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Very soft, wet, black SILT, trace shells,
moderate hydrogen sulphide-like
odour.

Soft, wet, grey SILT, some clay, trace
intact and fragment shells, strong
hydrogen sulphide-like odour, stick
less than 5cm in length at 72cm,
becoming firm, light grey SILT below
108cm, shell 9cm in length at 173cm.

End of Sediment Core.

43.30

239.50

36.00

199.00
Total Driven

Length (TDL): 267.0 cm

Initial Recovered
Length (IRL): 222.0 cm

Settled Length
(SL): 218.0 cm

Processed Length:
199.0 cm
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Photograph Showing Sediment Core SC09-22.

ELEV.
(m)

DEPTH
(cm)

DESCRIPTION
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INITIAL PERCENT RECOVERY: 83.1%

RECORD OF SEDIMENT CORE:    SC09-22

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS

C
O

LL
E

C
T

IO
N

R
E

C
O

R
D

P
LA

S
T

IC
IT

Y

S
A

N
D

G
R

A
V

E
L

GRADATION %

S
T

R
A

T
A

 P
LO

T

SCN
NUMBER

COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 13, 2009 TIME: 11:40
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A. / Pacific GAL

Est.*
IN-SITU

-14.00
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364895.2   E: ~468265.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 0823-10 is a duplicate of
0823-09.
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0776-05

0776-06

0776-07

0776-08

V
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ra
-c

or
e

Very soft, wet, dark grey SILT, trace
fine-grained sand, moderate hydrogen
sulphide-like odour, black SILT at
10-16cm, degraded woodwaste (pine
needles, fibrous material) at 31-38cm,
intact shells 6cm in length at 11cm.

Soft, wet, grey CLAYEY SILT, trace
fine-grained sand and shell fragments,
becoming firm at 81cm, intact shell
6cm in length at 101cm.

Dense, wet, dark grey, silty SAND,
trace shell fragments, becoming very
dense at 182cm, intact shell 10cm in
length at 197cm.

End of Sediment Core.

49.00

174.30

233.10

45.00

160.00

214.00 Total Driven
Length (TDL): 243.0 cm

Initial Recovered
Length (IRL): 223.0 cm

Settled Length
(SL): 222.0 cm

Processed Length:
214.0 cm
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Photograph Showing Sediment Core SC09-23.
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INITIAL PERCENT RECOVERY: 91.8%

RECORD OF SEDIMENT CORE:    SC09-23

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 19, 2009 TIME: 09:15
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.10
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./J.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364903.6   E: ~468289.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.)  Geotech sample collected
from 0-40cm.
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0768-01

0768-02

0768-03

0768-04

V
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Soft, wet, black SILT, trace angular
gravel, trace wood pieces at 9cm,
moderate hydrogen sulphide-like
odour.

Dense, wet, grey, coarse and angular,
sandy GRAVEL with trace shell
fragments.

End of Sediment Core.

58.40

193.40

32.00

106.00

Total Driven
Length (TDL): 228.0 cm

Initial Recovered
Length (IRL): 125.0 cm

Settled Length
(SL): 114.0 cm

Processed Length:
106.0 cm
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Photograph Showing Sediment Core SC09-24.
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INITIAL PERCENT RECOVERY: 54.8%

RECORD OF SEDIMENT CORE:    SC09-24

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 16, 2009 TIME: 11:24
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G. / Aluminator

Est.*
IN-SITU

-13.90
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364896.0   E: ~468313.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.

TOP

P
ro

ce
ss

ed
 L

en
gt

h

F
ile

:N
:\A

C
T

IV
E

\Y
E

A
R

 2
00

9\
14

75
\0

9-
14

75
-0

00
4 

(E
S

Q
U

IM
A

LT
 G

R
A

V
IN

G
 D

O
C

K
)\

G
IN

T
\C

O
M

B
IN

E
D

 C
O

R
E

 L
O

G
S

.G
P

J 
 O

ut
pu

t F
or

m
:S

E
D

IM
E

N
T

 C
O

R
E

   
T

em
pl

at
e:

B
C

 R
E

G
IO

N
 T

E
M

P
LA

T
E

 B
E

T
A

 1
.G

D
T

  L
ib

ra
ry

:B
C

 R
E

G
IO

N
 L

IB
R

A
R

Y
.G

LB
  V

W
ah

ls
tr

om
  0

2/
03

/1
0

Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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Total Driven
Length (TDL): 0.0 cm

Initial Recovered
Length (IRL):  cm

Settled Length
(SL):  cm

Processed Length:
 cm
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DESCRIPTION
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INITIAL PERCENT RECOVERY: %

RECORD OF SEDIMENT CORE:    SC09-25

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 3 of 3

COLLECTION DATE:  February 18, 2009 TIME: 14:50
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-12.30
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED:

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364902.8   E: ~468343.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Refusal on all attempts.
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0768-11

0768-12

0769-01

V
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Very soft, saturated, black SILT, liquid,
trace fine sand.

Soft, moist, black SILT, trace fine
sand, three small worms at 35cm.

Dense, wet, black, medium SAND,
some angular gravel below 97cm,
trace angular cobbles from 90-130cm,
trace sand blasting grit.

End of Sediment Core.

51.90

188.30

40.00

145.00

Total Driven
Length (TDL): 240.0 cm

Initial Recovered
Length (IRL): 157.0 cm

Settled Length
(SL): 157.0 cm

Processed Length:
145.0 cm
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Photograph Showing Sediment Core SC09-26.

ELEV.
(m)

DEPTH
(cm)

DESCRIPTION
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WATER CONTENT PERCENT
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10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 77%

RECORD OF SEDIMENT CORE:    SC09-26

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 16, 2009 TIME: 16:05
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G./M.S. / Aluminator

Est.*
IN-SITU

-12.80
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364894.6   E: ~468362.3
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) DRET/TCLP collected
[0769-02] composite of 0-40cm
and 110-130cm.
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0749-08

0749-09

0749-10

V
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ra
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Very soft to soft, wet, black SILT.

Firm, moist, dark grey SILT, some
clay, trace shells, becoming firm from
52cm, intact shells 7cm in length at
95-108cm.

End of Sediment Core.

16.50

178.20

10.00

108.00

Total Driven
Length (TDL): 216.0 cm

Initial Recovered
Length (IRL): 131.0 cm

Settled Length
(SL): 108.0 cm

Processed Length:
108.0 cm

SHEET  1  OF  1

A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

SAMPLES

Photograph Showing Sediment Core SC09-27.

ELEV.
(m)

DEPTH
(cm)

DESCRIPTION

F
IN
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S

WATER CONTENT PERCENT

Wl

10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 60.6%

RECORD OF SEDIMENT CORE:    SC09-27

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 12, 2009 TIME: 16:20
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.S. / Pacific GAL

Est.*
IN-SITU

-14.20
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364870.6   E: ~468152.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0777-07

0777-08

0777-09

0777-10

V
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-c

or
e

Very soft, wet, dark grey SILT, trace
shell fragments.

Soft, wet, grey CLAYEY SILT, trace
shell fragments, strong hydrogen
sulphide-like odour below 90cm,
becoming firm at 30cm.

End of Sediment Core.

4.50

219.50

4.00

194.00

Total Driven
Length (TDL): 241.0 cm

Initial Recovered
Length (IRL): 213.0 cm

Settled Length
(SL): 211.0 cm

Processed Length:
1940.0 cm
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Photograph Showing Sediment Core SC09-28.

ELEV.
(m)

DEPTH
(cm)

DESCRIPTION

F
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WATER CONTENT PERCENT

Wl

10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 88.4%

RECORD OF SEDIMENT CORE:    SC09-28

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 19, 2009 TIME: 14:00
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G. / Aluminator

Est.*
IN-SITU

-14.10

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./J.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364872.1   E: ~468205.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0824-02

0824-03

0824-04

0824-05

V
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e

Very soft, wet, dark grey SILT, trace
shells.
Soft, wet, dark grey SILT, trace clay
and shells.

Soft, wet, grey SILT, some clay, trace
shell fragments, hydrogen
sulphide-like odour, becoming firm
below 44cm.

End of Sediment Core.

2.40

29.30

228.30

2.00

24.00

187.00
Total Driven

Length (TDL): 265.0 cm

Initial Recovered
Length (IRL): 217.0 cm

Settled Length
(SL): 210.0 cm

Processed Length:
187.0 cm
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Photograph Showing Sediment Core SC09-29.

ELEV.
(m)

DEPTH
(cm)

DESCRIPTION

F
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WATER CONTENT PERCENT

Wl
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INITIAL PERCENT RECOVERY: 81.9%

RECORD OF SEDIMENT CORE:    SC09-29

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 13, 2009 TIME: 12:50
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A. / Pacific GAL

Est.*
IN-SITU

-13.70

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364873.5   E: ~468256.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0773-10

0773-11

0773-12

V
ib
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-c

or
e

Soft, wet, black SILT, moderate
hydrogen sulphide-like odour, trace
wood debris, pocket of angular gravel
at 20-22cm.

Soft, moist, dark grey SILT, trace clay,
black banding at 31-35cm, strong
hydrogen sulphide-like odour.

Firm, moist, grey SILTY CLAY, trace
shell fragments, intact shell at
72-74cm.

End of Sediment Core.

22.50

47.00

120.70

22.00

46.00

118.00

Total Driven
Length (TDL): 136.0 cm

Initial Recovered
Length (IRL): 133.0 cm

Settled Length
(SL): 132.0 cm

Processed Length:
118.0 cm
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Photograph Showing Sediment Core SC09-30.

ELEV.
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DEPTH
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DESCRIPTION
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WATER CONTENT PERCENT
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INITIAL PERCENT RECOVERY: 97.8%

RECORD OF SEDIMENT CORE:    SC09-30

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 15:45
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.90
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364870.5   E: ~468306.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.

TOP

P
ro

ce
ss

ed
 L

en
gt

h

F
ile

:N
:\A

C
T

IV
E

\Y
E

A
R

 2
00

9\
14

75
\0

9-
14

75
-0

00
4 

(E
S

Q
U

IM
A

LT
 G

R
A

V
IN

G
 D

O
C

K
)\

G
IN

T
\C

O
M

B
IN

E
D

 C
O

R
E

 L
O

G
S

.G
P

J 
 O

ut
pu

t F
or

m
:S

E
D

IM
E

N
T

 C
O

R
E

   
T

em
pl

at
e:

B
C

 R
E

G
IO

N
 T

E
M

P
LA

T
E

 B
E

T
A

 1
.G

D
T

  L
ib

ra
ry

:B
C

 R
E

G
IO

N
 L

IB
R

A
R

Y
.G

LB
  V

W
ah

ls
tr

om
  0

2/
03

/1
0

Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0774-09

0774-10

0774-11

V
ib
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e

Very soft, wet, black SILT, trace wood
fibres, moderate hydrogen
sulphide-like odour.
Very soft, wet, black SILT, trace wood
fibres, moderate hydrogen
sulphide-like odour, becoming grey in
colour at 11cm.

Firm, wet, grey SILT and SHELL
FRAGMENTS, some clay at 46-60cm,
large angular cobble at 35cm.

End of Sediment Core.

9.80

51.20

146.30

4.00

21.00

60.00

Total Driven
Length (TDL): 200.0 cm

Initial Recovered
Length (IRL): 82.5 cm

Settled Length
(SL): 80.0 cm

Processed Length:
60.0 cm
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Photograph Showing Sediment Core SC09-31.

ELEV.
(m)

DEPTH
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DESCRIPTION

F
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WATER CONTENT PERCENT

Wl
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INITIAL PERCENT RECOVERY: 41%

RECORD OF SEDIMENT CORE:    SC09-31

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 11:25
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.70

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364865.6   E: ~468328.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) No Geotech sample
collected due to insufficient
volume.
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0770-01

0770-02

0770-03
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0770-05

V
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e

Very soft, wet, black SILT, strong
hydrogen sulphide-like odour, wood
debris 4-10cm in length.

Loose, wet, grey SAND, trace shell
fragments.

Dense, moist, SHELL FRAGMENTS,
trace coarse sand.

Dense, moist, SHELL FRAGMENTS,
trace coarse sand, pocket of soft, wet,
black silt, with white and grey intact
shell at 62-73cm, strong hydrogen
sulphide-like odour.

Soft, wet, black SILT, with wood
debris, trace shell, strong hydrogen
sulphide odour and hydrocarbon-like
odour.

Dense, wet, grey, coarse SAND and
GRAVEL, trace shell, angular cobble
at 150cm.

End of Sediment Core.

16.80

39.80

64.90

121.50

145.50

189.50

16.00

38.00

62.00

116.00

139.00

181.00

Total Driven
Length (TDL): 220.0 cm

Initial Recovered
Length (IRL): 210.0 cm

Settled Length
(SL): 181.0 cm

Processed Length:
181.0 cm
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Photograph Showing Sediment Core SC09-32.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 95.5%

RECORD OF SEDIMENT CORE:    SC09-32

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 17, 2009 TIME: 09:40
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.00
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364872.6   E: ~468350.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0776-01

0776-02

0776-03

0776-04

V
ib

ra
-c

or
e

Soft, wet, black SILT, trace clay below
12cm, trace shell fragments, slight
hydrogen sulphide-like odour,
becoming grey below 12cm.

Very soft, wet, grey, sandy SILT.

Dense, wet, grey SAND and GRAVEL,
some shells, intact shell from
53-68cm, trace silt, angular cobbles at
114-130cm.

End of Sediment Core.

27.60

47.70

137.90

26.00

45.00

130.00

Total Driven
Length (TDL): 157.0 cm

Initial Recovered
Length (IRL): 148.0 cm

Settled Length
(SL): 144.0 cm

Processed Length:
130.0 cm
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Photograph Showing Sediment Core SC09-33.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 94.3%

RECORD OF SEDIMENT CORE:    SC09-33

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 10:05
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-12.50
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./J.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364869.2   E: ~468374.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 66-90cm.

(TDL)

(SL)

(IRL)

(CTL)



C
or

e 
C

at
ch

er
 (

w
ith

 fi
ns

)

0777-03

0777-04

0777-05

0777-06

V
ib

ra
-c

or
e

Very soft, wet, grey SILT.

Firm, moist, grey SILT, some clay,
trace shells, small barnacle at 27cm,
soft, wet SILT pocket at 68-72cm,
strong hydrogen sulphide-like odour
below 80cm.

End of Sediment Core.
227.20 204.00

Total Driven
Length (TDL): 245.0 cm

Initial Recovered
Length (IRL): 220.0 cm

Settled Length
(SL): 220.0 cm

Processed Length:
204.0 cm
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Photograph Showing Sediment Core SC09-34.
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DESCRIPTION

F
IN

E
S

WATER CONTENT PERCENT

Wl

10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 89.8%

RECORD OF SEDIMENT CORE:    SC09-34

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 19, 2009 TIME: 11:10
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.50

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./J.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364842.0   E: ~468179.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0776-09

0776-10
0776-11

0776-12

V
ib
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-c
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e

Soft, wet, black SILT, trace fine sand,
moderate hydrogen sulphide-like
odour, very soft from 0-10cm.

Firm, moist, grey CLAYEY SILT, trace
shell, strong hydrogen sulphide-like
odour, rounded small cobble at
127cm.

End of Sediment Core.

30.70

196.90

22.00

141.00

Total Driven
Length (TDL): 250.0 cm

Initial Recovered
Length (IRL): 179.0 cm

Settled Length
(SL): 162.0 cm

Processed Length:
141.0 cm
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Photograph Showing Sediment Core SC09-35.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 71.6%

RECORD OF SEDIMENT CORE:    SC09-35

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 19, 2009 TIME: 11:35
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-14.00
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./J.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364841.5   E: ~468241.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 0776-11 is a duplicate of
0776-10.
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0768-05

0768-06

0768-07
0768-08

0768-09

V
ib
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-c

or
e

Soft, wet, black SILT, trace shell
fragments, hydrogen sulphide-like
odour.

Firm, moist, grey SILT, some clay,
moderate hydrogen sulphide-like
odour, becoming very firm below
127cm, intact shells at 109-122cm.

End of Sediment Core.

10.50

211.70

10.00

202.00

Total Driven
Length (TDL): 239.0 cm

Initial Recovered
Length (IRL): 228.0 cm

Settled Length
(SL): 204.0 cm

Processed Length:
202.0 cm
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Photograph Showing Sediment Core SC09-36.
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INITIAL PERCENT RECOVERY: 95.4%

RECORD OF SEDIMENT CORE:    SC09-36

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 16, 2009 TIME: 12:10
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G. / Aluminator

Est.*
IN-SITU

-13.50
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P/J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364848.2   E: ~468294.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 110-160cm below mudline.
3.) 0768-08 is a duplicate of
0768-07.
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0773-05
0773-06

0773-07

0773-08

0773-09

V
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e

Very soft, wet, black SILT, trace wood
fibres, moderate hydrogen
sulphide-like odour, slight
hydrocarbon-like sheen.

Soft, wet to moist, grey with black
banding SILT, trace gravel, slight to
moderate hydrogen sulphide-like
odour, slight hydrocarbon-like sheen.

Dense, wet, grey SILT, some coarse
sand and coarse sub-rounded gravel,
trace shell fragments.

Firm, moist, grey SILT and CLAY,
trace coarse angular gravel and shell
fragments, pocket of dense, moist, fine
grey SAND at 121-134cm.

End of Sediment Core.

28.00

75.10

92.90

211.20

22.00

59.00

73.00

166.00

Total Driven
Length (TDL): 243.0 cm

Initial Recovered
Length (IRL): 191.0 cm

Settled Length
(SL): 188.0 cm

Processed Length:
166.0 cm
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Photograph Showing Sediment Core SC09-37.
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INITIAL PERCENT RECOVERY: 78.6%

RECORD OF SEDIMENT CORE:    SC09-37

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 18, 2009 TIME: 11:50
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.40
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364844.0   E: ~468326.3
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 0773-06 is a duplicate of
0773-05.
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0824-10

0824-11

0824-12

0825-02
0825-03

V
ib
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e

Very soft, wet, dark brown SILT, slight
hydrogen sulphide-like odour, whole
shell approximately 6cm in size at 15
cm.

Soft, wet, dark brown to dark grey with
black banding SILT, moderate
hydrogen sulphide-like odour.

Firm, wet, dark grey SILT, some clay,
trace shell fragments, strong hydrogen
sulphide-like odour.

End of Sediment Core.

18.70

76.20

227.20

15.00

61.00

182.00

Total Driven
Length (TDL): 266.0 cm

Initial Recovered
Length (IRL): 213.0 cm

Settled Length
(SL): 203.0 cm

Processed Length:
182.0 cm
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Photograph Showing Sediment Core SC09-38.
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INITIAL PERCENT RECOVERY: 80.1%

RECORD OF SEDIMENT CORE:    SC09-38

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS

C
O

LL
E

C
T

IO
N

R
E

C
O

R
D

P
LA

S
T

IC
IT

Y

S
A

N
D

G
R

A
V

E
L

GRADATION %

S
T

R
A

T
A

 P
LO

T

SCN
NUMBER

COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 13, 2009 TIME: 14:15
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A. / Pacific GAL

Est.*
IN-SITU

-13.40
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364815.4   E: ~468225.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 0825-03 is a duplicate of
0825-02.
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0766-09

0766-10

0766-11

0766-12

V
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-c
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e

Very soft, wet, black SILT.

Soft, moist to wet, grey SILT, some
clay, trace shell fragments, moderate
hydrogen sulphide-like odour.

Firm, moist, grey SILT, some clay,
trace shell fragments, moderate
hydrogen sulphide-like odour.

End of Sediment Core.

88.80

214.20

80.00

193.00

Total Driven
Length (TDL): 243.0 cm

Initial Recovered
Length (IRL): 219.0 cm

Settled Length
(SL): 194.0 cm

Processed Length:
193.0 cm
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Photograph Showing Sediment Core SC09-39.
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INITIAL PERCENT RECOVERY: 90.1%

RECORD OF SEDIMENT CORE:    SC09-39

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 16, 2009 TIME: 11:11
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G. / Aluminator

Est.*
IN-SITU

-13.80

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364804.3   E: ~468266.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Collected samples -
0767-03 and 0767-04 for
potential DRET or TCLP
analyses.
3.) Core catcher fell out when
removing barrel, approximately
14cm bottom of sediments lost.
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0766-05

0766-06

0766-07

0766-08

V
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-c
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e

Very soft, wet, black SILT, trace
hydrocarbon-like sheen.

Firm, wet, black SILT and SHELL
FRAGMENTS (greater than 50%
shells).

Firm, wet, grey SILT, some clay, trace
shell fragments.

Firm, wet, black SILT and SHELL
FRAGMENTS.

Firm, moist, grey SILT, some clay,
trace shell fragments.

End of Sediment Core.

71.60

129.70

144.60

182.40

53.00

96.00

107.00

135.00

Total Driven
Length (TDL): 232.0 cm

Initial Recovered
Length (IRL): 171.0 cm

Settled Length
(SL): 138.0 cm

Processed Length:
135.0 cm
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Photograph Showing Sediment Core SC09-40.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 74%

RECORD OF SEDIMENT CORE:    SC09-40

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 16, 2009 TIME: 11:50
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G. / Aluminator

Est.*
IN-SITU

-13.00

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364780.0   E: ~468287.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0770-10

0770-11

0770-12

V
ib

ra
-c

or
e

Very soft, wet, black SILT, trace shells,
moderate hydrogen sulphide-like
odour, becoming soft below 8cm.

Firm, moist, grey SILT, some clay,
trace shell fragments, becoming firm
below 90cm.

End of Sediment Core.

16.80

143.90

12.00

103.00

Total Driven
Length (TDL): 190.0 cm

Initial Recovered
Length (IRL): 130.0 cm

Settled Length
(SL): 103.0 cm

Processed Length:
103.0 cm
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Photograph Showing Sediment Core SC09-41.
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INITIAL PERCENT RECOVERY: 71.6%

RECORD OF SEDIMENT CORE:    SC09-41

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 17, 2009 TIME: 11:25
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.90
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364769.9   E: ~468299.3
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 35-70cm below mudline.
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0824-06

0824-07

0824-08

0824-09

V
ib

ra
-c

or
e

Very soft, wet, black SILT, no odour,
trace hydrocarbon-like sheen.

Firm, wet, black SILT with SHELLS,
moderate hydrogen sulphide-like
odour, trace sheen, tarball
approximately 3cm in width at 43cm,
sea worm approximately 8cm in length
at 17cm.

Soft, wet, black SILT, trace wood
debris and shell fragments,
hydrocarbon-like sheen, moderate
tar-like odour.

Firm, moist, dark grey SILT, with some
clay, trace shells, moderate hydrogen
sulphide-like odour, no sheen.

End of Sediment Core.

68.70

118.20

158.10

43.00

74.00

99.00

Total Driven
Length (TDL): 235.0 cm

Initial Recovered
Length (IRL): 147.0 cm

Settled Length
(SL): 121.0 cm

Processed Length:
99.0 cm
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Photograph Showing Sediment Core SC09-42.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 62.6%

RECORD OF SEDIMENT CORE:    SC09-42

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 13, 2009 TIME: 13:40
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A. / Pacific GAL

Est.*
IN-SITU

-11.30

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364790.2   E: ~468404.6
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) DRET/TCLP collected
[0825-01] composite of
0-99cm.
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0755-05

0755-06

0755-07

0755-08

0755-09

V
ib

ra
-c

or
e

Very soft, wet, black SILT, strong
hydrogen sulphide-like odour.

Soft, wet, black SILT, strong hydrogen
sulphide-like odour, layer of debris
(brick, shell, concrete, wood fibre) at
30-32cm, wood fragments
approximately 10cm in length at
60-70cm, wood and intact shells,
moderate naphthalene-like odour at
80cm.

Soft, moist, light grey SILT with some
clay, becoming firm below 125cm,
trace coarse sub-rounded gravel at
140-150cm.

Firm, moist, dark grey, silty SAND,
some shells intact and fragments.

End of Sediment Core.

17.50

105.10

179.90

213.80

15.00

90.00

154.00

183.00

Total Driven
Length (TDL): 244.0 cm

Initial Recovered
Length (IRL): 209.0 cm

Settled Length
(SL): 208.5 cm

Processed Length:
183.0 cm
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Photograph Showing Sediment Core SC09-43.
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INITIAL PERCENT RECOVERY: 85.6%

RECORD OF SEDIMENT CORE:    SC09-43

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 11, 2009 TIME: 11:52
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: M.A./D.H./N.G. / Pacific GAL

Est.*
IN-SITU

-14.30
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364778.6   E: ~468364.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0769-07

0769-08

0769-09

0769-10

V
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Very soft, wet, black SILT, hydrogen
sulphide-like odour.

Soft, wet, black-grey SILT, trace shell
fragments, moderate hydrogen
sulphide-like odour.

Firm, moist, grey SILT, some clay,
trace shell fragments.

End of Sediment Core.

3.30

48.90

215.60

3.00

44.00

194.00

Total Driven
Length (TDL): 247.0 cm

Initial Recovered
Length (IRL): 222.5 cm

Settled Length
(SL): 194.0 cm

Processed Length:
194.0 cm
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Photograph Showing Sediment Core SC09-44.
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INITIAL PERCENT RECOVERY: 90%

RECORD OF SEDIMENT CORE:    SC09-44

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 16, 2009 TIME: 17:06
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./N.G. / Aluminator

Est.*
IN-SITU

-13.20

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364741.3   E: ~468333.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 5-40cm below mudline.
3.) Core catcher fell out when
moving core,  approximately
25cm bottom of sediments lost.
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0753-01

0753-02

0753-03

0753-04

V
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e

Firm, wet, black SILT and SHELLS,
trace sand, faint asphalt-like odour,
trace coarse sub-rounded gravel at
25.5cm.

Soft, wet, grey SILT, trace fine sand,
no odour, trace fine to medium sand
banding at 34cm.

Very firm, moist, grey SILT and
SHELLS, trace intact shells 5-9cm in
length and fragmented shells.

Dense, moist, dark grey, fine to
medium grained SAND, some silt, no
odour, shell fragments 2-7cm in length
at 100-116cm.

End of Sediment Core.

40.70

70.90

120.70

184.00

27.00

47.00

80.00

122.00

Total Driven
Length (TDL): 218.0 cm

Initial Recovered
Length (IRL): 144.5 cm

Settled Length
(SL): 141.0 cm

Processed Length:
122.0 cm
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Photograph Showing Sediment Core SC09-45.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 66.3%

RECORD OF SEDIMENT CORE:    SC09-45

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 10, 2009 TIME: 15:44
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: M.A./D.H./N.G./L.M. / Pacific GAL

Est.*
IN-SITU

-9.40
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M./P.C./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364800.0   E: ~468495.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0753-10

0753-11

0753-12

V
ib
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-c

or
e

Very soft, wet, black SILT, moderate to
strong hydrogen sulphide-like odour.

Loose to dense, moist, dark grey, fine
SAND and dense SHELL
FRAGMENTS (40-50%).

Firm, moist, light grey SILT, trace fine
sand.

Firm, moist, light grey, sandy SILTY
CLAY,well sorted, fine grained sand,
fine sand seams between 139-160cm.

End of Sediment Core.

31.80

48.30

102.90

203.30

25.00

38.00

81.00

160.00

Total Driven
Length (TDL): 244.0 cm

Initial Recovered
Length (IRL): 192.0 cm

Settled Length
(SL): 183.0 cm

Processed Length:
160.0 cm
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Photograph Showing Sediment Core SC09-46.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 78.7%

RECORD OF SEDIMENT CORE:    SC09-46

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 11, 2009 TIME: 09:57
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: M.A./D.H./N.G./P.C. / Pacific GAL

Est.*
IN-SITU

-12.80
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364782.7   E: ~468464.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0772-01

0772-02

0772-03

V
ib

ra
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e

Very soft, wet, black SILT trace wood
fibres, moderate hydrogen
sulphide-like odour, becoming soft
below 28cm.

Soft to firm, moist, dark grey-black
SILT, trace to some clay, becoming
firm, grey SILT below 53cm.

End of Sediment Core.

92.90

122.50

47.00

62.00

Total Driven
Length (TDL): 168.0 cm

Initial Recovered
Length (IRL): 85.0 cm

Settled Length
(SL): 62.0 cm

Processed Length:
62.0 cm
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Photograph Showing Sediment Core SC09-47.

ELEV.
(m)

DEPTH
(cm)

DESCRIPTION
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INITIAL PERCENT RECOVERY: 50.6%

RECORD OF SEDIMENT CORE:    SC09-47

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS

C
O

LL
E

C
T

IO
N

R
E

C
O

R
D

P
LA

S
T

IC
IT

Y

S
A

N
D

G
R

A
V

E
L

GRADATION %

S
T

R
A

T
A

 P
LO

T

SCN
NUMBER

COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 17, 2009 TIME: 11:40
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.90
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004

D
E

P
T

H
 S

C
A

LE
M

E
T

R
E

S

0

1

2

3

N: ~5364750.9   E: ~468435.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) No Geotech sample
collected at this location
insufficient material.
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0753-05

0753-06

0753-07

0753-08

0753-09

V
ib
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-c

or
e

Firm, wet, black SILT and SHELLS,
trace sand, faint asphalt like odour,
sub-rounded cobble 8cm in size at
1.7cm.

Soft, wet, grey SILT, trace fine sand,
faint hydrogen sulphide-like odour.

Firm, wet, grey SILT, some shell
fragments and clay, wood fragment
6cm in length and plastic at 100cm,
sub-rounded cobble 4-5cm in length at
120cm.

Soft, moist, dark grey SILT, trace fine
sand with black-grey mottling.

Stiff, moist, light grey SILTY CLAY,
trace shell fragments.

End of Sediment Core.

31.00

95.50

151.60

215.90

227.90

26.00

80.00

127.00

181.00

191.00
Total Driven

Length (TDL): 235.0 cm

Initial Recovered
Length (IRL): 197.0 cm

Settled Length
(SL): 214.0 cm

Processed Length:
191.0 cm
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Photograph Showing Sediment Core SC09-48.
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INITIAL PERCENT RECOVERY: 83.8%

RECORD OF SEDIMENT CORE:    SC09-48

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS

C
O

LL
E

C
T

IO
N

R
E

C
O

R
D

P
LA

S
T

IC
IT

Y

S
A

N
D

G
R

A
V

E
L

GRADATION %

S
T

R
A

T
A

 P
LO

T

SCN
NUMBER

COLLECTION ATTEMPT: 2 of 2

COLLECTION DATE:  February 10, 2009 TIME: 16:24
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./N.G./M.A./L.M. / Pacific GAL

Est.*
IN-SITU

-9.80
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364808.2   E: ~468575.6
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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0754-01
0754-02

0754-03

0754-04

V
ib

ra
-c

or
e

Soft, wet, black SILT, strong hydrogen
sulphide-like odour, trace organics,
becoming firmer with depth.

Soft to firm, moist, grey SILTY CLAY
becoming firm from 142cm to base of
core, wood fragment 5cm in length at
142-147cm, fragments and pieces of
wire 10cm in length.

End of Sediment Core.

122.20

209.60

102.00

175.00

Total Driven
Length (TDL): 234.0 cm

Initial Recovered
Length (IRL): 195.5 cm

Settled Length
(SL): 194.5 cm

Processed Length:
175.0 cm

SHEET  1  OF  1

A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

SAMPLES

Photograph Showing Sediment Core SC09-49.
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INITIAL PERCENT RECOVERY: 83.5%

RECORD OF SEDIMENT CORE:    SC09-49

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 11, 2009 TIME: 11:00
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: M.A./D.H./N.G. / Pacific GAL

Est.*
IN-SITU

-13.20
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./L.M.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364791.4   E: ~468548.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Anchor composite: 0754-05
[0-50cm recovered and
0-59.8cm in-situ].
3.) 0754-02 is a duplicate of
0754-01.
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0771-01

0771-02

0771-03

V
ib
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or
e

Wet, black SILT, hydrocarbon-like
sheen on surface.
Sediment surface not clearly defined
due to volume of water present in
sample.

Wet SILT, trace clay, angular cobbles
approximately 8cm at 50-70cm, slight
hydrogen sulphide-like odour, angular
terracotta fragment approximately 8cm
in length at 50cm.
Decreasing water content with depth.

Wet, black, SILT, some clay, trace
coarse sand.

Wet, grey-black CLAYEY SILT, slight
hydrocarbon-like odour, large rock
from 131-140cm.

Moist, grey SILTY CLAY, trace gravel.

End of Sediment Core.

62.70

119.00

145.40

176.70

190.50

50.00

95.00

116.00

141.00

152.00

Total Driven
Length (TDL): 248.0 cm

Initial Recovered
Length (IRL): 198.0 cm

Settled Length
(SL): 152.0 cm

Processed Length:
152.0 cm
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Photograph Showing Sediment Core SC09-50.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 79.8%

RECORD OF SEDIMENT CORE:    SC09-50

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  February 17, 2009 TIME: 12:50
LENGTH / DIAMETER:
Barrel = 227cm  Liner = 225cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: D.H./D.H./M.S. / Aluminator

Est.*
IN-SITU

-13.40
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./D.P./J.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0004
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N: ~5364775.5   E: ~468489.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
at 70-100cm below mudline.
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21553-10

21553-11

Geotech

21553-12

V
ib

ra
-c

or
e

Very soft, wet, dark grey-black SILT,
moderate hydrocarbon-like odour,
fibrous organic matter at 25-28cm.

Firm, moist, grey CLAYEY SILT, trace
shell fragments below 50cm, moderate
hydrogen sulphide-like odour, intact
shell at 50cm, 98-101cm, 152 and
206cm.

End of Sediment Core.

39.30

281.40

30.00

215.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 237.5 cm

Settled Length
(SL): 215.0 cm

Processed Length:
215.0 cm
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Photograph Showing Sediment Core SC09-101.

ELEV.
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DEPTH
(cm)

DESCRIPTION
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WATER CONTENT PERCENT

Wl
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INITIAL PERCENT RECOVERY: 76.4%

RECORD OF SEDIMENT CORE:    SC09-101

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 23, 2009 TIME: 2:35:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.87
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: M.S./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5365019.4   E: ~467905.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21555-09

21555-10

21555-11

V
ib

ra
-c

or
e

Very soft, wet, dark grey SILT, trace
wood and shell fragments, hydrogen
sulphide-like odour.

Soft, wet, dark grey SILT, intact shells
8cm in length.

Loose to soft, wet, light-grey SILT,
extensive intact shells and shell
fragments throughout, trace rounded
gravel and coarse angular gravel.

End of Sediment Core.

33.80

77.00

168.90

25.00

57.00

125.00

Total Driven
Length (TDL): 204.0 cm

Initial Recovered
Length (IRL): 151.0 cm

Settled Length
(SL): 125.0 cm

Processed Length:
125.0 cm
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Photograph Showing Sediment Core SC09-102A.
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(m)

DEPTH
(cm)

DESCRIPTION
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WATER CONTENT PERCENT
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INITIAL PERCENT RECOVERY: 74%

RECORD OF SEDIMENT CORE:    SC09-102A

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 3

COLLECTION DATE:  July 24, 2009 TIME: 10:20:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-11.34
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: P.C./S.A

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5365092.9   E: ~468007.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
from Attempt 2 of 3
(SC09-102B) from
approximately 56.9-122.3cm.
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21557-05

21557-06

21557-07

V
ib

ra
-c

or
e

Very soft, very wet, black SILT, strong
hydrogen sulfide odour, trace shells
below 50cm, becoming soft and wet
below 5cm, wood debris (stick) at
28-36cm, rubber and metal unkown
object at 40cm, trace angular gravel at
60-66cm.

Moderately firm, moist, grey-brown
CLAYEY SILT, moderate hydrogen
sulfide odour, becoming firm at 89cm,
trace shell fragments throughout, trace
rounded coarse gravel at 26cm, trace
angular gravel at 88cm.

End of Sediment Core.

80.80

258.30

66.00

211.00

Total Driven
Length (TDL): 293.0 cm

Initial Recovered
Length (IRL): 239.5 cm

Settled Length
(SL): 211.0 cm

Processed Length:
211.0 cm
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Photograph Showing Sediment Core SC09-103.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 81.7%

RECORD OF SEDIMENT CORE:    SC09-103

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 27, 2009 TIME: 4:30:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-11.82
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026

D
E

P
T

H
 S

C
A

LE
M

E
T

R
E

S

0

1

2

3

N: ~5365042.2   E: ~468013.9
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21555-01

21555-02
21555-03

21555-04

V
ib

ra
-c

or
e

Very soft, wet, dark grey SILT, some
sand, wood fragments and rootlets
throughout, intace shell at 20-27cm.

Soft turning to firm at 189cm, moist,
brownish-grey CLAYEY SILT, trace
sand and shell fragments, intact shells
at 130-158cm, trace wood debris at
230-260cm.

End of Sediment Core.

33.30

270.60

32.00

260.00

Total Driven
Length (TDL): 305.0 cm

Initial Recovered
Length (IRL): 293.0 cm

Settled Length
(SL): 260.0 cm

Processed Length:
260.0 cm
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Photograph Showing Sediment Core SC09-104B.
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DESCRIPTION

F
IN

E
S
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INITIAL PERCENT RECOVERY: 96.1%

RECORD OF SEDIMENT CORE:    SC09-104B

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 2 of 2

COLLECTION DATE:  July 24, 2009 TIME: 9:40:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.81
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: P.C./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364974.4   E: ~468017.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21555-03 is a duplicate of
21555-02.
3.) Geotech sample collected
from Attempt 1 of 2
(SC09-104A) from 68-92cm.
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(CTL)
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21559-01

21559-02

Geotech

21559-03

V
ib

ra
-c

or
e

Very soft, very wet, dark grey to back
SILT, trace sand and shell fragments,
intact shells less than 8cm in length,
marine organics odour, wet below
11cm.

Firm, moist, greyish-brown CLAYEY
SILT, moderate hydrogen sulphide-like
odour, becoming more firm below
200cm, trace shell fragments
throughout, intact shell at 86cm, 67cm,
87cm, 102cm, 130cm, and 206cm,
shells up to 9cm in length, piece of
plastic wire at 60cm.

End of Sediment Core.

26.20

280.50

21.00

225.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 249.5 cm

Settled Length
(SL): 225.0 cm

Processed Length:
225.0 cm
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Photograph Showing Sediment Core SC09-105.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 80.2%

RECORD OF SEDIMENT CORE:    SC09-105

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 23, 2009 TIME: 2:55:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-11.61
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: M.S./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5365004.5   E: ~468042.9
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21560-01

21560-03
21560-02

21560-04

V
ib

ra
-c

or
e

Very soft, very wet, black SILT, trace
hydrocarbon-like sheen, slight
sewage-like odour, trace rootlets and
organics.

Compact, wet, black WOOD DEBRIS
and SHELL FRAGMENTS, some silt.

Soft, moist to wet, grey-brown,
CLAYEY SILT, moderately becoming
firm, moist and trace shell fragments
below 114cm, coarse angular gravel
less than 8cm in length at 78cm.

End of Sediment Core.

22.20

46.60

246.10

20.00

42.00

222.00

Total Driven
Length (TDL): 296.0 cm

Initial Recovered
Length (IRL): 267.0 cm

Settled Length
(SL): 222.0 cm

Processed Length:
222.0 cm
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Photograph Showing Sediment Core SC09-106.
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INITIAL PERCENT RECOVERY: 90.2%

RECORD OF SEDIMENT CORE:    SC09-106

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 2 of 2

COLLECTION DATE:  July 28, 2009 TIME: 9:50:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-14.01
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364979.5   E: ~468083.9
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21560-03 is a duplicate of
21560-02.
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21551-05
21551-06

21551-07

21551-08

V
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e

Very soft, very wet, black SILT, trace
shell fragments below 20cm,
becoming dark grey below 20cm.

Soft, moist, grey CLAYEY SILT, trace
shell fragments, firm below 120cm,
intact shell at 44cm, 70cm and 90cm,
rounded gravel 3m in size at 39cm,
moderate hydrogen sulfie-like odour at
125cm.

End of Sediment Core.

39.40

273.30

33.00

229.00

Total Driven
Length (TDL): 314.0 cm

Initial Recovered
Length (IRL): 263.0 cm

Settled Length
(SL): 229.0 cm

Processed Length:
229.0 cm
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Photograph Showing Sediment Core SC09-107.
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INITIAL PERCENT RECOVERY: 83.8%

RECORD OF SEDIMENT CORE:    SC09-107

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 21, 2009 TIME: 1:30:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 298cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.76
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364958.4   E: ~468110.0
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21551-06 is a duplicate of
21551-05.
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21555-05

21555-06

21555-07

V
ib
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-c
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e

Very soft, wet, dark grey SILT, trace
suspected black angular charcoal or
crystallized tar.

Soft, moist, brownish-grey SILT, some
clay, intact shell at 68cm.

Firm to stiff, grey SILT, some clay
below 150cm, trace shell fragments
throughout, trace wood fiber at
150-253cm, large rounded gravel at
236cm.

End of Sediment Core.

26.60

151.20

258.40

26.00

148.00

253.00

Total Driven
Length (TDL): 289.6 cm

Initial Recovered
Length (IRL): 283.5 cm

Settled Length
(SL): 253.0 cm

Processed Length:
253.0 cm

SHEET  1  OF  1

A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

SAMPLES

Photograph Showing Sediment Core SC09-108.
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INITIAL PERCENT RECOVERY: 97.9%

RECORD OF SEDIMENT CORE:    SC09-108

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 24, 2009 TIME: 11:35:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.94
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: P.C./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364938.0   E: ~468049.6
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21554-04

21554-05

Geotech

21554-06

V
ib

ra
-c

or
e

Very soft, wet, dark grey SILT, grading
to soft SILT with sand.

Soft, wet to moist, grey CLAYEY SILT,
some fine sand, trace shell fragments
up to 4cm in length.

End of Sediment Core.

6.20

258.30

5.00

210.00

Total Driven
Length (TDL): 289.6 cm

Initial Recovered
Length (IRL): 235.5 cm

Settled Length
(SL): 210.0 cm

Processed Length:
210.0 cm
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Photograph Showing Sediment Core SC09-109.

ELEV.
(m)

DEPTH
(cm)

DESCRIPTION

F
IN

E
S

WATER CONTENT PERCENT

Wl

10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 81.3%

RECORD OF SEDIMENT CORE:    SC09-109

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 24, 2009 TIME: 1:35:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.11

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: P.C./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026

D
E

P
T

H
 S

C
A

LE
M

E
T

R
E

S

0

1

2

3

N: ~5364885.1   E: ~468083.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21552-12

21576-01

21576-02

V
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-c

or
e

Very soft, very wet, black SILT, trace
sand, trace shell fragments, a layer of
dense shell fragments at 34cm.

Compact, wet, black, angular GRAVEL
and coarse SAND.

Moderately firm, moist, grey CLAYEY
SILT, trace coarse sand, intact shell at
70cm, trace angular gravel.

Liner in bent stainless steel barrel (no
logging or recovery). *

Very soft, very wet, grey SILT, trace
sand and shell fragments, broken
shells at 104cm, trace wood debris
10cm in size at 150cm.

End of Sediment Core.

51.90

70.10

101.30

132.50

203.90

40.00

54.00

78.00

102.00

157.00

Total Driven
Length (TDL): 204.0 cm

Initial Recovered
Length (IRL):  cm

Settled Length
(SL): 157.0 cm

Processed Length:
157.0 cm
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Photograph Showing Sediment Core SC09-110.
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DESCRIPTION

F
IN

E
S

WATER CONTENT PERCENT

Wl

10 20 30 40

WWp

INITIAL PERCENT RECOVERY: 77%

RECORD OF SEDIMENT CORE:    SC09-110

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 3 of 3

COLLECTION DATE:  July 22, 2009 TIME: 9:32:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.94
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364949.2   E: ~468191.3
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) *Segment of core removed
with stainless steel barrel, from
78-102cm, due to barrel being
bent during core advacement
and/or recovery.
3.) Unable to measure Initial
Recovered Length (IRL).
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21548-06

21548-07

21548-08

21548-09

V
ib

ra
-c

or
e

Very soft, very wet, black SILT, trace
shell fragments.

Dense, wet, black SHELLS, some silt,
trace small (coarse gravel sized) shell
fragments, a layer of black angular
coarse sand (potential sand blast girt)
at 32-40cm.

Soft, wet, black SILT, trace wood
debris, 10cm sized angular rock at
68cm.

Firm, moist, grey CLAYEY SILT, trace
shell fragments.

End of Sediment Core.

18.90

49.50

94.30

128.50

16.00

42.00

80.00

109.00

Total Driven
Length (TDL): 174.0 cm

Initial Recovered
Length (IRL): 147.5 cm

Settled Length
(SL): 109.0 cm

Processed Length:
109.0 cm
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Photograph Showing Sediment Core SC09-111C.
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INITIAL PERCENT RECOVERY: 84.8%

RECORD OF SEDIMENT CORE:    SC09-111C

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 3 of 3

COLLECTION DATE:  July 20, 2009 TIME: 1:40:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.64
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364933.0   E: ~468250.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
from Attempt 2 of 3
(SC09-111B) from
approximately 84.7-176.8cm.
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(CTL)
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21550-08

21550-09

21550-10

V
ib

ra
-c

or
e

Very soft, very wet, black-grey SILT,
trace shell fragements, intact shell at
14-16cm.

Soft to firm below 150cm, moist, grey
CLAYEY SILT, trace shell fragments,
intact shell at 54cm, 132cm and
190cm.

End of Sediment Core.

27.50

286.60

22.00

229.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 248.5 cm

Settled Length
(SL): 229.0 cm

Processed Length:
229.0 cm
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Photograph Showing Sediment Core SC09-112.
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INITIAL PERCENT RECOVERY: 79.9%

RECORD OF SEDIMENT CORE:    SC09-112

SOIL PROFILE

MEAS.
DEPTH

(cm)
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COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 21, 2009 TIME: 2:45:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 302cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.79
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364896.6   E: ~468214.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21553-01

21553-03
21553-02

21553-04

21553-05
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Very soft, very wet, black SILT, trace
shell fragment at 0-20cm, intact shells
at 20-30cm, trace wood debris.

Soft, wet, grey CLAYEY SILT, trace
shell fragements, becoming firm at
110cm, trace wood debris at 260cm,
intact shell at 90cm, 120cm and
173cm.

End of Sediment Core.

31.30

279.00

30.00

267.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 297.5 cm

Settled Length
(SL): 267.0 cm

Processed Length:
267.0 cm
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Photograph Showing Sediment Core SC09-113.
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INITIAL PERCENT RECOVERY: 95.7%

RECORD OF SEDIMENT CORE:    SC09-113

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 23, 2009 TIME: 9:50:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-14.33
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: M.S./S.A

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364863.8   E: ~468168.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21553-03 is a duplicate of
21553-02.
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21552-01

21552-02

21552-03

V
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Very soft, wet, black SILT, slightly
hydrogen sulphide-like odour, soft
below 42cm, grading to dark grey
below 46cm.

Firm, wet, grey CLAYEY SILT, trace
shell fragments, moderate hydrogen
sulphide-like odour, moist below
103cm, three intact shells pieces
approximatly 6cm in length at 142cm,
fibrous wood debris approximately
5cm in length at 160cm, intact shells at
220-232cm.

End of Sediment Core.

73.30

285.20

64.00

249.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 271.5 cm

Settled Length
(SL): 249.0 cm

Processed Length:
249.0 cm
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Photograph Showing Sediment Core SC09-114.
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INITIAL PERCENT RECOVERY: 87.3%

RECORD OF SEDIMENT CORE:    SC09-114

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 22, 2009 TIME: 4:46:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.84
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364786.7   E: ~468200.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21576-03

21576-04

21576-05

21576-06

V
ib

ra
-c

or
e

Very soft, very wet, black SILT,
becoming soft below 14cm.

Soft, wet, grey CLAYEY SILT, intact
shells at 22-38cm 3-9cm in length,
becoming moist below 43cm, trace
shell fragments, becoming firm at
136cm, moderate hydrogen sulfide-like
odour, trace wood debris at 180cm.

End of Sediment Core.

25.90

274.40

22.00

233.00

Total Driven
Length (TDL): 308.0 cm

Initial Recovered
Length (IRL): 261.5 cm

Settled Length
(SL): 233.0 cm

Processed Length:
233.0 cm
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Photograph Showing Sediment Core SC09-115.
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INITIAL PERCENT RECOVERY: 84.9%

RECORD OF SEDIMENT CORE:    SC09-115

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 23, 2009 TIME: 9:20:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.55
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364841.7   E: ~468213.3
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21550-01

21550-02
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21550-03

V
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Very soft, very wet, black SILT,
grading to grey below 22cm, moderate
hydrogen sulphide-like odour.

Firm, moist, grey CLAYEY SILT, trace
shell fragments, intact shells
approximately 4-6cm in length at
43cm, 180cm and 215-230cm, trace
fine sand at 210cm.

End of Sediment Core.

36.40

287.80

32.00

253.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 273.5 cm

Settled Length
(SL): 253.0 cm

Processed Length:
253.0 cm
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Photograph Showing Sediment Core SC09-116.
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INITIAL PERCENT RECOVERY: 87.9%

RECORD OF SEDIMENT CORE:    SC09-116

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 21, 2009 TIME: 9:05:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 302cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.65
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364880.1   E: ~468288.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21550-04 is a duplicate of
21550-03.
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21551-02
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V
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Very soft, very wet, black SILT, slight
hydrocarbon-like odour.
Dense, moist to wet, black SHELL
FRAGMENTS, some silt, shell grading
from fine to coarse below 20cm, trace
sub-angular and sub-rounded gravel,
faint hydrocarbon-like odour.

Soft, moist, black SANDY SILT
grading to dense SILTY SAND below
57cm, suspect sandblast grit from
58-72cm.

Medium dense, moist, grey GRAVEL,
some sand, trace silt, coarse
sub-rounded gravel from 79-88cm.

Very firm, moist, grey CLAYEY SILT,
horizontal light grey banding.

End of Sediment Core.

6.10

39.60

79.10

103.40

137.90

6.00

39.00

78.00

102.00

136.00

Total Driven
Length (TDL): 138.0 cm

Initial Recovered
Length (IRL): 136.0 cm

Settled Length
(SL): 136.0 cm

Processed Length:
136.0 cm
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Photograph Showing Sediment Core SC09-117.
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INITIAL PERCENT RECOVERY: 98.6%

RECORD OF SEDIMENT CORE:    SC09-117

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 21, 2009 TIME: 3:38:00 PM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 454cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.19

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./S.A./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364919.8   E: ~468329.7
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21562-02
21562-01
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V
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Soft, very wet, black SILT, trace shell
fragments, moderate hydrocarbon
sulphide-sewage-like odour, becoming
moderately firm below 22cm, trace
coarse angular gravel, trace organics
(sticks, bark) at 22cm, wood debris
7cm in length at 55cm, bone 7cm in
length clean cut on one end, socket on
other end at 63cm.

Firm, moist, black CLAYEY SILT,
becoming grey below 83cm, trace
shell fragments.

End of Sediment Core.

82.20

100.50

76.00

83.00

Total Driven
Length (TDL): 113.0 cm

Initial Recovered
Length (IRL): 104.5 cm

Settled Length
(SL): 93.0 cm

Processed Length:
93.0 cm
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Photograph Showing Sediment Core SC09-118B.
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INITIAL PERCENT RECOVERY: 92.5%

RECORD OF SEDIMENT CORE:    SC09-118B

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS

C
O

LL
E

C
T

IO
N

R
E

C
O

R
D

P
LA

S
T

IC
IT

Y

S
A

N
D

G
R

A
V

E
L

GRADATION %

S
T

R
A

T
A

 P
LO

T

SCN
NUMBER

COLLECTION ATTEMPT: 2 of 2

COLLECTION DATE:  July 29, 2009 TIME: 8:15:00 AM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.45
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026

D
E

P
T

H
 S

C
A

LE
M

E
T

R
E

S

0

1

2

3

N: ~5364904.0   E: ~468374.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.

TOP

P
ro

ce
ss

ed
 L

en
gt

h

F
ile

:N
:\A

C
T

IV
E

\Y
E

A
R

 2
00

9\
14

75
\0

9-
14

75
-0

00
4 

(E
S

Q
U

IM
A

LT
 G

R
A

V
IN

G
 D

O
C

K
)\

G
IN

T
\C

O
M

B
IN

E
D

 C
O

R
E

 L
O

G
S

.G
P

J 
 O

ut
pu

t F
or

m
:S

E
D

IM
E

N
T

 C
O

R
E

   
T

em
pl

at
e:

B
C

 R
E

G
IO

N
 T

E
M

P
LA

T
E

 B
E

T
A

 1
.G

D
T

  L
ib

ra
ry

:B
C

 R
E

G
IO

N
 L

IB
R

A
R

Y
.G

LB
  V

W
ah

ls
tr

om
  0

2/
03

/1
0

Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21562-02 is a duplicate of
21562-01.
3.) Geotech sample collected
from Attempt 1 of 2
(SC09-118A) from 12-100cm.
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21553-06

21553-07
21553-08

21553-09

V
ib
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e

Very soft, very wet, black SILT, trace
sand, slight hydrocarbon odour and
slight hydrocarbon-like sheen.

Loose, wet, black SILT with well
graded gravel, trace sand,
hydrocarbon like odour.

Loose, wet, black SILT with gravel,
trace sand, with pockets of stiff clay,
hydrocarbon like odour, angular gravel
up to 11cm in size, trace shell
fragments at 40cm.

Soft, wet, greyish-black CLAYEY SILT,
trace sand, fine to medium gravel and
shell fragments, hydrocarbon-like
odour, intact shell at 114cm.

End of Sediment Core.

40.00

60.00

194.00

238.00

20.00

30.00

97.00

119.00
Total Driven

Length (TDL): 300.0 cm

Initial Recovered
Length (IRL): 150.0 cm

Settled Length
(SL): 119.0 cm

Processed Length:
119.0 cm
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Photograph Showing Sediment Core SC09-119A.
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DEPTH
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DESCRIPTION
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WATER CONTENT PERCENT
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INITIAL PERCENT RECOVERY: 50%

RECORD OF SEDIMENT CORE:    SC09-119A

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 7

COLLECTION DATE:  July 23, 2009 TIME: 10:38:00 AM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 454cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.03
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: M.S./S.A

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364888.5   E: ~468346.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21553-08 is a duplicate of
21553-07.
3.) Refer also to SC09-119C
record, Attempt 3 of 7.
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21562-04

21562-05

V
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Very sort, very wet, black,
saturated-liquified SANDY SILT, fine
grained sand, pocket of soft wet black
CLAYEY SILT from 8-20cm, faint
hydrogen sulphide odour, becoming
grey at 35cm.

Loose, very wet, grey, fine to medium
grained, Saturated SILTY SAND, trace
shell fragments from 65-70cm.

Compact, moist, grey SAND and
GRAVEL, subangular fine gravel less
than 2cm in length, trace shell
fragments, grading to coarse
subangular gravel less than 6cms in
length to end of core.

End of Sediment Core.

47.30

78.80

123.90

42.00

70.00

110.00

Total Driven
Length (TDL): 16890.0 cm

Initial Recovered
Length (IRL): 150.0 cm

Settled Length
(SL): 110.0 cm

Processed Length:
110.0 cm
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Photograph Showing Sediment Core SC09-119C.
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INITIAL PERCENT RECOVERY: 88.8%

RECORD OF SEDIMENT CORE:    SC09-119C

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 3 of 7

COLLECTION DATE:  July 29, 2009 TIME: 11:27:00 AM
LENGTH / DIAMETER:
Barrel = 481cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.75
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364878.2   E: ~468352.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Refer also to SC09-119A
record, Attempt 1 of 7.
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21562-06

21562-07

21562-08

V
ib

ra
-c

or
e

Compact, wet, black SHELL
FRAGMENTS, trace silt, trace
hydrocarbon-like sheen, moderate
sewage-like odour.

Soft, wet, grey CLAYEY SILT, trace
sub-rounded gravel, trace sand,
becoming firm and moist below 53cm,
wood debris 12cm in length at 40cm,
intact shell at 52.73cm less than 5cm
in length, layer of fine shell fragments
at 97-100cm.

Compact, wet, grey, fine grained
SAND and SILT, trace sub-angular
gravel, becoming loose, very wet
below 165cm, intact shells less than
9cm in length at 144cm and 126cm.

End of Sediment Core.

21.00

104.00

202.00

21.00

104.00

202.00

Total Driven
Length (TDL): 239.7 cm

Initial Recovered
Length (IRL): 239.5 cm

Settled Length
(SL): 202.0 cm

Processed Length:
202.0 cm
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Photograph Showing Sediment Core SC09-120.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 100%

RECORD OF SEDIMENT CORE:    SC09-120

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 2 of 2

COLLECTION DATE:  July 29, 2009 TIME: 9:30:00 AM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.04
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364862.9   E: ~468372.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21556-04
21556-05

21556-06

Geotech

21556-07

V
ib

ra
-c

or
e

Soft, very wet, black SILT, trace
rootlets, slight hydrocarbon-like sheen,
moderate hydrocarbon-like odour
(tar-like), wood waste (bark) 6cm in
length at 2cm, wood stick 5cm in
length at 7cm, trace wood debris
below 30cm.

Soft, wet, grey SILT, some sand, trace
shell fragments.

Compcat, wet, grey, fine grained
SAND and SHELL FRAGMENTS,
trace gravel.

Compact, moist, grey SILT, trace clay,
trace fine grained sand, coarse
sub-angular gravel at 160-163cm.

End of Sediment Core.

103.80

126.60

164.60

232.90

82.00

100.00

130.00

184.00 Total Driven
Length (TDL): 260.0 cm

Initial Recovered
Length (IRL): 205.5 cm

Settled Length
(SL): 184.0 cm

Processed Length:
184.0 cm
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Photograph Showing Sediment Core SC09-121.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 79%

RECORD OF SEDIMENT CORE:    SC09-121

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 27, 2009 TIME: 12:30:00 PM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.08
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364862.8   E: ~468342.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21556-05 is a duplicate of
21556-04.
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21550-11

21550-12

21551-01

V
ib

ra
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e

Very soft, very wet, black SILT,
moderate hydrogen sulphide-like
odour, layer of fine shell fragments at
14cm, intact shells at 10-18cm.

Soft to firm, moist, grey CLAYEY SILT,
trace shell fragments from 0-115cm,
large intact shell at 270cm, moderate
hydrogen sulphide-like odour
throughout.

End of Sediment Core.

14.50

289.70

14.00

279.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 299.5 cm

Settled Length
(SL): 279.0 cm

Processed Length:
279.0 cm
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Photograph Showing Sediment Core SC09-122.
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INITIAL PERCENT RECOVERY: 96.3%

RECORD OF SEDIMENT CORE:    SC09-122

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 21, 2009 TIME: 9:42:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.95
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026

D
E

P
T

H
 S

C
A

LE
M

E
T

R
E

S

0

1

2

3

N: ~5364837.0   E: ~468302.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21552-05

21552-06

21552-07

V
ib

ra
-c

or
e

Very soft, very wet, black SILT, faint
hydrogen sluphide-like odour, wood
debris at 15cm.

Soft, wet, grey CLAYEY SILT, trace
shell debris, moderate hydrogen
sulphide-like odour, firm, most, strong
hydrogen sulphide-like odour at 92cm
to end of core.

End of Sediment Core.

27.00

274.80

22.00

224.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 253.5 cm

Settled Length
(SL): 224.0 cm

Processed Length:
224.0 cm
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Photograph Showing Sediment Core SC09-123.
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INITIAL PERCENT RECOVERY: 81.5%

RECORD OF SEDIMENT CORE:    SC09-123

SOIL PROFILE

MEAS.
DEPTH

(cm)
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COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 22, 2009 TIME: 3:44:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.68
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364793.2   E: ~468244.6
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21552-06 is a duplicate of
21552-05.
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21550-05

21550-06

21550-07

V
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Very, soft, very wet, black SILT, slight
hydrogen sulphide-like odour, trace
wood debris.

Firm, moist, grey CLAYEY SILT, trace
shell fragments, moderate hydrogen
sulphide-like odour, intact shell at
145cm.

End of Sediment Core.

20.50

276.30

18.00

242.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 272.5 cm

Settled Length
(SL): 242.0 cm

Processed Length:
242.0 cm

SHEET  1  OF  1

A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

SAMPLES

Photograph Showing Sediment Core SC09-124.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 87.6%

RECORD OF SEDIMENT CORE:    SC09-124

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 21, 2009 TIME: 10:20:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 302cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.38
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364732.6   E: ~468278.3
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21559-04

Geotech

21559-05

21559-06

V
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Very soft, very wet, dark grey-black
SILT, trace sand, trace angular gravel,
intact shells 9cm in length at 0cm.

Soft, moist, greyish-brown CLAYEY
SILT, trace shell fragments, moderate
hydrogen sulfide-like odour, very soft,
wet, greyish-brown disturbed CLAYEY
SILT, at 70-82cm and 42-57cm, twigs
at 230cm, becoming firm at
approximately 155cm.

End of Sediment Core.

2.20

280.20

2.00

260.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 288.5 cm

Settled Length
(SL): 260.0 cm

Processed Length:
260.0 cm
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Photograph Showing Sediment Core SC09-125.
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INITIAL PERCENT RECOVERY: 92.8%

RECORD OF SEDIMENT CORE:    SC09-125

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 23, 2009 TIME: 4:45:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-11.89

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: M.S./R.P.C

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364713.7   E: ~468352.9
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21548-10

21548-11

21548-12

21549-01
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Very soft, very wet, black SILT, trace
shell fragments, grey below 25cm.

Soft, moist, grey CLAYEY SILT, trace
shell fragments, firm below 98cm,
some shell fragments at 226cm.

End of Sediment Core.

40.20

278.30

37.00

256.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 286.5 cm

Settled Length
(SL): 256.0 cm

Processed Length:
256.0 cm
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Photograph Showing Sediment Core SC09-126.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 92%

RECORD OF SEDIMENT CORE:    SC09-126

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 20, 2009 TIME: 1:00:00 PM
LENGTH / DIAMETER:
Barrel = 308cm  Liner = 302cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.18
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364756.5   E: ~468364.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21548-02
21548-01

21548-03

21548-04

21548-05

V
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e

Very soft, very wet, black SILT, trace
shell fragments, moderate hydrogen
sulfide-like odour, trace rootlets.

Soft, wet, black SILT to CLAYEY SILT,
trace shell fragments, trace wood
waste.

Firm, moist, grey CLAYEY SILT, trace
shell fragments, intact shells at
155-230cm, becoming very firm below
190cm.

End of Sediment Core.

59.50

113.00

278.20

50.00

95.00

234.00

Total Driven
Length (TDL): 311.0 cm

Initial Recovered
Length (IRL): 261.6 cm

Settled Length
(SL): 234.0 cm

Processed Length:
234.0 cm
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Photograph Showing Sediment Core SC09-127.
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INITIAL PERCENT RECOVERY: 84.1%

RECORD OF SEDIMENT CORE:    SC09-127

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 20, 2009 TIME: 10:38:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 300cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.83
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364779.0   E: ~468354.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21548-02 is a duplicate of
21548-01.
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21551-09

Geotech

21551-10

21551-11

V
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or
e

Very soft, very wet, black SILT, trace
shell fragments, strong hydrogen
sulphide-like odour.

Soft, wet, black and grey CLAYEY
SILT, approximately 10cm pockets of
very soft, black SILT at 104cm and
119cms.

Moderately firm, wet, grey CLAYEY
SILT with some fine sand and intact
shells, a layer of intact shells less than
10cm at 140-190cm, shell fragments
at 190-230cm.

Stiff, moist, grey with orange mottled
CLAYEY SILT.

87.30

146.30

251.10

80.00

134.00

230.00

Total Driven
Length (TDL): 393.0 cm

Initial Recovered
Length (IRL): 360.0 cm

Settled Length
(SL): 326.0 cm

Processed Length:
326.0 cm
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Photograph Showing Sediment Core SC09-128.
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INITIAL PERCENT RECOVERY: 91.6%

RECORD OF SEDIMENT CORE:    SC09-128

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS

C
O

LL
E

C
T

IO
N

R
E

C
O

R
D

P
LA

S
T

IC
IT

Y

S
A

N
D

G
R

A
V

E
L

GRADATION %

S
T

R
A

T
A

 P
LO

T

SCN
NUMBER

COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 21, 2009 TIME: 11:20:00 AM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 454cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.08
0.00

DEPTH SCALE

1  :  25

0.00

CONTINUED NEXT PAGE

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364738.4   E: ~468410.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Stiff, moist, grey with orange mottled
CLAYEY SILT. (continued)

End of Sediment Core.
355.90 326.00

Total Driven
Length (TDL): 393.0 cm

Initial Recovered
Length (IRL): 360.0 cm

Settled Length
(SL): 326.0 cm

Processed Length:
326.0 cm
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Photograph Showing Sediment Core SC09-128.
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INITIAL PERCENT RECOVERY: 91.6%

RECORD OF SEDIMENT CORE:    SC09-128

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 21, 2009 TIME: 11:20:00 AM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 454cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364738.4   E: ~468410.5
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21556-08

21556-09

21556-10

V
ib
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-c

or
e

Very soft, wet, dark grey SILT, trace
shell fragments with pockets of soft
CLAYEY SILT throughout, trace
coarse gravel at 20-23cm.

Moderately firm, moist, dark grey and
brown CLAYEY SILT, trace shell
fragments, strong hydrocarbon-like
odour below 60cm, strong marine
decay odour at 30-50cm, intact shell 8
cm in length at 68cm, 87cm, 177cm
and 184cm.

Firm, moist to wet SILT and SHELL
FRAGMENTS, some intact shells.

30.40

253.50

30.00

250.00

Total Driven
Length (TDL): 439.0 cm

Initial Recovered
Length (IRL): 433.0 cm

Settled Length
(SL): 432.0 cm

Processed Length:
432.0 cm
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Photograph Showing Sediment Core SC09-129.
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INITIAL PERCENT RECOVERY: 98.6%

RECORD OF SEDIMENT CORE:    SC09-129

SOIL PROFILE

MEAS.
DEPTH

(cm)
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COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 27, 2009 TIME: 11:05:00 AM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-11.01
0.00

DEPTH SCALE

1  :  25

0.00

CONTINUED NEXT PAGE

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364719.8   E: ~468448.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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21556-11

V
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e

Firm, moist to wet SILT and SHELL
FRAGMENTS, some intact shells.
(continued)

Moderately firm, moist, dark grey and
brown CLAYEY SILT, trace shell
fragments, moderately to strong
hydrogen sulphide-like odour.

End of Sediment Core.

339.80

438.10

335.00

432.00

Total Driven
Length (TDL): 439.0 cm

Initial Recovered
Length (IRL): 433.0 cm

Settled Length
(SL): 432.0 cm

Processed Length:
432.0 cm
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Photograph Showing Sediment Core SC09-129.
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INITIAL PERCENT RECOVERY: 98.6%

RECORD OF SEDIMENT CORE:    SC09-129

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 27, 2009 TIME: 11:05:00 AM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026

D
E

P
T

H
 S

C
A

LE
M

E
T

R
E

S

3

4

5

6

N: ~5364719.8   E: ~468448.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21549-02

21549-03

21549-04
21549-05

Geotech

V
ib

ra
-c

or
e

Very soft, very wet, black SILT, trace
wood debris, moderate hydrogen
sulphide-like odour, trace to some
intact shell fragments, becoming wet
below 50cm, two pieces of coarse
rounded gravel 5cm in size.

Firm, wet, grey SILT, some intact
shells less than 9cm in length, trace to
some fine grained sand below 100cm.

Firm to very firm, moist, grey CLAYEY
SILT, increased CLAY content below
3cm, three pieces of coarse gravel at
435cm.

75.80

121.20

75.00

120.00

Total Driven
Length (TDL): 475.0 cm

Initial Recovered
Length (IRL): 474.5 cm

Settled Length
(SL): 453.0 cm

Processed Length:
453.0 cm
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Photograph Showing Sediment Core SC09-130.
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INITIAL PERCENT RECOVERY: 99%

RECORD OF SEDIMENT CORE:    SC09-130

SOIL PROFILE

MEAS.
DEPTH

(cm)
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DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 20, 2009 TIME: 3:02:00 PM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.52
0.00

DEPTH SCALE

1  :  25

0.00

CONTINUED NEXT PAGE

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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3

N: ~5364790.0   E: ~468439.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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21549-06

21549-07

V
ib

ra
-c

or
e Firm to very firm, moist, grey CLAYEY

SILT, increased CLAY content below
3cm, three pieces of coarse gravel at
435cm. (continued)

End of Sediment Core.
457.60 453.00

Total Driven
Length (TDL): 475.0 cm

Initial Recovered
Length (IRL): 474.5 cm

Settled Length
(SL): 453.0 cm

Processed Length:
453.0 cm

SHEET  2  OF  2

A
D

D
IT

IO
N

A
L

LA
B

. T
E

S
T

IN
G

SAMPLES

Photograph Showing Sediment Core SC09-130.
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INITIAL PERCENT RECOVERY: 99%

RECORD OF SEDIMENT CORE:    SC09-130

SOIL PROFILE
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(cm)
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 20, 2009 TIME: 3:02:00 PM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364790.0   E: ~468439.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21549-05 is a duplicate of
21549-04.
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21557-01
21557-02

21557-03

21557-04

V
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Very soft, very wet, black SILT, trace
organics (rootlets), moderate hydrogen
sulphide-like odour, becoming soft and
wet at 46cm.

Soft, very wet, grey CLAYEY SILT,
trace fine sand and shell fragments,
pockets of saturated-liquid, grey silt
and intact shell 7cm in length at 82cm,
lense of coarse, sub-angular gravel
less than 6cm in length at 86-93cm.

Very stiff, moist, grey and brown
CLAYEY SILT, trace fine sand banding
throughout, trace fine sub-rounded
gravel.

End of Sediment Core.

56.00

93.00

166.00

56.00

93.00

166.00

Total Driven
Length (TDL): 190.0 cm

Initial Recovered
Length (IRL): 190.5 cm

Settled Length
(SL): 166.0 cm

Processed Length:
166.0 cm
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Photograph Showing Sediment Core SC09-131.
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INITIAL PERCENT RECOVERY: 100%

RECORD OF SEDIMENT CORE:    SC09-131

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 3

COLLECTION DATE:  July 27, 2009 TIME: 1:55:00 PM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-10.17
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364755.1   E: ~468478.9
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21557-02 is a duplicate of
21557-01.
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21552-09
21552-08

21552-10

Geotech

21552-11

V
ib

ra
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or
e

Very soft, very wet, black SILT, trace
rootlets and shell fragments, soft
below 40cm, moderate hydrogen
sulphide-like odour.

Firm, moist, grey CLAYEY SILT.

End of Sediment Core.

125.60

260.30

110.00

228.00

Total Driven
Length (TDL): 275.0 cm

Initial Recovered
Length (IRL): 241.0 cm

Settled Length
(SL): 228.0 cm

Processed Length:
228.0 cm
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Photograph Showing Sediment Core SC09-132.
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INITIAL PERCENT RECOVERY: 87.6%

RECORD OF SEDIMENT CORE:    SC09-132

SOIL PROFILE

MEAS.
DEPTH

(cm)
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DETAILS
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COLLECTION ATTEMPT: 1 of 2

COLLECTION DATE:  July 22, 2009 TIME: 1:05:00 PM
LENGTH / DIAMETER:
Barrel = 461cm  Liner = 453cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.92
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364763.5   E: ~468514.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21552-09 is a duplicate of
21552-08.
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21554-08
21554-07

21554-09

21554-10

V
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Soft, wet, black SILT, trace shell
fragments up to 6cm in length, trace
fibrous organics, strong hydrogen
sulphide-like odour.

Soft, wet, grey CLAYEY SILT, some
sand, trace shell fragments, trace
wood debris.

Firm to stiff, moist, grey CLAYEY SILT.

End of Sediment Core.

66.30
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178.10

64.00

87.00

172.00

Total Driven
Length (TDL): 203.0 cm

Initial Recovered
Length (IRL): 196.0 cm

Settled Length
(SL): 172.0 cm

Processed Length:
172.0 cm
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Photograph Showing Sediment Core SC09-133.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 96.6%

RECORD OF SEDIMENT CORE:    SC09-133

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 24, 2009 TIME: 1:55:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-10.04
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: P.C./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364773.1   E: ~468584.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) 21554-08 is a duplicate of
21554-07.
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21554-01

Geotech

21554-02

21554-03

V
ib
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-c

or
e

Very soft, liquid, black SILT.

Soft, wet, black SILT, trace roolets and
decomposing organic material,
moderate hydrogen sulphide-like
odour, hydrocarbon-like odour.

Soft to firm, wet, grey, sandy SILT with
shell fragements up to 6cm in length,
trace wood fibres, slight hydrogen
sulphide-like odour.

Firm, wet to moist, grey, silty, fine
SAND, trace intact shells up to 5cm in
length, trace wood fibre.

End of Sediment Core.

3.40

55.20

171.40

259.30

3.00

49.00

152.00

230.00

Total Driven
Length (TDL): 289.6 cm

Initial Recovered
Length (IRL): 257.0 cm

Settled Length
(SL): 230.0 cm

Processed Length:
230.0 cm
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Photograph Showing Sediment Core SC09-134.
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DEPTH
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DESCRIPTION
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WATER CONTENT PERCENT
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INITIAL PERCENT RECOVERY: 88.7%

RECORD OF SEDIMENT CORE:    SC09-134

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 24, 2009 TIME: 3:25:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-6.36

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: P.C./S.A.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364799.6   E: ~468610.0
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21556-01

21556-02

21556-03

V
ib
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-c
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e

Very soft, very wet, black SILT, trace
shell fragments and trace rootlets,
strong hydrogen sulphide-like odour,
glass bottle neck and glass debris at
3cm, becoming soft and wet at 43cm,
a layer of some rootlets and organic
matter at 68-86cm.

Soft, wet, dark grey SILT, some fine
sand, trace intact shell, coarse
sub-rounded gravel less than 5cm in
length at 90cm, very soft, wet, organic
inclusions at 105cm.

Dense, moist, grey SAND, some silt,
fine to medium grained sand with shell
fragments, trace sub-rounded gravel.

End of Sediment Core.

93.50

143.50

179.30

86.00

132.00

165.00

Total Driven
Length (TDL): 201.0 cm

Initial Recovered
Length (IRL): 185.0 cm

Settled Length
(SL): 165.0 cm

Processed Length:
165.0 cm
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Photograph Showing Sediment Core SC09-135B.
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INITIAL PERCENT RECOVERY: 92%

RECORD OF SEDIMENT CORE:    SC09-135B

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 2 of 2

COLLECTION DATE:  July 27, 2009 TIME: 10:00:00 AM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-4.33
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364805.0   E: ~468663.4
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
2.) Geotech sample collected
from Attempt 1 of 2
(SC09-135A) from
75.8-151.5cm.
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21560-05

21560-06

21560-07

V
ib
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-c
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e

Very soft, very wet, grey SILT, trace
fine sand.
Firm, moist, grey CLAYEY SILT, trace
shell fragements, increased CLAY
content below 12cm.

Soft, moist to wet, grey-brown
CLAYEY SILT, trace shell fragments,
moderate hydrogen sulphide-like
odour, intact shell layer with silt and
compact shell fragments less than
10cm in length, wet at 77-121cm,
wood waste (small stick) at 161cm,
increased firmness, trace fine grained
sand and lenses of shell framents
below 121cm.

End of Sediment Core.

10.30

25.20

203.00

9.00

22.00

177.00

Total Driven
Length (TDL): 247.0 cm

Initial Recovered
Length (IRL): 215.5 cm

Settled Length
(SL): 177.0 cm

Processed Length:
177.0 cm
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Photograph Showing Sediment Core SC09-136.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 87.2%

RECORD OF SEDIMENT CORE:    SC09-136

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 28, 2009 TIME: 3:45:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-9.89
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364730.8   E: ~468524.1
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21560-11

21560-12

21561-01

V
ib
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-c

or
e

Very soft, very wet, black SILT, trace
shell fragments, sewage-like odour,
trace hydrocarbon sheen .

Soft, moist to wet, grey-brown
CLAYEY SILT, trace shell fragments,
becoming firm and moist at 80cm to
end of core, moderate hydrogen
sulphide-like odour throughout, intact
shell 5-7cm, at 70cm and 130cm.

End of Sediment Core.

5.00

212.50

4.00

170.00

Total Driven
Length (TDL): 240.8 cm

Initial Recovered
Length (IRL): 192.5 cm

Settled Length
(SL): 170.0 cm

Processed Length:
170.0 cm
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Photograph Showing Sediment Core SC09-137.
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DESCRIPTION
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INITIAL PERCENT RECOVERY: 80%

RECORD OF SEDIMENT CORE:    SC09-137

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 28, 2009 TIME: 3:05:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-13.49

DEPTH SCALE

1  :  25

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364833.5   E: ~468142.2
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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Note:
1.) Estimated in situ depths
calculated based on initial
percent recovery as per depth
estimation method applied by
Anchor QEA L.L.C.
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21560-08

21560-09

Geotech

21560-10

V
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e

Very soft, very wet, black SILT, trace
shell fragments, sewage-rotting
organic-like odour.

Soft, moist, grey-brown CLAYEY SILT,
trace shell fragements, becoming firm
at 113cm, intact shell 7cm in length at
44cm and 120cm.

End of Sediment Core.

21.20

233.70

16.00

176.00 Total Driven
Length (TDL): 270.0 cm

Initial Recovered
Length (IRL): 203.5 cm

Settled Length
(SL): 176.0 cm

Processed Length:
176.0 cm
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Photograph Showing Sediment Core SC09-138.
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INITIAL PERCENT RECOVERY: 75.3%

RECORD OF SEDIMENT CORE:    SC09-138

SOIL PROFILE

MEAS.
DEPTH

(cm)

CORE
COLLECTION

DETAILS
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COLLECTION ATTEMPT: 1 of 1

COLLECTION DATE:  July 28, 2009 TIME: 2:10:00 PM
LENGTH / DIAMETER:
Barrel = 309cm  Liner = 301cm  Dia. = 10cm
Core Catcher (with fins) =23cm

COLLECTION CREW / VESSEL: R.S.S. / R.S.S.

Est.*
IN-SITU

-12.62
0.00

DEPTH SCALE

1  :  25

0.00

BOTTOM

LOGGED: A.K./M.S.

CHECKED: R.J.

Ground Surface

DATUM:   GeodeticLOCATION:

PROJECT No.:   09-1475-0026
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N: ~5364939.4   E: ~468006.8
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.
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SILT, trace shell fragments, moderate
hydrogen sulphide-like odour, trace
woodwaste at 89-110cm, trace intact
shell less than 6cm in length at 132cm
and 140cm, intact shell less than 8cm
in length at 210cm and 295cm.
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APPENDIX G 
Record of Sediment Cores (2009 Vibra-Core Investigation) 

 

October 7, 2009 
No. 09-1475-0026 1/2  

 

Station ID Date 
Time of 

Collection 
Leadline 

(m) 
Attempt # RTK ? 

Drove 
Straight? 

Drive 
Penetration (m) 

Recovered 
Length (m) 

Initial Percent 
Recovery (%) 

 

Core Used? 
1
 

Drive Notes 

SC09-101 23July2009 14:35 12.6 1 of 1 Yes Yes 3.11 2.38 76.4% E, G Drove easy, easy retrieval 

SC09-102 

 
24July2009 

 

10:20 9.8 1 of 3 (A) Yes Yes 2.04  1.51 74.0% E Drove straight, refusal at 2.04 m 

10:45 9.9 2 of 3 (B) Yes Yes 2.00 1.41 70.3% G Drove straight, refusal at 2.00 m 

27July2009 15:45 10.0 3 of 3 (C) Yes Yes 2.62 1.23 46.8% NP Refusal at 2.62 m, <50% recovery 

SC09-103 27July2009 16:30 12.0 1 of 1 Yes Yes 2.93 2.40 81.7% E Easy drive until last 0.5 m 

SC09-104 
23July2009 15:40 12.9 1 of 2 (A) Yes No n/a 1.30 - G May have tipped over during driving 

24July2009 9:40 11.7 2 of 2 (B) Yes Yes 2.89 2.93 96.1% E Used float pack, drive straight, easy penetration 

SC09-105 23July2009 14:55 11.4 1 of 1 Yes Yes 3.11 2.50 80.2% E, G Drove easy, retrieval easy 

SC09-106 28July2009 
9:20 13.9  1 of 2 (A) Yes Yes unknown  - - NP Catcher inverted on retrieval, unknown amount of material lost 

9:50 14.0 2 of 2 (B) Yes Yes 2.96 2.67 90.2% E Drove straight, moderate retrieval 

SC09-107 21July2009 13:30 13.4 1 of 1 Yes Yes 3.11 2.63 83.8% E Soft bottom, core location on flat bottom at toe of riprap slope 

SC09-108 24July2009 11:35 11.4 1 of 1 Yes Yes 2.89 2.84 97.9% E Drove straight, drove easy 

SC09-109 24July2009 13:25 12.1 1 of 1 Yes Yes 2.89 2.36 81.3% E, G Drove straight, full penetration 

SC09-110 
20July2009 

14:00 14.0 1 of 3 (A) Yes No <1.0 - - NP Refusal at 0.8 m, no core recovery 

14:25 14.0 2 of 3 (B) Yes No <1.0 - - NP Refusal at 0.7 m, no core recovery 

22July2009 9:32 11.9 3 of 3 (C) Yes No 2.0 1.57 77.0% E Refusal at approximately 1.0 m in rocky substrate, core barrel damaged 

SC09-111 20July2009 

11:48 12.6 1 of 3 (A) Yes No 1.8 - - NP Hard bottom, drove sideways 

11:55 12.4 2 of 3 (B) Yes No 1.8 1.20 66.8% G Refusal at 1.8 m, no core recovery 

13:40 13.6 3 of 3 (C) Yes Yes 1.74 1.48 84.8% E Hard to drive, refusal at 1.74 m 

SC09-112 21July2009 14:45 13.9 1 of 1 Yes Yes 3.11 2.49 79.9% E Drove straight and easy, terminated in plastic silt/clay 

SC09-113 23July2009 9:50 12.6 1 of 1 Yes Yes 3.11  2.98 95.7% E Drove and retrieved easy 

SC09-114 22July2009 16:40 14.2 1 of 1 Yes Yes 3.11 2.72 87.3% E Drove straight, easy, full penetration 

SC09-115 23July2009 9:20 12.1 1 of 1 Yes Yes 3.08 2.62 84.9% E Drove and retrieved easy 

SC09-116 21July2009 9:05 11.7 1 of 1 Yes Yes 3.11 2.74 87.9% E Soft bottom, easy drive, full penetration 

SC09-117 21July2009 15:38 12.5 1 of 1 Yes Yes 1.38 1.36 98.6% E Float package used, refusal  

SC09-118 29July2009 
7:40 11.6 1 of 2 (A) Yes Yes 1.5  1.21 80.3% G Drove straight, poor penetration 

8:15 12.1 2 of 2 (B) Yes Yes 1.13 1.05 92.5% E Drove straight, poor recovery and poor penetration 

SC09-119 

23July2009 
10:25 11.2 1 of 7 (A) Yes Yes ~ 3.0 1.50 50.0% E Drove easy, easy recovery but possibly tipped over – 2nd attempt required 

12:54 11.6 2 of 7 (B) Yes No ~ 2.75 - - NP Tipped over, core catcher is closed 

29July2009 

11:27 12.8 3 of 7 (C) Yes Yes 1.689 1.50 88.8% E Drove straight, refusal in coarse gravel and shell 

12:05 12.7 4 of 7 (D) Yes Yes 0.3 - - NP Immediate refusal in coarse gravel 

12:45 13.0 5 of 7 (E) Yes Yes 0.33 - - NP Refusal at 0.33 m in coarse material, no recovery 

14:15 13.0 6 of 7 (F) Yes Yes 0.47 - - NP Refusal at 0.47 m in coarse material, no recovery 

14:30 13.5 7 of 7 (G) Yes Yes 0.70 - - NP Refusal at 0.7 m in clayey silt and medium to coarse gravel 



  

 

APPENDIX G 
Record of Sediment Cores (2009 Vibra-Core Investigation) 

 

October 7, 2009 
No. 09-1475-0026 2/2  

 

Station ID Date 
Time of 

Collection 
Leadline 

(m) 
Attempt # RTK ? 

Drove 
Straight? 

Drive 
Penetration (m) 

Recovered 
Length (m) 

Initial Percent 
Recovery (%) 

 

Core Used? 
1
 

Drive Notes 

SC09-120 29July2009 
9:10 11.9 1 of 2 (A) Yes Yes < 1.0 - - NP Drove straight, refusal in coarse material, no recovery 

9:30 11.9 2 of 2 (B) Yes Yes 2.377 2.40 99.9% E Drove straight, good recovery 

SC09-121 27July2009 12:30 12.7 1 of 1 Yes Yes 2.6 2.06 79.0% E, G Drove straight, refusal at 10.24 m, ~ 1.8 m short of full  penetration 

SC09-122 21July2009 9:42 12.0 1 of 1 Yes Yes 3.11 3.00 96.3% E Soft bottom with some hard material, bottom is sloped, slow drive 

SC09-123 22July2009 15:44 13.9 1 of 1 Yes Yes 3.11 2.54 81.5% E Drove straight, easy, full penetration 

SC09-124 21July2009 10:20 11.6 1 of 1 Yes Yes 3.11 2.73 87.6% E Soft bottom, easy drive 

SC09-125 23July2009 16:45 12.3 1 of 1 Yes Yes 3.11 2.89 92.8% E, G Drove easy, easy retrieval 

SC09-126 20July2009 13:00 12.9 1 of 1 Yes Yes 3.11 2.87 92.1% E Drove straight, clay in core catcher 

SC09-127 20July2009 10:38 12.5 1 of 1 Yes Yes 3.11 2.62 84.1% E Drove straight, easy, clay visible in core catcher 

SC09-128 21July2009 11:20 11.7 1 of 1 Yes Yes 3.93 3.60 91.6% E, G Refusal at 10.6 m in very stiff clay 

SC09-129 27July2009 11:05 10.7 1 of 1 Yes Yes 4.39 4.33 98.6% E Drove straight and easy, full penetration, easy retrieval 

SC09-130 20July2009 15:02 12.8 1 of 1 Yes Yes 4.74 4.75 99.9% E, G Very little headspace, good recovery 

SC09-131 

27July2009 13:55 12.8 1 of 3 (A) Yes Yes 1.90 1.90 100% E Drove straight, easy retrieval, refusal at 1.90 m 

28July2009 
11:25 13.2 2 of 3 (B) Yes No unknown - - NP Tipped over, refusal in coarse material (gravel) 

12:00 13.0 3 of 3 (C) Yes No unknown - - NP Tipped over, damaged core barrel during retrieval 

SC09-132 22July2009 
10:38 12.1 1 of 2 (A) Yes No unknown 2.41 87.6% E, G Tipped over at 2.5 m depth, in plastic silty clay material 

13:05 11.2 2 of 2 (B) Yes Yes unknown < 2.41 - NP Drove straight and slow, plastic clay at depth, hard to retrieve 

SC09-133 24July2009 13:55 9.23 1 of 1 Yes Yes 1.83  1.96 96.6% E Drove straight, refusal at 1.83 m 

SC09-134 24July2009 15:25 6.18 1 of 1 Yes Yes 2.896 2.57 88.7% E, G Drove straight, alternating ‘easy-hard-easy’ driving 

SC09-135 27July2009 
9:30 4.2 1 of 2 (A) Yes Yes 1.90 1.51 79.2% G Refusal at 1.90 m 

10:00 4.1 2 of 2 (B) Yes Yes 2.01 1.85 92.0% E Refusal at 2.01 m in coarse material 

SC09-136 28July2009 15:45 10.1 1 of 1 Yes Yes 2.47 2.16 87.2% E Drove straight, easy retrieval 

SC09-137 28July2009 15:05 13.6 1 of 1 Yes Yes 2.40 1.93 79.9% E Drove straight, easy retrieval, refusal at 2.40 m 

SC09-138 28July2009 14:10 13.1 1 of 1 Yes Yes 2.7  2.04 75.4% E, G Drove straight, refusal at 2.7 m 

SC09-139 29July2009 15:20 13.8 1 of 1 Yes Yes 4.08 4.04 98.9% E, G Collected for Geotech sample  

 

Note:  
1 Core Use codes: E = Environmental; G = Geotechnical; NP = Core not processed 
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APPENDIX H 
Grain Size Distributions (2009 Vibra-Core Investigation) 

 

March 3, 2010 
Project No. 09-1475-5008 1/1 

 

Note: The geotechnical sample intervals reported in this appendix are measured depths along the core and are 

not corrected in situ depths as shown on sediment vibra-core logs and in tables.   

Corrected in situ depths were calculated as per the method developed by Anchor QEA LLC of Seattle, 

Washington, for other investigations at the Esquimalt Graving Dock.  Initial percent recovery was calculated as 
shown below; the measured depth along a core was then divided by initial percent recovery to obtain a corrected 
in situ depth. 

 

Initial Percent Recovery =     __initial recovered core length__   x 100 
                                                              estimated penetration depth       
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core #3 
Depth: 1.2-1.6 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 3

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 1.2-1.6

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.7

Total Weight 329.7 Before Wash 50.0 Total -200 43.9

After Wash 6.8 Gs 2.66 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2" 1.0 0.3 0.3 12.7 99.7

3/8" 0.3 0.1 0.1 9.52 99.6

#4 1.3 0.4 0.4 4.76 99.2

#10 2.2 0.7 0.7 2.00 98.5

#20 0.4 0.8 0.8 0.840 97.8

#40 0.4 0.8 0.8 0.420 97.0

#60 1.4 2.8 2.8 0.250 94.2

#100 1.4 2.8 2.8 0.149 91.5

#200 2.5 5.0 4.9 0.074 86.5

Pan 43.9 87.8 86.5

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 45.0 18.0 -4.04 41.0 0.0658 80.5
1 39.0 18.0 -4.04 35.0 0.0491 68.7
2 34.5 18.0 -4.04 30.5 0.0360 59.9
4 27.5 18.0 -4.04 23.5 0.0268 46.1
8 24.5 18.0 -4.04 20.5 0.0194 40.2
15 21.5 18.0 -4.04 17.5 0.0144 34.3
30 18.0 18.0 -4.04 14.0 0.0104 27.4
60 16.0 18.0 -4.04 12.0 0.0075 23.5
120 13.0 18.0 -4.04 9.0 0.0054 17.6
240 12.5 18.0 -4.04 8.5 0.0038 16.6
360 11.5 18.0 -4.04 7.5 0.0031 14.7
1440 11.0 18.0 -4.04 7.0 0.0016 13.7
3150

4590

5820

7080

Core 3 HYD.xls Golder Associates 24/03/2009
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Project: Dredge Feasibility
Esquimalt, BC
Core # 7
Depth: 0.5-0.75 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 7

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.5-0.75 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.6

Total Weight 394.0 Before Wash 50.0 Total -200 39.1

After Wash 11.5 Gs 2.67 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2"   12.7 100.0

3/8"   9.52 100.0

#4 2.9 0.7 0.7 4.76 99.3

#10 5.1 1.3 1.3 2.00 98.0

#20 1.5 3.0 2.9 0.840 95.0

#40 1.3 2.6 2.5 0.420 92.5

#60 1.5 3.0 2.9 0.250 89.5

#100 2.3 4.6 4.5 0.149 85.0

#200 4.3 8.6 8.4 0.074 76.6

Pan 39.1 78.2 76.6

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 42.0 18.0 -4.04 38.0 0.0674 74.1
1 38.0 18.0 -4.04 34.0 0.0494 66.2
2 33.0 18.0 -4.04 29.0 0.0363 56.5
4 28.0 18.0 -4.04 24.0 0.0266 46.7
8 24.0 18.0 -4.04 20.0 0.0194 38.9
15 21.0 18.0 -4.04 17.0 0.0144 33.1
30 18.5 18.0 -4.04 14.5 0.0104 28.2
60 16.0 18.0 -4.04 12.0 0.0074 23.3
120 14.0 18.0 -4.04 10.0 0.0053 19.4
240 13.0 18.0 -4.04 9.0 0.0038 17.5
360 12.0 17.0 -4.16 7.8 0.0031 15.3
1440 10.0 19.0 -4.16 5.8 0.0016 11.4
3150

4590

5820

7080

Core 7 HYD.xls Golder Associates 24/03/2009
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Depth: 0.4-0.8 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 8

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.4-0.8 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.4

Total Weight 224.8 Before Wash 50.0 Total -200 44.5

After Wash 5.9 Gs 2.62 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2" 0.0   12.7 100.0

3/8" 0.0   9.52 100.0

#4 0.2 0.1 0.1 4.76 99.9

#10 0.4 0.2 0.2 2.00 99.7

#20 0.1 0.2 0.2 0.840 99.5

#40 1.1 2.2 2.2 0.420 97.3

#60 1.2 2.4 2.4 0.250 94.9

#100 1.2 2.4 2.4 0.149 92.6

#200 1.9 3.8 3.8 0.074 88.8

Pan 44.5 89.0 88.8

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 47.0 18.0 -4.04 43.0 0.0654 86.2
1 42.0 18.0 -4.04 38.0 0.0484 76.2
2 36.0 18.0 -4.04 32.0 0.0360 64.2
4 29.0 18.0 -4.04 25.0 0.0269 50.1
8 24.0 18.0 -4.04 20.0 0.0197 40.1
15 21.0 18.0 -4.04 17.0 0.0147 34.1
30 19.0 18.0 -4.04 15.0 0.0105 30.0
60 17.0 18.0 -4.04 13.0 0.0075 26.0
120 14.0 18.0 -4.04 10.0 0.0054 20.0
240 12.5 18.0 -4.04 8.5 0.0039 17.0
360 11.5 18.0 -4.04 7.5 0.0032 15.0
1440 10.5 18.0 -4.04 6.5 0.0016 13.0
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core #12 
Depth: 1.2-1.6 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 15

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 1.2-1.6

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.3

Total Weight 289.5 Before Wash 50.1 Total -200 45.5

After Wash 4.9 Gs 2.62 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2"   12.7 100.0

3/8"   9.52 100.0

#4 1.1 0.4 0.4 4.76 99.6

#10 1.2 0.4 0.4 2.00 99.2

#20 0.3 0.6 0.6 0.840 98.6

#40 0.6 1.2 1.2 0.420 97.4

#60 1.0 2.0 2.0 0.250 95.4

#100 1.3 2.6 2.6 0.149 92.9

#200 1.4 2.8 2.8 0.074 90.1

Pan 45.5 90.8 90.1

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 48.5 18.0 -4.04 44.5 0.0644 88.7
1 45.0 18.0 -4.04 41.0 0.0471 81.7
2 40.0 18.0 -4.04 36.0 0.0348 71.7
4 34.0 18.0 -4.04 30.0 0.0259 59.7
8 29.0 18.0 -4.04 25.0 0.0190 49.8
15 23.5 18.0 -4.04 19.5 0.0144 38.8
30 20.0 18.0 -4.04 16.0 0.0104 31.8
60 17.0 18.0 -4.04 13.0 0.0075 25.9
120 14.0 18.0 -4.04 10.0 0.0054 19.9
240 13.0 18.0 -4.04 9.0 0.0038 17.9
360 12.0 18.0 -4.04 8.0 0.0032 15.9
1440 11.0 18.0 -4.04 7.0 0.0016 13.9
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core #15 
Depth: 1.3-1.6 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 15

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 1.3-1.6

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.3

Total Weight 289.5 Before Wash 50.1 Total -200 45.5

After Wash 4.9 Gs 2.67 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2"   12.7 100.0

3/8"   9.52 100.0

#4 1.1 0.4 0.4 4.76 99.6

#10 1.2 0.4 0.4 2.00 99.2

#20 0.1 0.2 0.2 0.840 99.0

#40 0.1 0.2 0.2 0.420 98.8

#60 0.1 0.2 0.2 0.250 98.6

#100 0.2 0.4 0.4 0.149 98.2

#200 1.3 2.6 2.6 0.074 95.6

Pan 45.5 90.8 90.1

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 51.0 18.0 -4.04 47.0 0.0618 92.6
1 46.0 18.0 -4.04 42.0 0.0460 82.7
2 42.0 18.0 -4.04 38.0 0.0337 74.8
4 37.0 18.0 -4.04 33.0 0.0249 65.0
8 29.0 18.0 -4.04 25.0 0.0187 49.2
15 23.5 18.0 -4.04 19.5 0.0142 38.4
30 20.0 18.0 -4.04 16.0 0.0103 31.5
60 17.0 18.0 -4.04 13.0 0.0074 25.6
120 14.0 18.0 -4.04 10.0 0.0053 19.6
240 13.0 18.0 -4.04 9.0 0.0038 17.7
360 12.0 18.0 -4.04 8.0 0.0031 15.7
1440 11.0 18.0 -4.04 7.0 0.0016 13.7
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core # 17
Depth: 0.45-1.0 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 17

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.45-1.0 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.4

Total Weight 203.6 Before Wash 50.0 Total -200 41.3

After Wash 9.1 Gs 2.57 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2" 7.1 3.5 3.5 12.7 96.5

3/8" 1.8 0.9 0.9 9.52 95.6

#4 5.0 2.5 2.5 4.76 93.2

#10 4.1 2.0 2.0 2.00 91.2

#20 1.8 3.6 3.3 0.840 87.9

#40 1.5 3.0 2.7 0.420 85.1

#60 1.5 3.0 2.7 0.250 82.4

#100 1.6 3.2 2.9 0.149 79.5

#200 2.3 4.6 4.2 0.074 75.3

Pan 41.3 82.6 75.3

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 44.0 18.0 -4.04 40.0 0.0683 74.3
1 42.0 18.0 -4.04 38.0 0.0492 70.5
2 39.0 18.0 -4.04 35.0 0.0357 65.0
4 35.0 18.0 -4.04 31.0 0.0261 57.5
8 30.0 18.0 -4.04 26.0 0.0192 48.2
15 25.0 18.0 -4.04 21.0 0.0145 39.0
30 20.0 18.0 -4.04 16.0 0.0106 29.7
60 16.0 18.0 -4.04 12.0 0.0077 22.2
120 13.5 18.0 -4.04 9.5 0.0055 17.6
240 12.5 18.0 -4.04 8.5 0.0039 15.7
360 11.5 17.0 -4.16 7.3 0.0032 13.6
1440 10.0 19.0 -4.16 5.8 0.0016 10.9
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core #18 
Depth: 0.5-0.9 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core  18

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.5-0.9 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.3

Total Weight 280.7 Before Wash 50.1 Total -200 48.8

After Wash 1.6 Gs 2.65 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2"   12.7 100.0

3/8" 0.9 0.3 0.3 9.52 99.7

#4 0.5 0.2 0.2 4.76 99.5

#10 0.4 0.1 0.1 2.00 99.4

#20 0.1 0.2 0.2 0.840 99.2

#40 0.1 0.2 0.2 0.420 99.0

#60 0.1 0.2 0.2 0.250 98.8

#100 0.2 0.4 0.4 0.149 98.4

#200 0.8 1.6 1.6 0.074 96.8

Pan 48.8 97.4 96.8

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 52.0 18.0 -4.04 48.0 0.0615 95.1
1 46.0 18.0 -4.04 42.0 0.0462 83.2
2 40.0 18.0 -4.04 36.0 0.0345 71.3
4 34.0 18.0 -4.04 30.0 0.0256 59.4
8 27.5 18.0 -4.04 23.5 0.0190 46.5
15 23.0 18.0 -4.04 19.0 0.0143 37.6
30 20.5 18.0 -4.04 16.5 0.0103 32.7
60 15.5 18.0 -4.04 11.5 0.0075 22.7
120 14.0 18.0 -4.04 10.0 0.0054 19.8
240 13.0 18.0 -4.04 9.0 0.0038 17.8
360 12.0 18.0 -4.04 8.0 0.0031 15.8
1440 10.5 18.0 -4.04 6.5 0.0016 12.8
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core # 20
Depth: 0.4-0.7 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 20

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.4-0.7 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.2

Total Weight 298.7 Before Wash 50.0 Total -200 47.7

After Wash 2.5 Gs 2.66 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2"   12.7 100.0

3/8"   9.52 100.0

#4 0.4 0.1 0.1 4.76 99.9

#10 2.1 0.7 0.7 2.00 99.2

#20 0.4 0.8 0.8 0.840 98.4

#40 0.2 0.4 0.4 0.420 98.0

#60 0.3 0.6 0.6 0.250 97.4

#100 0.4 0.8 0.8 0.149 96.6

#200 1.0 2.0 2.0 0.074 94.6

Pan 47.7 95.4 94.6

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 51.5 18.0 -4.04 47.5 0.0617 93.9
1 47.5 18.0 -4.04 43.5 0.0454 86.0
2 42.0 18.0 -4.04 38.0 0.0338 75.1
4 34.0 18.0 -4.04 30.0 0.0256 59.3
8 28.0 18.0 -4.04 24.0 0.0189 47.4
15 23.0 18.0 -4.04 19.0 0.0143 37.5
30 18.0 18.0 -4.04 14.0 0.0104 27.6
60 15.5 18.0 -4.04 11.5 0.0075 22.7
120 14.5 18.0 -4.04 10.5 0.0053 20.7
240 13.0 18.0 -4.04 9.0 0.0038 17.7
360 12.0 17.0 -4.16 7.8 0.0031 15.5
1440 10.0 19.0 -4.16 5.8 0.0016 11.6
3150

4590

5820

7080

Core 20 HYD.xls Golder Associates 24/03/2009



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

4 March 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-0004

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core # 23
Depth: 0.0-0.4 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 23

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.0-0.4

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.3

Total Weight 290.1 Before Wash 50.0 Total -200 45.9

After Wash 4.4 Gs 2.67 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4" 28.9 10.0 10.0 19.1 90.0

1/2" 3.8 1.3 1.3 12.7 88.7

3/8" 7.4 2.6 2.6 9.52 86.2

#4 2.0 0.7 0.7 4.76 85.5

#10 2.8 1.0 1.0 2.00 84.5

#20 0.5 1.0 0.8 0.840 83.7

#40 0.3 0.6 0.5 0.420 83.2

#60 0.5 1.0 0.8 0.250 82.3

#100 0.8 1.6 1.4 0.149 81.0

#200 2.0 4.0 3.4 0.074 77.6

Pan 45.9 91.8 77.6

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 49.0 18.0 -4.04 45.0 0.0631 75.7
1 46.5 18.0 -4.04 42.5 0.0457 71.5
2 41.5 18.0 -4.04 37.5 0.0339 63.0
4 35.0 18.0 -4.04 31.0 0.0253 52.1
8 28.0 18.0 -4.04 24.0 0.0188 40.3
15 25.5 18.0 -4.04 21.5 0.0140 36.1
30 20.0 18.0 -4.04 16.0 0.0103 26.9
60 18.0 18.0 -4.04 14.0 0.0074 23.5
120 15.0 18.0 -4.04 11.0 0.0053 18.5
240 13.5 18.0 -4.04 9.5 0.0038 15.9
360 12.0 17.0 -4.16 7.8 0.0031 13.2
1440 10.5 19.0 -4.16 6.3 0.0016 10.7
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Project: Dredge Feasibility
Esquimalt, BC
Core # 33
Depth: 0.66-0.9 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 33

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.66-0.9 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.8

Total Weight 835.5 Before Wash 75.0 Total -200 22.9

After Wash 52.9 Gs 2.77 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2" 88.0 10.5 10.5 12.7 89.5

3/8" 28.5 3.4 3.4 9.52 86.1

#4 74.5 8.9 8.9 4.76 77.1

#10 80.1 9.6 9.6 2.00 67.6

#20 5.9 7.9 5.3 0.840 62.2

#40 6.9 9.2 6.2 0.420 56.0

#60 12.9 17.2 11.6 0.250 44.4

#100 15.4 20.5 13.9 0.149 30.5

#200 11.0 14.7 9.9 0.074 20.6

Pan 22.9 30.5 20.6

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 27.0 18.0 -4.04 23.0 0.0737 20.2
1 24.0 18.0 -4.04 20.0 0.0532 17.5
2 22.5 18.0 -4.04 18.5 0.0380 16.2
4 19.5 18.0 -4.04 15.5 0.0274 13.6
8 18.0 18.0 -4.04 14.0 0.0196 12.3
15 17.0 18.0 -4.04 13.0 0.0144 11.4
30 16.0 18.0 -4.04 12.0 0.0102 10.5
60 14.5 18.0 -4.04 10.5 0.0073 9.2
120 13.0 18.0 -4.04 9.0 0.0052 7.9
240 12.0 18.0 -4.04 8.0 0.0037 7.0
360 11.0 17.0 -4.16 6.8 0.0030 6.0
1440 9.5 19.0 -4.16 5.3 0.0015 4.7
3150
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7080

Core 33 HYD.xls Golder Associates 02/03/2010
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core #36 
Depth: 1.1-1.6 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 36

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 1.1-1.6 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.6

Total Weight 306.5 Before Wash 50.1 Total -200 47.0

After Wash 3.7 Gs 2.67 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2"   12.7 100.0

3/8"   9.52 100.0

#4 1.3 0.4 0.4 4.76 99.6

#10 1.9 0.6 0.6 2.00 99.0

#20 0.2 0.4 0.4 0.840 98.6

#40 0.2 0.4 0.4 0.420 98.2

#60 0.5 1.0 1.0 0.250 97.2

#100 0.7 1.4 1.4 0.149 95.8

#200 1.5 3.0 3.0 0.074 92.8

Pan 47.0 93.8 92.8

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 50.0 18.0 -4.04 46.0 0.0625 90.4
1 46.0 18.0 -4.04 42.0 0.0460 82.5
2 41.0 18.0 -4.04 37.0 0.0340 72.7
4 38.0 18.0 -4.04 34.0 0.0247 66.8
8 32.0 18.0 -4.04 28.0 0.0183 55.0
15 26.0 18.0 -4.04 22.0 0.0140 43.2
30 20.0 18.0 -4.04 16.0 0.0103 31.4
60 15.5 18.0 -4.04 11.5 0.0075 22.5
120 13.0 18.0 -4.04 9.0 0.0054 17.6
240 12.0 18.0 -4.04 8.0 0.0038 15.7
360 11.0 18.0 -4.04 7.0 0.0031 13.7
1440 10.5 18.0 -4.04 6.5 0.0016 12.7
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Core 36 HYD.xls Golder Associates 24/03/2009
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core # 41
Depth: 0.35-0.7 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 41

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.35-0.7 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.2

Total Weight 270.2 Before Wash 50.0 Total -200 43.6

After Wash 6.6 Gs 2.64 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2" 1.6 0.6 0.6 12.7 99.4

3/8" 2.0 0.7 0.7 9.52 98.7

#4 3.9 1.4 1.4 4.76 97.2

#10 6.3 2.3 2.3 2.00 94.9

#20 1.0 2.0 1.9 0.840 93.0

#40 0.9 1.8 1.7 0.420 91.3

#60 0.8 1.6 1.5 0.250 89.8

#100 1.2 2.4 2.3 0.149 87.5

#200 2.5 5.0 4.7 0.074 82.7

Pan 43.6 87.2 82.7

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 47.0 18.0 -4.04 43.0 0.0650 81.7
1 42.0 18.0 -4.04 38.0 0.0481 72.2
2 35.0 18.0 -4.04 31.0 0.0361 58.9
4 31.0 18.0 -4.04 27.0 0.0263 51.3
8 26.0 18.0 -4.04 22.0 0.0193 41.8
15 23.0 18.0 -4.04 19.0 0.0144 36.1
30 20.0 18.0 -4.04 16.0 0.0104 30.4
60 17.5 18.0 -4.04 13.5 0.0074 25.6
120 15.0 18.0 -4.04 11.0 0.0053 20.9
240 14.0 18.0 -4.04 10.0 0.0038 19.0
360 12.5 17.0 -4.16 8.3 0.0031 15.9
1440 10.0 19.0 -4.16 5.8 0.0016 11.1
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Core 41 HYD.xls Golder Associates 02/03/2010
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core # 44
Depth: 0.05-0.4 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 44

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.05-0.4 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.3

Total Weight 269.0 Before Wash 50.0 Total -200 47.1

After Wash 3.2 Gs 2.57 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4"   19.1 100.0

1/2"   12.7 100.0

3/8"   9.52 100.0

#4 0.5 0.2 0.2 4.76 99.8

#10 0.2 0.1 0.1 2.00 99.7

#20 0.3 0.6 0.6 0.840 99.1

#40 0.3 0.6 0.6 0.420 98.5

#60 0.4 0.8 0.8 0.250 97.7

#100 0.5 1.0 1.0 0.149 96.7

#200 1.4 2.8 2.8 0.074 94.0

Pan 47.1 94.2 94.0

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 49.0 18.0 -4.04 45.0 0.0651 91.4
1 45.0 18.0 -4.04 41.0 0.0479 83.3
2 41.0 18.0 -4.04 37.0 0.0351 75.2
4 36.0 18.0 -4.04 32.0 0.0259 65.0
8 30.0 18.0 -4.04 26.0 0.0192 52.8
15 24.0 18.0 -4.04 20.0 0.0146 40.6
30 21.0 18.0 -4.04 17.0 0.0105 34.5
60 17.0 18.0 -4.04 13.0 0.0076 26.4
120 14.5 18.0 -4.04 10.5 0.0055 21.3
240 12.5 18.0 -4.04 8.5 0.0039 17.2
360 12.0 17.0 -4.16 7.8 0.0032 15.9
1440 10.5 19.0 -4.16 6.3 0.0016 12.9
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Core 44 HYD.xls Golder Associates 24/03/2009
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Client: PWGSC
Project: Dredge Feasibility
Esquimalt, BC
Core #50 
Depth: 0.7-1.0 m



PARTICLE SIZE ANALYSIS OF SOILS    ASTM D 422-63
Project No. : 09-1475-0004 Client  : PWGSC BH          : Core 50

Sch# 3600 Project : Dredge Feasibility Sample  :

Lab Work: DGM Location: Esquimalt, BC Depth   : 0.7-1.0 m

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.8

Total Weight 224.6 Before Wash 50.0 Total -200 41.7

After Wash 9.1 Gs 2.60 (assumed)

Size Weight   Retained Weight   Retained  % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6"   152.4 100.0

3"   76.2 100.0

1 1/2"   38.1 100.0

1"   25.4 100.0

3/4" 4.4 2.0 2.0 19.1 98.0

1/2" 0.0   12.7 98.0

3/8" 1.4 0.6 0.6 9.52 97.4

#4 0.7 0.3 0.3 4.76 97.1

#10 1.7 0.8 0.8 2.00 96.3

#20 0.5 1.0 1.0 0.840 95.4

#40 0.7 1.4 1.3 0.420 94.0

#60 1.1 2.2 2.1 0.250 91.9

#100 2.3 4.6 4.4 0.149 87.5

#200 3.7 7.4 7.1 0.074 80.4

Pan 41.7 83.4 80.4

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)

0.5 44.0 18.0 -4.04 40.0 0.0677 77.9
1 41.5 18.0 -4.04 37.5 0.0489 73.0
2 38.0 18.0 -4.04 34.0 0.0357 66.2
4 34.0 18.0 -4.04 30.0 0.0260 58.4
8 30.0 18.0 -4.04 26.0 0.0190 50.6
15 26.0 18.0 -4.04 22.0 0.0143 42.8
30 21.0 18.0 -4.04 17.0 0.0104 33.1
60 15.0 18.0 -4.04 11.0 0.0077 21.4
120 13.0 18.0 -4.04 9.0 0.0055 17.5
240 11.0 18.0 -4.04 7.0 0.0039 13.6
360 9.0 18.0 -4.04 5.0 0.0032 9.7
1440 8.0 18.0 -4.04 4.0 0.0016 7.7
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-101
Depth: 0.86-1.00 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/SA

DATE TESTED: 5-Aug-09 TESTED BY: DGM

Auger Hole SC09-101 Sample No. Depth   : .86-1.0

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.5
Total Weight 613.3 Before Wash 50.0 Total -200 48.1

After Wash 2.4 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 0.0 19.1 100.0
1/2" 0.0 0.0 0.0 12.7 100.0
3/8" 0.0 0.0 0.0 9.52 100.0
#4 0.1 0.0 0.0 4.76 100.0
#10 0.4 0.1 0.1 2.00 99.9
#20 0.4 0.8 0.8 0.840 99.1
#40 0.2 0.4 0.4 0.420 98.7
#60 0.2 0.4 0.4 0.250 98.3
#100 0.2 0.4 0.4 0.149 97.9
#200 0.9 1.8 1.8 0.074 96.1
Pan 48.1 96.2 96.1

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 44.0 24.0 -3.17 40.8 0.0648 80.7
1 40.0 24.0 -3.17 36.8 0.0475 72.8
2 35.5 24.0 -3.17 32.3 0.0349 63.9
4 29.0 24.0 -3.17 25.8 0.0259 51.1
8 24.0 24.0 -3.17 20.8 0.0190 41.2
15 20.0 24.0 -3.17 16.8 0.0142 33.3
30 17.0 24.0 -3.17 13.8 0.0102 27.3
60 13.0 24.0 -3.17 9.8 0.0074 19.4

120 11.0 24.0 -3.17 7.8 0.0053 15.5
240 9.0 24.5 -3.08 5.9 0.0038 11.7
360 8.0 25.0 -3.00 5.0 0.0031 9.9
1440 6.5 23.5 -3.00 3.5 0.0016 6.9

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

3 Sept 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-0026

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-102B
Depth: 0.66-0.86 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: PC/SA

DATE TESTED: 4-Aug-09 TESTED BY: DGM

Auger Hole SC09-102B Sample No. Depth  (m) : 0.66-0.86

1ST SIEVING Hydrometer: (Minus #10) Residual #200 1.0
Total Weight 396.7 Before Wash 75.0 Total -200 39.5

After Wash 36.5 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 2.7 0.7 0.7 19.1 99.3
1/2" 13.7 3.5 3.5 12.7 95.9
3/8" 10.5 2.6 2.6 9.52 93.2
#4 28.8 7.3 7.3 4.76 86.0
#10 38.6 9.7 9.7 2.00 76.2
#20 10.9 14.6 11.1 0.840 65.1
#40 6.0 8.0 6.1 0.420 59.0
#60 4.5 6.0 4.6 0.250 54.4
#100 5.5 7.3 5.6 0.149 48.8
#200 8.6 11.4 8.7 0.074 40.1
Pan 39.5 52.7 40.2

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 38.0 23.5 -3.25 34.8
1 33.5 23.5 -3.25 30.3 0.0502 30.4
2 30.0 23.5 -3.25 26.8 0.0364 26.9
4 26.0 23.5 -3.25 22.8 0.0265 22.9
8 23.0 23.5 -3.25 19.8 0.0191 19.8
15 20.5 23.5 -3.25 17.3 0.0142 17.3
30 17.0 24.0 -3.17 13.8 0.0102 13.9
60 14.0 24.0 -3.17 10.8 0.0074 10.9

120 12.0 24.0 -3.17 8.8 0.0053 8.9
240 10.0 23.0 -3.33 6.7 0.0038 6.7
360 9.5 24.5 -3.08 6.4 0.0031 6.4
1440 7.5 23.0 -3.08 4.4 0.0016 4.4

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

3 Sept 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-0026

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-105
Depth:1.60-1.75 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/SA

DATE TESTED: 6-Aug-09 TESTED BY: DGM

Auger Hole SC09-105 Sample No. Depth  (m) : 1.60-1.75

1ST SIEVING Hydrometer: (Minus #10) Residual #200 1.3
Total Weight 716.1 Before Wash 50.0 Total -200 45.8

After Wash 5.5 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 8.3 1.2 1.2 25.4 98.8

3/4" 0.0 0.0 0.0 19.1 98.8
1/2" 2.1 0.3 0.3 12.7 98.5
3/8" 3.8 0.5 0.5 9.52 98.0
#4 6.5 0.9 0.9 4.76 97.1
#10 7.2 1.0 1.0 2.00 96.1
#20 0.4 0.8 0.8 0.840 95.3
#40 0.3 0.6 0.6 0.420 94.8
#60 0.5 1.0 1.0 0.250 93.8
#100 0.5 1.0 1.0 0.149 92.8
#200 2.5 5.0 4.8 0.074 88.0
Pan 45.8 91.6 88.0

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 46.5 23.0 -3.33 43.2 0.0635 82.0
1 41.0 23.0 -3.33 37.7 0.0472 71.6
2 35.0 23.0 -3.33 31.7 0.0351 60.2
4 30.0 23.0 -3.33 26.7 0.0258 50.7
8 26.0 23.0 -3.33 22.7 0.0188 43.1
15 22.0 23.0 -3.33 18.7 0.0141 35.5
30 17.0 23.0 -3.33 13.7 0.0103 26.0
60 14.0 22.0 -3.48 10.5 0.0074 20.0

120 12.0 22.0 -3.48 8.5 0.0053 16.2
240 10.0 23.0 -3.33 6.7 0.0038 12.7
360 9.5 23.5 -3.25 6.3 0.0031 11.9
1440 7.5 23.0 -3.25 4.3 0.0016 8.1

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

3 Sept 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-0026

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-109
Depth:1.20-1.40 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/SA

DATE TESTED: 6-Aug-09 TESTED BY: DGM

Auger Hole SC09-109 Sample No. Depth  (m) : 1.20-1.40

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.3
Total Weight 640.8 Before Wash 50.0 Total -200 48.7

After Wash 1.6 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 0.0 19.1 100.0
1/2" 0.0 0.0 0.0 12.7 100.0
3/8" 0.7 0.1 0.1 9.52 99.9
#4 3.0 0.5 0.5 4.76 99.4
#10 5.1 0.8 0.8 2.00 98.6
#20 0.1 0.2 0.2 0.840 98.4
#40 0.1 0.2 0.2 0.420 98.2
#60 0.2 0.4 0.4 0.250 97.8
#100 0.2 0.4 0.4 0.149 97.4
#200 0.7 1.4 1.4 0.074 96.1
Pan 48.7 97.4 96.1

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 49.0 23.0 -3.33 45.7 0.0619 89.0
1 46.0 23.0 -3.33 42.7 0.0451 83.2
2 40.5 23.0 -3.33 37.2 0.0335 72.5
4 34.5 23.0 -3.33 31.2 0.0249 60.8
8 28.0 23.0 -3.33 24.7 0.0185 48.1
15 21.0 23.0 -3.33 17.7 0.0142 34.4
30 17.5 23.0 -3.33 14.2 0.0102 27.6
60 15.0 22.0 -3.48 11.5 0.0074 22.4

120 13.0 22.0 -3.48 9.5 0.0053 18.5
240 11.5 23.0 -3.33 8.2 0.0038 15.9
360 10.5 23.5 -3.25 7.3 0.0031 14.1
1440 9.0 23.0 -3.25 5.8 0.0016 11.2

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-111B
Depth: 0-66 - 0.96 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/SA

DATE TESTED: 5-Aug-09 TESTED BY: DGM

Auger Hole SC09-111B Sample No. Depth   : 0.66-0.96

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.9
Total Weight 1058.3 Before Wash 75.0 Total -200 69.0

After Wash 6.9 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 77.2 7.3 7.3 25.4 92.7

3/4" 0.0 0.0 0.0 19.1 92.7
1/2" 13.7 1.3 1.3 12.7 91.4
3/8" 2.3 0.2 0.2 9.52 91.2
#4 12.2 1.2 1.2 4.76 90.0
#10 6.8 0.6 0.6 2.00 89.4
#20 0.7 0.9 0.8 0.840 88.6
#40 0.7 0.9 0.8 0.420 87.7
#60 0.7 0.9 0.8 0.250 86.9
#100 1.1 1.5 1.4 0.149 85.5
#200 2.8 3.7 3.3 0.074 82.2
Pan 69.0 91.9 82.2

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 68.0 24.0 -3.17 64.8 0.0484 76.4
1 59.0 24.0 -3.17 55.8 0.0390 65.8
2 52.0 24.0 -3.17 48.8 0.0299 57.6
4 46.5 24.0 -3.17 43.3 0.0224 51.1
8 40.0 24.0 -3.17 36.8 0.0168 43.4
15 32.5 24.0 -3.17 29.3 0.0130 34.6
30 28.5 24.0 -3.17 25.3 0.0095 29.9
60 21.0 24.0 -3.17 17.8 0.0071 21.0

120 16.5 24.0 -3.17 13.3 0.0051 15.7
240 14.0 24.5 -3.08 10.9 0.0037 12.9
360 13.0 25.0 -3.00 10.0 0.0030 11.8
1440 11.0 23.5 -3.00 8.0 0.0015 9.4

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-121
Depth: 1.1-1.3 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 27-Jul-09 SAMPLED BY: MA-AK

DATE TESTED: 4-Aug-09 TESTED BY: DGM

Auger Hole SC09-121 Sample No. Depth  (m) : 1.10-1.30

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.4
Total Weight 773.6 Before Wash 75.0 Total -200 17.1

After Wash 58.3 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 26.1 3.4 3.4 25.4 96.6

3/4" 3.8 0.5 0.5 19.1 96.1
1/2" 67.9 8.8 8.8 12.7 87.4
3/8" 55.8 7.2 7.2 9.52 80.1
#4 111.3 14.4 14.4 4.76 65.8
#10 98.2 12.7 12.7 2.00 53.1
#20 11.2 14.9 7.9 0.840 45.1
#40 10.8 14.4 7.6 0.420 37.5
#60 14.9 19.9 10.5 0.250 27.0
#100 13.8 18.4 9.8 0.149 17.2
#200 7.2 9.6 5.1 0.074 12.1
Pan 17.1 22.8 12.1

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 23.5 -3.25 -3.2
1 17.0 23.5 -3.25 13.8 0.0562 9.6
2 16.5 23.5 -3.25 13.3 0.0398 9.3
4 15.0 23.5 -3.25 11.8 0.0284 8.2
8 13.5 23.5 -3.25 10.3 0.0203 7.2
15 12.0 23.5 -3.25 8.8 0.0149 6.1
30 11.0 24.0 -3.17 7.8 0.0106 5.5
60 10.5 24.0 -3.17 7.3 0.0075 5.1

120 9.5 24.0 -3.17 6.3 0.0054 4.4
240 9.0 23.0 -3.33 5.7 0.0038 4.0
360 7.5 24.5 -3.08 4.4 0.0031 3.1
1440 7.0 23.0 -3.08 3.9 0.0016 2.7

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-125
Depth: 0.75-0.91 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/RPC

DATE TESTED: 6-Aug-09 TESTED BY: DGM

Auger Hole SC09-125 Sample No. Depth  (m) : 0.75-0.91

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.2
Total Weight 663.9 Before Wash 50.0 Total -200 48.9

After Wash 1.3 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 14.2 2.1 2.1 25.4 97.9

3/4" 2.5 0.4 0.4 19.1 97.5
1/2" 1.0 0.2 0.2 12.7 97.3
3/8" 1.0 0.2 0.2 9.52 97.2
#4 2.1 0.3 0.3 4.76 96.9
#10 2.4 0.4 0.4 2.00 96.5
#20 0.1 0.2 0.2 0.840 96.3
#40 0.1 0.2 0.2 0.420 96.1
#60 0.1 0.2 0.2 0.250 95.9
#100 0.1 0.2 0.2 0.149 95.7
#200 0.7 1.4 1.3 0.074 94.4
Pan 48.9 97.8 94.4

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 50.0 23.0 -3.33 46.7
1 44.0 23.0 -3.33 40.7 0.0460 77.6
2 40.5 23.0 -3.33 37.2 0.0335 70.9
4 34.0 23.0 -3.33 30.7 0.0250 58.5
8 27.5 23.0 -3.33 24.2 0.0186 46.1
15 21.0 23.0 -3.33 17.7 0.0142 33.7
30 19.0 23.0 -3.33 15.7 0.0101 29.9
60 16.0 22.0 -3.48 12.5 0.0073 23.9

120 13.0 22.0 -3.48 9.5 0.0053 18.1
240 12.0 23.0 -3.33 8.7 0.0037 16.5
360 11.0 23.5 -3.25 7.8 0.0031 14.8
1440 9.0 23.0 -3.25 5.8 0.0016 11.0

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-128
Depth: 0.56-0.80 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/SA

DATE TESTED: 5-Aug-09 TESTED BY: DGM

Auger Hole SC09-128 Sample No. Depth   : 0.56-.080

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.7
Total Weight 288.8 Before Wash 50.0 Total -200 45.6

After Wash 5.1 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 0.0 19.1 100.0
1/2" 0.0 0.0 0.0 12.7 100.0
3/8" 2.1 0.7 0.7 9.52 99.3
#4 0.3 0.1 0.1 4.76 99.2
#10 0.2 0.1 0.1 2.00 99.1
#20 0.2 0.4 0.4 0.840 98.7
#40 0.2 0.4 0.4 0.420 98.3
#60 0.4 0.8 0.8 0.250 97.5
#100 0.9 1.8 1.8 0.149 95.7
#200 2.7 5.4 5.4 0.074 90.4
Pan 45.6 91.2 90.4

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 47.0 24.0 -3.17 43.8 0.0630 85.9
1 44.0 24.0 -3.17 40.8 0.0459 80.0
2 39.0 24.0 -3.17 35.8 0.0339 70.2
4 33.5 24.0 -3.17 30.3 0.0250 59.5
8 28.0 24.0 -3.17 24.8 0.0184 48.7
15 24.5 24.0 -3.17 21.3 0.0138 41.8
30 18.5 24.0 -3.17 15.3 0.0101 30.1
60 14.0 24.0 -3.17 10.8 0.0074 21.2

120 10.5 24.0 -3.17 7.3 0.0053 14.4
240 9.0 24.5 -3.08 5.9 0.0038 11.6
360 8.5 25.0 -3.00 5.5 0.0031 10.8
1440 7.5 23.5 -3.00 4.5 0.0016 8.8

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-130
Depth: 2.66-2.81 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/RPC

DATE TESTED: 6-Aug-09 TESTED BY: DGM

Auger Hole SC09-130 Sample No. Depth  (m) : 2.66-2.81

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.5
Total Weight 775.6 Before Wash 50.0 Total -200 43.9

After Wash 6.6 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 0.0 19.1 100.0
1/2" 6.0 0.8 0.8 12.7 99.2
3/8" 0.0 0.0 0.0 9.52 99.2
#4 0.7 0.1 0.1 4.76 99.1
#10 4.1 0.5 0.5 2.00 98.6
#20 0.3 0.6 0.6 0.840 98.0
#40 0.5 1.0 1.0 0.420 97.0
#60 1.0 2.0 2.0 0.250 95.1
#100 1.7 3.4 3.3 0.149 91.7
#200 3.1 6.2 6.1 0.074 85.6
Pan 43.9 87.8 86.6

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 46.5 23.0 -3.33 43.2 0.0635 84.1
1 44.5 23.0 -3.33 41.2 0.0458 80.2
2 42.5 23.0 -3.33 39.2 0.0329 76.3
4 41.0 23.0 -3.33 37.7 0.0236 73.4
8 39.5 23.0 -3.33 36.2 0.0169 70.5
15 38.0 23.0 -3.33 34.7 0.0125 67.6
30 36.0 23.0 -3.33 32.7 0.0090 63.7
60 34.0 22.0 -3.48 30.5 0.0065 59.5

120 31.0 22.0 -3.48 27.5 0.0047 53.6
240 28.0 23.0 -3.33 24.7 0.0034 48.1
360 27.5 23.5 -3.25 24.3 0.0028 47.3
1440 23.0 23.0 -3.25 19.8 0.0014 38.5

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

3 Sept 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-0026

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-132
Depth:1.55-1.68 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/SA

DATE TESTED: 5-Aug-09 TESTED BY: DGM

Auger Hole SC09-132 Sample No. Depth   : 1.55-1.68

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.4
Total Weight 327.7 Before Wash 50.0 Total -200 47.6

After Wash 2.8 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 0.0 19.1 100.0
1/2" 0.0 0.0 0.0 12.7 100.0
3/8" 0.0 0.0 0.0 9.52 100.0
#4 0.7 0.2 0.2 4.76 99.8
#10 0.9 0.3 0.3 2.00 99.5
#20 0.2 0.4 0.4 0.840 99.1
#40 0.1 0.2 0.2 0.420 98.9
#60 0.2 0.4 0.4 0.250 98.5
#100 0.4 0.8 0.8 0.149 97.7
#200 1.5 3.0 3.0 0.074 94.7
Pan 47.6 95.2 94.7

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 51.0 24.0 -3.17 47.8 0.0605 94.1
1 49.0 24.0 -3.17 45.8 0.0437 90.2
2 48.0 24.0 -3.17 44.8 0.0312 88.2
4 47.0 24.0 -3.17 43.8 0.0223 86.3
8 44.5 24.0 -3.17 41.3 0.0161 81.4
15 42.5 24.0 -3.17 39.3 0.0120 77.4
30 40.0 24.0 -3.17 36.8 0.0087 72.5
60 37.5 24.0 -3.17 34.3 0.0063 67.6

120 34.0 24.0 -3.17 30.8 0.0046 60.7
240 31.0 24.5 -3.08 27.9 0.0033 54.9
360 29.5 25.0 -3.00 26.5 0.0027 52.2
1440 26.0 23.5 -3.00 23.0 0.0014 45.3

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-134
Depth: 0.70-0.90 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/SA

DATE TESTED: 5-Aug-09 TESTED BY: DGM

Auger Hole SC09-134 Sample No. Depth (m)  : 0.70-0.90

1ST SIEVING Hydrometer: (Minus #10) Residual #200 1.8
Total Weight 564.9 Before Wash 75.0 Total -200 21.8

After Wash 55.0 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 6.9 1.2 1.2 19.1 98.8
1/2" 36.8 6.5 6.5 12.7 92.3
3/8" 24.5 4.3 4.3 9.52 87.9
#4 49.9 8.8 8.8 4.76 79.1
#10 51.1 9.0 9.0 2.00 70.0
#20 6.7 8.9 6.3 0.840 63.8
#40 2.5 3.3 2.3 0.420 61.5
#60 5.0 6.7 4.7 0.250 56.8
#100 16.7 22.3 15.6 0.149 41.2
#200 22.3 29.7 20.8 0.074 20.3
Pan 21.8 29.1 20.4

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 25.0 24.0 -3.17 21.8
1 20.0 24.0 -3.17 16.8 0.0551 15.5
2 18.0 24.0 -3.17 14.8 0.0394 13.7
4 16.0 24.0 -3.17 12.8 0.0282 11.9
8 15.0 24.0 -3.17 11.8 0.0201 10.9
15 13.5 24.0 -3.17 10.3 0.0148 9.5
30 12.0 24.0 -3.17 8.8 0.0106 8.2
60 10.5 24.0 -3.17 7.3 0.0075 6.8

120 9.0 24.0 -3.17 5.8 0.0054 5.4
240 8.5 24.5 -3.08 5.4 0.0038 5.0
360 8.0 25.0 -3.00 5.0 0.0031 4.6
1440 7.0 23.5 -3.00 4.0 0.0016 3.7

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-135A
Depth: 0.60-0.90 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 27-Jul-09 SAMPLED BY: MA-AK

DATE TESTED: 4-Aug-09 TESTED BY: DGM

Auger Hole SC09-135A Sample No. Depth  (m) : 0.60-0.90

1ST SIEVING Hydrometer: (Minus #10) Residual #200 1.5
Total Weight 468.6 Before Wash 50.0 Total -200 22.0

After Wash 29.5 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 2.8 0.6 0.6 19.1 99.4
1/2" 13.1 2.8 2.8 12.7 96.6
3/8" 1.5 0.3 0.3 9.52 96.3
#4 7.6 1.6 1.6 4.76 94.7
#10 19.4 4.1 4.1 2.00 90.5
#20 1.0 2.0 1.8 0.840 88.7
#40 1.2 2.4 2.2 0.420 86.5
#60 1.9 3.8 3.4 0.250 83.1
#100 8.5 17.0 15.4 0.149 67.7
#200 15.4 30.8 27.9 0.074 39.8
Pan 22.0 44.0 39.8

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 24.0 23.5 -3.25 20.8
1 20.5 23.5 -3.25 17.3 0.0550 30.9
2 18.5 23.5 -3.25 15.3 0.0394 27.3
4 16.5 23.5 -3.25 13.3 0.0282 23.7
8 15.0 23.5 -3.25 11.8 0.0201 21.0
15 14.0 23.5 -3.25 10.8 0.0148 19.2
30 12.5 24.0 -3.17 9.3 0.0105 16.7
60 11.0 24.0 -3.17 7.8 0.0075 14.0

120 10.5 24.0 -3.17 7.3 0.0053 13.1
240 8.0 23.0 -3.33 4.7 0.0038 8.4
360 7.5 24.5 -3.08 4.4 0.0031 7.9
1440 6.0 23.0 -3.08 2.9 0.0016 5.2

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

3 Sept 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-0026

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-138
Depth: 0.65-0.79 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 27-Jul-09 SAMPLED BY: MA-AK

DATE TESTED: 4-Aug-09 TESTED BY: DGM

Auger Hole SC09-138 Sample No. Depth  (m) : 0.65-0.79

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.5
Total Weight 464.6 Before Wash 50.1 Total -200 48.6

After Wash 2.0 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 0.0 19.1 100.0
1/2" 0.6 0.1 0.1 12.7 99.9
3/8" 0.0 0.0 0.0 9.52 99.9
#4 1.0 0.2 0.2 4.76 99.7
#10 1.0 0.2 0.2 2.00 99.4
#20 0.1 0.3 0.3 0.840 99.2
#40 0.1 0.2 0.2 0.420 98.9
#60 0.2 0.4 0.4 0.250 98.5
#100 0.2 0.3 0.3 0.149 98.2
#200 0.8 1.7 1.7 0.074 96.5
Pan 48.6 97.1 96.5

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 46.0 23.5 -3.25 42.8 0.0637 84.0
1 41.0 23.5 -3.25 37.8 0.0472 74.2
2 33.5 23.5 -3.25 30.3 0.0355 59.4
4 27.0 23.5 -3.25 23.8 0.0263 46.7
8 23.0 23.5 -3.25 19.8 0.0191 38.8
15 18.0 23.5 -3.25 14.8 0.0144 29.0
30 16.5 24.0 -3.17 13.3 0.0103 26.2
60 14.0 24.0 -3.17 10.8 0.0074 21.3

120 11.5 24.0 -3.17 8.3 0.0053 16.4
240 10.0 23.0 -3.33 6.7 0.0038 13.1
360 9.0 24.5 -3.08 5.9 0.0031 11.6
1440 7.5 23.0 -3.08 4.4 0.0016 8.7

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-139
Sample: sa1
Depth: 0.28-0.54 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 27-Jul-09 SAMPLED BY: MA-AK

DATE TESTED: 4-Aug-09 TESTED BY: DGM

Auger Hole SC09-139 Sample No. sa1 Depth  (m) : 0.28-0.54

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.5
Total Weight 131.3 Before Wash 50.0 Total -200 47.7

After Wash 2.9 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 0.0 0.0 0.0 19.1 100.0
1/2" 0.0 0.0 0.0 12.7 100.0
3/8" 0.0 0.0 0.0 9.52 100.0
#4 0.0 0.0 0.0 4.76 100.0
#10 0.1 0.1 0.1 2.00 99.9
#20 0.1 0.2 0.2 0.840 99.7
#40 0.2 0.3 0.3 0.420 99.4
#60 0.2 0.4 0.4 0.250 99.0
#100 0.4 0.8 0.8 0.149 98.2
#200 1.5 2.9 2.9 0.074 95.2
Pan 47.7 95.3 95.2

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 47.0 23.5 -3.25 43.8 0.0631 86.5
1 41.0 23.5 -3.25 37.8 0.0472 74.6
2 37.0 23.5 -3.25 33.8 0.0345 66.7
4 31.0 23.5 -3.25 27.8 0.0256 54.8
8 26.0 23.5 -3.25 22.8 0.0187 45.0
15 23.5 23.5 -3.25 20.3 0.0139 40.0
30 17.5 24.0 -3.17 14.3 0.0102 28.3
60 12.0 24.0 -3.17 8.8 0.0075 17.5

120 10.0 24.0 -3.17 6.8 0.0053 13.5
240 9.0 23.0 -3.33 5.7 0.0038 11.2
360 8.0 24.5 -3.08 4.9 0.0031 9.7
1440 7.5 23.0 -3.08 4.4 0.0016 8.7

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-139
Sample: SA2
Depth: 1.45-1.55 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/RPC

DATE TESTED: 6-Aug-09 TESTED BY: DGM

Auger Hole SC09-139 Sample No. SA2 Depth  (m) : 1.45-1.55

1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.2
Total Weight 204.5 Before Wash 50.0 Total -200 49.1

After Wash 1.1 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 8.5 4.2 4.2 19.1 95.8
1/2" 4.2 2.1 2.1 12.7 93.8
3/8" 1.3 0.6 0.6 9.52 93.2
#4 4.0 2.0 2.0 4.76 91.2
#10 2.0 1.0 1.0 2.00 90.2
#20 0.1 0.2 0.2 0.840 90.0
#40 0.1 0.2 0.2 0.420 89.9
#60 0.1 0.2 0.2 0.250 89.7
#100 0.1 0.2 0.2 0.149 89.5
#200 0.5 1.0 0.9 0.074 88.6
Pan 49.1 98.2 88.6

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 50.0 23.0 -3.33 46.7 0.0613 83.2
1 46.0 23.0 -3.33 42.7 0.0451 76.1
2 42.5 23.0 -3.33 39.2 0.0329 69.8
4 36.5 23.0 -3.33 33.2 0.0245 59.1
8 29.5 23.0 -3.33 26.2 0.0183 46.7
15 25.0 23.0 -3.33 21.7 0.0138 38.6
30 21.5 23.0 -3.33 18.2 0.0100 32.4
60 18.0 22.0 -3.48 14.5 0.0072 25.9

120 15.0 22.0 -3.48 11.5 0.0052 20.5
240 13.5 23.0 -3.33 10.2 0.0037 18.1
360 12.5 23.5 -3.25 9.3 0.0030 16.5
1440 10.0 23.0 -3.25 6.8 0.0015 12.0

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470



USCS   GRAIN   SIZE   SCALE

100 10 1.0 0.1 0.01 0.001 0.0001

24 12  6  3  4 10 20 40 60 100 2003/8

Size  of  opening ,  inches                          U. S. S.  sieve  size ,  meshes  /  inch

1 1/2 3/4

3 Sept 09 Figure

Project No. ......................
Drawn ..............................
Reviewed .........................
Date .................................

09-1475-0026

GRAIN SIZE DISTRIBUTION

BOULDER   COBBLE
   SIZE            SIZE   GRAVEL   SIZE                           SAND   SIZE                                       FINE    GRAINED

GRAIN   SIZE  ,  mm

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0
P

E
R

C
E

N
T

  F
IN

E
R

  T
H

A
N

DGM

Client: PWGSC
Project: EGD Waterlot – PSI/DSI
Esquimalt, BC
Core 09-139
Sample: SA3
Depth: 3.35-3.49 m



PROJECT: EGD Waterlot – PSI/DSI

PROJECT NUMBER: 09-1475-0026

DATE SAMPLED: 23-Jul-09 SAMPLED BY: MS/RPC

DATE TESTED: 6-Aug-09 TESTED BY: DGM

Auger Hole SC09-139 Sample No. SA3 Depth  (m) : 3.35-3.49

1ST SIEVING Hydrometer: (Minus #10) Residual #200 1.6
Total Weight 204.5 Before Wash 50.0 Total -200 40.7

After Wash 10.9 Gs 2.70 (assumed)

Size Weight   Retained Weight  Retained % Retained Diameter % Passing
(USS) Retained (%) Retained (%) Total (mm)

100.0
6" 0.0 0.0 152.4 100.0
3" 0.0 0.0 76.2 100.0

1 1/2" 0.0 0.0 38.1 100.0
1" 0.0 0.0 0.0 25.4 100.0

3/4" 9.2 4.5 4.5 19.1 95.5
1/2" 17.2 8.4 8.4 12.7 87.1
3/8" 3.2 1.6 1.6 9.52 85.5
#4 13.9 6.8 6.8 4.76 78.7
#10 6.6 3.2 3.2 2.00 75.5
#20 0.1 0.2 0.2 0.840 75.4
#40 0.3 0.6 0.5 0.420 74.9
#60 0.7 1.4 1.1 0.250 73.8
#100 1.9 3.8 2.9 0.149 71.0
#200 6.3 12.6 9.5 0.074 61.5
Pan 40.7 81.4 61.5

HYDROMETER ANALYSIS

PARTICLE SIZE ANALYSIS OF SOILS
ASTM D 4318-93

HYDROMETER ANALYSIS
Time Hydrometer Temperature Composite Hydrometer Diameter % Passing
(min) Reading (oC) Correction Corrected (mm)
0.5 40.0 23.0 -3.33 36.7 0.0674 54.7
1 36.0 23.0 -3.33 32.7 0.0492 48.7
2 28.5 23.0 -3.33 25.2 0.0369 37.6
4 25.0 23.0 -3.33 21.7 0.0267 32.3
8 21.5 23.0 -3.33 18.2 0.0193 27.1
15 19.0 23.0 -3.33 15.7 0.0143 23.4
30 16.0 23.0 -3.33 12.7 0.0103 18.9
60 14.0 22.0 -3.48 10.5 0.0074 15.7

120 12.5 22.0 -3.48 9.0 0.0053 13.5
240 11.0 23.0 -3.33 7.7 0.0038 11.4
360 10.0 23.5 -3.25 6.8 0.0031 10.1
1440 9.5 23.0 -3.25 6.3 0.0015 9.3

Reported by: Reviewed by:

Notice: The test data given herein pertain to the sample provided, and may not be applicable to material from other zones/depths.  This report constitutes a testing 
service only.  Interpretation of the data given here may be provided upon request.

2640 Douglas St. Victoria, BC, V8T 4M1, Tel: 250-881-7372, Fax: 250-881-7470
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Esquimalt Graving Dock Summary of Geotechnical Index Test Results 09‐1475‐5008

From To Avg
Plastic 

Limit (%)
Liquid 

Limit (%)
Plasticity 
Index (%)

Liquidity 
Index

Gravel 
(>4.75 mm)

Sand        
(4.75 - 0.075 

mm)

Fines (<0.075 
mm)

Clay-Size 
Fraction 

(<0.002 mm)
GBH09-01 G1 4.11 4.27 4.19 107.8 53 134 80 0.7

GBH09-01 G2 4.42 4.57 4.50 23.2

GBH09-01 G3 4.72 4.88 4.80 38.6 19 43 24 0.8

GBH09-01 G4 5.49 5.64 5.56 30.4

GBH09-01 G6 6.63 6.78 6.71 44.3 30 47 17 0.8

GBH09-01 G8 8.00 8.15 8.08 23.2

GBH09-01 G10 8.84 8.99 8.92 27.5 17 38 21 0.5

GBH09-01 G11 9.60 9.75 9.68 29.3

GBH09-01 G13 10.82 10.97 10.90 21.3

GBH09-01 G15 12.04 12.19 12.12 26.9 15 29 14 0.9

GBH09-01 G17 13.87 14.02 13.94 34.7

GBH09-01 G18 15.09 15.24 15.16 30.6

GBH09-01 G20 16.31 16.46 16.38 34.9 18 38 20 0.8

GBH09-01 G21 17.68 17.83 17.75 32.7

GBH09-01 G24 19.51 19.66 19.58 31.9

GBH09-01 G28 24.54 24.69 24.61 34.6

GBH09-01 G30 27.43 27.58 27.51 33.3

GBH09-01 G33 30.33 30.48 30.40 27.6

GBH09-01 G36 33.07 33.22 33.15 32.6

GBH09-01 G39 35.97 36.12 36.04 29.3

GBH09-01 G40 36.73 36.88 36.80 9.0 28 52 20

GBH09-01 G42 37.34 37.49 37.41 27.5 16 45 40

GBH09-01 G45 38.71 38.86 38.79 4.4 50 25 26

GBH09-01 G47 41.30 41.45 41.38 7.0 24 36 41

GBH09-01 G49 44.65 44.81 44.73 7.2 32 42 27 5

GBH09-01 G52 46.94 47.09 47.02 8.8 30 31 39 16

GBH09-02 G3 8.38 8.53 8.46 28.1 17 37 20 0.6

GBH09-02 G4 8.99 9.14 9.07 27.8

GBH09-02 G5 9.75 9.91 9.83 32.9 26 42 16 0.4

GBH09-02 G6 10.97 11.13 11.05 32.0

GBH09-02 G8 12.80 12.95 12.88 34.9

GBH09-02 G10 15.09 15.24 15.16 36.0

GBH09-02 G11 17.53 17.68 17.60 36.7

GBH09-02 G14 22.10 22.25 22.17 34.2

GBH09-02 G16 24.69 24.84 24.77 31.9

GBH09-02 G17 27.13 27.28 27.20 33.4

GBH09-03 G1 4.57 4.72 4.65 27.3 16 36 20 0.6

GBH09-03 G2 7.32 7.47 7.39 17.5 17 35 18

GBH09-04 G1 2.29 2.44 2.36 24.6 15 31 16 0.6

GBH09-04 G2 3.20 3.35 3.28 31.0 18 36 18 0.8

GBH09-04 G3 4.42 4.57 4.50 34.1

GBH09-04 G5 5.49 5.79 5.64 32.6

GBH09-04 G6 7.16 7.32 7.24 28.6 17 35 18 0.6

GBH09-04 G8 9.45 9.60 9.53 32.6

GBH09-04 G10 11.28 11.43 11.35 29.9

GBH09-04 G12 13.72 13.87 13.79 32.7

GBH09-04 G14 16.31 16.46 16.38 33.3

GBH09-04 G16 18.29 18.44 18.36 33.3

GBH09-04 G17 19.51 19.66 19.58 19.4

GBH09-04 G18 20.12 20.27 20.19 11.9 62 13 25 10

GBH09-04 G20 21.03 21.18 21.11 31.7

GBH09-04 G21 22.25 22.40 22.33 28.8

GBH09-04 G23 23.77 23.93 23.85 1.2 2 45 53 19

GBH09-04 G26 26.21 26.37 26.29 10.1 5 40 55 20

GBH09-10 G1 4.72 4.88 4.80 21.0 16 19 3 1.7 3 48 49 10

GBH09-10 G2 5.33 5.49 5.41 19.1

GBH09-10 G3 6.55 6.71 6.63 33.4 17 37 20 0.8

GBH09-10 G5 8.99 9.14 9.07 38.2

GBH09-13 G2 2.90 3.05 2.97 30.1 26 42 16

GBH09-14 G2 2.13 2.29 2.21 44.1 30 51 21 0.7

GBH09-14 G4 3.81 3.96 3.89 33.7 16 30 15 1.2

GBH09-14 G5 5.33 5.49 5.41 26.5 16 31 15 0.7

GBH09-14 G6 7.32 7.47 7.39 29.4

GBH09-15 G1 2.44 2.59 2.51 22 40 39 10

GBH09-16 G1 0.91 1.07 0.99 74 18 8

GBH09-16 G2 1.98 2.13 2.06 56 17 27

GBH09-18 G1 0.76 0.91 0.84 13 32 55 17

GBH09-18 G3 3.05 3.20 3.12 77 15 8

GBH09-19 G1 1.68 1.83 1.75 39 40 21

GBH09-19 G2 3.05 3.20 3.12 18.1 15 31 16 0.2

GBH09-19 G3 5.03 5.18 5.11 27.2

GBH09-19 G4 6.25 6.40 6.32 27.4

GBH09-20 G1 2.13 2.29 2.21 24.3 7 20 73 10

GBH09-20 G2 3.66 3.81 3.73 27.4 17 38 21 0.5

GBH09-20 G3 4.88 5.03 4.95 22.3

GBH09-20 G5 6.25 6.37 6.31 30.4

GBH09-20 G7 8.75 8.87 8.81 37.2 19 42 23 0.8

Measured 
Bulk 

Density 

(kg/m3)

Borehole ID
Water 

Content 
(%)

Grain Size Distribution (in %)
Sample 
Number

Sample Depth  (m) Atterberg LimitsTotal 
Organic 
Carbon

 (%)
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Esquimalt Graving Dock Summary of Geotechnical Index Test Results 09‐1475‐5008

From To Avg
Plastic 

Limit (%)
Liquid 

Limit (%)
Plasticity 
Index (%)

Liquidity 
Index

Gravel 
(>4.75 mm)

Sand        
(4.75 - 0.075 

mm)

Fines (<0.075 
mm)

Clay-Size 
Fraction 

(<0.002 mm)

Measured 
Bulk 

Density 

(kg/m3)

Borehole ID
Water 

Content 
(%)

Grain Size Distribution (in %)
Sample 
Number

Sample Depth  (m) Atterberg LimitsTotal 
Organic 
Carbon

 (%)

GBH09-20 G9 11.03 11.13 11.08 30.0

GBH09-20 G11 13.72 13.87 13.79 37.6

GBH09-20 G13 16.76 16.92 16.84 36.9

GBH09-20 G15 20.12 20.27 20.19 37.1

GBH09-20 G17 25.30 25.45 25.37 29.3

GBH09-21 G1 2.29 2.44 2.36 31.7 18 36 18 0.8

GBH09-21 G2 3.66 3.81 3.73 31.5

GBH09-21 G3 5.18 5.33 5.26 32.4

GBH09-21 G4 6.71 6.86 6.78 23.5 16 31 15 0.5

GBH09-21 G5 7.92 8.08 8.00 33.8

GBH09-21 G7 10.06 10.21 10.13 28.1

GBH09-21 G9 11.73 11.89 11.81 36.0

GBH09-21 G11 12.95 13.11 13.03 5.6

GBH09-22 G1 1.83 2.44 2.13 26.3 17 32 15 0.6

GBH09-22 G2 2.59 3.20 2.90 29.9

GBH09-22 G3 3.20 3.81 3.51 18.9 17 34 17

GBH09-22 G4 4.27 4.88 4.57 2049 29.3 23 34 11 0.6 6 12 82 35

GBH09-22 G5 4.88 5.49 5.18 32.4

GBH09-22 G7 6.40 7.01 6.71 31.1 20 47 27 0.4

GBH09-22 G10 8.84 9.45 9.15 1959 34.2

GBH09-22 G13 12.19 12.80 12.50 33.0

GBH09-23 G2 1.22 1.83 1.52 65.2

GBH09-23 G2 1.22 1.83 1.52 54.2 25 48 22 1.3

GBH09-23 G3 2.13 2.74 2.44 1590 53.2

GBH09-23 G4 3.05 3.66 3.35 2028 24.1 5 21 74 4

GBH09-23 G5 3.96 4.27 4.11 35.6 20 39 19 0.8

GBH09-23 G8 5.94 6.55 6.25 2143 20.3

GBH09-24 G1A 1.12 1.42 1.27 20.7 15 32 17

GBH09-24 G3 2.97 3.58 3.28 32.2 24 46 22 0.4

SC09-03 1.36 1.81 1.59 58.7 29 49 19 1.5 1 13 87 14

SC09-03 0775-08 1.81 2.04 1.93 1.3

SC09-07 0771-10 0.35 0.58 0.47 1.5

SC09-07 0.58 0.87 0.72 52.9 27 45 18 1.4 1 23 77 11

SC09-08 0.44 0.88 0.66 89.7 30 53 23 2.6 0 11 89 13

SC09-08 0775-02 1.00 1.22 1.11 1.2

SC09-12 1.48 1.97 1.72 57.6 27 48 21 1.5 0 10 90 14

SC09-12 0778-08 1.97 2.21 2.09 1.0

SC09-15 0774-03 1.17 1.40 1.29 1.3

SC09-15 1.52 1.88 1.70 56.9 27 47 20 1.5 0 4 96 14

SC09-17 0770-07 0.22 0.45 0.34 1.0

SC09-17 0.51 1.12 0.82 96.3 39 84 45 1.3 7 18 75 11

SC09-18 0.59 1.07 0.83 58.9 31 50 19 1.5 0 3 97 13

SC09-18 0769-05 1.07 1.30 1.19 0.9

SC09-20 0778-01 0.24 0.48 0.36 0.8

SC09-20 0.48 0.84 0.66 64.2 28 57 29 1.3 0 5 95 12

SC09-23 0.00 0.44 0.22 82.0 32 60 28 1.8 15 8 78 11

SC09-23 0776-06 0.22 0.44 0.33 1.6

SC09-33 0776-03 0.48 0.69 0.59 <0.1

SC09-33 0.70 0.95 0.83 16.3 23 57 21 5

SC09-36 0768-07 0.94 1.15 1.05 0.6

SC09-36 1.15 1.68 1.42 45.4 28 46 17 1.0 0 7 93 13

SC09-41 0.42 0.98 0.70 50.5 27 46 20 1.2 3 14 83 11

SC09-41 0770-12 0.98 1.26 1.12 1.3

SC09-44 0.06 0.44 0.25 133.5 45 87 42 2.1 0 6 94 13

SC09-44 0769-08 0.22 0.44 0.33 2.7

SC09-50 0.88 1.25 1.07 116.0 39 83 44 1.8 3 17 80 8

SC09-50 0771-03 1.25 1.50 1.38 2.0

SC09-101 21553-11 0.52 0.79 0.66 0.9

SC09-101 0.93 1.13 1.03 1685 58.0

SC09-101 1.13 1.31 1.22 63.4 29 49 20 1.7

SC09-102A 21555-10 0.34 0.77 0.56 4.0

SC09-102B 0.73 0.94 0.83 1658 64.0

SC09-102B 0.94 1.22 1.08 59.7 34 63 29 0.9 14 46 40 5

SC09-104B 21555-02 0.42 0.78 0.60 1.1

SC09-104A 0.77 0.92 0.85 1644 61.0

SC09-105 1.99 2.18 2.09 46.6 30 45 15 1.1 3 9 88 9

SC09-105 2.29 2.49 2.39 1818 44.0

SC09-105 21559-03 2.49 2.80 2.65 1.2

SC09-109 1.48 1.72 1.60 65.5 27 44 17 2.3 1 3 96 12

SC09-109 21554-06 2.21 2.58 2.40 0.7

SC09-111C 21548-08 0.59 0.88 0.74 1.2

SC09-111B 0.76 0.99 0.88 1619 74.0

SC09-111B 0.99 1.44 1.21 65.5 24 48 24 1.7 10 8 82 10

SC09-118B 21562-01 0.22 0.54 0.38 3.4

SC09-118A 0.82 1.01 0.91 2046 31.5

SC09-121 1.39 1.64 1.52 34 54 12 3
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From To Avg
Plastic 

Limit (%)
Liquid 

Limit (%)
Plasticity 
Index (%)

Liquidity 
Index

Gravel 
(>4.75 mm)

Sand        
(4.75 - 0.075 

mm)

Fines (<0.075 
mm)

Clay-Size 
Fraction 

(<0.002 mm)

Measured 
Bulk 

Density 

(kg/m3)

Borehole ID
Water 

Content 
(%)

Grain Size Distribution (in %)
Sample 
Number

Sample Depth  (m) Atterberg LimitsTotal 
Organic 
Carbon

 (%)

SC09-121 1.71 1.90 1.80 2446 12.1

SC09-121 21556-07 1.77 2.33 2.05 0.2

SC09-125 0.81 0.98 0.89 58.3 30 50 20 1.4 3 3 94 12

SC09-125 1.11 1.27 1.19 1708 62.0

SC09-125 21559-05 1.49 1.81 1.65 0.9

SC09-128 0.45 0.61 0.53 1476 120.0

SC09-128 0.61 0.87 0.74 105.0 35 58 23 3.0 1 9 90 10

SC09-128 21551-10 1.09 1.31 1.20 1.5

SC09-130 21549-04 2.15 2.40 2.28 0.3

SC09-130 2.51 2.66 2.59 1893 36.6

SC09-130 2.66 2.81 2.74 32.4 16 35 19 0.9 1 14 86 43

SC09-132 1.77 1.92 1.84 44.9 14 42 28 1.1 0 5 95 49

SC09-132 2.03 2.20 2.12 1870 44.0

SC09-132 21552-11 2.34 2.60 2.47 0.4

SC09-134 0.62 0.79 0.70 1671 50.5

SC09-134 0.79 1.01 0.90 21 59 20 4

SC09-134 21554-02 1.41 1.69 1.55 0.1

SC09-135A 0.76 1.14 0.95 51.6 24 39 15 1.9

SC09-135A 1.33 1.51 1.42 2001 28.0 5 55 40 6

SC09-135B 21556-03 1.47 1.74 1.61 0.5

SC09-138 21560-09 0.60 0.86 0.73 1.2

SC09-138 0.86 1.05 0.96 64.4 24 59 35 1.2 0 3 97 10

SC09-138 1.19 1.39 1.29 1694 60.0

SC09-139 Sa1 0.18 0.28 0.23 152.0 38 80 43 2.7 0 5 95 9

SC09-139 Sa1 0.39 0.55 0.47 1586 60.0

SC09-139 21562-10 0.91 1.21 1.06 0.8

SC09-139 Sa2 1.47 1.57 1.52 64.3 30 53 23 1.5 9 3 89 14

SC09-139 Sa2 1.69 1.84 1.76 1626 76.0

SC09-139 21562-12 3.13 3.44 3.29 0.7

SC09-139 Sa3 3.39 3.53 3.46 43.3 24 36 12 1.6 21 17 62 10

SC09-139 Sa3 3.56 3.71 3.64 2016 31.6
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Dear Mr. Mylly, 

1.0 INTRODUCTION  

Golder Associates Ltd. (Golder) has been retained by Public Works and Government Services Canada 

(PWGSC) to conduct supplementary site assessment in support of the Esquimalt Graving Dock (EGD) Waterlot 

Remediation Project.  Golder has been working with PWGSC, Anchor QEA L.L.C. (Anchor) and Klohn Crippen 

Berger Ltd. (KCB) (the project team), to support the development of the remediation design for dredging of 

contaminated sediments at the EGD Waterlot. 

   

1.1 Background 

During Fiscal Year (FY) 2010-2011, the project team (PWGSC, Anchor, KCB and Golder) developed the 60% 

level remediation design (for the open water dredging of contaminated sediments and the preliminary 95% 

design for the sheet pile wall construction (under-pier erosion protection) that will be installed around the South 

Jetty as part of the first phase of remediation construction activities.  The purpose of the sheet pile wall is to 

minimize erosion and re-suspension of contaminated sediments beneath the jetty until this area is remediated at 

some time in the future, concurrent with proposed demolition and reconstruction of the timber pile supported 

structure (South Jetty Wharf Redevelopment Project).  The sheet pile will be removed following remediation of 

the under-jetty sediments as part of the redevelopment.  

As part of the design process for the under-pier erosion protection (sheet pile wall), Golder undertook modelling 

during last fiscal year to assess the embedment depth installation requirements for the sheet pile wall. 

The results of the assessments concluded that on the north side of the South Jetty, in the area adjacent to the 

timber crib, the required sheet pile embedment depths may be limited by the presence of shallow till and/or 

bedrock. Stratigraphy beneath the proposed location of the sheet pile wall, was inferred based on available test 

September 7, 2011 Project No.  11-1436-0061/5100 

 E/11/331 

Andrew Mylly 

Public Works and Government Services Canada 

641-800 Burrard Street 

Vancouver, BC 

V6Z 2V8 

ESQUIMALT GRAVING DOCK WATERLOT REMEDIATION PROJECT: BOREHOLE INVESTIGATION, 

TIMBER PORTION OF SOUTH JETTY, FISCAL YEAR 2011-2012 

 
 

 

 
 
 
 
 
 
 
 
 
 

 
Golder Associates Ltd.  

2nd floor, 3795 Carey Road, Victoria, British Columbia, Canada V8Z 6T8 
  

Tel: +1 (250) 881 7372  Fax: +1 (250) 881 7470  www.golder.com 

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America 

     
   Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  

 

 

 

 

 



Andrew Mylly 11-1436-0061/5100  

Public Works and Government Services Canada September 7, 2011 

 

 
 
 
 

2/8  
 

hole data in the immediate vicinity, however Golder recommended drilling an additional borehole as close as 

possible to the north edge of the jetty, west of the timber crib, to provide site specific information on the depth to 

till and/or bedrock at this location. 

  

1.2 Objectives and Scope of Work 

Golder was requested by PWGSC to submit a proposal for the drilling of one borehole to assess the depth to till 

and/or bedrock adjacent to the timber crib on the north side of the South Jetty. Task 510 of Golder‟s final 

workplan “Site Assessment and Remediation Planning Interim Tasks FY2011-2012” submitted on July 20, 2011, 

details the scope of work for the drilling, which is summarized below: 

 Health and Safety Planning and Field Work Preparation; 

 Health and Safety Plan Preparation, including PWGSC Job Hazard Analysis; 

 Notice of Project to WorkSafe BC as per PWGSC requirements for field investigation work; 

 Co-ordination with Sub-Contractors;  

 Co-ordination with EGD staff regarding field work schedule, arrangements for EGD Site Safety 

Orientation, site access and field personnel; and, 

 Co-ordination with Fisheries and Oceans Canada regarding the proposed work. 

 Identify a suitable location for the borehole based on reference to utility plans for the area, inspection from 

under-jetty catwalks and co-ordination with EGD staff; 

 Cut an access hole in the asphalt-covered timber deck of the South Jetty in advance of the drilling and 

reinstating the South Jetty deck following drilling; and, 

 Advance one borehole through the access hole using a Sonic drill rig to assess the sub-surface stratigraphy 

and presence of shallow till and/or bedrock. Undertake Standard Penetration Testing and collect sediment 

samples for chemical and geotechnical laboratory testing (if necessary based on material encountered and 

field observations); 

 Scheduling and co-ordination of laboratory analyses; 

 Disposal of soil cuttings and water collected during the drilling; and, 

 Preparation of a factual letter report following the work. 

 

2.0 FIELD METHODS 

The following sections outline the field related work that was undertaken as part of this task. 
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Health and Safety 

Golder prepared and implemented a Health and Safety Plan (HASP) for Golder employees and subcontractor 

field personnel working on the project.  The HASP addressed potential health and safety issues that were 

identified for the field work program, with a specific focus on drilling and sediment sampling activities, including 

handling of contaminated materials.  The HASP outlined mitigation measures to be adopted during the course of 

the works to manage and minimise the identified risks.  A PWGSC Job Hazard Analysis (JHA) checklist 

addressing specific job-related hazards was also reviewed in conjunction with the HASP prior to conducting the 

field work activities.   

This phase of the project involved cutting an access hole through the deck of the South Jetty prior to sonic 

drilling, which was undertaken by Mud Bay Drilling Co. Ltd. (Mud Bay) under the full time monitoring of Golder.  

Ruskin Construction Ltd. (Ruskin) previously cut access holes in the South Jetty deck and was again retained to 

cut and reinstate the access hole in the deck of the jetty structure.  Golder maintained full time monitoring during 

the cutting of the access hole.   

Golder also contacted Fisheries and Oceans Canada (F&OC) to advise them of the proposed work and to 

present project-specific environmental protection measures to be implemented during the field work.  F&OC 

expressed satisfaction that appropriate and sufficient measures were being taken to minimise the potential 

impacts of the investigation on the environment.  Golder included correspondence with F&OC and a copy of the 

prepared Environmental Management Procedures in the HASP.  A copy of the email correspondence with F&OC 

is provided as Attachment A. 

The HASP was submitted to PWGSC and EGD for comment prior to commencement of the work.  The Golder 

field supervisor conducted daily health and safety meetings on site.  Field personnel involved with the works 

were required to review and sign the HASP to confirm their understanding of the potential health and safety 

hazards, safe work procedures and environmental protection measures.   

Daily progress emails were sent at the completion of field work to the project team summarising personnel on 

site, health and safety information, site conditions and work completed.  Copies of the correspondence are 

included as Attachment B. 

 

2.1 Cutting of Access Hole in South Jetty Deck 

On August 4, 2011, Golder personnel were on site to mark the proposed borehole location; the borehole location 

was selected based on discussions with the project team (specifically Geoff Cooper of KCB) and was proposed 

to be located approximately 1.8 m south of the north side of the jetty and approximately 1.8 m west of the edge 

of the timber crib structure.  This location was identified by Geoff Cooper at KCB based on visual assessment of 

the jetty area for structural features and/or utilities that could impede access for the drilling.  The proposed 

location was subsequently assessed by Golder by accessing the under-jetty area from the catwalks.  On August 

5, 2011, Golder supervised Ruskin during work to cut an access hole in the asphalt covered, timber deck portion 

of the South Jetty.   

Ruskin initially drilled a 6.4 mm (¼”) pilot hole in the asphalt and timber surface and then hung a cord through 

the pilot hole.  Ruskin and Golder then accessed the under-jetty catwalk closest to the proposed borehole 

location, to observe the position of the hole relative to under-jetty utility lines. Golder observed that the proposed 

location would intersect an under-jetty fire drain utility pipe.  The location was therefore moved approximately 

one metre to the east (nearer to the edge of the timber crib structure) to avoid the utility pipe (see Attachment C, 

Figure 1 for the actual borehole location). 
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Ruskin removed a layer of asphalt approximately 8 cm thick and then cut out the 10 cm by 10 cm timbers 

bridging the supporting timber stringers.  The resulting hole in the South Jetty deck was approximately 46 cm by 

41 cm, centered on two supporting timber stringers; approximately 8 cm of the stringers was left exposed on 

either side of the hole to facilitate the reinstatement of the hole.  The hole was covered by a steel plate which 

was fixed in place prior to the drilling and replaced following the drilling.   

On August 16, 2011, Ruskin returned to the site to reinstate the hole in the South Jetty.  Timbers were set in 

place between the stringers and asphalt was placed to cover the timbers and match the grade of the adjacent 

deck surface.  The photograph below shows the reinstated surface of the South Jetty. 

 

Photograph 1: Reinstated surface of the South Jetty at borehole BH11-01 

 

2.2 Sonic Drilling 

On August 9, 2011, Mud Bay advanced one borehole (BH11-01) through the access hole that had been 

previously cut in the South Jetty deck, using a small track-mounted sonic rig (DB320 sonic rig).  The DB320 drill 

rig was used to comply with weight restrictions on the South Jetty.  The primary purpose of the borehole was to 

assess the presence of shallow till and/or bedrock; however, sediment samples were also collected for chemical 

laboratory analysis to provide additional information of sediment contaminant concentrations and for disposal of 

soil cuttings generated during the drilling.   

Borehole advancement was achieved through the process of fracturing, shearing, and displacement depending 

on the type and consistency of the material encountered.  The soil entered the core barrel which resulted in the 

recovery of 102 mm (4 inch) diameter continuous sample of core.  Upon completion of each drill run, a 15 cm 

(six-inch) diameter steel casing was advanced to the depth of end of the run, the core barrel and drill rods were 

removed from the hole, and the continuous sonic core sample was extracted out of the core barrel directly into a 

15 cm diameter polyethylene liner and placed horizontally for processing.  The liners were immediately opened 

by cutting along the liner vertically with a decontaminated retractable blade, allowing access to the soil/sediment 

core for logging and sampling.    
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An initial recovered length from the top of the borehole core to the bottom of the core for each run was recorded 

in addition to observations regarding the extruded core thickness and consistency.  Golder applied a correction 

factor, calculated by dividing the recovered core length by the run length, to estimate in situ sample depths 

relative to mudline.   

A description of the sediment in each stratigraphic layer with respect to colour, density, material type, odour, 

presence of non-sediment materials (e.g., shell and wood debris) and potential for presence of contamination 

(e.g., hydrocarbon-like sheen or odour, debris) was recorded on the borehole log (Attachment D). 

Samples were collected from the polyethylene liner, into which the soil cores were extruded after each run, at 

discrete depth intervals, typically every one metre, as well as at changes in observed stratigraphy and/or when 

debris or odours indicating potential contamination were observed.  The outer portion of soil cuttings in contact 

with the polyethylene liner was removed and samples were recovered from the inner portion of the core so that 

samples were representative of sediment conditions.  Sediment was collected in polyethylene bags for potential 

geotechnical analysis and in soil jars for chemical analysis.  A description of sampling methods employed for 

chemical analysis will be provided under separate cover.   

Standard Penetration Test (SPT) sampling was carried out at selected depths intervals within the borehole to 

obtain disturbed soil samples and record N-values
1
 using a 51 mm diameter split- spoon sampler for assessing 

the relative density of granular soils or the consistency of stiff to hard fine-grained soils.  The SPTs were carried 

out using an automatic trip hammer that maximizes the driving efficiency of the hammer.   

Mud Bay backfilled the borehole to within approximately 1 m of the seabed using an environmentally-friendly 

mixed grout.  The upper 1 m of the borehole was left open and allowed to slough in.  Following backfill of the 

borehole, Mud Bay retracted the steel casing, replaced the steel plate over the hole in the South Jetty and fixed 

it in place until Ruskin could return to reinstate the South Jetty deck surface. 

Soil cuttings and water generated during drilling (including sea water and water used for decontamination) were 

contained in drums and stored on site until disposal could be arranged. 

 

2.3 Survey of Borehole Location 

Survey of the location of borehole BH11-01 was conducted by Golder on September 1, 2011, using a Real Time 

Kinematic Global Positioning System (RTK GPS).   

To determine the mudline elevation at borehole BH11-01, Mud Bay measured the depth from the asphalt surface 

of the South Jetty to the seabed using a weighted tape measure; the depth was approximately 11.89 m.  The 

surveyed South Jetty deck elevation at borehole BH11-01 was 4.63 m Chart Datum (2.76 m geodetic); therefore, 

the calculated mudline elevation was approximately -7.26 m Chart Datum (-9.13 m geodetic)
2
.   

Figure 1 (Attachment C) shows the location of borehole BH11-01 in addition to previous test hole locations. 

 

                                                      

1
 SPT „N‟ = the number of blows of a 63.5 kg (140 lb) hammer dropped from a height of 0.76 m (30”) to drive an open split spoon sampler a distance of 0.3 m. 

2
 Focus Corporation provided conversion factors between Geodetic and Chart Datum to Klohn Crippen Berger in an email dated November 13, 2009.  Klohn Crippen Berger provided the 

conversion factors to Golder in an email dated July 12, 2010.  Conversion: Geodetic = Chart Datum – 1.871 m  
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3.0 STRATIGRAPHY ENCOUNTERED AND DRILLING CONDITIONS OF NOTE 

On August 9, 2011, borehole BH11-01 was advanced to a depth of 10.67 m below mudline (m bml); the terminal 

elevation was approximately -17.93 m Chart Datum (-19.80 m geodetic).  

Table 1, below presents a summary of the observed stratigraphy at borehole BH11-01. 

 
Table 1: Stratigraphy and Approximate Depth Encountered at Borehole BH11-01 

Stratigraphy 
Approximate Depth 

Encountered  
(in situ, m bml) 

Approximate 
Elevation  

(m Chart Datum) 

Unconsolidated Sediments 

Loose silt and shell fragments, wood fragments, 
hydrocarbon-like odour and sheen 

0.0 – 0.99 -7.26 – -8.25 

Suspect Fill Materials 

Compact silty sand and gravel, wood fragments, 
hydrocarbon-like odour 

0.99 – 2.74 -8.25 – -10.00 

Wood 

A continuous segment of wood was recovered having 
fibres present parallel to the borehole and a diameter 
equal to the sonic drill casing 

2.74 – 5.23 -10.00 – -12.49 

Victoria Clay 

Stiff to firm, grey to grey brown silty clay with minor 
quantities of sand and gravel, hydrogen sulphide-like 
odour associated with black (organic) seams of silt 

5.23 – 7.42 -12.49 – -14.68 

Till-like 

Dense, grey silty sand and gravel 
7.42 – 7.62 -14.68 – -14.88 

Inferred Bedrock 

Strong, fresh to slightly weathered, fine-grained, dark 
green to blank chloritized AMPHIBOLITE, quartz and 
calcite veining 

7.62 – >10.67 (terminal 
depth) 

-14.88 – -17.93 

 

The observed stratigraphy is consistent with that observed during previous subsurface drilling investigations 

beneath the timber-deck portion of the South Jetty.  The stratigraphic units have previously been described in 

further detail in Golder‟s report “Esquimalt Graving Dock Waterlot – Supplementary Test Hole Investigation for 

Remedial Action Plan/Risk Management Plan”, dated March 3, 2010. 

Sediment core recovery ranged from moderate to full recovery over the length of the borehole.  The lowest 

recovery was in the upper sediments, where 1.93 m of a possible 2.74 m was recovered; however, Mud Bay 

personnel commented that there was approximately 0.3 m of material left in the casing, and it was suspected 

that approximately the upper 0.3 m of material was lost due to very wet (saturated) conditions.  Therefore, it was 

inferred that the upper 0.3 m and lower 0.3 m of the core run were lost, with a resulting recovery of 90.5% (1.93 

m of 2.13 m).   

In the core run from 4.57 – 6.10 m bml a total of approximately 2.13 m of core was recovered (apparent 140% 

recovery), including a segment of the suspected timber piling and inferred Victoria Clay.  The greater than 100% 

recovery reduces the certainty in the estimated in situ depth of the contact between the wood and inferred 

Victoria Clay.   
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100% recovery was achieved for the remainder of the borehole.  The borehole log for borehole BH11-01 is 

included as Attachment D and provides additional stratigraphic details.  

Golder had proposed that SPTs be conducted at approximately 3 m intervals in sediments overlying till-like 

materials and at 1.5 m intervals in till-like materials; however, SPTs were not conducted above approximately 6.5 

m bgs due to the loose nature of subsurface material encountered in the upper 3 m bgs and due to the presence 

of wood debris discussed above.  SPT results are shown on the borehole log (Attachment D). 

   

4.0 RESULTS 

Selected samples were submitted for laboratory analyses of one or more of the following parameters: light and 

heavy extractable petroleum hydrocarbons (LEPH and HEPH, respectively), polycyclic aromatic hydrocarbons 

(PAHs), polychlorinated biphenyls (PCBs), metals, tributyl tin (TBT), organochlorine pesticides (OCP), dioxins 

and furans and leachable PAHs using the Toxicity Characteristic Leaching Procedure (TCLP).  Table 2, below, 

presents the samples that were selected for chemical analyses.   

Table 2: Scheduled Laboratory Analyses – BH11-01 

Sample 
Depth  

(m bgs) 

LEPH/HEPH/ 
PAH 

PCB Metals TBT OCP 
Dioxins 

and 
Furans 

TCLP 
(PAH) 

1 0.46 - 0.76 X X X X X X X 

2 
(duplicate) 

0.46 - 0.76 X  X X    

3 1.07 - 1.14   X     

4 1.14 - 1.3 X X  X X X X 

5 1.83 - 2.03 X  X X    

6 5.23 - 5.49 X X X X X X X 

 

The laboratory certificate of analyses for the samples identified above is appended as Attachment E; results of 

laboratory analyses will be discussed under separate cover as part of reporting for additional environmental 

sampling that will be undertaken at the South Jetty. 
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5.0 CLOSURE  

We trust this draft letter meets with your requirements.  Please contact the undersigned if you have any 

questions. 

 

GOLDER ASSOCIATES LTD. 

 

 

 

Michelle Sevenhuysen, B.A.Sc. Rachael Jones, B.Sc. (Hons) 
Environmental Engineer (EIT) Project Manager 
 
 

Reviewed by: 

 

 

 

Tim Whalen, M.A.Sc., P.Eng. 
Project Director, Principal 

 

 

MS/RJ/smh 

  
CC: Daryl Lawes (PWGSC) 

Dan Berlin (Anchor QEA L.L.C.) 
Geoff Cooper (Klohn Crippen Berger) 

  
Attachments: Attachment A: Email to F&OC Regarding Proposed Sonic Drilling 

Attachment B: Daily Progress Summary Correspondence 
Attachment C: Figure 1: Borehole Location Plan 
Attachment D: Borehole Log 
Attachment E: Laboratory Certificate of Analyses 
 

 

n:\final\2011\1436\11-1436-0061 egd remediation planning\pwgsc-egd-wl-dft-ltr-south jetty drilling-11-12-golder-20110907.docx 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT A 
  



From: Rouget, Philippe
To: Northrup, Scott
Cc: Jones, Rachael (Burnaby); Sevenhuysen, Michelle; Wernick, Barbara; Chant, Virginia; Mortimor, James; Munday, David
Subject: RE: Proposed sonic drilling at EGD South Jetty - Aug 09-10, 2011
Date: Friday, July 29, 2011 11:57:43 PM
Attachments: image002.png

image003.png
image004.jpg

Scott,
 
Further to your phone conversation with James Mortimor this afternoon, PWGSC is proposing to drill a single borehole underneath
the South Jetty at Esquimalt Graving Dock (EGD) on August 09 and 10th, 2011.
 

The objective of the program is to assess sub-surface conditions underneath the South Jetty in Esquimalt Harbour and to acquire
information on the presence of shallow till and/or bedrock in this specific area. The scheduling of this program is sensitive, as the
planned exploratory program is needed to delineate aspects of the larger remediation Project for the EGD water lot. The Project site
is located in an area of historical industrial use. Sonic drilling with Standard Penetration Tests (SPTs) will take place at a single
location underneath the South Jetty, up to 10 m below the seabed {Figure 1 – see Green X only ( )}.  If bedrock is not
encountered within the upper 10 m of drilling, advancement may continue until bedrock is attained. No temporary or permanent
impacts to fish or fish habitat are anticipated. Project-specific environmental protection measures have been prepared for this
fieldwork, and are summarized as follows:
 

Works will be conducted within the fisheries timing window.  For the Victoria area (Area 19), the summer work windows occur
between July 1 and October 1 (DFO 2010).

All works associated with Project construction shall comply with the requirements of the Fisheries Act, the Species at Risk Act,
and all other applicable laws, legislation, and best management practices.

Contractor shall inspect machinery to confirm it is in good working order and to ensure that fuels and lubricants do not enter the
marine environment. A spill kit shall be kept on-site for use in the event of a spill.

Wash, refuel and service machinery and store fuel and other materials for the machinery, which include hand tools, away from
the water to prevent any deleterious substances from entering the water. 

Prior to commencing work activities, visual observations will be made for marine mammals.  If a marine mammal is noted within
300 m of Project works, activities shall cease until the marine mammal leaves the area.  Operations will resume once marine
mammals have cleared the area.

Noise associated with construction activities will be minimized whenever possible. 

We trust that the above mitigation measures are sufficient for the planned exploratory program to proceed on August 9-10, 2011 in
order delineate the larger remediation program within the EGD water lot, as per your confirmation with James Mortimor today.  
 

Regards,
 
Phil Rouget
 

 

Philippe Rouget (M.Sc.) | Marine Biologist | Golder Associates Ltd.       
2640 Douglas Street, Victoria, British Columbia, Canada V8T 4M1           
T: [+1] (250) 881 7372 | D: [+1] (250) 978 5808 | F: [+1] (250) 881 7470 | C: [+1] 250 888 1100 | E: Philippe_Rouget@golder.com |

www.golder.com              

This e-mail transmission is confidential and may contain proprietary information for the exclusive use of the intended recipient. Any use, distribution or copying of this transmission, other than
by the intended recipient, is strictly prohibited. If you are not the intended recipient, please notify the sender and delete all  copies. Electronic media is susceptible to unauthorized
modification, deterioration, and incompatibility. Accordingly, the electronic media version of any work product may not be relied upon.  

Please consider the environment before printing this email.    
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¡   

¡   
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ATTACHMENT B 
  



From: Sevenhuysen, Michelle
To: "Kristen Ritchot"; "Daryl Lawes"; "Andrew Mylly"; "Rae-Ann Sharp"
Cc: Whalen, Tim; Jones, Rachael (Burnaby); "Dan Berlin"; "gcooper@klohn.com"
Subject: EGD South Jetty Borehole Investigation Progress Report - August 5, 2011
Date: Friday, August 05, 2011 3:05:00 PM

Hello,

 

The following is a progress report for work conducted today at the EGD South Jetty.  

 

Please let me know if you have any questions.

 

Thank you,

 

Michelle

 
 
Date:    5-Aug-2011                    

Project: EGD Waterlot Site Assessment and Remediation Planning – South Jetty Borehole Investigation

 
Personnel and Equipment On Site
 
Client Staff: Kristen Ritchot (site visit)

 
Consultant Staff: Golder Associates Ltd.                                    
Michelle Sevenhuysen (Field Supervisor)                                               

 
Contractor: Ruskin Construction Ltd.
Neil Oberg

Equipment: hand tools (e.g. Hilti drill, chainsaw)

                                         

Weather: sunny, ~20+C

 
Description of Field Activities:      
Cutting through the deck of the South Jetty to create an access hole in advance of Sonic drilling to be

conducted Tuesday, August 9th.  Access hole located approximately 1.8 m south of the north timber wharf

face and approximately 1 m west of the timber crib face and is approximately 18” x 16” in size.  Hole covered

with a steel plate which was fixed in place.

 

Health and
Safety:                                                                                                                                                       
Golder tailgate H&S meeting, 8:00 AM: Review and sign off of HASP

In attendance: Golder, Ruskin

                                                                                                                                                           

 

Michelle Sevenhuysen (B.A.Sc.) | Environmental Engineer (EIT) | Golder Associates Ltd.               
3795 Carey Road, Victoria, British Columbia, Canada V8Z 6T8      
T: +1 (250) 881 7372 | D: +1 (250) 419 4946 | F: +1 (250) 881 7470 | C: +1 (250) 857 0910 | E:
Michelle_Sevenhuysen@golder.com | www.golder.com  

Work Safe, Home Safe  

This email transmission is confidential and may contain proprietary information for the exclusive use of the intended recipient. Any use,
distribution or copying of this transmission, other than by the intended recipient, is strictly prohibited. If you are not the intended recipient,
please notify the sender and delete all  copies. Electronic media is susceptible to unauthorized modification, deterioration, and incompatibility.
Accordingly, the electronic media version of any work product may not be relied upon.     
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From: Sevenhuysen, Michelle
To: "Kristen Ritchot"; "Daryl Lawes"; "Andrew Mylly"; "Rae-Ann Sharp"
Cc: Whalen, Tim; Jones, Rachael (Burnaby); "Dan Berlin"; "gcooper@klohn.com"; Chu, Jennifer; Smith, Dwayne (Victoria)
Subject: RE: EGD South Jetty Borehole Investigation Progress Report - August 5, 2011
Date: Tuesday, August 09, 2011 6:18:00 PM

Hello,

 

The following is a progress report for work conducted today at the EGD South Jetty.  

 

Please let me know if you have any questions.

 

Thank you,

 

Michelle

 
 
Date:    9-Aug-2011                    

Project: EGD Waterlot Site Assessment and Remediation Planning – South Jetty Borehole Investigation

 
Personnel and Equipment On Site (08:00 – 17:15)
 
Consultant Staff: Golder Associates Ltd.                                    
Michelle Sevenhuysen (Field Supervisor)

Dwayne Smith (Geologist)

                                               

Contractor: Mud Bay Drilling
Ian Taylor

Johnny Barone

Ryan Fales

Equipment: Sonic drill rig (DB320) and support vehicles

                                         

Weather: sunny, ~20+C

 
Description of Field Activities:      
Drilled borehole BH11-01 adjacent to the timber crib in the timber piled portion of the South Jetty, to confirm

the depth to till and/or bedrock in this area.  The borehole was advanced using sonic drilling to a depth of

approximately 10.7 m (35 ft) below mudline.   Standard Penetration Tests (SPTs) were conducted and

samples were collected for environmental and geotechnical purposes.  Sediment cuttings and water were

contained in drums (two) and have been labelled and stored on site near the top of the tug float at the east

end of the South Jetty until chemical data has been received and disposal can be arranged.  The hole in the

South Jetty was re-covered with a steel plate; reinstatement (by Ruskin Construction) will be coordinated to

occur as soon as possible.

 

Health and
Safety:                                                                                                                                                       
Dwayne Smtih (Golder) and Ryan Fales (Mud Bay) attended EGD site orientation; other personnel had taken

the orientation within the previous year.

Golder tailgate H&S meeting, 9:00 AM: Review and sign off of HASP

                                                                                                                                                           

 

Michelle Sevenhuysen (B.A.Sc.) | Environmental Engineer (EIT) | Golder Associates Ltd.               
3795 Carey Road, Victoria, British Columbia, Canada V8Z 6T8      
T: +1 (250) 881 7372 | D: +1 (250) 419 4946 | F: +1 (250) 881 7470 | C: +1 (250) 857 0910 | E:
Michelle_Sevenhuysen@golder.com | www.golder.com  
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BOREHOLE LOCATION PLAN

PUBLIC WORKS GOVERNMENT SERVICES CANADA
ESQUIMALT GRAVING DOCK WATERLOT REMEDIATION PROJECT

ESQUIMALT, B.C.

FIGURE: 1

DRAFT
NOTES

1. Grid  is displayed in UTM NAD 83 Zone 10.

Approximate extent of steel piles under South Jetty
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Jet Probe Locations - Golder 2010
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Hand Probe Locations  - Golder 2009
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Cone Penetration Test Locations - Golder 2009

Cone Penetration Test Locations - Klohn Crippen 2009
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Diver Core Locations - Golder 2009

Borehole Locations - Golder 2009
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Diver Sample Locations - Golder 2010

Sediment Core Locations - Golder 2010
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Borehole Locations - Golder 2010
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Sampling Locations - Golder 2001

Sampling Locations - Klohn Crippen 2002
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Hand Probe Locations  - Golder 2011
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Borehole Locations - Golder 2011
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Timber Piling under South Jetty
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Test Pit Locations - SLR 2009

Monitoring Well Locations - SLR 2009

Borehole Locations - SLR 2009
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Wet, black, SILT and SHELL
FRAGMENTS, trace to some fine to
medium subangular to angular gravel,
contains wood fragments, slight
hydrocarbon-like sheen,
hydrocarbon-like odour.

Moist, dark grey to grey, silty SAND
and GRAVEL, gravel is rounded to
subangular, contains shell fragments
and wood fragments, hydrocarbon-like
odour. [suspect FILL]

Moist TIMBER, hydrocarbon-like odour

Stiff, moist, grey brown, SILTY CLAY,
trace to some medium subrounded
gravel.

- Black silt seams with
hydrogen-sulphide-like odour from
5.23m to 6.10m depth.
- Dark grey mottling from 5.23m to
5.66m depth.
- Contains wood fragments at 5.33m,
5.56m, and 6.1m depth.
- Trace sand below 6.71m depth.

Dense to very dense, moist, grey,
SILT and SAND, some subrounded to
subangular gravel. [TILL-LIKE]
Strong, fresh to slightly weathered,
fine-grained, dark green to black
chloritized AMPHIBOLITE, quartz and
calcite veining (inferred BEDROCK)
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calcite veining (inferred BEDROCK)
(continued)
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SOIL

SED SED SED SED SED
09-AUG-11 09-AUG-11 09-AUG-11 09-AUG-11 09-AUG-11

0251-01 0251-02 0251-03 0251-04 0251-05

L1043298-1 L1043298-2 L1043298-3 L1043298-4 L1043298-5

Moisture (%)

pH (1:2 soil:water) (pH)

Antimony (Sb) (mg/kg)

Arsenic (As) (mg/kg)

Barium (Ba) (mg/kg)

Beryllium (Be) (mg/kg)

Cadmium (Cd) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Lead (Pb) (mg/kg)

Mercury (Hg) (mg/kg)

Molybdenum (Mo) (mg/kg)

Nickel (Ni) (mg/kg)

Selenium (Se) (mg/kg)

Silver (Ag) (mg/kg)

Thallium (Tl) (mg/kg)

Tin (Sn) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

Acenaphthene (mg/L)

Acenaphthylene (mg/L)

Acridine (mg/L)

Anthracene (mg/L)

Benz(a)anthracene (mg/L)

Benzo(a)pyrene (mg/L)

Benzo(b)fluoranthene (mg/L)

Benzo(g,h,i)perylene (mg/L)

Benzo(k)fluoranthene (mg/L)

Chrysene (mg/L)

Dibenz(a,h)anthracene (mg/L)

Fluoranthene (mg/L)

Fluorene (mg/L)

Indeno(1,2,3-c,d)pyrene (mg/L)

Naphthalene (mg/L)

1st Preliminary PH (pH)

40.8 36.8 13.1 4.92

8.16 8.29 9.04 7.27

9.17 4.08 0.11 3.06

20.8 16.3 2.42 14.5

87.1 108 22.5 65.9

<0.20 0.25 <0.20 <0.20

1.05 1.57 0.109 0.804

23.4 39.6 26.4 51.9

5.95 7.60 10.2 10.4

194 244 37.4 218

126 220 4.63 105

9.18 13.9 0.123 29.8

5.96 10.8 0.56 5.98

21.8 28.6 20.1 40.9

0.55 0.85 <0.20 0.53

0.67 1.48 <0.10 0.36

0.108 0.174 0.050 0.120

8.1 12.3 <2.0 7.2

1.75 2.54 0.311 1.47

45.4 64.4 62.8 57.1

268 319 40.4 144

0.00198 0.00929

<0.00050 <0.00050

<0.00050 <0.00050

0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

0.00119 <0.00050

0.00141 0.00170

<0.00050 <0.00050

0.00236 0.00175

9.23 9.74

Physical Tests

Metals

TCLP Extractables

DLA DLA DLA

DLA DLA

DLA DLA

DLA

DLA DLA

DLA DLA

DLA DLA

DLA DLA

DLA DLA

DLA DLA

DLA DLA

DLA

DLA DLA
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SOIL

SED
09-AUG-11

0251-06

L1043298-6

Moisture (%)

pH (1:2 soil:water) (pH)

Antimony (Sb) (mg/kg)

Arsenic (As) (mg/kg)

Barium (Ba) (mg/kg)

Beryllium (Be) (mg/kg)

Cadmium (Cd) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Lead (Pb) (mg/kg)

Mercury (Hg) (mg/kg)

Molybdenum (Mo) (mg/kg)

Nickel (Ni) (mg/kg)

Selenium (Se) (mg/kg)

Silver (Ag) (mg/kg)

Thallium (Tl) (mg/kg)

Tin (Sn) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

Acenaphthene (mg/L)

Acenaphthylene (mg/L)

Acridine (mg/L)

Anthracene (mg/L)

Benz(a)anthracene (mg/L)

Benzo(a)pyrene (mg/L)

Benzo(b)fluoranthene (mg/L)

Benzo(g,h,i)perylene (mg/L)

Benzo(k)fluoranthene (mg/L)

Chrysene (mg/L)

Dibenz(a,h)anthracene (mg/L)

Fluoranthene (mg/L)

Fluorene (mg/L)

Indeno(1,2,3-c,d)pyrene (mg/L)

Naphthalene (mg/L)

1st Preliminary PH (pH)

17.4

8.60

0.28

6.68

84.0

0.37

0.051

43.8

13.7

42.2

5.28

0.126

<0.50

40.5

<0.20

<0.10

0.064

<2.0

0.300

80.0

70.3

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

9.91

Physical Tests

Metals

TCLP Extractables
DLA

DLA

DLA

DLA

DLA

DLA

DLA

DLA

DLA

DLA

DLA

DLA

DLA

DLA

DLA
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SOIL

SED SED SED SED SED
09-AUG-11 09-AUG-11 09-AUG-11 09-AUG-11 09-AUG-11

0251-01 0251-02 0251-03 0251-04 0251-05

L1043298-1 L1043298-2 L1043298-3 L1043298-4 L1043298-5

2nd Preliminary PH (pH)

Extraction Solution Initial pH (pH)

Final pH (pH)

Phenanthrene (mg/L)

Pyrene (mg/L)

EPH10-19 (mg/kg)

EPH19-32 (mg/kg)

LEPH (mg/kg)

HEPH (mg/kg)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(b+j+k)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

B(a)P Total Potency Equivalent (mg/kg)

IACR (CCME) (mg/kg)

PCB-1016 (mg/kg)

PCB-1221 (mg/kg)

PCB-1232 (mg/kg)

1.79 1.57

4.88 4.88

6.71 5.99

0.00275 0.00206

0.00253 0.00063

250 250 <200 <200

1510 1380 <200 <200

240 250 <200 <200

1390 1300 <200 <200

0.489 0.406 0.452 0.809

1.44 1.78 0.0269 0.0337

3.70 3.03 0.0702 0.377

5.19 6.52 0.112 0.347

27.6 9.80 0.110 0.339

47.9 14.3 0.153 0.585

51.9 18.0 0.212 0.803

5.55 7.06 0.054 0.136

3.94 3.73 0.059 0.218

5.62 7.19 0.122 0.743

1.29 1.57 0.0140 0.0412

14.7 16.7 0.300 0.612

0.916 1.18 0.140 0.468

5.72 8.04 0.057 0.147

0.206 0.165 0.032 0.127

0.447 0.449 0.143 0.415

7.15 5.45 0.373 1.09

23.1 30.6 0.416 0.897

82 91 78 83

64 81 80 84

72 82 77 81

85 98 85 89

35.3 14.8 0.164 0.519

426 173 2.11 7.59

<0.040 <0.040

<0.040 <0.040

<0.040 <0.040

TCLP Extractables

Hydrocarbons

Polycyclic 
Aromatic 
Hydrocarbons

Polychlorinated 
Biphenyls
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SOIL

SED
09-AUG-11

0251-06

L1043298-6

2nd Preliminary PH (pH)

Extraction Solution Initial pH (pH)

Final pH (pH)

Phenanthrene (mg/L)

Pyrene (mg/L)

EPH10-19 (mg/kg)

EPH19-32 (mg/kg)

LEPH (mg/kg)

HEPH (mg/kg)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(b+j+k)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

B(a)P Total Potency Equivalent (mg/kg)

IACR (CCME) (mg/kg)

PCB-1016 (mg/kg)

PCB-1221 (mg/kg)

PCB-1232 (mg/kg)

1.68

4.88

5.00

<0.00050

<0.00050

<200

<200

<200

<200

<0.0050

<0.0050

<0.0040

<0.010

<0.010

<0.010

<0.015

<0.010

<0.010

<0.010

<0.0050

0.011

<0.010

<0.010

<0.010

0.015

0.024

0.012

85

88

84

89

<0.020

<0.15

<0.040

<0.040

<0.040

TCLP Extractables

Hydrocarbons

Polycyclic 
Aromatic 
Hydrocarbons

Polychlorinated 
Biphenyls

DLA

DLA
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SOIL

SED SED SED SED SED
09-AUG-11 09-AUG-11 09-AUG-11 09-AUG-11 09-AUG-11

0251-01 0251-02 0251-03 0251-04 0251-05

L1043298-1 L1043298-2 L1043298-3 L1043298-4 L1043298-5

PCB-1242 (mg/kg)

PCB-1248 (mg/kg)

PCB-1254 (mg/kg)

PCB-1260 (mg/kg)

PCB-1262 (mg/kg)

PCB-1268 (mg/kg)

Total Polychlorinated Biphenyls (mg/kg)

Aldrin (mg/kg)

alpha-BHC (mg/kg)

beta-BHC (mg/kg)

Lindane (gamma - BHC) (mg/kg)

delta-BHC (mg/kg)

cis-Chlordane (alpha) (mg/kg)

trans-Chlordane (gamma) (mg/kg)

2,4’-DDD (mg/kg)

4,4’-DDD (mg/kg)

2,4’-DDE (mg/kg)

4,4’-DDE (mg/kg)

2,4’-DDT (mg/kg)

4,4’-DDT (mg/kg)

Dieldrin (mg/kg)

Endosulfan I (mg/kg)

Endosulfan II (mg/kg)

Endosulfan Sulfate (mg/kg)

Endrin (mg/kg)

Heptachlor (mg/kg)

Heptachlor Epoxide (mg/kg)

Methoxychlor (mg/kg)

Mirex (mg/kg)

cis-Nonachlor (mg/kg)

trans-Nonachlor (mg/kg)

Oxychlordane (mg/kg)

<0.040 <0.040

<0.040 <0.040

0.490 <0.040

<0.040 <0.040

<0.040 <0.040

<0.040 <0.040

0.490 <0.040

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

Polychlorinated 
Biphenyls

Organochlorine 
Pesticides
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SOIL

SED
09-AUG-11

0251-06

L1043298-6

PCB-1242 (mg/kg)

PCB-1248 (mg/kg)

PCB-1254 (mg/kg)

PCB-1260 (mg/kg)

PCB-1262 (mg/kg)

PCB-1268 (mg/kg)

Total Polychlorinated Biphenyls (mg/kg)

Aldrin (mg/kg)

alpha-BHC (mg/kg)

beta-BHC (mg/kg)

Lindane (gamma - BHC) (mg/kg)

delta-BHC (mg/kg)

cis-Chlordane (alpha) (mg/kg)

trans-Chlordane (gamma) (mg/kg)

2,4’-DDD (mg/kg)

4,4’-DDD (mg/kg)

2,4’-DDE (mg/kg)

4,4’-DDE (mg/kg)

2,4’-DDT (mg/kg)

4,4’-DDT (mg/kg)

Dieldrin (mg/kg)

Endosulfan I (mg/kg)

Endosulfan II (mg/kg)

Endosulfan Sulfate (mg/kg)

Endrin (mg/kg)

Heptachlor (mg/kg)

Heptachlor Epoxide (mg/kg)

Methoxychlor (mg/kg)

Mirex (mg/kg)

cis-Nonachlor (mg/kg)

trans-Nonachlor (mg/kg)

Oxychlordane (mg/kg)

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

Polychlorinated 
Biphenyls

Organochlorine 
Pesticides
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Reference Information

DLA

MB-LOR

Detection Limit Adjusted For required dilution

Method Blank exceeds ALS DQO. LORs adjusted for samples with positive hits below 5 times blank level. Please contact ALS if re-
analysis is required.

Qualifiers for Individual Parameters Listed:

Description Qualifier      
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EPH-TUMB-FID-VA

HG-200.2-CVAF-VA

LEPH/HEPH-CALC-VA

MET-200.2-CCMS-VA

MOISTURE-VA

OCP1-SOX-ECD-VA

PAH-TCLP-SF-MS-VA

PAH-TMB-H/A-MS-VA

EPH in Solids by Tumbler and GCFID

Mercury in Soil by CVAFS

LEPHs and HEPHs

Metals in Soil by CRC ICPMS

Moisture content

OCP-1 in Soil by Soxhlet GCECD

PAH’s IN TCLP LEACHATE

PAH - Rotary Extraction (Hexane/Acetone)

Extractable Hydrocarbons in Sediment/Soil
This analysis is carried out in accordance with the British Columbia Ministry of Environment, Lands and Parks (BCMELP) Analytical Method for 
Contaminated Sites "Extractable Petroleum Hydrocarbons in Solids by GC/FID, Version 2.1 July 1999".  The procedure, based on EPA 3570, uses a 
rotary extraction technique to extract a subsample of the sediment/soil with a 1:1 mixture of hexane and acetone.  The extract is then solvent 
exchanged to toluene or kept in hexane/acetone and analyzed by capillary column gas chromatography with flame ionization detection (GC/FID).  EPH
results include Polycyclic Aromatic Hydrocarbons (PAH) and are therefore not equivalent to Light and Heavy Extractable Petroleum Hydrocarbons 
(LEPH/HEPH).

Accuracy target values for Reference Materials used in this method are derived from averages of long-term method performance, as certified values 
do not exist for the reported parameters.

This analysis is carried out using procedures from CSR Analytical Method: "Strong Acid Leachable Metals (SALM) in Soil", BC Ministry of 
Environment, 26 June 2009, and procedures adapted from EPA Method 200.2.  The sample is manually homogenized, dried at 60 degrees Celsius, 
sieved through a 2 mm (10 mesh) sieve (this sieve step is omitted for international soil samples), and a representative subsample of the dry material is
weighed.  The sample is then digested at 95 degrees Celsius for 2 hours by block digester using concentrated nitric and hydrochloric acids.  
Instrumental analysis is by atomic fluorescence spectrophotometry (EPA Method 245.7).

Method Limitation:  This method is not a total digestion technique.  It is a very strong acid digestion that is intended to dissolve those metals that may 
be environmentally available.  By design, elements bound in silicate structures are not normally dissolved by this procedure as they are not usually 
mobile in the environment.

Light and Heavy Extractable Petroleum Hydrocarbons in Solids. These results are determined according to the British Columbia Ministry of 
Environment, Lands, and Parks Analytical Method for Contaminated Sites "Calculation of Light and Heavy Extractable Petroleum Hydrocarbons in 
Solids or Water".  According to this method, LEPH and HEPH are calculated
by subtracting selected Polycyclic Aromatic Hydrocarbon results from Extractable Petroleum Hydrocarbon results.  To calculate LEPH, the individual 
results for Naphthalene and Phenanthrene are subtracted from EPH(C10-19).  To calculate HEPH, the individual results for Benz(a)anthracene, 
Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenz(a,h)anthracene, Indeno(1,2,3-c,d)pyrene, and Pyrene
are subtracted from EPH(C19-32).  Analysis of Extractable Petroleum Hydrocarbons adheres to all prescribed elements of the BCMELP method 
"Extractable Petroleum Hydrocarbons in Solids by GC/FID" (Version 2.1, July 20, 1999).

This analysis is carried out using procedures from CSR Analytical Method: "Strong Acid Leachable Metals (SALM) in Soil", BC Ministry of 
Environment, 26 June 2009, and procedures adapted from EPA Method 200.2.  The sample is dried at 40 C, then ground to < 2 mm particle size using
a stainless steel flail grinder. A representative portion is digested with concentrated nitric and hydrochloric acids for 2 hours in an open vessel digestor 
at 95 degrees.  Instrumental analysis of the digested exttract is by collision cell inductively coupled plasma - mass spectrometry (modifed from EPA 
Method 6020A).

Method Limitation:  This method is not a total digestion technique.  It is a very strong acid digestion that is intended to dissolve those metals that may 
be environmentally available.  By design, elements bound in silicate structures are not normally dissolved by this procedure as they are not usually 
mobile in the environment.

This analysis is carried out gravimetrically by drying the sample at 105 C for a minimum of six hours.

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3540, 3545, 3610, 3630, 
3660 & 8081, published by the United States Environmental Protection Agency (EPA).  The procedure uses an automated system (Accelerated 
Solvent Extractor - ASE)  at high temperature and pressure or a Soxhlet system to extract a subsample of the sediment/soil with dichloromethane.  
The extract is then solvent exchanged to hexane followed by one or more of the following clean-up procedures (if required): alumina clean-up, silica gel
clean-up and/or sulphur clean-up. The final extract is analysed by dual capillary column gas chromatography with electron capture detection 
(GC/ECD).

The sample is extracted at a 20:1 liquid to solids ratio for 16 to 20 hours using either extraction fluid #1 (acetic acid, water and sodium hydroxide) or 
extraction fluid #2 (acetic acid and water) depending on the pH of the original sample.  The extract is filtered and then extracted with dichloromethane. 
The extract is solvent exchanged to toluene prior to analysis by capillary column gas chromatography with mass spectrometric detection (GC/MS). 
Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is reported as part of the benzo(b)fluoranthene 
parameter.

ALS Test Code Test Description

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

BCMELP CSR

EPA 200.2/245.7

BC MOE LABORATORY MANUAL (2005)

EPA 200.2/6020A

ASTM D2974-00 Method A

EPA METHODS 3540, 3545, 3610, 3630, 3660

EPA 3510/8270 LIQ-LIQ GCMS

EPA 3570/8270

Method Reference** Matrix 

Test Method References:            

Version: DRAFT   
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PCB-SE-ECD-VA

PCB-SUM-CALC-VA

PH-1:2-VA

PCB by Extraction with GCECD

Total PCBs in soil

pH in Soil (1:2 Soil:Water Extraction)

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3545 & 8270, published by 
the United States Environmental Protection Agency (EPA). The procedure uses a mechanical shaking technique to extract a subsample of the 
sediment/soil with a 1:1 mixture of hexane and acetone.  The extract is then solvent exchanged to toluene. The final extract is analysed by capillary 
column gas chromatography with mass spectrometric detection (GC/MS). Surrogate recoveries may not be reported in cases where interferences from
the sample matrix prevent accurate quantitation. Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is 
reported as part of the benzo(b)fluoranthene parameter.

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3500, 3620, 3630, 3660, 
3665 & 8082, published by the United States Environmental Protection Agency (EPA).  The procedure involves a solid-liquid extraction of a subsample
of the sediment/soil using a mixture of hexane and acetone.  Water is added to the extract and the resulting hexane extract undergoes one or more of 
the following clean-up procedures (if required): florisil clean-up, silica gel clean-up, sulphur clean-up and/or sulphuric acid clean-up.  The final extract is
analysed by capillary column gas chromatography with electron capture detection (GC/ECD).

Calculation of Total PCB.  Total PCB is the sum of the concentrations of PCB aroclors 1016, 1221, 1232, 1242, 1248, 1254, 1260, 1262, and 1268.  
Results below detection limit (DL) are treated as zero.  The Total PCB detection limit is equal to the highest of the aroclor detection limits used in the 
sum.

This analysis is carried out in accordance with procedures described in the pH, Electrometric in Soil and Sediment method - Section B 
Physical/Inorganic and Misc. Constituents, BC Environmental Laboratory Manual 2007.  The procedure involves mixing the dried (at <60°C) and sieved
(No. 10 / 2mm) sample with deionized/distilled water at a 1:2 ratio of sediment to water.  The pH of the solution is then measured using a standard pH 
probe.

Soil

Soil

Soil

EPA 3630/8082  GCECD

CALCULATION

BC WLAP METHOD: PH, ELECTROMETRIC, SOIL

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BC, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

0251

Version: DRAFT   
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Quality Control Report
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Client:

Contact:

GOLDER ASSOCIATES LTD. 
3795 Carey Road 
Victoria  BC  V8Z 6T8
Rachael Jones

Report Date: 22-AUG-11Workorder: L1043298

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

EPH-TUMB-FID-VA

HG-200.2-CVAF-VA

MET-200.2-CCMS-VA

Soil

Soil

Soil

R2234457

R2234327

R2234353

Batch

Batch

Batch

DUP

IRM

MB

CRM

CRM

MB

MB

CRM

CRM

WG1328898-5

WG1328898-3

WG1328898-1

WG1328903-4

WG1328903-5

WG1328903-1

WG1328903-2

WG1328903-4

WG1328903-5

L1043298-3

ALS PHC1 RM

VA-CANMET-TILL1

VA-NRC-PACS2

VA-CANMET-TILL1

VA-NRC-PACS2

EPH10-19

EPH19-32

EPH10-19

EPH19-32

EPH10-19

EPH19-32

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Nickel (Ni)

Selenium (Se)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

<200

<200

79

94

<200

<200

90

93

<0.0050

<0.0050

97

104

94

102

97

95

87

99

0.32

0.118

104

100

79

103

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

N/A

N/A

40

40

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

0.22-0.42

0.025-0.225

70-130

70-130

70-130

70-130

mg/kg

mg/kg

%

%

mg/kg

mg/kg

%

%

mg/kg

mg/kg

%

%

%

%

%

%

%

%

mg/kg

mg/kg

%

%

%

%

200

200

0.005

0.005

RPD-NA

RPD-NA

<200

<200
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R2234353Batch
CRM

MB

MB

WG1328903-5

WG1328903-1

WG1328903-2

VA-NRC-PACS2
Barium (Ba)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

100

105

98

92

85

82

100

95

94

85

90

98

103

100

<0.10

<0.050

<0.50

<0.20

<0.050

<0.50

<0.10

<0.50

<0.50

<0.50

<0.50

<0.20

<0.10

<0.050

<2.0

<0.050

<0.20

<1.0

<0.10

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

0.1

0.05

0.5

0.2

0.1

0.5

0.1

0.5

0.5

0.5

0.5

0.2

0.1

0.05

2

0.05

0.2

1

0.1
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA

MOISTURE-VA

OCP1-SOX-ECD-VA

Soil

Soil

Soil

R2234353

R2233473

R2238197

Batch

Batch

Batch

MB

LCS

MB

DUP

WG1328903-2

WG1328901-2

WG1328901-1

WG1329789-3 L1043298-6

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Moisture

Moisture

alpha-BHC

Lindane (gamma - BHC)

beta-BHC

delta-BHC

Heptachlor

Aldrin

Oxychlordane

2,4’-DDE

<0.050

0.62

<0.20

<0.050

<0.50

<0.10

<0.50

<0.50

<0.50

<0.50

<0.20

<0.10

<0.050

<2.0

<0.050

<0.20

<1.0

91

<0.25

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

14-AUG-11

11-AUG-11

11-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

50

50

50

50

50

50

50

50

90-110

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

MB-LOR

0.05

0.5

0.2

0.1

0.5

0.1

0.5

0.5

0.5

0.5

0.2

0.1

0.05

2

0.05

0.2

1

0.25

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

OCP1-SOX-ECD-VA Soil

R2238197Batch
DUP

LCS

WG1329789-3

WG1329789-2

L1043298-6
Heptachlor Epoxide

trans-Chlordane (gamma)

trans-Nonachlor

cis-Chlordane (alpha)

4,4’-DDE

Endosulfan I

2,4’-DDD

Dieldrin

2,4’-DDT

Endrin

cis-Nonachlor

4,4’-DDD

Endosulfan II

4,4’-DDT

Methoxychlor

Mirex

Endosulfan Sulfate

alpha-BHC

Lindane (gamma - BHC)

beta-BHC

delta-BHC

Heptachlor

Aldrin

Oxychlordane

2,4’-DDE

Heptachlor Epoxide

trans-Chlordane (gamma)

trans-Nonachlor

cis-Chlordane (alpha)

4,4’-DDE

Endosulfan I

2,4’-DDD

Dieldrin

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

88

89

96

90

89

90

93

112

87

92

91

94

94

92

94

93

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50-140

50-140

50-140

50-140

50-140

50-140

50-140

50-140

50-140

50-140

50-140

50-140

50-140

40-140

50-140

50-140

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050

<0.050
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

OCP1-SOX-ECD-VA Soil

R2238197Batch
LCS

MB

WG1329789-2

WG1329789-1

2,4’-DDT

Endrin

cis-Nonachlor

4,4’-DDD

Endosulfan II

4,4’-DDT

Methoxychlor

Mirex

Endosulfan Sulfate

alpha-BHC

Lindane (gamma - BHC)

beta-BHC

delta-BHC

Heptachlor

Aldrin

Oxychlordane

2,4’-DDE

Heptachlor Epoxide

trans-Chlordane (gamma)

trans-Nonachlor

cis-Chlordane (alpha)

4,4’-DDE

Endosulfan I

2,4’-DDD

Dieldrin

2,4’-DDT

Endrin

cis-Nonachlor

4,4’-DDD

Endosulfan II

4,4’-DDT

Methoxychlor

Mirex

94

98

93

94

91

94

110

93

92

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

22-AUG-11

50-140

50-140

50-140

50-140

40-140

50-140

50-140

50-140

40-140

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001
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DRAFT

Quality Control Report
Page 6 ofReport Date: 22-AUG-11Workorder: L1043298

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

OCP1-SOX-ECD-VA

PAH-TCLP-SF-MS-VA

Soil

Soil

R2238197

R2234607

Batch

Batch

MB

DUP

MB

WG1329789-1

WG1329521-2

WG1329521-1

L1043298-3

Endosulfan Sulfate

Naphthalene

Acenaphthene

Acenaphthylene

Acridine

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

Indeno(1,2,3-c,d)pyrene

Phenanthrene

Pyrene

Naphthalene

Acenaphthene

Acenaphthylene

Acridine

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

<0.0010

0.00183

0.00894

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

0.00052

0.00185

<0.00050

0.00215

0.00065

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

22-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

4.2

3.8

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

8.4

N/A

4.1

3.1

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

mg/kg

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.001

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

0.00175

0.00929

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

0.00170

<0.00050

0.00206

0.00063
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DRAFT

Quality Control Report
Page 7 ofReport Date: 22-AUG-11Workorder: L1043298

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-TCLP-SF-MS-VA

PAH-TMB-H/A-MS-VA

Soil

Soil

R2234607

R2234421

Batch

Batch

MB

DUP

IRM

WG1329521-1

WG1328898-5

WG1328898-4

L1043298-3

ALS PAH1 RM

Fluoranthene

Fluorene

Indeno(1,2,3-c,d)pyrene

Phenanthrene

Pyrene

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

Indeno(1,2,3-c,d)pyrene

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

0.575

0.0313

0.0736

0.116

0.123

0.181

0.062

0.070

0.128

0.0161

0.358

0.192

0.066

0.039

0.192

0.507

0.474

85

96

91

109

96

98

120

92

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

17-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

24

15

4.7

4.1

11

17

15

17

4.6

14

18

31

16

21

30

30

13

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

mg/L

mg/L

mg/L

mg/L

mg/L

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

%

%

%

0.0005

0.0005

0.0005

0.0005

0.0005

0.452

0.0269

0.0702

0.112

0.110

0.153

0.054

0.059

0.122

0.0140

0.300

0.140

0.057

0.032

0.143

0.373

0.416
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DRAFT

Quality Control Report
Page 8 ofReport Date: 22-AUG-11Workorder: L1043298

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-TMB-H/A-MS-VA

PCB-SE-ECD-VA

Soil

Soil

R2234421Batch
IRM

MB

WG1328898-4

WG1328898-1

ALS PAH1 RM
Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

Indeno(1,2,3-c,d)pyrene

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

Indeno(1,2,3-c,d)pyrene

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Surrogate: Naphthalene d8

Surrogate: Acenaphthene d10

Surrogate: Phenanthrene d10

Surrogate: Chrysene d12

105

113

99

88

104

83

90

101

100

<0.0050

<0.0050

<0.0040

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

91

92

91

96

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

15-AUG-11

60-130

60-130

60-130

60-130

60-130

60-130

50-130

60-130

60-130

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

0.005

0.005

0.004

0.01

0.01

0.01

0.01

0.01

0.01

0.005

0.01

0.01

0.01

0.01

0.01

0.01

0.01

50-150

50-150

50-150

50-150
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DRAFT

Quality Control Report
Page 9 ofReport Date: 22-AUG-11Workorder: L1043298

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PCB-SE-ECD-VA Soil

R2235991Batch
CRM

MB

WG1330847-2

WG1330847-1

VA-CRM911-050
PCB-1254

PCB-1016

PCB-1221

PCB-1232

PCB-1242

PCB-1248

PCB-1254

PCB-1260

PCB-1262

PCB-1268

76

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

16-AUG-11

16-AUG-11

16-AUG-11

16-AUG-11

16-AUG-11

16-AUG-11

16-AUG-11

16-AUG-11

16-AUG-11

16-AUG-11

65-130%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04
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DRAFT

Quality Control Report
Page 10 ofReport Date: 22-AUG-11Workorder: L1043298

Sample Parameter Qualifier Definitions:

Description Qualifier      

J

MB-LOR

RPD-NA

Duplicate results and limits are expressed in terms of absolute difference.

Method Blank exceeds ALS DQO. LORs adjusted for samples with positive hits below 5 times blank level. Please 
contact ALS if re-analysis is required.
Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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Form Name:  DOC02 15-Jan-07  DGH 

SAMPLE RECEIPT FORM / CHEMICAL ANALYSIS FORM

FILE #:  PR111808  CLIENT: ALS Environmental 

8081 Lougheed Hwy, Suite 100 

Burnaby, BC   

V5A 1W9

Phone:  604-253-4188 

Email: amber.springer@alsglobal.com 

RECEIVED BY:  J. Lawrence DATE/TIME:  August 12, 2011 (10:45 a.m.) 

CONDITION:      okay, 10°C 

# of 

Containers

Sample Type Sample (Client Codes) Lab Codes Test 

Requested

1 sediment L1043298-1   0251-01 PR111808 TBT

1 sediment L1043298-2 0251-02 PR111809 TBT

1 sediment L1043298-3 0251-03 PR111810 TBT

1 sediment L1043298-4 0251-04 PR111811 TBT

1 sediment L1043298-6 0251-06 PR111812 TBT

STORAGE: Stored at <-10°C 

ANALYTES: HRGC/HRMS analysis for tributyltin (TBT) 

SPECIAL INSTRUCTIONS:   none 

METHODOLOGY

Reference Method: TBT:  in house, SOP LAB04 

Data summarized in Data Report Attached

Data emailed to:  Amber Springer    Date:  August 18, 2011 

Comments: Results relate only to items tested.

_____________________________________

Patrick Pond, Chief Technical Officer

Page 1 of 4

Pacific Rim Laboratories Inc. #103, 19575-55A Avenue, Surrey, BC V3S 8P8 Canada 

        Tel: + 604.532.8711 Fax: + 604.532.8712 Email: info@pacificrimlabs.com 

                                                 www.pacificrimlabs.com



Client: ALS Date Extracted: 15-Aug-11

Contact: Amber Springer Date Analysed: 17-Aug-11

Client ID:

L1043298-1 

0251-01

L1043298-2 

0251-02

L1043298-3 

0251-03

L1043298-4 

0251-04

L1043298-6 

0251-06

PRL ID: PR111808 PR111809 PR111810 PR111811 PR111812

Compound DL

µg/g µg/g µg/g µg/g µg/g µg/g

Tributyltin Chloride 0.001 0.069 0.471 0.001 0.001 ND

Dibutyltin dichloride 0.001 0.003 0.010 ND ND ND

Monobutyltin trichloride 0.001 ND ND ND ND ND

Compound DL

µg/g µg/g µg/g µg/g µg/g µg/g

TBT
+

0.001 0.062 0.420 0.001 0.001 ND

DBT
++

0.001 0.002 0.007 ND ND ND

MBT
+++

0.001 ND ND ND ND ND

Surrogate Recoveries (%)

Tributyltin - d27 83 101 95 81 48

ND - none detected

Form Name:  DOC14 Data Report TBT  11-Dec-09  DGH

DATA REPORT

Patrick Pond, CTO

Page 2 of 4
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Form Name:  DOC14 Data Report TBT  15-Jan-07  DGH

Client: ALS Date Extracted: 15-Aug-11

Contact: Amber Springer Date Analysed: 17-Aug-11

Client ID: blank Spike LOF Recovery

PRL ID: TB110313B TB110314S

Compound DL

µg/g µg/g µg/g µg/g

Tributyltin Chloride 0.001 ND 0.045 0.050 89%

Dibutyltin dichloride 0.001 ND 0.035 0.050 70%

Monobutyltin trichloride 0.001 ND 0.009 0.050 18%

Compound DL

µg/g µg/g

TBT
+

0.001 ND

DBT
++

0.001 ND

MBT
+++

0.001 ND

Surrogate Recoveries (%)

Tributyltin - d27 82 88

ND - none detected

QC REPORT

Patrick Pond, CTO

Page 3 of 4
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Acronyms used in reporting organotins: 

TBT = Tributyltin  TBTCl = Tributyltin chloride

DBT = Dibutyltin DBTCl = Dibutyltin dichloride

MBT = Monobutyltin MBTCl = Monobutyltin trichloride

 

This method analyzes organotin derivatives in water, sediment and biota.  The method 

cannot determine which organotin salt is present in the sample, therefore all data is 

quantified in terms of organotin chlorides and expressed as cation equivalents (TBT
+
, 

DBT
++

, MBT
+++

 

). 

In sea water and under normal conditions, TBT exists as three species (hydroxide, 

chloride, and carbonate), which remain in equilibrium.  At pH values less than 7.0, the 

predominate forms are Bu3SnOH2
+
 and Bu3SnCl, at pH 8, they are Bu3SnCl, Bu3SnOH, 

and Bu3SnCO3
-
, and at pH values above 10, Bu3SnOH and Bu3SnCO3

-

Source:  

 predominate. 

http://www.inchem.org/documents/ehc/ehc/ehc116.htm#SectionNumber:1.1  

 

TBT data has been reported in many conventions over the years.  To convert to other 

units, use the multipliers below. 

To convert To: Multiply by:

Tributyltin chloride As Sn 0.3647 

Tributyltin chloride As TBTO 0.9760 

Tributyltin chloride As TBT
+

Dibutyltin dichloride As Sn 0.3907 

 0.8911 

Dibutyltin dichloride As TBTO 0.9110 

Dibutyltin dichloride As DBT
++

Dibutyltin dichloride As TBT

 0.7666 

+

Monobutyltin trichloride As Sn 0.4207 

 0.9546 

Monobutyltin trichloride As TBTO 0.8461 

Monobutyltin trichloride As MBT
+++

Monobutyltin trichloride As TBT

 0.6231 

+

As Sn As TBTO 2.8097 

 1.0279 

 

 

Acceptable recoveries for Tributyltin surrogate standards

Sediment/biota TBT d27

Water   TBT d

 20-150% 

27 10-130% 
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Printed on 15/08/2011 12:14:37 PM Page 1 of 1

ALS Sample ID:          L1043298-1
Client Sample ID:        0251-01
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention 
times may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.



Printed on 15/08/2011 12:14:28 PM Page 1 of 1

ALS Sample ID:          L1043298-2
Client Sample ID:        0251-02
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention 
times may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.
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ALS Sample ID:          L1043298-3
Client Sample ID:        0251-03
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention 
times may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention 
times may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention 
times may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.
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1. INTRODUCTION 

This report summarizes the results of the 2009 site investigation program undertaken by 

Klohn Crippen Berger (KCB) for Public Works and Government Services Canada at 

Esquimalt Graving Dock (EGD) located in Esquimalt, B.C. 

 

The site investigation program was conducted on the South and West Jetties Wharves 

between October 7 and 26, 2009 and consisted of cone penetration tests (CPT), mud 

rotary drill holes and HQ-3 diamond coring of bedrock. The objectives of the site 

investigation program were: 

 
1) To obtain soil profile, soil density and strength data to supplement existing 

information; 

2) To determine the depth to bedrock at each drill hole location; and  

3) To obtain bedrock quality and bedrock strength data for pile design. 

 

All elevations in this report are referenced to chart datum. Chart datum is equal to 

El. -1.87 m geodetic datum. 

 

Prior to and concurrent with KCB’s 2009 site investigation program, Golder Associates 

conducted a marine-based site investigation program consisting of twenty (20) sonic 

boreholes, four (4) mud rotary drill holes and eighteen (18) cone penetration tests. The 

test holes were located along the south and west jetties, north landing wharf and near 

Munroe Head. The results from Golder Associates’ 2009 site investigation program can 

be found in “Esquimalt Graving Dock Waterlot – Supplementary Test Hole Investigation 

for Remedial Action Plan/Risk Management Plan; Report Number: 09-1475-5008.” 
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2. SITE INVESTIGATION PROGRAM 

The site investigation program consisted of three cone penetration tests and four mud 

rotary/HQ3 diamond drill holes positioned in the east-west direction along the south edge 

of the south timber wharf and one mud rotary/HQ3 diamond drill hole located on the 

north edge of the timber wharf close to the timber crib structure. The drill hole locations 

are shown in Figure 1. The drilling and the cone penetration testing were carried out by 

Foundex Explorations Ltd. of Surrey, B.C. using a track mounted HT-700 drill rig. A 

KCB geotechnical field engineer was on site to supervise the drilling and to log recovered 

soil/rock samples.  

 

Drill rods were lowered through the existing fire access holes on the south jetty at 

locations where the fire access holes were in the vicinity of the proposed drill holes. At 

locations where the usage of fire access holes was not possible, Ruskin Construction was 

retained to cut holes through the deck prior to drilling and to patch the holes with asphalt 

upon the completion of drilling. 

 

All drill holes were grouted up to 3 m below the interface between the upper coarse/fine-

grained sediments and the native clay using premixed grout mix, GROUT-WELL®DF. 

The drill cuttings and fluids from the fill and native soil were collected in separate drums 

and labelled based on content. The drums containing the drill cutting were disposed by 

Hazco Environmental along with the drill cuttings from Golder Associates’ 

environmental site investigation program.  

 

Table 1 summarizes the 2009 site investigation program at the South Jetty Wharf. The 

drill hole locations were measured using a tape from the south and west edge of the jetty 

while the elevation of the top of the deck was estimated from a survey conducted by 

Focus Survey in November 2009. The depth to mudline was estimated by sounding with 
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a weighted tape measure. Selected photographs taken during the site investigation are 

shown in Appendix III. 

 

Table 1: Summary of 2009 Site Investigation Program 

Co-ordinates (m) 
Drill Hole ID 

Drill/ Test 
Method Easting Northing 

Deck 
Elevation1 

(m) 

Max. Test 
Depth2 

(m) 

Depth to 
Mudline

2 (m) 

CPT09-01 (Q) CPT 468,350 5,364,800 5.2 21.6 12.3 

CPT09-02 (R) CPT 468,427 5,364,806 5.2 36.5 8.5 

CPT09-03 (S) CPT 468,527 5,364,816 5.2 38.57 9.40 

DH09-01 (R)3 Mud Rotary 468,423 5,364,805 5.2 14.05 8.84 

DH09-02 (S) Mud Rotary 468,531 5,364,817 5.2 50.29 9.45 

DH09-03 (Q) Mud Rotary 468,343 5,364,799 5.2 64.00 12.80 

DH09-04 (P) Mud Rotary 468,365 5,364,841 4.9 27.70 12.50 

DH09-05 (T) Mud Rotary 468,597 5,364,827 4.8 26.52 4.27 

Notes: 1) Deck elevation estimated from survey conducted by Focus Survey in November 2009. 
2) Depths measured from the top of the deck surface. 
3) The coordinates are in UTM NAD83. 

 

2.1 Mud Rotary Drill Holes 

Five mud rotary drill holes (DH) were completed by Foundex Explorations of Surrey, 

B.C. using a track mounted HT-700 drill rig. SW surface casing (168 mm O.D., 152 mm 

I.D.) was first lowered through the water and into the subsurface under the weight of the 

casings and then pounded with a drop hammer into place with the rope and cathead 

system until refusal was met. The SW casing generally met refusal at about 3 m below 

the mudline. Because collapsible ground conditions were anticipated in the fill material 

across the site, a wireline casing advancer system was used to drill the HW- size casing 

(114 mm O.D., 102 mm I.D.) through the soft fill and the native clay. The casing 

advancer system consists of an outer sleeve incorporating two drive keys, which engages 

with retractable latches to drive an inner assembly. The inner assembly accepts a tri-cone 

bit for drilling, which can be lowered or withdrawn using a typical wireline overshot. 
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With the tri-cone bit latched into position, the whole assembly rotates and feeds as a 

single unit to simultaneously drill and case the hole.  With the tri-cone bit withdrawn, 

standard penetration tests (SPT), vane tests, tube sampling and HQ3 rock coring can be 

conducted through the HW casing. 

 

DH09-01 was terminated at El. -8.82 m when the SW casing shoe was sheared off 

because it was not properly seated. At all drill holes, advancement was difficult to a depth 

of 8 m to 9 m below mudline due to the presence of gravel, cobbles and wood pieces.   

 

Standard penetration tests (SPTs) with 51 mm O.D. by 38 mm I.D. split spoon sampler 

were conducted in DH09-01 to DH09-04 at selected depths using a 63.5 kg (140 lb) with 

a rope and cathead system with a drop distance of  0.76 m (30”). The number of hammer 

blows required to drive the sampler each 0.15 m increment was recorded. The field blow 

counts for the sampler penetration of 0.30 m, after initial seating penetration of 0.15 m, 

are plotted in the test hole logs in Appendix I.  

 

Intact soil samples were obtained at selected depths in DH09-02 and DH09-03 using 

76 mm thin-walled tubes in accordance with ASTM D1587-00 test method. 

 

With the exception of DH09-01, continuous HQ-3 sized bedrock core samples were 

recovered using a triple tube core barrel system. The detailed logs of bedrock at the site 

are also presented in Appendix I. 

 

2.1.1 Nilcon Field Vane Tests 

Nilcon field vane tests were performed in DH09-02, DH09-03 and DH09-04 at selected 

(generally at depths where thin-walled tube samples were collected) to determine the 

undrained shear strength of the silt and clay deposits. The field vane test values are 
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shown in Table 2 and plotted on the right side of the borehole logs presented in 

Appendix I.  

 

Table 2: Summary of Nilcon Vane Data  

Shear Strength Su (kPa) 
Drill Hole ID Test Depth (m)

Peak Remoulded Residual 
8.66 70 21 1 
9.27 45 23 15 

11.15 55 38 21 
11.76 50 31 19 
13.05 58 37 18 
13.66 >105 - n/a 
16.31 51 31 18 
16.92 70 52 18 
20.95 68 43 19 
21.56 65 35 17 
25.55 106 73 12 
26.16 84 46 25 

DH09-02 (S) 

27.81 >116 - 37 
5.68 30 27 4 
6.96 52 25 2 

12.14 81 58 23 
12.75 51 31 5 
15.47 53 33 15 

DH09-03 (Q) 

16.08 49 32 16 
6.71 >100 - n/a 
9.76 48 31 6 

DH09-03 (P) 

10.37 61 48 15 
Notes: 1) “-” in the Remoulded Strength column denotes the tests could not conducted because 

the Peak Strengths exceeded the upper limit of the size of vane used in the test. 
2) Residual Strength tests not conducted at 13.66 m at DH09-02 and at 6.71 m at DH09-
03 due to difficulties with the rotating vane apparatus as a result of very stiff soil.  
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2.2 Cone Penetration Tests 

Three cone penetration tests (CPT) were carried out by Foundex of Surrey, B.C. using a 

track mounted HT-700 drill rig. The CPTs were performed using GEOTECH’s CPT 

Classic Acoustic system. In an acoustic CPT system, the measured data as the cone is 

pushed into the soil strata is received by the transmitter and then amplified and converted 

into an acoustic signal that is sent through the drill rods to a surface microphone.  

 

The cone has a tip area of 10 cm2, friction sleeve area of 150 cm2 and has a pushing 

capacity of 10 tons. It was pushed into the soil at a rate of 2 cm/second and following 

data was collected at 2 cm intervals: cone tip resistance (Qc), sleeve friction (Fs) and 

dynamic pore pressure (U). The CPT plot is presented in Appendix II. 

 

For CPT09-02 and CPT09-03, HWT casing (114 O.D., 102 I.D.) was first lowered into 

the subsurface and seated in sand and gravel material within the surficial fill. Collared 

BQ-sized casing (60 O.D., 36.5 I.D.) was then lowered through the HWT casing to 

provide lateral support to the CPT rods (36 mm O.D., 16 mm I.D.) and cones through the 

surficial layers. At CPT09-01, HWT casing could not be lowered due to a pile stringer 

obstruction below the deck. With only one set of casing (BQ), very little lateral support 

was provided to the CPT rods and CPT09-01 was terminated at El. -16.4 m as refusal was 

met due to high deflection angle of the CPT tip. 

 

CPT09-02 and CPT09-03 encountered refusal due to high tip resistance (> 25MPa) at 

El. -12.2 m and -5.4 m, respectively. The obstructions were drilled out and the CPT tests 

were carried out to the final depth at each location. 
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3. GROUND CONDITIONS 

Based on the information obtained from the current site investigation, the stratigraphic 

units at the South Jetty Wharf are summarized in Section 3.1 to 3.5.  

 

3.1 Upper Coarse-Grained Sediments 

Granular materials consisting of gravel and sand were encountered as the topmost unit at 

all drill holes. Well-graded, angular to sub-angular gravel with some sand, various 

amounts of silt/clay and occasional cobbles and boulders were found in all drill holes 

aside from DH09-04 based on SPT samples, drill action and drill cuttings. In DH09-04, 

uniform, loose, fine-grained sand with trace silt was found as the top most unit. The 

granular material generally had organic and petroleum odour and contained various 

amounts of white shells, zones of black hydrocarbons and occasional timber pieces. This 

indicates that some portion of the upper coarse grained sediments may have been placed 

as fill from various historic dredging activities at EGD. 

 

3.2 Upper Fine-Grained Sediments 

Silt and clay were encountered below the surficial sand and gravels. The silt was 

generally low plastic, soft, with some fine-grained sand and light organic and chemical 

odour.  The clay was generally very soft with medium to high plasticity and usually had 

chemical/organic odour. At DH09-02 and DH09-03, upper coarse-grained sediments 

were also found underlying the silt and clay, further indicating that the upper fine-grained 

sediments may have been placed as fill. 

 

3.3 Victoria Clay 

The Victoria clay unit consists of grey, low to medium plastic, soft to increasingly stiff 

clay with some silt and trace sand and gravel.  Although not evident from the mud rotary 

drill hole samples, CPT09-02, CPT09-03, and previous sonic and CPTs boreholes 
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conducted in the vicinity show an approximately 2 m thick layer of stiff silty clay 

‘weathered crust’ overlying the unweathered Victoria clay.     

 

3.4 Till-like Deposit 

Below the Victoria clay and overlying the bedrock is a discontinuous layer of till-like 

deposit consisting of dense to very dense, well graded sand and gravel with some silt. 

The till was encountered in all drill holes except DH09-01, which was terminated at 

shallow depth. 

 

3.5 Bedrock 

The bedrock at the site consists of greenish-grey meta-diorite of the Wark Gneiss 

complex. The bedrock core samples recovered from DH09-02 and DH09-03 were 

generally weak, moderate to highly weathered and highly fractured with zones of crushed 

rock and clay. The rock quality designation (RQD) of the core samples from DH09-02 

and DH09-03 were between 0_% and 75 % and the total core recovery (TCR) was 

between 12% and 100%.  The samples recovered from DH09-04 and DH09-05 were 

generally strong, intact and fresh to slightly weathered. The RQD and TCR of the core 

samples from these two drill holes were generally between 87 % and 100 %. 

 

Core photographs are shown in Appendix III. 
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4. LABORATORY TESTING 

Soil and rock samples obtained from the drill holes were returned to KCB’s Vancouver 

laboratory for testing. Moisture content, Atterberg limits, consolidation and triaxial 

compression testing were conducted on selected soil samples. Unconfined compressive 

strength tests (UCS) were done on two bedrock samples. Two Shelby tube samples were 

sent to Golder Associates’ laboratory in Burnaby for cyclic simple shear testing. The 

laboratory test results area summarized in Sections 4.1 to 4.5 and detailed results are 

included in Appendix IV. 

 

4.1 Cyclic Simple Shear Testing 

Cyclic simple shear testing was conducted by Golder Associates at their Burnaby 

laboratory on the following thin-walled tube samples: DH09-02 (S), ‘Sy 4’, collected at a 

depth of between 19.51 m and 20.12 m and DH09-03 (Q), ‘Sy 1’, collected between 

23.77 m and 24.38 m.  Cyclic testing results are shown in Table 3. The sample collected 

from DH09-02 consisted of medium plastic, firm, grey clay with trace fine sand from the 

Victoria Clay unit. The sample from DH09-03 had similar characteristics but had low 

plasticity.  

 

4.1.1 Initial Consolidation Phase 

Samples were initially consolidated to the approximate insitu vertical effective stress ’vc, 

in several steps, and allowed to consolidate for about 24 hours prior to shearing.   

 

Test 1, conducted on a portion of DH09-02 (S) ‘Sy 4’ at about 20.0 m, was consolidated 

to 110 kPa and experienced about 10.5% axial strain during the consolidation phase. Test 

1 was subsequently aborted due to difficulties during the cyclic loading phase.  Prior to 

Test 2, consolidation testing of DH09-02 (S) ‘Sy 3’, 17.60 m to 18.06 m depth was 

completed which indicated that the insitu vertical stress was likely less than first 
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assumed.  Test 2 (conducted on ‘Sy 4’ at about 19.8 m) was therefore consolidated to 80 

kPa and experienced about 5.6% axial strain during the consolidation phase. 

 

Test 3 (conducted on ‘Sy 1’ from DH09-03) was consolidated to 80 kPa and experienced 

about 7.8% axial strain during the consolidation phase. 

 

4.1.2 Cyclic Loading Phase 

Cyclic shear loading was applied at a frequency of 0.5 Hz with a starting cyclic stress 

ratio (CSR) of 0.15.  Cyclic loading was continued at the starting CSR until a maximum 

shear strain of 3.75% was developed, or until 15 stress cycles, whichever occurred first. If 

the maximum shear strain was less than 3.75%, the CSR was increased by 0.05 and 

testing continued. 

 

4.1.3 Post-Cyclic Monotonic Loading 

Post cyclic undrained monotonic loading was commenced immediately upon completion 

of the above cyclic loading phase for Tests 2 and 3.  Monotonic loading was carried out 

at a strain rate of 1.0% per hour, to a maximum of 20% strain.  Monotonic loading was 

carried out in the opposite direction to that of the residual strain at the conclusion of the 

cyclic loading. 

 

Due to a power failure during Test 2, the monotonic loading data was lost. 
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Table 3: Summary of 2009 Cyclic Shear Testing 

Cyclic Loading Phase 
Post Cyclic 

Tests Test 
No. 

Bore Hole ID WC ’vc 

(kPa) CSR =  
cyc /’vc 

0.15 0.20 0.25 0.30 max (%) ur/’vc 
SU 

(kPa) 
peak 
(%) 

1 DH09-02 (S) Aborted 

2 DH09-02 (S) 0.317 80 N 15(a) 15(a) 15(a) 5(b) 4.4 0.65(c) - - 

3 DH09-03 (Q) 0.224 115 N 15(a) 15(a) 4(b) - 4.4 0.71 30 12 
Notes: 

(a) Cyclic Loading increased to next higher CSR stage since max < 3.75% 
(b) Liquefaction Criterion max = 3.75% reached during this cyclic loading stage 
(c) Visually estimated from the h vs  plots (from post-cyclic monotonic loading) 

 

N Number of cycles required to exceed max = 3.75%   ’vc Vertical effective consolidation stress 
 Horizontal Shear Strain       cyc  Cyclic shear stress 
peak Horizontal Shear Strain corresponding to Su    ur Residual excess pore pressure at end of cyclic test 
max Horizontal Shear Strain during cyclic loading     
Wc Water content at end of test       
Su Peak undrained shear strength in post-cyclic loading 
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4.2 Consolidation Testing 

One dimensional consolidation testing (ASTM D2435-96) was done on a thin-walled 

tube sample collected from DH09-02 at depths of 17.60 to 18.06 m. The sample was 

collected from the Victoria Clay unit and consisted of medium plastic, firm clay with 

trace fine sand. Table 4 summarizes the results from the consolidation test. 

 

Table 4: Summary of 2009 Consolidation Testing 

Test Pressures (kPa) 

From To 

Estimated 
Coefficient of 

Consolidation, cv 
(cm/sec) 

Estimated 
Compression Index 
for Load Increment, 

Cc 

12.5 25 2.9 x 10-4 0.07 

25 50 2.3 x 10-4 0.19 

50 100 2.9 x 10-4 0.35 

100 200 3.5 x 10-4 0.37 

200 400 3.5 x 10-4 0.34 

400 800 6.6 x 10-4 0.33 

800 1600 8.8 x 10-4 0.32 
 

4.3 Triaxial Testing 

Two consolidated undrained (CUP) triaxial tests with pore pressure measurement were 

conducted on thin-walled tube samples collected from DH09-02 (ASTM D4767-95). 

Both samples were also collected from the Victoria Clay unit and consisted of medium 

plastic, firm clay with trace fine sand. The sample collected from 17.60 m to 18.21 m, 

‘Sy 3’, at DH09-02 was tested under confining pressures of 75, 150 and 225 kPa. The 

sample collected from 24.69 m to 25.30 m, ‘Sy 6’, at DH09-02 was tested under 

confining pressures of 150, 225 and 300 kPa. The test results are presented in 

Appendix IV.  
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4.4 Unconfined Compressive Strength Testing 

Unconfined compressive strength (UCS) testing was conducted on two bedrock samples. 

The results are summarized in Table 5. 

 

Table 5: Summary of 2009 UCS Testing 

Drill Hole 
Depth of 

Sample (m) 
Compressive Stress 

(MPa) 

DH09-04 25.9 76.6 

DH09-05 25.6 53.7 
 

4.5 Index Testing 

Atterberg limit tests (ASTM D4138-00) were performed on two sample collected from 

DH09-03 and three samples from DH09-02. The results are summarized in Table 6. 

 

Table 6: Summary of 2009 Atterberg Limit Testing 

Drill Hole 
Depth of 

Sample (m) 
Liquid Limit, 

LL 
Plastic Limit, 

PL 
Plasticity 
Index, PI 

DH09-02 
SPT 5 

17.0 42 17 26 

DH09-02 
Sy 3 

17.6 46 17 29 

DH09-02 
Sy 6 

24.7 40 16 24 

DH09-03 
SPT 3 

23.2 28 13 15 

DH09-03 
Sy 1 

23.8 25 14 11 
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Space below deck. Tide levels varied during drilling.

Gravel (GW), fine, trace fine to medium sand, angular
with trace rounded pieces, loose, wet. [Upper
Coarse-Grained Sediment]

Sand (SW), coarse wtih some fine and medium, trace
fine gravel < 1.5 cm, dark grey, compact, wet. [Upper
Coarse-Grained Sediment]

Hole terminated at 14.05 m due to difficulties with
the SW casing.

1. Drilling was carried out by Foundex Explorations
Ltd. of Surrey, B.C.

2. The hole was not backfilled due to the loose
nature of the upper coarse-grained sediments.

3. Standard penetration tests (SPT) were
conducted using an automatic trip hammer (63.5
kg, 762 mm drop), AWJ rods, and a split spoon
sampler (51mm O.D., 38mm I.D.).
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Space below deck. Tide levels varied during drilling.

Gravel (GW), fine, angular to subrounded, with wood
fragments and black hydrocarbon. [Upper
Coarse-Grained Sediments]

CLAY (CI-CH) trace silt, medium to high plasticity, very
soft, grey, light chemical odour, moist. [Upper
Fine-Grained Sediments]

SILT (ML) some fine sand, low plastic, soft, black, light
chemical odour, moist. [Upper Fine-Grained
Sediments]

SAND (SP) medium with some fine, uniform graded,
loose, grey, wet.  [Upper Coarse-Grained Sediments]

CLAY (CI) some fine sand, medium plasticity, firm, grey,
wet. [Upper Fine-Grained Sediments]

CLAY (CI) trace fine sand, medium plasticity, soft, grey,
wet, rapid dilatancy. [Victoria Clay]

One dimensional consolidation testing and Consolidated
Undrained triaxial test (with pore pressure
measurement) conducted on Sy 3

Cyclic Simple Shear test conducted on Sy 4
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CLAY (CI) trace fine sand, medium plasticity, firm, grey,
wet, rapid dilatancy. [Victoria Clay]

Consolidated undrained triaxial test (with pore pressure
measurement) conducted on Sy 6.

SAND (SW) medium with some fine and coarse, trace
subangular gravel up to 40mm, well-graded, very
dense, grey, wet. [Till-like]
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SAND (SW) fine with some medium and trace coarse,
some angular to subrounded gravel, trace clay,
well-graded, dense, grey, wet.

SAND (SW) coarse grained with trace fine grained,
some angular gravel, well-graded, compact to dense,
grey, wet.

SAND (SW) fine grained, some silt and clay, trace
gravel, gap-graded, loose to compact, light grey, wet.
[Till-like]

SAND (SW) medium with some fine and coarse,
well-graded, compact, grey, wet.

META-DIORITE, greenish-grey, fine-grained, highly
weathered, highly fractured with zones of crushed
rock and clay. TCR: 86% - 100%. RQD: 0% - 18%.
[Wark Gneiss]

1. Drilling was carried out by Foundex Explorations
Ltd. of Surrey, B.C.

2. SW casing (168mm O.D., 152mm I.D.) seated at
about 10 m. HW (114mm O.D., 102mm I.D) mud
rotary drilling with casing advancer system from
9.45 m to 45.84 m. HQ-3 (96mm O.D., 63.5mm
I.D.) diamond coring from 45.84 to 50.29 m.

3. The hole was backfilled with using premixed
grout mix, GROUT-WELL®DF to about 3 m below
the interface between upper coarse/fine-grained
sediments and Victoria Clay.

4. Standard penetration tests (SPT) were
conducted using an automatic trip hammer (63.5
kg, 762 mm drop), AWJ rods, and a split spoon
sampler (51mm O.D., 38mm I.D.).
* 0 blows indicates that the sampler was advanced
from the weight of the hammer.

5. Field vane tests conducted using Nilcon Field
Vane.
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Space below deck. Tide levels varied during drilling.

Gravel (GW), some silt, sand and clay, trace cobbles
and boulders, angular to subangular, strong organic
and petroleum odour, some white shells. (Inferred
from drilling action and drill cuttings.) [Upper
Coarse-Grained Sediments]

SILT (ML) some fine sand, low plastic, very soft, dark
green, strong petroleum and organic odour, wet, trace
white shells. [Upper Fine-Grained Sediments]
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Gravel (GW), similar to 12.8 m with timber pieces and
zones of black hydrocarbon (as observed from drilling
fluid return). [Upper Coarse-Grained Sediments]

SILT (ML) some clay, trace coarse sand and fine gravel,
low plasticity, firm, grey, light petroleum odour, moist.
[Victoria Clay]

Cyclic Simple Shear test conducted on Sy 1

21.33

23.16

2
3
4

SPT 3

Sy 1

-16.13

-17.96

AW

2 4

EGD South Jetty Wharf Development

LOCATION:

LOGGED BY:

P09614A01

SHEET           OF

Esquimalt Graving Dock, Esquimalt, BC

AP / SRA

Continued Next Page

PROJECT NO.:

PROJECT:

CHECKED BY:

HOLE NO.: DH09-03 (Q)

DH09-03 (Q)

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

D
E

T
A

IL
S

IN
S

T
R

U
M

E
N

T

20 Oct 2009STARTED:

D
E

P
T

H
 (

m
)

S
P

T
 B

L
O

W
S

P
E

R
 0

.1
5

m

S
A

M
P

L
E

 T
Y

P
E

Mud Rotary

GROUND ELEV. (m):

E 468343COORDINATES (m):

DESCRIPTION OF MATERIALSS
A

M
P

L
E

 N
o

.

S
Y

M
B

O
L

20 40 60 80

23 Oct 2009

DRILL METHOD:

5.20

N 5364805

Su - kPa

20 60 100 140 180

FINISHED: UC/2VANE
PEAK

REMOLD

P

SPT N

P.PEN/2
% FINES

LABFIELD

W % W %

(Blows / 0.3m)

L

BECKER or DPT

W%

DRILL HOLE LOG
K

C
B

L
_
D

R
IL

L
_
H

O
L
E

-S
I 

 E
G

D
 F

IE
L
D

 L
O

G
S

.G
P

J
  

K
C

_
D

A
T

A
.G

D
T

  
3
/2

3
/1

0



SILT (ML), continued from previous page.

SAND (SW) medium with some fine and coarse, trace
fine gravel, well graded, dense, grey, wet.

SAND (SW) fine with trace medium and coarse, trace
silt and some gravel, well-graded, very dense, grey,
wet. [Till-like]

META-DIORITE, greenish-grey, fine-grained, very weak,
highly weathered, highly fractured with zones of
crushed rock and clay. TCR: 12% - 75%. RQD: 0% -
89%.  [Wark Gneiss]
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1. Drilling was carried out by Foundex Explorations
Ltd. of Surrey, B.C.

2. SW casing (168mm O.D., 152mm I.D.) seated at
about 14 m. HW (114mm O.D., 102mm I.D) mud
rotary drilling with casing advancer system from
12.80 m to 55.70 m. HQ-3 (96mm O.D., 63.5mm
I.D.) diamond coring from 55.70 to 64.00 m.

3. The hole was backfilled with using premixed
grout mix, GROUT-WELL®DF to about 3 m below
the interface between upper coarse/fine grained
sediments and the Victoria Clay.

4. Standard penetration tests (SPT) were
conducted using an automatic trip hammer (63.5
kg, 762 mm drop), AWJ rods, and a split spoon
sampler (51mm O.D., 38mm I.D.).
* 0 blows indicates that the sampler was advanced
from the weight of the hammer.

5. Field vane tests conducted using Nilcon Field
Vane.
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Space below deck. Tide levels varied during drilling.

SAND (SP), fine, trace silt, poorly graded, loose to
compact, rounded, grey, some shells [Upper
Coarse-Grained Sediment]

Zone of black hydrocarbons inferred from drill fluid
return.

CLAY (CI), some silt, trace to some sand, medium
plastic, stiff, grey, organic odour. (Inferred from drill
action, drilling fluid return and samples collected off of
the blades of field vane). [Victoria Clay]
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SAND (SW), silty, some gravel, some cobbles, grey,
very dense. [Till-like]

METADIORITE, greenish-grey, fine-medium grained,
weak, highly chlorite altered, slightly to moderately
weathered.  TCR: 81% - 87%. RQD: 84% - 86%.
[Wark Gneiss]

Unconfined compressive strength (UCS) testing
conducted on bedrock sample collected from 25.9 m

METADIORITE, Greenish-grey, fine to medium-grained,
high strength, slight chlorite alteration, fresh to slightly
weathered. TCR: 100%. RQD: 97%. [Wark Gneiss]

1. Drilling was carried out by Foundex Explorations
Ltd. of Surrey, B.C.

2. HW (114mm O.D., 102mm I.D) mud rotary
drilling from 12.50 m to 23.48 m. HQ-3 (96mm
O.D., 63.5mm I.D.) diamond coring from 23.48 to
27.70 m.

3. The hole was backfilled with using premixed
grout mix, GROUT-WELL®DF to about 3 m below
the interface between upper coarse/fine grained
sediments and the Victoria Clay.

4. Standard penetration tests (SPT) were
conducted using an automatic trip hammer (63.5
kg, 762 mm drop), AWJ rods, and a split spoon
sampler (51mm O.D., 38mm I.D.).
* 0 blows indicates that the sampler was advanced
from the weight of the hammer.
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Space below deck. Tide levels varied during drilling.

SAND (SW), gravely, some boulders. (Inferred from drill
action and drilling fluid return). [Upper
Coarse-Grained Sediments]

SILT (ML), some clay, trace sand, grey. (Inferred from
drill action and drilling fluid return). [Victoria Clay]
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SAND (SW), some clay and silt, some gravel, grey,
dense. (Inferred from drill action and drilling fluid
return). [Till-like]

METADIORITE, greenish-grey, fine grained, very hard,
fresh, slight chlorite alteration with trace pyrite
crystals. TCR: 100%. RQD: 87% - 100%. [Wark
Gneiss]

Unconfined compressive strength (UCS) testing
conducted on bedrock sample collected from 25.6 m.

1. Drilling was carried out by Foundex Explorations
Ltd. of Surrey, B.C.

2. HW (114mm O.D., 102mm I.D) mud rotary
drilling from 4.27 m to 22.87 m. HQ-3 (96mm O.D.,
63.5mm I.D.) diamond coring from 22.87 to 26.52
m.

3. The hole was backfilled with using premixed
grout mix, GROUT-WELL®DF to about 3 m below
the interface between upper coarse/fine grained
sediments and the Victoria Clay.
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APPENDIX II 

2009 Cone Penetration Test Logs 
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APPENDIX III 

Photographs 



 
 

Core Photographs 
DH09-02 (S): From 45.84 m to 50.29 m 

 

 
 

DH09-03 (Q): From 59.73 m to 64.00 m 
 

 
 



 
 

Core Photographs 
DH09-04 (P): From 23.47 m to 27.74 m 

 

 
 

DH09-05 (T): From 22.87 m to 26.52 m 
 

 



 
 

Site Photographs 
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APPENDIX IV 

Laboratory Test Data 



Hole Sample Depth ID Wet Weight Dry Weight Tare Water Total Dry Water

Number Number (m) Number + Tare (g) + Tare (g) (g) Weight (g) Weight (g) Content (%)

DH09-03 (Q) Sy 1 23.8 56.57 47.02 1.28 9.55 45.74 20.88

JOB NO.: P09614A01

PROJECT: EGD South Jetty Wharf Development

LOCATION: BC

 DATE: Feb 5, 2010

TESTED BY: BY CHECKED BY: JG

 WATER CONTENT OF SOIL
(ASTM D2216)

March 2009   Doc. #738   Rev.#0

\\hera\Projects\P\P09614 A01 PWGSC-EGD South Jetty Wharf Devel\300 Design\360 Vancouver Lab\T1005 Jan25, 2010\Working files\P09614A01 EGD SJWD T1005 

Water Content Feb 2, 2010.xls
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CONSOLIDATION 

PROJECT NO.: P09614A01

PROJECT: EGD South Jetty Wharf Development

SAMPLE NO.: DH09-02 (S) / Sy 3

DEPTH: 17.60 m - 18.06 m

TEST NO.: Consolidation Test #1

LOADING MACHINE NO.: ID65 New Initial water  content : 44.87 % (based on final dry weight)

Final water  content : 26.9 % (based on sample at end of test)

Initial Specimen Height (mm): 25.39

Height of Solid (mm): 11.347  (dry mass =98.82 g, Specimen area =3166.9 mm
2
, SG=2.75***) * Calibration to be done after test

Initial void ratio: 1.238 ** Estimated t90

Void Ratio Factor 0.0881 *** Estimated specific gravity

   Pressure (kPa) Change in Height Final Change in Change in Void t90** Cv Mv k Cc

From To Corrected (mm) Height (mm) Void Ratio Void Ratio Acc Ratio (min) (cm
2
/sec) (cm

2
/N) (cm/sec)

0.0 12.5 0.246 25.144 0.0217 0.0217 1.216

12.5 25.0 0.227 24.917 0.0200 0.0417 1.196 75.7 2.9E-04 7.2E-03 2.1E-08 0.066

25.0 50.0 0.633 24.284 0.0558 0.0975 1.140 92.2 2.3E-04 2.0E-02 4.6E-08 0.185

50.0 100.0 1.208 23.076 0.1065 0.2040 1.034 67.2 2.9E-04 2.0E-02 5.8E-08 0.354

100.0 200.0 1.279 21.796 0.1127 0.3167 0.921 50.4 3.5E-04 1.1E-02 3.8E-08 0.374

200.0 400.0 1.171 20.626 0.1032 0.4199 0.818 45.3 3.5E-04 5.4E-03 1.8E-08 0.343

400.0 800.0 1.122 19.503 0.0989 0.5188 0.719 21.6 6.6E-04 2.7E-03 1.8E-08 0.329

800.0 1600.0 1.084 18.420 0.0955 0.6143 0.623 14.4 8.8E-04 1.4E-03 1.2E-08 0.317

1600.0 400.0 -0.263 18.683 -0.0232 0.5911 0.647

400.0 100.0 -0.531 19.214 -0.0468 0.5443 0.693

100.0 25.0 -0.587 19.801 -0.0517 0.4926 0.745

PROJECT NO.: P09614A01

PROJECT: EGD South Jetty Wharf Development

LOCATION: Esquimalt, Victoria, BC DATE TESTED: Nov 10 - Nov 20, 2009

SAMPLE NO.: DH09-02 (S) / Sy 3 DEPTH: 17.60 m - 18.06 m
TESTED BY: BY CHECKED BY: JG



Jan 14 - 23 , 2009

PROJECT NO.: P09614A01

PROJECT: EGD South Jetty Wharf Development

LOCATION: Esquimalt, Victoria, BC DATE TESTED: Nov 10 - Nov 20, 2009

SAMPLE NO.: DH09-02 (S) / Sy 3 DEPTH: 17.60 m - 18.06 m

TESTED BY: BY CHECKED BY: JG

Consolidation Test #1 - DH09-02 (S) / Sy 3
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APPROVAL.TO BE READ WITH KLOHN-CRIPPEN REPORT DATED
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MULTI-STAGE CU TRIAXIAL TEST
TEST No.: TX 1 

SAMPLE : DH09-02 (S) / Sy 3 / 17.60 m
Effective Confining Pressure: 75, 150, 225 kPa

P09614A01 FIG. DEC 2009TESTED Bin Y.

EGD SOUTH JETTY WHARF DEVELOPMENT

DEC 09

After test photograph

Juan G.    DEC 09
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Volumetric Strain vs. SQRT Time

SPECIMEN INFORMATION UNITS Stage 1 Stage 2 Stage 3

Date:  Dec 18, 2009

Initial Water Content % 33.86 30.23 27.47

Initial Dry Density kg/m3 1449.16 1546.16 1615.16

Final Water Content % 30.23 27.47 24.87

Skempton's B Parameter 0.98

Back Pressure kPa 780 833 920

Consolidation Stress (Ξ3') kPa 75 150 225

End of Consolidation / Start of shear

Dry Density kg/m
3

1545.46 1615.16 1659.05

Specimen Height mm 144.41 133.69 129.25

Specimen Area mm
2

3908.87 4040.10 4068.95

Test Summary
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MULTI-STAGE CU TRIAXIAL TEST
TEST No.: TX 2 

SAMPLE : DH09-02 (S) / Sy 6 / 24.69 m
Effective Confining Pressure: 150, 225, 300 kPa

P09614A01 FIG. DEC 2009TESTED Bin Y.

EGD SOUTH JETTY WHARF DEVELOPMENT

DEC 09

After test photograph

Juan G.    DEC 09
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Test Summary

SPECIMEN INFORMATION UNITS Stage 1 Stage 2 Stage 3

Date:  Dec 21, 2009

Initial Water Content % 34.21 27.19 24.93

Initial Dry Density kg/m3 1443.34 1606.13 1666.80

Final Water Content % 27.19 25.08 22.88

Skempton's B Parameter 0.98

Back Pressure kPa 775 914 950

Consolidation Stress (� 3') kPa 150 225 300

End of Consolidation / Start of shear

Dry Density kg/m3 1606.13 1662.65 1705.47

Specimen Height mm 140.29 133.23 127.56

Specimen Area mm2 3774.74 3839.66 3909.63



Hole Sample Depth Length Diameter L / D Area Volume Weight Bulk Density Max. load Compressive Failure

Number Number ( m ) (L)  ( mm )  (D)  ( mm ) Ratio ( mm
2
 )  ( cm

3 
) ( g ) ( g / cm

3
 ) at failure ( KN ) Stress ( MPa )  Description

DH09-04 (P) UCS 1 25.9 122.02 60.80 2.01 2903.33 354.26 1076.69 3.039 222.4 76.61
Diagonal fracture with cracking through both end,. 

no well formed cones.

DH09-05 (T) UCS 2 25.6 123.92 60.74 2.04 2897.61 359.07 1015.72 2.829 155.7 53.73
Vertical cracking through both ends, no well 

formed cones.

JOB NO.: P09614A01

PROJECT: EGD South Jetty Wharf Development

LOCATION: Esquimalt, Victoria, BC

DATE: Feb 1, 2010

TESTED BY: BY CHECKED BY: JG

Unconfined Compression Test

May 2009  Doc.# LAB-0XX  Rev.# 0

\\hera\Projects\P\P09614 A01 PWGSC-EGD South Jetty Wharf Devel\300 Design\360 Vancouver Lab\T1003 Jan22, 2010\Working files\P09614A01 EGD South T1003 UCS Feb 1, 2010.xls



O:\Active\_2009\1416\09-1416-5011 Klohn\Cyclic testing\DH-Q Shelby #1 (pore pressure change)     

Project No.: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 (CSR 0.15, 0.20, 0.25)

Location: Not Provided Depth (m): 23.77-24.38

Client: Klohn Crippen Berger Ltd. Lab ID No: 208
Test Condition: Constant Volume Equipment Description:
Visual Description: - Shear LVDT Serial No.:

Vertical LPT: Serial No.:
Shear Load Cell Serial No.:

Remarks: Tested at received moisture condition

Initial Saturation (%)

TESTED BY DATE CHECKED BY DATE

113179
89612
30465

Round

Diameter (mm) 70.45

Height (mm) 23.90

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions Reference
NORSOK G-001

G. Patton January 1, 2010 ROB February 1, 2010

Initial Sample Dimensions 
Test No. 1

Sample geometry

Area (cm2) 38.98

Weight Volume Relationships 
Sample Type Undisturbed

Volume (cm3) 93.16

Initial γwet (kN/m3) 20.31

Dry Mass (g) 170.11

16.60Initial γdry (kN/m3)
Final γwet (kN/m3)

Initial water content (%) 22.4
Final γdry (kN/m3)

Specific Gravity (Assumed) 2.72

Final water content (%) 19.6

Final Saturation (%) 100.00

Initial Void Ratio, e 0.61

Final Void Ratio, e
100.00

0.48

Change in height ∆Hc (mm) 1.89

 t90 (Taylor Method) (min) N/A

Consolidation Results
Normal Stress (kPa) 115.17

Normal Stress (kPa) 115.00

Test Results 
Frequency (Hz) 0.50

Initial Mass (g) 192.92

21.54

18.01

7.89Axial Strain at end of Consol. %

MultipleCSR
Number of Cycles 15 per CSR

Peak Shear Stress (kPa) 17.55

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6



Project No.: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 (CSR 0.15, 0.20, 0.25)

Location: Not Provided Depth (m): 23.77-24.38

Client: Klohn Crippen Berger Ltd. Lab ID No: 208

Axial Strain (%) 1.0414 3.9852 7.8426

Duration (s) 600 585 80415

Max Load (kN) 0.0376 0.1893 0.4363

1.89

Increment (kPa) 40 80 115

Maxium Consolidation Axial Strain (%) 7.89
t95 of Maximum Conslidation Stress (kPa) N/A
Change in height Hc (mm)

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions
Reference

NORSOK G-001

Consolidation Summary

Maxium Consolidation Stress (kPa) 115.17 Comments
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Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6

TESTED BY DATE CHECKED BY DATE

G. Patton January 1, 2010 ROB February 1, 2010
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O:\Active\_2009\1416\09-1416-5011 Klohn\Cyclic testing\DH-Q Shelby #1 (pore pressure change)     

Client: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 CSR 0.15

Location: Not Provided Depth (m): 23.77-24.38

Project No.: Klohn Crippen Berger Ltd. Lab ID No: 208

TESTED BY DATE CHECKED BY DATE

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions Reference
NORSOK G-001

G. Patton January 1, 2010 ROB February 1, 2010

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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O:\Active\_2009\1416\09-1416-5011 Klohn\Cyclic testing\DH-Q Shelby #1 (pore pressure change)     

Client: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 CSR 0.15

Location: Not Provided Depth (m): 23.77-24.38

Project No.: Klohn Crippen Berger Ltd. Lab ID No: 208

TESTED BY DATE CHECKED BY DATE

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions Reference
NORSOK G-001

G. Patton January 1, 2010 ROB February 1, 2010

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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O:\Active\_2009\1416\09-1416-5011 Klohn\Cyclic testing\DH-Q Shelby #1 (pore pressure change)     

Client: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 CSR  0.20

Location: Not Provided Depth (m): 23.77-24.38

Project No.: Klohn Crippen Berger Ltd. Lab ID No: 208

TESTED BY DATE CHECKED BY DATE

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions Reference
NORSOK G-001

G. Patton January 1, 2010 ROB February 1, 2010

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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O:\Active\_2009\1416\09-1416-5011 Klohn\Cyclic testing\DH-Q Shelby #1 (pore pressure change)     

Client: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 CSR 0.20

Location: Not Provided Depth (m): 23.77-24.38

Project No.: Klohn Crippen Berger Ltd. Lab ID No: 208

TESTED BY DATE CHECKED BY DATE

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions Reference
NORSOK G-001

G. Patton January 1, 2010 ROB February 1, 2010

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6

0

0.1

0.2

0.3

0.4

0.5

0.6

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Ex
ce

ss
 P

or
e 

Pr
es

su
re

 ∆
u/
σ'

vo

Shear Strain (%)

N=1

N=15

-30

-20

-10

0

10

20

30

0 2 4 6 8 10 12 14 16 18 20

Sh
ea

r 
St

re
ss

 (k
Pa

)

Number of Cycles N

N=1

N=15



O:\Active\_2009\1416\09-1416-5011 Klohn\Cyclic testing\DH-Q Shelby #1 (pore pressure change)     

Client: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 CSR 0.25

Location: Not Provided Depth (m): 23.77-24.38

Project No.: Klohn Crippen Berger Ltd. Lab ID No: 208

TESTED BY DATE CHECKED BY DATE

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions Reference
NORSOK G-001

G. Patton January 1, 2010 ROB February 1, 2010

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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O:\Active\_2009\1416\09-1416-5011 Klohn\Cyclic testing\DH-Q Shelby #1 (pore pressure change)     

Client: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 3 CSR 0.25

Location: Not Provided Depth (m): 23.77-24.38

Project No.: Klohn Crippen Berger Ltd. Lab ID No: 208

TESTED BY DATE CHECKED BY DATE

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions Reference
NORSOK G-001

G. Patton January 1, 2010 ROB February 1, 2010

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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Project No.: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 (CSR 0.15, 0.20, 0.25)

Location: Not Provided Depth (m): 23.77-24.38

Client: Klohn Crippen Berger Ltd. Lab ID No: 208

Static Simple Shear Test - Consolidated Constant Volume
Reference

NORSOK G-001

Static Shear Summary

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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G. Patton January 1, 2010 ROB February 1, 2010

TESTED BY DATE CHECKED BY DATE

72060 Post-cyclic test

1.0%/hr
0.1167

Parameters Comments

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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Project No.: 09-1416-5011 Sample No.: DH09-03 (Q) Sy 1

Project: EGD South Jetty Wharf Sample Location: Cyclic 1 (CSR 0.15, 0.20, 0.25)

Location: Not Provided Depth (m): 23.77-24.38

Client: Klohn Crippen Berger Ltd. Lab ID No: 208

Static Simple Shear Test - Consolidated Constant Volume
Reference

NORSOK G-001

Static Shear Summary

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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The graph belows plots the constant volume shear strength normalized by the initial effective confining pressure after 
consolidation (i.e., 'vo=115 kPa) versus shear strain.

G. Patton January 1, 2010 ROB February 1, 2010

TESTED BY DATE CHECKED BY DATE

Comments

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6
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Project No.: 09-1416-5011 Sample No.: DH09-02 (S) Sy 4

Project: KCB Project P09614A01 Sample Location: Cyclic 1 (CSR 0.1, 0.2, 0.3)

Location: Unknown Depth (m): 19.51-20.12

Client: Klohn Crippen Berger Ltd. Lab ID No: 208
Test Condition: Constant Volume Equipment Description:

Visual Description: - Shear LVDT Serial No.:
Vertical LPT: Serial No.:
Shear Load Cell Serial No.:

Remarks: Tested at received moisture condition

113179
89612
30465

1
Diameter (mm) 70.20
Height (mm) 23.72

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions
Reference

NORSOK G-001

Initial Sample Dimensions 

Test No. Round
Sample geometry

Area (cm2) 38.70

Weight Volume Relationships 

Sample Type Undisturbed

Volume (cm3) 91.81

Initial (kN/m3) 19 56
Dry Mass (g) 139.00
Initial Mass (g) 183.08

Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6

O:\Active\_2009\1416\09‐1416‐5011 Klohn\Cyclic testing\Re‐Test\Klohn Sample      

Initial Saturation (%)

TESTED BY DATE CHECKED BY DATE

G. Patton December 7, 2009 ROB December 21, 2009

Initialwet (kN/m3) 19.56

14.85Initialdry (kN/m3)

Finalwet (kN/m3)

Initial water content (%) 31.7
Finaldry (kN/m3)

Specific Gravity (measured) 2.85
Final water content (%) 24.9

Consolidation Results

Normal Stress (kPa) 80.12

Final Saturation (%) 100

Initial Void Ratio, e 0.88
Final Void Ratio, e

100

 t90 (Taylor Method) (min) N/A

Normal Stress (kPa) 80.00

Test Results 

Frequency (Hz) 0.50

Change in height Hc (mm) 0.75

0.85

19.64

15.11

3.16Axial Strain at end of Consol. %

MultipleCSR

Number of Cycles 15 per CSR

Peak Shear Stress (kPa) 12.12

O:\Active\_2009\1416\09‐1416‐5011 Klohn\Cyclic testing\Re‐Test\Klohn Sample      



Project No.: 09-1416-5011 Sample No.: DH09-02 (S) Sy 4

Project: KCB Project P09614A01 Sample Location: Cyclic 1 (CSR 0.1, 0.2, 0.3)

Location: Unknown Depth (m): 19.51-20.12

Client: Klohn Crippen Berger Ltd. Lab ID No: 208

Axial Strain (%) 0.86 2.36 4.24 5.56
Duration (s) 7170 7170 7170 75450
Max Load (kN) 0.05 0.12 0.23 0.31

1.32

Increment (kPa) 12.5 30 60 80

Maximum Consolidation Axial Strain (%) 5.56
t95 of Maximum Consolidation Stress (kPa) N/A
Change in height Hc (mm)

Direct Shear Testing of Soils Under Consolidated Constant-Volume Conditions
Reference

NORSOK G-001

Consolidation Summary

Maximum Consolidation Stress (kPa) 80.12 Comments
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Golder Associates Ltd. - Burnaby Lab
4280 Still Creek Drive
Burnaby, B.C. Canada V5C 6C6

TESTED BY DATE CHECKED BY DATE

G. Patton December 7, 2009 ROB December 21, 2009
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MEMORANDUM 

TO:  Andrew Mylly (PWGSC)  DATE:  April 18th, 2016 
 
CC: 
 

 
Dan Berlin (Anchor QEA) 
Sarah Morse (Golder Associates) 
 

   

FROM:  Geoff Cooper, P.Eng.   FILE NO:  P09614A02 
  Manager, Port & Harbours 

Klohn Crippen Berger, Vancouver, BC 
 

   

SUBJECT:  EGD South Jetty Phase 2 Environmental Remediation  
Geotechnical Design Validation (final) 

 

This memorandum  summarizes  the  findings of Klohn Crippen Berger’s  (KCB’s)  geotechnical design 
validation  for  the  Esquimalt  Graving  Dock  (EGD)  Waterlot  Phase  2  Environmental  Remediation 
project.   The  validation  comprised a  complete  technical  review  and, where  required,  independent 
geotechnical  evaluations  of  Golder  Associates  Ltd.’s  (Golder’s)  design  work  for  the  project,  as 
outlined in the Anchor QEA, LLC (Anchor) “Workplan for Phase 2 Underpier Remediation Revised 99% 
Design  Esquimalt  Graving  Dock Waterlot  Remediation  Project  R.018400.002”  dated  February  20, 
2014.  

1 INTRODUCTION AND PROJECT BACKGROUND 

The EGD Waterlot  is  located  in Skinner Cove, Esquimalt Harbour, BC. Public Works and Government 
Services Canada (PWGSC) is implementing a remedial dredging program to remove sediments within 
the Waterlot  that  have  been  contaminated  as  a  result  of  historical  activities  at  the  EGD  facility. 
Phase 2 of the remediation project comprises:  

 Removal of contaminated sediment beneath the South Jetty  in coordination with the staged 
demolition and reconstruction of the timber South Jetty structures;  

 Placement of engineered capping materials; and  

 The  re‐drive  and  subsequent  removal  of  the  temporary  erosion  protection  sheet  pile wall 
around the perimeter of the jetty.  

2 SCOPE AND LIMITATIONS OF REPORT 

KCB’s  scope  for  the  geotechnical  design  validation  includes  a  complete  technical  review  of  the 
geotechnical  evaluations  performed  by  Golder  for  the  EGD  Waterlot  Phase  2  Environmental 
Remediation  99%  design,  in  sufficient  detail  to  comfortably  take  over  the  role  of  geotechnical 
Engineer of Record for the work.  The work includes: 
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 Review  of Golder’s  design  input  for  the  Phase  2  re‐drive  of  the  cantilever  sheet  pile wall 
(around the South Jetty perimeter) designed for prop wash and differential soil elevations;  

 Review of Golder’s stability analysis for dredging  in front of the east end retaining wall (that 
will form part of the South Jetty Wharf Development); and  

 Review of Golder’s recommendations for the  lateral offset / slope of dredging at the timber 
crib, the pile‐supported concrete deck and crane pad, the anchored sheet pile wall bulkhead, 
the concrete L‐wall, and the east approach shoreline.  

The  source  documentation  for  the  geotechnical  validation  work  comprises  the  following  Golder 
reports and memoranda: 

 Esquimalt Graving Dock Waterlot Remediation Project: Borehole Investigation, Timber Portion 
of South Jetty, Fiscal Year 2011‐2012 (September 7, 2011); 

 Esquimalt  Graving  Dock  Waterlot  Remediation  Project:   Updated  Draft  Sheet  Pile  Design 
Inputs for the Under – Jetty Erosion Protection (September 9, 2011); 

 Esquimalt Graving Dock Waterlot  Remediation  Project:  Stability Assessment  of  the  Existing 
South  Jetty  Sheet  Pile  Wall  ‐  Interim  Geotechnical  Input  for  Phase  2  80%  Design 
(December 10, 2013); 

 Draft Esquimalt Graving Dock Waterlot Remediation Project: South Jetty Phase 2 99 % Under‐
Pier Remediation Geotechnical Design Input Report (December 12, 2013); and 

 Esquimalt Graving Dock Waterlot Remediation Project: Stability Assessment of New East End 
Retaining  Wall  (mistakenly  dated  February  20,  2013,  received  by  KCB  from  Golder  on 
February 21, 2014). 

In addition to the geotechnical design validation, KCB’s scope  includes completion of any additional 
geotechnical design evaluations needed in support of the Phase 2 Environmental Remediation revised 
99% design. At the time of writing, this entails providing recommendations  for  long‐term  fill slopes 
for placement of engineered capping and armouring materials under the West Jetty and South Jetty 
structures. 

The general arrangement of the project site and the  location of sections examined for analyses are 
presented  in  Figure  1.  The  sections  analyzed  by  KCB,  as  reported  in  draft  versions  of  this 
memorandum,  were  generally  the  same  as  the  sections  analyzed  by  Golder  for  assessing  slope 
geometries during dredging.  KCB also analyzed sections based on Anchor QEA’s 99% Phase 2 design 
drawings, which show dredge grades that differ from the dredge grades assumed for Golder’s original 
analysis. 

3 GEOTECHNICAL VALIDATION FOR RE‐DRIVE OF SHEET PILE CONTAINMENT WALL 

This  section describes  the assumptions, methodology, and  results of  the analyses  for  the  re‐driven 
cantilevered  sheet  pile  containment wall  installed  around  the  perimeter  of  the  South  Jetty.    KCB 
reviewed and validated analyses carried out by Golder as reported in their technical memorandum to 
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PWGSC dated September 9, 2011, reissued as a final document on March 31, 2014. The Phase 1 jetty‐
supported  (propped)  sheet  pile  wall  design,  described  in  the  first  part  of  Golder’s  technical 
memorandum,  was  not  included  in  PWGSC’s  scope  for  this  geotechnical  design  validation  (and 
therefore has not been examined by KCB) as this portion of the project has already been constructed. 

Discrepancies between the results of the analyses by Golder and KCB were reported in the first issue 
of this memorandum on March 28, 2014 and were discussed between representatives of Golder, KCB, 
and Anchor QEA on April 14, 2014 by conference call, by email between April 22 and April 29, 2014, 
and in person at a meeting on July 3, 2014. Clarifications and recommendations for moving forward 
based  on  the  discussions  with  PWGSC  and  Golder,  and  further  internal  review  by  KCB,  were 
incorporated  in  this memorandum.  A  record  of  the meeting  held  on  July  3,  2014  is  provided  in 
Appendix I. 

3.1 Assumptions 

3.1.1 Soil Properties 

Soil properties assumed for this sheet pile wall analysis are generally based on the geotechnical data 
utilized  by  KCB  for  the  South  Jetty Wharf  Development  project  as  presented  in  Table  3.1.  KCB 
previously  characterized  the marine  sediments  as  having  an  undrained  shear  strength  /  effective 
stress ratio (su/σvo’) of 0.22 with a minimum undrained shear strength of 25 kPa; for this analysis, an 
effective stress friction angle of 27° was assumed for the marine sediments.  

Following discussions with Golder, KCB also analyzed  the  sheet pile containment wall at Section A 
considering a higher  strength desiccated crust  layer at  the  top of  the Victoria Clay. The undrained 
shear  strength  (su)  of  the Victoria Clay Crust was  inferred  from Cone  Penetration  Test  (CPT)  data 
obtained near  Section A by Golder  in 2009  and Klohn Crippen Consultants  in 2002. A  site‐specific 
bearing  factor, Nkt,  of  14 was  used  to  correlate  CPT  tip  resistance  to  undrained  strength. Golder 
presents  similar undrained  shear  strength  interpretations  in  their  report  titled  “Esquimalt Graving 
Dock Waterlot  ‐ Supplementary Test Hole  Investigation  for Remedial Action Plan/Risk Management 
Plan” submitted to PWGSC, dated March 3, 2010.    

Table 3.1  Summary of Soil Properties 

Soil Description  Unit Weight (kN/m3) Shear Strength 

Marine Sediments  17.5  φ = 27°, c = 0 kPa 

Victoria  Clay  Crust 
(Section A only) 

19.0  su = 80 kPa 

Victoria Clay General  19.0  su = 50 kPa 

Till  20.0  su = 100 kPa 

KCB  checked  the  effect  of  the  different  assumed  soil  properties  between  Golder  and  KCB  and 
concluded that the difference was insignificant.   



PWGSC 
EGD South Jetty Phase 2 Environmental Remediation 

Geotechnical Design Validation 

 

2016‐04‐18‐KCB‐EGD‐WL‐FNL‐GEOTECH DESIGN 
VALIDATION MEMO‐TA700338279‐PH2‐15‐16  Page 4 

P09614A02   October 2014 

 

 

3.1.2 Soil Stratigraphy 

KCB validated the assumed soil stratigraphy for the analyzed section by reviewing drill hole logs from 
the area. The available data generally agrees with  the  section  interpreted by Golder, presented  in 
Figure 1B of  the Golder Technical Memorandum and Figure 2 of  this report. The analysis using  the 
Victoria Clay Crust as described in Section 3.1.1 considered the desiccated crust in the upper 4.5 m of 
the Victoria Clay  layer, based on  the profile of  interpreted undrained strength with depth  for CPTs 
completed in the vicinity of Section A.   

3.1.3 Slope Geometry 

Slope geometries originally analyzed by KCB were based on  Figures 2a, 2c, 2d, and 2e  in Golder’s 
Technical Memorandum  and Golder’s descriptions of dredging.   KCB  analyses  as presented  in  this 
final  memorandum  are  based  on  geometries  of  Anchor  QEA’s  99%  Phase  2  design.  Irregular 
geometries near the sheet pile wall were conservatively approximated as uniform slopes. 

3.1.4  Groundwater Conditions 

Golder’s technical memorandum does not specify the tidal and groundwater conditions assumed for 
the analysis. The KCB validation was carried out for mean water level at El. 1.9 m, as assumed for the 
validation of other Phase 2 designs. The high water level case was not analyzed, as the sheet pile wall 
(re‐driven down to El. 0.0 m) will not be subjected to the full propeller wash force at high water level.  

The  analysis did not  consider differential water  levels due  to  tidal  lag, because  the  top of  the  re‐
driven pile (El. 0.0 m) will be below the water surface at all normal tidal  levels (LWL  is at El. 0.0 m); 
therefore, the water level is assumed to be equal on both sides of the re‐driven sheet pile wall at all 
times. 

3.2 Methodology 

The  following  section  is  subdivided  for  clarity,  to  describe  different  aspects  of  the  analysis 
methodology and the discrepancies between KCB and Golder’s methodologies. 

3.2.1 Application and Factoring of Loads 

The meeting between Golder and KCB on July 3, 2014 revealed that the factoring of prop wash load 
was the main cause of differing results (which were described in draft versions of this memo).  

For KCB’s analysis, the lateral force at El. 0.0 m on the sheet pile (Vd) required to mobilize the design 
bending moment provided by KCB  structural engineers was determined. The  lateral  force  (Vd) was 
then  increased by  a  factor of 1.30  to obtain  the ultimate  lateral  force  (Vultimate),  and  the  required 
sheet  pile wall  embedment  depth was  determined  to  satisfy  force  and moment  equilibrium.  This 
approach was used to account for uncertainties in the driving propeller wash load; no other forces or 
pressures acting on the wall (e.g. hydrostatic or lateral earth pressures) were factored. Therefore, the 
factor of safety is defined as: 
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Golder’s  analysis was  carried  out without  applying  the  aforementioned  factor  of  safety,  due  to  a 
misunderstanding regarding the bending moment provided by KCB to Golder in January 2011 (KCB’s 
Jan 28th 2011 email to Golder is attached to the meeting minutes in Appendix I).  Whereas on January 
28th, 2011 KCB provided allowable bending moments  for  the various  sheet pile  types  for  input  to 
Golder’s  analysis, Golder  understood  the  input  to  be ultimate  bending moments,  as  identified  in 
Table  2  of  Golder’s  September  9,  2011 memorandum.  As  a  consequence,  Golder’s  analysis  was 
carried out for a design prop wash shear force (applied at the top of the sheet pile wall) about 28% 
less than KCB intended. 

3.2.2 Local Stability Using Free Earth Support Method 

Local stability was calculated using the Free Earth Support method for cantilevered walls as described 
in the Canadian Foundation Engineering Manual (Ed. 2006) Section 26.8 and as described  in general 
in Golder’s  technical memorandum. KCB used  a design  factor of  safety  (FOS) of 1.3  for  rotational 
stability  to  determine  the  required  pile  embedment  depth, while Golder  did  not,  as  described  in 
Section 3.2.1. 

3.2.3 Earth Pressures due to Sloping Ground 

At  Sections D‐D  and  E‐E where  slope  geometries  near  the  sheet  piles were  regular, Golder  used 
closed  form solutions  to derive  the active and passive earth pressures. For KCB’s analysis,  irregular 
slope geometries at Sections A‐A and C‐C were simplified as  regular geometries using conservative 
assumptions. Golder’s Technical Memorandum states that the Culmann analytical method was used 
for determining representative active and passive earth pressure coefficients. 

3.2.4 Factoring of Passive Earth Pressures 

In Golder’s analysis, a  resistance  factor of 0.5  (FOS of 2.0) was apparently applied  to passive earth 
pressures  in the marine sediments (silt), as commonly applied to  limit displacements  in a sheet pile 
wall  during  loading. However, Golder  confirmed  that  no  resistance  factor was  applied  to  passive 
earth pressures in the Victoria Clay. 

Due to the higher than normal tolerance for displacement at this sheet pile wall during Phase 2, KCB 
believes that the use of a 0.5 resistance factor (FOS of 2.0) may not be necessary. However, since the 
expected  displacement  of  the  sheet  pile  wall  in  the  marine  sediments  during  design  loading 
conditions may be less than the displacement required to mobilize full passive resistance, the passive 
resistance in the marine sediments was reduced using a factor of 0.67. 

3.2.5 Effective Stresses in Victoria Clay 

Golder  and  KCB  have  discussed  the  appropriateness  of  using  effective  stresses  to  calculate  earth 
pressures acting on the sheet pile wall  in the Victoria Clay, whereas the 2006 Canadian Foundation 
Engineering Manual recommends the use of total stresses in such calculations. Upon detailed review 
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of  the  subject,  KCB  found  that  the  use  of  effective  stress  or  total  stress  results  in  the  same  net 
pressure diagram.  The use of the effective stress method is valid for this wall analysis only with the 
following conditions: 

1. Water levels on both sides of the sheet pile are always equal (which is true since tide is always 
at or above top of wall level);  

2. Pore water pressures are correctly accounted for throughout the calculation; and, 

3. Apparent negative pressures are included where appropriate. 

3.3 Results 

The findings of KCB’s analyses are summarized in Tables 3.2 and 3.4 (note that Table 3.3 was deleted 
in a draft version of this memo).   

Table 3.2 reports the design working bending moment and the applied shear to achieve this design 
bending moment, and also the applied shear to obtain the pile embedment for a rotational factor of 
safety of 1.3.   

In draft versions of this memorandum, Table 3.3 reported the required embedment depths to achieve 
rotational (moment) factor of safety of 1.3, comparing results from KCB and Golder’s analyses. Table 
3.3 is not presented in this final memorandum as the dredge line elevations used by Golder and KCB 
are now different, and embedment depths are not comparable. 

Table  3.4  compares  the  required  embedment,  as  calculated  by  KCB,  to  the  actual  “available” 
embedment from re‐driving the existing Phase 1A sheet pile wall generally  installed to El. 4.8 m, or 
El. 5.1 m for Type E sheets at the west end wall, down to El. 0.0 m (top of pile) in Phase 2.  Refer to 
Phase 2 revised 99%  integrated design Drawings CSM3, CSM4 and CSM5  for pile elevations  (issued 
March 31st 2014).   This “available” embedment  is deeper  than  the minimum  required embedment 
calculated by Golder, because the  installed  length of sheet piles was based on the governing design 
basis of the Phase 1 condition.   

Calculated earth pressure distributions are provided in Figures 3 to 6. 
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Table 3.2  Bending Moments and Applied Shear (for a FS of 1.30) 

Section 
Design Working 
Bending Moment  

(kN‐m) 

Unfactored Applied 
Shear 
(kN) 

Factored Applied Shear 
for embedment calculation 

(kN) 

A‐A’ Case 1  1105  70.84  92.09 

A‐A’ Case 2  1105  79.91  103.88 

C‐C’  1105  69.06  89.78 

D‐D’  816  58.40  75.92 

E‐E’  541  49.63  64.52 

Note that the unfactored shear values shown in Table 3.2 are all lower than the corresponding values 
in  Golder’s  Table  5  (per  September  9,  2011  technical memo).    This  is  primarily  due  to  Golder’s 
interpretation that the design working bending moment (supplied by KCB) was the ultimate bending 
moment. 

For Section A, results are presented for two cases based on Anchor QEA’s 99% Phase 2 design; Case 1 
considers a dredge elevation (on the landward side) of El. ‐11.30 m, while Case 2 considers a dredge 
elevation of El. ‐10.30 m. 

Table 3.4  Comparison of KCB Required Embedment with Actual Embedment (for a FS of 1.30) 

Section 
Wall Tip Elevation

Required per KCB 
Analyses (m) 

Achieved After Re‐Drive per Drawings 
CSM3, CSM4 and CSM5 (m) 

Difference 
(m) 

A‐A’ Case 1  ‐20.32  ‐20.80  +0.48 (satisfactory) 

A‐A’ Case 2  ‐20.11  ‐20.10  ‐0.01 (satisfactory) 

C‐C’  ‐20.81  ‐20.80  ‐0.01 (satisfactory) 

D‐D’  ‐18.30  ‐18.30  +0.00 (satisfactory) 

E‐E’  ‐14.84  ‐16.80  +1.96 (satisfactory) 

 
The  results  in Table 3.4  indicate  that  the actual embedment achieved after  re‐driving  the Phase 1 
sheet piles down to El. 0.0 m in Phase 2 is sufficient at Sections C‐C’, D‐D’, and E‐E’. The actual sheet 
pile embedment at Section A‐A’ is also sufficient when a 4.5 m thick desiccated crust is considered at 
the  top  of  the  Victoria  Clay  stratum,  as  per  the  analysis  carried  out  in  a  draft  version  of  this 
memorandum. 

We  have  also  estimated  the  lateral  displacement  of  the  pile  head  (top  of  re‐driven  pile)  for  the 
minimum sheet pile embedments that KCB finds acceptable for wall stability (a theoretical analysis at 
this  time).    Top  of wall  displacements  are  in  the  order  of  0.50 m  to  0.75 m  under working  load 
conditions  (unfactored applied shear, FS = 1.0), which although significant, are not  large enough to 
invalidate the design assumptions.   The magnitude of  lateral displacement under prop wash  loading 
should be taken into account in the final design of this wall and the temporary re‐suspension barrier 
(TRB).   
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With regards to lateral support conditions at this sheet pile wall, Golder’s email response on April 22, 
2014 to the original issue of this memorandum states that: 

“[I]t  is further understood that the Phase 2 dredging works will also  include a pile supported 
silt curtain placed along the landside of the sheet piling, thereby providing redundancy for the 
secondary purpose of the sheet pile wall.”   

As discussed at the July 3, 2014 meeting between KCB, Golder, and PWGSC, the support piles for the 
silt  curtain  (Temporary  Re‐suspension  Barrier,  TRB),  which  are  in  fact  shown  on  the  outside 
(seaward), not the inside (landside) of the sheet pile containment wall (per KCB Drawing CSM‐6), will 
not be used to provide redundancy to help support the sheet pile containment wall. 

3.3.1 Pile Capacity near Dry Dock 

Golder’s site investigation found shallow bedrock near the dry dock entrance that would prevent pile 
penetration to mobilize the required pile capacity. As a result, Golder recommended that: 

“Consideration  should  be  given  to  structurally  distributing  the  existing  concrete  faced  crib 
structure  and  the  adjacent  section  of  sheet  pile  wall  that  is  able  to  achieve  sufficient 
embedment  to  support  the  applied/distributed  loads,  or  reducing  the  imposed  moment 
capacity to a maximum of 526kNm  locally the vicinity around BH11‐01, based on the pile tip 
located at the interface between the Victoria Clay and the glacial deposits.”   

The analysis by KCB for this validation confirmed the need for distributing loads from areas where the 
sheet pile wall  is unable to support the applied  loads due to  inadequate embedment.   The Phase 2 
design  for the re‐driven containment wall  in this area  includes a structural  load distribution system 
(steel walers attached to re‐driven wall) which satisfies this requirement. 

4 GEOTECHNICAL VALIDATION FOR STABILITY OF EAST END RETAINING WALL 

This  section  describes  the  assumptions, methodology  and  results  for  the  stability  analysis  of  the 
proposed East End Retaining Wall that will be incorporated into the east approach of the South Jetty 
as part of  the new South  Jetty design. KCB has  reviewed and validated  the analysis carried out by 
Golder, as reported in their technical memorandum to PWGSC (mistakenly dated February 20, 2013) 
received by KCB on February 21, 2014. 

4.1 Assumptions 

4.1.1 Material Properties 

The material properties assumed for this stability analysis are based on the geotechnical data utilized 
by  KCB  for  the  South  Jetty Wharf  Development  project,  and  are  as  presented  in  Table  4.1.  The 
assumed  shear  strengths  are  slightly more  conservative  than  those  reported  by  Golder  for  their 
analysis. 
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Table 4.1  Summary of Material Properties 

Material Description  Unit Weight (kN/m3)  Shear Strength 

Sand and Gravel Fill  20.0  φ = 33°, c = 0 kPa 

Unconsolidated Marine Sediments  17.3  φ = 27°, c = 0 kPa 

Victoria Clay  19.0  su = 50 kPa 

Till  20.0  su = 100 kPa 

4.1.2 Groundwater Conditions 

The groundwater conditions assumed for this stability analysis are per the original analysis conducted 
by  Golder.  The  high water  level was  taken  at  El.  3.4 m  Chart  Datum  (CD); mean water  level  at 
El. 1.9 m CD; and low tide at El. 0.0 m CD, Lower Low Water Large Tide. 

4.1.3 Groundwater Conditions 

KCB validated the assumed soil stratigraphy for the analyzed section by reviewing drill hole logs from 
the area. The available data agrees with the section interpreted by Golder.  

4.2 Methodology 

KCB  analyzed  the  global  slope  stability  of  the  East  End  Retaining  Wall  based  on  the  proposed 
retaining  wall,  dredge,  and  capping  geometries  shown  in  the  South  Jetty  Wharf  Development 
preliminary 99% design drawings (dated December 18, 2013). The analysis was performed using the 
computer software program Slope/W 2012 with the Morgenstern‐Price limit equilibrium method. The 
same three construction and dredging scenarios were considered as assumed by Golder: 

1.  Backfill behind proposed retaining wall, no capping material in place; 

2.  No backfill behind proposed retaining wall, no capping material in place; and 

3.  Backfill behind proposed concrete retaining wall, capping material in place. 

The analysis considered static global stability only; seismic stability was not evaluated by Golder and 
is not part of the scope of this validation.  The analysis considered uniform surcharge loads of 6 kPa or 
30 kPa applied behind the retaining wall to represent typical live loads during construction, with and 
without a load restriction. 

4.3 Results 

Analysis results are summarized in Table 4.2 for the static global slope stability of the retaining wall. 
The  required  factor  of  safety  (FOS)  is  1.5  for  permanent  conditions.  A  minimum  FOS  of  1.3  is 
considered  acceptable  for  temporary  conditions,  including  the  first  two  load  cases  during 
construction/dredging.  Based on the results of the analysis, the static slope stability of the retaining 
wall has  an  adequate  FOS  for  the  load  cases with  a 6  kPa uniform  surcharge  load.  Figures 7  to  9 
present slope stability analysis sections, with results shown for the tide levels giving the lowest FOS.  
Golder’s  analysis  required  installation  of  the  engineered  capping material  /  slope  armour  before 
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backfilling behind the wall.  KCB’s results indicate that the uniform surcharge load must be restricted 
to 6 kPa to satisfy the design criterion (minimum factor of safety of 1.3), and this would also allow the 
construction sequencing constraint that was proposed by Golder to be eliminated.  This requirement 
should be reviewed with PWGSC (and EGD operations) because  it would  limit the allowable vehicle 
loading  on  a  portion  of  the  South  Jetty  Access  Road  during wall  construction, which may  not  be 
acceptable from a practical viewpoint.   

Table 4.2  Slope Stability Factors of Safety   

Load Case (with 6 kPa uniform surcharge) 
Calculated Factor of Safety 

Low Tide  Mean Tide  High Tide 

Backfill Behind Wall, No Capping Material  1.4  1.3  1.3 

No Backfill Behind Wall, No Capping Material  1.6  1.5  1.5 

Backfill Behind Wall, Capping Material Placed  2.0  1.8  1.9 

5 GEOTECHNICAL VALIDATION FOR DREDGING RECOMMENDATIONS 

This  section  describes  the  assumptions,  methodology,  and  results  of  the  validation  of  Golder’s 
dredging recommendations adjacent to the following existing South Jetty structures: 

 Timber crib; 

 Pile‐supported concrete deck and crane pad; 

 Anchored sheet pile bulkhead wall; 

 Concrete L‐wall; and 

 East end rock slope. 

KCB has reviewed and validated the analyses carried out by Golder as reported in their Geotechnical 
Design Input Report to PWGSC dated December 12, 2013. 

5.1 Assumptions 

5.1.1 Material Properties 

The material properties assumed for this design validation are based on the geotechnical data utilized 
by KCB for the South Jetty Wharf Development project and are presented in Table 5.1. KCB previously 
characterized the marine sediments as having an undrained shear strength / effective vertical stress 
(su/σvo’) ratio of 0.22 and a minimum undrained shear strength of 25 kPa. For this analysis, KCB has 
assumed an effective stress  friction angle of 27°  for those marine sediments. A brief description of 
the various materials is also provided in Table 5.1 based on information from existing drill hole logs by 
KCB, Golder and AMEC. The shear strengths used for the analyses are slightly more conservative than 
the values reported by Golder. 
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Table 5.1  Summary of Material Properties 

Material  Description 
Unit Weight 
(kN/m3) 

Shear Strength 

Sand and Gravel Fill 

Coarse‐grained  sediments  ranging  from 
medium with  some  fine  sand  to  angular 
gravel.  Wood  fragments  and  other 
organics present 

20.0  φ = 33°, c = 0 kPa 

Unconsolidated  Marine 
Sediments 

Primarily  soft  to  firm  silt with  some  clay 
and  fine  sand.  Petroleum  and  organic 
odours, shells present 

17.3  φ = 27°, c = 0 kPa 

Victoria Clay 
Clay  with  some  silt  and  trace  sand. 
Medium  plasticity,  firm,  grey,  wet  and 
organic odour 

19.0  su = 50 kPa 

Till 
Sand, silt and gravel mixture. Very dense, 
grey,  thin  layer  normally  overlying 
bedrock 

20.0  su = 100 kPa 

Bedrock 
Metadiorite.  Greenish‐grey,  fine  to 
medium  grained,  low  to  high  strength 
and slight to moderate weathering 

23.0  High Strength 

5.1.2 Tidal and Groundwater Conditions 

The  groundwater  conditions  assumed  for  the  analyses  are per  the original  analyses  conducted by 
Golder. The high water level was taken at El. 3.4 m Chart Datum (CD); mean water level at El. 1.9 m 
CD; and low tide at El. 0.0 m CD, Lower Low Water Large Tide. 

Golder also considered tidal lag in their analyses; their report describes their assumptions as follows:  

“Where  tidal water was directly against  the  sheet pile, a maximum  lag height between  the 
tidal level and adjacent groundwater level behind the piling was assumed to be 0.1 m at both 
high and low tides, with a maximum lag of 0.5 m occurring at the mean water level at El. 1.9 
m. Where tidal levels intersected the existing or temporary slopes, a maximum lag of about 0.5 
m was assumed between the shoreline and the end of the model geometry.” 

No  measurable  difference  in  waterside  and  groundwater  levels  were  reported  in  KCB’s  2002 
geotechnical report, and the analyses performed at that time assumed the tidal  lag to be zero. For 
this validation, analyses were initially performed using Golder’s assumptions and then assuming zero 
tidal  lag, with no significant variance  in results. Tidal  lag  is not expected to significantly affect slope 
stability; however,  in order to be consistent with Golder, tidal  lag was considered  in KCB’s analyses 
per Golder’s assumptions.  

5.1.3 Soil Stratigraphy 

KCB  validated  the  soil  stratigraphy  for  the  various  sections  provided  by Golder  in  their  report  by 
reviewing drill hole logs from the area. The available drill hole data generally confirms the interpreted 
sections included in Golder’s report. Golder’s report did not provide sections through every structure 
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analyzed;  in  those  cases,  KCB  instead  inferred  the  soil  stratigraphy  directly  from  available  data. 
Figures 10 to 13 show the sections of the interpreted soil stratigraphy for KCB’s review. 

5.1.4 Additional Assumptions for Existing Sheet Pile Wall 

KCB agrees with the following assumptions made by Golder for their stability analysis of the existing 
sheet pile bulkhead wall. KCB has applied these same assumptions  in our analysis of the sheet pile 
wall:  

 Unconsolidated  Sediments  over  the  upper  slope  areas  in  front  of  the wall  are mixed with 
riprap. 

 The  combination  of  dredge  cut,  over‐dredge  depth,  and  scour will  not  exceed  the  dredge 
depth or dredge slope recommendations specified within Golder’s report and shown on the 
Preliminary 99% Integrated Design drawing. 

 The  yield  strength  of  the  existing  sheet  pile  bulkhead wall  tie‐rods was  considered  as  the 
limiting condition in the global stability analysis of the wall. A factored load of 80% of the yield 
strength of the tie rods was used for the external sheet pile wall stability analysis. 

 The existing steel pipe piles beneath the South  Jetty pile supported concrete deck structure 
will  likely  provide  some  resistance  to  global  slope  instability,  and  to  lateral  and  rotational 
instability  of  the  existing  sheet  pile  bulkhead  wall.  However,  this  resistance  was  not 
considered  to be  consistent over  the  length of  the  sheet pile wall  and has  therefore been 
excluded from the analysis (a conservative assumption). 

 Forces due to water suction on the surface of the sheet pile wall were not considered. 

 Seismic  loading  conditions have not been  considered  in  these  stability  analyses due  to  the 
temporary nature of the remediation operation. 

 Corrosion loss has not compromised the strength of the tie‐rods.  

5.2 Methodology and Results 

5.2.1 Dredging Adjacent to Timber Crib 

In their report, Golder considered the local slope failure of the dredge cuts in front of the timber crib, 
but did not  consider  the  global  stability of  the  structure. Golder  appears  to have  conducted  their 
analysis based on KCB’s 2002 Geotechnical Report, which described  the  timber crib  to be  in sound 
condition and not at  risk of  slope  failure. For our validation, KCB checked  the  local  stability of  the 
dredge cuts in front of the timber crib to examine the risk of local sloughing of the proposed slope. In 
addition, KCB checked the global stability of the timber crib before and after dredging to determine if 
the timber crib’s stability will be undermined by the dredging activities.  

Live loading was not considered in Golder’s report; however, in KCB’s 2002 report a surcharge load of 
48 kPa was added on top and behind the crib structure. This same surcharge load was used for KCB’s 
validation to reflect the maximum expected operational conditions at the wharf.  
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KCB  assumed  the  fill behind  the  timber  crib has  a unit weight of 17 kN/m3. The weight of  the  fill 
produces  an  additional  load on  the  slope.  This  load does not  appear  to have been  considered by 
Golder. Table 5.2 summarizes the results of KCB’s stability analysis of the timber crib. Figures 14 to 16 
present slope stability analysis sections with results shown for tide levels giving the lowest FOS. 

Table 5.2  Slope Stability Factors of Safety – Timber Crib 

Stability Case  Low Tide Level  Mean Tide Level  High Tide Level 

Current Conditions – Global Stability  2.5  2.6  2.7 

Dredged Slope – Global Stability  1.7  1.8  1.8 

Dredged Slope – Local Stability  1.3  1.3  1.3 

 

The global factor of safety for the timber crib  is acceptable (>1.5) for both the current and dredged 
conditions. The  factor of safety decreases  following dredging, but not  to a  level  that would pose a 
significant risk to the structure. Local stability analysis of the dredged slopes indicates that the critical 
trial  failure  mode  would  only  be  surficial  (sloughing),  not  crib  foundation  failure.  Golder’s 
recommended 2H:1V slope is considered stable.  

5.2.2 Dredging Adjacent to Pile‐Supported Concrete Deck and Crane Pad 

KCB analyzed the local slope stability beneath the concrete deck and crane pad. The model created by 
KCB was based on  the  existing  soil  stratigraphy beneath  the  steel‐piled  jetty  structure.    Table 5.3 
summarizes the results of the stability analysis for dredging adjacent to the pile‐supported concrete 
deck and crane pad. Figure 17 presents the slope stability analysis section.  

Table 5.3  Slope Stability Factors of Safety – Concrete Deck and Crane Pad 

Stability Case  Low Tide Level  Mean Tide Level  High Tide Level 

Dredged Slope – Local Stability  1.0  1.0  1.0 

 

Factors of safety for the  local slope stability were found to be about 1.0. Some surficial sloughing  is 
therefore  expected  to  occur  on  the  temporary  2H:1V  dredged  slope.  Golder  appears  to  have 
recognized the possibility of sloughing in their design report, as indicated by their statement: 

“As the current slope in this area is 2H:1V, we recommend a maximum dredge slope of 2H:1V 
down to the target dredge elevation provided some surficial sloughing on the dredge slope  is 
acceptable”.   

Therefore, the Phase 2 design documents (drawings and specifications) should take the possibility of 
surficial sloughing into account, and PWGSC needs to be made aware of any potential consequences. 

5.2.3 Dredging Adjacent to Anchored Sheet Pile Bulkhead 

The dredging plan for the sheet pile bulkhead has been described in detail in Appendix B of Golder’s 
report. KCB confirmed that the soil stratigraphy used by Golder is consistent with the logs of nearby 
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drill holes.  For our  analysis, KCB used  the  same  stratigraphy  and  loading  conditions  as Golder  for 
consistency.   

KCB’s  slope  stability  analyses  for  the  anchored  sheet  pile  bulkhead  includes  allowance  for  the 
specified 0.3m payable overdredge depth (per AnchorQEA dredging specifications).  Dredging in front 
of  the  anchored  bulkhead  is  not  permitted  below  the  0.3m  payable  overdredge  allowance,  and 
therefore each required dredge elevation along the face of the anchored bulkhead is identified on the 
contract Drawings as “Required Dredge Elevation” (a term defined in the construction Specifications).    

KCB analyzed the global and local slope stability of the anchored sheet pile bulkhead wall at the same 
three  locations  as Golder,  taken  at  sections  D‐D’,  E‐E’  and  K‐K’  (Figures  2  to  4  in  Appendix  B  of 
Golder’s Geotechnical Design Input Report). KCB also analyzed local slope stability at Section E‐E’ with 
a modified  slope  geometry  in  order  to  achieve  the  target  factor  of  safety without  requiring  any 
special  dredging methodologies.  For  the  external  bulkhead  stability,  the  rotational  stability  of  the 
sheet pile bulkhead and tensile  load on the anchors was determined. The structural capacity of the 
sheet pile bulkhead  is not expected to govern the stability, and factors of safety have therefore not 
been provided for the moment in the sheet pile bulkhead.  

Lateral and  rotational  stability was determined using  the Free Earth Support method  for anchored 
flexible walls recommended in the Canadian Foundation Engineering Manual (Ed. 2006), as was done 
by Golder. Only dredged conditions were considered for the Free Earth Support calculations.  

Tables 5.4 to 5.6 summarize the results of KCB’s slope stability analysis  for the sheet pile bulkhead 
wall at the three different locations; Table 5.7 summarizes external bulkhead stability results.  

The  slope  stability  results  for  sections D‐D’,  E‐E’  and K‐K’  are presented  in  Figures  18  to  23, with 
results shown for tide levels giving the lowest FOS. 

Table 5.4  Slope Stability Factors of Safety – Sheet Pile Bulkhead Wall Section D‐D’ 

Stability Case  Low Tide Level  Mean Tide Level  High Tide Level 

Dredged Slope– Global Stability  1.3 1.3 1.3 

Dredged Slope – Local Stability  1.2  1.2  1.3 

 

Table 5.5  Slope Stability Factors of Safety – Sheet Pile Bulkhead Wall Section E‐E’ 

Stability Case  Low Tide Level  Mean Tide Level  High Tide Level 

Dredged Slope– Global Stability   1.4  1.4  1.5 

Dredged Slope – Local Stability  1.5  1.5  1.5 

	
Table 5.6  Slope Stability Factors of Safety – Sheet Pile Bulkhead Wall Section K‐K’ 

Stability Case  Low Tide Level  Mean Tide Level  High Tide Level 

Dredged Slope – Global Stability  1.4  1.4  1.5 

Dredged Slope – Local Stability  1.5  1.5  1.5 
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Table 5.7  External Bulkhead Stability Results	

Section  Low Tide Level  Mean Tide Level  High Tide Level 

Rotational Stability Factor of Safety 

D‐D’  3.6  3.1  3.0 

E‐E’ Original  1.4  1.0  1.2 

E‐E’ Modified  1.9  1.3  1.7 

K‐K’  2.4  2.3  2.7 

Anchor Tensile Load (kN/m) 

D‐D’  9.0  9.0  10.1 

E‐E’  27.9  22.8  25.4 

K‐K’  34.4  36.5  29.2 

 

KCB  found somewhat  lower  factors of safety than reported by Golder  for the global stability of the 
existing case (pre‐dredge conditions), based on different assumed properties of the Victoria Clay that 
governs the stability of deep‐seated slip surfaces that dominate in the existing case; however, KCB did 
not further examine existing stability as it is not part of the Phase 2 dredging project.   

KCB found that the target temporary factor of safety of 1.3 is achieved for the global stability of the 
wall at all three locations analyzed for the proposed dredged slopes at all tidal levels.  

The anchor tensile  loads presented  in our results are reached once moment equilibrium  is achieved 
(i.e. at a rotational factor of safety of 1.0). These values are higher than the loads that the anchor will 
likely be subjected to, since the sheet piles have been driven to an embedment depth deeper than 
required. The maximum tensile load that is exerted on the anchor was determined to be 36.5 kN/m, 
which is well below the tensile yield strength of 54 kN/m. 

The factor of safety for rotational stability of the sheet pile wall exceeds the 1.3 target factor of safety 
for temporary conditions at all  locations except at Section E‐E’ based on the original design dredge 
elevations. As also found by Golder’s analysis, the factor of safety for rotational stability at Section E‐
E’ is around 1.0. 

Golder  recommended  that  dredging  of  the  sediments  and  backfilling  (capping)  be  carried  out 
concurrently in front of the 12.8 m long section of sheet pile bulkhead wall modeled as Section E‐E’, 
effectively  using  slot  cuts.  However,  slot  cuts  would  be  difficult  to  construct  (as  this  location  is 
difficult  to access with mechanical excavation equipment and has constrained headroom) and may 
result  in  recontamination  of  capping materials.  Therefore,  in  consultation  with  AnchorQEA,  KCB 
proposes dredging to a slightly higher elevation, which leaves behind some of the contaminated soils 
but facilitates more precise placement of the engineered cap materials and avoids the complexity of 
slot cuts, resulting  in a more practical and achievable remediation. KCB analyzed a modified Section 
E‐E’  to  determine  the  lowest  possible  dredge  elevation  that  does  not  require  slot  cuts.  KCB 
recommends a minimum dredge elevation of 1.5 m for the 12.8 m long section of sheet pile bulkhead 
wall modeled as Section E‐E’. 



PWGSC 
EGD South Jetty Phase 2 Environmental Remediation 

Geotechnical Design Validation 

 

2016‐04‐18‐KCB‐EGD‐WL‐FNL‐GEOTECH DESIGN 
VALIDATION MEMO‐TA700338279‐PH2‐15‐16  Page 16 

P09614A02   October 2014 

 

 

The local stability of the dredged slopes in front of the wall at Sections E‐E’ and K‐K’ is sufficiently high 
that local sloughing should not be an issue. Local stability analyses of the dredged slope at Section D‐
D’  (FS  =  1.2)  indicates  some  surficial  sloughing  may  occur;  however,  the  extent  of  anticipated 
sloughing  is  not  a  concern  for  the  stability  of  upslope  structures.  KCB  agrees  with  Golder’s 
recommended dredge slopes at this location.  

5.2.4 Dredging Adjacent to Existing Concrete L‐Wall 

KCB could not  locate a cross section showing the mudline elevation and L‐wall configuration within 
Golder’s report. A cross section was therefore produced by KCB using information from topographic 
site plans, drill hole data and existing reports. Dredge cuts adjacent to the L‐wall were assumed to be 
as specified in Golder’s report and shown on the Preliminary 99% Integrated Design drawings.  

Live  loads were not considered by Golder  in  their analysis. Drawings  show  that  the wall  is  located 
adjacent  to a vehicle access route and vehicle  traffic  is expected. KCB  included a surcharge  load of 
30 kPa behind  the L‐wall  to account  for anticipated  live  loads. Table 5.8  summarizes  the  results of 
KCB’s  stability  analysis  for  the  concrete  L‐wall.  Figures  24  to  26  present  slope  stability  analysis 
sections with results for tide levels giving the lowest FOS. 

Table 5.8  Slope Stability Factors of Safety – Concrete L‐Wall 

Stability Case  Low Tide Level  Mean Tide Level  High Tide Level 

Current Conditions – Global Stability  1.5  1.4  1.4 

Dredged Slope – Global Stability  1.5  1.4  1.4 

Dredged Slope – Local Stability  1.4  1.3  1.4 

 
The  global  stability  factor  of  safety  for  the  current  and  dredged  conditions  is  acceptable,  with 
dredging expected to have only a small effect on the global stability of the L‐wall.  

Internal KCB review of local stability analysis found that surficial sloughing of the proposed slopes is 
not an  issue (contrary to what was  indicated  in the first  issue of this memorandum). Therefore, the 
Phase 2 design documents need not consider the possibility of surficial sloughing at this location. 

5.2.5 Dredging Adjacent to East Rock Slope 

KCB  performed  local  stability  analyses  for  the  east  approach  shoreline  rock  slope  after  the 
recommended dredging.  Golder’s dredging recommendations at this location were provided in their 
December 2013 design  report. The global slope stability of  the new East End Retaining Wall at  the 
same  location was also checked by Golder, and  results were  reported  in a  separate memorandum 
(incorrectly  dated  February  20,  2013).  KCB  performed  a  separate  validation  of  that  analysis,  as 
summarized in Section 4 of this memorandum.  

KCB created a slope stability model using data taken from nearby drill holes. The soil stratigraphy was 
adjusted slightly compared to the stratigraphy used for analysis of the East Concrete Retaining Wall 
as  the  contact  between  unconsolidated marine  sediments  and  sand  and  gravel  fill will  be  further 
away  from  the  retaining wall.    Table  5.9  summarizes  the  results  of  the  stability  analysis  for  the 
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dredged east approach  shoreline  rock  slope. Figure 27 presents  the  slope  stability analysis  section 
with results for low tide level. 

Table 5.9  Slope Stability Factors of Safety – Adjacent to Rock Slope 

Stability Case  Low Tide Level  Mean Tide Level  High Tide Level 

Dredged Slope –Local Stability  1.6  1.7  1.7 

 

The 3H:1V dredge slope should be stable and sloughing is not expected. 

6 OTHER GEOTECHNICAL DESIGN EVALUATIONS 

KCB  has  provided  to AnchorQEA  (in  separate  correspondence)  our  recommendations  for  size  and 
type of fill materials to satisfy geotechnical slope stability requirements for engineered capping and 
armouring materials under  the EGD  jetty  structures.   Shore protection  considerations  (i.e.  stability 
against wave attack) are included in AnchorQEA’s design scope.  

7 RECOMMENDATIONS AND CONCLUSION 

Our  review  and  validation  has  confirmed  the  technical  basis  and  validity  of  Golder’s 
recommendations  for  lateral  offsets  and  slopes  of  dredging  adjacent  to  existing  South  Jetty 
structures,  which  may  be  implemented  for  the  South  Jetty  Integrated  Wharf 
Development/Remediation project, with  the exception of dredging  at  the east end of  the existing 
anchored sheet pile bulkhead where we recommend dredging without slot cuts to an elevation of 1.5 
m with a 0.3 m payable overdredge allowance.  

Our  review of Golder’s evaluation  for  the proposed east end  retaining wall stability  found  that  the 
recommended construction sequence of placing capping material  in front of the retaining wall prior 
to  placement  of  the  backfill  behind  the  retaining wall  is  not  necessary,  provided  that  temporary 
surcharge  loads are  limited  to 6 kPa. This  requirement  should be  reviewed with PWGSC  (and EGD 
operations)  because  it would  limit  the  allowable  vehicle  loading  on  a  portion  of  the  South  Jetty 
Access Road during wall construction, which may not be acceptable from a practical viewpoint.  The 
other recommendations regarding the east end retaining wall may be  implemented as described  in 
Golder’s Technical Memorandum. 

Our  review  of  Golder’s  evaluations  for  the  re‐driven  sheet  pile  containment wall  found  that  the 
recommended  embedment  depth  and  pile  tip  elevations  provided  in Golder’s  September  9,  2011 
technical memorandum would be insufficient to resist the Phase 2 design loads.  However, as stated 
earlier  in  this  report,  the actual pile  lengths  installed  in Phase 1 are  longer  (and hence  the pile  tip 
elevations as re‐driven in Phase 2 are deeper) than the minimum values required by Golder’s analysis.  
Our analyses  indicate that the actual embedment depths that will be achieved when the sheet pile 
wall is re‐driven in Phase 2 is sufficient at Sections C‐C’, D‐D’, and E‐E’.  Our additional analysis carried 
out  for  this memorandum considered a 4.5 m  thick desiccated crust at  the  top of  the Victoria Clay 
stratum based on CPTs completed in this area of the site.  This supplemental analysis indicated that 
the actual embedment depth of the Phase 2 re‐driven sheet pile wall is also sufficient at Section A.  
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After meeting to discuss the cause of the discrepancy in analysis results, Golder and KCB, with input 
from  AnchorQEA  and  PWGSC,  discussed  potential  solutions  for  resolving  the  issue  of  insufficient 
embedment,  described  in  the  meeting  record  in  Appendix  I.  The  following  four  steps  were 
recommended: 

Step 1: Re‐evaluation of design soil parameters (Victoria Clay) specifically for Section A‐A’ at 
applicable depths. 

Step 2: Evaluate methods to reduce prop wash force. 

Step 3: Wall retrofit (if Steps 1 and/or 2 are not effective). 

Step 4: Slot cuts for dredging inside the wall (if Step 3 is financially punitive). 

Step  1 was  carried  out  and  demonstrated  that  the  Phase  2  re‐driven  sheet  pile wall will  achieve 
adequate embedment without the need for considering Steps 2 to 4.  The steps are presented in this 
memorandum for the record, and for future reference  if the capacity of the sheet pile wall requires 
further re‐evaluation. 

In finalizing this memorandum, KCB notes that an updated (final) version of Golder’s “Draft Esquimalt 
Graving  Dock  Waterlot  Remediation  Project:  South  Jetty  Phase  2  99%  Under‐Pier  Remediation 
Geotechnical Design Input Report” (Dec 12, 2013) has not been provided.  We also recommend that 
the date of Golder’s “Esquimalt Graving Dock Waterlot Remediation Project: Stability Assessment of 
New East End Retaining Wall” (February 20, 2013) be changed to reflect the date that it was finalized, 
in 2014. 

8 EXCLUSIVE USE OF REPORT 

This memorandum  is  an  instrument of  service of Klohn Crippen Berger  Ltd.    The  report has been 
prepared for the exclusive use of Public Works and Government Services Canada and AnchorQEA LLC 
for  the  specific  application  to  the  South  Jetty  Integrated  Development/Remediation  project.  The 
report’s contents may not be relied upon by any other party without the express written permission 
of  Klohn  Crippen  Berger.  In  this  report,  Klohn  Crippen  Berger  has  endeavoured  to  comply  with 
generally‐accepted professional practice common to the  local area. Klohn Crippen Berger makes no 
warranty, express or implied. 
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MEETING RECORD 

Project:  EGD South Jetty Phase 2 Environmental Remediation
Purpose of Meeting:  Geotechnical Validation
Meeting Date:  July 3, 2014 
Location:  KCB Office, 500‐2955 Virtual Way, Vancouver
Prepared by:  Monta Maeda (KCB)
Issued Date:  Issued as Final, July 8, 2014 
Attachments:  KCB presentation slides (including final slide listing potential solutions and 

recommendations), and KCB’s sheet pile bending moment email of January 28, 2011   

 
Attendees:  Company:
Jon Siska  PWGSC 
Dan Berlin (conference call)  AnchorQEA
Matt Woltman (conference call)  AnchorQEA
Dick Butler  Golder Associates
Sarah Morse  Golder Associates
Geoff Cooper  Klohn Crippen Berger
Steve Ahlfield  Klohn Crippen Berger
Juan‐Carlos Carvajal  Klohn Crippen Berger
Monta Maeda  Klohn Crippen Berger

 

 
This meeting was held to discuss differences between the geotechnical analysis by Golder Associates 
Ltd.  (Golder)  and  the  geotechnical  validation  by  Klohn  Crippen  Berger  Ltd.  (KCB),  affecting  the 
embedment  depth  design  at  the west  end  portion  of  the  sheet  pile wall  (re‐driven  in  Phase  2). 
Representatives  of Anchor QEA,  LLC  (Anchor)  and  Public Works  and Government  Services Canada 
(PWGSC) also participated in the meeting. 

Golder  and  KCB  presented  details  of  their  respective  analyses;  KCB’s  slideshow  is  attached  for 
reference.  Based on the presentations and subsequent discussions, Golder and KCB agreed that the 
main cause of differing results was a misunderstanding regarding the bending moment provided by 
KCB  to  Golder  in  January  2011  (KCB’s  Jan  28th  2011  email  to  Golder  is  attached  for  reference). 
Whereas on January 28th, 2011 KCB provided allowable bending moments for the various sheet pile 
types for  input to Golder’s analysis, Golder understood the  input to be ultimate bending moments, 
as  identified  in Table 2 of Golder’s  September 9, 2011 memorandum. As a  consequence, Golder’s 
analysis was carried out for a design shear force (applied at the top of the sheet pile wall) about 28% 
less than KCB intended, which led to the discrepancies found during KCB’s validation.  

Both KCB  and Golder  agreed  that  incorrect bending moment properties were used  in  the original 
analysis,  which  requires  further  action  (discussed  below)  to  mitigate  the  potentially  insufficient 
embedment of the currently installed sheet pile wall (when re‐driven to El.0.0 m chart datum) for the 
loading  conditions  considered.  KCB  and Golder  agreed  that  other  differences  in  assumptions  and 
methodology  (e.g.  differences  in  soil  properties  used  in  the  respective  analyses)  do  not  have  any 
significant effect on the wall embedment calculation results. 
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As presented in KCB’s slides, the area of potentially insufficient embedment is limited to the west end 
portion of the sheet pile wall  (west end  face plus short sections of the west ends of the north and 
south walls).  

The embedment of  the existing  sheet pile wall after  re‐driving  in Phase 2 will be  sufficient  for  the 
other  portions  of  the  containment  wall  despite  the  misunderstanding  regarding  design  bending 
moment.  It was agreed that this  is  likely because the design of the existing sheet pile wall  in those 
areas was governed by the Phase 1 propped cantilever support condition, which was less sensitive to 
the value of bending moment used in the design. 

After reaching consensus on the main cause of the discrepancy between Golder / KCB analyses and 
the need to resolve the issue, the parties in attendance discussed potential solutions listed below: 

1. Recommended Step 1:  Re‐evaluation  of  design  soil  parameters  (Victoria  Clay) 
specifically for Section A‐A’ at applicable depths.   

Both the Golder design and KCB validation used lower‐bound averaged soil parameters for 
the whole south jetty site.  Closer examination / interpretation of soil data for this specific 
west end wall location may confirm if a “crust” of higher strength clay exists at upper zone 
of the clay layer, or if less conservative soil strength can be used in the design.  If so, this 
may allow a reduction in required wall embedment.  Even if only partly successful, this Step 
1 could be useful in re‐evaluating prop wash effects.  

2. Recommended Step 2:  Evaluate methods to reduce prop wash force. 

Original assumptions by AQ for Phase 2 prop wash loading: smaller tug boat, 10‐25% power 
at 5 m from wall; larger tugboat, 10% power at 15 m from wall. It was noted the resulting 
velocity  of  3‐4  m/s  is  a  large  load  for  the  temporary  re‐suspension  barrier  (TRB)  to 
withstand. 

In order to avoid making any change to the current (re‐driven) wall embedment design, the 
prop wash pressure would need  to be reduced by 30‐40%. The minimum distance of  tug 
boat to wall could be increased, or a lower % of tugboat horsepower could be specified, or 
a  restriction on direction of prop wash could be  imposed. Consider disallowing access  to 
west end wall (15 m wide contractor water zone) for Seaspan Hawk tugboat.  

3. Recommended Step 3:  Wall retrofit.  This is only to be considered if Step 1 and/or Step 
2 are not effective.   

Potential Retrofit Options: 

a) Add 1.2 m  structure on  top of wall  (most viable of  retrofit options, but would  incur 
additional cost and may be somewhat challenging to install); 

b) Insert additional support piles behind wall (ineffective unless driven much deeper than 
wall, and must be stiffer than wall, costly); 

c) Add  horizontal waler  behind wall  (likely  ineffective  due  to  longitudinal  distribution 
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extent of prop wash pressures);  

d) Add corner bracing to support wall (impractical, costly). Lateral bracing back to existing 
deck structure,  i.e.  initial demolition of 10 m wide strip of deck  (impractical, costly); 
and  

e) Inclined  pile  bracing  down  to  seabed  inside wall  (interferes with  dredging,  costly). 
Inclined tension bracing down to seabed on outside of wall (interferes with navigation, 
likely to be impacted and damaged during remediation works, costly). 

4. Recommended Step 4:  Slot cuts for dredging inside the wall.   This is only to be 
considered if Step 3 is financially punitive.  

This would need a longitudinal steel waler to spread wall loads, which is likely to be 
ineffective from a geotechnical perspective.  This option is likely challenging to avoid 
recontamination, and slot‐cut dredging would be slow due to the water depth.  

5. Other options that were discussed, but rejected are outlined below: 

a) Reduction of safety factor – would have to be reduced from 1.3 to about 1.0. Consider 
duration of loading (about 10 to 20 seconds, which should be enough to generate soil 
pressures), and safety considerations.  (Although applied  in some cases of short term 
transient loading such as earthquakes, this is not a normal engineering practice where 
the structure is expected to remain in serviceable condition, so not recommended.) 

b) Raise  dredge  depth  inside wall.  (Would  achieve  only minimal  benefit  since marine 
sediments  near  seabed  surface  are  weak,  does  not  achieve  FCSAP  remediation 
objectives). 

The  agreed  plan moving  forward  is  for  KCB  to  carry  out  analyses  for Recommended  Step  1 with 
inputs from Golder. KCB will prepare an engineering budget  in next few days (for review by PWGSC 
by  July 10), with  approval  to proceed  anticipated by  July 17.  Step 1 would  then be  completed by 
July 31 (2 weeks after approval to proceed).   

If Step 1 alone does not resolve the  issue, Anchor will carry out analyses for Recommended Step 2 
starting August 1, with completion in approximately two weeks (to be confirmed by Anchor).  

The parties  in attendance believe that the results of Recommended Steps 1 and 2 should allow the 
existing sheet pile wall to be re‐driven without modification  in Phase 2.   In the event that the sheet 
pile wall embedment is still insufficient, Steps 3 and/or 4 will be considered. 
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Cooper, Geoff

From: Cooper, Geoff
Sent: Friday, January 28, 2011 11:02 AM
To: 'Williams, Randy'
Cc: 'Jones, Rachael (Burnaby)'; 'Dan Berlin'; Tom Wang (AnchorQEA); Tong, Janet
Subject: Corrected Max Moment Capacities for SPWall Sections for EGD Underpier Erosion 

(temporary cantilever case)

Randy;  
In support of your analysis of the cantilevered sheetpile wall that will exist temporarily during timber jetty deconstruction, 
Janet sent you a list of maximum pile moments on Jan 20th.  Those values neglected to allow for 0.9 material resistance 
factor on steel yield strength.  See corrected values below.  To clarify Janet's results and avoid any confusion, we also 
have added some explanations for the calculated bending moments (edits to her email below). 
  
Per yesterday's team conference call, the results of your analysis are required ASAP, to allow the team to assess the best 
course of action and give the client a cost/viability comparison for three options: (a) do nothing if the cantilevered wall is 
already strong enough to take the temporary soil/propwash/wave loading, or (b) re-drive the sheetpiles deeper at time of 
jetty deconstruction to reduce the effective height of the cantilever, or (c) install the sheetpiles deeper during initial wall 
construction to achieve the same objective. 
  
Please call if any questions. 
Geoff Cooper, P.Eng.  
Manager, Ports & Harbours  
Klohn Crippen Berger  
500-2955 Virtual Way, Vancouver, BC, V5M 4X6  
Phone: (604) 251-8439    Fax: (604) 251-8420 
________________________________ 
 
From: Tong, Janet  
Sent: Thursday, January 20, 2011 9:24 AM 
To: Williams, Randy; 'Jones, Rachael (Burnaby)'; 'Dan Berlin' 
Cc: Cooper, Geoff; Tom Wang; 'Tim_Whalen@golder.com' 
Subject: Maximum moment capacities for Sheet pile wall Sections for EGD Underpier erosion 
 
Hi Randy 
We are using 3 AZ pile sheet types for the underpier erosion : AZ 25, AZ 37-700 and AZ 50. 
 
The maximum (allowable bending) moment for these sections are:  
 
AZ 25 = 601 kN/m  (calculated from elastic section modulus of 2,455cm3/m width, times 0.9Fy of 0.9*350MPa, divided by 
1.30 safety factor, and divided by 1.10 allowance for maximum moment in the soil = 541 kN/m width).  Please note the 
following:  
1) The 1.30 safety factor is simply an inversion of the wave load factor of 1.30 per Canadian Highway Bridge Design Code 
S6-06. 
2) The maximum moment will occur at point of fixity within the soil, not at the mudline; the 1.10 factor is simply an 
additional allowance that we have included at preliminary design to account for this difference.  This allowance needs to 
be validated by the final design bending moment profile down through the soil. 
 
AZ 37-700 = 907 kN/m  (816 kN/m width)  
 
AZ 50  = 1227 kN/m  (1105 kN/m width)  
 
These moments account for 10% increase for maximum moment in soil and a SF = 1.3 (for standard tug load case) (see 
my comments above).   
 
If you have any questions, please do not hesitate to call. 
Regards 
Janet C. Tong, P.Eng., PE 
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Structural Engineer  
Klohn Crippen Berger 500 - 2955 Virtual Way, Vancouver, BC V5M 4X6, CANADA 
D  604.251.8494 | T  604.669.3800  | F  604.669.8420  |   jtong@klohn.com   | www.klohn.com <http://www.klohn.com/>    
 
_________________________________________________________________________________________________
___________________________  
 
If you have received this email in error, please delete the original message. 
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Re‐Driven Sheet Pile Containment Wall



Design Objectives

Objectives of the analysis:

1). Determine the working shear force (FD) applied at the 
top of the re‐driven sheet pile wall to mobilize the 
working bending moment for design (MDesign):

a.  1,105 kN∙m (section A‐A’ and C‐C’),

b.  816 kN∙m (section D‐D’), and

c.  541 kN∙m (section D‐D’).

(Based on email from Geoff Cooper (KCB) to Randy Williams (Golder) 
on January 28, 2011.)



Design Objectives

Objectives of the analysis: 

2). Determine the embedment of the re‐driven sheet 
pile wall for a factored shear force (FMax) equal to 1.3 
times the working shear force (FD):

FMax = 1.3 FD

where 1.3 is the factor of safety (FS) for design. 



Design Objectives

Objectives of the analysis: 

3). Verify that the maximum bending moment mobilized 
by the factored shear force (FMax) is less than the yield 
bending moment (My) of the sheet pile wall.



Site Plan and KCB Section Locations

Reference: Anchor QEA 99% Integrated Design (2014‐03‐31)
Drawing C21 – Required Dredge Plan



Site Plan and Golder Section Locations

Reference: Golder Technical Memorandum (2011‐09‐09)
Figure 1A – South Jetty Plan



Section A‐A’ Case 1

FD
El. 0 m

El. ‐8.0 m

El. ‐11.3 m

El. ‐15.8 m

Victoria Clay
=19 kN/m3 , Su=50kPa D

El. 1.9 m

Marine Sediments
=17.5 kN/m3 , =27

3H : 1V

Seaward Side Landward Side



Section A‐A’ Case 2

FD
El. 0 m

El. ‐8.0 m

El. ‐10.3 m

El. ‐15.8 m

Victoria Clay
=19 kN/m3 , Su=50kPa D

El. 1.9 m

Marine Sediments
=17.5 kN/m3 , =27

3H : 1V

Seaward Side Landward Side



Summary of Soil Elevations

Section

Soil  Elevations (m)

Mudline
Seaward

Mudline 
Landward

Top of V. 
Clay

A‐A’ Case 1 ‐8.0 ‐11.3 ‐15.8

A‐A’ Case 2 ‐8.0 ‐10.3 ‐15.8

C‐C' ‐7.5 ‐11.8 ‐14.4

D‐D' ‐7.5 ‐11.3 ‐12.8

E‐E' ‐7.5 ‐10.0 ‐10.5



Comparison of Assumed Soil Properties

Material 
Description

Unit Weight (kN/m3) Shear Strength

KCB Golder KCB Golder

Marine Sediments 17.5 17.5
φ' = 27°
c' = 0 kPa

φ' = 33°
c’ = 0 kPa

Victoria Clay 19 18 su = 50 kPa su = 50 kPa



Wall Rotation at Section A‐A’ Case 1

FD
El. 0 m

El. ‐11.3 m

El. ‐15.8 m

El. 1.9 m

Rotation Point is the point where
lateral displacement is zero.

Seaward Side Landward Side

3H : 1V

El. ‐8.0 m



Lateral Force and Earth Pressures

El. ‐8.0 m

El. ‐11.3 m

El. ‐15.8 m

pA_ms

FD El. 0 m

pP_ms

pA1_vc

pP1_vc pA2_vc

D

Do
pP2_vc

V
ic
to
ri
a 
C
la
y

M
ar
. S
ed

im
en

ts

Seaward Side Landward Side



Net Pressure Approach

pnet = pP ‐ pA
in the Victoria Clay:

pA = pvo1 ‐ 2Su  0 pA = (p’vo1 + u1) ‐ 2Su  0=

pP = pvo2 + 2Su pP = (p’vo2 + u2) + 2Su=

pA > 0  &  u1=u2=uo  pnet = pP ‐ pA

pnet = (pvo2 + 2Su) ‐ (pvo1 ‐ 2Su)   =   pnet = (p’vo2+uo + 2Su) ‐ (p’vo1+uo ‐ 2Su)

pnet = 4Su + (pvo2 ‐ pvo1)    pnet = 4Su + (p’vo2 ‐ p’vo1)

For this specific case, pnet is the same 
in total or effective stress analysis
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Determination of Embedment Depth

PROBLEM:

Three Unknowns:
(1). FD?
(2). D?
(3). Do?

Three Equations:
(1).Mmax = MDesign

(2). F = 0
(3). M = 0

Is there a unique solution?:  Yes



Shear Force and Bending Moment

Calculation of Shear Force: 


Calculation of Bending Moment:



  

MDesignEq.1:



Equilibrium of the Sheet Pile Wall
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Shear Force and Bending Moment

Eq.2:  F=0

VTVC + pnet (Do) ‐ pnet (D‐Do) = 0

Do = ½ (D ‐ VTVC/pnet)

Eq.3:  MTip=0

MTVC + VTVC (D) + pnet (Do)(D‐Do/2) ‐ pnet (D‐Do)
2/2 = 0



Net Pressure Diagram (Section A‐A’ Case 1)
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Shear Force Diagram (Section A‐A’ Case 1)
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Bending Moment Diagram (Section A‐A’ Case 1)
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Bending Moment Diagram (Section A‐A’ Case 1)
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Bending Moments and Applied Shear

The applied shear force (FD) to mobilize the working bending moment (MDesign) 
was factored by 1.3.
The factored shear force (Fmax = 1.3 FD) was then used to calculate the required 
embedment.
The required embedment therefore has a Factor of Safety FS = 1.3.

Section
Design Working 
Bending Moment
MDesign (kN‐m)

Applied Working 
Shear Force FD
(unfactored) 

(kN)

Applied Factored 
Shear Force Fmax

(includes 1.3 factor for 
embedment calculation) (kN)

A‐A’ Case 1 1,105 70.84 92.09

A‐A’ Case 2 1,105 79.91 103.88

C‐C’ 1,105 69.06 89.78

D‐D’ 816 58.4 75.92

E‐E’ 541 49.63 64.52



Summary of Results

Section

Wall Tip Elevation (m)
Required Wall 

Embedment Depth (m)

Required per KCB 
Calculation

Achieved after Re‐Drive 
per AQ Drawings

Difference
Below landw. 

Mudline
Below 

Victoria Clay

A‐A’ Case 1 ‐21.71 ‐20.80 ‐0.91  (inadequate) 10.41 5.91

A‐A’ Case 2 ‐21.32 ‐20.10 ‐1.22  (inadequate) 11.02 5.52

C‐C' ‐20.81 ‐20.80 ‐0.01 (satisfactory) 9.01 6.41

D‐D' ‐18.30 ‐18.30 0.00 (satisfactory) 7.00 5.50

E‐E' ‐14.84 ‐16.80 +1.96 (satisfactory) 4.84 4.34

Section
Elevation of 
Wall Rotation 

(m)

Depth to Wall Rotation (m)

Below landw. 
mudline

Below 
Victoria Clay

A‐A’ Case 1 ‐18.84 7.54 3.04

A‐A’ Case 2 ‐18.49 8.19 2.69

C‐C' ‐17.91 6.11 3.51

D‐D' ‐15.82 4.52 3.02

E‐E' ‐12.87 2.87 2.37

Section
Achieved Working 
Moment of Existing 

Wall Re‐Driven (kN∙m)

Percent of 
Design Capacity 

Achieved

A‐A’ Case 1 827 75%

A‐A’ Case 2 753 68%



Potential Solutions (as developed during the July 3rd 2014 meeting)

Potential solutions

1. Reduction of prop wash force
Assumptions by AQ: smaller tug boat, 10‐25% power at 5 m from wall; larger tugboat, 10% power at 15 m 
from wall. 3‐4 m/s velocity (large load for TRB).
Would need to be reduced by 30‐40%; minimum distance of tug boat to wall to be increased, or lower 
power specified, or restrict direction of prop wash. Consider disallowing access to west end wall 15 m wide 
zone for Seaspan Hawk tugboat. (Recommended Step 2)

2. Reduction of safety factor – reduce from 1.3 to 1.0. Consider duration of loading (about 10 seconds), safety 
considerations. (Not a normal engineering practice, not recommended.)

3. Re‐evaluation of design soil parameters (Victoria Clay) specifically for Section A‐A’ at applicable depths.
(Recommended Step 1)

4. Raise dredge depth inside wall. (Would achieve only minimal benefit, does not achieve FCSAP remediation 
objectives.)

5. Slot cuts for dredging inside the wall, would need steel waler to spread wall loads (likely to be 
geotechnically ineffective, likely challenging to avoid recontamination, slow). (Recommended Step 4, only 
if Step 3 is financially punitive)

6. Wall retrofit (Recommended Step 3, only if Step 1 and/or 2 are not adopted)

a) Add 1.2 m structure on top of wall (most viable of retrofit options)

b) Insert additional support piles behind wall (ineffective unless driven much deeper than wall, and must 
be stiffer than wall, costly)

c) Add horizontal waler behind wall (likely ineffective due to longitudinal extent of prop wash pressures)

d) Add corner bracing to support wall (impractical, costly). Lateral bracing back to existing deck 
structure, i.e. initial demolition of 10 m wide strip of deck (impractical, costly). Inclined pile bracing 
down to seabed inside wall (interferes with dredging, costly). Inclined tension bracing down to seabed  
on outside of wall (interferes with navigation, likely to be impacted and damaged, costly).



Additional Slides:

Dredge Cross‐Sections
(Anchor QEA)



Section A (Anchor QEA)



Section B (Anchor QEA)



Section E (Anchor QEA)



Section J (Anchor QEA)
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1. GENERAL 

1.1 Project Scope and Limitations 

The South Jetty Wharf Development project at Esquimalt Graving Dock (EGD) for 

Public Works and Government Services Canada (PWGSC), referred to herein as the 

“Project”, includes design engineering for:  

• Demolition of existing timber jetties (west jetty, west infill deck, south jetty, and east 

approach structure); 

• Marine dredging of contaminated seabed soils within the footprint of the existing 

timber jetties that are to be demolished.  In each affected area, the dredging will be 

performed after removal of the existing timber jetty structures/piles, and before 

driving new jetty piles.  Depth, exact extent and method of dredging to be as specified 

by PWGSC (see Section 1.2); 

• Scour protection is generally not required at the new piled jetty structures.  In cases 

where final cut/fill slopes would be exposed to wave action, then scour/slope 

protection will be included in the design; 

• Piled jetty foundations and deck structures;  

• Marine fenders, mooring bollards/cleats and miscellaneous wharf hardware (e.g. 

safety ladders);   

• Civil works including asphalt paving and storm water drainage; 

• Utilities including electrical, telecommunications, ships’ sanitary sewage, compressed 

air, and fire water system (general firefighting).  In general, utilities are to match 

existing provision.   

The existing wharf face alignments around the perimeter of the South Jetty are to be 

maintained for the new jetty development.  

Seismic retrofit of the existing steel-piled concrete deck (1985), existing sheet-piled 

retaining wall (1985), existing timber crib (1921), and seismic stability of under-pier soil 

slopes, are all excluded from scope as directed by PWGSC.  

At the east end approach, the existing tug boat facilities (floats and piles) are to be 

temporarily removed during wharf reconstruction, and then reinstated (re-use existing 

float) with new mooring piles, matching the existing in terms of footprint and general 

utility.  The existing gangway will be re-used if feasible.   

The existing tower crane, sited on the steel-piled concrete deck (at the L-corner originally 

called “Crane Pad” on the 1985 deck construction drawings) together with its cruciform 

foundation, is to be retained “as is”. 

1.2 Marine Dredging at South Jetty 

Environmental compensation/mitigation works are generally excluded from the scope of 

this project at this time.  However, PWGSC is planning to dredge out the seabed at the 

South Jetty, to a depth of about 2.0m below current mud-line, to remove contaminated 
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sediments and miscellaneous debris that has accumulated over many years.  Per PWGSC 

direction (email correspondence Jan 26
th

 2010), the new South Jetty foundation and 

structures will be designed assuming sediments are removed to 2.0m below existing mud-

line.  The scope and details for this dredging work (and associated scour/slope protection) 

will be included in the South Jetty drawings and specifications at 100% submission.   

Input on scope and construction sequencing for the dredging will be provided by PWGSC 

and their environmental consultants. 

1.3 Codes and Standards 

The design of the Project shall conform to the latest edition or revision of the following 

codes, standards and guidelines, except where a specific edition is quoted: 

a) Environmental Loads: National Building Code of Canada (NBCC 2005); 

b) Seismic Loads: Marine Oil Terminal Engineering and Maintenance Standards, 

California State Lands Commission (MOTEMS, Rev.8, June 2003); 

c) Guidelines for the Design of Fender Systems (PIANC, 2002); 

d) British Standard for Maritime Structures BS6349 Part 1 (2000) and Part 4 (1994);  

e) Load Factors and Material Design: CAN/CSA-S6-06, Canadian Highway Bridge 

Design Code (reference may also be made to CAN/CSA-A23.1-04 and CAN/CSA 

S16.1-05 where appropriate); 

f) Safety Standard for Electrical Installations: Canadian Electrical Code CAN/CSA 

C22.1 (latest edition); 

g) National Fire Code of Canada (2005); 

h) WorkSafeBC Regulations; 

i) Canadian Standards Association (CSA); and, 

j) American Society of Testing of Materials (ASTM). 

1.4 Standards for Drawings and Technical Specifications 

Project drawings shall be in AutoCad 2007 and shall conform to PWGSC’s Pacific 

Region 2007 drafting standards.  Drawing sheets shall have standard PWGSC project title 

boxes.  Drawing scales shall be appropriate for the subject.  All dimensions shall be in 

millimetres, or metres where noted. 

Technical specifications shall utilize National Master Specification (NMS) format.   

1.5 Units of Measurement 

The metric system (SI) shall be used for all dimensions on project drawings, shop 

drawings, specifications, material data sheets and in all documents for the Project. 

1.6 Project Datum and Grid 

Local Hydrographic Tide and Chart Datum is the project datum.  All elevations shall be 

given in metres relative to project datum.  

UTM NAD 83 (Universal Transverse Mercator, North American Datum) ground level 

coordinates shall be used for the project layout. 
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1.7 Navigation Water Depth 

PWGSC has determined that the navigation water depth at the northwest / west / south 

berth faces shall be = 9.15 m (30 ft) below Chart Datum, to match existing general seabed 

grade around the South Jetty, and to match the depth of dry dock entrance Sill #2.  

1.8 Elevation of Deck and Apron Areas 

Elevation of deck and apron areas (nominal) = EL +5.20 m, sloped as required for 

drainage and tie-in to adjacent apron areas/structures.  The original design elevation at the 

existing steel-piled deck (which is to remain in place) was EL +5.20 m, sloping seaward 

to EL +5.06 m.  The new deck/apron will slope downwards towards the existing dry dock 

apron grade at the south entrance wall and crane rails. 

1.9 Design Service Life and Durability 

Major structural components including steel pipe piles and concrete deck shall have a 

minimum design service life of 75 years, based on the assumption of conventional 

maintenance procedures, without replacement of main structural components.  This will 

require that an ongoing inspection and maintenance program is implemented to ensure 

that deterioration and damage, normal to infrastructure exposed to the marine 

environment, is repaired.   

In the case of concrete deck structures, the design service life shall be achieved primarily 

by the provision of a durable concrete mix, adherence to specified values of concrete 

cover, and employment of construction procedures that produce well consolidated 

concrete.   

Some components may need significant repair or total replacement during their service 

life.  Unless otherwise noted, the service life of such components shall be consistent with 

typical service life given in Table C2.1 of S6.1-06, Commentary on CAN/CSA-S6-06, 

Canadian Highway Bridge Design Code.  

Design Service Life for Specific Items: 

• The corrosion protection system for steel pipe piles shall be sufficient to assure a 75-

year design life with minimal maintenance over the life of the structure.  Minimal 

maintenance includes occasional monitoring and repair of damage (e.g. resulting from 

accidental impacts).  Corrosion protection will be achieved by incorporating a one-

time application paint system on the piles with a 15-year design life (before onset of 

major deterioration), in combination with a sacrificial steel allowance.  The coating 

system will extend from the pile cap soffit elevation to 2 metres below the mud-line 

and will be pre-applied to the pile with sufficient time allowed for curing prior to pile 

handling and installation.  The Contractor will be required to incorporate a tolerance 

to ensure pile lengths are sufficiently coated such that the installed piles meet the 

above criteria in relation to the mud-line elevation.  The sacrificial steel allowance 

will be 10 mm for the 60-year period commencing from the end of the 15-year 

coating system life to the end of the 75-year pile design life, with the intent of never 

having to replace the coating.   

• Marine fender systems shall have a minimum design service life of 20 years. 
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• Utilities (electrical, telecommunications, compressed air, sewage, fire water, and 

kiosks) shall have a minimum design service life of 20 years, except where re-use of 

existing cables has been sanctioned by PWGSC (i.e. remaining life likely less than 20 

years).  

• Asphalt pavements (if used) shall have a minimum design service life of 20 years. 

2. ENVIRONMENTAL PARAMETERS 

Unless otherwise noted, environmental loads shall be in accordance with data published 

for Victoria, British Columbia, in the supplement to NBCC 2005.  Relevant data, together 

with other site-specific information is included here.  The Project shall be designed to 

withstand environmental loads generated by a 50-year return period event for wind, 

waves, rain, snow and ice, unless noted otherwise.  

2.1 Tidal Data 

Normal tides in Esquimalt Harbour range from 0.0 m at LWL to approximately +3.0 m at 

HWL (Chart Datum).  Tidal elevations for design, measured from Chart Datum, are given 

in Table 1: 

TABLE 1 – Tidal Data for Esquimalt Harbour 

Tidal State Tidal Elevation 

Extreme High Water (EHWL) 3.8 m 

Higher High Water (HHWL) 3.4 m 

Mean Water Level (MWL) 1.9 m 

Lower Low Water (LLWL) 0.1 m 

Extreme Low Water (ELWL) -0.5 m 

 

2.2 Wind 

The hourly wind pressures stipulated for Victoria (Gonzales Heights) in Appendix C of 

the National Building Code of Canada, and inferred wind speeds, are given in Table 2: 

TABLE 2 – NBCC 2005 Wind Pressures for Victoria (and Wind Speeds) 

Return Period (Years) Hourly Wind Pressure Inferred Hourly Wind Speed 

10 NBCC 2005 = 0.49 kPa 99.0 kph (27.5 m/s) 

50 NBCC 2005 = 0.63 kPa 112.2 kph (31.2 m/s) 

Note: q = (50*10
-6

) * V
2
, where q is in kilopascals (kPa) and V is in km per hour (kph). 
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The design wind pressures to be used for the South Jetty mooring analyses will be 

determined (as outlined in MOTEMS and BS6349) from the above-mentioned 

information, based on a 30-second gust for wind with a return period of 25 years. 

2.3 Waves 

Due to the relatively sheltered harbour environment at the Esquimalt Graving Dock, 

wave conditions are not severe.  The design wave (significant wave height, HS) for a 

return period of 50 years is taken conservatively as 1.0 m.  

2.4 Current 

Due to the relatively sheltered harbour environment at the Esquimalt Graving Dock, and 

location of the South Jetty structures, current flows need not be considered in the design.   

2.5 Rainfall and Snowfall 

The rainfall and snow loading stipulated for Victoria (Gonzales Heights) in Appendix C 

of National Building Code of Canada (NBCC 2005) are given in Table 3: 

TABLE 3 – NBCC 2005 Rainfall and Snow Loading for Victoria 

Rain Condition Rainfall Intensity 

15 Minutes 9 mm 

One Day 91 mm 

Annual Total Precipitation 600 mm 

Snow Condition Ground Loading 

Snow Load, Ss 1.5 kPa 

Rain Load, Sr 0.3 kPa 

 

The rainfall “Intensity-Duration-Frequency” (IDF) curves for Victoria International 

Airport, as supplied Atmospheric Environment Service (AES) Canada, are the most 

appropriate available data set for the Esquimalt Graving Dock location, and will be used 

for storm water drainage design at the South Jetty.  See Appendix A for details.   

A 10-year return period will be used for the design of the storm water drainage system.  

Peak flows will be determined by the Rational Method based on the estimated time of 

concentration for each drain run.  Minimum time of concentration used will be 5 minutes.  

2.6 Temperature 

January (2.5%) = -5 degrees Celsius;  July (2.5% Dry) = +23 degrees Celsius 

3. MARINE DESIGN PARAMETERS 

The South Jetty Wharf Development is designed to provide safe berthing and moorage 

for specific large vessels in the BC Ferries fleet, and for specific DND vessels resident at 
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CFB Esquimalt.  In the event that small/intermediate size ferries are berthed at the South 

Jetty, then PWGSC will require the ship repair contractor to provide any necessary 

additional fenders to protect the jetty structure and ensure safe berthing conditions.  

The fender design for the northwest and west berthing faces must be suitable for berthing 

the steel Caisson Gates that are used at the dry dock (see photo below).  The South Jetty 

facility is not designed to accept cruise ships, submarines or floating dry docks.  

Fenders will be provided to absorb the design berthing energy over a range of 10 – 100 

compression cycles (some fenders degrade with long-term use).   

Design vessel parameters are as given in Table 4 (BCF) and Table 5 (DND) overleaf.  

 

 

Caisson Gates Berthed at South Jetty 
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TABLE 4 – BC Ferries Vessel Parameters for South Jetty 

Parameter Coastal Class Spirit “S” Class Cowichan “C” Class 

Deadweight, DWT (tonne) 1,770 2,645 1,632 

Gross Tonnage, GT (tonne) 21,980 18,747 6,551 

Displacement, ∆ (tonne) 10,034  11,681 6,965 

Length (overall), L (m) 160.0 167.5 139.29 

Length (between perpendiculars), LP 154.0 156.0 127.2 

Beam (over fenders), B (m) 28.2 27.5 27.127 

Beam (moulded), BM (m) 27.8 26.6 27.075 

Max. Draft, DMAX (m)  5.765 5.03 5.827 

Lightship Draft, DLT (m)  4.728  4.09 4.993 

Windage Area, AW (m
2
) 3,267  3,242 2,229 

Height / Width of Rubbing Strip (m) 0.5 x 0.3  0.35 x 0.26 0.25 x 0.23 

Max. Hull Pressure (tonne/m
2
) 25.0  25.0 25.0 

Approach Velocity, VN (m/sec) 0.15 0.15 0.15 

Approach Angle (degrees) 10 10 10 

1
st
 Berthing Contact ¼ point ¼ point ¼ point 

Note: Ferry ship data was provided by Bob Kearney, AScT, Naval Architect, Fleet Technical Engineering, BC 

Ferries, Tel: (250) 978-1137, bob.kearney@bcferries.com.  

Note: Approach velocity is based on recommendations in BS6349 Part 4 for tug-assisted berthing (or use of bow 

thrusters) in sheltered conditions. 
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TABLE 5 – DND Vessel Parameters for South Jetty 

Parameter 

Halifax Class Patrol 

Frigate (FELEX 

program) 

(e.g. HMCS Vancouver, 

Regina, Calgary, Winnipeg 

and Ottawa) 

Protecteur Class 

Supply Ship (AOR) 

(e.g. HMCS Protecteur) 

Iroquois Class 

Destroyer (DDH) 

(e.g. HMCS Algonquin) 

Deadweight, DWT (tonne) 835 9,462 1,396 

Gross Tonnage, GT (tonne) 5,235 26,115 5,396 

Displacement, ∆ (tonne) 5,235 (max draft) 26,115 (10,552 light) 5,396 (5,165 light) 

Length (overall), L (m) 135.5 172.52 129.78 

Length (between 

perpendiculars), LP 
124.5  158.18 121.30 

Beam (overall), B (m) 16.4 23.20 15.24 

Max. Draft, DMAX (m)  
6.15 (but 8.45 to sonar 

dome) 
* 10.3 (no sonar dome) 

4.96 (but 7.40 to sonar 

dome) 

Lightship Draft, DLT (m)  4.836 7.30 5.032 

Windage Area, AW (m
2
) 

approx 1,600 (approx 

1,700 light) 
2,220 (3,000 light) 1,436 (1,510 light) 

Max. Hull Pressure 

(tonne/m
2
) 

approx 20.0 approx 20.0 approx 20.0 

Approach Velocity, VN 

(m/sec) 
0.15 0.15 0.15 

Approach Angle (degrees) 10 10 10 

1
st
 Berthing Contact ¼ point ¼ point ¼ point 

Note: DND vessel data was provided by David Latoski, PWGSC at Esquimalt Graving Dock, Tel: (250) 363-8056, 

David.Latoski@pwgsc-tpsgc.gc.ca , supplemented by data from DND websites and other project sources.  

 

* At maximum draft the HMCS Protecteur cannot berth at the South Jetty, so lightship condition will be assumed 

for this ship in the fendering/mooring design. 
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4. LIVE LOADS AND LOAD COMBINATIONS 

4.1 Jetty Deck Live Loading 

Uniformly Distributed Live/Storage Loads (UDL): 

• Apron UDL shall be 28.7 kPa (600 psf) (note: this matches the design UDL for the 

adjacent steel-piled concrete deck built in 1985).  

• Apron UDL need not be considered coincident with vehicle wheel loads. 

• Apron UDL for Long Term Settlement = 10 kPa. 

Highway Truck Loading: 

• CL625 truck load per CAN/CSA-S6-06 (but no lane loading). 

Mobile Crane Loading (Grove RT530E): 

• Gross Vehicle Weight = 257 kN (26,173 kg) max, with 45 ft telescopic boom. 

• Wheel base = 3.378 m along truck, 2.590 m laterally to outside of tires. 

• Maximum Outrigger Load = 220 kN (22,498 kg) per outrigger. 

• Outrigger Pad Locations: 5.969 m (235 in) spacing along truck, and 6.096 m (240 in) 

lateral spread (fully extended).  Outrigger pads = 420 mm square (16.5 in). 

Esquimalt Fire Truck (Type 1), 1993 Thibault Engine:  

• Total GVW = 17,481 kg (38,450 lbs).  

• 4.83 m (190 in) between front/rear axles.  

• Front axle = 7,502 kg (16,540 lbs) (2 wheels on this axle).  

• Rear axle = 9,979 kg (22,000 lbs) (4 wheels on this axle). 

Esquimalt Fire Truck (Type 2), 1999 E One Ladder Truck: 

• Total GVW = 29,348 kg (64,701 lbs).  

• 5.18 m (204 in) between 1
st
 and 2

nd
 axle, and 1.37 m (54 in) between two rear axles.  

• Front Axle Weight = 8,482 kg (18,700 lbs) (2 wheels on this axle).  

• Rear Axle Weight (total on two tandem axles) = 20,866 kg (46,000 lbs) (4 wheels on 

each of these two axles). 

Esquimalt Fire Truck (Type 3), 2008 Fort Garry Rescue Truck: 

• Total GVW = 15,876 kg (35,000 lbs).  

• 5.92 m (233 in) between front/rear axles.  

• Front Axle Weight = 5,443 kg (12,000 lbs) (2 wheels on this axle).  

• Rear Axle Weight = 10,432 kg (22,046 lbs) (4 wheels on this axle). 

Dynamic Load Allowance (DLA) should be added to all axle/wheel loads. 

4.2 Live Loading within Deck Utilidors 

Uniformly Distributed Live Load (UDL) = 3.6 kPa, per NBCC2005 for equipment areas.  
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4.3 Load Combinations 

The South Jetty deck structures shall be designed for the following load combinations, 

which are generally based on Table 3-12 in MOTEMS.  Modifications were made to the 

prescribed MOTEMS load combinations to include companion loads as described in the 

National Building Code of Canada 2005.  Partial snow loading was added to load 

combinations LC1, LC2 and LC3.  Partial live and snow loads were added to load 

combination LC5.   In load combinations LC4, LC7 and LC9 where vertical load is 

acting to resisting overturning, uplift or sliding, a reduced dead load (without live and 

snow loads) is considered.  The load combinations listed have been chosen to produce the 

most critical effects in the structural components of the South Jetty deck structure. 

Load Combinations:   

1.4D + 1.7L + 0.5S + 1.6H     (LC1, max dead and live loads) 

1.2D + 1.7L + 0.5S + 1.6H + 1.3M    (LC2, mooring load case) 

1.2D + 0.5S + 1.6H + 1.7B     (LC3, berthing load case) 

0.9D + 1.6H       (LC4, min dead load) 

1.2D + 0.5L + 0.25S + 1.0E     (LC5, seismic and live loads) 

1.2D + 1.0E + 1.6H     (LC6, seismic and max dead load) 

0.8D + 1.0E + 1.6H     (LC7, seismic and min dead load) 

1.2D + 0.25E + 1.0HD    (LC8, seismic and max dead load) 

0.8D + 0.25E + 1.0HD    (LC9, seismic and min dead load) 

Symbols: 

D = Dead Load 

L = Live Load 

M = Mooring Load 

B = Berthing Load 

H = Lateral Earth Pressure (non-seismic) 

HD Foundation Deformation Load (e.g. soil flow force during seismic event)  

S = Snow Load 

E = Earthquake Inertial Loads 

The load factor for live load (L) is reduced to 1.3 for the maximum outrigger float load 

from the Grove RT530E mobile crane. 

The East Approach retaining wall shall be designed for the load combinations and load 

factors set forth in the CAN/CSA-S6-06, Canadian Highway Bridge Design Code. 

For all structures, uniform and concentrated live loads should be applied in a logical 

manner.  Designated uniform live loadings and concentrated live loading from 

pneumatic-tired equipment will not be applied simultaneously in the same area.  

4.4 Pile Loss Scenario 

The South Jetty structures shall be designed not to collapse in the event that a single front 

row pile (on a berthing face) is damaged and cannot carry load.  In this scenario, the deck 

will likely crack under live loading, thus possibly revealing the location of the damaged 

pile.  In the highly unlikely event that two adjacent piles in the same bent are damaged 

and cannot carry load, then the structure would be at risk of collapse in that specific 

location. 
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5. SEISMIC DESIGN PARAMETERS 

5.1 Seismic Performance Criteria 

The seismic design philosophy is that the seismic displacement demands on the 

new/retrofitted South Jetty structures shall be accommodated by the displacement 

capacity of those structures, with life safety (no collapse) as the over-riding criterion.  

Seismic gaps and joint details will be developed to prevent loss of deck support and to 

prevent impact by adjacent structures.   

The design earthquake is defined as the seismic event that produces ground motions 

associated with a 475-year return period (A475), or the Cascadia subduction event (CSE), 

collectively referred to as the A475 design event for convenience.   

The wharf elements shall be designed to resist the A475 design event earthquake ground 

motion without collapse.  Wharf elements may undergo controlled inelastic structural 

behavior leading to significant damage.  Any damage that may occur shall be readily 

detectable and accessible for inspection and repair.  Design shall be such that it will be 

possible to repair or rebuild the jetty structures without major demolition.  After the A475 

design event, there may be temporary loss of operations, which should be restored within 

a few months.  

5.2 Seismic Criteria 

The liquefaction potential of foundation soils, the effect of liquefaction induced forces on 

structures, seismic soil-structure interaction, seismic slope stability and seismic 

deformations shall be addressed by the design.   

The target design spectra for the A475 earthquake event is taken from the Seismic Hazard 

Analysis by Pacific Geodynamics Inc. (November 1999).  Together with the A475 event, 

the Cascadia subduction event (CSE) shall also be considered.  The design spectra for the 

CSE event shall be developed based on the GSC’s seismic hazard model.  Site specific 

amplification and de-amplification effects due to local soil conditions shall be addressed 

with a site response analysis (SHAKE). 

The seismic acceleration for the A475 design event, and post-quake functionality at the 

prescribed seismic performance level, are listed in Table 6:  

TABLE 6 – Seismic Criteria 

Earthquake Characteristics A475 event * 

Probability of Exceedance per Annum 0.0021 

Probability of Exceedance in 50 Years 10 % 

Structure Damping 5 % 

Peak Horizontal Firm Ground Acceleration A = 0.35 g  

* Note: In addition to the A475 event, the Cascadia subduction event (CSE) shall also be considered. 
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6. GEOTECHNICAL DESIGN 

6.1 Geotechnical Guidelines 

The following documents shall be used as guidelines for geotechnical design: 

a) Canadian Foundation Engineering Manual, 4
th

 Edition, 2006; 

b) CAN/CSA-S6-06, Canadian Highway Bridge Design Code., 2006; 

c) MCEER Workshop on Evaluation of Liquefaction Resistance of Soils, Technical 

Report MCEER-97-0022; 

d) American Petroleum Institute Recommended Practice for Planning, Designing and 

Constructing Fixed Offshore Platforms – Load and Resistance Factor Design, 2003; 

e) Post-Tensioning Institute, Recommendation for Prestressed Rock and Soil Anchors, 

2004;  

f) Idriss, I.M., and Boulanger, R.W., “Soil Liquefaction During Earthquakes”, 

Earthquake Engineering and Research Institute, 2008; 

g) Kulhawy, F., Phoon, K. “Drilled Shaft Side Resistance in Clay to Rock”, 

Geotechnical Special Publication No.38, Design and Performance of Deep 

Foundations; and, 

h) Wylie, D.C., “Foundations on Rock” (1992). 

6.2 Foundation Materials 

For foundation soil and bedrock material properties refer to the Geotechnical site 

investigation reports. 

6.3 Foundation Design  

Design foundations in accordance with 2005 Edition of the National Building Code of 

Canada supplemented by the Canadian Bridge Code CAN/CSA-S6-06, and American 

Petroleum Institute Recommended Practice for Planning, Designing and Constructing 

Fixed Offshore Platforms – Load and Resistance Factor Design, 2003. 

Open-end Pipe Piles: 

Ultimate geotechnical compression resistance of open-end steel pipe piles shall be 

calculated in accordance with API methodology.  The calculated outside skin friction and 

annulus resistance shall be reduced to 80% to account for remoulding during driving.  

The calculated inside skin friction shall be reduced to 30% to account for remoulding and 

inside pile shoe effects.  The pile shall be assumed to be unplugged.  Annulus resistance 

shall be based on the cross sectional area of the cutting shoe and skin friction shall be 

based on the pipe pile wall dimensions.  A geotechnical resistance factor of 0.5 shall be 

applied to the ultimate geotechnical compression resistance to obtain the factored 

geotechnical compression resistance. 

The required pile embedment at each pile location shall be based on the factored pile load 

and estimated stratigraphy.  If the required embedment length places the pile toe below 

the estimated rock elevation, the design toe elevation shall be the estimated rock 

elevation. 

Indicator Piles with PDA and CAPWAP wave equation analysis shall be driven at the 

beginning of the project to confirm the factored pile resistance and termination criteria. 
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Rock-Socketed Displacement Control Piles: 

Ultimate geotechnical resistance of rock-socketed piles (used as displacement control 

piles in front of the timber crib) shall be calculated in accordance with Duncan (1992) 

and Kulhawy (1993).   

For compression piles, a geotechnical resistance factor of 0.5 shall be applied to the 

ultimate friction resistance of the rock socket to obtain the factored geotechnical 

compression resistance.  Tip resistance of the socket shall not be included. 

For tension piles, a geotechnical resistance factor of 1.0 shall be applied to the weight of 

a 90 degree rock cone originating at the bottom of the rock socket.  A geotechnical 

resistance factor of 0.4 shall be applied to the ultimate friction resistance of the socket to 

obtain the factored geotechnical tension resistance. 

Laterally Loaded Piles: 

Soil force on individual, laterally loaded piles, for input into the structural model, shall be 

determined using the computer program LPile Plus (Ensoft, 2005).  The pile shall be 

modeled as a linear elastic material and the soil-pile interaction modeled using a set of 

soil-pile springs (p-y curves) attached to the pile along its length.  API-recommended p-y 

curves shall be used for the non-liquefiable soils.  For liquefiable soils, API-

recommended p-y curves for soft clay shall be used, using the post-liquefaction residual 

strength of the liquefied soils as ultimate strength. 

Pile head conditions shall be taken as fixed, unless the fixed pile head moment exceeds 

the plastic moment.  If the fixed pile head moment exceeds the plastic moment, pile 

conditions shall be taken as pinned, with an applied moment equal to the plastic moment. 

Soil displacement shall be estimated based on limit equilibrium, Newmark-type analyses, 

supplemented by FLAC results from Klohn Crippen’s seismic analyses performed for 

this site in 2002 (under a previous project). 

7. MARINE AND STRUCTURAL DESIGN 

7.1 Concrete Cover 

Minimum concrete covers and tolerances to steel reinforcement shall comply generally 

with CAN/CSA-S6-06.  The minimum clear cover from the face of concrete to any 

reinforcing steel shall be as shown in Tables 7 and 8.  For other situations not covered in 

Table 7, see CAN/CSA S6-06 Table 8.5. 
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TABLE 7 – Concrete Cover for Reinforcement (Cast-in-Place) 

Location Cover (mm) 

Top Surfaces of Jetty Structures 70 * 

Seaward Faces of Jetty Structures 100 

Structures Cast Against Soil 100 

Structures Cast Against Precast Concrete 40 

All Other Concrete Faces, U.N.O 70 

* Note: CAN/CSA S6-06 strictly only requires 60 mm cover for jetty top surfaces, but this design will 

adopt 70 mm for uniformity with other similar concrete faces. 

TABLE 8 – Concrete Cover for Reinforcement (Precast) 

Location Cover (mm) 

Seaward Face of Fender Panels 100 

Exterior Walls of Precast Box Girders, U.N.O. 60 

Seaward Permanently Exposed Wall of Precast Box Girders 85 

Exterior Soffits of Precast Box Girders 70 

Interior Surfaces of Precast Box Girders 40 

Permanently Exposed Faces of Utilidor 70 

Interior Surfaces of Utlidor 40 

Faces of Precast Elements Against Cast-in-Place Concrete 40 

Pre-tensioning Strands (Seaward Permanently Exposed Surfaces)  100 

Pre-tensioning Strands on Permanently Exposed  Exterior Walls 

of Box Girders  

70 

Pre-tensioning Strands on Permanently Exposed  Exterior Soffits 

of Box Girders 

80 

Pre-tensioning Strands (Interior Surfaces) 45 

All Other Concrete Faces, U.N.O 70 

 

7.2 Fender System 

Fenders shall be designed to PIANC guidelines, MOTEMS guidelines and BS6349 

recommendations.  Maximum and minimum vessel dimensions, berthing energy, point of 

1
st
 contact, and allowable hull pressure are all factors to be considered in sizing the 

fenders – see Table 4 and Table 5 for vessel design parameters.  Due to lack of firm 
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data, some of the tabulated parameters are estimates based on marine background 

knowledge.   

The fenders shall be designed to accommodate the various design vessels, and special 

characteristics such as rubbing strips on ferries.  Per MOTEMS, fender shear forces may 

be computed using a friction coefficient, µ = 20 % at the fender face / ship hull interface 

for UHMW-Plastic faced fenders, or µ = 65 % at the fender face / ship hull interface for 

plain rubber fenders.  The use of fender pads, support chains and shear chains, or fender 

piles are to be considered in the design. 

It has been agreed with PWGSC that there is no need to include retrofitted fenders at the 

existing 1985 steel-piled concrete deck (south side crane pad) due to the relatively short 

gap between fender units on the new jetties either side of the 1985 structure. 

7.3 Mooring Bollards 

Mooring bollards and cleats shall be designed to resist the severest load combination of 

wind, wave and current.  The 950 ft (289.56 m) long south berthing face shall be 

furnished with bow/stern bollards and intermediate spring-line bollards located to suit 

typical mooring line arrangements for the major design vessels.  The bollard/cleat 

spacing along the northwest and west berthing faces shall be similar to existing.  

At all bollards/cleats, the mooring line loads are to be applied at angles between 

horizontal and a maximum of 30° above horizontal in a vertical plane outboard of the 

wharf face.  These load directions represent possible bow and stern breasting line loads.  

In applying these loads to the jetty structure, consideration should be given to bow and 

stern breasting line separations as well as distances to possible adjacent vessel breasting 

lines.  Mooring bollards/cleats will be located so as to not cause line interference with the 

fenders.  The bollard/cleat layout is to be planned to accommodate the various stipulated 

ship sizes, with the general intent of matching the existing bollard/cleat layout.  

Although the existing steel-piled concrete deck (built 1985), and the timber-piled crane 

pads (built 2003) are equipped with 100 tonne bollards set-back about 20 m behind the 

wharf face (due to the presence of the relative weak timber jetty structures in front), the 

South Jetty Wharf Development will only include mooring bollards/cleats along the berth 

faces.   

8. CIVIL AND UTILITIES DESIGN 

8.1 Deck Drainage and Pavements 

The jetty decks and apron area shall include provisions for drainage and direction of 

storm water and snow melt runoff from the apron surfaces, and accidental spillages.  The 

runoff collected from the apron area is to be collected within a drainage system using 

catch basins and piping (or deep-channel retention system within deck structure), and 

directed into the storm water collection and treatment system.  Jetty decks and apron shall 

have maximum slopes of 2 % (unless otherwise approved by PWGSC), and shall be 

sloped inwards so that runoff is not released directly to ocean.   

For environmental reasons, all storm water is to be treated before discharge into the sea.  

Therefore, all storm water outfall routes will be equipped with oil/water separators, 
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sedimentation tanks and isolation valves (shut-off gates).  Each oil/water separator and 

sedimentation tank generally comes as one unit; valves are separate supply.  The isolation 

valves will be located just downstream of each separator, to facilitate initial installation 

and operational maintenance. 

8.2 Utilities 

The utilities required at the South Jetty Wharf Development are as follows: 

• Electrical (480-277V and 208-120V ac, all 3-phase) 

• Telecommunications (SCADA water meters and utility kiosk telephone); 

• Fire Detection (pull stations, horns and locator lights on jetty deck); 

• Ships’ sanitary sewage (similar to existing system); 

• Compressed air (similar to existing system); 

• Fire water system for general firefighting (similar to existing system); 

• Utilidor lighting and receptacles; and, 

• Utilidor drainage system (floor swale, sumps and sump pumps).   

Although provision is made for general firefighting (service in the utilidor), specific fire 

protection for the new steel/concrete jetty structures is not required.   

The recently installed utility kiosks are to be re-used wherever possible.  Kiosks will be 

kept in the same general locations as existing.  However, in the event that some electrical 

cables are found suitable for re-use, kiosks shall be relocated slightly to account for 

shortened line lengths after cable terminations/splicing.  No vehicle protection bollards 

are required at the kiosk locations.   

Utilities are to be designed with flexible connections across expansion joints and seismic 

movement joints in the wharf structures.   

Lockable hatches are required at all access points into the utilidor. 

(Note: PWGSC plans to install a new potable water system at the existing South Jetty.  

Details are not yet available, so the impact of this system is not included in the design.)   

8.3 Civil Items and Utilities Not in Scope 

The following civil/electrical items are excluded from the South Jetty Wharf 

Development project scope: 

• No modifications to existing buildings/workshops.  PWGSC will arrange for any 

buildings/workshops affected by the South Jetty works to be relocated prior to jetty 

construction; 

• No provision for 600V electrical supply at the South Jetty kiosks; 

• Existing high mast lighting will be left unchanged; and, 

• Cold ironing facilities will not be provided.  

 



Esquimalt Graving Dock – South Jetty Wharf Development 

Design Criteria (Rev.3) 

P09614A01 Page 19 November 25
th

 2010 

9. MISCELLANEOUS DESIGN PARAMETERS 

9.1 Safety Ladders 

Per the WorkSafeBC regulations (clause 24.2), the maximum spacing of safety ladders 

shall be 30 m (100 ft) along all new berthing faces.  Each ladder shall extend from dock 

surface down to at least 1.0 m below LLWL.  The location of each ladder shall be 

identified by high visibility paint on the bull rail. 

9.2 Bull Rail 

On the waterside edges of the wharf apron, a concrete bull rail 300 mm (12 in) high by 

400 mm (16 in) wide will be provided, with chamfered outer edge to minimize wear on 

mooring lines.  The bull rail will be continuous around the whole wharf perimeter, to 

prevent accidental spillages entering the marine environment.  Mooring bollards/cleats 

and safety ladders will be affixed on top of the continuous bull rail.  No removable 

sections of bull rail are required. 

9.3 Utilidor Tunnel 

The utilidor tunnel will house electrical and communications systems, firewater mains, 

compressed air line and sanitary sewer piping along the perimeter of the South/West 

Jetties.  The utilidor will be interrupted only where it intercepts the existing steel-piled 

concrete crane pad structure at midway along the south jetty; utilities will be supported 

by hangers across this gap.   

The utilidor will be provided with drainage collection sumps at regular intervals, with a 

limited number of installed sump pumps.  The floor of the utilidor will have a cross-slope 

to promote drainage to a small longitudinal swale, thence to the collection sumps.  This 

drainage/pump system is adopted as a precaution only; no significant amount of water is 

expected in the utilidor under normal operating circumstances.  

Air vents (about 150 mm dia) will be provided at approx 3.0 m intervals along the 

utilidor tunnel.  The vents will be cast into the tunnel wall (inside face, above HWL, 

away from wave action) just under the precast deck girders.  The vents will serve two 

purposes: they will allow natural airflow which will minimize any condensation in the 

utilidor; and the vents should allow PWGSC to consider the utilidor as “restricted access” 

rather than “confined space”, in similar manner to the existing pipe tunnel around the dry 

dock.   

There is no prescribed spacing criterion for access manholes providing entry into, or 

egress from a “restricted access” utilidor.  For service areas, the BC Building Code 

requires a maximum travel distance of 25 m to means of egress.  Note that the existing 

graving dock service tunnel has manholes at 100 ft (30.48 m) spacings.  Access/egress 

manholes for the south jetty utilidor will be spaced at maximum 30 m intervals (mostly 

around 25 m), with maximum distance from a tunnel end of around 15 m, which easily 

satisfies the BC Building Code requirement.  
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The utilidor will also be provided with service openings (with lift-up hatches) to facilitate 

installation and maintenance/repair of pipework and electrical services.  

9.4 Access Opening in South Jetty Deck 

A single personnel access opening (with ladder and lockable hatch) is to be retrofitted 

into the existing steel-piled concrete deck structure.  The access point will be located at 

the northeast corner of the existing concrete deck, set close to the sheet pile wall.  The 

purpose is to facilitate access down to the foreshore area at low tide for future inspections 

of jetty structures and cathodic protection systems.  The retrofitted access opening will be 

designed to carry the original 1985 deck design live loading (i.e. not the live loading 

listed elsewhere in this document for the new jetty decks). 

9.5 Existing Steel-Piled Deck Structure 

Seismic retrofit of the existing steel-piled concrete deck structure (built in 1985-1986) is 

excluded from the scope of the South Jetty Wharf Development design.  However, the 

following background information is presented here for completeness:   

The as-built Drawings and Specifications do not give explicit steel strength for the pipe 

piles at the steel-piled concrete deck structure.  Addendum 4 of the Specifications for the 

1985 construction contract gave bidders several steel supply options, of varying grade, 

but the actual steel grade supplied was not stated.  Accordingly, coupon sampling at three 

selected pile locations (9B, 20B and 21B) was undertaken for Klohn Crippen’s October 

2002 seismic study.  The following tensile yield values were recorded from the coupon 

samples; Pile 20B = 339 MPa; Pile 21B = 360 MPa; Pile 9B = 434 MPa. 

The steel piles are a combination of vertical and battered piles, generally set at 6.1 m 

centres; all piles are 559 mm diameter with 9.5 mm wall thickness.  The batter piles are 

aligned in both the transverse and longitudinal directions of the deck; the batters are 

mostly 3V:1H.  According to the as-built Ker Priestman drawings all piles are “driven to 

refusal on rock”, with only a couple of exceptions.  Pilings are approximately 30 to 40 m 

long.  The exposed (unrestrained) length above the ground surface is approximately 5 m 

at the centre and east structures, but up to 12 m at the 1985 crane pad structure.  All piles 

extend into their pile caps by 300 mm.  Batter piles are connected to the cap with 6 – 

20M hook bars welded to the pile.  However, there are no connection bars attached to the 

vertical piles, so this connection has no useful tension capacity. 

An impressed current cathodic protection system was installed soon after original 

construction and appears to be still operational.  Foreshore Technology’s pile survey in 

December 2000 indicated minimal corrosion loss over the 17 years life up to that date. 

The as-built Drawings and Specifications do not give any indication of concrete strength 

for the precast units or for the cast-in-place deck topping at the steel-piled deck structure.  

Accordingly, cores were extracted in 2002 at three selected locations along the deck 

structure (the same access locations used by the drillers for the 2002 geotechnical field 

investigations).  The cores, therefore, were drilled right through the cast-in-place topping 

and the precast unit below that, yielding properties of both materials.  

The concrete deck is a 200 mm (nominal) thick cast-in-place topping, placed on 200 mm 

thick precast panels; drainage runoff is accommodated by slab thickness variations.  The 
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precast units and the deck topping are both of reinforced concrete and act compositely.  

Testing was performed during Klohn Crippen’s 2002 seismic study to determine the 

compressive strength of the concrete, which is not given by the “as-built” drawings or 

contract specifications.  Three samples of the cast-in-place slab tested between 34 and 

40 MPa.  One sample of the precast slab was tested at 73 MPa. 

The above-mentioned concrete/steel test results can be used to determine design strengths 

for the existing steel-piled concrete deck structure, using the methodology outlined in 

Section 14 of CAN/CSA S6-06. 
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APPENDIX A 

RAINFALL AMOUNTS AND INTENSITY CURVES FOR STORM WATER 

DRAINAGE DESIGN 

 

Return Period Rainfall Amounts (mm) 
Duration  

2 year 5 year 10 year 25 year 50 year 100 year No. of Years 

5 min 2.6      3.8      4.5      5.5      6.2       6.8      41 

10 min 3.7      5.0      6.0      7.1      8.0      8.8       41 

15 min 4.4      5.9      6.8      8.0      8.9       9.8       41 

30 min 6.0      7.9      9.1      10.6      11.7      12.8      41 

1 hr 8.6      10.7     12.1      13.8      15.1      16.4       41 

2 hr 13.5      16.7     18.8      21.5      23.5      25.4       41 

6 hr 27.9      34.6     39.0     44.6      48.8      52.9       39 

12 hr 41.2      52.2     59.5      68.7      75.6      82.4       39 

24 hr 53.2      71.1     83.0 98.0     109.1     120.2       41 

 

 

Return Period Rainfall Rates (mm/hour, 95% Confidence Limits) 
Duration  

2 year 5 year 10 year 25 year 50 year 100 year 

5 min 31.8 +/- 4.3 45.3 +/- 7.2 54.2 +/- 9.8 65.5 +/- 13.2 73.9 +/- 15.7 82.2 +/- 18.4 

10 min 22.0 +/- 2.6 30.3 +/- 4.4 35.7 +/-6.0 42.6 +/- 8.0 47.7 +/- 9.6 52.8 +/- 11.2 

15 min 17.7 +/- 1.8 23.5 +/- 3.1 27.3 +/-  4.2 32.1 +/- 5.6 35.7 +/- 6.7 39.2 +/- 7.8 

30 min 12.1 +/- 1.2 15.7 +/- 1.9 18.1 +/- 2.6 21.2 +/- 3.5 23.4 +/- 4.2 25.6 +/- 4.9 

1 hr 8.6 +/- 0.7 10.7 +/- 1.1 12.1 +/-1.5 13.8 +/- 2.0 15.1 +/- 2.4 16.4 +/- 2.8 

2 hr 6.7 +/- 0.5 8.3 +/- 0.9 9.4 +/- 1.2 10.7 +/- 1.6 11.7 +/- 1.9 12.7 +/- 2.2 

6 hr 4.7 +/- 0. 4 5.8 +/- 0.6 6.5 +/- 0.8 7.4 +/- 1.1 8.1 +/- 1.3 8.8 +/- 1.6 

12 hr 3.4 +/- 0.3 4.4 +/- 0.5 5.0 +/- 0.7 5.7 +/- 0.9 6.3 +/- 1.1 6.9 +/- 1.3 

24 hr 2.2 +/- 0.2 3.0 +/- 0.4 3.5 +/- 0.5 4.1 +/- 0.7 4.5 +/- 0.9 5.0 +/- 1.0 
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Source: Rainfall IDF Data for Victoria International Airport. 
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1.0 INTRODUCTION 
As requested by Public Works and Government Services Canada (PWGSC), Golder Associates Ltd. (Golder) 

provided geotechnical design input and remediation design support during the Phase 2 - 99% South Jetty  

Under-Pier remediation design undertaken by Anchor QEA L.L.C. (Anchor).  This work was undertaken and 

performed in accordance with Golder’s workplan, “Esquimalt Graving Dock Waterlot Remediation Project: 

Revised Workplan for South Jetty Phase 2 99% Under-Pier Remediation Design Support FY2013-2014,” dated 

December 2, 2013.  This work was performed under the Task Authorization agreement TA No. 700276837 

(Sediment Remediation Consultants Standing Offer Agreement E0276-131364/002/VAN).  The purpose of this 

report is to document the recommendations provided to the consultant design team (Anchor and Klohn Crippen 

Berger [KCB]) during the 99% design process.   

 

2.0 BACKGROUND 
The Esquimalt Graving Dock (EGD) facility is located on the north shore of Constance Cove, in 

Esquimalt Harbour on the southern tip of Vancouver Island, within an area formerly known as Skinner Cove 

(see Figures 1 and 2).  PWGSC is implementing a remedial dredging program, to remove sediments within the 

Waterlot that have been contaminated as a result of historical activities at the EGD facility.   

Phase 2 of the remediation plan comprises the removal of sediments beneath the existing South Jetty.   

Our current understanding of the dredge plan for remediation of sediments beneath the South Jetty is based on 

the 95% Detailed Design plans prepared by Anchor (dated August 22, 2013) together with discussions with 

Anchor during weekly project conference calls and at consultant design team co-ordination meetings.   

The dredging of contaminated sediments beneath the South Jetty is proposed to take place concurrent with the 

South Jetty Wharf Redevelopment Project, which involves decommissioning of the existing timber jetty and 

subsequent replacement with a steel pipe pile supported concrete jetty. Removal of contaminated sediments is 

proposed to be undertaken inside the temporary sheet pile wall that was placed around the perimeter of the 

South Jetty in Phase 1A of the EGD Waterlot Remediation Project.  The purpose of the temporary sheet pile wall 

was to provide support to the sediments beneath the timber supported jetty during Phase 1A remediation within 

the adjacent water lots, as well as provide containment of the sediments in the under-jetty area until the Phase 2 

remediation activities are complete.  The proposed remediation will be undertaken by a combination of 

mechanical and hydraulic dredging methods.     

Golder has been requested to provide comments and recommendations regarding constraints for dredging 

adjacent to existing structures that are to remain in place (namely the existing timber crib, existing sheet pile wall 

that retains the filled area of the South Jetty, and existing steel pipe piles).   
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3.0 OVERVIEW OF SUB-SURFACE STRATIGRAPHY 
A plan of the existing South Jetty area is shown in Figure 3.  The geotechnical assessments and 

recommendations were prepared based on the stratigraphic conditions in the Phase 2 remediation area inferred 

from data collected during field investigations carried out by Golder and others.  A detailed discussion of the 

geotechnical properties of each of the stratigraphic units can be found in Golder’s factual report (Golder, March 

2010), and Golder’s Detailed Site Investigation report (Golder, December 20, 2012).   

The soil stratigraphy within the Phase 2 remediation area consists of Unconsolidated Sediments and 

Upper Marine Sediments overlying Victoria Clay. Glacial deposits and bedrock are located beneath the Victoria 

Clay.  The upper slopes of some areas comprise rock fill/slope armour material.  Interpreted sub-surface 

stratigraphic sections through the South Jetty area are provided in Figures 4a, 4c, 4d, 4e, 4j, and 4k.    

 

4.0 OVERVIEW OF EXISTING STRUCTURES 

4.1 General 
Our understanding of the existing South Jetty structures is primarily based on the following: 

 Klohn Crippen report “Esquimalt Graving Dock, Seismic Evaluation of South Jetty & North Entrance Wall,” 

dated October 25, 2002;  

 Design drawings for the 1985 “Improvements to Graving Dock, Contract No. 3” prepared by Ker, Priestman 

& Associates Ltd., dated May 1984; and 

 Visual observations during field investigation programs. 

 

The existing South Jetty Structures that will remain in place and require consideration during dredging include: 

 A timber crib bulkhead located in the northeast area of the existing South Jetty; 

 An existing steel pipe piled deck and crane pad; 

 A sheet piled retaining wall; 

 A concrete retaining wall; and 

 The east end rock slope. 

 

Each of these structures is described in the sections below. The locations of these structures are indicated on 

Figure 5. 
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4.2 Timber Crib 
We understand that a timber crib bulkhead was installed in 1923 at the southwest end of the South Jetty 

(just south of the dry dock entrance) as part of the original graving dock construction.  The crib structure is 

approximately 10.7 m high by 12.2 m wide and 30.5 m long.  The timber crib bulkhead, was likely floated to the 

location, sunk and filled with sand, gravel, and rockfill.  We understand that a 3.5 m high concrete parapet wall 

was subsequently constructed above and along the west and south sides of the crib.  According to the 2002 

Klohn report, original EGD construction drawings indicate that this crib served as a short approach wharf at the 

west end of a 15 m wide roadway located adjacent to the south side of the dry dock.  According to available 

information from the 2002 Klohn report, the toe of the timber crib is buried approximately 3 m below mudline 

(approximate chart elevation -9.8 m).  The Klohn report also indicates that the timbers in this crib can be 

presumed to be in generally sound condition.  Photographs 1 and 2 show the portion of the existing timber crib 

visible above the water surface.  

Klohn’s assessment indicates that the construction of the timber crib is consistent with the construction of the 

timber cribs along the North Landing Wharf, which have no toe fill above the base level.  Based on the 

evaluation provided in the 2002 Klohn report, the fill in front of the timber crib was likely placed to reduce the 

exposed length of piles in this area, and not related to the stability of the timber crib.   

Available information on the timber crib structure indicates that it is founded on rock fill.  A review of the available 

borehole data for the area to the west of the timber crib indicates that the upper 4 to 5 m of material generally 

comprises a mixture of unconsolidated sediments, fill, and fine grained marine sediments, over coarse grained 

marine sediments.  Detailed descriptions and results of laboratory testing on these materials can be found in 

Golder’s factual report (Golder, March 2010), and Golder’s Detailed Site Investigation report (Golder,  

December 20, 2012).    

 

4.3 Existing Steel Pipe Pile Supported Deck and Crane Pad 
We understand that steel pipe piles support the concrete deck structure which was constructed as an upgrade to 

the existing South Jetty in 1985.  The concrete deck structure is approximately 200 m in length, 15 m in width 

and supports a square concrete crane pad located at the west end of the structure.  Available information 

indicates that the steel pipe piles comprise a combination of vertical and battered piles, set at 6.1 m centres and 

generally driven to effective refusal.  Based on our understanding of the existing soil conditions, it is assumed 

that this refusal was either on till or bedrock.  The total piling lengths are reported to range from approximately 

30 m to 40 m.  The exposed length of the piles above ground surface is approximately 5 metres along most of 

the steel piled area. However, in the area of the crane pad, the exposed length above ground surface is reported 

to be approximately 12 m.  The existing slope in the vicinity of the deck pilings ranges from approximately 6H:1V 

to 2H:1V (Horizontal:Vertical).   

A high mast light post supported on a concrete foundation is located within the steel pile supported deck area of 

the south jetty at the location indicated on Figure 5.  Based on the available information, we understand that the 

concrete foundation is supported by 9 treated timber piles which are approximately 9 m in length.  The existing 

slope south of this area is currently 2H:1V (see Figure 4D).  Photograph 3 shows the unformed concrete mass 

surrounding the piled foundation for the high mast light post.  
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4.4 Existing Sheet Pile Retaining Wall 
An existing sheet pile retaining wall, installed in 1985, is approximately 189 m in length and located immediately 

north of the pipe-pile-supporting concrete deck.  Based on a review of Klohn Crippen Berger (Klohn) Reports 

and Ker Priestman Drawings, we understand that the sheet piles vary in length and range from 6.1 m to 9.1 m in 

length.  The exposed height of the sheet pile wall varies from 0 m to approximately 4 m along the length of the 

wall. The sheet pile wall is reported to be tied back with anchor rods spaced at 4.88 m intervals.  The tie-back 

anchors are shown at Chart Datum El 4.0 m and connect to a shallow retaining wall “deadman” foundation 

located approximately 15.4 m north of the sheet pile facing.  The sheet pile wall is capped along its length with a 

reinforced concrete beam measuring 750 mm wide by 850 mm deep. We further understand that a 350 mm 

deep reinforced concrete “floating” grade slab approximately 6 m in length is founded on the retained backfill. 

Thinner slabs form the dock surface area further toward the north. Golder reviewed sheet pile retaining wall 

information from: “Improvements to Esquimalt Graving Dock Contractor No. 3” By Ker Priestman & Associates 

Ltd. Consulting Engineers; November 6, 1985.  The existing sheet pile wall consists of three segments: 

 West Wall Segment: The west wall segment is approximately 44 m in length incudes a 4.9 m section of 

west-facing bulkhead wall.  This wall section comprises sheet piles 6.1 m in length with tip elevations at -

1.5 m (chart). The grade elevation behind the sheet pile wall is at Chart Datum 5.2 m and the mudline 

elevation varies from approximately 2 m to 4 m (chart ).   

 Middle Wall Segment: The middle wall segment is approximately 132 m in length and comprises sheet piles 

9.1 m in length with tip elevations at -4.5m (chart). The grade elevation behind the sheet pile wall is at 

Chart Datum 5.2 m and the mudline elevation varies from approximately 1 m to 2 m (chart).   

 East Wall Segment: The east wall segment is 12.8 m in length and comprises sheet piles 6.1 m in length 

with tip elevations at -1.5m. The grade elevation behind the sheet pile wall is at Chart Datum 5.2 m and the 

mudline elevation varies from approximately 2 m to 3 m (chart).   

 

Ancillary structures are currently located at the top of the wall. A recommended live load estimate for these 

structures of 6.0 kPa was provided by Klohn Crippen Berger in a memorandum dated March 13, 2013  

(File No. P09614A02) for temporary conditions during under-pier dredging/capping. 

 

4.5 Concrete Retaining Wall and East End Rock Slope 
A concrete retaining wall is located at the east end of the existing South Jetty as indicated on Figure 5.  

Based on the available information, the concrete retaining wall is a reinforced L-shaped structure approximately 

1.4 m to 2.5 m in height and 16 m in length with the foundation extending 0.75 m to 2.1 m into the infill area 

(east of the South Jetty).  Based on the available bathymetry information, the burial depth of the toe is minimal.   

There is a rubble slope located adjacent to the concrete retaining wall on the east side (east of the south jetty) as 

indicated on Figure 5.  The existing slope descends away from the wall at approximately 3H:1V.  Photograph 4 

shows the slope as viewed from the existing South Jetty. 
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5.0 RECOMMENDATIONS FOR DREDGING ADJACENT TO EXISTING 
STRUCTURES 

5.1 Timber Crib 
Based on our review of the available information, it is recommended a nominal offset (minimum approximately 

1 m) from the face of the crib structure to reduce the risk of damage.  We understand that the South Jetty  

re-construction will require the installation of displacement control piles adjacent to the face of the timber crib.  

Based on the requirements for the construction of these piles, we understand that the target dredge elevation 

adjacent to the timber crib is -9.0 m (chart).  We further understand that for construction purposes, the -9.0 m 

dredge elevation will extend a distance of 6.0 m from the face of the timber crib, forming a level bench parallel to 

the face of the timber crib.   

Based on our understanding of the existing structure, the proposed dredging should not negatively impact the 

overall stability of the timber crib.  We recommend a maximum 2H:1V dredge slope beyond the 6 m wide bench 

at -9 m elevation, extending down to the target dredge elevation (approximately -11.5 m), provided some surficial 

sloughing of the dredge slope is acceptable.  The unconsolidated sediments, and upper fine grained marine 

sediments will likely be marginally stable at a slope of 2H:1V, and may be subject to surficial sloughing between 

the time of dredging and the placement of cap materials.  These recommendations are based on the assumption 

that as per the 2002 Klohn report that the timbers in the timber crib can be presumed to be in generally sound 

condition. 

 

5.2 Existing Pile Supported Concrete Deck and Crane Pad 
The existing soil and rock slope in this area varies up to 2H:1V.  We understand that the current dredge plan 

requires the removal of the existing high mast light tower located within the existing pile supported concrete deck 

area, and removal of material (up to 5 m in thickness) from under the pipe pile supported structure.  

The proposed dredging activities will require a vertical cut adjacent to the existing sheet pile retaining wall 

(see Section 5.3).  We understand that KCB is providing input regarding the potential impacts of removing the 

sediments surrounding the existing steel piles and the impact of placing capping material around the existing 

piles.  As the current slope in this area is 2H:1V, we recommend a maximum dredge slope of 2H:1V down to the 

target dredge elevation provided some surficial sloughing of the dredge slope is acceptable.  The unconsolidated 

sediments and upper fine grained marine sediments will likely be marginally stable at a slope of 2H:1V, and may 

be subject to surficial sloughing between the time of dredging and the placement of cap materials. 
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5.3 Existing Sheet Pile Retaining Wall 
Based on our review of the sheet pile wall design drawings and the inferred subgrade conditions, we anticipate 

that excavation adjacent (downslope) to the sheet pile wall will likely increase the loads developed within the tie 

back anchors which could lead to displacement of the wall and/or overstressing of the anchorages.  

Golder conducted an analysis of the existing sheet pile wall under existing conditions, and potential dredging 

configurations to assess the proposed dredge profiles.  The live loading under existing conditions was limited to 

the 6.0 kPa surcharge assumed for temporary conditions during under-pier dredging and capping for this 

analysis.  Our analysis and detailed recommendations regarding dredging adjacent to the existing sheet pile wall 

are provided in Appendix B, with the proposed dredge slopes and recommendations summarized below. 

 Western Wall Segment: Proposed post-dredge conditions consider removal of materials adjacent to the 

sheet piling to minimum Chart Datum El. +3.0 m followed by a dredged slope not steeper than 2 H:1V 

extending to an inflection point near elevation -5.1 m, after which the slope flattens to  

3H:1V until the dredge slope encounters the temporary containment wall near the toe of the slope.  

 Centre Wall Segment: Proposed post-dredge conditions consider removal of materials adjacent to the 

sheet piling to minimum Chart Datum El. +0.6 m followed by a dredge slope dipping at 3H:1V, as well as 

two near-horizontal intermediate benches 5 and 7 m wide near chart elevations -1.5 m and -4.5 m, after 

which the dredged slope parallels the original slope until meeting the temporary containment wall.  

 East Wall Segment: Proposed post-dredge conditions consider removal of materials adjacent to the sheet 

piling to minimum Chart Datum El. +1.3 m, including over-dredge allowance, dipping at 3H:1V with two 

gently sloping intermediate benches about 6 to 7 m wide near chart elevations 0.5 and 4.0 m. 

 

The maximum depth of excavation adjacent to the temporary sheet pile wall is 2.5 m, as described in the 

technical memorandum “Updated Sheet Pile Design Inputs for the Under-Jetty Erosion Protection” dated 

September 9, 2011. 

Stability analyses of the dredged slopes as currently proposed and based on the design parameters presented 

herein, indicated that dredging as proposed can be carried out while meeting the minimum factors of safety 

except for the length of wall modelled as Section E-E.  For this area, it is recommended that the dredged slope is 

backfilled immediately after dredging so that the dredged slope length (measured from undredged slope to the 

leading edge of the backfill) does not exceed 3 m.  This treatment must be completed for dredging operations 

within 20 m horizontal distance of the sheet pile wall.   Alternatively, shallower dredging depths and flatter 

dredge slopes may be considered for this limited section of wall.   

Our analyses were conducted assuming a maximum surcharge loading of 6.0 kPa behind the existing sheet pile 

wall, based on the assumed restricted loading conditions during dredging.  We recommend that surcharge 

loading be limited to a maximum of 6.0 kPa for a distance of 15 m behind the existing sheet pile wall during the 

under-pier remediation activities. 

  



 

SOUTH JETTY PHASE 2 99 % UNDER-PIER REMEDIATION 
GEOTECHNICAL DESIGN INPUT REPORT GOLDER 
SUBMISSION NO. 1001/001 

 

March 27, 2014 
Report No. 13-1447-0478-001 7 

 

It is recommended that placement of cap material take place as soon as practical following dredging for all wall 
segments, to return the wall to suitable long-term factors of safety for global stability.  It is also recommended 
that suitable slope and wall (temporary sheet pile) monitoring be implemented during dredging work as the 
above analyses is based on interpretation between broadly spaced test hole information within the South Jetty 
area.  The methodology, frequency and areal extent of the monitoring program should be considered and 
reviewed for adequacy prior to initiating the dredging works.   

 

5.4 Concrete L-Wall 
Excavation immediately adjacent to the wall could de-stabilize the wall and lead to displacement or failure.  
Based on the limited height of the wall (1.4 m measured from the crest to the toe of the footing), we recommend 
a 3 m setback (undisturbed zone) from face of L-Wall, followed by a maximum 2H:1V cut slope down to the 
target dredge depth.  We understand that the maximum anticipated dredge depth in this area is approximately  
3 m.    

 

5.5 Rock Slope 
Vertical excavation immediately adjacent to the toe of the slope could cause movement of the rock slope.  
We recommend an interim cut slope of 3H:1V adjacent to the toe of the rock slope, extending down to the target 
dredge depth in this area.  

 

6.0 NEW EAST END RETAINING WALL 
A new retaining wall has been incorporated into the east approach of the South Jetty as part of the new 
South Jetty design.  It is assumed that this retaining wall would be constructed after dredging, but prior to 
placement of the capping material associated with the Phase 2 Esquimalt Graving Dock Remediation dredging. 
Golder conducted a global stability assessment of the proposed retaining wall during remediation activities.  
A summary of the assessment and results are provided in Appendix C. 

Golder analyzed the global slope stability of the proposed retaining wall based on the available geotechnical 
information, the proposed retaining wall configuration provided by Klohn Crippen Berger, and the proposed 
dredge and capping profiles provided by Anchor QEA.  The models were adapted to reflect high, mean and low 
tide water levels, as well as the following construction/dredging conditions: 

 Backfill Behind Proposed Retaining Wall, No Capping Material in Place:  This condition represents the case 
where the dredging is conducted down to the target (plus allowable overdredge) dredge depth, the 
proposed retaining wall is constructed, and fully backfilled prior to placement of capping material in front of 
the wall. 

 No Backfill Behind New Concrete Retaining Wall, No Capping Material In Place:  This condition represents 
the case where the dredging is conducted down to the target (plus allowable overdredge) dredge depth and 
the proposed retaining wall is constructed.  . 

 Backfill Behind New Concrete Retaining Wall, Capping Material In Place:  This condition represents the 
assumed final wall configuration, and was analyzed to confirm the long term static global stability of the 
wall following construction. 



 

SOUTH JETTY PHASE 2 99 % UNDER-PIER REMEDIATION 
GEOTECHNICAL DESIGN INPUT REPORT GOLDER 
SUBMISSION NO. 1001/001 

 

March 27, 2014 
Report No. 13-1447-0478-001 8 

 

Based on the results of the stability analyses conducted, it is recommended that the capping material be placed 
in front of the retaining wall prior to placement of backfill behind the retaining wall. 

It is recommended that suitable slope and wall monitoring be implemented both during and after dredging work 
as the above analyses is based on interpretation between broadly spaced test hole information within the 
South Jetty area.  The methodology, frequency and areal extent of the monitoring program should be considered 
and reviewed for adequacy prior to initiating the dredging works 

 

7.0 SUMMARY OF RECOMMENDATIONS 
The recommendations regarding Phase 2 dredging adjacent to the identified existing structures are summarized 

in the table below: 

Table 1: Summary of Recommendations 

Structure Setback and Slope Recommendations 

Timber Crib 
1 m setback from structure, bench at -9 m chart elevation having a minimum 6 m 
width, followed by 2H:1V slope down to target dredge depth.   

Steel Pile Supported 
Deck and Crane Pad 

No setback, maximum 2H:1V dredge slopes.   

Existing Sheet Pile Wall 

No setback.  

Western Wall Segment: removal of materials adjacent to the sheet piling to 
minimum Chart Datum El. +3.0 m followed by a dredged slope not steeper than 
2 horizontal to 1 vertical extending to an inflection point near chart elevation -5.1 m, 
after which the slope flattens to 3H:1V until the dredge slope encounters the 
containment wall near the toe of the slope.   

Centre Wall Segment: removal of materials adjacent to the sheet piling to 
minimum Chart Datum El. +0.6 m followed by a dredge slope dipping at 3H:1V, as 
well as two near-horizontal intermediate benches 5 and 7 m wide near chart 
elevations -1. 5 m and -4.5 m, after which the dredged slope parallels the original 
slope until meeting the containment wall.  

East Wall Segment: removal of materials adjacent to the sheet piling to minimum 
Chart Datum El. +1.3 m, including over-dredge allowance, dipping at 3H:1V to the 
containment wall near the toe of the slope with intermediate benches.  For this 
area, it is recommended that the dredged slope is backfilled immediately after 
dredging so that the dredged slope length (measured from un-dredged slope to the 
leading edge of the backfill) does not exceed 3 m.  This treatment must be 
completed for dredging operations within 20 m horizontal distance of the sheet pile 
wall.   

Concrete L-Wall 
3 m setback from structure followed by 2H:1V slope down to target dredge depth, 
no vertical cut. 

Rock Slope No setback, maximum 3H:1V slope down to target dredge depth, no vertical cut. 
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MUDLINE PROFILE WAS DERIVED FROM BATHYMETRIC CONTOURS (INTERVAL =  0.5 m)

PROVIDED BY CRA CANADA SURVEYS INC. (2009 AND 2010).

DATA CONCERNING THE VARIOUS STRATA HAVE BEEN OBTAINED AT  TEST HOLE LOCATIONS

ONLY. THE SOIL STRATIGRAPHY BETWEEN THE TEST HOLES HAS BEEN INFERRED FROM

GEOLOGICAL EVIDENCE AND SO MAY VARY FROM THAT SHOWN. FOR DETAILED

DESCRIPTIONS OF STRATIGRAPHY AT EACH BOREHOLE LOCATION, REFER TO THE RECORD

OF BOREHOLE SHEETS.
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MUDLINE PROFILE WAS DERIVED FROM BATHYMETRIC CONTOURS (INTERVAL =  0.5 m)

PROVIDED BY CRA CANADA SURVEYS INC. (2009 AND 2010).

RIP RAP ELEVATIONS FROM FOCUS CORPORTATION:  03020056-104TS2.dwg,

DATED JANUARY 15, 2010.

DATA CONCERNING THE VARIOUS STRATA HAVE BEEN OBTAINED AT  TEST HOLE LOCATIONS

ONLY. THE SOIL STRATIGRAPHY BETWEEN THE TEST HOLES HAS BEEN INFERRED FROM

GEOLOGICAL EVIDENCE AND SO MAY VARY FROM THAT SHOWN. FOR DETAILED

DESCRIPTIONS OF STRATIGRAPHY AT EACH BOREHOLE LOCATION, REFER TO THE RECORD

OF BOREHOLE SHEETS.
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MUDLINE PROFILE WAS DERIVED FROM BATHYMETRIC CONTOURS (INTERVAL =  0.5 m)

PROVIDED BY CRA CANADA SURVEYS INC. (2009 AND 2010).

RIP RAP ELEVATIONS FROM FOCUS CORPORTATION: 03020056-104TS2.dwg, DATED JANUARY 15,

2010.

DATA CONCERNING THE VARIOUS STRATA HAVE BEEN OBTAINED AT  TEST HOLE LOCATIONS

ONLY. THE SOIL STRATIGRAPHY BETWEEN THE TEST HOLES HAS BEEN INFERRED FROM

GEOLOGICAL EVIDENCE AND SO MAY VARY FROM THAT SHOWN. FOR DETAILED

DESCRIPTIONS OF STRATIGRAPHY AT EACH BOREHOLE LOCATION, REFER TO THE RECORD

OF BOREHOLE SHEETS.
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MUDLINE PROFILE WAS DERIVED FROM BATHYMETRIC CONTOURS (INTERVAL =  0.5 m)

PROVIDED BY CRA CANADA SURVEYS INC. (2009 AND 2010).

DATA CONCERNING THE VARIOUS STRATA HAVE BEEN OBTAINED AT  TEST HOLE LOCATIONS

ONLY. THE SOIL STRATIGRAPHY BETWEEN THE TEST HOLES HAS BEEN INFERRED FROM

GEOLOGICAL EVIDENCE AND SO MAY VARY FROM THAT SHOWN. FOR DETAILED

DESCRIPTIONS OF STRATIGRAPHY AT EACH BOREHOLE LOCATION, REFER TO THE RECORD

OF BOREHOLE SHEETS.

FOR DETAILS OF SECTIONS A-A', C-C', D-D', E-E', AND K-K' REFER TO FIGURES 4a, 4c, 4d, 4e,

AND 4k.
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MUDLINE PROFILE WAS DERIVED FROM BATHYMETRIC CONTOURS (INTERVAL =  0.5 m)
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Photograph 1: South Jetty Timber Crib. 

 

 

 

Photograph 2: South Jetty Timber Crib. 
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Photograph 3: Concrete mass surrounding high mast light foundation. 

 

 

 

Photograph 4: Rock Slope at east end of South Jetty. 
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Golder Associates Ltd.  

2nd floor, 3795 Carey Road, Victoria, British Columbia, Canada V8Z 6T8 
  

Tel: +1 (250) 881 7372  Fax: +1 (250) 881 7470  www.golder.com 

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America 

     
   Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  

 

 

This technical memorandum summarizes Golder Associates Ltd.’s (Golder’s) assessment of an existing sheet 

pile wall to provide geotechnical input for the 80% Phase 2 (South Jetty) remediation design of the Esquimalt 

Graving Dock (EGD).  The geotechnical analyses and preparation of comments and recommendations as input 

to the overall remediation design have been carried out in accordance with the scope of work submitted to  

Public Works and Government Services Canada (PWGSC) and as outlined in Golder’s work plan titled 

“Esquimalt Graving Dock Waterlot Remediation Project: Workplan for Phase 2 80% Remediation Design Support 

FY2012-2013”, dated February 19, 2013 (Golder Project Reference 11-1436-0061/25000). 

 

1.0 PROJECT BACKGROUND AND SITE DESCRIPTION  

The EGD Esquimalt Graving Dock (EGD) Waterlot is located in Skinner Cove, Esquimalt Harbour, BC.  

Structures associated with the EGD include the Dry Dock, the North Wall and the South Jetty.  The South Jetty 

includes the following structures, also shown on Figure 1:  

 sheet pile bulkhead; 

 concrete deck supported by pipe piles (south of sheet pile bulkhead); 

 concrete deck supported by engineered fill (north of sheet pile bulkhead); and 

 temporary sheet pile wall recently installed along the perimeter of the timber pile supported jetty.  

 

PWGSC is implementing a remedial dredging program, to remove sediments within the Waterlot that have been 

contaminated as a result of historical activities at the EGD facility.  Phase 2 of the remediation plan comprises 

sediment removal at areas west, south and east of the South Jetty.  The dredged sediments are planned to be 

replaced with granular materials and rip-rap armour although the final finished grades and distribution of the 

replacement materials has not been confirmed at the time of preparation of this memorandum.  

 DATE March 27, 2014 PROJECT No. 12-1436-0061-25001-001 
PWGSC Project # R.018400.001 

TO Mr. Andrew Mylly 
Public Works and Government Services Canada 

CC Dan Berlin (Anchor QEA); Geoff Cooper (Klohn Crippen Berger) 

FROM Andrew Van Dyk, Sarah Morse EMAIL
Andrew_VanDyk@golder.com, 
Sarah_Morse@golder.com 

ESQUIMALT GRAVING DOCK WATERLOT REMEDIATION PROJECT: 
STABILITY ASSESSMENT OF THE EXISTING SOUTH JETTY SHEET PILE WALL 
INTERIM GEOTECHNICAL INPUT FOR PHASE 2 80% DESIGN 
 



Mr. Andrew Mylly 12-1436-0061-25001-001

Public Works and Government Services Canada March 27, 2014
 

 

2/12 
 

2.0 SCOPE OF WORK 

A review of proposed dredging plan adjacent to the bulkhead indicated that, due to the limited embedment of the 

sheet piles and the adjacent foreshore slope, removal of contaminated submarine sediments could result in 

potential stability issues during dredging operations.  Significant deformations in the bulkhead and associated 

slope would likely have a detrimental effect on the structures and operating facilities upslope of the bulkhead.  

As such, Golder was requested to assess the potential effect of dredging operations on the existing sheet pile 

bulkhead stability and to provide geotechnical engineering recommendations for dredging activities adjacent to 

the bulkhead.   

The geotechnical analyses and preparation of input have been carried out in accordance with the scope of work 

submitted to Public Works and Government Services Canada (PWGSC) and as outlined in Golder’s work plan 

titled “Esquimalt Graving Dock Waterlot Remediation Project: Workplan for Phase 2 80% Remediation Design 

Support FY2012-2013”, dated February 19, 2013 (Golder Project Reference 11-1436-0061/25000). 

As part of our scope of work, Golder has conducted the following: 

 review of available information regarding subsurface conditions, existing structures, and documents related 

to the current state of EGD remediation; 

 assessment of the existing sheet pile retaining wall stability at selected locations under current conditions 

including the local and global stability; 

 re-assessment of the above sections to develop maximum allowable dredging depths; and 

 provision of geotechnical recommendations for dredging procedures. 

 

This technical memorandum provides a summary of the methodology and the results of our assessment followed 

by geotechnical recommendations for dredging adjacent to the existing sheet pile wall.  

In preparation of this technical memorandum, the following documents were reviewed by Golder: 

 Golder Associates Ltd. October 4, 2012.  (Golder 2012).  Geotechnical Design Input, Report for Open 

Water Remedial Dredging. 

 Golder Associates Ltd. September 9, 2011.  (Golder 2011).  Technical Memorandum, Esquimalt Graving 

Dock Waterlot Remediation Project: Updated Sheet Pile. 

 Golder Associates Ltd.  March 3, 2010.  (Golder 2010).  Esquimalt Graving Dock Waterlot Supplementary 

Test Hole Investigation for Remedial Action Plan and Risk Management Plan. 

 Ker Priestman & Associates Ltd.  July 26, 1985.  (Ker Priestman 1985).  Esquimalt Graving Dock 

Improvements, Contract No. 3, Project No. PR100772, Drawing 19 of 75 (as-built). 

 Klohn Crippen Berger.  October 2002.  (KCB 2002a).  EGD and SLW Site Investigation,  

 Klohn Crippen Berger.  October 2002.  (KCB 2002b).  Esquimalt Graving Dock Seismic Evaluation of South 

Jetty & North Entrance Wall, Final Report. 

 Klohn Crippen Berger. March 13, 2013 (KCB 2013).  Temporary Live Loading on Anchored Sheet Pile 

Bulkhead Wall Adjacent to South Jetty Structures. 
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3.0 BACKGROUND INFORMATION 

4.0 OVERVIEW OF SUBSURFACE STRATIGRAPHY 

Subsurface soil and groundwater conditions inferred from our review of previous geotechnical reports are 

summarized below.  For geotechnical analysis and discussion purposes, three cross-sections were developed 

across the South Jetty at the locations shown on Figure 1.  The generalized stratigraphy at each cross-section 

location is represented on Figures 2, 3 and 4.  Subsurface conditions at each cross-section have been grouped 

into the following stratigraphic units (in the order of increasing depth below ground surface) based on physical 

soil properties and inferred geologic origin:  

 Riprap, Mixed Fills and Marine Sediments: The existence of riprap was confirmed by review of site 

photographs and is present in front of the sheet pile retaining wall.  The coarse riprap rockfill is mixed with, 

and underlain by other materials such as unconsolidated marine sediments and mixed fill generally 

comprising sand and gravel.  Riprap rock with mixed fill and sediment was inferred to be 0.9 to 2.1 m thick 

from available borehole information.  Although clear delineation and thickness of the unit is not available, 

increased riprap thickness is anticipated immediately adjacent to the existing sheet pile bulkhead wall.  

 Mixed Fill: The imported fill materials are generally composed of sand and gravel mixtures and are present 

on both sides of the sheet pile bulkhead retaining wall and underlie the concrete slab.  The inferred relative 

density of the material is compact.  The mixed fill material thickness varies with location behind the sheet 

pile wall as shown in the cross sections and discussed in the following sections. 

 Upper Marine Sediments: The upper portion of this layer consists of soft to firm mixtures of silt, clay and 

fine sand typically ranging from silty clay to clayey silt to sandy silt.  The deposits also contain varying 

quantities of shells and minor organic content.  The upper portion of the marine sediments has been 

interpreted to be Holocene deposits of “Marine mud”.  The lower portion of the marine deposits consist of 

loose to compact granular marine sediments ranging in composition from silty sand to silty sand which also 

contains varying quantities of shells.  These have been inferred to be beach deposits derived from erosion 

of exposed glacial deposits. 

 Glaciomarine Sediments (Victoria Clay): Glaciomarine sediments known locally as Victoria Clay are 

composed of firm to stiff silty clay with minor sand and gravel.  A stiff crust of brown to mottled grey and 

brown silty clay was observed in some, but not all of the test holes.  

 Glacial Soils (Till): Glacial till in this area consists of dense to very dense silt and sand with slightly plastic 

fines.  These deposits are discontinuous and generally less than a few meters thick.  The till deposits are 

typically underlain by bedrock.  They are inferred to represent part of the Vashon Drift formation. 

 

Limited available data suggests that groundwater behind the sheet pile wall is closely related to fluctuating tide 

levels.   
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5.0 EXISTING SHEET PILE BULKHEAD WALL  

Golder reviewed the sheet pile bulkhead wall drawings prepared by Ker Priestman.  The drawings indicate that 

the 189 m long bulkhead is separated into three sections of varying depths.  Tie-backs are shown below the top 

of the sheet piles and connect the bulkhead to a deadman anchor, typically located approximately 15.4 m behind 

(north of) the sheet pile facing.  The elevation of the tie-back anchors is approximately 4.0 m chart datum.  

Overlying the mixed fills and natural soils, a reinforced concrete slab 350 mm thick is founded on the backfill 

supported by the bulkhead.  

The Ker Priestman drawings indicate that the bulkhead was constructed using CASTEEL K141Z sections, which 

has a section modulus of approximately 2100 cm3/m.  The steel grade was not provided in the Ker Priestman 

drawings; however, it is understood that the grade of sheet piles fabricated for general use in United States is 

A 328 (a yield grade of about 270 MPa), such that the estimated elastic bending moment capacity of the sheet 

pile is approximately 567 kN-m/m.  Based on Allowable Stress Design methodology, the maximum working 

capacity of the sheet piling is approximately 340 kN-m/m.  Correspondence with KCB has indicated that the tie-

back anchor rods have a yield capacity of 54 kN per bar.  At 80% of yield strength, the tie-backs are assumed to 

have a capacity of about 43 kN per metre length of wall.  We have also assumed that corrosion loss has not 

compromised the strength of the tie rods below the strengths given herein.  KCB (2013) recommended that 

stability analysis of the sheet pile bulkhead should consider a uniformly distributed 6 kN/m2 surcharge to allow 

for the impact of existing structures.   

The three existing wall segments are described below as represented by the cross-sections shown on Figures 2, 

3 and 4. 

 

5.1 West Wall Segment 

The west wall segment, represented as Section D-D’ on Figure 2, is approximately 44 m in length, including a 

4.9 m section of west-facing bulkhead wall.  This wall section consists of sheet piles 6.1 m in length with tip 

elevation at -1.5 m.  Available data indicates that the soil stratigraphy in front of the bulkhead comprises riprap 

and upper marine sediments overlying sand and gravel fill.  The sand and gravel fill is inferred to extend some 

10 m beneath the sheet pile at this location, followed by about 1.7 m of marine sediments overlying Victoria Clay.  

Ground surface in front of the wall has a maximum estimated elevation of +3.9 m.  The slope dips away from the 

sheet piling at approximately 5 degrees (all slope angles reference a horizontal datum) for a horizontal distance 

of about 12 m after which the slope increases to about 26 degrees, until flattening near elevation -13 m.  The 

material retained by the sheet pile is inferred to consist predominantly of sand and gravel fills overlying the 

Victoria Clay.   

 

5.2 Middle Wall Segment 

The middle wall segment, represented as Section K-K’ on Figure 3, is approximately 132 m in length, consisting 

of piles 9.1 m in length with tip elevations at -4.5 m.  Available data indicates that the soil stratigraphy in front of 

the sheet piles comprises riprap and upper marine sediments overlying Victoria Clay.  Fill is inferred to extend 

some 2 m beneath the sheet pile at this location, followed by about 4.5 m of marine sediments above Victoria 

Clay.  Ground surface in front of the wall has a maximum estimated elevation of about +2.1 m.  The slope dips 

away from the sheet piling at approximately 2 degrees for about 6 horizontal metres after which the slope 
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increases to about 18 degrees until flattening near elevation -13 m.  The 18-degree slope has two intermediate 

benches about 2 m wide near elevations +0.5 and -1.5 m.  The material retained by the sheet pile wall is inferred 

to consist of sand and gravel fill.   

 

5.3 East Wall Segment 

The east wall segment, represented as Section E-E’ on Figure 4, is approximately 12.8 m in length, consisting of 

piles 6.1 m in length with tip elevations of -1.5 m.  However, dredging restrictions adjacent to structures located 

at the east end of the east wall segment limit the lateral extent of dredging to approximately 9.8 m for this 

segment.  Available data indicates that the soil stratigraphy in front of the sheet piles comprises riprap and 

overlying sand and gravel fill.  The fill is inferred to extend approximately 3 m beneath the sheet pile at this 

location followed by Victoria Clay.  The ground surface in front of the wall has a maximum estimated elevation of 

about +2.0 m.  The slope dips away from the sheet piling at an average 5 degrees for about 22 horizontal metres 

after which the slope increases to about 22 degrees until flattening near elevation -13 m.  The material retained 

by the sheet pile wall is inferred to consist of sand and gravel fill.  

 

6.0 GEOTECHNICAL ASSESSMENT 

6.1 Methodology 

Golder analyzed the external bulkhead stability and global slope stability based on the three cross-sections 

shown on Figures 2, 3 and 4 and inferred soil parameters discussed below.  The models were adapted to reflect 

high, mean and low tide water levels as well as and the target dredging slope profiles suggested by 

Anchor QEA. 

External bulkhead stability analysis included evaluation of lateral and rotational stability using the Free Earth 

Support design method for anchored flexible wall systems.  This approach assumes that the upper portion of the 

pile is essentially restrained from horizontal movement by an anchor while the toe of the wall is free to rotate 

about the anchor location.  Moment equilibrium is resolved by summing the moments about the anchor location.  

Likewise, horizontal forces are summed over the wall height.  The anchor load is determined by the net 

horizontal force where moment equilibrium is achieved.  Bending moments acting over the full sheet pile length 

were also calculated and compared to the yield capacity of the pile.  The minimum factor of safety adopted for 

overturning and force equilibrium is 1.3 for temporary (dredging) conditions.  This is consistent with the 

temporary safety factors adopted for design of the South Jetty sheet pile containment wall which was accepted 

by PWCGS and the consulting team for feasibility purposes.  The interface friction angle between the granular 

materials and steel sheet pile was selected as 60% of the peak friction angle.    

Global stability analysis was carried out using the computer software program Slope/W 2007.  The Morgenstern-

Price limit equilibrium method was selected to calculate the global stability analyses for each slope section.  

A factor of safety greater than 1.5 was considered suitable for long-term conditions whereas 1.3 was assumed to 

be acceptable for short-term conditions during dredging.  Slope profiles represented by cross-sections shown on 

Figures 2, 3 and 4 were considered typical of the site conditions although actual ground surface topography 

varies along the bulkhead.  Pile tip elevations were assumed to be constant within each wall segment.     
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The following assumptions were used in our analyses: 

 Unconsolidated Sediments over the upper slope areas are mixed with riprap.  

 The combination of dredge cut, over-dredge depth, and scour will not exceed the recommended removal 

thickness or slope profiles as shown in the sections.  

 The yield strength of the tie-rod was considered as the limiting condition in the global stability analysis.  

A factored capacity of 80% yield strength was considered as the limiting strength for the external sheet pile 

stability analyses.  

 Existing steel pipe piles located within the steel pipe pile supported concrete deck area shown on Figure 1 

will likely provide some additional resistance to global slope instability, and to lateral and rotational 

instability of the sheet piles.  However, this resistance was not considered to be consistent over the length 

of the sheet pile wall and has therefore been excluded from our analysis (a conservative assumption).  

 Forces due to water suction on the surface of sheet pile wall were not considered.    

 Seismic loading conditions have not been considered in these stability analyses due to the temporary 

natural of the remediation operation.   

 
6.2 Material Strength Parameters 

A summary of the inferred soil properties used in the assessment is provided in Table 1. Material strength 

parameters were selected based on our interpretation of field and lab tests conducted by Golder, KCB and 

others at the EGD site.   

Table 1: Inferred Soil Strength and Unit Weight and Model Parameters  

Material Description Unit Weight (kN/m³) Model Parameters 

Riprap, Mixed Fill and Marine Sediments 17.3 Drained: ’=33o, c'=0 kPa; 

Mixed Fill (sand and gravel) 18.0 Drained: '=35o, c'=0 kPa; 

Upper Marine Sediments 17.3 Drained: ’=33o, c'=0 kPa; 

Victoria Clay 18.7 Undrained: varies, see below 

Glacial Till 22.0 Drained: ’=35o, c'=35 kPa; 

Capping Materials: Filter and Armour rock 22.0 Drained: ’=40o 

Concrete slab 24.0 Drained: ’=35o 

 

Undrained strength for Victoria clay was estimated using undrained shear strength plots derived from CPT 

interpretations.  We assumed a Nkt factor of 13 in our CPT-derived undrained shear strength interpretations 

based on our experience on this project and others in the vicinity.  Undrained strength profiles of the Victoria clay 

were different at each cross-section location prompting development of a different model of the strength profile in 

the stability analyses for the individual cross-sections: 

 Section D-D’ used a minimum undrained shear strength of 55 kPa, increasing with depth at a rate of 

1.5 kPa/m.  Section D-D’ was the only cross-section where the Victoria clay was capped by a stiff crust.  

This stiff crust was modelled as a layer with uniform strength not exceeding 55 kPa for a thickness of about 

4.5 m.  
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 Section K-K’ used a minimum undrained shear strength of 55 kPa, increasing with depth at a rate of 

2.0 kPa/m.  

 Section E-E’ used a minimum undrained shear strength of 55 kPa, increasing with depth at a rate of 

2.0 kPa/m. 

 

6.3 Tidal and Groundwater Conditions  

Limited available data suggests that the groundwater behind the sheet pile wall is closely related to fluctuating 

tide levels.  For the assessment presented below, the high water level was taken at El. 3.4 m (Chart Datum), 

Higher High Water Large Tide, with the low tide taken at El. 0.0 m (Chart Datum), Lower Low Water Large Tide.  

Where tidal water was directly against the sheet pile, a maximum lag height between the tidal level and adjacent 

groundwater level behind the piling was assumed to be 0.1 m at both high and low tides, with a maximum lag of 

0.5 m occurring at the mean water level at El. 1.9 m.  Where tidal levels intersected the existing or temporary 

slopes, a maximum lag of about 0.5 m was assumed between the shoreline and the end of the model geometry.  

 

7.0 GEOTECHNICAL ANALYSIS RESULTS 

Global stability analysis results are provided on Figures 2, 3 and 4.  Results for each wall segment are 

summarized below.   

 

7.1 Western Wall Segment (Section D-D’) 

The external bulkhead and global slope stability analysis results for Section D-D’ are summarized in Table 2.  

Proposed post-dredge conditions consider removal of materials adjacent to the sheet piling to minimum 

Chart Datum El. +3.0 m followed by a dredged slope not steeper than 2 horizontal to 1 vertical extending to an 

inflection point near elevation -5.1 m, after which the slope flattens to 3 horizontal to 1 vertical until the dredge 

slope encounters the containment wall near the toe of the slope.  Table 2 presents a comparison of the results of 

the dredged profile analyses to those calculated for the existing slope configuration.   

Table 2: Summary of Local and Global Analysis Safety Factors for Section ‘D-D' 

 Ground Profile High Tide Low Tide Mean Tide 

Calculated Minimum Factor of Safety for Global 
Stability 

Existing 1.88 1.57 1.73 

Calculated Rotational Factor of Safety for External 
sheet pile stability 

Existing >5 >5 >5 

Calculated Shear Factor of Safety for External 
sheet pile stability 

Existing >5 >5 >5 

Pile bending moment (kN-m/m) Existing <340 <340 <340 

Anchor Tensile Load (kN/m) Existing <43 <43 <43 

Calculated Minimum Factor of Safety for Global 
Stability 

Temporary 1.53 1.39 1.45 

Calculated Rotational Factor of Safety for External 
sheet pile stability 

Temporary 1.53 3.23 1.96 
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 Ground Profile High Tide Low Tide Mean Tide 

Calculated Shear Factor of Safety for External 
sheet pile stability 

Temporary 1.42 2.82 1.83 

Pile bending moment (kN-m/m) Temporary 4.73 2.53 2.54 

Anchor Tensile Load (kN/m) Temporary 15.05 12.83 12.85 

 

Calculated factors of safety for external and global slope stability for both the existing and temporary dredging 

conditions satisfy the targeted factors of safety.  The calculated maximum pile bending moment was less than 

the estimated working moment capacity and the calculated anchor tensile load was less than the interpreted 

working capacity of the steel tie rods. 

 

7.2 Centre Wall Segment (Cross Section K-K’) 

The local and global stability analysis results for Section K-K’ are summarized in Table 3.  Proposed post-dredge 

conditions consider removal of materials adjacent to the sheet piling to minimum Chart Datum El. +0.6 m 

followed by a dredge slope dipping at 3 horizontal to 1 vertical, as well as two near-horizontal intermediate 

benches 5 and 7 m wide near elevations -1. 5 m and -4.5 m, after which the dredged slope parallels the original 

slope until meeting the containment wall.  The results of the dredged profile analyses are compared with the 

calculated results for the existing slope configuration. 

Table 3: Summary of Local and Global Analysis Results for Section K-K' 

 Ground Profile High Tide Low Tide Mean Tide 

Calculated Minimum Factor of Safety for Global 
Stability 

Existing 2.34 2.07 2.19 

Calculated Rotational Factor of Safety for External 
sheet pile stability 

Existing 2.60 4.75 2.82 

Calculated Shear Factor of Safety for External 
sheet pile stability 

Existing 2.41 4.6 2.66 

Pile bending moment (kN-m/m) Existing 8.59 7.43 8.58 

Anchor Tensile Load (kN/m) Existing 18.09 17.17 18.03 

Calculated Minimum Factor of Safety for Global 
Stability 

Temporary 1.75 1.56 1.61 

Calculated Rotational Factor of Safety for External 
sheet pile stability 

Temporary 1.59 2.03 1.57 

Calculated Shear Factor of Safety for External 
sheet pile stability 

Temporary 1.45 1.81 1.43 

Pile bending moment (kN-m/m) Temporary 40.71 43.51 61.15 

Anchor Tensile Load (kN/m) Temporary 34.57 35.98 43.1 
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Calculated factors of safety for external and global slope stability for both the existing and temporary dredge 

conditions satisfy the targeted factors of safety.  The calculated maximum pile bending moment is less than the 

estimated working moment capacity and the calculated anchor tensile load was at or less than the interpreted 

working capacity of the steel tie rods. 

 

7.3 East Wall Segment (Cross Section E-E’) 

The external bulkhead and global stability analysis results for Section E-E’ are summarized in Table 4.  

Proposed post-dredge conditions consider removal of materials adjacent to the sheet piling to minimum Chart 

Datum El. +1.3 m, including over-dredge allowance, dipping at 3 horizontal to 1 vertical with two gently sloping 

intermediate benches about 6 to 7 m wide near elevations -0.5 and 4.0 m. The results of the dredged profile 

stability analyses are compared with the calculated results for the existing slope configuration. 

 
Table 4: Summary of Local and Global Analysis Results for Section E-E' 

 Ground Profile High Tide Low Tide Mean Tide 

Calculated Minimum Factor of Safety for Global 
Stability 

Existing 2.70 2.29 2.52 

Calculated Rotational Factor of Safety for External 
sheet pile stability 

Existing 2.13 5.07 2.30 

Calculated Shear Factor of Safety for External 
sheet pile stability 

Existing 1.87 4.10 2.01 

Pile bending moment (kN-m/m) Existing 10.48 9.10 12.16 

Anchor Tensile Load (kN/m) Existing 19.54 18.52 20.63 

Calculated Minimum Factor of Safety for Global 
Stability 

Temporary 1.68 1.53 1.52 

Calculated Rotational Factor of Safety for External 
sheet pile stability 

Temporary 1.27 2.17 1.71 

Calculated Shear Factor of Safety for External 
sheet pile stability 

Temporary 1.19 1.82 1.12 

Pile bending moment (kN-m/m) Temporary 21.6 19.8 33.4 

Anchor Tensile Load (kN/m) Temporary 25.5 24.7 31.3 

 

The stability of this wall segment is controlled by the external bulkhead stability force and moment factors of 

safety which indicate marginally stable conditions at low tide and high tide.  Calculated factors of safety for global 

slope stability at the existing and temporary dredge conditions satisfied the recommended minimum factor of 

safety.   
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8.0 RECOMMENDATIONS 

8.1 Suitability of the proposed dredged slope profiles 

Proposed dredge slopes have been presented on Figures 2, 3, and 4 and are summarized in the opening 

paragraphs of Sections 7.1, 7.2 and 7.3 above.  Stability analyses of the dredged slopes as currently proposed 

and based on the design parameters presented herein, indicated that dredging as proposed can be carried out 

while meeting the minimum factors of safety except for the length of wall modelled as Section E-E.  For this area, 

it is recommended that the dredged slope is backfilled immediately after dredging so that the dredged slope 

length (measured from undredged slope to the leading edge of the backfill) does not exceed 3 m.  This treatment 

must be completed for dredging operations within 20 m horizontal distance of the sheet pile wall.   Alternatively, 

shallower dredging depths and flatter dredge slopes may be considered for this limited section of wall.   

The suitability of these slope profiles and the recommendations provided herein are based on the design 

assumptions contained in this memorandum, such as structural capacity of steel components, surcharge loads 

behind the bulkhead and subsurface soil conditions and profiles as well as maximum dredge depths as 

described above.  Performance of the dredged slope and the bulkhead will depend on confirmation that actual 

conditions are in agreement with these assumptions.  Where such conditions cannot be met, Golder should be 

permitted to reassess and revise the recommendations contained herein.   

 

8.2 Dredge slope cuts 

Dredging depths, including over-dredge and scour, should not extend deeper than as shown on the proposed 

dredge profiles shown on Figures 2, 3 and 4.  Dredging beyond these limits could lead to excessive local 

displacement of the sheet pile wall and/or global slope instability.  Dredging should be carried out in a manner to 

minimize scour where possible, particularly within 20 m of the sheet pile bulkhead.   

Where incremental excavation is recommended above (i.e., short dredge lengths followed by backfilling to limit 

dredged length to less than 3 m), or where dredging (plus scour) is expected to extend below the suggested 

dredged slope profiles, consideration could be given to conducting the dredging works using slot-cuts.  Slot cuts 

could occur as 3 m to maximum 5 m wide (base width) slots or trenches perpendicular to the sheet pile wall with 

backfilling to occur immediately following dredging.  Careful consideration will be required when developing a 

methodology for slot-cut implementation to limit re-contamination of a completed slot when dredging in the 

adjacent slot as well as deformation and/or displacement of the adjacent facilities.  More than one slot on the 

slope can be excavated simultaneously provided they are no closer than three slot widths apart. 

Weak unconsolidated marine sediments may exist at some locations under the riprap, near the sheet pile, or in 

the lower portion of the slopes.  Golder should be informed when extensive unconsolidated marine sediments 

are encountered to re-assess the recommendations provided in this technical memorandum. 

 

8.3 Capping 

We understand that Anchor is designing a cap for the dredged slope surface which will comprise armour stone 

and filter material.  As it relates to the long-term stability of the existing sheet pile wall, the final capped slope can 

be graded to a slope that is consistent with the pre-dredged slope using the above-described materials to 

achieve the recommended long-term stability criterion.  Stability of the wall under seismic loading was not 

assessed. 
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Capping materials should be placed on the dredged slope as soon after dredging as possible, without causing 

cross-contamination with in situ sediments to reduce potential for excessive scour. 

 

8.4 Slope Monitoring 

Slopes should be surveyed before dredging to confirm the slope configurations used in this assessment.  

We recommend that Golder be retained to review the survey data and, where deviations are noted, to re-assess 

the stability of the slope and bulkhead.   

It is recommended that suitable slope and wall monitoring be implemented both during and after dredging work 

as the above analyses is based on interpretation between broadly spaced test hole information within the South 

Jetty area.  The analysis presented herein has indicated that both the global and local stability models are 

sensitive to variation in the soil properties, slope geometry and cyclic tidal/groundwater levels.  The 

methodology, frequency and areal extent of the monitoring program should be considered and reviewed for 

adequacy prior to initiating the dredging works.  Ideally, a tolerance level for lateral/vertical movements of the 

sheet pile bulkhead should be established prior to the commencement of the remediation works, and utilized as 

control criteria during regular review and assessment of recorded wall movements during the course of the 

remediation works.  In the event that the selected displacement tolerances are being approached due to the 

dredging works, updated procedures for dredging and/or modification of the dredge profile should be undertaken 

to limit further displacements to within the designated tolerances.  

If slope movements are observed, such as localized sloughing, dredging work should be immediately halted and 

the slope stabilized until Golder has had opportunity to review the slope condition and provide recommendations 

for further stabilization and mitigation measures, if and where required. 

The final slope bathymetry should be surveyed upon completion of both dredging and the subsequent slope 

capping.  This information can be used as a baseline for subsequent surveys to confirm that final slope dressing 

is performing as expected.  
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9.0 CLOSURE 

We trust that the information contained in this technical memorandum is suitable for your current needs.  Please 

do not hesitate to contact us if you require further information. 

 

GOLDER ASSOCIATES LTD. 

 

 

 

Andrew Van Dyk, P.Eng. Sarah Morse, P.Eng., P.M.P. 
Geotechnical Engineer Geotechnical Engineer 

 

Reviewed by: 

 

 

 

Randy Williams, P.Eng. R.C. Butler, P.Eng. 
Principal, Senior Geotechnical Engineer Principal, Senior Geotechnical Engineer 

 

AVD/SEM/RW/RCB/asd 
 

 
Attachments:  Figure 1 – Sheet Pile Wall Location Plan and Dredge Thickness Recommendations 
  Figure 2 – Global Slope Stability Section D-D’ 

Figure 3 – Global Slope Stability Section K-K’ 
Figure 4 – Global Slope Stability Section E-E’ 
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This technical memorandum summarizes Golder Associates Ltd.’s (Golder’s) assessment of a proposed 

retaining wall at the east end of the South Jetty as part of the 99% South Jetty Integration.  The geotechnical 

analyses and preparation of comments and recommendations as input to the overall remediation design  

have been carried out in accordance with the scope of work submitted to Public Works and Government 

Services Canada (PWGSC) and as outlined in Golder’s work plan titled “Esquimalt Graving Dock Waterlot 

Remediation Project: Revised Workplan for Phase 2 99% Under-Pier Remediation Support FY2013-2014”, dated 

December 2, 2013 (Golder Project Reference P3-1447-0478). 

 

1.0 PROJECT BACKGROUND AND SITE DESCRIPTION  

The EGD Esquimalt Graving Dock (EGD) Waterlot is located in Skinner Cove, Esquimalt Harbour, BC.  PWGSC 

is implementing a remedial dredging program to remove sediments within the Waterlot that have been 

contaminated as a result of historical activities at the EGD facility.  Phase 2 of the remediation plan comprises 

sediment removal areas along the west, south and east perimeters of the South Jetty.  The dredged sediments 

are planned to be replaced with granular materials and rip-rap armour although the final finished grades and 

distribution of the replacement materials has not been confirmed at the time of this writing.  

 

2.0 SCOPE OF WORK 

A new retaining wall has been incorporated into the east approach of the South Jetty as part of the new 

South Jetty design.  It is assumed that this retaining wall would be constructed after dredging, but prior to 

placement of the capping material associated with the Phase 2 Esquimalt Graving Dock Remediation dredging.  

As such, Golder was requested to assess the global stability of the retaining wall during remediation activities.   

This technical memorandum provides a summary of the methodology and the results of our assessment followed 

by geotechnical recommendations for dredging adjacent to the proposed retaining wall.  

 DATE March 25, 2014 PROJECT No. 13-1447-0478-1002-001 
PWGSC Project # R.018400.001 

TO Mr. Andrew Mylly 
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3.0 OVERVIEW OF SUBSURFACE STRATIGRAPHY 

Subsurface soil and groundwater conditions inferred from our review of previous geotechnical reports are 

summarized below.  For geotechnical analysis and discussion purposes, subsurface conditions have been 

grouped into the following stratigraphic units (in the order of increasing depth below ground surface) based on 

physical soil properties and inferred geologic origin:  

 Mixed Fill: The imported fill materials are generally composed of sand and gravel mixtures and are present 

on both sides of the proposed retaining wall.  The inferred relative density of the material is compact. 

 Upper Marine Sediments: The upper portion of this layer consists of soft to firm mixtures of silt, clay and 

fine sand typically ranging from silty clay to clayey silt to sandy silt.  The deposits also contain varying 

quantities of shells and minor organic content.  The upper portion of the marine sediments has been 

interpreted to be Holocene deposits of “Marine mud”.  The lower portion of the marine deposits consist of 

loose to compact granular marine sediments ranging in composition from silty sand to silty sand which also 

contains varying quantities of shells.  These have been inferred to be beach deposits derived from erosion 

of exposed glacial deposits. 

 Glaciomarine Sediments (Victoria Clay): Glaciomarine sediments known locally as Victoria Clay are 

composed of firm to stiff silty clay with minor sand and gravel.  A stiff crust of brown to mottled grey and 

brown silty clay was observed in some, but not all of the test holes.  

 Glacial Soils (Till): Glacial till in this area consists of dense to very dense silt and sand with slightly plastic 

fines.  These deposits are discontinuous and generally less than a few metres thick.  The till deposits are 

typically underlain by bedrock.  They are inferred to represent part of the Vashon Drift formation. 

 

4.0 PROPOSED RETAINING WALL 

A new retaining wall is proposed to be incorporated into the east approach of the South Jetty as part of the 

South Jetty Wharf Redevelopment design being prepared by Klohn Crippen Berger (KCB).  The proposed 

configuration of the new retaining wall is shown on KCB Drawing S141, provided in Attachment 1.  

Proposed dredging and capping profiles are also shown on drawing S141.  Our stability assessment is based on 

the retaining wall, dredge and capping geometries indicated on drawing S141, and those provided in the 

Anchor QEA Preliminary 99% South Jetty Wharf Development drawings C21, C23, C26, and C30 which are 

provided in Attachment 2. 
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5.0 GEOTECHNICAL ASSESSMENT 

5.1 Methodology 

Golder has carried out a global stability analysis of the proposed retaining wall based on the available 

geotechnical information, the retaining wall configuration provided by Klohn Crippen Berger, and the proposed 

dredge and capping profiles provided by Anchor QEA.  The models were adapted to reflect high, mean and low 

tide water levels, as well as the following construction/dredging conditions: 

 Backfill Behind Proposed Retaining Wall, No Capping Material in Place:  This condition represents the case 

where the dredging is conducted down to the target (plus allowable overdredge) dredge depth, the 

proposed retaining wall is constructed, and fully backfilled prior to placement of capping material in front of 

the wall. 

 No Backfill Behind New Concrete Retaining Wall, No Capping Material In Place:  This condition represents 

the case where the dredging is conducted down to the target (plus allowable overdredge) dredge depth, 

and the proposed retaining wall is constructed.     

 Backfill Behind New Concrete Retaining Wall, Capping Material In Place:  This condition represents the 

assumed final wall configuration, and was analyzed to confirm the long term static global stability of the 

wall following construction. 

 

Global stability analyses were carried out using the computer software program Slope/W 2007.  

The Morgenstern-Price limit equilibrium method was selected to calculate the global stability factor of safety for a 

typical section along the proposed retaining wall.  A factor of safety greater than 1.3 was assumed to be 

acceptable for short-term conditions during dredging.   

The following assumptions were used in our analyses: 

 unconsolidated sediments over the upper slope areas are mixed with riprap; and 

 seismic loading conditions have not been considered in these stability analyses due to the temporary 

natural of the remediation operation.   

 

5.2 Material Strength Parameters 

A summary of the inferred soil properties used in the assessment is provided in Table 1.  Material strength 

parameters were selected based on our interpretation of field and lab tests conducted by Golder, KCB and 

others at the EGD site.   

  



Mr. Andrew Mylly 13-1447-0478-1002-001

Public Works and Government Services Canada March 25, 2014
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Table 1: Inferred Soil Strength and Unit Weight and Model Parameters  

Material Description 
Unit Weight 

(kN/m³) 
Model Parameters 

Riprap, Mixed Fill and Marine Sediments 17.3 Drained: ’=33o, c'=0; 

Mixed Fill (sand and gravel) 18.0 Drained: '=35o, c'=0; 

Upper Marine Sediments 17.3 Drained: ’=33o, c'=0; 

Victoria Clay 18.7 Undrained: varies, see below 

Glacial Till 22.0 Drained: ’=35o, c'=35; 

Capping Materials: Filter and Armour rock 22.0 Drained: ’=40o 

Concrete slab 24.0 Drained: ’=35o 

 

Undrained strength for Victoria clay was estimated using undrained shear strength plots derived from CPT 

interpretations.  We assumed an Nkt factor of 13 in our CPT-derived undrained shear strength interpretations 

based on our experience on this project and others in the vicinity.  A minimum undrained shear strength of 

55 kPa, increasing with depth at a rate of 2.0 kPa/m was applied. 

 

5.3 Tidal and Groundwater Conditions  

For the assessment presented below, the high water level was taken at El. 3.4 m (Chart Datum), mean water 

level at El. 1.9 m, and low tide at El. 0.0 m (Chart Datum), Lower Low Water Large Tide.   

 

6.0 GEOTECHNICAL ANALYSIS RESULTS 

Global stability analysis results are provided on Figures 1, 2 and 3, and summarized in Table 2 below.   

Table 2: Summary of Global Analysis Safety Factors 

Analysis Considerations 
Calculated Factor of Safety 

Low Tide Mean Tide High Tide 

Backfill Behind New Concrete Retaining Wall,  
No Capping Material In Place 

1.3 1.2 1.3 

No Backfill Behind New Concrete Retaining Wall, 
No Capping Material In Place 

1.5 1.4 1.5 

Backfill Behind New Concrete Retaining Wall, 
Capping Material In Place 

1.8 1.6 1.8 

 

The stability of the temporary soil support shown on the attached KCB drawing, and seismic global stability of 

the final arrangement were not considered during this assessment.  We have assumed that these cases are 

being considered as part of the retaining wall design by KCB.   

 





 

 

 

 
  

 

ATTACHMENT 1 
Klohn Crippen Berger  

South Jetty Wharf Development Preliminary 
99% Design Drawing S141  

East Approach Retaining Wall Concrete 

 



Public Works and

Canada

Government Services

Canada

Services gouvernementaux

Travaux publics et

Pacific Region

OF

DM5XXXXXX

E

XX

S141

R.026729.002

JAMIE LeBLANC

ARNIE RIST

BILL CHRISTENSEN

CONCRETE

EAST APPROACH RETAINING WALL

825 ADMIRALS ROAD, VICTORIA, BC

ESQUIMALT GRAVING DOCK

WHARF DEVELOPMENT

SOUTH JETTY

SERVICES CANADA

AND GOVERNMENT

PUBLIC WORKS

R.018400.002



 

 

 

  
 

ATTACHMENT 2 
Anchor QEA  

South Jetty Wharf Development Preliminary 
99% Design Drawings C21, C23, C26, and C30 



Public Works and

Canada

Government Services

Canada

Services gouvernementaux

Travaux publics et

Pacific Region

OF

DM5XXXXXX

E

XX

C21

R.026729.002

JAMIE LeBLANC

CHRIS HEWETT

MATT WOLTMAN

REQUIRED DREDGE PLAN

825 ADMIRALS ROAD, VICTORIA, BC

ESQUIMALT GRAVING DOCK

WHARF DEVELOPMENT

SOUTH JETTY

SERVICES CANADA

AND GOVERNMENT

PUBLIC WORKS

R.018400.002



Public Works and

Canada

Government Services

Canada

Services gouvernementaux

Travaux publics et

Pacific Region

OF

DM5XXXXXX

E
XX

C23R.026729.002

JAMIE LeBLANC

CHRIS HEWETT

MATT WOLTMAN

SHEET 2

DREDGE CROSS-SECTIONS - 

825 ADMIRALS ROAD, VICTORIA, BC

ESQUIMALT GRAVING DOCK

WHARF DEVELOPMENT

SOUTH JETTY

SERVICES CANADA

AND GOVERNMENT

PUBLIC WORKS

R.018400.002



Public Works and

Canada

Government Services

Canada

Services gouvernementaux

Travaux publics et

Pacific Region

OF

DM5XXXXXX

E

XX

C30

R.026729.002

JAMIE LeBLANC

CHRIS HEWETT

MATT WOLTMAN

CROSS-SECTIONS - SHEET 2

ENGINEERED CAPPING

825 ADMIRALS ROAD, VICTORIA, BC

ESQUIMALT GRAVING DOCK

WHARF DEVELOPMENT

SOUTH JETTY

SERVICES CANADA

AND GOVERNMENT

PUBLIC WORKS

R.018400.002



Public Works and

Canada

Government Services

Canada

Services gouvernementaux

Travaux publics et

Pacific Region

OF

DM5XXXXXX

B

XX

C26

R.026729.002

JAMIE LeBLANC

CHRIS HEWETT

MATT WOLTMAN

SHEET 2

DREDGE DETAILS - 

825 ADMIRALS ROAD, VICTORIA, BC

ESQUIMALT GRAVING DOCK

WHARF DEVELOPMENT

SOUTH JETTY

SERVICES CANADA

AND GOVERNMENT

PUBLIC WORKS

R.018400.002



 

 

 

  
 

ATTACHMENT 3 
Figures 



FILE:

PUBLIC WORKS AND GOVERNMENT SERVICES CANADA
ASSESSMENT OF EAST END CONCRETE RETAINING WALL
ESQUIMALT GRAVING DOCK WATERLOT, ESQUIMALT, B.C.

-----

TITLE

PROJECT

NTS

13-1447-0478

FIGURE

PROJECT No. FILE No. 

SCALEDESIGN

CADD

CHECK

REVIEW

SEM

SEM

SEM

RRW

12FEB14

12FEB14

20FEB14

20FEB14

Global Slope Stability
Backfill Behind New Concrete Retaining Wall

No Capping Material in Place

1

Unconsolidated Marine Sediments

Sand and Gravel Fill

Victoria Clay (undrained)

Elevations are relative to chart datum.

1.2

Concrete Retaining Wall

3
1

Distance (m)

40 45 50 55 60 65 70 75

E
le

va
tio

n
 (

m
)

-12

-10

-8

-6

-4

-2

0

2

4

6

8

Critical Case: Mean Water Level

Compacted Backfill



FILE:

PUBLIC WORKS AND GOVERNMENT SERVICES CANADA
ASSESSMENT OF EAST END CONCRETE RETAINING WALL
ESQUIMALT GRAVING DOCK WATERLOT, ESQUIMALT, B.C.

-----

TITLE

PROJECT

NTS

13-1447-0478

FIGURE

PROJECT No. FILE No. 

SCALEDESIGN

CADD

CHECK

REVIEW

SEM

SEM

SEM

RRW

12FEB14

12FEB14

20FEB14

20FEB14

Global Slope Stability
No Backfill Behind New Concrete Retaining Wall

No Capping Material in Place

2

Unconsolidated Marine Sediments

Sand and Gravel Fill

Victoria Clay (undrained)

Elevations are relative to chart datum.

Compacted Backfill

Critical Case: Mean Water Level

1.4

Concrete Retaining Wall

3

1

Distance (m)

40 45 50 55 60 65 70 75

E
le

va
tio

n 
(m

)

-8

-6

-4

-2

0

2

4

6

8



FILE:

PUBLIC WORKS AND GOVERNMENT SERVICES CANADA
ASSESSMENT OF EAST END CONCRETE RETAINING WALL
ESQUIMALT GRAVING DOCK WATERLOT, ESQUIMALT, B.C.

-----

TITLE

PROJECT

NTS

13-1447-0478

FIGURE

PROJECT No. FILE No. 

SCALEDESIGN

CADD

CHECK

REVIEW

SEM

SEM

SEM

RRW

12FEB14

12FEB14

20FEB14

20FEB14

Global Slope Stability
Backfill Behind New Concrete Retaining Wall

With Capping Material in Place

3

Unconsolidated Marine Sediments

Sand and Gravel Fill

Victoria Clay (undrained)

Elevations are relative to chart datum.

Compacted Backfill

Critical Case: Mean Water Level

Capping Material

1.6

1
3

Concrete Retaining Wall

Distance (m)

40 45 50 55 60 65 70 75

E
le

va
tio

n 
(m

)

-10

-8

-6

-4

-2

0

2

4

6

8



 

 

 

 

Golder Associates Ltd. 

2nd floor, 3795 Carey Road 

Victoria, British Columbia, V8Z 6T8 

Canada 

T: +1 (250) 881 7372 

 



Esquimalt Graving Dock, Esquimalt, BC  

South Jetty Reconstruction – Tender  

January 2017  

Project No. R.026729.002 APPENDIX D 

D14 

 
ESQUIMALT GRAVING DOCK 

 

PRE-CONSTRUCTION CONDITION SURVEY 

 

WSP (2015) 

 

Number of Pages: 44 



PACIFIC REGION – Professional 
and Technical Services (PTS) 

 
Request for Information Form 

 

Business Unit:  ES Page: 1 of 1 

Title: Contractor Request for Information – EZ899-151108/001/PWY – PH2 - EGD Waterlot Remediation Project 
South Jetty Under-Pier Sediment Remediation 

 

Travaux publics et
Services gouvernementaux
Canada

Public Works and 
Government 
Services Canada                                                                                                                             

Canada
 

 

RFI #: PH2 - 151  

Project No.:  R.018400.002  Project Name: EGD Waterlot Remediation Project - PH2 South Jetty Under-Pier 
Sediment Remediation 

To:  Canada - PWGSC Date: 2 February 2016 

Attention:  Rae-Ann Sharp, PWGSC Departmental Representative 

  

Please find the attached Pre-construction Condition Survey with revisions to address ADV 109.     

 References – Specification item:   Drawings:  

Response required by:    

 Anticipated Change to – Contract Amount:  Yes  No Contract time:  Yes  No 
 

From: Stephen Pinto @ MNQM Contracting Ltd. 

 (Name)  (MNQM Contracting Ltd.) 
 

 

 



 

 

REPORT N
O
 151-10283-00 

ESQUIMALT GRAVING DOCK 
PRE-CONSTRUCTION 
CONDITION SURVEY 
 

SEPTEMBER 2015 
UPDATED: JAN 20. 2016 



 

   
 

   

 

 

Report Final 
 
Project no: 151-10283-00 
Date: February 01, 2016  
 

 

 
 
– 
WSP Canada Inc. 
Suite 400 - 401 Garbally Rd 
Victoria, B.C.  V8T 5M3 
Phone: 250 384-5510 
Fax: 250 3862844 
www.wspgroup.com 
 

ESQUIMALT GRAVING DOCK 
PRE-CONSTRUCTION 
CONDITION SURVEY 
Quantum Murray LP 



 
 

  

WSP Canada Inc. 
Suite 400 - 401 Garbally Rd 
Victoria, B.C.  V8T 5M3 
T: 250 384-5510  
F: 250 386-2844 
www.wspgroup.com 

 

WSP Canada Inc. 
Adress line 1 
Adress line 2 
Adress line 3 
www.wspgroup.com 

February 01, 2016 

 

Mr. Stephen Pinto, P.Ag. EP B.Sc. 
Quantum Murray LP 
110-2940 Jutland Road 
Victoria, BC V8T 5K6 
 
 

Subject :  Esquimalt Graving Dock Pre-Construction Condition Survey 

Dear Sir, 

We are pleased to provide the attached Pre-condition Survey of the area that you are 
going to be working in at the PWGSC Esquimalt Graving Dock. 

The survey was carried out in September 2015 with the exception of the Bulkhead 
wall that was inspected in January 2016. 

II have incorporated your comments and those of PWGSC Advisory 109 dated 
January 28, 2016. 

Please contact the writer if you have any questions. 

.Yours truly, 

 

 

Ian W. Martin, P.Eng. 
Senior Project Manager  
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E X E C U T I V E  S U M M A R Y  

Public Works and Government Services Canada (PWGSC) requires the remediation of contaminated 
marine sediments within the South Jetty under-pier area as Phase 2 of the Esquimalt Graving Dock (EGD) 
Water Lot Remediation Project in Constance Cove of Esquimalt Harbour on Vancouver Island, British 
Columbia. PWGSC also requires the demolition of the timber pile supported sections of the South Jetty at 
the EGD Facility, to provide access to the under-pier area for remediation. 

WSP was tasked by Quantum Murray LP to conduct a Pre-construction Condition Survey in accordance 
with the specification for the remediation work.  The purpose is to provide a baseline of the existing 
condition of works that are going to be remaining in place after the completion of the work. In particular the 
report was to identify existing damage to the existing structure and buildings. 

A visual survey of both the under jetty and above deck conditions were visually examined where accessible. 

Due to the lack of access and the lack of light the Bulkhead Wall was not examined completely during the 
original survey in September. The Bulkhead wall was visually examined from a boat on January 14

th,
 2016. 

Of the elements that were examined they were general found to be in good repair.  In some areas pile 
corrosion is more than found in the overall pile population.  

The only place there is consistent damage in on the skins of the various buildings adjacent to the Concrete 
Jetty.  Most of the damage is from objects being pushed or falling against the buildings. 
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1 BACKGROUND & CONTEXT 

1.1 PROJECT SCOPE 

Public Works and Government Services Canada (PWGSC) requires the remediation of contaminated 
marine sediments within the South Jetty under-pier area as Phase 2 of the Esquimalt Graving Dock 
(EGD) Water Lot Remediation Project in Constance Cove of Esquimalt Harbour on Vancouver Island, 
British Columbia. PWGSC also requires the demolition of the timber pile supported sections of the 
South Jetty at the EGD Facility, to provide access to the under-pier area for remediation. 

1.2 REPORT SCOPE 

WSP Canada Inc. (WSP) was tasked by Quantum Murray LP (the Contractor) to conduct a pre-
construction survey covering the existing structures adjacent to the areas that are to be remediated. 
The prime objective of this report is to identify areas and element of the existing structure that show 
obvious damage prior to the commencement of the work by the contractor.  The under Jetty 
examination includes:  

 Steel Piled Deck Structure Including Piles 

 Anchored Sheet Pile Bulkhead Wall 

 Concrete Faced Timber Crib 

 The Small L Wall 

 Steel Sheet Pile Perimeter Wall and Attachment to Timber Jetty 

The above deck survey includes  

 Concrete Jetty Deck Surface 

 Adjacent Buildings 

1.3 ACCESS 

Access to the underside of the jetty was provided by PWGSC Staff following their confined space 
protocols on September 16, 2015. 

The first area examined was the west end of the anchored bulkhead wall and the South face of the 
timber crib wall and the piles around the existing high mast lighting. 

The second manhole provided access to the small “L” wall and the east end of the anchored 
bulkhead wall. 

In the afternoon the entire outside of the sheet pile enclosure wall was examined visually from a 
PWGSC operated boat. This was followed by accessing the underside of the crane pad for pile and 
deck condition.  Access was not practical for the majority of the sheet pile wall, piles and Jetty deck 
due to a combination of cross bracing and tides. I addition lack of light would limit the detail of 
damage to de found. 
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On September 17
th
 inspection of the underside of the jetty was attempted from the catwalk using the 

confined space protocol. Due to the lack of light and the distance from the wall the sheet pile wall 
inspection was not realistic. It was a good vantage point however to inspect portions of the perimeter 
sheet pile wall. 

In the later morning a visual inspection of the perimeter sheet pile wall and its attachments was 
conducted.  

A visual inspection of the jetty mounts, concrete deck and the adjacent buildings was conducted 
approaching noon 

The follow up inspection of the bulkhead wall took place on January 14, 2016 from a small boat 
provided by Quantum Murray / Vancouver Pile.  The inspection took place during the low day time 
tide of 2m. As a result the top of the riprap slope was only exposed in some areas. 

1.4 LAYOUT GRID 

For the purposes of this report the pile layout grid that is shown on Drawing E11 of the contract 
package is used to reference the individual piles that show evidence of damage during the survey.  
This is the most appropriate grid as it clearly identifies the pile locations after the removal of the 
timber pile structures.  A Copy of this Drawing is attached in Appendix “D” for reference. 

The photographs under the jetty in Appendices A & C have been referenced to the grid show on 
Drawing E11 according to the following Key: ( East West Grid, North South Grid, Direction of Image). 

1.5 GENERAL REPORT REMARKS 

In general a number of photos exist and will be kept on file. Exceptional conditions are imbedded in 
the report where discussed. 

Representative sample photographs have been provided in the Appendices to the report however 
there are more photographs on file at the WSP office if detail of existing damage is required in the 
future. This is particularly aimed at the adjacent buildings. 
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2 UNDER JETTY DECK CONDITION 
OBSEVATIONS 

2.1 STEEL PILED DECK STRUCTURE INCLUDING PILES 

2.1.1 CONCRETE DECK STRUCTURE 

The Concrete Deck was in very good shape with no signs of cracking and or voids as a result of poor 
construction practices.  It was noted that there was no visible efflorescence deposits on the underside 
of the concrete. There were no visible signs of damage in any of the concrete deck examined from 
the underside. 

This finding was confirmed during the follow up visit on January 14, 2016.  

 

The Two Access hatches through the concrete deck are in good repair. The galvanized support 
structure an hatch framing appear to be free from signs of breakdown. The ladders are also in good 
shape. The hatch covers are showing the expected signs of traffic wear & tear. 

2.1.2 STEEL PILES 

The steel piles were apparently coated when installed the majority of the piles appear to have 
deteriorated coating and as a result surface rusting is evident. It was observed that the coating is 
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generally intact in areas where it has been protected by overburden. The author has no knowledge of 
whether these piles are filled their entire length with concrete, a top plug or connected to the concrete 
deck in some other fashion.  

One pile near the high mast lighting had a 1/8 inch thick layer of scale on it just above the mud line.  

 

This seemed to be the exception rather than the rule.  Due to access not all piles were examined 
during the inspection. 

During the inspection on January 14
th
 it was noted that other piles in the field were showing signs of 

corrosion and had scaling and spalling. The deterioration was mainly in the upper splash zone. These 
were random and not concentrated in any one area. The effectiveness of the corrosion protection 
system should be reviewed for these piles. 

Consistently the coating on the piles has lost its integrity in the high tide to upper splash zone. 

The pile all appear to be free from physical damage that might be caused by impact or scraping by an 
outside source such as a boat or large piece of machinery.  

2.2 ANCHORED SHEET PILE BULKHEAD WALL 

The east and west ends of the Sheet Pile Bulkhead Wall were examined via the manhole entrances 
to the underside of the jetty during the original inspection. In general the coated sheet pile wall was in 
good repair with the surface corrosion appearing at the interlocking joints.  There was some rust 
staining in other areas on the sheet pile but the source appears to be from the cuts and welds in the 
whaler at the top of the wall as shown in photo below 
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The Inspection of January 14
th
 showed no physical damage to the integrity of the Bulkhead Wall. 

There were however consistent signs of corrosion at the joints of the sheet pile and deterioration of 
the coating on the sheet pile. The top whaler was in relatively good shape. The worst case appears in 
the photo above taken during the September inspection. 
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The above photo shows the typical whaler condition and the general good condition of the concrete 
deck and support structure. There is some surface rusting of the tie back attachment.  

The photo below shows the typical sheet pile condition with rusting at the joints 

 

2.3 CONCRETE FACED TIMBER CRIB 

The examination of the Concrete Timber Crib wall was successful and was generally in good repair 
considering its age. There is a pit in the south face if the wall which should be examined for possible 
repair once the timber pile structure is removed.  This is illustrated in Photo A12 of Appendix A. From 
the observations there is no signs of spalling or cracking in the concrete facing if the timber crib. 

2.4 THE SMALL L WALL  

This retaining wall at the east end of the south jetty was examined through the access hatch at the 
east end of the jetty. This wall was in good condition and is showing no signs of distress. See Photos 
A14 & A15 of Appendix A 

2.5 STEEL SHEET PILE PERIMITER WALL 

2.5.1 SHEET PILE EXTERIOR 

The perimeter Sheet pile wall installed in the previous phase of the cleanup is in very good condition 
and has no visible damage from impact or other misadventures. The top of the piling is restrained by 
a timber assembly which in turn also holds relatively new fender piles in pairs.  A visual inspection 
was carried out from the water and a limited inside inspection was carried out from the catwalk under 
the jetty.  The steel whaler securing the top of the sheet pile is in good condition 
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2.5.2 TIMBER WHALERS 

The timber whaler assembly attaching the perimeter sheet pile to the fender piles is in near new 
condition. The fastenings are in very good shape. There may be some salvage value in this material if 
removed carefully 

2.5.3 FENDER PILES 

The recently installed fender piles are also in very good shape they are set in pairs every 10 ft. there 
is definitely some salvage value in these piles. 
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3 ABOVE JETTY DECK CONDITION 
OBSEVATIONS 

3.1 CONCRETE JETTY DECK SURFACE 

The existing concrete deck was examined visually for signs of damage that are presently evident. 

 

Overall the deck is in good shape with no evident large cracks. Over the years a number of 
“temporary” buildings have been attached or placed on the deck mostly near the southern face of the 
concrete deck.  These buildings were in the process of being removed or were already gone at the 

time of examination. There was some 
evidence of wood bull rails which had rotted 
behind or under the buildings but no 
evidence that the concrete deck had been 
compromised. 

Where the temporary buildings have been 
removed there is staining or discoloration of 
the concrete and some painting spills. 

There are occasional places where 
services have been fished through the deck 
to meet the needs of the building. 
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3.2 JETTY MOUNTS 

All of the jetty mounts were given a examination to look for damage to the enclosure.  All mounts 
appeared to be in good repair.  There was no attempt to confirm whether the services at each mount 
were working as it is understood that the contractor is to remove and store the units. 

 

3.3 ADJACENT BUILDINGS 

The existing buildings are in general good 
repair and keep the weather out as 
intended. They are of industrial 
construction most with metal cladding of 
some sort. The skins show signs of normal 
wear and tear that could be expected 
where machinery and parts are being 
constantly moved adjacent to them. The 
best example is the Sheet Metal shop 
where steel plate and other steel goods 
have been stored and have fallen or been 
pushed against the siding. 
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4 SUMMARY 

After reviewing the jetty components highlighted in the PWGSC specification it is the writers opinion 
that there is no significant signs of damage to the below deck components of the jetty The 
deterioration of the steel piles and the bulkhead wall components is as one would expect given the 
age of the structure.  

It is recommended that the corrosion protection system be reviewed for integrity with respect to the 
piles that are showing signs of scaling 

The above deck buildings are showing cosmetic damage as detailed in the report but no structural 
issues at the time of the inspection.  

 

Respectfully Submitted  

 

Ian W. Martin, P.Eng. 

Senior Project Manager 
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Appendix A  

 

UNDER JETTY PHOTOS 
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STEEL PILED DECK STRUCTURE INCLUDING PILES 
 
 

 
 

 

Photo A1 - Typical Deck, Wall & Piles (GL 33-34, B, West) 

Photo A2 - Typical U/S of Deck 
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Photo A3 Typical Pile with Surface Corrosion (GL 2, 
A, East) 

 

Photo A4 – Typical Pile Corrosion in Spalsh Zone (GL 2, E, East) 
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Photo A5 Typical piles near existing boat access (GL 2-3, I+, North) 

Photo A6 – Corrosion at Mud Line (GL 7, D, North) 
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ANCHORED SHEET PILE BUKKHEAD WALL 
 

 
 

 

Photo A7 – Bulkhead Wall near East End (GL 33-34, B-, West) 

Photo A8 - Typical Corrosion at Joints. Note Rust Staining From Weld on Whaler Above  

(GL 33-34, B-, North) 
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Photo A9 – Whaler Weld & Cutting Corrosion (GL 33-34, B-, North) 

Photo A10 Typical Tie Back and Whaler Assembly (GL, B-, North) 
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CONCRETE FACED TIMBER CRIB 

 

Photo A11 - West Wall of Timber Crib (GL 1, a-, North) 

 

Photo A12 - South Wall (Note Pit in Wall Face) (GL 1-2, A-, North) 
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THE SMALL L WALL  

Photo A13 - SW Corner of Concrete Faced Timber Crib (GL 1-2, A-, North) 

 

Photo A14 – South Face of L Wall (GL 35+, F+, East) 
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STEEL SEET PILE PERIMETER WALL  

 

Photo A15 – West Face of Small L Wall (GL 35+, F+, North East) 

Photo A16 - Typical Section of Perimeter Sheet Pile Wall 
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Photo A18 – Typical Perimeter Sheet Pile Top Assembly 

Photo A17 - Sheet Pile Wall (Note Typical Surface Corrosion) 
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CONCRETE DECK 
 

 
 
 

 
 

Photo B1 – East End of Concrete Deck with Asphalt Approach 

Photo B2 – Typical Deck Area 
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Photo B3 – Central Deck Area 

Photo B4 – South Edge of Central Deck 
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Photo B5 – Central Deck Showing Staining & Penetrations 

Photo B6 – Near High Mast Lighting –  Mastic Staining 
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Photo B7 – Crane Pad Deck 

Photo B8 – West End of Deck 
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JETTY MOUNTS 
 

 
 
 

 
 

Photo B9 – Jetty Mount #3 

Photo B10 – Jetty Mount #1 Water Side 
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Photo B11- Typical Skin Damage to Buildings 

Photo B12 – Paint Shop 
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Photo B13 – Overview of Plate Shop 

Photo B14 Damage at Plate Shop Doors 
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Photo B15 – Plate Shop Wall Damage 

Photo B16 More Damage at Plate Shop Wall 
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BULKHEAD WALL PHOTOS 
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BULKHEAD WALL 
 

 
 
 

 

Photo C1 – East End Bulkhead Wall (GL 33-34, B-, North)  

Photo C2 – Typical Underside of Deck (East End) (GL 33-34, C-, East) 
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Photo C3 – Typical Bulkhead Wall (Corrosion at Joints) (GL B-, North) 

Photo C4 – Typical Tie Back (GL B-, North) 
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Photo C5 – Typical Configuration (GL 21-22, B-, North) 

Photo C6 – Typical Wailer Installation (GL B-, North) 
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Photo C7 – East of high Mast Lighting Foundation (GL 8-9, B-, North) 

Photo C8 – West End Abandon Sheet Pile Wall (GL 11-12, B-, North) 
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Photo C9 – Debris in Fill around High Mast lighting (GL 7, E, North) 

Photo C10 – Fill East of High Mast lighting (GL 8-10, B-,West) 
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Photo c11- Overview of West End of Deck (GL 4, G, North East) 
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PILE DRIVING THROUGH A CAP: ASSOCIATED IMPACTS AND CONCERNS 

Christine Boudreau 1, Bruce McDonald 2, Paul Brown 3, and Tom Wang 2 

ABSTRACT 

Although a cap can be placed and has been proven to be an effective control and isolation mechanism for contaminated 
sediments, concerns have been raised by regulating authorities as well as project proponents as to the effects any 
construction or maintenance activities will have on a cap.  Various remedial projects near or under existing or proposed 
pier structures have had to address and manage environmental and structural issues pertaining to pile removal, pile 
installation, and construction.  The predominant environmental concern with pile driving is that contaminated sediments 
will either be exposed or contaminants themselves will be mobilized through pore water advection/migration to the 
biologically active zone or overlying water column. 

This paper will review the technical issues associated with driving piles through an environmental remedial cap.  A 
summary of the technical concerns and precedence that has been set for driving piling into a cap will be provided.  This 
will include a discussion of any measurable impacts, standard ways of mitigating potential impacts, regulatory 
precedence and project examples. 

Keywords: capping design; pore water pressure; sediment displacement 

INTRODUCTION 

Subaqeous capping is defined as the controlled, accurate placement of a clean isolating layer (i.e., silt, sand or gravel) on 
top of contaminated sediments to isolate contaminants from the marine environment.  Significant experience on capping 
has been gained from numerous modeling studies, pilot and field studies, and monitoring experience during earlier 
programs and projects.  Results from numerous capping projects over the past 20 years have provided a general 
understanding of the physical and chemical behavior of underlying fine-grained sediments and the overlying sand or mud 
layer used as capping material (Palermo, et al. 1998, Thibodeaux, et al. 1994, Thoma, et al. 1993, and O’Connor 1983).  
With proper operational control, capping material can be placed in a controlled, well-defined layer to provide effective 
isolation of contaminants.   

Although capping has proven to be an effective control and isolation mechanism for contaminated sediments, concerns 
have been raised by regulating authorities as well as project proponents as to the effects any construction or maintenance 
activities will have on the integrity of a cap.  Various remedial projects near or under existing or proposed pier structures 
have had to address and manage environmental and structural issues pertaining to pile removal, pile installation, and 
construction.  The predominant environmental concern with pile driving is that contaminated sediments will either be 
exposed or contaminants themselves will be mobilized through pore water advection/migration to the biologically active 
zone or overlying water column.   

                                                 
1 Anchor Environmental CA L.P., 2101 Webster Street, 12th Floor, Oakland, CA 94612, USA, phone: 510-663-4235, 

fax: 510-663-9884, cboudreau@anchorenv.com 

2 Anchor Environmental L.L.C., 1411 Fourth Street, Suite 1210, Seattle, WA, 98101, USA, phone: 206-287-9130, fax: 
206-287-9131, bmcdonald@anchorenv.com, twang@anchorenv.com 

3 Paul Brown, Unified Port District, San Diego, P.O. Box 488, San Diego, CA  92101, phone: 619-686-6597, fax: 619-
686-6467, pbrown@portofsandiego.org 
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For the past 30 years, similar concerns regarding core sampling through caps have been raised during monitoring studies 
of capping projects (Palermo 2002).  Concerns revolved around the core holes remaining open and/or penetration 
compromising the effectiveness of the cap.  Based on numerous monitoring studies, cap effectiveness should not be 
degraded because the core holes have been shown to close back up and penetration effects do not significantly alter 
contaminant migration.  Programs such as DAMOS (Disposal Area Monitoring System) administered by the U.S. Army 
Corps of Engineers (USACE), New England Division, Dredged Material Research Program (DMRP), and other research 
projects sponsored by the Waterways Experiment Station administered through the USACE have documented the 
sustainability of cap effectiveness through monitoring results.  Federal and state regulatory agencies have repeatedly 
approved the use of coring equipment to monitor capping projects in multiple year monitoring programs.  The successful 
results from the majority of cap monitoring programs supports the conclusion that using coring equipment does not 
adversely impact the structural or chemical effectiveness of a cap. 

POTENTIAL IMPACTS FROM PILE DRIVING 

When looking at the process of driving a pile through a cap, the concerns relate to structural integrity of the cap and 
potential environmental impacts that may occur during the pile driving operation.  Driving piles generally causes 
movement of the surrounding sediments. In the event that a pile is driven through a cap into underlying contaminated 
sediments, particular concerns arise with exposure of contaminants to the water column or failure of the cap.  Some 
parameters that may be of influence and cause concern are listed below.   

• Slope stability and sediment displacement 

• Pore water pressure 

• Contaminant migration through potential newly created preferential pathways 

• Resuspension of sediments from pile driving 

Primarily, the movement of sediment due to pile driving results from sediment being displaced by the penetrating pile 
and from a reduction in sediment resistance due to the buildup in pore water pressure created as the sediment is 
compressed and sheared during pile installation.  Although the vibration caused by driving piles is another potential 
source of sediment movement, this generally is not a primary concern.  Ground vibration induced by pile driving 
activities normally last for only short periods (tenths of a second) of time.  It appears that the shearing strains associated 
with vibration attenuate so rapidly that their direct effect on sediment movement is very limited (Anderson 1992, Hwang 
2001).   

Although cap placement and pile driving within the construction area will result in the temporary disturbance and loss of 
some benthic assemblages, the small area of impact and short duration time in a typical industrialized harbor where pier 
or harbor development is conducted is not likely to have any appreciable effect on productivity, species richness, or 
sustainability of the aquatic community.  For this paper, we will focus on physical and chemical related impacts. 

Numerous investigations have been conducted studying the effects of pile driving on slope stability and sediment 
mobility (D’Appolonia 1971, Anderson 1992 and Hwang, et al. 2001).  Effects from pile driving are related to slope 
failure and movement or liquefaction of sediment and not to intense mixing events or extreme exposure of underlying 
sediments to the surface.  The following sections will review potential physical and chemical impacts associated with 
pile driving. 
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Sediment Displacement 

The most apparent result of pile driving is ground heave.  This is typically evidenced by a settlement or depression 
within the surface sediments close to or adjacent to the penetrating pile and corresponding displacement of sediments 
extending beyond the depression.  For example, the settlement observed from driving a 24-inch diameter pile can 
potentially range from 12 inches immediately adjacent to the pile to several inches of radial displacement at a distance of 
10 to 15 feet extending from the pile (Anderson 1992). To simplify the discussion of displacement, both horizontal and 
vertical movement within the sediment will be reviewed. 

Horizontal displacement due to a single pile or multiple piles being driven is typically greater towards the center point of 
the pile and decreases outward from the pile center. Hwang’s (2001) investigation provided a graphical depiction of the 
radial displacement and affected depth during pile driving in relation to sediment type (Figure 1).  Varying types of 
sediment (e.g. clays to sands) were recorded at different depths that in turn exhibited different radial displacements.  
Radial displacement varies in relation to the physical properties of each sediment type and the depth of an individual 
layer.  The results recorded at three inclinometers placed at increasing distances from the center of a pile in Hwang’s 
(2001) investigation showed that the maximum movement occurred closest to the pile (Figure 1).   

A maximum radial displacement of 29 mm (1.14 inches) from the center of the pile at 3.5 meters (11.5 ft) below the 
surface was exhibited (Hwang, et al. 2001).  Radial displacement is also shown to decrease as the horizontal distance 
from the pile increases.  After completion of the pile driving, the mean horizontal displacement at various vertical layers 
of sediment types was 2 cm (0.8 inches). 

Vertical displacement also decreases as the horizontal distance from the pile increases.  Typically, as the pile reaches an 
intermediary depth the greatest amount of heave will occur.  For example, Hwang reported a vertical displacement 
reaching a maximum of 3.6 cm when the pile (diameter 2.5 feet) reached a depth of 9 meters.  Inclinometers closer to the 
pile recorded a gradual decrease in vertical displacement with increasing pile penetration depth. This can be interpreted 
as being due to the downward drag effect from the pile.   

Additional piles driven close to a previously driven pile can increase the displacement or settlement witnessed at the 
previously driven pile.  The exact magnitude of displacement is difficult to predict and is dependent on numerous 
parameters such as the size of the piles, sediment stratigraphy, and depth the pile will be driven.   

To estimate settlement for cap design and slope stability in general, various models and methods have been developed 
and can be applied.  However, due to the multitude of variables inherent in pile installation, the models are difficult to 
apply and are normally utilized under idealized conditions.  The usual recourse to conducting complex slope stability 
analyses with various methods and models is to specify the pile driving sequence.  In addition, other techniques can be 
implemented to minimize displacement such as using nondisplacement piles and installing the piles from the top of the 
slope toward the bottom of the slope.  
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Figure 1
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Pore Water Pressure 

Pile driving can increase the pore water pressure in the surrounding sediments.  This increase in pressure can potentially 
affect the stability and shear strength of the sediment.  Buildup of pore water pressure is closely related to the penetration 
depth of the pile and sediment type.  The zone of influence exerted from a pile being driven is concentrated around the 
pile tip (e.g. a sphere of increased pore water pressure surrounding the pile tip) as the radial distance from the pile tip 
increases, pore water pressure decreases.    The pore water pressure is greatest below the pile tip during a driving 
sequence and lower above the tip.  Depending on the depth and the sediment layers the pile is being driven through will 
dictate the amount of time for pore water pressure to dissipate to ambient conditions.   

The time required to develop the full bearing capacity of a driven pile is dependent on sediment type.  The presence of a 
clay or a low permeability silt layer does not allow a rapid decrease in the pore water pressure in surrounding sediments. 
Whereas, sediments predominantly composed of sand exhibit rapid dissipation of pore water pressure during and after 
pile driving.  Hwang reported after pile driving, an 18-hour lag in a clay layer and a 4-minute lag in a sand layer for the 
pore water pressure to return to ambient conditions. In comparison to other studies (D’Appolonia and Lambe 1971, and 
Airhart, et al. 1969, and Bjerrum and Johannessen 1961), Hwang’s recorded pore water pressures near the driven pile 
within a clay layer were significantly higher.  When assessing pore water pressure in multiple sediment layers, average 
increases within a clay layer can range around 3 to 4 times ambient conditions extending radially from 10 to 20 feet from 
the pile center (assuming a 2.5 to 5 foot pile diameter).  Within a sand layer pore water pressure can range between 1 to 2 
times ambient conditions extending 10 to 30 feet from the pile center Depending on the sediment type, the effects of pore 
water pressure become negligible beyond 40 to 75 feet from the pile diameter (Eigenbrod and Issigonis 1996 and Hwang 
2001).  These distances and pressures would decrease if using a smaller diameter pile.  Additionally, it should be noted 
that circular or spherical contours of pore water pressure change will radiate from the pile tip. As the distance from the 
pile tip increases the pore water pressure contours will exhibit a decreasing trend in strength approaching the surface.   

Although there is a notable increase in pore water pressure from pile driving, the dissipation rate even in a clay layer is 
such that there is not a significant change in water content and reduction in the strength of the slope stability (Anderson 
1992). Consequently, the cumulative effects on slope stability generally are not significant (Anderson 1992).  However, 
pore water pressure changes should still be considered when assessing slope stability and capping designs. To address 
the issue where multiple layers of varying grain size occur, models such as the standard one-dimensional consolidation 
theory can be used to predict the dissipation rate.  However, they have been shown to grossly overestimate in-situ 
conditions.  The preferred approach has been to install pore water pressure transducers and monitor the buildup during 
pile driving.  As long as the water content does not change appreciably, the effects on a cohesive soil will likely be 
minimal.   A contingency program of altering driving sequence or schedule can also be implemented to ensure 
acceptable levels of pore pressure during installation. 

Contaminant Migration  

Contaminant migration could potentially occur through the preferential flow of water alongside the driven pile if the site 
has a general upward flow gradient or through pore water.  Available chemicals within the pore water may migrate 
through sediments by advection.  The degree of sediment consolidation and pore water pressure will determine the 
amount of advection that occurs upward or laterally from underlying contaminated sediments to overlying clean 
sediments.  Numerous cap studies have been conducted to determine the distance that pore water advection will advance 
into overlying sediments from underlying contaminated sediments (Murray et al 1994; Palermo et al 1998 a, b; Thoma et 
al 1993; Thibodeaux et al 1994; Bokuniewicz and Gordon 1979) and conclusions of these studies have varied. For 
example, Palermo et al. (1998b) calculated that pore water would only advance 18 cm into an overlying cap of 45 cm 
thickness. In contrast, Thoma, et al (1993) cited within their investigation of chemical penetration of PCBs in pore water 
into a typical cap during consolidation, when chemical advection is upward, that only about 1 mm of penetration 
occurred within a few months of the cap formation.  These calculations and measurements varied due to sediment type 
and site-specific parameters and constraints. 

To address contaminant migration concerns a general review of the chemicals of concern should be conducted specific to 
a site.  An appropriate cap thickness specific to the design criteria for each site should address fundamental concerns 
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with contaminant migration.  Based on the potential chemical availability and mobility within pore water and other 
transport mechanisms, short-term effects could be anticipated and control measures could be incorporated into the 
general cap and pile driving installation design.  Allowance for general cap consolidation as well as settlement after pile 
driving would also be part of any construction design.  Depending on the type of material used for a cap, standard 
monitoring surveys after pile driving would identify any voids if present, and in turn these voids could be filled to 
address exposure issues.   

Potential for Resuspension of Sediment 

The impact of a pile being driven in the sediment has the potential to discharge surface sediments causing a transient 
increase in turbidity in the water column.  However, pile driving is unlikely to resuspend the contaminated sediment 
underlying a clean cap unless the cap thickness is minimal.  The process of pile driving would typically push (or pull) 
overlying sediment along the pile circumference lower in the sediment profile. 

In the reverse case of pile driving (i.e., pile removal) there is also the risk of temporarily increasing water column 
concentrations of chemical constituents present in the underlying contaminated sediments.  The duration and severity of 
the transient changes depends on the method of discharge, the physical nature of the material, the chemical 
concentrations in the material, and the availability of the chemical constituents. 

If there is a concern that underlying contaminated sediment could become resuspended during pile driving, or if piles are 
being removed, leachate tests can be conducted.  Analytical results from leachate tests (e.g., WET, TCLT, MET, and 
DRET) could be compared to applicable water quality criteria.  In addition, leachate results could be utilized in a suitable 
mixing model to determine if adverse water quality impacts would occur.  These strategies can be formulated to meet 
regulatory guidelines regarding potential transient toxic effects due to resuspension of contaminated sediments.  
However, as detailed in the Case Studies section of this paper, an alternative is to place a thin layer of sand before any 
pile driving or removal is conducted to prevent any potential resuspension.   The purpose of a thin layer of sand is to 
contain or inhibit underlying contaminated sediments  from being suspended into the water column due to construction 
activities. It should be noted that resuspension of sediments is significantly less from pile driving than from pile removal.  
In pile driving the pile effectively pulls a small portion of sediment surrounding it as it is driven.  As stated in the 
Potential Impacts Section vibrations from pile driving last for tenths of a second and dissipate rapidly having minimal 
effects on sediment movement (Anderson 1992, Hwang 2001).   Whereas, in pile removal, the sediment profile of 
underlying sediments surrounding the pile is disturbed and pulled up with the pile.  This action causes a greater potential 
for resuspension.   
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Figure 2
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Figure 3
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CASE STUDIES 

Pier 51 Coleman North Trestle Replacement 

The Washington State Department of Transportation (WSDOT) was required to address contaminated sediment in the 
construction area of the Coleman Ferry Terminal (Pier 51) on the Seattle waterfront. This project included the renovation 
and expansion of the Pier.  Based on the sediment characterization results and the likelihood of future cleanup being 
required, WSDOT decided to address contaminants of concern (e.g., metals and PAHs) by isolating the underpier 
contaminated sediments with a cap.  A cap of clean sand approximately 0.5 m (1.5 ft) in thickness was placed prior to 
driving piling for the rehabilitation and expansion of Pier 51 (Figure 2). The layer of sand was also intended to reduce 
resuspension of contaminated sediments during the installation of numerous piles (CH2M Hill 1999).   

WSDOT performed a diver survey the week after placing the cap.  The cap placement was found to be satisfactory with 
thickness ranging between 1.5 and 2 ft consistently over the area of coverage.  Marine invertebrates and several species 
of bottom-dwelling fish were also observed on the cap during the diver survey (Sumeri 1994). Following placement of 
the cap, WSDOT constructed a reinforced concrete piling-supported asphalt apron used for vehicle holding/loading and 
ferry slips, otherwise known as the trestle. 

In August 1994, WSDOT conducted a second monitoring event of the sand cap at Pier 51. A diver probing with a steel 
rod measured the cap thickness and reported that it ranged from 1.5 to 2 ft. Sediment samples were collected from three 
depths (surface, cap material, and sub-cap material) at seven locations.  Of the reported samples, only one of the seven 
surface sediment samples did not meet the Washington State Sediment Quality Standards (SQS) (Sumeri 1994).  
Samples of cap material represented by sediments collected below the biologically active zone, did not exhibit any 
exceedances of the SQS for metals.  Organic concentrations were difficult to interpret due to method detection limits for 
some of the individual PAH compounds exceeding the SQS and Maximum Cleanup Level criteria.  However, only two 
stations exhibiting detected concentrations of PAHs were below the SQS criteria.   

In an effort to interpret these monitoring results, it was speculated that recontamination of the surface sediment of the cap 
could have been from one or more of the following potential sources: adjacent construction activities, effluent from 
combined sewage outfall’s in the area, or from resuspension of contaminated sediments within the adjacent channel.  
Monitoring conducted in an adjacent uncapped area south of the site at nine locations exhibited eight of these surface 
sediment samples exceeding the SQS criteria for mercury.  PAH concentrations within sediments at six of the nine 
stations exceeded SQS criteria for multiple individual PAH compounds.   

Schnitzer Steel of Tacoma 

The Schnitzer Steel of Tacoma (SST) site, formerly know as General Metals of Tacoma is located along the Hylebos 
Waterway  (Figure 3).  SST conducted a removal action involving the installation of a cap over contaminated sediments 
approximately 30,000 square feet (0.8 acres) along the shoreline and to depth in the bulkhead area.  Remedial work 
performed at the site was in accordance with the requirements of the SST’s Administrative Order on Consent (AOC) No. 
10-98-0133 dated October 13, 1998.   The remedial effort resulted in the design of a cap that entailed the layering of a 
geotextile barrier, a sand/gravel layer, and then finally rip rap and fishrock layers (Bridgewater Group 2000).  Piles were 
driven into the cap after construction and any depressions or deviations from the design specifications were filled in with 
additional rip rap after a diver survey.   

The design thickness was 2.5 feet in most areas and 3 feet for the fish rock regions.  Settlement was estimated to be 6 
inches during construction.  Measurements from the post construction survey showed that on average, even with the 
isolated low spots near the piles, there was adequate material placed to meet the design requirements for the entire cap 
area.  The overall function of the cap was not compromised by the presence of the isolated low spots since they were the 
result of settlement not reduction in cap thickness (Berger ABAM 1999).  

After the project was completed, a barge struck the new pier and damaged several piles. EPA was notified that a dock 
repair project was necessary to remove and replace seven damaged pier fender piles and associated hardware 
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(Bridgewater Group 2001).  A post-repair visual inspection of the cap was conducted after the piles were driven.  The 
diver survey found that the cap around the newly installed fender piles was intact and it did not appear that any material 
movement in between the newly installed piles occurred.  However, the divers noted that there was a 2 foot long 
depression behind each new fender pile that was approximately 2.5 feet wide exposing the gravel layer.  There was also a 
shallow depression approximately 1 foot in diameter around each new fender pile.  On the down hill slope of the piles 
the riprap was still intact with no gravel exposed. All the riprap between the piles was still intact and showed no signs of 
movement. These depressions were also noted around the originally installed piles and were associated with the forces 
exerted during pile driving.   

Follow up actions included placing 1.5 to 2 feet of riprap rock behind each newly installed fender pile.  Approximately 
50 to 70 cubic feet of new material was placed behind the 7 fender piles.    The survey following this placement action 
reported that the pile driving did not alter the in-place cap thickness. 

Monitoring in 2001 confirmed that the cap was performing as planned and within design specifications (Bridgewater 
Group Inc 1998).  Lead line and diver survey measurements showed that there was only localized settlement from the 
weight of the riprap and no general slope movement.   

ADDRESSING REGULATORY CONCERNS AND MONITORING REQUESTS 

The process for gaining approval to drive piles through an environmental cap will be dependent on the regulatory 
agencies’ concerns, site-specific constraints, chemicals of concern, and the time frame of the project.  Depending on the 
region and district, permits will vary.  The fundamental permits are those for construction, remediation, and addressing 
impacts to pertinent biological species or habitat.  Agencies that normally have governing authority in some capacity 
include the USACE, USEPA, Department of Fish and Wildlife, and applicable City and State Departments that regulate 
construction, development, and environmental concerns such as water quality and biological resources. 

As stated previously, the standard concerns with pile driving through an environmental cap are the potential for 
contaminated sediments to be transported or forced through the cap or exposed to the surface or water column.  As 
discussed in previous sections, pile driving does not cause subsurface sediments to erupt through an overlying layer such 
as a cap.  The results are subtler; impacts typically have been shown to induce depressions or divots upslope of the pile 
and depressions immediately surrounding the pile after driving is complete.  In general, sediment displacement and 
changes in pore water pressure do not significantly impact surficial sediments to prohibit thick capping as an alternative. 
However, concerns may be warranted when utilizing a thin cap where small pore water pressure changes may influence 
contaminant migration.   Solutions to these events are to incorporate potential displacement and pore water pressure 
changes into the design of the cap whether it is thick (i.e., > than 3 ft) or thin (i.e., approximately 6 inches).  Follow up 
procedures to the design to ensure cap effectiveness might include placing additional cover material in areas of 
depression surrounding the pile or divots upslope after pile driving has been completed. 

When a cap design anticipates the impacts associated with the installation of piles it is reasonable to assume that the 
affected portion of the cap may have a reduced efficiency for a short time.  It is anticipated that the overall potential for 
reduced effectiveness is negligible for most sites when comparing the potentially affected area versus the overall surface 
area of a typical cap.  To address short-term impacts monitoring and follow up measures can be implemented.  

After the cap construction, a survey should be conducted to confirm that the cap is within design specifications.  This can 
be performed using either a diver or lead-line survey or both.  Once the design parameters for cap thickness and coverage 
have been confirmed pile installation can commence.  Monitoring will be a crucial part of this phase of construction to 
address both structural and environmental concerns.  Typically, the cap will have long-term monitoring requirements  
(e.g., 1, 2, 5, and 10 years) from the time of completion.  Equipment that could be used for monitoring the physical 
parameters of ground heave and pore water pressure can include the following: instrumentation clusters to monitor the 
consolidation of material, slope inclinometers, Sondex settlement sensors, pneumatic pore pressure transducers and 
surface settlement plates.  Leachate tests or pore water chemistry for chemicals of concern could be conducted to address 
the potential for contaminant migration or resuspension.  
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The ease in which future projects are accepted and approved will be dependent on the region in which the project is 
proposed.  In those areas where knowledge and continued success of previous projects such as the Pier 51 and Schnitzer 
Steel sites are well known the precedence has been set.  In other regions, education and presentation of the physical and 
chemical dynamics will be necessary to alleviate concerns regarding the effectiveness and sustainability of the cap 
design.  

REFERENCES 

Airhart, T.P., H.M. Coyle, T.J. Hirsch, and S.J. Buchanan. 1969. Pile-soil system response in cohesive soil. STP 444, 
ASTM 264-294 

Anderson D.G., R.E. Riker, B.P. Erickson. 1992. Pile Driving: Can it Cause slope movement. Ports 1992 conference.  

Berger/Abam Engineers Inc. 1999. Final Report Schnitzer Steel Wharf-Sediment Cap Construction Observations and 
Acceptance. Prepared for Schnitzer Steel Products Company. 

Bjerrum, L. and I. Johannessen. 1961. Pore pressure resulting from driving piles in soft clay. Conf. On Pore Pressure and 
Suction in Soils. Conference Organized by the British National Society of International Society of Soil Mechanics and 
Foundation Engineering at the Institution of Civil Engineers held on March 30th and 31st, 1960.  Pp. 108- 111. 
Butterworths, London. 

Bokuniewicz, H.J. and R.B. Gordon.  1979.  Containment of particulate wastes at open water disposal sites.  In: Ocean 
dumping and marine pollution, H.D. Palmer and M.G. Gross, eds.  Dowden Hutchinson and Ross, Inc., Stroudsbury, PA.  
pp. 109-129. 

Bridgewater Group Inc. 1998. Removal Work Plan – Intertidal and Shallow Subtidal Sediments. General Metals of 
Tacoma. Tacoma, WA. Prepared for General Metals of Tacoma. 

Bridgewater Group Inc.,  2000. Sediment Post-Removal Site Control Plan. Prepared for Schnitzer Steel of Tacoma. 
Tacoma, WA. 

Bridgewater Group Inc. 2001. Fender Pile Repair Monitoring Report. Schnitzer Steel of Tacoma. Prepared for Schnitzer 
Steel of Tacoma. Tacoma, WA. 

CH2M Hill. 1999. Coleman North Trestle Replacement Preliminary Draft Design Report. Appendix J - Memorandum 
from Anchor Environmental 1999 to Tim King WSF: Capping Remedial Action at Coleman Dock Trestle. Prepared for 
Washington State Ferries.  

D’Appolonia, D.J. and T.W. Lambe. 1971. Performance of four foundations on end-bearing piles. J. Soil Mech. Found. 
Div. ASCE. 97(1), 77-93. 

K.D. Eigenbrod and T. Issigonis. 1996. Pore-water pressures in soft to firm clay during driving of piles into underlying 
dense sand. Can. Geotech. J. 33: 209-218. 

Hwang, J.H. N. Liang, and C.H. Chen. Ground Response During Pile Driving.  Journal of Geotechnical and 
Geoenvironmental Engineering. November 2001. Pages 939-949. 

Murray, P., D. Carey, and T.J. Fredette.  1994.  Chemical flux of pore water through sediment caps.  In: Dredging ‘94, 
Proceedings of the Second International Conference on Dredging and Dredged Material Placement.  American Society of 
Civil Engineers, New York, NY.  Pp. 1,008-1,016. 



 12

O’Connor, J.M. and S.G. O’Connor.  1983.  Evaluation of the 1980 capping operations at the experimental mud dump 
site, New York Bight Apex.  Dredging Operations Technical Support Program, Technical Report D-83-3.  U.S. Army 
Corps of Engineers, Waterways Experiment Station, Vicksburg, MS. 

Palermo, M.P., J.E. Clausner, M.E. Rollings, G.L. Williams, T.E. Myers, T.J. Fredette, and R.E. Randall.  1998.  
Guidance for subaqueous dredged material capping.  Technical Report DOER-1.  U.S. Army Corps of Engineer 
Waterways Experiment Station, Vicksburg, MS. 

Palermo, M., P. Schroeder, Y. Rivera, R. Carlos, D. Clarke, J. Gailani, J. Clausner, M. Hynes, T. Fredette, B. Tardy, L. 
Peyman-Dove, and A. Risko.  1998b.  Options for in-situ capping of Palos Verdes Shelf contaminated sediments.  
Prepared for U.S. Environmental Protection Agency, Region 9, San Francisco, CA, by U.S. Army Corps of Engineers, 
Waterways Experiment Station, Vicksburg, MS. 

Palermo, M.P. 2002. Driving piles through an environmental cap.  Email Correspondence to Christine Boudreau of 
Anchor Environmental. January 10, 2002. 

Sumeri Alex. 1996. Dredged Material is not Spoil. A report on the use of dredged material in Puget Sound to isolate 
contaminated Sediments. WODCON 1996. 

Sumeri. A., T.j. Fredette, P.G. Kullberg, J.D. Germano, D,A, Carey, P. Pechko. 1991.  Sediment Chemistry Profiles of 
Capped in-situ and Dredged Sediment Deposits: Results from three U.S. Army Corps of Engineers Offices.  Proceeding 
of the 24th Annual Dredging Seminar. May 1991. Center for Dredging Studies Report No. 31. edited by J.B. Herbich.  

Schnitzer Steel of Tacoma. 2001. Fender Pile Repair Monitoring Report. Schnitzer Steel of Tacoma. Tacoma, 
Washington. Prepared by the Bridgewater Group, Inc. 

Thibodeaux, L.J., K.T. Valasaraj, and D.D. Reible.  1994.  Capping contaminated sediment: the theoretical basis and 
laboratory experimental evidence for chemical containment.  In: Dredging ‘94, Proceedings of the Second International 
Conference on Dredging and Dredged Material Placement.  American Society of Civil Engineers, New York, NY.  pp. 
2:1,001-1,007. 

Thoma, G.J., D.D. Reible, K.T. Valsaraj, and L.J. Thibodeaux.  1993.  Efficiency of capping contaminated bed 
sediments in situ.  2: Mathematics of diffusion-adsorption in the capping layer.  Environ. Sci. Technol. 27:2,412-2,419. 



Esquimalt Graving Dock, Esquimalt, BC  

South Jetty Reconstruction – Tender  

January 2017  

Project No. R.026729.002 APPENDIX E 

E1 

 
ESQUIMALT GRAVING DOCK 

 

INDEMNIFICATION FORM (2002) 

 

Number of Pages: 1 



INDEMNIFICATION CLAUSE 
 
I (We), the undersigned, hereby indemnify Canada for the vessel described below, located at 
___________________________ within the Esquimalt Graving Dock and Munroe Head, for the 
purpose and time stated, for the period of  _________________________________, 20___. 
 
Name of Vessel: _____________________________________________ 
Vessel Owner's Name: _________________________________________ 
 
 
The Agent assumes and agrees to hold harmless, indemnify, protect and defend Her Majesty the 
Queen in right of Canada (“Her Majesty”), Her agents  and employees, against any and all 
liability for injuries and damages to Her Majesty,  the Vessel, crew, employees, agents, sub-
contractors, guests, third parties or otherwise, incident to or resulting from the Vessel using the 
facilities of Esquimalt Graving Dock and Munroe Head, except in instances of an act or acts of  
negligence by Her Majesty  or agents, servant of the Corporation of the Township of Esquimalt 
and all mutual aid partners.  Damages will be deemed to include liability which is attributable to 
environmental impairment, or clean up expenses, including fire fighting. 
 
Should the Agent and the Vessel owner not be one and the same, the authorized signatory verifies 
that the following clause has also been included in the contract between the Agent and the Vessel 
owner: 
 

The Vessel owner assumes and agrees to hold harmless, indemnify, protect and defend 
Her Majesty the Queen in right of Canada (“Her Majesty”),  Her agents and employees, 
against any and all  injuries and damages  to Her Majesty, the Vessel, crew, employees, 
agents, sub-contractors, guests, third parties on a contractual, tort, statutory or any other 
legal or equitable basis including  not limited to public safety service providers, fire 
protection officials, police, and rescue workers, related to the Vessel using the facilities 
of Esquimalt Graving Dock and Munroe Head, and  resulting from an act or acts of 
negligence by the Vessel Owner, its agents and employees.  Damages are deemed to 
include but not be limited to the liability which is attributable to environment impairment 
or clean up expenses, including fire fighting. 

 
 
__________________________________         _________________________________ 
       Authorized Signature of Agent                                    Company Name 
 
_______________________________ 
        Signature of Witness 
 
_________________________________ 
                        Date 
 
 
 
Revised:  18/June/2002 
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SCHEDULE 1 
 

Revised:  30 July, 2012 
SOR/95-462, s. 8. 

APPLICATION FOR THE USE OF ESQUIMALT GRAVING DOCK, PUBLIC WORKS AND 
GOVERNMENT SERVICES CANADA, VICTORIA, BRITISH COLUMBIA  

I (We), the undersigned, hereby make application for use of the facilities within the Esquimalt Graving Dock 
as indicated below: 
 
Dates of Dry-dock: ____________________________ 
 
Purpose of Dry-dock:___________________________ 
 
Dates of Berthage(NLW)______________________ 
 
Purpose of Berthage:_________________________ 
 
Master's Name                                                                
 
Agent's Name                                                                  
 
Dockmaster's Name                                                        
 
Length, Overall                                                               
 
Breadth, Extreme                                                           
 
Draft, Aft                                                                         
Engines:Steam/Gasoline/Oil                                            
 
Keel:Bar/Flat (If bar, state depth)                                   
 
If there any explosive matter on board describe: 
____________________________________________ 

 
Name of Vessel                                                            
Owner's Name                                                            
 
Port of Registry                                                          
 
Owner's Address                                                        
 
Master's Address                                                        
 
Agent's Address                                                          
 
Gross Tonnage                                                           
 
Length between Perpendiculars                                  
 
Draft, Forward                                                           
 
Type of Vessel (screw, sailing, 
not self-propelled, etc.)                                              
 
Fuel Type: _________________________________ 
 
Rise of Floor Amidships                                                 

 
Is this vessel carrying or did carry any flammable material or dangerous cargo?  If so, describe materials be-
low and attach a copy of the gas free certificate supplied from a marine chemist.   
________________________________________________________________________________________ 
 
Is there any oil escaping from the vessel?  (If so, to what extent?)  _____________________                              
 
Special features of ship, such as the length of "cut up" forward and aft, camber of keel, if any, and underwater 
form (State if "usual"; if "unusual", give particulars)                                                                                           
                                                                                                                                                                           
Do you require additional length on the North Landing Wharf other than for the vessel described above?  If so, 
give details below: 
 
 ________________________________________________________________________________________ 
 



SCHEDULE 1 
 

Revised:  30 July, 2012 
SOR/95-462, s. 8. 

International Ship Security Certificate Number (MANDATORY): ________________________________ 
 
International Maritime Organization Number (MANDATORY):   ________________________________ 
 
Specify any cargo, equipment etc. that relates to the vessel described above, that requires storage within the 
Esquimalt Graving Dock facility. This should include the description as to how much space will be required, 
weight and period (dates) of storage: 
 Date(s) of Storage:______________________________________________________________________ 
Space Required:____________________________________Weight: _____________________________ 
Description as to how space will be used: ___________________________________________________ 
______________________________________________________________________________________ 
 
VESSELS VISITING THIS FACILITY FOR MORE THAN EIGHT (8) HOURS ARE TO ATTACH 
THE FOLLOWING DOCUMENTATION WITH THIS APPLICATION:  Post Docking Survey, Vessel 
Fire Control Plans, Vessel Drawings, and the Vessel Crew List.  These documents are to be given to 
Risk Management at the Esquimalt Graving Dock.  The documents will be kept in the Incident Com-
mand Post, located in the Main Office Building of Esquimalt Graving Dock.  
I (We), the undersigned, hereby agree to comply with the Esquimalt Graving Dock Regulations, 1989, and all 
other applicable Acts and regulations, including, but not limited to, the applicable provisions under the Safe 
Working Practices Regulations and the Tackle Regulations under the Canada Shipping Act, the Industrial 
Health and Safety Regulations of the Workers' Compensation Act of British Columbia, the Fisheries Act and 
the Canadian Environmental Protection Act. 
 
(1)  ______________________________________                   Date_______________, 20____ 
(Signature of Agent) 
 
(2)  _____________________________________                     Date_______________, 20____ 
(Signature of Witness) 
  
SPECIAL BILLING INSTRUCTIONS: 
 
Company Name:___________________________________________________________________________  
GST/HST Number:_____________________________________________________________________     
Mailing Address:__________________________________________________________________________ 
 
Contact Name & Telephone Number: __________________________________________________________ 
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1051 Vancouver St. Victoria, BC V8V 4T6 
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(250)590-4875  

Several piles currently have corrugated steel jackets to protect them from adjacent dredging 
work.  In preparation for HEL’s assessment the following consultants’ reports were reviewed:  
 

 Foreshore Technologies Inc: Condition Assessment Report (2001) 
  Hay & Company Consultants Inc and Read Jones Christofferson Ltd: Condition of 
South Landing Wharf Esquimalt Graving Dock Esquimalt, BC (2001)   Focus: Survey of Pilings Under South Jetty of Esquimalt Graving Dock (2010)  
  Golder Associates: Sub-Surface Probing and Dive Surveys Interpretive Report 
Esquimalt Graving Dock Esquimalt, BC (2012)   WSP: Esquimalt Graving Dock Pre-Construction Condition Survey (2016) 

 Observations 
 Herold Engineering Limited conducted a site investigation of the existing piles.  The 
assessment team included Tyler Wilson, P.Eng and Brendan O’Grady, AScT. Access was provided via a small work boat by the Contractor currently on site completing demolition and 
remediation work in the adjacent area of the South Jetty.  This provided under-pier access in order to be in direct contact with the piles.  Field measurements and photographs were taken to record their general condition.  The assessment took place on June 7, 2016. 
 The assessment conducted was visual and included regular thickness testing.  Specifically, a 
visual scan of all exposed surfaces determined the general severity of scaling and bubbling of the coating.  Furthermore, localized thickness testing using a handheld ultrasonic thickness tester quantitatively determined the approximate extent of corrosion to the base metal in 
select locations.   
The majority of piles showed a similar degree of corrosion in a consistent pattern.  Visible bubbling and flaking of the coating was observed and, generally, the upper portion of the pile experienced less severe corrosion than the lower portion (directly above the water surface).   
 As pictured in Figure 1, the upper portion of the pile is relatively clear of damage and the 
degree of corrosion and the prevalence of barnacles increases along the pile toward the water surface.  The degree of typical coating corrosion involves some flaking and bubbling as seen 
in Figure 2. A detailed summary of measurements taken is included below as Appendix B.  
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A previous report completed in 2001 by Foreshore Technologies Incorporated indicates that at 
the time of assessment the coating was in a condition similar to as it is now found and that pile thickness measurements ranged from 8.3mm to 11.5mm.  The current assessment found steel thickness from 6.5mm to 12.2mm. 
 Conclusions and Recommendations 
 Based on our review, we believe that the remaining service life of the piles is dependent on maintenance undertaken in the short term (within 3 years).  If left alone without maintenance, 
the reliable service life could be expected to be in the range of 10 to 20 years.  If maintenance is completed as recommended below, and minor ongoing maintenance is continued, the 
reliable service life could be expected to exceed 50 years.  The severity of the corrosion is minor to moderate, with the majority of degradation to date 
affecting the pile coatings.  This can reasonably be mitigated by remedial measures and ongoing preventative maintenance.  A time-sensitive remediation plan will prevent further 
damage and corrosion; this will allow the piles to continue to meet the performance requirements of the South Jetty.    
 Herold Engineering Limited recommends that the existing piles be cleaned of loose/damaged coating and marine growth and that they be re-coated with a pile-wrap system.  Typically this 
would consist of an asphalt-impregnated fabric wrap, shielded with an HDPE outer layer to protect against mechanical damage.  
 The scope of this assessment was limited to the above-water portions of the piles only, and not every pile was assessed in detail.  As such, the extent of damage towards the bottom of 
the piles is unknown, as is the number of corrosion points requiring steel patching.  It is 

Figure 1 - Typical Pile Condition Figure 2 - Typical Coating Condition 
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EGD WATERLOT REMEDIATION PROJECT PH2 SOUTH 
JETTY UNDER‐PIER SEDIMENT REMEDIATION 

(EZ899‐151108/001/PWY) 
ADVISORY 372 

Advisory number:   372  Date:  Sept 2, 2016 

To:  MNQM Contracting Ltd. 

Attention:   Stephen Pinto (QMLP) – MNQM Project Manager 
   

From:  Rae‐Ann Sharp, Departmental Representative, Public Works and Government Services Canada
 
cc: 

 
MNQM  PWGSC 

  Nick Doucette, MNQM Quality Control Manager Chris Major – Senior Technical Support Officer

  Vancouver Pile Driving Ltd. Andrew Mylly – Senior PM – Technical

  Wes Yewell – Superintendent

 
Subject:    East End Engineered Cap Design 
 

Dear Mr. Pinto, 
 
Canada provides this Advisory to address placement of engineered capping materials in the eastern portion of Zone 2 (east of 
approximate Station 0+50).  The attached plan map and cross sections show layout for placement of the temporary capping 
materials (0.15m Armour Material and Filter Material) prior to completion of the project work and removal of the TRB.  The 
intent of placing these materials is to provide temporary stability and erosion protection to the slope areas in advance of 
construction of the new jetty structure (to be completed under a separate contract). 
 
The intent of this approach is to provide approximate locations for placement of the 0.15m Armour Material and Filter 
Material such that the temporary cover can be transitioned to the permanent engineered sediment cap west of approximate 
Station 0+050 and the temporary access road adjacent to the concrete L‐Wall structure.  The approximate locations, material 
types and thicknesses of material for placement are described on the attached plan map and cross sections. 
 
Canada intends this approach to be a guide for placement of the materials and MNQM shall describe in Record Drawings for 
the EGD P2 project the boundaries of permanent cap placement, temporary access road construction, and transitions to the 
temporary capping area.  Material placement activities shall be completed in a manner that protects the integrity of the TRB.  
Additionally, Canada expects some boundaries will require coordination in the field to make final decision prior to and during 
placement of the temporary capping materials.  
 
CAD files that include this information will also be uploaded to Oproma for use in placing the temporary capping materials. 

  
 
Rae‐Ann Sharp 
 Departmental Representative and Senior Project Manager‐Operational 
 Ph: 250‐889‐4948               
 Rae‐Ann.Sharp@pwgsc‐tpsgc.gc.ca 
Public Works and Government Services Canada 
825 Admirals Road, Victoria, BC    V9A 2P1  
Travaux publics et Services gouvernementaux Canada 
  825 chemin Admirals, Victoria, C‐B   V9A 2P1 
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Government of Canada / Government du Canada 

The message and any attachments are intended only for the addressee(s) and may contain privileged or confidential 
information. Any unauthorized disclosure is strictly prohibited. If you have received this message in error, please 
permanently delete the original message and any attachments and destroy any copies. Then contact the sender and notify 
him or her of this error, and confirm that destruction/deletion has taken place. Thank you. 
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Cross Section Locations

Esquimalt Graving Dock Waterlot Project

Phase 2 South Jetty Under-pier Sediment Remediation Project

LEGEND:

July 17, 2016 Bathymetry (1m and 5m Contours)

TRB As-built Location

0.15-metre Rock Armour Material Placement Area

Filter Material Placement Area

Type 3 Cap Transition Area

(See Note)
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Figure 2

Cross Sections

Esquimalt Graving Dock Waterlot Project

Phase 2 South Jetty Under-pier Sediment Remediation Project

0 2 4

Scale in Metres

LEGEND:

July 18, 2016 Zone 2 Survey/Phase 1B Post-construction Conditions

Face of L-Wall/Existing Shoreline Boundary

Approximate TRB Location

Former Extent of East Approach Structures

Filter Material Placement and Payable Overplacement Allowance

Armour Material Placement and Payable Overplacement Allowance

SOURCE: Zone 2 progress survey from McCoi Marine,

dated July 18, 2016.

HORIZONTAL DATUM: UTM Zone 10, NAD83.

VERTICAL DATUM: Chart Datum (CD).

NOTE: MNQM to place temporary capping materials

adjacent to the TRB so that the TRB is not damaged by the

placement activities. An offset of up to 2 metres for

placement of material adjacent to the TRB is acceptable in

order to protect the integrity of the TRB.
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ESQUIMALT GRAVING DOCK 

 

NAVIGATION MARKER MONOPILE DESIGN 

 

ALLSPAN (2016) 

 

Number of Pages: 12 



PACIFIC REGION – Professional 
and Technical Services (PTS) 

 
Request for Information Form 

 

Business Unit:  ES Page: 1 of 1 

Title: Contractor Request for Information – EZ899-151108/001/PWY – PH2 - EGD Waterlot Remediation Project 
South Jetty Under-Pier Sediment Remediation 

 

                                                                                                                             
 

RFI #: PH2 - 649  

Project No.:  R.018400.002  Project Name: EGD Waterlot Remediation Project - PH2 South Jetty 
Under-Pier Sediment Remediation 

To:  Canada - PWGSC Date: 21-Oct-2016 

Attention:  Rae-Ann Sharp, PWGSC Departmental Representative 

 
 

 

Navigational Marker Dolphin design 

Please find attached All-Spans stamped design for the Navigation Marker Dolphin’s. 

•         Shop drawings for the ladders are currently being drafted. Note that the shop drawing will show 

galvanized rebar ladder rungs. Please confirm if this is an acceptable alternative to twisted square bar 

rungs. All-Span has been notified of the change and they agree to this alternative. 

•         The piles are used material and have been spliced in Vanpile’s North Vancouver yard. Vanpile has 

arranged for a third-party testing agency to perform a pile condition assessment on October 25th. The 

report will be submitted to PWGSC. 

•         Corrosion Services will be advising Vanpile on the suitable size and quantity of passive anodes required 

for the piles. Vanpile will submit the recommendations when finalized. 

•         A sign layout is currently being drafted and will be submitted to PWGSC for review prior to fabrication. 

 

 References – Specification item:   Drawings:  

Response required by:    

 Anticipated Change to – Contract Amount:  Yes  No Contract time:  Yes  No 
 

From: Nicholas Doucette @ MNQM Contracting Ltd. 

 (Name)  (MNQM Contracting Ltd.) 
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ESQUIMALT GRAVING DOCK 

 

NAVIGATION DOLPHIN LAYOUT 

 

VPD (2016) 

 

Number of Pages: 2 



PACIFIC REGION – Professional 
and Technical Services (PTS) 

 
Request for Information Form 

 
Business Unit:  ES Page: 1 of 1 

Title: Contractor Request for Information – EZ899-151108/001/PWY – PH2 - EGD Waterlot Remediation Project 
South Jetty Under-Pier Sediment Remediation 

 

Travaux publics et
Services gouvernementaux
Canada

Public Works and 
Government 
Services Canada                                                                                                                             

Canada
 

 

RFI #: PH2 - 687  

Project No.:  R.018400.002  Project Name: EGD Waterlot Remediation Project - PH2 South Jetty 
Under-Pier Sediment Remediation 

To:  Canada - PWGSC Date: November 02, 2016 

Attention:  Rae-Ann Sharp, PWGSC Departmental Representative 

  
 

Navigation Dolphin Layout Drawing 

Further to email discussions, please find attached a Navigation Dolphin Layout Drawing showing the locations of 

the five Navigation Dolphins at the following coordinates: 

N 5364785.174                 E 468338.675                         

N 5364780.059                 E 468290.655                         

N 5364818.003                 E 468286.666                         

N 5364833.219                 E 468317.980                       Coordinates to achieve “3 Equal Spacing” Per ADV 461 

N 5364848.435                 E 468349.295                       Coordinates to achieve “3 Equal Spacing” Per ADV 461 

 

 

 References – Specification item:   Drawings:  

Response required by:    

 Anticipated Change to – Contract Amount:  Yes  No Contract time:  Yes  No 
 

From: Nicholas Doucette @ MNQM Contracting Ltd. 

 (Name)  (MNQM Contracting Ltd.) 
 
 

 



ESQUIMALT  HARBOUR

DRAWING TITLE:CLIENT:

PROJECT:

SCALE:

MCCOI PROJECT No.

DRAWING  No. REV

SURVEYED BY:

DRAFTED BY:

DATE:

DATE:No. DATE REVISION BY CH AP

PO BOX 2091

SECHELT, B.C.

V0N 3A0

(604) 740-6616

www.mccoi-marine.com

VPDL PROJECT No. 316-2152015-32-MMF/WY

MF

10/20/2016

11/01/2016 2015-32-M_651 1

PLAN OF PROPOSED

0.914m Ø DOLPHIN PILINGS

EGD WATERLOT REMEDIATION

PHASE 2 - SOUTH JETTY

1:200

GENERAL NOTES:

1. LATEST SURVEY PERFORMED ON OCTOBER 20, 2016 @ 1600HRS BY VPDL SURVEY DEPARTMENT.

2. DATA COLLECTION PARAMETERS:

SURVEY VESSEL:  STELLAR

POSITION/ATTITUDE/HEADING DATA: APPLANIX POS MV WAVEMASTER WITH RTK CORRECTIONS FROM THE CAN-NET

ESQUIMALT (BCES) BASE STATION.

SOUNDING DATA: NORBIT iWBMS WIDEBAND MULTIBEAM SONAR SYSTEM.

3. SOUNDINGS ARE IN METRES AND REDUCED TO CHART DATUM (LLWLT=0m).

4. SOUNDINGS ARE REFERENCED TO PWGSC CONTROL POINT CM1 (ELEVATION = 19.782m)

5. HORIZONTAL POSITIONS ARE REFERENCED TO NAD83 CSRS DATUM.

6. CONTOUR SHOWN AT A 0.5m INTERVAL WITH INDEX CONTOURS AT 2.5m.

7. EXISTING STRUCTURES SHOWN ARE FOR REFERENCE ONLY.

8. THE INFORMATION SHOWN ON THIS PLAN REPRESENTS CONDITIONS AT TIME OF THE SURVEY.

NOTE: SPOT ELEVATIONS SHOWN REPRESENT THICKNESS OF TYPE 1 ARMOUR (150mm) & TYPE 2 ARMOUR (300mm) PLACED FROM FILTER SURFACE.

1 11/02/2016 REVISED PILE COORDINATES MF
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ESQUIMALT GRAVING DOCK 

 

SOUTH JETTY SEDIMENT REMEDIATION 

 

Number of Pages: 4 



PACIFIC REGION – Professional 
and Technical Services (PTS) 

 
Request for Information Form 

 

Business Unit:  ES Page: 1 of 1 

Title: Contractor Request for Information – EZ899-151108/001/PWY – PH2 - EGD Waterlot Remediation Project 
South Jetty Under-Pier Sediment Remediation 

 

Travaux publics et
Services gouvernementaux
Canada

Public Works and 
Government 
Services Canada                                                                                                                             

Canada
 

 

RFI #: PH2 - 780  

Project No.:  R.018400.002  Project Name: EGD Waterlot Remediation Project - PH2 South Jetty 
Under-Pier Sediment Remediation 

To:  Canada – PWGSC Date: December 27, 2016 

Attention:  Rae-Ann Sharp, PWGSC Departmental Representative 

 
 
Zone 3 Armour – Final Post Construction Survey  
 
Please find attached the Final Post Construction Bathymetric Survey for the EGD Phase 2 Project Site.  
 
Files included in submission package are outlined below: 
 

 Final Post Construction Survey PDF 

 Calibration Block Survey PDF 

 Final Post Construction Survey .dwg  

 Post Con survey 0.3x0.3 Chart CAN ADJ .xyz 

 Calibration Block Survey .dwg  

 Calibration Block Survey Chart .xyz   

 Calibration Block Survey Full Res Chart .xyz 
 

 

 

 

 

 

 

 References – Specification item:   Drawings:  

Response required by:    

 Anticipated Change to – Contract Amount:  Yes  No Contract time:  Yes  No 
 

From: Nicholas Doucette @ MNQM Contracting Ltd. 

 (Name)  (MNQM Contracting Ltd.) 
 

 

 



DRAWING TITLE:CLIENT:

PROJECT:

SCALE:

MCCOI PROJECT No.

DRAWING  No. REV

SURVEYED BY:

DRAFTED BY:

DATE:

DATE:No. DATE REVISION BY CH AP

PO BOX 2091

SECHELT, B.C.

V0N 3A0

(604) 740-6616

www.mccoi-marine.com

VPDL PROJECT No. 316-2152015-32-MMF

MF

12/14/2016

12/23/2016 2015-32-M_823 -

ESQUIMALT GRAVING DOCK WATERLOT

PHASE 2 SOUTH JETTY UNDER PIER

SEDIMENT REMEDIATION

POST CONSTRUCTION SURVEY

BATHYMETRIC CONTOUR PLAN

EGD WATERLOT REMEDIATION

PHASE 2 - SOUTH JETTY

GENERAL NOTES:

1. LATEST SURVEY PERFORMED ON DECEMBER 14, 2016 BY MCCOI MARINE LTD. ADDITIONAL TOPOGRAPHIC DATA FROM DECEMBER 12,

2016 USED FOR SOME UNDER PIER AREAS.

2. DATA COLLECTION PARAMETERS:

SURVEY VESSEL:  STELLAR

POSITION/ATTITUDE/HEADING DATA: APPLANIX POS MV WAVEMASTER WITH RTK CORRECTIONS FROM THE CAN-NET ESQUIMALT 

(BCES) BASE STATION.

SOUNDING DATA: NORBIT iWBMS WIDEBAND MULTIBEAM SONAR SYSTEM.

3. SOUNDINGS ARE IN METRES AND REDUCED TO CHART DATUM (LLWLT=0m).

4. SOUNDINGS ARE REFERENCED TO PWGSC CONTROL POINT CM1 (ELEVATION = 19.782m)

5. HORIZONTAL POSITIONS ARE REFERENCED TO NAD83 CSRS DATUM.

6. CONTOUR SHOWN AT A 0.5m INTERVAL WITH INDEX CONTOURS AT 2.5m.

7. EXISTING STRUCTURES SHOWN ARE FOR REFERENCE ONLY.

8. THE INFORMATION SHOWN ON THIS PLAN REPRESENTS CONDITIONS AT TIME OF THE SURVEY.

1:500

file:///G:/Record_plans/Naden/NAD60/NAD60_1.dwg
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MCCOI PROJECT No.

DRAWING  No. REV

SURVEYED BY:

DRAFTED BY:

DATE:

DATE:No. DATE REVISION BY CH AP

PO BOX 2091

SECHELT, B.C.

V0N 3A0

(604) 740-6616

www.mccoi-marine.com

VPDL PROJECT No. 316-2152015-32-MMF

MF

12/14/2016

12/23/2016 2015-32-M_824 -

ESQUIMALT GRAVING DOCK WATERLOT

PHASE 2 SOUTH JETTY UNDER PIER

SEDIMENT REMEDIATION

POST CONSTRUCTION SURVEY

BATHYMETRIC SPOT ELEVATION PLAN

EGD WATERLOT REMEDIATION

PHASE 2 - SOUTH JETTY

GENERAL NOTES:

1. LATEST SURVEY PERFORMED ON DECEMBER 14, 2016 BY MCCOI MARINE LTD. ADDITIONAL TOPOGRAPHIC DATA FROM DECEMBER 12,

2016 USED FOR SOME UNDER PIER AREAS.

2. DATA COLLECTION PARAMETERS:

SURVEY VESSEL:  STELLAR

POSITION/ATTITUDE/HEADING DATA: APPLANIX POS MV WAVEMASTER WITH RTK CORRECTIONS FROM THE CAN-NET ESQUIMALT 

(BCES) BASE STATION.

SOUNDING DATA: NORBIT iWBMS WIDEBAND MULTIBEAM SONAR SYSTEM.

3. SOUNDINGS ARE IN METRES AND REDUCED TO CHART DATUM (LLWLT=0m).

4. SOUNDINGS ARE REFERENCED TO PWGSC CONTROL POINT CM1 (ELEVATION = 19.782m)

5. HORIZONTAL POSITIONS ARE REFERENCED TO NAD83 CSRS DATUM.

6. CONTOUR SHOWN AT A 0.5m INTERVAL WITH INDEX CONTOURS AT 2.5m.

7. EXISTING STRUCTURES SHOWN ARE FOR REFERENCE ONLY.

8. THE INFORMATION SHOWN ON THIS PLAN REPRESENTS CONDITIONS AT TIME OF THE SURVEY.

1:500

file:///G:/Record_plans/Naden/NAD60/NAD60_1.dwg


ESQUIMALT  HARBOUR

DRAWING TITLE:CLIENT:

PROJECT:

SCALE:

MCCOI PROJECT No.

DRAWING  No. REV

SURVEYED BY:

DRAFTED BY:

DATE:

DATE:No. DATE REVISION BY CH AP

PO BOX 2091

SECHELT, B.C.

V0N 3A0

(604) 740-6616

www.mccoi-marine.com

VPDL PROJECT No. 316-2152015-32-MMF

MF

12/13/2016

12/14/2016 2015-32-M_817 -

CALIBRATION BLOCK

BATHYMETRIC SURVEY

CONTOUR & PROFILE  PLAN

EGD WATERLOT REMEDIATION

PHASE 2 - SOUTH JETTY

AS SHOWN

GENERAL NOTES:

1. LATEST SURVEY PERFORMED ON DECEMBER 13, 2016 BY VPDL SURVEY DEPARTMENT.

2. DATA COLLECTION PARAMETERS:

SURVEY VESSEL:  STELLAR

POSITION/ATTITUDE/HEADING DATA: APPLANIX POS MV WAVEMASTER WITH RTK CORRECTIONS FROM THE CAN-NET

ESQUIMALT (BCES) BASE STATION.

SOUNDING DATA: NORBIT iWBMS WIDEBAND MULTIBEAM SONAR SYSTEM.

3. SOUNDINGS ARE IN METRES AND REDUCED TO CHART DATUM (LLWLT=0m).

4. SOUNDINGS ARE REFERENCED TO PWGSC CONTROL POINT CM1 (ELEVATION = 19.782m).

5. HORIZONTAL POSITIONS ARE REFERENCED TO NAD83 CSRS DATUM.

6. CONTOUR SHOWN AT A 0.5m INTERVAL WITH INDEX CONTOURS AT 2.5m.

7. EXISTING STRUCTURES SHOWN ARE FOR REFERENCE ONLY.

8. THE INFORMATION SHOWN ON THIS PLAN REPRESENTS CONDITIONS AT TIME OF THE SURVEY.

PLAN VIEW

SCALE 1:250

PROFILE VIEW

SCALE 1:100

LEGEND

2016-02-24 SURVEY
2016-11-21 SURVEY
2016-12-01 SURVEY
2016-12-13 SURVEY

NAD126_1.dwf
NAD126_1.dwf
NAD64_1.dwf
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Esquimalt Graving Dock, Esquimalt, BC  
South Jetty Reconstruction 
January 2017 
Project No: R.026729.002 

Section 26 08 00.10 
ELECTRICAL STARTING AND TESTING 

GENERAL REQUIREMENTS 
Page 1 of 3 

 

 

Owner:  
PANELBOARD 

Project:  

Distribution Electrical 

 
Location:  Equip. Cat.:  ALTERNATE TAG EQUIPMENT TAG 
System: Norm Pwr Sub-Category: Distribution  PNL - xx 
 

TECHNICAL DATA  DATE / CHECKED BY:  

 
 SPECIFIED  SHOP 

DRAWING 
 INSTALLED  VERIFIED 

CONTR. / COM. 

Manufacturer       / 
Model No.       / 
Phase – Volts - Wires       / 
# of Circuits       / 
Bus Amperage / Bus Bracing       / 
Enclosure Colour       / 
Feeder Wire Size & Type       / 

 
 

STATIC CHECKS  DATE / CHECKED BY:  

ENCLOSURE DETAILS   

- Flush or Surface  Flush___ Surface___ 

- Door Type  Door in Door___ Hinged___ 

BRANCH BREAKER   

- Bolt in or Plug in  Bolt In___ Plug In___ 

- Branch Lugs Torqued & Labelled?  Yes No 

MISCELLANEOUS   

- Breaker Filler Pieces Installed?  Yes No 

- Interior Clean?  Yes No 

OPERATION CHECKS  DATE / CHECKED BY:  

Lamicoid Accurate?  Yes No 

Directory Installed?  Yes No 

  MEASURED VALUES   

Line A ____ Amps  AB____ Volts / AN____Volts 

  Line B____ Amps  BC____ Volts / BN____ Volts 

  Line C____ Amps  CA____ Volts / CN____ Volts 

  Line N ____ Amps   

          
Signature:  Design Consultant:  
Signature:  Commissioning Agent:  
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Section 26 08 00.10 
ELECTRICAL STARTING AND TESTING 

GENERAL REQUIREMENTS 
Page 2 of 3 

 

 

Owner:  
LOW VOLTAGE LIGHTING 
CONTROL Project:  

Lighting Control Electrical 

 
Location:  Equip. Cat.:  ALTERNATE TAG          EQUIPMENT TAG 
System: Lighting Sub-Category: Lighting Control  LVRC - xx 

 

TECHNICAL DATA  DATE / CHECKED BY:  

 
 SPECIFIED  SHOP 

DRAWING 
 INSTALLED  VERIFIED 

CONTR. / COM. 

System Manufacturer       / 
Cabinet Model No.       / 
*Model No. of Prog. Relay       / 
*Model No. of Low Volt. Relay       / 
Power Supply       / 

 
 

STATIC CHECKS  DATE / CHECKED BY:  

- Cabinet Label  Yes No 

- No. Of Relay Circuits   

- Wiring  Ok Def. 

- Barrier Separation  Yes No 

- Enclosure Clean  Yes No 

- Wiring Labeled  Yes No 

- Spare Relays  Yes No , No. of 

- Drip Hood  Yes No 

- LED Indicating  Yes No 

- Proper Mounting  Yes No 

 
 

OPERATION CHECKS  DATE / CHECKED BY:  

LVR Scanner Operation  Ok Other 

LED’s Operating  Yes No 

Network Interface Control  Yes No 

Command On / Off  Yes No 

Flick to Warn  Yes No 

As-Built Wiring Diagram  Yes No 

          
Signature:  Contractor:  
Signature:  Commissioning Agent:  
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South Jetty Reconstruction 
January 2017 
Project No: R.026729.002 

Section 26 08 00.10 
ELECTRICAL STARTING AND TESTING 

GENERAL REQUIREMENTS 
Page 3 of 3 

 

 

Owner:  
LIGHTING CONTROL - ROOM 
DATA SHEET Project:  

Lighting Control Electrical 
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 – Light Level Reading 

– 4 samples and calculated average 

                      (If Required) 

  
 

 Line 

 Low 
Voltage 

   #1            fc #2             fc #3            fc #4______fc                               

Average Light Level                             fc 

  
 

 Line 

 Low 
Voltage 

   #1            fc #2             fc #3            fc #4______fc                               

Average Light Level                             fc 

  
 

 Line 

 Low 
Voltage 

   #1            fc #2             fc #3            fc #4______fc                               

Average Light Level                             fc 

  
 

 Line 

 Low 
Voltage 

   #1            fc #2             fc #3            fc #4______fc                               

Average Light Level                             fc 

  
 

 Line 

 Low 
Voltage 

   #1            fc #2             fc #3            fc #4______fc                               

Average Light Level                             fc 

  
 

 Line 

 Low 
Voltage 

   #1            fc #2             fc #3            fc #4______fc                               

Average Light Level                             fc 

  
 

 Line 

 Low 
Voltage 

   #1            fc #2             fc #3            fc #4______fc                               

Average Light Level                             fc 

  
 

 Line 

 Low 
Voltage 

   #1            fc #2             fc #3            fc #4______fc                               

Average Light Level                             fc 

 

 
          
Signature:  Contractor:  
Signature:  Commissioning Agent:  
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Esquimalt Graving Dock (EGD)STANDARDS FOR SURVEYS
Revised 2012-02-28

EGD Standards for Surveys - South Jetty Reconstruction 1 of 4

1. INTRODUCTION
This standard is written to provide the British Columbia Land Surveyor(BCLS) a guideline for producing acceptable topographic survey for all EGDprojects.
2. APPLICATION OF THE STANDARD
This standard applies to surveys that are intended to show new installation ofstructures, utilities and underground conduits including the existingstructures, utilities and underground conduits in the vicinity of the projectand as requested by EGD Representative.
The Surveyor in making topographic surveys uses accepted terrestrial and/orGPS surveying methods. Topographic surveys that additionally depict thelocation  of  property  lines  must  also  be  in  compliance  with  the  currentstandard for property surveys and show all legal boundary evidence found.
3. DEFINITIONS

1) Benchmark (control point) is a relatively permanent material object,natural or artificial, bearing a marked point whose elevation above orbelow an adopted datum is known and whose horizontal coordinatesare known in an accepted coordinate system (UTM NAD 83 CSRS Zone10).
2) A Contour is an imaginary line on the ground, all points of which are ofthe same elevation above or below a specified datum.
3) The Parcel is the area designated by an EGD Representative and isusually, but not necessarily, given by a legal description of theproperty.
4) Utilities are services provided by governmental and private entitiesthat provide the following: electric power, telephone, water, sanitaryand storm sewer, gas, etc.
5) Acronyms and Definitions:

 BCLS: British Columbia Land Surveyor
 EGD: Esquimalt Graving Dock
 NEZ: Northing, Easting, Elevation – Coordinates
 PBM: Permanent Benchmark (Control point)
 TBM: Temporary Benchmark (Control point)
 Headwall: concrete wall structure on top of or on each side ofculvert.



Esquimalt Graving Dock (EGD)STANDARDS FOR SURVEYS
Revised 2012-02-28

EGD Standards for Surveys - South Jetty Reconstruction 2 of 4

4. RESEARCH AND INVESTIGATION
1) The Surveyor shall acquire the elevation and datum of all benchmarksto  be  used  in  the  survey.  The  elevation  used  shall  be  based  on  anationally accepted datum whenever practical or unless otherwiseinstructed by an EGD Representative. The EGD Representative shallspecifically describe the parcel to be surveyed.
2) At least four (4) benchmarks shall be established using GlobalPositioning System and electronic survey total stations, in which theposition of all survey works and detected objects shall relate.
3) The benchmarks shall be established on stable ground within 6 m (20ft) adjacent to the project site or as directed by EGD Representative.The benchmarks shall have reference numbers, coordinates andheights above the established datum (geodetic and/or chart datum).

5. THE SURVEY
The survey shall be performed on the ground to obtain the informationrequired in this standard and any additional information requested by EGD.The Surveyor shall select the equipment and procedures necessary to obtainthe horizontal and vertical positional accuracy required by these standards.
6. DATA
The  surveyor  shall  locate  and  show  on  the  survey  map  the  followinginformation:

1) The location of permanent structures including retaining walls andculverts.
2) The location of street or road paving, entrances, driveway openingsand sidewalks.
3) Elevations on the top of curbs, gutters and sidewalks.
4) EGD building numbers assigned to the parcel.
5) North arrow and scale of drawing.
6) Legend depicting the symbols and abbreviations used on thedrawing.
7) Provide buildings footing corners, exterior corners, roof line cornersand main floor elevations of all required building listed in Appendix A.
8) Location and elevation of existing structures, utilities, undergroundconduits or drainage courses on or near the surveyed parcel.



Esquimalt Graving Dock (EGD)STANDARDS FOR SURVEYS
Revised 2012-02-28

EGD Standards for Surveys - South Jetty Reconstruction 3 of 4

9) Schedule of all benchmarks with the reference numbers coordinates(UTM NAD83 CSRS Zone 10) and heights above the establisheddatum (geodetic and/or chart). Description and location of thebenchmarks shall also be submitted.
10) Original copy of the survey field logbooks or electronic logbookprintouts data duly endorsed by the British Columbia Land Surveyor.All  survey  data  from  field  logbooks  or  electronic  notebooks  shallinclude and clearly indicate corrections or errors done duringsurveying work.
11) Certificates showing that the surveying equipment used have beencalibrated in the last twelve (12) months shall also be attached.These certificates shall also be submitted prior to start of work.
12) The surveyor map grid coordinate system shall be based on NAD 83(North American Datum) UTM Zone 10.
13) Levels related to established datum (geodetic and/or chart).
14) All other items listed in Appendix A.

7. POSITIONAL ACCURACY
The following relative positional accuracies are provided as a guide forsurveys. Vertical HorizontalPositional Accuracy  Positional AccuracyFeet FeetContour line 300 mm (1’) interval  ± 200 mm (0.65 ft)  ± 300 mm (1 ft)
Contour line 600 mm (2’) interval  ± 400 mm (1.30 ft)  ± 600 mm (2 ft)
Contour line 1.2 m (4’) interval ± 800 mm (2.60 ft)  ± 1.200 m (4 ft)
Contour line 1.5 m (5’) interval ± 1.000 m (3.20 ft)  ± 1.200 m (4 ft)
Contour line 3.0 m (10’) interval  ± 2.000 m (6.50 ft)  ± 2.400 m (8 ft)
Floor elevations ± 10 mm (0.05 ft)  ± 300 mm (1 ft)
Spot paving elevations ± 10 mm (0.05 ft)  ± 300 mm (1 ft)
Spot ground elevations ± 50 mm (0.20 ft)  ± 600 mm (2 ft)
Sewer invert elevations ± 10 mm (0.05ft)  ± 300 mm (1 ft)
Underground utilities/conduits ± 10 mm (0.05ft)  ± 300 mm (1 ft)
All underground services/structure  ± 10 mm (0.05ft)  ± 300 mm (1 ft)
Positional Accuracy is given at the 95 percent confidence level.



Esquimalt Graving Dock (EGD)STANDARDS FOR SURVEYS
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8. ELECTRONIC DATA DISTRIBUTION
Surveyor to provide the survey data in an AutoCAD 2013 .dwg drawing file.The surveyor shall also provide a signed and sealed hard copy drawing. Thisdrawing  shall  be  the  official  map  and  shall  be  deemed  to  be  correct  andsuperior to the electronic data.
The electronic data file shall also contain a statement that the file is not acertified document and that the official document was issued and sealed by(name  and  commission  number  of  the  BCLS) on (date). Surveyor to alsoprovide a table of the survey points data (NEZ) in electronic format (MSExcel, MS Word or PDF).
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The following items marked with an (X) are to be included in the survey:
(  )  Boundary survey of the parcel.
(  )  Plot the location of easements and rights-of-way as shown on therecorded subdivision subdivision plan and all easements evidencedby a recorded document provided by EGD. The plan or documentnumber of each shall be shown.
(  )  Vicinity map with subject property highlighted.
(X)   Observable  evidence  of  recent  earth  moving  work,  borrow  or  fill(excavation perimeter, depth, changes in elevation, etc)
(  )  Cross-section of offsite drainage courses for engineering studies.
(X)  Spot elevations covering the entire survey limits showing highpoints, low points, grade changes, and at sufficient intervals torepresent the general character of the terrain. Existing contoursshall be drawn with major contour lines at 10m (25’) intervals andminor contour lines at 2m (5’) intervals unless otherwise noted.
(   )   Elevations  at  the  inside  of  walk,  top  of  curb,  and  gutter  atapproximately one inch 3cm (1”) intervals at the final map scale.
(  )  Dimensions of curb, sidewalk, and gutter lines or ditch lines andcenterline of all streets, alleys or roads adjoining the parcel.Indicate type of paving surface and condition.
(  )  Location, width and elevation at both ends of all existing sidewalks.Include a description of the kind and general condition of thesidewalk.
(  )  Location, diameter, and species of all trees over 10 cm diameter.
(  )  Perimeter outline only of thickly wooded areas unless otherwisedirected.
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(X)  Electric utilities – the location:
(  )  power poles – 1 point at ground elevation
(  )  power poles – 1 point at top of pole elevation
(  )  guy wires – 1 points
(  )  anchors – 1 points
(X)  Rectangular junction/pull boxes – 4 corners
(X)  Round junction/pull boxes – cover center
(X)  Underground conduits – all tie-ins (existing or new) andchange of directions
(X)  vaults – 4 corners

(X)  Storm, sanitary or combined sewers – the location of:
(X)  manholes – cover center
(X)  culverts – 2 centreline measurements to show direction offlow
(X)  headwalls – 4 corners
(X)  catch basins – 4 corners + 1 centre measurement atgutter line
(X)  clean-outs – center point
(X)   Include  elevations  of  the  top  and  bottom  of  manholes,culverts, headwall and catch basins.
(X)  Show type, size, and direction of flow and invert elevationof all pipes or culverts.

(X)  Water – the location of:
(X)  all water valves – center point
(X)  all water valves – 4 corners of housing
(X)  standpipes – center point
(X)  regulators – center point
(X)  fire hydrants – 1 point at ground elevation
(  )  fire hydrants – 1 point at top of hydrant elevation

(  )  Gas – the location of:
(  )  all valves – center point
(  )  meters – center point
(  )  gas line markers – center point
(  )  Show elevation on top of any valves.
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(X)  Telephone – the location of:
(  )  all poles – 1 point at ground elevation
(  )  all poles – 1 point at top of pole elevation
(x)  manholes – center point
(x)  Rectangular junction/pull boxes – 2 opposite corners
(X)  Round junction/pull boxes – cover center

(X)  Street/Roads – the location of:
(X)  all lamp poles – 1 point at ground elevation
(  )  all lamp poles – 1 point at top of pole elevation
(X)  Rectangular junction/pull boxes – 4 corners
(X)  Round junction/pull boxes – cover center
(X)  road cross-section: Survey spot levels along cross-sections at maximum 5m (15’) intervals up to 30m (100’)beyond  the  edges  of  the  road  shoulder.  The  interval  ofthe spot levels shall  be varied based on the condition atsite. If required, closer spacing shall be surveyed wherethe terrain is not uniform such as deep gullies and creekareas.

(  )  Heating – the location of:
(  )  steam manholes – center point
(  )  vaults – 4 corners

(X)  Location and dimensions of:
(  )  tanks – 2 opposite corners minimum
(  )   fences – corners/gates + changes of direction
(  )  fences cross-section: Survey spot levels along cross-sections at maximum 5m (15’) intervals up to 30m (100’)beyond the edges of the fences lines. The interval of thespot levels shall be varied based on the condition at site.If required, closer spacing shall be surveyed where theterrain  is  not  uniform  such  as  deep  gullies  and  creekareas.
(X)  obstructions – 2 opposite corners minimum
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(X)  Existing buildings – the location of:
(X)  South Side Substation (Both buildings – 4 corners)
(X)  Rope Locker (4 corners)
(X)  VSL Barker Building (4 corners)
(  )  ____________________________
(  )  ____________________________
(  )  ____________________________

(  )  Location and description of any building or major structure onadjoining land that is not more than ____ feet outside the parcelbeing surveyed.
(X)  Other – the location of:

(X)  Southerly edge of Burma Road
(X)   Perimeter of Existing Steel Pile Jetty
(X)  Perimeter of South Jetty including curb edge
(X)  Edge of drydock south side including Stop #1 throughStop #3
(X)  Westerly 25m of South Jetty Access Road
(X)  Tug Wharf, Gangway, and connection to South Jetty
(X)  Utility Trench Access (4 corners)
(X)  Retaining walls
(X)  Fire Boat Connections (4 corners)
(X)  Seawater Inlets (4 corners)
(X)  Cleats and Bollards (4 corners)
(X)  Kiosks (4 corners)
(X)  Control Monument 1 and Control Monument 3
(X)  PWGSC BOLT at Pumphouse
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TECHNICAL MEMORANDUM

Golder Associates Ltd. 
Suite 200 - 2920 Virtual Way, Vancouver, BC, V5M 0C4 

Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com
Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation. 

Public Works and Government Services Canada (PWGSC) has retained the services of Golder Associates Ltd. 
(Golder) to provide geotechnical design and construction services for the proposed Esquimalt Graving Dock (EGD) 
South Jetty Reconstruction project. The work tasks of the subject assignment have been carried out in accordance 
with Golder’s proposal dated 22 August 2016, prepared in response to PWGSCs’ Terms of Reference dated 
29 June 2016, under Standing Offer Agreement No. EZ899-141238/001/TPV for Geotechnical Engineering 
Services. 
Golder has completed the following key tasks to date:
Task 1: Review of existing subsurface soil and rock information at the EGD South Jetty site
Task 2: Geotechnical review of the pile drawings prepared by Herold Engineering (Herold) in concert with the 

Design Criteria established by Klohn Crippen Berger (KCB) for the project
Task 3: Design recommendations for piles supporting the South Jetty based on design compression and tension 

loads provided by Herold
Task 4: Revisions to relevant sections of the piling specifications
The above four tasks cover the work described in Sections 2.1, 2.2 and 2.3 of PWGSCs Terms of Reference.
Based on our discussions with Herold, we understand that the factored design pile loads provided under Task 3 
above correspond to the 475-yr seismic demand. We further understand that the structural analyses have been 
carried out in accordance with the Canadian Highway Bridge Code CSA S6-14 and guidelines given in ASCE 
Standard 61-14 on Seismic Design of Piers and Wharves.
Unless otherwise noted explicitly, all elevations reported in this Technical Memorandum are with reference to the 
Chart Datum.

DATE 1 March 2017 REFERENCE No. 1314470497-058-TM-Rev0-13000-13002
TO George Strazicich, PEng

PWGSC
CC Kate Ulmer/Don Sandys-Wunsch - Herold Engineering

FROM Leo Tse/Sarah Morse/Upul Atukorala - Golder EMAIL ltse@golder.com  
Upul_Atukorala@golder.com

GEOTECHNICAL REVIEW OF THE 99% COMPLETION PILE DESIGN
ESQUIMALT GRAVING DOCK SOUTH JETTY RECONSTRUCTION PROJECT
ESQUIMALT, B.C.
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The results of the above-noted geotechnical review tasks, geotechnical comments and recommendations on 
foundation design, proposed changes to the Technical Specifications on Pile Foundations and path forward are 
summarized in this Technical Memorandum.
Our scope of work does not include investigation, review or assessment of archaeological, contaminated soil and 
groundwater, or bio-environmental services for the subject project. 

1.0 BACKGROUND AND PROPOSED RECONSTRUCTION
PWGSC is planning to reconstruct the South Jetty at the Esquimalt Graving Dock (EGD) located at 825 Admiral 
Road, Esquimalt, BC and has engaged Herold and Golder to complete the 99% completion design completed by 
KCB in 2014. The intent is to complete the design and construction documents to a tender-ready status. The 99% 
completion design and construction documents prepared by KCB are based on geotechnical field investigations 
completed by Golder and KCB at different stages of the project supplemented with other available data on 
subsurface conditions. Site preparation and environmental remediation work involving decommissioning of the 
existing South and West timber pile supported jetties, dredging of the upper 1 to 3 m of contaminated soils, capping 
the exposed soils and filling to re-instate original ground conditions have been carried out already or are currently 
being carried out.
The EGD South Jetty site, locations of the existing timber crib, and existing timber pile and steel pile supported 
jetties are shown in Figure A-1 (ref. Figure 3 of Golder’s Phase 2 – 99% Geotechnical Design Input Report, figure 
dated 24 March 2014) attached in Appendix A of this technical memorandum. We understand that the existing 
“L-shaped” Concrete Wharf that is supported on steel piles that were driven to bedrock and the adjacent timber 
crib to the north will be retained “as is”. The existing timber pile supported jetties have been demolished already 
and they will be replaced by two steel-piled jetty structures referred to as the new “West Jetty” and new “South 
Jetty”, which are located immediately to the west and south of the existing “L-Shaped” Concrete Wharf,
respectively. The existing Tug Boat Wharf (floats and piles) near the east end of the South Jetty will be removed 
temporarily during the reconstruction, and reinstated with new mooring piles matching the existing footprint.
The reconstruction work at the EGD will include installation of 204 new steel pipe piles driven and/or socketed to 
bedrock supporting the new “West Jetty” and new “South Jetty”, 14 rock-socketed displacement control piles to 
be installed in front of (immediately to the west of) the existing timber crib, and 2 new steel pipe piles for the Tug 
Boat Wharf.

2.0 GEOTECHNICAL REVIEW OF KEY EXISTING INFORMATION
As part of the review completed by Golder, the following key existing information, available to Golder at the time 
of preparation of this Technical Memorandum, was reviewed:

Herold’s piles drawings (Revision A) dated 12 August 2016
KCB’s Design Criteria (Revision 3), dated 25 November 2010, for the EGD South Jetty Wharf Development
Test holes TH84-2-1 to TH84-2-3 completed by Ker Priestman & Associates Ltd. in 1984
Test holes (mud rotary drill holes, CPT/SCPTs, and Becker test holes) completed by KCB in 2002
Test holes (mud rotary drill holes and CPTs) completed by KCB in 2009
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Test holes (sonic holes, mud rotary boreholes and CPTs) completed by Golder in 2009
A single sonic hole completed by Golder in 2011
Inferred stratigraphic cross-sections (2010 and 2014) prepared by Golder from the “EGD Waterlot –
Supplementary Test Hole Investigation for Remedial Action Plan/Risk Management Plan” report dated 
3 March 2010, and from the “Phase 2 – 99% Geotechnical Design Input Report” for EGD Waterlot (figures 
dated 24 March 2014)
“Figure 3b – Elevation of Top of Glacial Deposits” from Golder’s “EGD Waterlot – Supplementary Test Hole 
Investigation for Remedial Action Plan/Risk Management Plan” report dated 3 March 2010
Seven geologic cross-sections A to G from KCB’s “Site Investigation and Liquefaction Assessment Final 
Report” for EGD and South Landing Wharf dated 25 June 2002

It is important to note that a Geotechnical Design Report summarizing the design basis for the pile 
foundations proposed by KCB was not available for our review. The geotechnical input used to design the 
foundations, including key information such as site characterization details, geotechnical input parameters, 
soil-structure interaction studies undertaken to confirm the jetty performance under both static and seismic loading 
conditions, past piling experience at the site, and the basis for recommending driven piles to support the two jetties 
(with the exception of the 14 rock-socketed displacement control piles) form key information that was unavailable 
for review for a 99% completion design for a structure of this level of importance. In the absence of a geotechnical 
design report, considerable effort had to be spent re-analyzing the foundation support requirements for the 
proposed new South and West Jetties.
A brief summary of the key available information reviewed is provided in the sections below.

2.1 Existing Test Holes and Subsurface Information
A summary of the existing test holes and subsurface information available to Golder is provided in the sections 
below. The approximate locations of the test holes completed before/in 2009 are shown in Figure A-2 (ref. Figure 1
of KCB Geotechnical Data Report, 23 March 2010) attached in Appendix A of this technical memorandum.

2.1.1 Test Holes TH84-2-1 to TH84-2-3 Completed by Ker Priestman & Associates Ltd. (1984)
Three boreholes were drilled in 1984 by Ker Priestman & Associates Ltd. in front of the existing timber crib. TH84-2-
1 and TH84-2-2 were located near the proposed rock-socketed displacement control piles, while TH84-2-3 was 
located approximately 30 m west of the rock-socketed displacement control piles. 
Based on the test hole logs, inferred/possible bedrock (identified as “Bedrock?” in the logs) was encountered at 
elevation -14.9 m (chart datum) in test hole TH84-2-1. The borehole drilling stopped at elevation -14.9 m and did 
not advance into the formation to confirm bedrock. No glacial deposit overlying the bedrock was identified in this
test hole.
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In test hole TH84-2-2, Till was encountered at elevation -27.7 m (chart datum) and the test hole was terminated at 
elevation -27.9 m (0.15 m into Till). Bedrock was not encountered at this location.
Considering that TH84-2-1 and TH84-2-2 described above are only 3 to 4 m apart, the test holes indicate that the 
bedrock elevation drops by approximately 13 m (or more) over a horizontal distance of about 3 to 4 m in front of 
the timber crib at the proposed rock-socketed pile locations. The subsurface information reported in these two test 
holes appears to be anomalous. Alternatively, the results reflect the possible presence of shear zones with sharp 
changes in bedrock elevations. Based on KCB’s 99% completion design, the design steel pipe pile toe elevations 
for the rock-socketed displacement control piles range from -22 m to -28 m. No additional test hole was drilled at 
the proposed rock-socketed pile locations to confirm the actual elevation of bedrock.

2.1.2 Test Holes Completed by KCB (2002)
Mud rotary drill holes and CPT/SCPTs were completed by KCB in 2002 in the new West Jetty and South Jetty 
areas. Becker test holes were also completed, but they were generally located north of the new South Jetty.
Four mud rotary drill holes DH02-01 to -04 were drilled. DH02-01 and -03 were terminated immediately when 
dense/stiff/hard material (inferred to be bedrock) was encountered, and rock coring/drilling was not carried out to 
confirm bedrock. DH02-02 and -04 were terminated within the clay strata without reaching bedrock. No glacial 
deposit was identified in all four drill holes. Nilcon vane shear tests were carried out in the silt and clay deposits 
encountered in DH02-01, -02, and -04. Cyclic/static simple shear tests were completed on three silt and clay 
samples recovered using Shelby tubes.
Nine CPTs including three SCPTs (with shear wave velocity Vs measurement) were completed in 2002. The cone 
was pushed to practical refusal to further penetration at each CPT/SCPT location.
Considering that the drill holes did not advance into the glacial deposit/bedrock and drill-outs were not carried out 
to confirm the cause of the CPT refusals (such as local obstructions, glacial deposit or bedrock?), the presence of 
glacial deposits and bedrock at KCB’s 2002 test hole locations has not been confirmed. 

2.1.3 Test Holes Completed by KCB (2009)
Five mud rotary drill holes DH09-01 to -05 and three CPTs labelled as CPT09-01 to -03 were completed by KCB 
in 2009 within the new West Jetty and South Jetty footprints. CPT09-01, -02, and -03 were paired (put down in 
close proximity) with drill holes DH09-03, -01, and -02, respectively. All drill holes except DH09-01 were advanced 
into the bedrock with rock coring to confirm bedrock. Nilcon vane shear tests were completed in the silt and clay 
deposits and standard penetration tests (SPTs) were conducted in the till-like deposits. One-dimensional 
consolidation tests, consolidated undrained triaxial tests, and cyclic simple shear tests were carried out on selected 
Shelby tube samples collected from the silt and clay deposits, and unconfined compression strength (UCS) tests
were carried out on selected rock core samples. The elevations of the till-like deposits and bedrock encountered 
in KCB’s 2009 drill holes, the SPT blow count values recorded in the till-like deposits, and the rock coring depths 
are summarized in Table 2-1 below. 
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Table 2-1: Summary of KCB (2009) Drill Holes

Drill Hole ID
Elevation of 

Till-like 
Deposits
(Chart, m)

SPT Blow Count 
in Till-like 
Deposits 

(blow/0.3m)

Elevation of 
Bedrock 

(Chart, m)
Depth of Rock Coring 

(m)

DH09-01 NA NA NA NA
DH09-02
(near the centre of the new 
South Jetty)

- 32.6 90, 67, 27, 38, 22 - 40.6 4.5

DH09-03
(near the centre of the new 
West Jetty)

- 42.3 >100, >100, >100, 
>100, 74, >100 - 50.5

8.3 (8.3 m of coring was 
reported, but it appeared 
in the drill log that only 4 m 
of coring was completed
after drilling and SPT 
testing were carried out for
the top 4.3 m of bedrock)

DH09-04
(near the northeast side of 
the new West Jetty)

- 18.3 >100 - 18.6 4.2
DH09-05
(near the east end of the 
new South Jetty)

-16.2 NA - 18.1 3.7

KCB’s 2009 drill holes indicate that the thickness of the till-like deposits (including the compact to dense soil layers 
sandwiched in-between the till-like layers) is approximately 8 m at DH09-02 and -03 located near the centre of the 
new South Jetty and West Jetty, respectively. The thickness of the till-like deposits reduces to approximately 0.3 
m at DH09-04 located near the northeast side of the new West Jetty and reduces to approximately 2 m at DH09-
05 located at the east end of the new South Jetty.

2.1.4 Test Holes Completed by Golder (2009)
Golder completed 4 mud rotary boreholes (GBH09-17, -22 to -24), 20 sonic boreholes (all 2009 GBHs except 
GBH09-17, -22 to -24), and 18 CPTs (GCPT09-01 to -11 and KCPT09-101 to -107) during the site investigation 
program carried out in 2009. The approximate locations of the test holes put down in the vicinity of the EGD South 
Jetty site are shown in the attached Figure A-2. A number of boreholes were advanced deep enough to reach the 
glacial deposits and/or bedrock. Direct shear tests were carried out on selected tube samples collected from the 
marine sediments.
The interpreted elevations of the different stratigraphic units and their approximate thicknesses were summarized 
in Table A-1 (ref. Table 2 of Golder’s Supplementary Test Hole Investigation Report dated 3 March 2010) attached 
in Appendix A of this technical memorandum.
In addition, the inferred elevation contours of top of glacial deposits are shown in Figure A-3 (ref. Figure 3b of 
Golder’s Report dated 3 March 2010).
As shown in Figure A-3, the elevation of top of glacial deposits was inferred to drop from elevation -13.1 m
(equivalent to -15 m in Geodetic Datum used in the figure) at the northeast corner of the new West Jetty to below 
-43.1 m (equivalent to -45 m in Geodetic Datum as shown in the figure) at the southwest corner of the new West 
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Jetty. At the new South Jetty, the elevation of top of glacial deposits was inferred to range from approximately -
13.1 m (equivalent to -15 m in Geodetic Datum) at the east end to -33.1 m (equivalent to -35 m in Geodetic Datum) 
at the west end of the new South Jetty.
The thicknesses of the glacial deposits overlying the bedrock were inferred to range from approximately 3 m to 
over 14 m, with the exception of the areas at the east end of the South Jetty (east of drill hole DH09-05 and north 
of the tug boat wharf), where the thickness of the glacial deposit was inferred to be approximately 2 m, and at the 
northern half of the new West Jetty where the thickness of the glacial deposit was inferred to be less than 0.5 m.
The overall number of the existing boreholes that were advanced to reach the bedrock at the site is 
relatively limited. For the new South Jetty, the bedrock elevations were inferred to range from approximately -
18.1 m at DH09-05 near the east end of the new south jetty to approximately -44.3 m at GBH09-02 near the west 
end of the new South Jetty. For the new West Jetty, the bedrock elevations were inferred to range from 
approximately -12.6 m at GBH09-18 near the northeast corner of the new West Jetty to below -55 m near the 
southwest corner of the new West Jetty. 

2.1.5 Test Hole Completed by Golder (2011)
A single sonic borehole BH11-01 was drilled by Golder in 2011. This sonic hole was located at the northeast corner 
of the new West Jetty. A till-like deposit of about 0.2 m thick was encountered at approximately -14.7 m elevation 
and bedrock was inferred to be encountered at about -14.9 m elevation. 

2.1.6 Inferred Soil Stratigraphy Sections Prepared by Golder (2010 and 2014)
In 2010, Golder prepared a series of five soil stratigraphy sections (labelled as A-A’ through E-E’) for the South 
Jetty. In 2014, two additional soil stratigraphy sections, labelled as J-J’ and K-K’ were added. The approximate 
locations of the stratigraphy sections A-A’ to E-E’ and J-J’/K-K’ are shown in Figures A-4 and A-1, respectively, 
attached in Appendix A. The soil stratigraphy sections, attached as Figures A-5 to A-11, identify the following key 
soil stratigraphic units:

Unconsolidated Sediments
Granular and/or Rock Fill
Upper Marine Sediments (Fine-Grained)
Upper Marine Sediments (Coarse-Grained)
Victoria Clay
Glacial Deposits
Bedrock

The number of the test holes that were advanced to bedrock (or drilled a notable depth into the glacial deposits) 
at this site is relatively limited. As such, the top of the glacial deposits and bedrock shown in the cross-sections at 
many locations could only be inferred based on interpolation/extrapolation of available data.
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2.1.7 Soil Stratigraphy Sections A-A to G-G Prepared by KCB (2002)
KCB presents seven soil stratigraphy sections – labelled as A-A to G-G in their “Site Investigation and Liquefaction 
Assessment Final Report” for EGD and South Landing Wharf dated June 25, 2002. The site plans showing the 
approximate locations of the test holes and cross-sections and the cross-sections A-A to G-G, provided in KCB’s 
Report as Drawings B-1001 to B-1004, are attached in Appendix A of this Technical Memorandum as Figures A-12
to A-15 for reference. 
KCB developed the soil stratigraphy sections based on the test holes completed during their 2002 site investigation 
and data from historical test holes completed prior to 2002 by the others. These stratigraphy sections do not 
identify glacial soils and the presence of bedrock at many test hole locations was inferred and labelled as 
“BEDROCK ?” in the sections.
Based on the information shown in Section A-A, bedrock at the proposed rock-socketed displacement control pile 
locations in front of the existing timber crib is inferred to be at approximately -20 m to -24 m elevation (chart),
compared to the -22 m to -28 m steel pile toe elevations assigned to the rock-socketed displacement control piles 
in KCB’s 99% completion design and construction documents.

2.2 Jetty Design Criteria (KCB, 2010) 
The following provides brief excerpts from “Section 5 – Seismic Design Parameters” and “Section 6 - Geotechnical 
Design” of the Design Criteria (Revision 3) document prepared by KCB for the EGD South Jetty Wharf 
Development (25 November 2010):
Open-ended steel pipe piles:

Ultimate geotechnical compression resistance of open-ended steel pipe piles shall be calculated in 
accordance with API methodology;
Calculated outside shaft friction and annulus resistance shall be reduced to 80%;
Calculated inside shaft friction shall be reduced to 30%;
The piles shall be assumed to be unplugged;
A geotechnical resistance factor of 0.5 shall be applied to the ultimate geotechnical compression resistance 
to obtain the factored geotechnical compression resistance;
If the required embedment length places the pile toe below the estimated rock elevation, the design toe 
elevation shall be the estimated rock elevation; and
Indicator piles with PDA and CAPWAP wave equation analyses shall be driven at the beginning of the project 
to confirm the factored pile resistance and termination criteria.

Rock-socketed “displacement control piles”:
Ultimate geotechnical resistance of rock-socketed piles shall be calculated in accordance with Duncan (1992) 
and Kulhawy (1993);
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For compression piles, a geotechnical resistance factor of 0.5 shall be applied to the ultimate friction 
resistance of the rock socket to obtain the factored geotechnical compression resistance. Tip resistance of 
the socket shall not be included; and
For tension piles, a geotechnical resistance factor of 1.0 shall be applied to the weight of a 90 degree rock 
cone originating at the bottom of the rock socket. A geotechnical resistance factor of 0.4 shall be applied to 
the ultimate friction resistance of the socket to obtain the factored geotechnical tension resistance.

Laterally loaded piles:
The soil-pile interaction shall be modeled using a set of soil-pile springs (p-y curves) attached to the pile along 
its length (using the computer program LPile Plus (Ensoft, 2005));
API-recommended p-y curves shall be used for the non-liquefiable soils;
For liquefiable soils, API-recommended p-y curves for soft clay shall be used, using the post-liquefaction 
residual strength of the liquefied soils as ultimate strength;
Pile head conditions shall be taken as fixed, unless the fixed pile head moment exceeds the plastic moment;
and
Soil displacement shall be estimated based on limit equilibrium, Newmark-type analyses, supplemented by 
FLAC results from KCB’s seismic analyses performed for this site in 2002 (under a previous project).

Seismic Design:
Seismic design of the new South and West Jetties shall correspond to a no-collapse state of the structure 
when subjected to the 475-yr return period ground motions.

2.3 Herold Engineering Pile Drawings
Based on Herold Engineering Drawings (Revision A) dated August 12, 2016, the new “West Jetty” and “South 
Jetty” are to be supported on steel pipe piles to be installed into the competent glacial deposits underlying the 
loose/soft sediments or onto bedrock. The piles are to be driven as open-ended steel pipe piles with a hardened 
shoe that is flush with the outside face of the pile and have diameters ranging from 762 mm to 914 mm. Both pile 
sizes will have a wall thickness of 22 mm. Piles are specified in the drawings to be driven to practical refusal, 
defined as 25 mm of pile movement for 15 blows applied using a Delmag D150 impact hammer (or equivalent).
Based on the information provided in the drawings, installation of piles with rock sockets are only considered for 
the piles immediately west of the existing timber crib for control of seismic lateral displacements. In total, 14 piles 
arranged in two rows of 7 piles each are shown. These piles are 762 mm-in diameter with 706 mm-diameter rock 
sockets with a minimum bond length of 3.2 m. The KCB’s drawings and design criteria refer to these piles as 
“displacement control piles”.
The existing tug boat facilities (floats and piles) near the east end of the south jetty are to be removed temporarily 
during reconstruction of the jetty, but it will be reinstated at the same location after construction of the South and 
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West Jetties. The drawings show two 914 mm-diameter steel pipe piles to be installed for the reinstated tug boat 
float. 
The design pile diameters, pile top and toe elevations, and pile lengths are summarized in the tables on Herold’s
Drawing Sheet S19.

3.0 GEOTECHNICAL REVIEW AND VALIDATION OF THE PILE DESIGN
The geotechnical review and validation of the pile foundation design was carried out utilizing available information 
on subsurface conditions and the factored axial compression and tension loads provided by Herold for various 
load combinations. We understand that these design pile loads correspond to the load combinations and 475-yr 
design response spectra in CSA S6-14, and depth of fixity of piles established using the public domain computer 
code ETABS following guidelines given in ASCE 61-14. Based on discussions with Herold, we further understand 
that the pile loads correspond to values computed at the underside of the wharf and therefore they exclude the 
self-weight of piles. The factored design loads provided by Herold on January 19, 2017 for the new West Jetty and 
on 23 January 2017 for the new South Jetty are shown in Tables B-1 and B-2, respectively, in Appendix B of this 
Technical Memorandum.
The pile loads shown in Tables B-1 and B-2 indicate the following:

Computed factored axial compression loads for the piles approach values as high as 5.5 MN/pile with 
approximately 40% of the piles comprising the new South and West Jetties (excluding the displacement 
control piles and tug boat float piles) reaching design compression loads in excess of 4 MN/pile. With a 
geotechnical resistance factor, , equal to 0.5 in compression, an ultimate geotechnical compression capacity 
in excess of 8 MN/pile and as high as 11 MN/pile are required to be developed.
The perimeter piles are subject to factored axial tension loads that vary from 20 kN/pile to values as high as 
1,885 kN/pile. With a geotechnical resistance factor, , equal to 0.3 in tension, a maximum ultimate 
geotechnical tension capacity of the order of 6 MN/pile are required to be developed. The piles with the 
largest tension loads are located towards the west end of the new West Jetty and these piles are embedded 
some 30 m to 40+ m in clay.

Based on our experience with the installation of piles using impact pile driving techniques at the CFB Esquimalt
site and at the 443 Squadron site in Patricia Bay, and in the absence of the results from the pile load testing 
completed previously by the others for the existing steel-piled concrete wharf, we do not consider driving steel 
pipe piles into bedrock to achieve ultimate compression capacities of the order of 8 to 11 MN/pile to be a feasible 
option considering the following:
1) Undulating bedrock surface at the site at times with sharp drops in elevation over short horizontal distances
2) Strength and stiffness of the underlying bedrock. Based on the available test results of the 2 unconfined 

compression strength (UCS) tests completed by KCB in 2010, compressive strength values of 77 MPa and 
54 MPa were obtained from the tested bedrock samples collected in DH09-04 (at 2.4 m depth below bedrock 
surface) and in DH09-05 (at 2.7 m depth below bedrock surface), respectively, and

3) Lack of till confinement in certain areas of the proposed new jetties to hold the piles in place during installation.
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We acknowledge that installing the piles vertically with hardened tips attached to the pile toes would reduce the 
risk of pile toe damage during installation using impact hammers. We envisage that a change to the method of pile 
installation, should such a change is deemed necessary after installation and assessment of load carrying capacity 
of the indicator piles, would be costly and could result in significant delays to the project.
For the reasons noted above, we have classified the piles supporting the proposed new Jetties and the Tug Boat 
Wharf including the displacement control piles into three types:
Type-1: Piles that will be driven and embedded in the glacial deposits, or onto or a small distance into 

bedrock using impact methods and partially filled with concrete (in the upper 10 m)
Type-2: Piles that will be drilled into bedrock, socketed into bedrock, and completely filled with concrete 

along with a reinforcing steel cage
Type-3: Piles that will be driven and embedded in the glacial deposits, or onto or a small distance into 

bedrock using impact methods and not filled with concrete at all – such as the piles proposed for 
the Tug Boat Wharf

Based on our experience with installation of piles using impact driving methods, we consider it impractical or 
difficult to install and confirm the geotechnical load carrying capacity of piles when the available thickness of dense 
till or till-like soils is less than about 5 m. The pile design for the loads provided by Herold has been completed 
with the following additional considerations on ultimate geotechnical load carrying capacities that can be mobilized 
in the underlying soils:

Ultimate geotechnical end bearing resistance of piles driven into glacial till or till-like soils = 2 MPa
Ultimate geotechnical end bearing resistance of piles driven onto bedrock,
or a small distance into bedrock = 7 MPa
Ultimate shaft resistance in glacial till or dense till-like soils = 225 kPa
Ultimate shaft resistance at the rock-grout interface of rock sockets = 1.4 MPa
Ultimate end bearing resistance of rock sockets = 0 MPa
Geotechnical resistance factors for piles in compression and tension of 0.5 and 0.3, respectively, with 
provision for PDA testing of driven piles and static load testing (or equivalent testing) of rock socketed piles.

In order to complete the foundation design, we have interpolated/extrapolated the available and limited subsurface 
data collected at various test hole locations and developed contour maps outlining the inferred top of glacial deposit
(till/till-like) surface and top of bedrock surface. The accuracy of these contour plots varies with location, with 
improved accuracy at the actual test hole locations where both glacial deposits and bedrock have been confirmed,
to upwards of ± 5 m  where data is sparse and/or glacial deposit and bedrock have not been confirmed 
(eg. indicated in the borehole logs as “inferred till?” or “inferred bedrock?”, or in areas where the elevations have 
been extrapolated based on subsurface data from nearby test holes).  The inferred glacial deposit surface and
bedrock surface elevation contours (in Geodetic Datum) are shown on Figures 3-1 and 3-2, respectively. Also 
shown on these figures are the approximate plan locations of the test holes, with the 
confirmed/inferred/extrapolated elevation values (Geodetic Datum) used to develop the contours shown adjacent 
to the corresponding test hole locations. The limited test hole locations where glacial deposit and/or bedrock 
elevations have been confirmed by drilling/sampling are circled (in orange color) in the figures. Note that although 
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a large number of test holes have been drilled within the footprint of the proposed reconstruction of the South and 
West Jetties, the number of locations where glacial deposit and bedrock elevations have been confirmed is limited 
to less than 15.
The pile designs for the “displacement control piles” and the Tug Boat Wharf have not been confirmed since the 
design loads for these piles were still under review by Herold at the time of preparation of this technical 
memorandum.
Consistent with the KCB’s 99% completion design, Type-2 piles that are 762 mm in diameter having a wall 
thickness of 22 mm have been provided with sockets that are 706 mm in nominal diameter. Type-2 piles that are 
914 mm in diameter having a wall thickness of 22 mm have been provided with sockets that are 850 mm in nominal 
diameter. All rock-socketed piles should be drilled into bedrock a distance equal to 1 m measured from the high 
side of bedrock with a sacrificial shoe that is designed to penetrate and develop a seal within granitic bedrock 
underlying the site. The wall and base of all rock sockets should be thoroughly cleaned using water jetting or other 
suitable techniques to remove soil debris adhering to the casings and rock surface or deposited in the socket. The 
sockets should thereafter be inspected using both optical and sonic imaging techniques to confirm the rock 
conditions surrounding the socket and approved as capable of supporting the design loads by qualified 
geotechnical personnel.
The soil inside the lower 5 m of Type-1 piles should not be cleaned after installation. The purpose of this 
recommendation is to minimize soil disturbance during cleaning of piles, thereby minimizing the risk of having a 
lower ultimate geotechnical resistance than required.
The maximum rated energy of the impact hammer selected to install Type-1 and Type-3 piles should be reduced 
by 50% during installation of the last 5 m of the pile. This is to minimize the risk of damage to pile toe during 
installation as Type-3 piles and a number of Type-1 piles will be seated on bedrock or a small distance into bedrock.
KCB specified in their design criteria that API method be used to calculate the ultimate geotechnical compression 
resistance of the steel pipe piles, with the calculated outside skin friction and annulus resistance be reduced to 
80%. As a check, the geotechnical capacity of a selected pile located near the southwest corner of the new West 
Jetty (where great thickness of the overburden soils is present) is calculated using both the API method and LCPC 
method. For a 762 mm diameter pile located near CPT02-03, the shaft resistance (unfactored) in the upper marine 
sediments and Victoria Clay (approximately 42 m in total thickness at this pile location) estimated using the API 
method is about 4.4 MN/pile, whereas the resistance estimated using the LCPC method is approximately 
1.7 MN/pile. Considering the significant variation in the capacities computed using the two methods and variations 
in site soil conditions, we have opted to use the conservatively estimated shaft resistance from the LCPC method 
for foundation design.
Foundation design parameters, established using the methods described above and the factored loads provided 
by Herold, are summarized in Tables C-1 to C-4 attached in Appendix C of this technical memorandum in terms 
of pile classification, casing toe elevation of each pile, design socket diameter, and design socket length (bond 
length). A plot showing the approximate layout of the classified pile types (1 and 2) for the new West and South 
Jetties is shown on the attached Figure C-1 for general reference. Note that the toe elevations of the pile casings 
and rock sockets inferred based on available data have been estimated based on the glacial deposit and bedrock 
contour maps prepared. The actual toe elevations of the piles and sockets may vary by as much as approximately 
± 3 m (in average) from those shown in Tables C-1 to C-4 and provision should be made in the tender documents 
to accommodate such changes resulting from insufficient subsurface data.

The actual toe elevations of the piles and sockets may vary by as much as approximately 
± 3 m (in average) from those shown in Tables C-1 to C-4 and provision should be made in the tender documents 
to accommodate such changes resulting from insufficient subsurface data.
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Additional geotechnical review and analyses are currently being carried out by Golder taking into consideration 
such new information as additional historical test hole data and pile load tests carried out on driven 558 mm 
diameter steel pipe piles during construction of the existing concrete wharf. The new information was recently
made available to Golder during discussions we had with Herold. Revisions to the pile design recommendations 
will be made and revised pile tables (Tables C-1 to C-4 and Figure C-1) will be issued on or before 3 March 2017.

3.1 Additional Geotechnical Review Tasks and Analyses (To Be Carried Out)
To date, we have only completed a preliminary review of the impact of soil liquefaction and associated 
consequences such as lateral and vertical soil displacements on the proposed new foundations.
Our review of soil stratigraphy sections across the subject areas of the site indicates that the area south of the 
Graving Dock and underlying the L-Shaped Concrete Wharf, are underlain by potentially liquefiable soils to depths 
of the order of 20+ m. While the existing tied-back sheet pile wall between the Graving Dock and the L-Shaped 
Concrete Wharf may likely reduce the liquefaction-induced soil displacements and the resulting impact on the 
L-Shaped Concrete Wharf, the adequacy of the 300 mm seismic gap between the L-Shaped Concrete Wharf and 
the new South Jetty needs to be confirmed by completing soil-structure analyses. We are currently in the process 
of completing some of the initial analyses required.
Our review of site soil conditions indicates that the proposed new West Jetty is predominantly underlain by 
cohesive fine-grained marine sediments and clay. As such, soil liquefaction effects are assessed to be less severe
for the new West Jetty than for the new South Jetty. Nevertheless, the effects of kinematic loading on these piles 
need to be assessed and the design should be confirmed.
Also, we were awaiting confirmation of foundation loads for the “displacement control piles” and Tug Boat Wharf
piles, and lateral loads for the new West and South Jetties piles at the time of preparation of this technical 
memorandum. The foundation design for these specific structures will be confirmed upon receipt of the detailed 
loading for these piled structures.

4.0 REVISIONS TO TECHNICAL SPECIFICATIONS – PILE FOUNDATIONS
The Technical Specifications for Pile Foundations were reviewed and modified to suit the pile design 
recommendations presented above in Section 3.0. The modifications include: re-classification of pile types 
(i.e. Type-1, Type-2 and Type-3 Piles), pile installation methodology, and pile testing requirements. The revised 
Technical Specifications are included in Appendix C of this Technical Memorandum.

5.0 PROPOSED PATH FORWARD
Considering the tight timelines established for the project, Golder has embraced the concept of installation of 
“Indicator Piles” earlier on in the construction phase (as proposed by KCB) to confirm the driveability of pipe piles 
and the ultimate geotechnical resistance that can be mobilised in the Type 1 and Type 2 piles.
The installation of a series of some twenty “Indicator Piles” distributed throughout the new jetties at the on-set of 
the construction phase will have a significant impact on the efficient installation of piles and hence the schedule 
and cost of jetty completion. The pile installation difficulties associated with restricted barge access to pile locations 
may be minimized by installing the “Indicator Piles” in blocks or stages. Alternatively, consideration may be given 
to completing an offshore drilling program to confirm soil and bedrock conditions at approximately two dozen 
locations distributed throughout the proposed new West and South Jetties, where adequate subsurface 
information does not exist.

Considering the tight timelines established for the project, Golder has embraced the concept of installation of 
“Indicator Piles” earlier on in the construction phase 

The installation of a series of some twenty “Indicator Piles” distributed throughout the new jetties at the on-set of 
the construction phase will have a significant impact on the efficient installation of piles and hence the schedule 
and cost of jetty completion. The pile installation difficulties associated with restricted barge access to pile locations 
may be minimized by installing the “Indicator Piles” in blocks or stages. Alternatively, consideration may be given 
to completing an offshore drilling program to confirm soil and bedrock conditions at approximately two dozen 
locations distributed throughout the proposed new West and South Jetties, where adequate subsurface 
information does not exist.
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APPENDIX B -Pile Design Loads Provided By Herold Engineering



WEST JETTY PILES 
(tension in red)

BAY BAY
PILE DIA ELEVATION DESIGN DESIGN DESIGN AXIAL LOAD AXIAL LOAD AXIAL combo1 combo2 combo3

Fact Fact Mftop Mfbot Vt fixity height assumed elevation of 0.8D+1.0E
LINE LINE OF TOP TOE PILE ELEV ELEV COATING LIVE DEAD SEISMIC 1.2D+1.6L 1.2D+.5L+1.0E kNm at top from top of pile fixity

OF PILE ELEVATIONLENGTH DREDGING ARMOUR LENGTH kN kN max [CorT] Axial [kN] Axial [kN] kNm kNm of pile [kN] m m
1 A 762 2.555 -52 55 -11 -8 22 389 705 1862 1468 2903 2100 2000 350 14.6 -12.1 -1298.0
1 B1 762 2.555 -56 59 -11 -8 21 481 822 2460 1756 3687 2100 2000 350 14.6 -12.1 -1802.4
1 D1 762 2.555 -56 59 -11 -8 21 621 956 2650 2141 4108 2100 2000 350 14.6 -12.1 -1885.2
1 E1 762 2.555 -55 58 -11 -8 21 596 926 2426 2065 3835 2100 2000 350 14.6 -12.1 -1685.2
1 F1 762 2.555 -55 58 -11 -8 21 420 777 2012 1604 3154 2100 2000 350 14.6 -12.1 -1390.4
1 P 762 2.555 -49 52 -11 -8 21 295 725 1959 1342 2977 2100 2000 350 14.6 -12.1 -1379.0
2 B1 762 2.555 -57 60 -11 -8 21 688 833 75 2100 1419 2100 2000 350 14.6 -12.1 591.4
2 D1 762 2.555 -56 59 -11 -8 21 911 984 105 2638 1741 2100 2000 350 14.6 -12.1 682.2
2 E1[E2] 762 2.555 -55 58 -11.0 -8.0 21 896 965 86 2592 1692 2100 2000 350 14.6 -12.1 686.0
2 F1 762 2.555 -54 57 -11.0 -8.0 21 606 798 80 1927 1341 2100 2000 350 14.6 -12.1 558.4
3 A 762 2.555 -54 57 -11.0 -8.0 21 739 821 1902 2168 3257 2100 2000 350 14.6 -12.1 -1245.2
3 B 762 2.555 -58 61 -11.0 -8.0 21 803 846 1676 2300 3093 2100 2000 350 14.6 -12.1 -999.2
3 C 762 3.4 -58 61 -11.0 -8.0 21 919 914 1509 2567 3065 2100 2000 350 14.6 -11.2 -777.8
3 D 762 3.4 -63 66 -11.0 -8.0 21 1104 1034 1819 3007 3612 2100 2000 350 14.6 -11.2 -991.8
3 E 762 3.4 -63 66 -11.0 -8.0 21 1144 1052 1777 3093 3611 2100 2000 350 14.6 -11.2 -935.4
3 F 762 3.4 -62 65 -11.0 -8.0 21 943 916 1547 2608 3118 2100 2000 350 14.6 -11.2 -814.2
3 M 762 3.4 -54 57 -11.0 -8.0 21 767 840 1439 2235 2831 2100 2000 350 14.6 -11.2 -767.0
3 N 762 2.555 -54 57 -11.0 -8.0 21 750 914 1025 2297 2497 2100 2000 350 14.6 -12.1 -293.8
3 P 762 2.555 -47 50 -11.0 -8.0 21 696 1074 804 2402 2441 2100 2000 350 14.6 -12.1 55.2
4 A 762 2.555 -55 58 -11.0 -8.0 21 1010 888 734 2682 2305 2100 2000 350 14.6 -12.1 -23.6
4 B 762 2.555 -58 61 -11.0 -8.0 21 1346 1103 56 3477 2053 2100 2000 350 14.6 -12.1 826.4
4 C 762 3.4 -58 61 -11.0 -8.0 21 1621 1279 204 4128 2549 2100 2000 350 14.6 -11.2 819.2
4 D 762 3.4 -63 66 -11.0 -8.0 21 2093 1581 161 5246 3105 2100 2000 350 14.6 -11.2 1103.8
4 E 762 3.4 -62 65 -11.0 -8.0 21 2213 1650 11 5521 3098 2100 2000 350 14.6 -11.2 1309.0
4 F 762 3.4 -61 64 -11.0 -8.0 21 2057 1528 161 5125 3023 2100 2000 350 14.6 -11.2 1061.4
4 G 762 3.4 -60 63 -11.0 -8.0 21 1532 1194 240 3884 2439 2100 2000 350 14.6 -11.2 715.2
4 M 762 3.4 -53 56 -11.0 -8.0 21 1320 1097 292 3428 2268 2100 2000 350 14.6 -11.2 585.6
4 N 762 2.555 -52 55 -11.0 -8.0 21 1182 1129 225 3246 2171 2100 2000 350 14.6 -12.1 678.2
4 P 762 2.555 -45 48 -11.0 -8.0 21 1029 1323 1073 3234 3175 2100 2000 350 14.6 -12.1 -14.6
5 A 762 2.555 -52 55 -11.5 -8.0 21 1013 889 733 2688 2306 2100 2000 350 14.6 -12.1 -21.8
5 B 762 2.555 -57 60 -11.5 -8.0 21 1346 1102 58 3476 2053 2100 2000 350 14.6 -12.1 823.6
5 C 762 3.525 -56 60 -11.5 -8.0 21 1616 1275 200 4116 2538 2100 2000 350 14.6 -11.1 820.0
5 D 762 3.525 -62 66 -11.5 -8.0 21 2070 1566 155 5191 3069 2100 2000 350 14.6 -11.1 1097.8
5 E 762 3.525 -61 65 -11.5 -8.0 21 2190 1641 32 5473 3096 2100 2000 350 14.6 -11.1 1280.8
5 F 762 3.525 -59 63 -11.5 -8.0 21 2209 1644 17 5507 3094 2100 2000 350 14.6 -11.1 1298.2
5 G 762 3.525 -58 62 -11.5 -8.0 21 2177 1604 125 5408 3138 2100 2000 350 14.6 -11.1 1158.2
5 M 762 3.525 -50 54 -11.5 -8.0 21 1650 1316 407 4219 2811 2100 2000 350 14.6 -11.1 645.8
5 N 762 2.555 -49 52 -11.5 -8.0 21 1249 1181 373 3416 2415 2100 2000 350 14.6 -12.1 571.8
5 P 762 2.555 -43 46 -11.5 -8.0 21 811 1197 851 2734 2693 2100 2000 350 14.6 -12.1 106.6
6 A 762 2.555 -50 53 -11.5 -8.0 22 1013 889 733 2688 2306 2100 2000 350 14.6 -12.1 -21.8
6 B 762 2.555 -54 57 -11.5 -8.0 21 1347 1103 58 3479 2055 2100 2000 350 14.6 -12.1 824.4
6 C 762 3.4 -54 57 -11.5 -8.0 21 1617 1276 200 4118 2540 2100 2000 350 14.6 -11.2 820.8
6 D 762 3.4 -60 63 -11.5 -8.0 21 2071 1566 154 5193 3069 2100 2000 350 14.6 -11.2 1098.8
6 E 762 3.4 -59 62 -11.5 -8.0 21 2184 1638 30 5460 3088 2100 2000 350 14.6 -11.2 1280.4
6 F 762 3.4 -58 61 -11.5 -8.0 21 2181 1633 15 5449 3065 2100 2000 350 14.6 -11.2 1291.4
6 G 762 3.4 -56 59 -11.5 -8.0 21 2148 1599 54 5356 3047 2100 2000 350 14.6 -11.2 1225.2
6 H 762 3.4 -55 58 -11.5 -8.0 21 1921 1446 173 4809 2869 2100 2000 350 14.6 -11.2 983.8
6 M 762 3.4 -47 50 -11.5 -8.0 21 1526 1256 376 3949 2646 2100 2000 350 14.6 -11.2 628.8
6 N 762 2.555 -47 50 -11.5 -8.0 21 1242 1204 345 3432 2411 2100 2000 350 14.6 -12.1 618.2
6 P 762 2.555 -40 43 -11.5 -8.0 21 793 1231 884 2746 2758 2100 2000 350 14.6 -12.1 100.8
7 A 762 2.555 -48 51 -11.5 -8.0 21 1012 889 733 2686 2306 2100 2000 350 14.6 -12.1 -21.8
7 B 762 2.555 -53 56 -11.5 -8.0 21 1347 1103 58 3479 2055 2100 2000 350 14.6 -12.1 824.4
7 C 762 3.525 -52 56 -11.5 -8.0 21 1618 1276 200 4120 2540 2100 2000 350 14.6 -11.1 820.8
7 D 762 3.525 -54 58 -11.5 -8.0 21 2072 1566 151 5194 3066 2100 2000 350 14.6 -11.1 1101.8
7 E 762 3.525 -52 56 -11.5 -8.0 21 2178 1634 27 5446 3077 2100 2000 350 14.6 -11.1 1280.2
7 F 762 3.525 -48 52 -11.5 -8.0 21 2166 1627 7 5418 3042 2100 2000 350 14.6 -11.1 1294.6
7 G 762 3.525 -43 47 -11.5 -8.0 21 2164 1622 14 5409 3042 2100 2000 350 14.6 -11.1 1283.6
7 H 762 3.525 -39 43 -11.5 -8.0 21 2094 1560 104 5222 3023 2100 2000 350 14.6 -11.1 1144.0
7 J 762 3.525 -35 39 -11.5 -8.0 21 1759 1337 233 4419 2717 2100 2000 350 14.6 -11.1 836.6
7 M 762 3.525 -33 37 -11.5 -8.0 21 1516 1220 343 3890 2565 2100 2000 350 14.6 -11.1 633.0
7 N 762 2.555 -31 34 -11.5 -8.0 21 1289 1188 299 3488 2369 2100 2000 350 14.6 -12.1 651.4
7 P 762 2.555 -30 33 -11.5 -8.0 21 803 1172 1009 2691 2817 2100 2000 350 14.6 -12.1 -71.4
8 A 762 2.555 -49 52 -11.5 -8.0 21 1012 888 733 2685 2305 2100 2000 350 14.6 -12.1 -22.6
8 B 762 2.555 -52 55 -11.5 -8.0 21 1347 1103 58 3479 2055 2100 2000 350 14.6 -12.1 824.4
8 C 762 3.4 -51 54 -11.5 -8.0 21 1618 1276 200 4120 2540 2100 2000 350 14.6 -11.2 820.8
8 D 762 3.4 -51 54 -11.5 -8.0 21 2070 1565 151 5190 3064 2100 2000 350 14.6 -11.2 1101.0
8 E 762 3.4 -48 51 -11.5 -8.0 21 2177 1633 24 5443 3072 2100 2000 350 14.6 -11.2 1282.4
8 F 762 3.4 -43 46 -11.5 -8.0 21 2168 1627 4 5421 3040 2100 2000 350 14.6 -11.2 1297.6
8 G 762 3.4 -39 42 -11.5 -8.0 21 2174 1630 10 5434 3053 2100 2000 350 14.6 -11.2 1294.0
8 H 762 3.4 -35 38 -11.5 -8.0 21 2111 1588 37 5283 2998 2100 2000 350 14.6 -11.2 1233.4
8 J 762 3.4 -31 34 -11.5 -8.0 21 1712 1334 158 4340 2615 2100 2000 350 14.6 -11.2 909.2
8 J1 762 3.4 -29 32 -11.5 -8.0 21 1251 1051 206 3263 2093 2100 2000 350 14.6 -11.2 634.8
8 M 762 3.4 -28 31 -11.5 -8.0 21 1014 927 390 2735 2009 2100 2000 350 14.6 -11.2 351.6
8 N 762 2.555 -27 30 -11.5 -8.0 21 937 934 513 2620 2102 2100 2000 350 14.6 -12.1 234.2
8 P 762 2.555 -26 29 -11.5 -8.0 21 631 909 572 2100 1978 2100 2000 350 14.6 -12.1 155.2
9 A 762 2.555 -46 49 -10.5 -8.0 21 858 808 733 2342 2132 2100 2000 350 14.6 -12.1 -86.6
9 B 762 2.555 -50 53 -10.5 -8.0 21 1308 1082 58 3391 2010 2100 2000 350 14.6 -12.1 807.6
9 C 762 3.525 -49 53 -10.5 -8.0 21 1619 1277 201 4123 2543 2100 2000 350 14.6 -11.1 820.6
9 D 762 3.525 -45 49 -10.5 -8.0 21 2097 1580 157 5251 3102 2100 2000 350 14.6 -11.1 1107.0
9 E 762 3.525 -42 46 -10.5 -8.0 21 2211 1653 25 5521 3114 2100 2000 350 14.6 -11.1 1297.4
9 F 762 3.525 -38 42 -10.5 -8.0 21 2130 1604 55 5333 3045 2100 2000 350 14.6 -11.1 1228.2
9 G 762 3.525 -34 38 -10.5 -8.0 21 1795 1396 153 4547 2726 2100 2000 350 14.6 -11.1 963.8
9 H 762 3.525 -31 35 -10.5 -8.0 21 1376 1134 36 3562 2085 2100 2000 350 14.6 -11.1 871.2
9 J 762 3.525 -27 31 -10.5 -8.0 21 1896 1442 131 4764 2809 2100 2000 350 14.6 -11.1 1022.6
9 K 762 3.498 -23 26 -10.5 -8.0 21 2381 1703 156 5853 3390 2100 2000 350 14.6 -11.1 1206.4
9 M 762 3.373 -22 25 -10.5 -8.0 21 2100 1564 376 5237 3303 2100 2000 350 14.6 -11.3 875.2
9 N 762 2.555 -22 25 -10.5 -8.0 21 1635 1397 258 4292 2752 2100 2000 350 14.6 -12.1 859.6
9 P 762 2.555 -22 25 -10.5 -8.0 21 976 1286 1232 3105 3263 2100 2000 350 14.6 -12.1 -203.2

10 A 762 2.555 -44 47 -10.5 -8.0 21 353 560 734 1237 1583 2100 2000 350 14.6 -12.1 -286.0
10 B 762 2.555 -42 45 -10.5 -8.0 21 635 777 58 1948 1308 2100 2000 350 14.6 -12.1 563.6
10 C 762 3.4 -40 43 -10.5 -8.0 21 809 906 200 2382 1692 2100 2000 350 14.6 -11.2 524.8
10 D 762 3.4 -39 42 -10.5 -8.0 21 1050 1050 158 2940 1943 2100 2000 350 14.6 -11.2 682.0
10 E 762 3.4 -36 39 -10.5 -8.0 21 1096 1072 31 3040 1865 2100 2000 350 14.6 -11.2 826.6
10 F 762 3.4 -33 36 -10.5 -8.0 21 1077 1059 44 2994 1853 2100 2000 350 14.6 -11.2 803.2
10 G 762 3.4 -30 33 -10.5 -8.0 21 1037 1042 175 2910 1944 2100 2000 350 14.6 -11.2 658.6
10 H 914 3.4 -28 31 -10.5 -8.0 21 1101 1143 183 3133 2105 2100 2000 350 14.6 -11.2 731.4
10 J 914 3.4 -26 29 -10.5 -8.0 21 1083 1140 37 3101 1947 2100 2000 350 14.6 -11.2 875.0
10 K 914 3.248 -24 27 -10.5 -8.0 21 1059 1117 57 3035 1927 2100 2000 350 14.6 -11.4 836.6
10 L 914 3.151 -22 25 -10.5 -8.0 21 860 962 48 2530 1632 2100 2000 350 14.6 -11.5 721.6
10 M 762 3.06 -20 23 -10.5 -8.0 21 533 712 383 1707 1504 2100 2000 350 14.6 -11.6 186.6
10 N 762 2.555 -19 22 -10.5 -8.0 21 416 671 826 1471 1839 2100 2000 350 14.6 -12.1 -289.2
10 P 762 2.555 -19 22 -10.5 -8.0 21 338 709 950 1392 1970 2100 2000 350 14.6 -12.1 -382.8

Base Shear 35700 kN



SOUTH JETTY PILES tension in red
combo1 combo2 Combo 3

BAY BAY PILE DIA ELEVATION DESIGN DESIGN DESIGN Elev Elev AXIAL LOAD AXIAL LOADSeismic Fact Fact Mftop Mfbot Vt assumed fixity assumed elevation 0.8D+1.0E
LINE LINE OF TOP TOE PILE COATING dredging armour LIVE DEAD max C or T 1.2D+1.6L 1.2D+.5L+1.0E at top from top of pile of fixity

OF PILE ELEVATIONLENGTH LENGTH kN kN Axial [kN] Axial [kN] kNm kNm of pile [kN] m  [m]
11 A 762 2.555 -44 47 22 -10.5 -8.5 301 643 201 1253 1123 450 500 90 13.2 -10.6 313.40
11 B 762 2.555 -46 49 21 -9.8 -7.0 395 644 219 1405 1189 500 500 100 12.5 -9.9 296.20
11 C 914 3.4 -44 47 21 -8.5 -5.0 567 815 381 1885 1643 1450 1250 320 10.5 -7.1 271.00
11 C1 914 3.4 -42 45 21 -6.0 -4.0 651 860 567 2074 1925 1450 1250 320 10.5 -7.1 121.00
11 D1 914 3.4 -39 42 21 -5.0 -2.5 564 813 1135 1878 2393 2632 2500 1200 5.3 -1.9 -484.60
12 A 762 2.555 -44 47 21 -10.5 -8.5 794 990 202 2458 1787 450 500 90 13.2 -10.6 590.00
12 B 762 2.555 -47 50 21 -9.8 -7.0 968 980 156 2725 1816 500 500 100 12.5 -9.9 628.00
12 C 914 3.4 -46 49 21 -8.5 -5.0 1352 1232 248 3642 2402 1450 1250 320 10.5 -7.1 737.60
12 C1 914 3.4 -44 47 21 -6.0 -4.0 1504 1265 386 3924 2656 1450 1250 320 10.5 -7.1 626.00
12 D1 914 3.4 -40 43 21 -5.0 -2.5 1400 1198 868 3678 3006 2632 2500 1200 5.3 -1.9 90.40
13 A 762 2.555 -43 46 21 -10.5 -8.5 1093 1219 207 3212 2216 450 500 90 13.2 -10.6 768.20
13 B 762 2.555 -47 50 21 -9.8 -7.0 1316 1189 160 3532 2245 500 500 100 12.5 -9.9 791.20
13 C 914 3.4 -45 48 21 -8.5 -5.0 1829 1477 172 4699 2859 1450 1250 320 10.5 -7.1 1009.60
13 C1 914 3.4 -42 45 21 -6.0 -4.0 2030 1497 351 5044 3162 1450 1250 320 10.5 -7.1 846.60
13 D1 914 3.4 -41 44 21 -5.0 -2.5 1893 1414 891 4726 3534 2632 2500 1200 5.3 -1.9 240.20
14 A 762 2.555 -42 45 21 -10.5 -8.5 1034 1191 212 3084 2158 450 500 90 13.2 -10.6 740.80
14 B 762 2.555 -44 47 21 -9.8 -7.0 1263 1160 164 3413 2188 500 500 100 12.5 -9.9 764.00
14 C 914 3.4 -42 45 21 -8.5 -5.0 1764 1440 175 4550 2785 1450 1250 320 10.5 -7.1 977.00
14 C1 914 3.4 -38 41 21 -6.0 -4.0 1961 1459 357 4888 3088 1450 1250 320 10.5 -7.1 810.20
14 D1 914 3.4 -34 37 21 -5.0 -2.5 1814 1375 908 4552 3465 2632 2500 1200 5.3 -1.9 192.00
15 A 762 2.555 -42 45 21 -10.0 -7.5 1031 1189 215 3076 2157 450 500 90 13.2 -10.6 736.20
15 B 762 2.555 -41 44 21 -8.0 -5.3 1262 1159 166 3410 2188 500 500 100 12.5 -9.9 761.20
15 C 914 3.4 -39 42 21 -6.0 -4.0 1765 1440 178 4552 2789 1450 1250 320 10.5 -7.1 974.00
15 C1 914 3.4 -37 40 21 -5.3 -2.5 1963 1460 363 4893 3097 1450 1250 320 10.5 -7.1 805.00
15 D1 914 3.4 -34 37 21 -4.3 -2.0 1816 1376 923 4557 3482 2632 2500 1200 5.3 -1.9 177.80
16 A 762 2.555 -42 45 21 -10.0 -7.5 1032 1189 219 3078 2162 450 500 90 13.2 -10.6 732.20
16 B 762 2.555 -40 43 21 -8.0 -5.3 1263 1160 169 3413 2193 500 500 100 12.5 -9.9 759.00
16 C 914 3.4 -39 42 21 -6.0 -4.0 1766 1441 180 4555 2792 1450 1250 320 10.5 -7.1 972.80
16 C1 914 3.4 -36 39 21 -5.3 -2.5 1964 1460 368 4894 3102 1450 1250 320 10.5 -7.1 800.00
16 D1 914 3.4 -34 37 21 -4.3 -2.0 1817 1371 936 4552 3490 2632 2500 1200 5.3 -1.9 160.80
17 A 762 2.555 -42 45 21 -10.0 -7.5 1032 1189 221 3078 2164 450 500 90 13.2 -10.6 730.20
17 B 762 2.555 -40 43 21 -8.0 -5.3 1263 1160 171 3413 2195 500 500 100 12.5 -9.9 757.00
17 C 914 3.4 -39 42 21 -6.0 -4.0 1766 1441 182 4555 2794 1450 1250 320 10.5 -7.1 970.80
17 C1 914 3.4 -37 40 21 -5.3 -2.5 1964 1460 373 4894 3107 1450 1250 320 10.5 -7.1 795.00
17 D1 914 3.4 -35 38 21 -4.3 -2.0 1817 1376 947 4558 3507 2632 2500 1200 5.3 -1.9 153.80
18 A 762 2.555 -42 45 21 -10.0 -7.5 1032 1189 223 3078 2166 450 500 90 13.2 -10.6 728.20
18 B 762 2.555 -41 44 21 -8.0 -5.3 1263 1160 172 3413 2196 500 500 100 12.5 -9.9 756.00
18 C 914 3.4 -39 42 21 -6.0 -4.0 1766 1441 184 4555 2796 1450 1250 320 10.5 -7.1 968.80
18 C1 914 3.4 -37 40 21 -5.3 -2.5 1964 1460 375 4894 3109 1450 1250 320 10.5 -7.1 793.00
18 D1 914 3.4 -35 38 22 -4.3 -2.0 1817 1376 955 4558 3515 2632 2500 1200 5.3 -1.9 145.80
19 A 762 2.555 -42 45 21 -10.0 -7.5 1032 1190 225 3079 2169 450 500 90 13.2 -10.6 727.00
19 B 762 2.555 -41 44 21 -8.0 -5.3 1263 1160 174 3413 2198 500 500 100 12.5 -9.9 754.00
19 C 914 3.4 -39 42 21 -6.0 -4.0 1766 1441 185 4555 2797 1450 1250 320 10.5 -7.1 967.80
19 C1 914 3.4 -38 41 21 -5.3 -2.5 1964 1460 378 4894 3112 1450 1250 320 10.5 -7.1 790.00
19 D1 914 3.4 -36 39 21 -4.3 -2.0 1817 1371 961 4552 3515 2632 2500 1200 5.3 -1.9 135.80
20 A 762 2.555 -42 45 21 -10.0 -7.5 1032 1190 226 3079 2170 450 500 90 13.2 -10.6 726.00
20 B 762 2.555 -42 45 21 -8.0 -5.3 1263 1160 174 3413 2198 500 500 100 12.5 -9.9 754.00
20 C 914 3.4 -41 44 21 -6.0 -4.0 1766 1441 185 4555 2797 1450 1250 320 10.5 -7.1 967.80
20 C1 914 3.4 -39 42 21 -5.3 -2.5 1964 1460 379 4894 3113 1450 1250 320 10.5 -7.1 789.00
20 D1 914 3.4 -37 40 21 -4.3 -2.0 1817 1376 964 4558 3524 2632 2500 1200 5.3 -1.9 136.80
21 A 762 2.555 -42 45 21 -10.0 -7.5 1032 1190 226 3079 2170 450 500 90 13.2 -10.6 726.00
21 B 762 2.555 -42 45 21 -8.0 -5.3 1263 1160 174 3413 2198 500 500 100 12.5 -9.9 754.00
21 C 914 3.4 -42 45 21 -6.0 -4.0 1766 1441 185 4555 2797 1450 1250 320 10.5 -7.1 967.80
21 C1 914 3.4 -41 44 21 -5.3 -2.5 1964 1460 379 4894 3113 1450 1250 320 10.5 -7.1 789.00
21 D1 914 3.4 -39 42 21 -4.3 -2.0 1817 1376 964 4558 3524 2632 2500 1200 5.3 -1.9 136.80
22 A 762 2.555 -42 45 21 -10.0 -7.5 1032 1190 226 3079 2170 450 500 90 13.2 -10.6 726.00
22 B 762 2.555 -42 45 21 -8.0 -5.3 1263 1160 174 3413 2198 500 500 100 12.5 -9.9 754.00
22 C 914 3.4 -42 45 21 -6.0 -4.0 1766 1441 185 4555 2797 1450 1250 320 10.5 -7.1 967.80
22 C1 914 3.4 -41 44 21 -5.3 -2.5 1964 1460 379 4894 3113 1450 1250 320 10.5 -7.1 789.00
22 D1 914 3.4 -39 42 21 -4.3 -2.0 1817 1376 964 4558 3524 2632 2500 1200 5.3 -1.9 136.80
23 A 762 2.555 -38 41 21 -10.0 -7.5 1032 1189 226 3078 2169 450 500 90 13.2 -10.6 725.20
23 B 762 2.555 -38 41 21 -8.0 -5.3 1263 1160 174 3413 2198 500 500 100 12.5 -9.9 754.00
23 C 914 3.4 -38 41 21 -6.0 -4.0 1766 1440 185 4554 2796 1450 1250 320 10.5 -7.1 967.00
23 C1 914 3.4 -37 40 21 -5.3 -2.5 1964 1460 379 4894 3113 1450 1250 320 10.5 -7.1 789.00
23 D1 914 3.4 -36 39 21 -4.3 -2.0 1817 1375 964 4557 3523 2632 2500 1200 5.3 -1.9 136.00
24 A 762 2.555 -34 37 21 -10.0 -7.5 1067 1193 226 3139 2191 450 500 90 13.2 -10.6 728.40
24 B 762 2.555 -34 37 21 -8.0 -5.3 1296 1163 174 3469 2218 500 500 100 12.5 -9.9 756.40
24 C 914 3.4 -34 37 21 -6.0 -4.0 1808 1443 185 4624 2821 1450 1250 320 10.5 -7.1 969.40
24 C1 914 3.4 -35 38 21 -5.3 -2.5 2011 1461 379 4971 3138 1450 1250 320 10.5 -7.1 789.80
24 D1 914 3.4 -34 37 21 -4.3 -2.0 1871 1375 964 4644 3550 2632 2500 1200 5.3 -1.9 136.00
25 A 762 2.555 -33 36 21 -10.0 -7.5 1014 1203 223 3066 2174 450 500 90 13.2 -10.6 739.40
25 B 762 2.555 -34 37 21 -8.0 -5.3 1248 1177 172 3409 2208 500 500 100 12.5 -9.9 769.60
25 C 914 3.4 -36 39 21 -6.0 -4.0 1765 1465 184 4582 2825 1450 1250 320 10.5 -7.1 988.00
25 C1 914 3.4 -37 40 21 -5.3 -2.5 2060 1487 376 5080 3190 1450 1250 320 10.5 -7.1 813.60
25 D1 914 3.4 -36 39 21 -4.3 -2.0 1755 1403 956 4492 3517 2632 2500 1200 5.3 -1.9 166.40
26 A 762 2.555 -31 34 21 -7.5 -5.0 732 957 222 2320 1736 500 520 90 14.2 -11.6 543.60
26 B 762 2.555 -32 35 21 -5.0 -1.5 913 947 171 2597 1764 550 520 110 12.2 -9.6 586.60
26 C 914 3.4 -32 35 21 -2.5 0.0 1288 1192 183 3491 2257 1550 1300 350 10.2 -6.8 770.60
26 C1 914 3.4 -32 35 21 -2.0 1.5 1441 1229 374 3780 2569 1550 1300 350 10.2 -6.8 609.20
26 D1 914 3.525 -31 35 21 0.0 2.5 1318 1162 951 3503 3004 2850 2500 1300 5.1 -1.6 -21.40
27 A 762 2.555 -27 30 21 -7.5 -5.0 504 800 222 1766 1434 500 520 90 14.2 -11.6 418.00
27 B 762 2.555 -26 29 21 -5.0 -1.5 626 780 171 1938 1420 550 520 110 12.2 -9.6 453.00
27 C 914 3.4 -26 29 21 -2.5 0.0 879 977 183 2579 1795 1550 1300 350 10.2 -6.8 598.60
27 C1 914 3.4 -25 28 21 -2.0 1.5 988 1018 374 2802 2090 1550 1300 350 10.2 -6.8 440.40
27 D1 914 3.4 -25 28 21 0.0 2.5 860 963 951 2532 2537 2850 2500 1300 5.1 -1.7 -180.60
28 A 762 2.555 -24 27 21 -7.5 -5.0 753 967 222 2365 1759 500 520 90 14.2 -11.6 551.60
28 B 762 2.555 -24 27 21 -5.0 -1.5 932 956 171 2638 1784 550 520 110 12.2 -9.6 593.80
28 C 914 3.4 -22 25 21 -2.5 0.0 1314 1204 183 3547 2285 1550 1300 350 10.2 -6.8 780.20
28 C1 914 3.4 -22 25 21 -2.0 1.5 1479 1246 374 3862 2609 1550 1300 350 10.2 -6.8 622.80
28 D1 914 3.4 -20 23 21 0.0 2.5 1367 1185 951 3609 3057 2850 2500 1300 5.1 -1.7 -3.00
29 A 762 2.555 -22 25 21 -7.5 -5.0 1163 1258 236 3370 2327 500 520 90 14.2 -11.6 770.40
29 B 762 2.555 -21 24 21 -5.0 -1.5 1316 1191 181 3535 2268 550 520 110 12.2 -9.6 771.80
29 C 914 3.4 -20 23 21 -2.5 0.0 1723 1426 182 4468 2755 1550 1300 350 10.2 -6.8 958.80
29 C1 914 3.4 -20 23 21 -2.0 1.5 1512 1244 333 3912 2582 1550 1300 350 10.2 -6.8 662.20
29 D1' 914 3.4 -20 23 21 0.0 2.5 935 967 976 2656 2604 2850 2500 1300 5.1 -1.7 -202.40
30 A 762 2.555 -21 24 21 -4.0 -1.0 1216 1312 296 3520 2478 500 550 100 13.1 -10.6 753.60
30 B 762 2.555 -20 23 21 -1.3 0.0 1190 1138 188 3270 2149 550 550 110 12.5 -9.9 722.40
30 C 914 3.4 -20 23 21 0.0 1.5 1295 1199 41 3511 2127 1550 1500 350 10.9 -7.5 918.2030 C1- 914 3.4 -20 23 21 1.0 3.0 534 670 517 1658 1588 1550 1500 350 10.9 -7.5 19.00
31 A 762 2.555 -20 23 21 -4.0 -1.0 510 825 386 1806 1631 550 550 100 13.8 -11.2 274.00
31 B 762 2.555 -20 23 21 -1.3 0.0 425 643 124 1452 1108 550 550 110 12.5 -9.9 390.40
31 C 914 3.4 -20 23 21 0.0 1.5 385 574 485 1305 1366 1550 1300 350 10.2 -6.8 -25.80

Base Shear 40720 kN



APPENDIX C -Summary Tables and Revised Technical Specifications 
for Pile Foundations



2000 kPa
7000 kPa
225 kPa
1400 kPa
0.5 CSA S6 14
0.3 CSA S6 14

Pile Type Socket Diameter
(mm) Socket Length (m)

1 A 762 22 Type I N/A N/A 59 2903 1298
1 B1 762 22 Type I N/A N/A 61 3687 1802
1 D1 762 22 Type I N/A N/A 54 4108 1885
1 E1 762 22 Type I N/A N/A 52 3835 1685
1 F1 762 22 Type I N/A N/A 50 3154 1390
1 P 762 22 Type 2 706 46 44 2 2977 1379
2 B1 762 22 Type I N/A N/A 57 2100 0
2 D1 762 22 Type I N/A N/A 54 2638 0
2 E1[E2] 762 22 Type I N/A N/A 52 2592 0
2 F1 762 22 Type I N/A N/A 49 1927 0
3 A 762 22 Type I N/A N/A 60 3257 1245
3 B 762 22 Type I N/A N/A 58 3093 999
3 C 762 22 Type I N/A N/A 58 3065 778
3 D 762 22 Type I N/A N/A 54 3612 992
3 E 762 22 Type I N/A N/A 56 3611 935
3 F 762 22 Type I N/A N/A 55 3118 814
3 M 762 22 Type I N/A N/A 49 2831 767
3 N 762 22 Type I N/A N/A 48 2497 294
3 P 762 22 Type 2 706 44 42 2 2441 0
4 A 762 22 Type I N/A N/A 57 2682 24
4 B 762 22 Type I N/A N/A 58 3477 0
4 C 762 22 Type I N/A N/A 58 4128 0
4 D 762 22 Type 2 706 55 53 2 5246 0
4 E 762 22 Type 2 706 54 51 3 5521 0
4 F 762 22 Type 2 706 52 50 2 5125 0
4 G 762 22 Type I N/A N/A 47 3884 0
4 M 762 22 Type 2 706 43 41 2 3428 0
4 N 762 22 Type 2 706 42 40 2 3246 0
4 P 762 22 Type 2 706 41 39 2 3234 15
5 A 762 22 Type I N/A N/A 56 2688 22
5 B 762 22 Type I N/A N/A 57 3476 0
5 C 762 22 Type I N/A N/A 57 4116 0
5 D 762 22 Type 2 706 53 51 2 5191 0
5 E 762 22 Type 2 706 52 50 3 5473 0
5 F 762 22 Type 2 706 51 48 3 5507 0
5 G 762 22 Type 2 706 48 45 3 5408 0
5 M 762 22 Type 2 706 39 37 3 4219 0
5 N 762 22 Type 2 706 38 36 2 3416 0
5 P 762 22 Type 2 706 36 34 2 2734 0
6 A 762 22 Type I N/A N/A 55 2688 22
6 B 762 22 Type I N/A N/A 56 3479 0
6 C 762 22 Type I N/A N/A 55 4118 0
6 D 762 22 Type 2 706 52 50 2 5193 0
6 E 762 22 Type 2 706 50 48 3 5460 0
6 F 762 22 Type 2 706 48 46 3 5449 0
6 G 762 22 Type 2 706 45 43 3 5356 0
6 H 762 22 Type 2 706 39 36 3 4809 0
6 M 762 22 Type 2 706 34 32 2 3949 0
6 N 762 22 Type 2 706 33 30 3 3432 0
6 P 762 22 Type 2 706 31 29 2 2758 0
7 A 762 22 Type I N/A N/A 52 2686 22
7 B 762 22 Type I N/A N/A 53 3479 0
7 C 762 22 Type I N/A N/A 54 4120 0
7 D 762 22 Type I N/A N/A 52 5194 0
7 E 762 22 Type I N/A N/A 49 5446 0
7 F 762 22 Type 2 706 47 45 2 5418 0
7 G 762 22 Type 2 706 42 39 2 5409 0
7 H 762 22 Type 2 706 37 34 3 5222 0
7 J 762 22 Type 2 706 32 29 3 4419 0
7 M 762 22 Type 2 706 30 28 3 3890 0
7 N 762 22 Type 2 706 29 27 3 3488 0
7 P 762 22 Type 2 706 27 25 2 2817 71
8 A 762 22 Type I N/A N/A 49 2685 23
8 B 762 22 Type I N/A N/A 52 3479 0
8 C 762 22 Type I N/A N/A 51 4120 0
8 D 762 22 Type I N/A N/A 49 5190 0
8 E 762 22 Type I N/A N/A 45 5443 0
8 F 762 22 Type 2 706 44 42 2 5421 0
8 G 762 22 Type 2 706 40 37 3 5434 0
8 H 762 22 Type 2 706 36 33 3 5283 0
8 J 762 22 Type 2 706 30 27 3 4340 0
8 J1 762 22 Type 2 706 27 24 3 3263 0
8 M 762 22 Type 2 706 26 24 2 2735 0
8 N 762 22 Type 2 706 26 24 2 2620 0
8 P 762 22 Type 2 706 26 24 2 2100 0
9 A 762 22 Type I N/A N/A 46 2342 87
9 B 762 22 Type I N/A N/A 50 3391 0
9 C 762 22 Type I N/A N/A 49 4123 0
9 D 762 22 Type I N/A N/A 46 5251 0
9 E 762 22 Type 2 706 45 43 2 5521 0
9 F 762 22 Type 2 706 41 38 2 5333 0
9 G 762 22 Type 2 706 36 34 2 4547 0
9 H 762 22 Type 2 706 31 29 2 3562 0
9 J 762 22 Type 2 706 28 25 3 4764 0
9 K 762 22 Type 2 706 25 21 4 5853 0
9 M 762 22 Type 2 706 23 20 4 5237 0
9 N 762 22 Type 2 706 23 20 3 4292 0
9 P 762 22 Type 2 706 22 20 3 3263 203
10 A 762 22 Type I N/A N/A 44 1583 286
10 B 762 22 Type I N/A N/A 42 1948 0
10 C 762 22 Type I N/A N/A 41 2382 0
10 D 762 22 Type I N/A N/A 41 2940 0
10 E 762 22 Type I N/A N/A 40 3040 0
10 F 762 22 Type I N/A N/A 36 2994 0
10 G 762 22 Type I N/A N/A 32 2910 0
10 H 914 22 Type 2 850 30 28 2 3133 0
10 J 914 22 Type 2 850 26 24 2 3101 0
10 K 914 22 Type 2 850 22 20 2 3035 0
10 L 914 22 Type 2 850 20 18 2 2530 0
10 M 762 22 Type 2 706 19 17 2 1707 0
10 N 762 22 Type 2 706 19 17 2 1839 289
10 P 762 22 Type 2 706 19 17 2 1970 383

West Jetty Piles From Herold Engineering
Geotechnical Resistance Factor Tension

Ultimate End Bearing Capacity in Till
Ultimate End Bearing Capacity in Bedrock

Ultimate Shaft Resistance in Till

Maximum Factored Axial
Demand Compression

(kN)
Socket Toe Elevation

(m)
Steel Pile Toe
Elevation (m)

GRID
LINE BAY LINE PILE DIA

(mm)
PILE WALL

(mm)
Maximum Factored

Axial Demand Tension
(kN)

Ultimate Shaft Resistance Rock Grout Interface
Geotechnical Resistance Factor Compression



2000 kPa
7000 kPa
225 kPa
1400 kPa
0.5 CSA S6 14
0.3 CSA S6 14

Pile Type Socket
Diameter (mm)

Socket Length
(m)

11 A 762 22 Type I N/A N/A 44 1253 0
11 B 762 22 Type I N/A N/A 46 1405 0
11 C 914 22 Type I N/A N/A 44 1885 0
11 C1 914 22 Type I N/A N/A 42 2074 0
11 D1 914 22 Type I N/A N/A 39 2393 485
12 A 762 22 Type I N/A N/A 44 2458 0
12 B 762 22 Type I N/A N/A 47 2725 0
12 C 914 22 Type I N/A N/A 46 3642 0
12 C1 914 22 Type I N/A N/A 43 3924 0
12 D1 914 22 Type I N/A N/A 39 3678 0
13 A 762 22 Type I N/A N/A 44 3212 0
13 B 762 22 Type I N/A N/A 45 3532 0
13 C 914 22 Type I N/A N/A 44 4699 0
13 C1 914 22 Type I N/A N/A 41 5044 0
13 D1 914 22 Type I N/A N/A 37 4726 0
14 A 762 22 Type I N/A N/A 44 3084 0
14 B 762 22 Type I N/A N/A 43 3413 0
14 C 914 22 Type I N/A N/A 42 4550 0
14 C1 914 22 Type I N/A N/A 38 4888 0
14 D1 914 22 Type I N/A N/A 35 4552 0
15 A 762 22 Type I N/A N/A 42 3076 0
15 B 762 22 Type I N/A N/A 41 3410 0
15 C 914 22 Type I N/A N/A 40 4552 0
15 C1 914 22 Type I N/A N/A 36 4893 0
15 D1 914 22 Type 2 850 36 34 2 4557 0
16 A 762 22 Type I N/A N/A 41 3078 0
16 B 762 22 Type I N/A N/A 39 3413 0
16 C 914 22 Type I N/A N/A 38 4555 0
16 C1 914 22 Type 2 850 37 35 3 4894 0
16 D1 914 22 Type 2 850 35 32 3 4552 0
17 A 762 22 Type I N/A N/A 39 3078 0
17 B 762 22 Type 2 706 40 38 2 3413 0
17 C 914 22 Type 2 850 39 37 2 4555 0
17 C1 914 22 Type 2 850 37 35 3 4894 0
17 D1 914 22 Type 2 850 35 33 2 4558 0
18 A 762 22 Type 2 706 40 38 2 3078 0
18 B 762 22 Type 2 706 39 37 2 3413 0
18 C 914 22 Type 2 850 38 36 2 4555 0
18 C1 914 22 Type 2 850 37 35 2 4894 0
18 D1 914 22 Type 2 850 35 33 2 4558 0
19 A 762 22 Type 2 706 38 36 2 3079 0
19 B 762 22 Type 2 706 37 35 2 3413 0
19 C 914 22 Type 2 850 36 34 2 4555 0
19 C1 914 22 Type 2 850 36 33 2 4894 0
19 D1 914 22 Type 2 850 34 32 2 4552 0
20 A 762 22 Type I N/A N/A 38 3079 0
20 B 762 22 Type I N/A N/A 37 3413 0
20 C 914 22 Type I N/A N/A 36 4555 0
20 C1 914 22 Type I N/A N/A 35 4894 0
20 D1 914 22 Type I N/A N/A 33 4558 0
21 A 762 22 Type I N/A N/A 39 3079 0
21 B 762 22 Type I N/A N/A 40 3413 0
21 C 914 22 Type I N/A N/A 39 4555 0
21 C1 914 22 Type I N/A N/A 38 4894 0
21 D1 914 22 Type I N/A N/A 35 4558 0
22 A 762 22 Type I N/A N/A 38 3079 0
22 B 762 22 Type I N/A N/A 39 3413 0
22 C 914 22 Type I N/A N/A 39 4555 0
22 C1 914 22 Type I N/A N/A 37 4894 0
22 D1 914 22 Type I N/A N/A 31 4558 0
23 A 762 22 Type I N/A N/A 36 3078 0
23 B 762 22 Type I N/A N/A 36 3413 0
23 C 914 22 Type I N/A N/A 36 4554 0
23 C1 914 22 Type I N/A N/A 33 4894 0
23 D1 914 22 Type 2 850 31 29 2 4557 0
24 A 762 22 Type I N/A N/A 33 3139 0
24 B 762 22 Type I N/A N/A 33 3469 0
24 C 914 22 Type I N/A N/A 33 4624 0
24 C1 914 22 Type 2 850 32 30 2 4971 0
24 D1 914 22 Type 2 850 30 28 2 4644 0
25 A 762 22 Type I N/A N/A 29 3066 0
25 B 762 22 Type I N/A N/A 29 3409 0
25 C 914 22 Type I N/A N/A 29 4582 0
25 C1 914 22 Type 2 850 31 29 2 5080 0
25 D1 914 22 Type 2 850 29 27 2 4492 0
26 A 762 22 Type 2 706 27 25 2 2320 0
26 B 762 22 Type 2 706 27 25 2 2597 0
26 C 914 22 Type 2 850 27 25 2 3491 0
26 C1 914 22 Type 2 850 27 25 2 3780 0
26 D1 914 22 Type I N/A N/A 25 3503 21
27 A 762 22 Type 2 706 25 23 2 1766 0
27 B 762 22 Type 2 706 25 23 2 1938 0
27 C 914 22 Type 2 850 25 23 2 2579 0
27 C1 914 22 Type 2 850 25 23 2 2802 0
27 D1 914 22 Type I N/A N/A 24 2537 181
28 A 762 22 Type 2 706 23 21 2 2365 0
28 B 762 22 Type 2 706 23 21 2 2638 0
28 C 914 22 Type 2 850 22 20 2 3547 0
28 C1 914 22 Type 2 850 22 20 2 3862 0
28 D1 914 22 Type 2 850 24 21 3 3609 3
29 A 762 22 Type 2 706 19 17 2 3370 0
29 B 762 22 Type 2 706 19 17 2 3535 0
29 C 914 22 Type 2 850 20 18 2 4468 0
29 C1 914 22 Type 2 850 20 18 2 3912 0
29 D1' 914 22 Type 2 850 21 19 2 2656 202
30 A 762 22 Type 2 706 17 14 3 3520 0
30 B 762 22 Type 2 706 16 14 2 3270 0
30 C 914 22 Type 2 850 16 14 2 3511 0
30 C1 914 22 Type 2 850 16 14 2 1658 0
31 A 762 22 Type 2 706 14 12 2 1806 0
31 B 762 22 Type 2 706 14 12 2 1452 0
31 C 914 22 Type 2 850 14 12 2 1366 26

GRID
LINE BAY LINE PILE DIA

(mm)

South Jetty PilesGeotechnical Resistance Factor Tension
From Herold Engineering

Maximum Factored Axial
Demand Tension (kN)

Maximum Factored Axial
Demand Compression

(kN)
Socket Toe

Elevation (m)
Steel Pile Toe
Elevation (m)

PILE WALL
(mm)

Ultimate End Bearing Capacity in Till
Ultimate End Bearing Capacity in Bedrock

Ultimate Shaft Resistance in Till
Ultimate Shaft Resistance Rock Grout Interface
Geotechnical Resistance Factor Compression
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Golder Associates Ltd.  

2nd floor, 3795 Carey Road, Victoria, British Columbia, Canada V8Z 6T8 
  

Tel: +1 (250) 881 7372  Fax: +1 (250) 881 7470  www.golder.com 

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America 

     
   Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  

 

 

Golder Associated Ltd. (Golder) was requested by Herold Engineering and Anchor QEA (Anchor) to carry out a 

stability assessment of the proposed final capping slopes proposed at the east end of the South Jetty as part of 

the South Jetty Reconstruction project. This Technical Memorandum provides a summary of the methodology 

followed and the results of our assessment. 

 

1.0 PROPOSED SLOPE 

Final capping designs for the slope located to the east of the new South Jetty are being prepared by Anchor.  

The proposed slopes and capping configurations are provided in Attachment 1. Based on the drawings provided 

and discussion with Anchor, we understand that contaminated sediments that were not removed during the 

Phase 2 remediation in the area of the proposed tug float landing will be removed during the South Jetty 

reconstruction and capped with an engineered cap design. The final geometry of the slopes will generally follow 

the existing grade with maximum 2H:1V slope in areas where the existing grade is steeper than 2H:1V. Details 

regarding cap composition are provided in Attachment 1. The minimum cap composition required is as follows: 

 0.3 m thickness of 0.15 m rock armour material 

 0.3 m thickness of filter material 

 0.5 m thickness of sand material 

 

2.0 OVERVIEW OF SUBSURFACE STRATIGRAPHY 

Subsurface soil and groundwater conditions inferred from our review of previous geotechnical reports are 

summarized below. For geotechnical analysis and discussion purposes, subsurface conditions have been grouped 

into the following stratigraphic units (in the order of increasing depth below ground surface) based on physical soil 

properties and inferred geologic origin:  

 Mixed Fill: The imported fill materials are generally composed of sand and gravel mixtures and are present 

on both sides of the proposed retaining wall. The inferred relative density of the material is compact. 
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 Upper Marine Sediments: The upper portion of this layer consists of soft to firm mixtures of silt, clay and 

fine sand typically ranging from silty clay to clayey silt to sandy silt. The deposits also contain varying 

quantities of shells and minor organic content. The upper portion of the marine sediments has been 

interpreted to be Holocene deposits of “Marine mud”. The lower portion of the marine deposits consist of 

loose to compact granular marine sediments ranging in composition from silty sand to silty sand which also 

contains varying quantities of shells. These have been inferred to be beach deposits derived from erosion of 

exposed glacial deposits. 

 Glaciomarine Sediments (Victoria Clay): Glaciomarine sediments known locally as Victoria Clay are 

composed of firm to stiff silty clay with minor sand and gravel. A stiff crust of brown to mottled grey and brown 

silty clay was observed in some, but not all of the test holes.  

 Glacial Soils (Till): Glacial till in this area consists of dense to very dense silt and sand with slightly plastic 

fines. These deposits are discontinuous and generally less than a few metres thick. The till deposits are 

typically underlain by bedrock. They are inferred to represent part of the Vashon Drift formation. 

 

3.0 GEOTECHNICAL ASSESSMENT 

3.1 Methodology 

Golder has carried out a global stability analysis of the proposed slope based on the available geotechnical 

information, and the slope configurations and capping profiles provided by Anchor QEA. The models were adapted 

to reflect high, mean and low tide water levels. Analyses were carried out for the case with a 2H:1V slope as this 

is the steepest proposed configuration. 

Global stability analyses were carried out using the computer software program Slope/W 2007. The Morgenstern-

Price limit equilibrium method was selected to calculate the global stability factor of safety for a typical section 

along the proposed retaining wall. 

 

3.2 Material Strength Parameters 

A summary of the inferred soil properties used in the assessment is provided in Table 1. Material strength 

parameters were selected based on our interpretation of field and lab tests conducted by Golder, KCB and others 

at the EGD site. 

Table 1: Inferred Soil Strength and Unit Weight and Model Parameters  

Material Description Unit Weight (kN/m³) Model Parameters 

Mixed Fill (sand and gravel) 20 Drained: '=33o, c'=0; 

Upper Marine Sediments 17 Drained: ’=33o, c'=0; 

Victoria Clay 19 Undrained: Su=50kPa 

Glacial Till 22 Drained: ’=35o, c'=35; 

Capping Material – Rock Armour 22 Drained: ’=40o, c'=0; 

Capping Material – Filter Material 21 Drained: ’=38o, c'=0; 

Capping Material - Sand 20 Drained: ’=33o, c'=0; 
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3.3 Tidal and Groundwater Conditions  

For the assessment presented below, the high water level was taken at El. 3.4 m (Chart Datum), mean water level 

at El. 1.9 m, and low tide at El. 0.0 m (Chart Datum), Lower Low Water Large Tide. 

 

4.0 GEOTECHNICAL ANALYSIS RESULTS 

Global stability analysis results are provided on Figures 1, 2 and 3, and summarized in Table 2 below. 

Table 2: Summary of Global Analysis Safety Factors – Static Loading Conditions 

Tide Conditions Calculated Factor of Safety 

Low Low Water Large Tide 1.43 

Mean Water Level 1.40 

High Water Level 1.41 

 

The assessment indicates that the proposed slopes at maximum 2H:1V has a minimum calculated factor of safety 

of 1.4 under static loading conditions. 

 

5.0 SEISMIC ASSESSMENT 

The design seismic loads for this project correspond to an earthquake with a return period of 475 years, or a 

10 percent probability of exceedance in 50 years, with a peak ground acceleration of 0.308g. The limit equilibrium 

pseudo-static analysis of the slope with the design earthquake loading applied results in a factor of safety less 

than 1. This indicates that during an earthquake equivalent to the design seismic loads, slope movement would 

be anticipated. The extent of the slope movement has not been assessed at this time. It is our understanding that 

the intent of the capping is to re-instate slopes to their existing grades, and that it is not PWGSC’s objective to 

improve upon the stability of the existing slopes. 

 

6.0 DISCUSSION 

Our assessment indicates that the proposed slopes at maximum 2H:1V has a minimum calculated factor of safety 

of 1.4 under. A factor of safety of 1.5 is generally targeted for long-term static stability of slope designs. However, 

a lower minimum calculated factor of safety for static loading is generally considered acceptable at this location, 

given the consequences of surficial slope raveling are limited, the existing slopes are steeper and that it is our 

understanding that PWGSC’s objective does not include improving the stability of the existing slopes. 

As discussed above, the analyses indicate that the factor of safety for the slope is less than 1 under the design 

earthquake loading conditions. This indicates that during an earthquake equivalent to the design seismic loads, 

slope movement would be anticipated. It is our understanding that displacement of this slope under seismic loading 

is acceptable to PWGSC. 
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Minimum Calculated Factor of 
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(kN/m³)
Model Parameters

Mixed Fill (sand and gravel) 20 Drained: '=33o, c'=0;

Upper Marine Sediments 17 Drained: ’=33o, c'=0;

Victoria Clay 19 Undrained: varies, see report.
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Minimum Calculated Factor of 
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Material Description
Unit Weight 

(kN/m³)
Model Parameters

Mixed Fill (sand and gravel) 20 Drained: '=33o, c'=0;

Upper Marine Sediments 17 Drained: ’=33o, c'=0;

Victoria Clay 19 Undrained: varies, see report.

Glacial Till 22 Drained: ’=35o, c'=35;

Capping Material – Rock Armour 22 Drained: ’=40o, c'=0;

Capping Material – Filter Material 21 Drained: ’=38o, c'=0;

Capping Material - Sand 20 Drained: ’=33o, c'=0;

Capping Material ‐
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Upper Marine Sediments
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(kN/m³)
Model Parameters

Mixed Fill (sand and gravel) 20 Drained: '=33o, c'=0;

Upper Marine Sediments 17 Drained: ’=33o, c'=0;

Victoria Clay 19 Undrained: varies, see report.

Glacial Till 22 Drained: ’=35o, c'=35;
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