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A. PROJECT JUSTIFICATION 1 

1.0 Reference: INTRODUCTION 2 

Exhibit B-1, Cover Letter, p. 1; Section 3.1, p. 14 3 

Agreement with MoTI 4 

On page 1 of FortisBC Energy Inc.’s (FEI) cover letter for its application for a Certificate 5 

of Public Convenience and Necessity (CPCN) for the Pattullo Gas Line Replacement 6 

Project (PGR Project or Project) (Application), FEI states: 7 

The Ministry of Transportation and Infrastructure’s (MoTI) Pattullo Bridge 8 

Replacement Project necessitates FEI removing its gas line from the existing 9 

Pattullo Bridge. 10 

Further on page 14 of the Application, FEI states: 11 

The need to undertake the PGR Project arises from the Province’s Pattullo 12 

Bridge Replacement Project, which includes the demolition of the Pattullo Bridge 13 

on which FEI’s Pattullo Gas Line is affixed. The Pattullo Gas Line, which has 14 

been in operation since 1956 15 

1.1 Please provide a copy of the agreement(s) (or similar), between the Ministry of 16 

Transportation and Infrastructure and FEI, which governs the placement of the 17 

Pattullo Gas Line on the Pattullo Bridge.  18 

  19 

Response: 20 

Please refer to Attachment 1.1 for a copy of the following agreements: 21 

 An agreement between the Province of British Columbia (represented by the Ministry of 22 

Highways) and British Columbia Electric Company dated April 11, 1957 (Bridge 23 

Agreement); and  24 

 An agreement in which the BC Hydro & Power Authority (British Columbia Electric 25 

Company’s successor) assigned the Bridge Agreement to B.C. Gas Inc. (which is now 26 

FEI) dated July 16, 1988.    27 

 28 

 29 

 30 

1.1.1 Please identify the relevant sections of the agreement that relate to the 31 

removal of the Pattullo Gas Line.  32 

  33 
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Response: 1 

Section 2 of the Bridge Agreement provides that the Minister of Highways may terminate the 2 

agreement by giving two years notice in writing to FEI.    3 

On termination of the Bridge Agreement, Section 3 requires FEI to remove all pipeline and 4 

attachments from the bridge and leave the bridge in a condition satisfactory to the Minister of 5 

Highways “within a reasonable time”.  6 

Further, Section 6 of the Bridge Agreement gives the Province a separate right to require the 7 

movement or alteration of the pipeline or the transmission of gas to cease if that is necessary for 8 

reconstruction, alteration, or repairs of the bridge. 9 

 10 

 11 

 12 

1.2 Please discuss MoTI’s jurisdiction for requiring the removal of the Pattullo Gas 13 

Line. 14 

  15 

Response: 16 

MoTI represents the Province of British Columbia.    17 

MoTI’s jurisdiction for requiring the removal of the Pattullo Gas Line arises in respect of the 18 

Bridge Agreement made between FEI and the Province (as included as Attachment 1.1 in the 19 

response to BCUC IR1 1.1) and/or the fact that it is responsible for carrying out the Pattullo 20 

Bridge Replacement Project, which includes the demolition of the existing Pattullo Bridge.  21 

  22 
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2.0 Reference: PATTULLO BRIDGE REPLACEMENT PROJECT 1 

Exhibit B-1, Section 3.4, p. 19  2 

MoTI Schedule  3 

On page 19 of the Application, FEI states: 4 

Based on the current Project schedule, demolition of the Pattullo Bridge is 5 

scheduled to proceed by the end of 2023 after the New Bridge opens. However, 6 

MoTI has indicated that it could occur earlier than this target date due to the 7 

nature of the performance based, design-build finance contract it has entered 8 

into with its contractor who will be performing the construction and demolition 9 

work. 10 

Prior to the demolition of the existing Pattullo Bridge, FEI will need to degasify 11 

and purge the existing Pattullo Gas Line to make it safe for removal, and 12 

abandon and/or remove all associated infrastructure, as well as complete any 13 

required modifications to the existing infrastructure upstream and downstream of 14 

the Pattullo Gas Line. 15 

2.1 Please explain the consequences to FEI if it could not meet MoTI’s current 2023 16 

target date. 17 

  18 

Response: 19 

The Bridge Agreement (as included as Attachment 1.1 in the response to BCUC IR1 1.1) 20 

provides that FEI is required to remove its pipeline and attachments from the existing Pattullo 21 

Bridge within a “reasonable time” on termination of the agreement.  If a court were to find that 22 

FEI had breached the Bridge Agreement for failure to remove the pipeline and attachments 23 

within a “reasonable time”, FEI could be found liable for damages flowing from the breach.   24 

However, FEI does not admit that the current 2023 date represents a “reasonable time” to 25 

remove the pipeline and attachments.  A “reasonable time” must include the time it takes to 26 

plan, design, consult, redesign after consultation, obtain all necessary approvals, and construct 27 

a new replacement gas line before removing the existing gas line on the Pattullo Bridge.  28 

Therefore, FEI does not concede that if it could not meet MoTI’s current 2023 target date, it 29 

would necessarily be in breach of the agreement, nor does it concede that even if there was a 30 

breach of the agreement caused by any failure to meet the 2023 target date, that the Province 31 

or TransLink (the current owner and operator of the existing Pattullo Bridge) would be entitled to 32 

damages. 33 

To date, neither TransLink nor MoTI have quantified the financial consequences if FEI does not 34 

meet the current 2023 target date.     35 



FortisBC Energy Inc. (FEI or the Company) 

Application for a Certificat of Public Convenience and Necessity for the Pattullo Gas 
Line Replacement Project (Application) 

Submission Date: 

November 19, 2020 

Response to British Columbia Utilities Commission (BCUC) Information Request (IR) 
No. 1 

Page 5 

 

FEI is committed to meeting MoTI’s current 2023 target date to the extent FEI is reasonably 1 

able, as FEI believes that active co-operation between FEI and MoTI will support the success of 2 

both the Pattullo Bridge replacement and the PGR Project.   3 

 4 

 5 

 6 

2.2 If the demolition of the Pattullo Bridge was to occur earlier than currently 7 

targeted, please discuss whether FEI would be able to meet the revised target 8 

date. 9 

  10 

Response: 11 

FEI has continued to inform the Province that the existing Pattullo Gas Line cannot be taken out 12 

of service and decommissioned until a replacement gas line is constructed and commissioned.  13 

To date, the Province has not notified FEI of an earlier demolition date for the Pattullo Bridge.  14 

As such, FEI is currently working towards a target date of commissioning the new gas line and 15 

decommissioning the existing gas line by March 31, 2023 (excluding removal of the 16 

decommissioned gas line from the Pattullo Bridge). FEI continues to meet with the MOTI and 17 

the Pattullo Bridge Replacement project team on a regular basis and based on this FEI has no 18 

reason to expect an earlier demolition date for the Pattullo Bridge.  19 

The impacts of an earlier demolition date on FEI’s Project schedule would vary based on the 20 

timing of any possible notification or the status of FEI’s Project activities at that time.  Should the 21 

Province indicate an earlier demolition date, FEI would assess the impacts of such a date on the 22 

Project and notify the Province and the BCUC whether FEI anticipates being able to meet the 23 

Province’s revised target date and the associated impacts of the change.  24 

FEI is targeting the March 31, 2023 decommissioning date and will make every reasonable 25 

effort to expedite Project completion. 26 

 27 

 28 

 29 

2.2.1 Please describe the impacts that an earlier demolition date would have 30 

on FEI 31 

  32 

Response: 33 

Please refer to the response to BCUC IR1 2.2. 34 

 35 

 36 

 37 
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2.2.2 Please explain the consequence to FEI, if FEI was not able to meet the 1 

revised target date, including but not limited to any financial penalties or 2 

liability for any costs associated with a delay. 3 

  4 

Response: 5 

Please refer to the responses to BCUC IR1 2.1 and 2.2. 6 

  7 
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3.0 Reference: DISTRIBUTION SYSTEM CAPACITY PROVIDED BY THE PATTULLO 1 

GAS LINE 2 

Exhibit B-1, Section 3.5, pp. 19-20 3 

Additional Distribution System Capacity Needed 4 

On pages 19 and 20 of the Application, FEI states: 5 

FEI must replace the distribution system capacity currently provided by the 6 

Pattullo Gas Line in order to continue to supply natural gas safely and reliably to 7 

customers in Burnaby, New Westminster and Coquitlam. The Pattullo Gas Line 8 

currently supplies all or a portion of natural gas to approximately 35,000 9 

customers in these cities. 10 

On page 20, FEI states: 11 

Without the Pattullo Gas Line, the area shaded in red in Figure 3-4 would have 12 

inadequate gas supply. This represents the distribution area supplied by one 13 

regulating district station in southwest Coquitlam and two regulating district 14 

stations in New Westminster, all of which are fed from the 700 kPa trunk 15 

distribution system. Based on FEI’s 2020 peak demand projection, during the 16 

coldest days of the year when peak demand occurs, and without support from 17 

the Pattullo Gas Line, these district stations would have inadequate inlet 18 

pressure leading to a loss of gas supply.  19 

3.1 Please provide the system capacity of the Pattullo Gas Line. 20 

  21 

Response: 22 

As illustrated in Figure 3-1 of the Application, the Pattullo Gas Line is one of four feeds into the 23 

Metro Vancouver 700 kPa trunk distribution system. When considered in isolation, the Pattullo 24 

Gas Line cannot be measured in terms of “system capacity” as there are multiple simultaneous 25 

gas supplies to this trunk distribution system. This is because the capacity (or support 26 

capability) provided by each feed is dependent on how the load within the trunk distribution 27 

system is distributed and how the supplies interact together to support the system.  28 

To illustrate the comparative capacities of the trunk distribution system with or without the 29 

Pattullo Gas Line, FEI completed an analysis which proportionally and incrementally increased 30 

the load on all the stations in this system until the pressure dropped below levels necessary for 31 

at least one of the stations to deliver sufficient gas to downstream customers. This system 32 

condition represents the threshold beyond which customer outages would start to occur.   33 

The results of this analysis indicate that with the Pattullo Gas Line in place, the ultimate capacity 34 

of the trunk distribution system is approximately 250,800 m3/hr. This measure is the theoretical 35 

peak load that could be supplied to the stations distributed along its length.  The current 36 

2020/21 forecast peak demand of the trunk distribution system is approximately 168,800 m3/hr. 37 
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The difference of 82,000 m3/hr represents the excess capacity of the current system, which is 1 

available to meet growth and provide resiliency. 2 

In summary, without the Pattullo Gas Line, the trunk distribution system capacity would be 95 3 

percent of the current 2020/21 forecast required to serve FEI’s existing customers.  4 

 5 

 6 

 7 

3.2 Please provide the additional system capacity needed to sustain gas supply to 8 

customers in Burnaby, New Westminster and Coquitlam.  9 

  10 

Response: 11 

This response also addresses BCUC IR1 3.2.1, detailing the method and assumptions made in 12 

determining system capacity.   13 

In order to meet the future load demands on the trunk distribution system and to retain the 14 

capacity for full resiliency established in the Metro system by the Lower Mainland Intermediate 15 

Pressure System Upgrade (LMIPSU) Project, FEI requires a system capacity equivalent to the 16 

current Pattullo Gas Line as described in the response to BCUC IR1 3.1.  17 

The capability and resiliency of the trunk distribution and IP systems has evolved over many 18 

decades as the current network configuration evolved. The location of the supply into the trunk 19 

distribution system is also important as it factors into the capacity requirements. If the desired 20 

goal is to retain the full resiliency provided by the LMIPSU, a supply close to the existing Pattullo 21 

Gas Line crossing is needed. If the goal were to retain most of the LMIPSU resiliency, a supply 22 

close to Coquitlam Gate Station on the Coquitlam IP system would be acceptable.  23 

To identify the PGR Project alternatives, FEI’s System Capacity Planning (SCP) department 24 

and the Project team assessed a range of upstream (supply) tie-in locations that could be 25 

connected with a new gas line to feed the trunk distribution system. The upstream tie-in options 26 

included Surrey (near the existing Pattullo Gas Line crossing), as well as locations from the east 27 

(Cape Horn area), north (near the Coquitlam IP gas line) or west (near the Fraser IP gas line). 28 

Based on these various tie-in locations, the PGR Project team developed the alternatives 29 

identified in Table 4-1 of the Application, which all provide capacity similar to that of the existing 30 

Pattullo Gas Line.  31 

After preliminary routing was established, FEI determined the pipe size required for each 32 

proposed alternative given the pressure available at the source, and the length of the proposed 33 

gas line route. When determining pipe size, FEI modelled the proposed alternatives to confirm 34 

that the pressure into the proposed tie-in station location would remain above the standard 35 

minimum design pressure at peak demand flow conditions for the 20-year planning period. FEI’s 36 

required minimum delivery pressure into trunk distribution stations is 860 kPa, to allow sufficient 37 

differential pressures to design and operate effective and reliable district stations. For 38 
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alternatives where the source was transmission pressure (Alternatives 2A, 2C, 3A, 3B and 6B), 1 

FEI selected pipe sizing based on a maximum source pressure of 2070 kPa (IP) pressure to 2 

avoid installing new TP gas lines through established urban areas. For alternatives where the 3 

source was intermediate pressure (Alternatives 6A and 6C), FEI selected pipe sizing based on 4 

the pressure available when these systems are operated at 1200 kPa. The design pressures 5 

selected for each alternative are standard IP system operating pressures for FEI and consistent 6 

with the IP pressure available at each source. Choosing IP operating pressure for the gas lines, 7 

rather than DP pressure, maximizes the available capacity for a given pipe diameter. 8 

Finally, FEI assessed the impact of each alternative on the resiliency established by the 9 

LMIPSU Project. For alternatives which have similar tie-in locations to the existing Pattullo Gas 10 

Line (i.e. Alternatives 1, 2, and 4), the impact on resiliency is neutral because there is no 11 

change to gas flow in the upstream and downstream gas lines. Alternatives that are sourced 12 

from other areas of the Metro Vancouver system (i.e. Alternatives 3 and 6) have a negative 13 

impact on resiliency because the gas that would normally be delivered by the Pattullo Gas Line 14 

must now travel further downstream before entering the trunk distribution system. This 15 

increased flow incurs higher pressure drops in the downstream networks and consequently 16 

reduces the excess capacity of these networks. This excess capacity, which would remain intact 17 

if the Pattullo Gas Line remained in-service or Alternatives 1, 2 or 4 were feasible, is used to 18 

maintain customer gas supply in the event that another supply to the trunk distribution system is 19 

compromised. For further details regarding a compromised supply scenario, please refer to 20 

Section 3.6 of the Application.  21 

FEI quantified the loss of capacity to support resiliency by simulating a loss of gas supply (i.e. 22 

the supply from either Coquitlam Gate or Fraser Gate is out of service) into the trunk distribution 23 

system and comparing pressures under the existing system configuration (i.e. Pattullo Gas Line 24 

in-service) to those with each alternative in place. In doing so, additional improvements to the 25 

Coquitlam or Fraser IP systems were identified. As these improvements are significant in scope 26 

and could not be constructed in the required timeframe, the impact on system resiliency was not 27 

prioritized for the PGR CPCN Application. 28 

 29 

 30 

 31 

3.2.1 Please explain FEI’s methodology for determining the additional 32 

distribution system capacity needed, detailing all assumptions made. 33 

  34 

Response: 35 

Please refer to the response to BCUC IR1 3.2. 36 

 37 

 38 
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 1 

3.3 With reference to the statement, “without the Pattullo Gas Line, the area shaded 2 

in red in Figure 3-4 would have inadequate gas supply”, please quantify and 3 

explain what is meant by “inadequate gas supply”.  4 

  5 

Response: 6 

As described on page 20 of the Application, the area shaded in red in Figure 3-4 encompasses 7 

the distribution area supplied by three district stations. In absence of the Pattullo Gas Line, the 8 

inlet pressure to these stations would drop below the minimum required to provide adequate 9 

supply at temperatures colder than a 28DD (minus 10°C). At these low pressures, the stations 10 

are no longer capable of passing the volumes of gas needed to serve customers downstream. 11 

As a result, the system becomes imbalanced, with more gas being consumed than what is 12 

available in the distribution system, and the pressure drops.  If this imbalance continues for a 13 

sustained period, the distribution system pressure in the area shaded in red would drop below 14 

what is required for customer appliances to operate safely.   15 

Please also refer to the response to CEC IR1 3.7 for additional discussion of the temperature 16 

conditions triggering these low pressures and the likelihood of such conditions occurring.  17 

 18 

 19 

 20 

 21 

3.3.1 Please explain how the inadequate supply was determined. 22 

  23 

Response: 24 

Please refer to the response to BCUC IR1 3.3. 25 

  26 
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4.0 Reference: DISTRIBUTION SYSTEM CAPACITY PROVIDED BY THE PATTULLO 1 

GAS LINE 2 

Exhibit B-1, Section 3.5, pp. 20-21 3 

Demand Forecast 4 

On page 20 of the Application, FEI states: 5 

Based on FEI’s 2020 peak demand projection6, during the coldest days of the 6 

year when peak demand occurs, and without support from the Pattullo Gas Line, 7 

these district stations would have inadequate inlet pressure leading to a loss of 8 

gas supply. This includes approximately 2,100 customers in Burnaby, 2,800 9 

customers in New Westminster, and 5,800 customers in Coquitlam. This 10 

represents a disruption in service to approximately 10,700 residential, 11 

commercial, and industrial customers who rely on natural gas to provide 12 

necessary heat and hot water for their homes and businesses. 13 

6 Peak demand conditions occur in cold winter when consumer space heating 14 

demands are highest. To design reliable distribution systems FEI projects system 15 

peak demand based on coldest weather conditions likely to occur 1 in 20 years. 16 

On page 21 of the Application, FEI states: 17 

However, without replacement of the Pattullo Gas Line, the impacted area in red 18 

would expand as customer load grows over time. Based on FEI’s 20-year 19 

forecast, by 2039 an additional 14,800 customers (for a total of approximately 20 

25,500 customers) would be without gas during cold winter periods.  21 

4.1 Please provide FEI’s 20-year demand forecast for all areas served by the Pattullo 22 

Gas Line. 23 

  24 

Response: 25 

As explained in response to BCUC IR1 4.1.1, FEI developed a 20-year peak demand forecast. 26 

Relevant responses provided in this series of IRs therefore refer to peak demand. 27 

The figure below provides the 20-year peak demand forecast for the trunk distribution system 28 

served by the Pattullo Gas Line (amongst other supplies). 29 
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 1 

 2 

 3 

 4 

4.1.1 Please explain FEI’s methodology for developing its 20-year demand 5 

forecast, detailing all assumptions made. 6 

  7 

Response: 8 

In developing a peak demand forecast, FEI first determined the peak demand of current 9 

customers connected to and consuming gas on the system. FEI next multiplies the average 10 

peak use per customer in various rate classes (determined as part of the first step) by the 11 

forecast number of new customer accounts in each rate schedule for each year of the forecast. 12 

This results in the forecasted peak demand for a given year. The process described is 13 

consistent with that used in previously approved CPCN applications and Long Term Gas 14 

Resource Plans and is explained in more detail below. 15 

Peak Demand Calculation: 16 

FEI determines peak hour use per customer (UPCpeak) for non-industrial customers whose 17 

consumption meters are read each month, through an annual load gather assessment 18 

(described further below). For industrial customers who have hourly metering, a recent UPCpeak 19 

value is used to represent the maximum hourly rate of consumption measured at the customer 20 
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meter. The system’s current design peak demand is the sum of the customers in each rate 1 

schedule multiplied by the average UPCpeak for each rate schedule, plus the sum of the 2 

maximum hourly demand of all industrial customers in the system. For systems with industrial 3 

customers on an interruptible rate schedule, only the contracted firm component of the 4 

customers’ demand (if any) is included.  5 

The system’s future design peak demand equals the system’s current design peak demand plus 6 

the sum of any forecasted incremental customer additions in each forecasted rate schedule 7 

multiplied by the average UPCpeak for each rate schedule. No change in industrial customer 8 

numbers or demand (either firm or interruptible) are included in FEI’s future peak demand 9 

estimates. Industrial demand is represented at current known levels with no change over time.  10 

As part of the load gather assessment for customers with meters read monthly, FEI extracts 11 

each customers billing information for the preceding two-year period. With a custom software 12 

application, the customer billing information and temperature information from the local weather 13 

zone index weather stations is reduced to a daily average demand (for the customer in each 14 

billing period) and an average mean daily temperature for the corresponding billing period.   15 

Similarly, for customers with monthly meter reads, twenty-four “daily demand” versus “mean 16 

daily temperature” data points are determined based on the customers’ most recent bi-annual 17 

consumption. A linear regression for each customer is performed on this data and the base load 18 

and slope (standard m3/day/degree Celsius) is calculated. The peak day demand for the 19 

customer equates to the customer’s demand projected to the Design Degree Day (DDD) 20 

temperature value for the weather zone within which the customer resides.   21 

The DDD for Metro Vancouver is a 31.2DD (mean daily temperature = minus12.2°C). The DDD 22 

peak day demand values are converted to a peak hourly demand by applying a peak hour factor 23 

(peak hour/peak daily demand)1. Using the hourly UPCpeak, which is calculated for each 24 

customer, FEI produces a “roll up” representing the current local regional average for each rate 25 

class.  26 

For context, FEI calculates UPCpeak values in sixty-six different local regions, each composed of 27 

one or more municipal districts. To smooth typical annual variances in the data, regional 28 

average UPCpeak values for each rate schedule are averaged with the results of the preceding 29 

two years’ annual load gather assessment values producing a three year “rolling average” 30 

UPCpeak for each rate class within the region. These three-year rolling average UPCpeak values 31 

are combined with current accounts and account addition forecasts to produce peak-hour load 32 

forecasts over a forecast period. 33 

FEI prepares new forecasts annually, based on the newest consumption information, and does 34 

not modify the UPCpeak values over the forecast period to account for any changes in customer 35 

consumption patterns. 36 
                                                
1  FEI’s peak hour factor is determined from a periodic assessment of local gate station hourly and daily flow 

variations under winter load conditions. 
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 1 

 2 

 3 

4.1.2 Please describe the anticipated range of the 20-year demand forecast. 4 

  5 

Response: 6 

FEI does not calculate multiple ranges of 20-year peak demand forecasts to design its system. 7 

By convention, FEI’s system demand forecasts are based on a load projection using a 1 in 20-8 

year weather return period. In other words, there is a 95 percent certainty that the actual 9 

demand in any given year of the forecast will be at or below the forecast level.  10 

 11 

 12 

 13 

4.2 Please explain whether FEI applied any scenario modelling to its 20-year 14 

demand forecast. 15 

  16 

Response: 17 

No, FEI did not apply any scenario modelling to its 20-year peak demand forecast.  Please refer 18 

to the response to BCUC IR1 4.1.2. 19 

 20 

 21 

 22 

4.2.1 If so, please provide details of any scenarios assessed and discuss the 23 

results with respect to FEI’s assessment of the impact of removing the 24 

Pattullo Gas Line.  25 

  26 

Response: 27 

Please refer to the response to BCUC IR1 4.2. 28 

 29 

 30 

 31 

4.3 Please clarify whether FEI’s forecast of disrupted service to approximately 32 

10,700 residential, commercial and industrial customers is based on FEI’s 33 

forecast demand for the year 2020 or whether it is based on forecast peak 34 

demand conditions (as defined in the preamble above). 35 

  36 
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Response: 1 

FEI’s forecast of disrupted service is based on forecast peak demand that could occur in the 2 

year 2020.  For clarification, the preambles’ reference to 1 in 20 years (Footnote 6) is not a 3 

forecast period, but rather, refers to the likelihood of the design temperature (extreme cold 4 

temperature) occurring in any year. 5 

 6 

 7 

 8 

4.3.1 If the former, please explain why FEI used the 2020 forecast demand. 9 

  10 

Response: 11 

FEI used the forecast peak demand that could occur in the year 2020 to illustrate that if the 12 

Pattullo Gas Line’s system capacity is not replaced, customer supply disruptions could occur in 13 

2020, impacting approximately 10,700 existing customers in Burnaby, New Westminster and 14 

Coquitlam. 15 

As described in FEI response to BCUC IR 1.4.1, the forecasted peak demand increases 16 

annually, potentially impacting an additional 14,800 customers by 2039. 17 

 18 

 19 

 20 

4.3.2 If the former, please provide the number of customers that would 21 

experience disrupted service if the forecast demand for the year 2023 22 

was used. 23 

  24 

Response: 25 

In 2023, roughly the same numbers of customers in the same region of the system would be 26 

impacted if the Pattullo Gas Line’s system capacity is not replaced, as the same three district 27 

stations (as referenced in the response to BCUC IR1 3.3) be impacted.  28 

 29 

 30 

 31 

4.4 Please discuss whether FEI uses peak day or peak hour demand as a design 32 

basis for its distribution systems and explain the reasons for this design basis. 33 

  34 

Response: 35 

FEI uses peak hour demand as the design basis for its distribution systems.  36 
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Designing on a peak hour demand basis means that gas mains and services are designed to 1 

have sufficient capacity to meet customer demand on the system under the highest hourly flow 2 

expected on a peak day. FEI’s distribution system demand in winter varies significantly from 3 

hour to hour throughout a given day. The highest hourly flow of the day can be 25 to 40 percent 4 

higher than the average hourly flow for the same day. This daily variation in demand is due to 5 

the heat sensitive nature of loads such as space heating and the daily vairiability in consumption 6 

patterns of residential and commercial gas consumers.     7 

 8 

 9 

 10 

 11 

4.5 Please provide Load Duration Curves for the distribution system supplied by the 12 

Pattullo Gas Line now and at the end of the 20-year planning period, which 13 

shows the peak demand for each day of a design year. 14 

  15 

Response: 16 

The figure below shows Design Year Load Duration Curves for the trunk distribution system for 17 

each day of 2020 (the design year) and 2043. 18 
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 1 

 2 

 3 

 4 

4.6 Please provide a table summarizing the following: the annual forecast demand 5 

under peak demand conditions from 2023 to 2043, the available capacity with the 6 

Pattullo Gas Line, the available capacity without the Pattullo Gas Line and the 7 

number of customers that would experience service disruptions.  8 

  9 

Response: 10 

Since peak demand is not a condition sustained through an annual cycle, FEI assumes that by 11 

referring to “annual forecast demand under peak demand conditions” the BCUC is asking for the 12 

peak demand forecast for the trunk distribution system served by the Pattullo Gas Line in 13 

tabular form (previously provided in graphical form in the response to BCUC IR1 4.1).  Please 14 

refer to the table below. 15 
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Year 

Peak 
Demand 

(103m3/hr) 

Capacity of the 
Trunk Distribution 
System  with the 
Pattullo Gas Line  

(103m3/hr) 

Capacity of the 
Trunk Distribution 
System without the 
Pattullo Gas Line 

(103m3/hr) 
Customers at risk of 

outage 

2023 174.0 250.8 160 

Up to 10,700  

2024 175.7 250.8 160 

2025 177.4 250.8 160 

2026 179.2 250.8 160 

2027 181.0 250.8 160 

2028 182.9 250.8 160 

10,700 to 18,000 
2029 184.7 250.8 160 

2030 186.5 250.8 160 

2031 188.2 250.8 160 

2032 190.0 250.8 160 
18,000 to 25,500 

2033 191.8 250.8 160 

2034 193.5 250.8 160 

25,500 to 32,500 

2035 195.2 250.8 160 

2036 196.9 250.8 160 

2037 198.5 250.8 160 

2038 200.1 250.8 160 

2039 201.7 250.8 160 

2040 203.3 250.8 160 

2041 204.8 250.8 160 

2042 206.4 250.8 160 

2043 208.0 250.8 160 

 1 

 2 

 3 

 4 

4.7 Please explain whether FEI supplies customers, in any areas served by the 5 

Pattullo Gas Line, under an interruptible service rate. 6 

 7 

4.7.1 If so, please explain whether FEI has accounted for these customer’s 8 

demand in its demand forecast. 9 

 10 

4.7.1.1 If not, please explain why not.  11 

  12 
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Response: 1 

Yes, there are customers in the area served by the Pattullo Gas Line with an interruptible 2 

service rate schedule, including one customer served under Rate Schedule 7 and two 3 

customers served under Rate Schedule 27. These customers are not represented in FEI’s 20-4 

year peak demand forecast as they are expected to be curtailed under peak demand conditions.  5 

FEI’s distribution and transmission systems are designed to accommodate peak demand of firm 6 

rate schedule customers only. Interruptible service rate schedules are served under demand 7 

conditions when capacity exceeds the needs of firm customers. 8 

 9 

 10 

 11 

4.7.1.2 Please update the demand forecast provided in response to 12 

Information Request (IR)4.6 to show demand from firm and 13 

interruptible rate customers. 14 

  15 

Response: 16 

The load for customers on interruptible rate schedules is assumed to be curtailed and not 17 

present on the system under peak demand. As a result, the table provided in the response to 18 

BCUC IR1 4.6 would remain unchanged. 19 

  20 
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5.0 Reference: SIGNIFICANCE OF THE PATTULLO GAS LINE TO THE METRO 1 

VANCOUVER DISTRIBUTION SYSTEM  2 

Exhibit B-1, Section 3.3, p. 16; Section 3.7, p. 22.  3 

Resiliency  4 

On page 16 of the Application, FEI states: 5 

Although it is relatively short in length (as shown in Figure 3-1), the Pattullo Gas 6 

Line is a critical link in the gas supply to thousands of downstream customers. 7 

Specifically, it provides two key benefits: 8 

1. Distribution system capacity to supply natural gas to customers in 9 

Burnaby, New Westminster and Coquitlam; and 10 

2. Resiliency to FEI’s larger Metro Vancouver area. 11 

On page 22 of the Application, FEI states: 12 

FEI has determined that it cannot replace the distribution system resiliency 13 

benefits of the Pattullo Gas Line at this time. Therefore, another project or 14 

system improvements will be undertaken to restore the Metro Vancouver system 15 

resiliency at a later date. 16 

5.1 Please describe the system resiliency as it relates to this Application and how it 17 

is measured. 18 

  19 

Response: 20 

FEI defines resiliency as the ability to prevent, withstand and recover from system failures or 21 

unforeseen events. Resiliency is directly linked to the concept of reliability in the sense that a 22 

system cannot be resilient without first having reliable components. However, resiliency also 23 

encompasses concepts such as preparing for, operating through, and recovering from 24 

significant disruptions, no matter the cause. 25 

Resiliency as it relates to this Application is the ability to operate through a major supply 26 

disruption to or from one of the two major gate stations serving the Metro Vancouver area (i.e., 27 

Fraser Gate or Coquitlam Gate station).  The capacity to withstand such a disruption was added 28 

through two recent major system upgrade projects in the Lower Mainland, as follows:   29 

 The Lower Mainland Intermediate Pressure System Upgrade (LMIPSU) Project has 30 

enhanced the capacity in the Metro Vancouver system, such that even under peak 31 

conditions all customers served by the system can continue to be supplied during a 32 

complete loss of supply from either the Fraser Gate or Coquitlam Gate station.  33 
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 The Coastal Transmission System (CTS) Project (completed in 2016) added three 1 

transmission line loops in the CTS and provided the transmission capacity to shift the 2 

forecast peak load between Coquitlam Gate and Fraser Gate stations. 3 

With the removal of the Pattullo Gas Line, shifting the load served by that gas line onto the 4 

transmission pipelines that feed Coquitlam Gate or Fraser Gate station increases the pressure 5 

drop on those gas lines and will erode available surplus capacity.  Similarly, when the demand 6 

currently served by the Pattullo Gas Line passes through Fraser Gate or Coquitlam Gate into 7 

the downstream IP Gas Lines, the additional flow will erode excess available capacity on those 8 

stations and gas lines.  The excess capacity in these systems would otherwise be available to 9 

accommodate future growth in demand and respond to a system disruption.   10 

Resiliency itself is generally not measured directly, but in this instance the capacity to avoid a 11 

supply disruption can be measured. Each of the Project alternatives can be compared by 12 

measuring the capability to withstand a gate station supply disruption. That capability is 13 

measured by comparing the number of Degree Days2 (DD) during which minimum delivery 14 

pressures at district stations in the various Metro Vancouver systems can still be maintained 15 

when supply disruptions impact the Fraser Gate and Coquitlam Gate stations.  A system 16 

configuration that supports the ability to shift load on a greater DD (i.e., days with colder 17 

temperature) has the capacity to be a more resilient system. The outcome of this calculation is 18 

explored further in the response to BCUC IR1 5.3. 19 

 20 

 21 

 22 

5.2 Please explain the criteria that FEI uses to determine an acceptable level of 23 

system resiliency in the Metro Vancouver area. 24 

  25 

Response: 26 

FEI does not have an explicit criteria for acceptable system resiliency in the Metro Vancouver 27 

area, but FEI considers that with the Pattullo Gas Line in its current position and the completion 28 

of the LMIPSU and CTS projects, the resiliency of the Metro Vancouver system has achieved 29 

an appropriate level for this large urban area. Please refer to the response to BCUC IR1 5.1 for 30 

an explanation of how FEI assesses available capacity to respond resiliently to system 31 

disruptions in the Metro Vancouver area.  32 

 33 

 34 

                                                
2  A Degree Day is a temperature based measure that increases as mean daily temperature decreases and demand 

for heating increases.  FEI uses a Degree Day metric based on 18C.  The formula for a Degree Day(DD) is: 

  DD = 18º C - Tavg 
e.g., The DD for a mean daily temperature of -2º C is :  18º C - (-2º C) = 20 DD 
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 1 

5.3 Please elaborate on the resiliency benefit that the Pattullo Gas Line provides to 2 

the Metro Vancouver area and quantify the benefit. 3 

  4 

Response: 5 

FEI provides below a qualitative and quantitative description of the resiliency benefit provided by 6 

the Pattullo Gas Line.  7 

Qualitative description of the Pattullo Gas Line Resiliency Benefit 8 

The resiliency benefit provided by the Pattullo Gas Line results from the fact that it is one of 9 

three supply sources for the Metro Vancouver area, and is supplied independently from the 10 

other two major sources. All of the gas supply to Vancouver, Burnaby, New Westminster, the 11 

North Shore, and part of Coquitlam flows through three FEI gate stations: Fraser Gate, 12 

Coquitlam Gate, and Pattullo Gate (as shown in the figure below). The system downstream of 13 

these three gate stations is interconnected; consequently, the total demand in these 14 

municipalities is shared by these three supply points. As described in the response the BCUC 15 

IR1 5.1, with the completion of the LMIPSU project, even if the gas supply is totally disrupted at 16 

Fraser Gate or Coquitlam Gate, it is still possible to meet the forecast peak demand in the area 17 

using the supply from the remaining two gate stations.  18 

By supporting customers on the trunk distribution system, the Pattullo Gas Line allows the 19 

excess capacity in the Metro IP system (and the upstream transmission system feeding those 20 

stations) to support the remaining customers on the Metro IP system under peak demand 21 

conditions through either Fraser Gate or Coquitlam Gate. It is this excess capacity retained in 22 

the Metro IP system because of the Pattullo supply that supports resiliency for the Metro 23 

Vancouver area. Even in the event of an unforeseen major disruption at one of the two gate 24 

stations or the upstream transmission supply, it is still possible to meet the customer peak 25 

demand.  26 
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 1 

Once the existing Pattullo Gas Line is removed from service when the Pattullo Bridge is 2 

demolished, there will no longer be three sources of supply into Metro Vancouver: only the 3 

Fraser Gate and Coquitlam Gate supplies will remain. While these two stations when combined 4 

do have some capacity in excess of the forecast peak demand, it will be significantly reduced 5 

compared to the present day configuration.  6 

Quantitative description of the Pattullo Gas Line Resiliency Benefit 7 

In order to quantify the resiliency benefit provided by the Pattullo Gas Line, FEI conducted an 8 

analysis comparing the current system, and that of Alternatives 6A and 6B. Two timeframes 9 

were modelled in the analysis: winter 2023-24 and winter 2034-35. The results of this analysis 10 

are shown in Table 1 and explained further below. 11 
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Table 1:  Metro System Resiliency  Comparison 

 

Alternative  

Degree Day where LMIPSU Resiliency is Achieved 

Winter 2023-24 Winter 2034-35 

With Interrupt. 
Curtailed 

With Interrupt. 
On  

With Interrupt. 
Curtailed 

With Interrupt. 
On  

6A or 6B 26.5DD (-8.5 C) 23DD (-5 C) 24.5DD (-6.5 C) 
21.5DD (-3.5 

C) 

Existing Pattullo Gas 
Line 

OK to Design 
Conditions 

30.2DD (-12.2 C) 

OK to normal  
Interruptible 

DD 
24.3DD (-6.3 

C) 

29DD (-11 C) 

OK to normal  
Interruptible 

DD 
24.3DD (-6.3 

C) 

 1 

Winter 2023-24 Analysis Results 2 

With the Pattullo Gas Line in operation during the winter of 2023-24, the Metro Vancouver 3 

system exhibits full resiliency up to FEI’s 30.2DD design day conditions, as noted by the cell in 4 

Table 1 with the comment “OK to Design Conditions 30.2DD (-12.2 C)”.   5 

For Alternatives 6A or 6B (i.e. the Pattullo Gas Line is no longer in service), during the same 6 

winter, resiliency can only be maintained up to 26.5DD day conditions, as noted by the cell in 7 

Table 1 with the comment “26.5DD (-8.5 C)”.  This reduced resiliency creates an outage risk to 8 

tens of thousands of customers in the Metro Vancouver Area during the coldest winter days 9 

between minus 8.5 C and minus 12.2 C simply because the Pattullo Gas Line is no longer 10 

available to provide additional supply into the area. 11 

Winter 2034-35 Analysis Results 12 

The analysis in Table 1 also shows that the resiliency of the Metro Vancouver system degrades 13 

over time in all cases, and especially so for Alternatives 6A and 6B.   14 

With the Pattullo Gas line in operation during the winter of 2034-35, the Metro Vancouver 15 

system exhibits resiliency only up to a 29 DD (-11 C), as noted by the cell in Table 1 with the 16 

comment “29DD (-11 C)”.  Although this weather scenario is slightly warmer than full design day 17 

conditions, there is still some risk of outage for several thousand customers.   18 

For Alternatives 6A or 6B (i.e. the Pattullo Gas Line is no longer in service), during the same 19 

winter, resiliency can only be maintained up to 24.5DD day conditions, as noted by the cell in 20 

Table 1 with the comment “24.5DD (-6.5 C)”.  This resiliency point is a full 2 °C warmer 21 

compared to the winter of 2023-24 and will create a risk of outages for even more customers. 22 
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Conclusion 1 

In summary, the resiliency benefit provided by the Pattullo Gas line results from it being a third 2 

and independent supply of gas into the Metro Vancouver system.  This gas line has provided 3 

the benefit of enabling FEI to meet 100 percent of the forecast firm gas demand during design 4 

day conditions in the Metro Vancouver area, even if gas supply from one of the other two 5 

sources (Fraser Gate or Coquitlam Gate) was fully interrupted. 6 

 7 

 8 

5.3.1 Please discuss the risks to FEI’s system associated with not having the 9 

resiliency benefit of the Pattullo Gas Line in place.  10 

  11 

Response: 12 

Please refer to the response to BCUC IR1 5.3. 13 

 14 

 15 

 16 

5.3.2 Please discuss and quantify the impact that losing the resiliency 17 

provided by the Pattullo Gas Line will have on the resiliency of FEI’s 18 

system in the Metro Vancouver area. 19 

  20 

Response: 21 

Please refer to the response to BCUC IR1 5.3. 22 

 23 

 24 

 25 

5.4 Please provide FEI’s target date for completing another project or system 26 

improvements to restore the Metro Vancouver system resiliency. 27 

  28 

Response: 29 

FEI is continuing to evaluate alternatives to restore system resiliency in the Metro Vancouver 30 

area which is currently provided by the LMIPSU Project. Until the scope of the Project is better 31 

defined, FEI is unable to provide additional information about any follow-up project(s) to restore 32 

resiliency at this time, including project overview, timing, or anticipated cost.  33 

However, given the likely scope, it is expected that any resulting project will exceed the current 34 

CPCN threshold, and that FEI will be required to file a separate CPCN application with the 35 

BCUC. 36 
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 1 

 2 

 3 

5.4.1 Does FEI anticipate filing an application with the BCUC for approval to 4 

undertake the resiliency project or system improvement? 5 

  6 

Response: 7 

Please refer to the response to BCUC IR1 5.4. 8 

 9 

 10 

 11 

5.5 Please provide details of any resiliency projects or system improvements 12 

currently being considered by FEI, including project overview, timing and 13 

anticipated cost.  14 

  15 

Response: 16 

Please refer to the response to BCUC IR1 5.4. 17 

 18 

 19 

 20 

5.6 Please explain whether the alternative selected to complete the PGR Project will 21 

impact the feasible alternatives for the resiliency project or system improvements 22 

  23 

Response: 24 

Please refer to the response to BCUC IR1 5.4. 25 

  26 
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B. ALTERNATIVES EVALUATION 1 

6.0 Reference: OVERVIEW OF ALTERNATIVES ANALYSIS 2 

Exhibit B-1, Section 4.2, Table 4-1, p. 24  3 

Alternatives Considered for PGR Project 4 

On page 24, FEI provides the following table listing the six alternatives and the sub-5 

alternatives it considered for the PGR Project. 6 

Table 4-1:  Alternatives and Sub-Alternatives Considered for PGR Project 7 

Alternatives and Sub-Alternatives 

Considered 

Alternative 1 Attachment to the New Bridge 

Alternative 2 Trenchless Crossing of the Fraser River 

 Alternative 2A - High Pressure Horizontal Directional Drill (TP/IP HDD) 

 Alternative 2B - Distribution Pressure Horizontal Directional Drill (DP 
HDD) 

 Alternative 2C - Alternate High Pressure Horizontal Directional Drill 
(TP/IP) 

 Alternative 2D - Other Trenchless Methodologies (Micro-tunneling) 

Alternative 3 Through Richmond with Fraser River Crossing 

 Alternative 3A - TP Gas Line with 1 Gate Station 

 Alternative 3B - IP Gas Line with 1 Gate Station and 1 District Station 

Alternative 4 Aerial Gas Line Crossing 

Alternative 5 Peak Shaving Facility / Virtual Gas Line 

 Alternative 5A - Liquefied Natural Gas (LNG) 

 Alternative 5B - Compressed Natural Gas (CNG) 

Alternative 6 Overland Gas Line 

 Alternative 6A - Broadway and Gaglardi Way Corridor 

 Alternative 6B - Cape Horn Gate Corridor 

 Alternative 6C - Fraser Gate Corridor 

 Alternative 6D – Sperling Avenue Corridor 

6.1 Please explain whether FEI considered upgrading the existing trunk distribution 8 

system to increase the system capacity, including potential loop lines paralleling 9 

the existing system mains.  10 

 11 

6.1.1 If not, please explain why not. 12 

 13 

6.1.2 If yes, please describe any studies FEI conducted and provide the 14 

results of these assessments. 15 

 16 
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6.1.3 If yes, please discuss whether FEI considered any alternative that 1 

included such upgrading of the existing trunk distribution system and 2 

why they were not pursued.  3 

  4 

Response: 5 

FEI considered the alternative of upgrading the existing trunk distribution system but determined 6 

that the alternative was not preferred as it would further degrade the resiliency of the DP and IP 7 

systems.  8 

There are two potential upgrade/looping options: (1) the addition of loop lines or increasing the 9 

diameter of the trunk from the Coquitlam source at Como Lake and Westwood Station stations; 10 

and (2) a looping project from Fraser Gate station.   11 

However, these options are likely to cost more than a replacement supply option in the 12 

Burnaby/New Westminster area. The addition of loop lines or increasing the diameter of the 13 

trunk from the Coquitlam source at Como Lake and Westwood stations would require a project 14 

scope of approximately 12 km in length (approximately twice the length of FEI’s preferred 15 

option). A looping project or replacement project from Fraser Gate station is similar in scope to 16 

what is provided in Alternative 6C.  Resiliency for such options would be further reduced if the 17 

system’s operating pressure were to remain at 700 kPa rather than increased to IP pressure, 18 

unless the pipe size was increased to compensate for the lower pressure.   19 

Neither of these options would provide a replacement of the Pattullo Gas Line supply, making 20 

the system more vulnerable and less resilient to supply disruption events. Given that the 21 

resiliency of the system would already be degraded from the loss of the Pattullo Gas Line, FEI 22 

considers that further degradation of the resiliency of the system would not be prudent. 23 

FEI focused on replacement supply into the distribution system in the Burnaby/New 24 

Westminster area because the resiliency of the DP and IP system would be degraded to a 25 

lesser extent than with the above-noted distribution looping options. As such, all alternatives 26 

considered included a replacement supply of natural gas for the trunk distribution system.  27 

  28 
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7.0 Reference: EVALUATION OF TRENCHLESS CROSSING OF THE FRASER RIVER  1 

Exhibit B-1, Section 4.3.2, p.29  2 

Technical Assessment 3 

On page 29, FEI states: 4 

FEI evaluated several options for a trenchless crossing of the Fraser River near the 5 

Pattullo Bridge, including three horizontal directional drill (HDD) alignments and other 6 

trenchless crossing methods. FEI engaged a drilling contractor as part of an early 7 

contractor involvement project delivery method to further assess these alternatives. All of 8 

the proposed sub alternatives were identified as not being constructible and had other 9 

technical issues and risks which could not be adequately addressed or cost effectively 10 

mitigated using risk mitigation techniques. As a result, FEI determined that these 11 

alternatives were not feasible. 12 

7.1 Please describe the early contractor involvement process and associated time 13 

frame for contractor involvement in assessing the alternatives.   14 

  15 

Response: 16 

FEI worked with an advisor (Bramcon Project Consultants Ltd.) to develop the Project’s 17 

implementation strategy and determined that a project delivery method (PDM) incorporating 18 

early contractor involvement would optimize project results by integrating the Design-Builder 19 

into the early stages of the project development. The PDM selected for the HDD scope of work 20 

was progressive design build (PDB), in which FEI contracts directly with one firm, the Design-21 

Builder, to deliver the project in two distinct phases. Phase 1 includes design development, pre-22 

construction services, relying on early contractor input, along with negotiation of commercial 23 

terms. Once the projects design aligns with FEI’s requirements, the Design-Builder provides a 24 

formal commercial proposal and fixed price for completion of the construction under Phase 2.  25 

FEI entered into a PDB contract with Peter Kiewit Sons ULC (together with designers Mott 26 

MacDonald for their HDD expertise and Thurber Engineering Ltd for their geotechnical 27 

expertise) from June 2019 to October 2019, at which time the proposed HDD alignments and 28 

other trenchless crossing methods were determined to be not feasible.  29 

 30 

 31 

 32 

7.2 Please elaborate on the drilling contractor’s relevant qualifications and 33 

experience. 34 

  35 
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Response: 1 

The relevant qualifications and experience of the drilling contractor, Peter Kiewit Sons ULC 2 

(teamed with designers Mott MacDonald for their HDD expertise and Thurber Engineering Ltd. 3 

for their geotechnical expertise) are as follows:  4 

Peter Kiewit Sons ULC (Kiewit) is an experienced and competent multi-disciplinary design-build 5 

contractor with expertise in trenchless construction and engineering design with relevant 6 

qualifications and experience that include the following projects: 7 

 Trans Mountain Expansion Project-Langley to Burnaby, BC (twinning of an existing 8 

pipeline):  Design-builder for 35.5 kilometres of an NPS 36 pipeline including a Fraser 9 

River submarine crossing, a new dock complex with three marine berths at Westridge 10 

Marine, mainline piping and manifold at Sumas Terminals and a 2.6 kilometre, 4.3 metre 11 

diameter tunnel from Burnaby Terminal to Westridge Marine.  12 

 Various power interconnection infrastructure projects for EPCOR Industrial Infrastructure 13 

L.P. in various locations for electric power supply for the pump stations and terminal on 14 

the Trans Mountain Expansion Project: Design, Build, Own, Operate and Transfer 15 

agreement for 7 substations, 11 switchyards, 3 transmission line and 55 remote main 16 

line block valves.     17 

 18 
For more information, refer to  https://www.kiewit.com/. 19 

Kiewit teamed with designer Mott MacDonald, a leading engineering, management and 20 

development consultancy. Mott MacDonald was ranked as the number two top trenchless 21 

design firm in North America in 2018 by Engineering News-Record and is industry recognized 22 

as having the skill, experience, and ability to take on challenging projects that require a 23 

trenchless design solution. Mott MacDonald’s relevant qualifications and experience include 24 

providing trenchless engineering services for the following projects: 25 

 Trans Mountain Expansion Project-Hope to Burnaby, B.C.: 25 major trenchless 26 

crossings including 7 HDD crossings and a 2.6 kilometre, 4.3 metre diameter tunnel from 27 

Burnaby Terminal to Westridge Marine. 28 

 Oakland Inner Harbor Crossing: a 915 metre, NPS 24 HDD crossing of the Oakland 29 

Inner Harbor estuary in an urban setting. 30 

 Energy East Pipeline Project: Crossing feasibility assessments for 3 river crossings 31 

including the Riviere du Nord, Riviere des Outaouais and Riviere Etchemin Lateral.  32 

 33 
For more information, refer to https://www.mottmac.com/. 34 

Mott MacDonald teamed with Thurber Engineering Ltd. to provide a complete range of 35 

geotechnical services including site investigations and stability analyses. They offer specialized 36 

knowledge and experience particular to the Lower Mainland in earthquake geotechnique, geo-37 

https://www.kiewit.com/
https://www.mottmac.com/
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hazards, tunneling and trenchless technologies. Thurber Engineering’s relevant qualifications 1 

and experience include the following projects:  2 

 Annacis Water Supply Tunnel: a 2.3 kilometre, 3.66 metre tunnel between the City of 3 

New Westminster and the City of Surrey.  4 

 5 
For more information, refer to https://thurber.ca/.  6 

Collectively, the teams as referenced above, completed the following projects within the last 10 7 

years:  8 

 Port Mann/Highway 1 Improvement: Improvements to a 37 kilometre section of highway 9 

1 between the Township of Langley and the City of Vancouver including 17 10 

interchanges, 28 overpass and underpass structures and construction of a 2 kilometre 11 

cable-stayed bridge over the Fraser River between the City of Surrey and the City of 12 

Coquitlam.  13 

 WAC Bennett Dam Riprap Upgrade: Dam improvements including replacement of 14 

existing rock with larger, durable limestone.   15 

 Portland East Side Combined Sewer Overflow:  A 8.9 kilometre, 6.7 metre ID tunnel 16 

including 7 large diameter shafts and 3.2 kilometres of shallow pipelines, microtunnels 17 

and diversion structures.  18 

 CN Rail Pier 11 Seismic Retrofit: Installation of two 2 metre diameter, 80 metre deep 19 

pipe piles with rebar cages and concrete placed inside, 80 MT beams with post 20 

tensioned bars and saw cutting the existing pier.  21 

 22 

 23 

 24 

7.3 Please explain whether FEI engaged an independent engineering firm to assess 25 

the feasibility of the trenchless crossing alternatives. 26 

  27 

 28 

7.3.1 If confirmed, please describe the engineering firm’s relevant 29 

qualifications and experience. Please also provide the independent 30 

engineer’s scope of work on this project. 31 

 32 

7.3.2 If not, please explain why not. 33 

  34 

Response: 35 

Yes, FEI engaged McMillen Jacobs Associates (MJA) and Golder Associates Corp. (Golder) as 36 

independent engineering firms to review and validate all deliverables provided by Kiewit.  37 

https://thurber.ca/
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MJA has extensive trenchless crossing design and construction experience. They maintain over 1 

430 technical staff with specialization in geotechnical, trenchless and tunnel engineering 2 

capabilities. In the last ten years, MJA’s technical staff has worked on more than 100 3 

geotechnical pipeline, trenchless/tunneling and seismic resiliency projects for power, natural 4 

gas, water and wastewater, and other utility agencies. 5 

MJA’s scope of work included:  6 

(1) Review of documentation provided by Kiewit, including but not limited to:  7 

(a) Reports;  8 

(b) Specifications;  9 

(c) Datasheets;  10 

(d) Calculations;  11 

(e) Drawings;  12 

(f) Memorandums;  13 

(g) Decision Records; and  14 

(h) any other technical documents provided by FEI.  15 

(2) Attend meetings as requested by FEI; 16 

(3) Provide technical advice to FEI on matters related to trenchless design and 17 
construction; 18 

(4) Review cost estimates and associated documentation and provide advice to FEI on 19 
content and methodology; 20 

(5) Provide advice to FEI regarding the constructability of designs proposed by Kiewit; 21 
and 22 

(6) Provide advice to FEI on the structure and content of construction contracts if 23 
requested.  24 

Golder is one of the largest and most experienced companies providing geotechnical services in 25 

British Columbia. They have local expertise in seismic evaluation and design, soft ground 26 

engineering, deep foundations, and trenchless and tunneling engineering. Their portfolio 27 

includes geotechnical support of many trenchless installations for local power, natural gas, 28 

water and wastewater, and other utility agencies, exhibiting similar conditions faced by the 29 

Project’s HDD alternatives. 30 

Golder’s scope of work included the following: 31 

(1) Review of documentation provided by Kiewit, including but not limited to:  32 

(a) Reports;  33 

(b) Specifications;  34 

(c) Datasheets;  35 
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(d) Calculations;  1 

(e) Drawings;  2 

(f) Memorandums;  3 

(g) Decision Records; and  4 

(h) any other technical documents provided by FEI.  5 

(2) Attend meetings as requested by FEI; 6 

(3) Provide technical advice to FEI on matters related to the geotechnical conditions for 7 
trenchless design and construction; 8 

(4) Review cost estimates and associated documentation and provide advice to FEI on 9 
content and methodology; and 10 

(5) Provide advice to FEI regarding the constructability of designs proposed by Kiewit.  11 

 12 

 13 

 14 

7.4 Please describe any assessments to determine the feasibility of the trenchless 15 

crossing alternatives, including engineering, geological and geotechnical studies 16 

and provide the results of these assessments. 17 

  18 

Response: 19 

Included as Attachment 7.4 are the engineering, geological and geotechnical studies and 20 

assessments completed by the drilling contractor.3 The documents included are as follows:  21 

Document # Title Discipline Results 

P-00758-PIP-MEM-
0001 

Pre-FEED HDD Alignment Route Evaluation Engineering Not feasible 

P-00758-PIP-MEM-
0002 

Proposed Alternative HDD Alignment Memo Engineering Technically 
feasible 

P-00758-PIP-MEM-
0005 

Microtunnel Feasibility Memo Engineering Not feasible 

P-00758-GEO-MEM-
0001 

Preliminary Flow Failure Assessment Memo Geotechnical Supporting 
data 

 22 

                                                
3 Refer to the response to BCUC IR1 7.2 for the drilling contractor’s relevant qualifications and experience. 
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Additional geotechnical reports supplied by others were as follows: 1 

Document # Title Discipline Results 

 PBR 2018-07 Phase A Geotechnical Site 
Investigation Report - Golder4 

Geotechnical Supporting 
data 

 PBR 2018-07 Phase B Land Geotechnical Site 
Investigation Report - Golder 

Geotechnical Supporting 
data 

  2 

                                                
4  Refer to the response to BCUC IR1 7.3.1 for Golder’s relevant qualifications and experience. 
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8.0 Reference: EVALUATION OF ALTERNATIVES 6A, 6B AND 6C 1 

Exhibit B-1, Section 4.4.2, pp. 40-42  2 

Pipeline Design 3 

On page 40, FEI states, “the Broadway and Gaglardi Way Corridor option involves the 4 

installation of approximately 5 km of NPS 20 (508 mm) IP gas line in the City of 5 

Burnaby.” 6 

On page 41, FEI states, “the Cape Horn Gate Corridor option involves the installation of 7 

approximately 8 km of NPS 20 IP gas line in the Cities of Coquitlam and Burnaby.” 8 

On page 42, FEI states, “the Fraser Gate Corridor option involves the installation of 9 

approximately 7 km of NPS 20 (508 mm) IP gas line starting at Fraser Gate Station in 10 

the City of Vancouver.” 11 

8.1 Please provide the design capacity of the pipeline for each of these alternatives. 12 

  13 

Response: 14 

In order to provide a meaningful representation of the existing Pattullo Gas Line’s contribution to 15 

the trunk distribution system’s capacity, FEI has used the same methodology as in the response 16 

to BCUC IR1 3.1, which describes the current system capacity with the existing Pattullo Gas 17 

Line. For each alternative, FEI conducted an analysis whereby the load on all the stations in the 18 

trunk distribution system was proportionally increased until the pressure dropped below that 19 

necessary for at least one of the stations to deliver the gas required to supply downstream 20 

customers. The table below summarizes the contribution to system capacity of each of the 3 21 

alternatives applying the method described above.   22 

Alternative 6A and Alternative 6B are expected to deliver gas to the same location on the 23 

existing trunk distribution system, in the vicinity of 10th Avenue and McBride Boulevard.  The 24 

available capacity they provide to the system is therefore similar by providing about 20,000 25 

m3/hr more delivery capacity to the trunk distribution system than the existing Pattullo Gas Line.  26 

Alternative 6C provides about 19,000 m3/hr less capacity than the current Pattullo Gas Line. The 27 

table below provides the trunk distribution system capacity for each of these alternatives. 28 

Table 1:  Comparison of System Capacities for Alternatives 

Description 
System Capacity of Alternative 

(m3/hr) 

Alternative 6A - Broadway and Gaglardi Way Corridor 275,000 

Alternative 6B - Cape Horn Gate Corridor 275,000 

Alternative 6C - Fraser Gate Corridor 222,000 

 29 
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 1 

 2 

 3 

8.1.1 Please explain FEI’s methodology for determining the design capacity, 4 

detailing all assumptions made. 5 

  6 

Response: 7 

Please refer to the response to BCUC IR1 8.1. 8 

 9 

 10 

 11 

8.1.2 Please also elaborate on the difference in design capacity between 12 

alternatives, if any. 13 

  14 

Response: 15 

Please refer to the response to BCUC IR1 8.1. 16 

 17 

 18 

 19 

8.2 Please describe the conceptual design for these alternatives in more detail, 20 

including the construction method(s) to be used as well as any design 21 

parameters that FEI used in its evaluation. 22 

  23 

Response: 24 

Each Project alternative requires the design, construction and operation of an urban pipeline.  25 

The conceptual design phase included completing preliminary routing from known start and end 26 

locations, based on existing infrastructure.  Natural features, as well as existing and planned 27 

manmade constraints to routing, were identified. 28 

Construction methods considered for each alternative included standard urban pipeline 29 

construction techniques developed and proven successful on FEI’s previous LMIPSU and CTS 30 

projects, including stove pipe and drag section installation. Trenchless construction methods 31 

were considered for crossings of major waterways, railways and major roadways.  32 

The design parameters for each alternative included: 33 

  34 
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 1 

Property Value 

Pipe Size 508 mm (NPS 20) 

Design Flow Rate 102,000 m³/hr 

Maximum Operating Pressure (MOP) 2070 kPa (300 psi) 

CSA notch toughness requirement Category II 

Material Grade 290 MPa regular pipe, 359 MPa for HDD 

Design Factor 0.80 (pipeline) 

Location Factor 0.50 (general) Assuming Class Location 4 

Joint Factor 1.00 

Temperature Factor 1.00 

Minimum Depth of Cover 1.2 m 

Minimum Design Temperature minus 5 degC 

Maximum Design Temperature 54 degC 

Minimum Installation Temperature minus 5 degC 

Service Natural Gas – sweet, odourized 

Pipeline Design Standard CSA Z662-19 

Line Pipe Design Standard CSA Z245.1-18 

 2 

 3 

 4 

8.3 Please explain how FEI determined the pipe diameter and design pressure for 5 

these alternatives. 6 

  7 

Response: 8 

Please refer to the response to BCUC IR1 3.2.  9 

  10 
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9.0 Reference: EVALUATION OF ALTERNATIVES 6A, 6B AND 6C  1 

Exhibit B-1, Section 3.2, p.14; Exhibit B-1, Section 4.4.2, pp. 40-42 2 

Intermediate Pressure Pipeline 3 

On page 14, FEI states that the Pattullo Gas Line is a nominal pipe size (NPS) 20 4 

distribution pressure (DP) pipeline. 5 

On page 40, FEI states, “the Broadway and Gaglardi Way Corridor option involves the 6 

installation of approximately 5 km of NPS 20 (508 mm) IP gas line in the City of 7 

Burnaby.” 8 

On page 41, FEI states, “the Cape Horn Gate Corridor option involves the installation of 9 

approximately 8 km of NPS 20 IP gas line in the Cities of Coquitlam and Burnaby.” 10 

On page 42, FEI states, “the Fraser Gate Corridor option involves the installation of 11 

approximately 7 km of NPS 20 (508 mm) IP gas line starting at Fraser Gate Station in 12 

the City of Vancouver.” 13 

 14 

9.1 Please explain in detail FEI’s rationale for selecting an IP pipeline to replace the 15 

existing DP pipeline.  16 

  17 

Response: 18 

A gas pipe operating at a higher pressure will have more delivery capacity than the same 19 

diameter gas pipe operating at a lower pressure.  FEI selected the higher IP rather than DP 20 

operating pressure, for these alternatives in order to maximize the delivery capacity for the 21 

selected pipe diameter – at a marginal additional cost.  Refer to the response to BCUC IR1 3.2 22 

for additional discussion on the how the pipe diameter and operating pressure for alternatives 23 

was selected.  Refer to the response to BCUC IR1 9.4 for discussion on the estimated cost 24 

differential. 25 

 26 

 27 

 28 

9.2 Did FEI consider using a DP pipeline for alternatives 6A, 6B and 6C? 29 

 30 

9.2.1 If not, please explain why not.  31 

  32 

Response: 33 

A DP pipeline was not considered for Alternatives 6A, 6B and 6C given the increased capacity 34 

benefits and the low marginal cost of an IP pipeline solution as described in the response to 35 

BCUC IR1 9.1. 36 
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 1 

 2 

 3 

9.3 Please describe the regulatory process and associated time frame for permitting 4 

an IP pipeline used by FEI in the Metro Vancouver area, from early consultation 5 

to commissioning, and compare this to the regulatory process for the same 6 

project if the pipeline were DP.   7 

  8 

Response: 9 

Permitting for IP and DP gas lines used by FEI in the Metro Vancouver area both involve the 10 

same process for early consultation, construction, and commissioning with many permitting 11 

agencies. These include municipal permits, some provincial and federal permits, and foreign 12 

utility crossing agreements. These permits vary in complexity and timing, with some taking 4 to 13 

8 months for review and approval. FEI holds operating agreements with most municipalities in 14 

Metro Vancouver. Only works not covered by these agreements would require specific permits 15 

(such as traffic management plans). The project will also require review by the municipality to 16 

prevent conflict with their infrastructure. 17 

The primary difference between IP and DP infrastructure is whether permitting for construction 18 

and operation is under the BC Oil and Gas Commission (BCOGC) or Technical Safety BC 19 

(TSBC). The jurisdiction of these two agencies splits at a Maximum Operating Pressure (MOP) 20 

greater than 700 kPa, as defined in the Gas Safety Regulation.  Therefore, an IP gas line 21 

(operating above 700 kPa) is regulated by the BCOGC, while a DP main (operating below 700 22 

kPa) is regulated by TSBC. 23 

In relation to IP gas lines, FEI intends to submit an amendment application to the BCOGC for 24 

the Project, referred to as a “Major – New Land Pipeline”, seeking permission for new gas line 25 

construction with a new ROW. This process requires a 200 metre consultation and notification 26 

radius around the outer boundaries of the Project’s footprint. With IP gas lines, many provincial 27 

permits issued by the Ministry of Forests, Lands and Natural Resources Operations and Rural 28 

Development (MFLNRORD) are permitted through the BCOGC, including Short Term Water 29 

Use (Section 10) and Changes In and About a Stream (Section 11) Authorizations. This allows 30 

for the BCOGC process to be more streamlined. Other required deliverables for the amendment 31 

application include First Nations consultation, environmental assessments, archaeological 32 

impact assessment and design drawings. The process for compilation and review of permit 33 

applications generally takes 7 months. 34 

FEI has a standing permit with TSBC for DP main installation and operation, and hence no 35 

formal permitting process is required. Under the standing permit, FEI is required to provide 36 

TSBC with the construction and materials information, and the operating standards adopted 37 

when installing and operating new DP gas lines. Further, FEI is required to provide TSBC with a 38 

report of the total length of DP gas line extension installed by the Company, as outlined in 39 

Section 50.2 of the Gas Safety Regulation.  40 
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 1 

 2 

 3 

9.3.1 Please also elaborate on the difference in pipeline rights of way (ROW) 4 

requirements, if any. 5 

  6 

Response: 7 

As described further below, other than the inclusion of the Section 219 Covenant requiring the 8 

property owner to obtain written consent prior to any activity within the ROW area, the ROW 9 

requirements for DP and IP gas lines are generally the same. 10 

The ROW agreement for IP gas lines includes a covenant under Section 219 of the Land Title 11 

Act prohibiting the property owner from carrying out activities within the vicinity of the ROW area 12 

without the prior written consent of FEI. If such consent is granted, it may only be done in 13 

accordance with the written requirements of FEI. The IP ROW agreement also addresses 14 

prohibited and permitted improvements and the costs and expenses associated with any 15 

damage caused to FEI’s works, the Owner’s improvements of other Owners, or the requirement 16 

to relocate or modify either. 17 

Under the Oil and Gas Activities Act, property owners or the public require written permission or 18 

a permit from FEI in order to carry out any ground activities within 30 metres of an IP or 19 

transmission pressure (TP) gas line.  Improvements or ground activities within 30 metres of a 20 

DP gas line require the person to advise BC 1 Call of the proposed activity and may require an 21 

FEI inspector on site if the DP pipeline diameter is greater than 273 millimetres (NPS 10); 22 

however, a permit is not required.  23 

. 24 

 25 

 26 

 27 

9.4 Please describe the material specifications and construction methods for an IP 28 

pipeline used by FEI in the Metro Vancouver area, and compare these to the 29 

material specifications and construction techniques for the same project if the 30 

pipeline were DP.   31 

 32 

9.4.1 Please also elaborate on the difference in material and construction 33 

cost, if any.       34 

  35 

Response: 36 

The table below highlights the material specifications for IP and DP gas lines for the PGR 37 

Project: 38 
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Parameter IP (2070 kPa) DP (700 kPa) 

Steel Grade (Gr.)5 414 414 

Wall Thickness (W.T.) 9.5 mm 4.8 - 9.5 mm 

Category6  CATII M20C CAT I 

 1 
FEI is proposing to use a consistent 9.5 millimetre wall thickness for all IP pipe installed for the 2 

Project. A consistent wall thickness provides efficiency in the procurement, manufacturing, 3 

construction and long-term asset management through inline inspection (ILI) of the gas lines. 4 

The selection of 9.5 millimetre wall thickness and 414 steel grade pipe is required to 5 

accommodate the pull loads and stresses during HDD pipe installation7.  6 

Due to different asset management practices for the DP gas line, FEI will use varying wall 7 

thickness for the DP portion of the Project. 8 

Construction methods would be similar for the IP and DP gas lines. CSA Z662:19 Tables 4.9 9 

and 12.2, and the MOTI Utility Policy Manual Table 17.1 require similar depth of cover for 10 

installation. The table below outlines the minimum requirements: 11 

Standard Parameter IP (2070 kPa) DP (700 kPa) 

CSA Z662:19  

Table 4.9 & 

Table 12.2 

Below travelled surface 
(road) 

0.6 – 1.2 m 0.6 m 

Right of Way (road) 0.6 – 0.75 m 0.6 m 

Below base of rail 
(uncased) 

2.0 m 2.0 m 

Right of Way (rail) 0.75 m 0.75 m 

MOTI Table 17.1 Under pavement and 
shoulders 

1.2 m 1.2 m 

Design ditch bottom 1.0 m 1.0 m 

Elsewhere in the Right-
of-Way 

1.0 m 1.0 m 

  12 

Hydrostatic testing of the IP gas line will require a strength test at 140 percent of maximum 13 

operating pressure (MOP) for 4 hours followed by a leak test at 110 percent of MOP for 4 hours, 14 

whereas the DP will require a leak test only. As per CSA Z662:19 Clause 12.7.4 and FEI 15 

internal standards, gas lines operating greater than 700 kPa require 100 percent Non-16 

Destructive Investigation (NDI) of all welds, while gas lines operating at or below 700 kPa 17 

require 15 percent NDI of all welds. 18 

                                                
5  As per CSA Z245.1-18 Standard for Steel Pipe. 
6  As per Clause 5.2.2 “Notch toughness requirements — Steel pipe” of CSA Z662:19.  
7  For pipe installed using HDD methods ASCE Report 89 - Pipeline Crossings recommends the diameter to 

thickness ratio should be less than 60. 
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When considering the impacted construction activities on a cost per metre basis for a DP gas 1 

line, as compared to an IP gas line, FEI estimates that a construction cost reduction of 2 

approximately 2 to 4 percent may be achievable if the entire 5 kilometres of the Project were to 3 

use a DP gas line. This does not take into consideration any increase to pipeline diameter as 4 

may be needed to meet capacity requirements as discussed in the response to BCUC IR1 9.1. 5 

  6 
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10.0 Reference: EVALUATION OF ALTERNATIVES 6A, 6B AND 6C 1 

Exhibit B-1, Section 4.4.2, p. 44 2 

Schedule Impacts 3 

On page 44 the Application, FEI states: 4 

The following non-financial evaluation criteria were used to evaluate the three 5 

route corridors: 6 

1. Schedule Impacts: the ability to ensure the new system will be in-service 7 

to meet the MoTI schedule, impacted by several factors including: 8 

• Estimated timelines for meaningful engagement to obtain the 9 

necessary permit approvals required for project execution; and 10 

• Estimated timelines for construction with regard to municipal bylaws 11 

which restrict working hours, traffic management staging as required 12 

by the City, working in and around existing third party utilities and 13 

construction methodologies. 14 

10.1 Please provide the estimated timelines for engagement and construction and the 15 

overall schedule for each of the three route corridors. 16 

 17 

10.1.1 Please include any assumption FEI has made and the basis for the 18 

assumption. 19 

  20 

Response: 21 

The overall Project schedule duration for an alternative is driven by the durations of the 22 

summary activities that are most likely to be on the critical path, which are design, permitting 23 

and construction.   As such, for reasons discussed in Table 4-5 in the Application, factors such 24 

as permit approval times and utility obstructions influence the overall duration.  In conducting 25 

the alternative analysis, FEI concluded the following: 26 

 For Alternative 6A, the durations for the summary activities, engagement, design, 27 

permitting and construction are likely to be executed with durations in the lower to mid 28 

ranges of the estimates because of fewer land issues and obstructions.  The high-level 29 

estimates for the summary activities are approximately 6-9 months for design, 9-12 30 

months for permitting and 6-9 months for construction.  When integrated into the master 31 

project schedule a likely outcome for the overall project duration could range from 33-45 32 

months.   33 

 For Alternatives 6B and 6C, the durations for the summary activities, engagement, 34 

design, permitting and construction are likely to be executed with durations in the mid to 35 

upper ranges of the estimates because of coordination with multiple municipalities and a 36 

more congested construction environment.  The high-level estimates are approximately 37 

9-15 months for design, 12-18 months for permitting and 9-12 months for 38 
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construction.  When integrated into the master project schedule a likely outcome for the 1 

overall project duration could range from 45-63 months.   2 

The assumptions FEI made are as indicated in Table 4-5 of the Application and are based on 3 

FEI’s experience with similar urban gas line projects. In FEI’s view, specifically for Alternative 4 

6A, the Gaglardi Route would likely consume less schedule contingency and have a narrower 5 

range for the following reasons:  6 

 The Project does not cross private land so no private land SRW negotiations are 7 

required; 8 

 Permitting is only required from one municipality; and  9 

 There is less overall congestion due to third party utilities in route corridor compared to 10 

other alternatives.  11 

Therefore, in FEI’s view, Alternative 6A would most likely require less contingency than 12 

estimated and achieve the Project schedule constraint to meet MoTI’s Pattullo Bridge 13 

Replacement project timelines.   14 

 15 

 16 

10.2 What construction techniques has FEI considered or could FEI consider to 17 

shorten timelines for permitting approval or construction? 18 

  19 

Response: 20 

For installation of the gas line, FEI plans to use standard urban pipeline construction techniques 21 

that have been developed and proven successful on FEI’s previous IP and CTS projects, 22 

including stove pipe and drag section installations. An alternative installation technique that is 23 

under evaluation to reduce the construction and permitting schedule includes a long horizontal 24 

directional drill (HDD) to minimize traffic management staging, permitting from various local, 25 

provincial and federal authorities, and working in and around existing third-party utilities. 26 

Another opportunity to reduce construction schedule is to implement multiple construction crews 27 

over various sections of the alignment. Traffic management staging will require further 28 

evaluation to determine the feasibility and impacts. 29 

 30 

 31 

 32 

10.3 When evaluating the alternatives, please discuss whether FEI assessed the 33 

viability of removing the Pattullo Gas Line to meet MoTI’s schedule, in advance 34 

of the new system being in-service.  35 

10.3.1 If so, please discuss why this was not deemed to be viable and include 36 

a discussion on how the demand forecast informed this decision.  37 
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10.3.2 If not, please explain why not. 1 

  2 

Response: 3 

FEI assessed the impact on the distribution system if the Pattullo Gas Line were removed in 4 

advance of the new system being in service.  However, such a schedule was deemed not 5 

viable.  The removal of the Pattullo Gas Line without a replacement supply leaves the remaining 6 

system incapable of providing sufficient capacity at several district regulating stations during 7 

peak winter conditions.  The risk of entering a winter period with a distribution system unable to 8 

meet FEI’s forecast peak demand does not meet FEI’s design criteria and could result in 9 

significant customer outages, both of which are unacceptable to FEI.   10 

The peak demand forecast provides an estimate of customer demand under peak conditions in 11 

each future year.  FEI uses a 1 in 20-year return period for calculating winter average 12 

temperatures under which peak demand occurs.  This implies that there is roughly a 5 percent 13 

possibility that FEI will experience peak demand in any given year. When the demand forecast 14 

load for FEI consumers is applied to a model of the distribution system, FEI can estimate the 15 

required flow through stations and gas lines, including the pressures at station inlets and other 16 

delivery points in the system.  Models show that, under peak demand and without the Pattullo 17 

Gas Line, the inlet pressure in the existing trunk distribution system will be inadequate for 18 

several stations in the system to deliver the forecasted flow.  The imbalance created between 19 

the reduced flow capacity through the station and the unchanged consumer demand 20 

downstream results in a steady decay of pressure in the downstream system eventually 21 

resulting in customer outages.   22 

  23 
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11.0 Reference: EVALUATION OF ALTERNATIVES 6A, 6B AND 6C 1 

Exhibit B-1, Section 4.4.2, p.43  2 

System Resiliency 3 

On page 43, FEI states: 4 

The replacement of FEI’s distribution system resiliency was not included as a 5 

criterion in the Overland Gas Line alternatives evaluation as all three route 6 

corridors would erode the existing system resiliency by requiring other major gate 7 

stations in the system to provide the capacity previously provided by the Pattullo 8 

Gas Line. Alternatives 6A and 6C will shift the Pattullo Gas Line load onto 9 

Coquitlam Gate and Fraser Gate, respectively, consuming a portion of the 10 

available capacity in the Transmission pressure gas lines feeding these stations 11 

and the IP gas lines leaving these stations. Similarly, Alternative 6B erodes 12 

resiliency by either: 13 

- Consuming a portion of the transmission gas lines’ capacity feeding 14 

Coquitlam Gate, thereby effectively limiting the available supply from 15 

Coquitlam Gate station should Fraser Gate fail; or 16 

- Consuming a portion of the available capacity at the gas lines into or out of 17 

Fraser Gate should the Port Mann crossing supplying Cape Horn and 18 

Coquitlam Gate stations fail. 19 

11.1 How frequently (per annum) does FEI experience failures at these gate stations? 20 

  21 

Response: 22 

The response to BCUC IR1 5.1 outlines FEI’s definition of resiliency and how it applies to 23 

customer reliability and failures.  24 

For additional context, there are two types of “failure” that FEI could experience at these gate 25 

stations:  26 

1. A “system failure” is a failure where downstream customers experience a loss of gas 27 

supply. The outage can apply to some or all customers downstream of the failure.  28 

2. A “component failure” is an instance where a piece of equipment within the system is not 29 

operating as intended. A component failure can occur without causing a system failure, 30 

due to redundancy of equipment within the system. 31 

 32 
Although FEI has not experienced any “system failures” at its major gate stations, these failures 33 

are possible – and could lead to significant consequences leaving customers with no gas supply 34 

over extended periods.  35 

FEI periodically experiences “component failures” throughout its asset base. Corrective 36 

measures are undertaken to replace or repair components in order to restore functionality when 37 
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failures are discovered by operational problems or by inspection. A survey of the Fraser Gate 1 

and Coquitlam Gate component failure history shows an average of 8 to 10 corrective measures 2 

annually per facility. 3 

 4 

 5 

 6 

11.2 Please categorize the reasons for these failures. 7 

  8 

Response: 9 

Component failures (as defined in the response to BCUC IR1 11.1) at stations such as Fraser 10 

Gate and Coquitlam Gate can generally be attributed to the following causes: 11 

 Component wear (e.g., metal on metal and polymer on metal are common); 12 

 Elastomeric breakdown leading to soft-part failure (e.g., due to chemical attack, 13 

exposure to UV, exposure to atmosphere or fatigue); 14 

 Contamination/Debris (e.g., scale, dirt, grease, construction debris, or sulphur 15 

compounds); 16 

 Electronic failure due to age; and 17 

 Corrosion due to exposure to moisture. 18 

 19 

 20 

 21 

11.3 What steps has FEI taken or could FEI take to reduce the risk of failure at these 22 

gate stations?  23 

  24 

Response: 25 

FEI has several layers of protection in place in order to prevent system failures (as defined in 26 

the response to BCUC IR1 11.1) in the event of component failures. This includes designing 27 

and installing at least two layers of protection (LOP), primarily in the form of redundant 28 

equipment. Stations with high criticality may have up to four LOPs. In this way, component 29 

failures can occur without causing a system failure. 30 

To addition to the above, FEI endeavors to mitigate component failures through the creation and 31 

execution of maintenance plans. These plans include the following strategies as applicable: 32 

1) Preventative Maintenance: Aims to either restore or extend the life of components, and 33 
include the following tasks: 34 

a. Overhauls/replacing worn parts; 35 

b. Adjustments and calibrations; 36 
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c. Lubrication; 1 

d. Cleaning; and 2 

e. Exercising (i.e. valves). 3 

2) Inspections: The goal of inspections are to determine the condition of a component or 4 
piece of equipment in order to carry out preventative maintenance prior to failure, and 5 
include the following inspection methods: 6 

a. Visual; 7 

b. Operational checks (particularly in the case of hidden failures); 8 

c. Leak surveys; 9 

d. Vibration analysis; and 10 

e. Thickness measurements. 11 

 12 
The maintenance plans in place also evolve as operational experience is gained. This is done 13 

through feedback from operations and maintenance and failure investigations in order to 14 

prevent future recurrences. 15 

 16 

 17 

 18 

11.4 Please provide the available capacity of the transmission pipelines feeding each 19 

gate station.  20 

  21 

Response: 22 

Similar to the Pattullo Gas Line being described as a component of the trunk distribution system 23 

in the response to BCUC IR1 3.1, the transmission lines feeding the Coquitlam Gate and Fraser 24 

Gate stations are components of the Coastal Transmission System (CTS). There is no 25 

meaningful capacity of a single component of the transmission system as the capacity (or 26 

support capability) that the component provides to the system is influenced by how the load on 27 

the system is distributed.   28 

However, FEI modelled gas flows in the CTS using the winter 2040-41 forecast peak demand. 29 

The capacity provided in this response is the maximum delivery capacity available at each gate 30 

station, with the forecast 20-year future load for the other two gate stations relocated to the gate 31 

station in question.  In addition, the load at the gate station has been adjusted to keep the inlet 32 

pressure at that station just above the minimum required design pressure.  The minimum inlet 33 

pressure for Fraser Gate serving a downstream 1200 kPa system is 1550 kPa.  The minimum 34 

inlet pressure for Coquitlam Gate serving a downstream 2070 kPa system is 2420 kPa.  Given 35 

these assumptions and load distribution on the CTS, the capacity of the transmission system 36 

serving each Gate Station is as follows: 37 
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 1 

 2 

As the table above shows, for the winter of 2040-41 the transmission lines serving Coquitlam 3 

Gate station are forecast to have sufficient capacity to deliver the full load of the Metro 4 

Vancouver IP Systems by a margin of 66,100 m3/hr. However, the transmission line serving 5 

Fraser Gate has a slight deficit in capacity of 12,300 m3/hr below that required to meet the full 6 

load of the Metro Vancouver IP Systems.  This deficit in capacity for the transmission lines 7 

serving Fraser Gate would first appear in the winter or 2040-41 the last year of the 20-year 8 

forecast.  A means of addressing the slight deficit in the CTS to serve Fraser Gate under these 9 

conditions is described in the response to BCUC IR1 11.5. 10 

 11 

 12 

  13 

 14 

11.4.1 Please explain FEI’s methodology for determining the available 15 

capacity, detailing all assumptions made. 16 

  17 

Response: 18 

Please refer to the response to BCUC IR1 11.4. 19 

 20 

 21 

 22 

11.4.2 Please also elaborate on the difference in available capacity between 23 

transmission pipelines, if any. 24 

  25 

Response: 26 

Please refer to the response to BCUC IR1 11.4. 27 
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 1 

 2 

 3 

11.5 Please explain whether FEI has undertaken any assessments of system 4 

improvements to increase the capacity of the existing transmission system  5 

feeding gate stations, including potential upgrades to compressors or pipelines. 6 

 7 

11.5.1 If yes, please describe the assessments undertaken and the 8 

assessment results. 9 

 10 

11.5.2 If not, please explain why not. 11 

  12 

Response: 13 

FEI compares the capacity of the CTS to the 20-year peak demand forecast requirements 14 

annually and identifies any required transmission pipe and compressor upgrades if needed.  15 

When analyzing the capacity of the CTS, the system is tested to the end of the forecast period 16 

confirming that the system retains the pipe and compressor capacity to shift the load fully 17 

between Fraser Gate and Coquitlam Gate stations or vice versa.  Recent analyses also includes 18 

the shifting of the load from the Pattullo Gas Line to either of the other gate stations.  The CTS 19 

currently has sufficient pipe and compression infrastructure to meet the forecasted 20-year peak 20 

demand under normal operation.  For disruptions requiring the shift of the loads from Fraser 21 

Gate and Pattullo Gate to Coquitlam Gate stations, the CTS also has sufficient pipe and 22 

compression capacity.  For disruptions requiring the shift of the loads from Coquitlam Gate and 23 

Pattullo Gate to Fraser Gate, the CTS would require that additional pressure control be installed 24 

at Roebuck Valve station in Surrey later in the forecast, in order to accommodate the required 25 

delivery to Fraser Gate with existing pipe and compression under peak demand.  FEI has 26 

identified a possible future need, but has not yet undertaken any assessment of the details of 27 

such additional requirements to maintain this level of resiliency over the 20-year period.  28 

As described in the response to BCUC IR 1.5.3, improvements to the transmission system 29 

upstream of Fraser Gate or Coquitlam Gate stations will not correct the eroded resiliency within 30 

the Metro Vancouver system with the relocation of the Pattullo Gas Line feed.  Gate stations 31 

such as Fraser Gate or Coquitlam Gate limit excess capacity from an upstream system from 32 

improving capacity deficits in a downstream system because they regulate the pressure 33 

available to the downstream system to no more than the Maximum Operating Pressure of that 34 

system. 35 

 36 

 37 

 38 
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11.6 Please provide information on the extent to which Alternative 6A limits the 1 

available capacity at Coquitlam Gate for both the current year and the end of the 2 

20-year planning period. 3 

  4 

Response: 5 

This response also addresses the responses to BCUC IR1 11.7 and 11.8.  The table below 6 

provides the peak demand flow required at Fraser Gate, Pattullo Gate and Coquitlam Gate 7 

stations for the current year and at the end of the 20-year planning period.  For comparison, the 8 

table also provides the surplus capacity for each alternative and for the current configuration of 9 

the Pattullo Gas Line feed above that needed to manage a disruption of the supply into Fraser 10 

Gate or Coquitlam Gate, thereby requiring a full load shift.  The differences in surplus capacity 11 

quantify the extent to which the alternative limits capacity at the gate stations.  The method and 12 

assumptions for system loading and minimum pressure requirements in this comparison are the 13 

same as is described in the response to BCUC IR1 11.4. 14 

Both Alternatives 6A and 6C require that in the event of a supply disruption at Fraser Gate or 15 

Coquitlam Gate, the supply of the Pattullo Gas Line must be accommodated by the remaining 16 

gate station in addition to the supply of the disrupted station.  As a result, these alternatives 17 

have an identical impact on the capacity available at Fraser Gate or Coquitlam Gate.   18 

For Alternative 6B, the failure of the Port Mann crossing would require the same magnitude of 19 

load shift to Fraser Gate and would result in the same impact on capacity as with Alternatives 20 

6A or 6C.  However, for a failure of the supply into Fraser Gate, Alternative 6B would have a 21 

lesser impact on loss of capacity at Coquitlam Gate because a portion of the flow would be 22 

removed from the transmission lines serving Coquitlam Gate at the proposed Cape Horn 23 

station. 24 

The table below illustrates the extent of the capacity reductions of each alternative compared to 25 

the current configuration.  In both the current year, and at the end of the 20-year planning 26 

period, Alternatives 6A, 6B and 6C have the same impact in reducing available capacity into 27 

Fraser Gate.  In 2040, the available capacity is less than what is required to support the 28 

resiliency of the Metro Vancouver system.  At Coquitlam Gate, Alternative 6B has a slightly 29 

lesser impact on reducing the surplus capacity at Coquitlam Gate than Alternative 6A or 6C.  All 30 

three alternatives (6A, 6B, and 6C) provide less capacity into each gate station than the 31 

configuration with the existing Pattullo Gas Line. 32 

 33 
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 1 

 2 

 3 

 4 

11.7 Please provide information on the extent to which Alternative 6C limits the 5 

available capacity at Fraser Gate for both the current year and the end of the 20-6 

year planning period. 7 

  8 

Response: 9 

Please refer to the response to BCUC IR1 11.6. 10 

 11 

 12 

 13 

11.8 Please provide information on the extent to which Alternative 6B limits the 14 

available supply at Coquitlam Gate should Fraser Gate fail and at Fraser Gate 15 

should the Port Mann crossing fail for both the current year and the end of the 16 

20-year planning period. 17 

  18 

Response: 19 

Please refer to the response to BCUC IR1 11.6. 20 

 21 

 22 

 23 

11.9 Please describe the extent to which each Overland Gas Line alternative provides 24 

full system resiliency in the 20-year planning period. 25 

 26 

11.9.1 In your response, please include a table showing for each Overland 27 

Gas Line alternative the number of days in a year where full resiliency is 28 

not achieved over the next 20 years. 29 

  30 

Response: 31 

The table below shows the coldest average daily temperature that full resiliency can be 32 

achieved in the Metro Vancouver IP system with each Overland Gas Line Alternative.  Full 33 

resiliency in this context refers to the ability to shift the entire downstream load to either the 34 

Coquitlam Gate or Fraser Gate stations.  The table indicates the number of days that might 35 

occur in a design year where the system would be short of capacity (due to cold temperatures) 36 

to completely shift the load.  A design year is a hypothetical year where the coldest day 37 

represents the coldest day for which a system is designed (in this case minus 12.2 °C) and the 38 
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remaining coldest days reflect the average of those days from the five coldest years in the 1 

preceding 60 year period.  This is an established means of describing how many days might 2 

exceed a given temperature in a very cold year. 3 

Year 

Coldest Temperature that Full  
Resiliency Can be Achieved 
(Tavg = Ave. Daily Temp. °C) 

Days Colder than Tavg in a Design Year 

Alternative 6A or 6B Alternative 6C Alternative 6A or 6B Alternative 6C 

2023 -8.5 -12.2 3 0 

2024 -8.3 -12.2 3 0 

2025 -8.1 -12.2 3 0 

2026 -8.0 -12.2 3 0 

2027 -7.8 -12.1 4 1 

2028 -7.6 -12.0 4 1 

2029 -7.4 -11.8 4 1 

2030 -7.2 -11.7 4 1 

2031 -7.0 -11.5 4 1 

2032 -6.9 -11.4 5 1 

2033 -6.7 -11.2 5 1 

2034 -6.5 -11.1 5 1 

2035 -6.4 -10.9 5 1 

2036 -6.3 -10.8 6 1 

2037 -6.2 -10.6 6 1 

2038 -6.1 -10.5 6 1 

2039 -6.0 -10.4 6 1 

2040 -5.9 -10.2 6 1 

  4 

The table reflects the capacity for resiliency within the Metro Vancouver IP system which is the 5 

system most impacted by the replacement of the Pattullo Gas Line.  The capacity impact on 6 

resiliency for the upstream transmission lines into Fraser Gate and Coquitlam Gate stations 7 

have been provided in the response to BCUC IR1 11.6, which shows that there is no capacity 8 

reduction in those lines sufficient to reduce the capability for full resilience until 2040. These two 9 

systems, the Metro Vancouver system and the upstream transmission system are separated by 10 

the gate stations at Fraser Gate and Coquitlam Gate. These stations represent a demarcation 11 

between the excess capacity available upstream from alleviating a capacity shortage 12 

downstream. As a result, the greater capability of the upstream transmission system is able to 13 

improve the capacity to support the resiliency described in the table above. 14 

Alternatives 6A and 6B have the same impact on reducing capacity for resiliency in the Metro 15 

Vancouver system and have a greater impact on resiliency than Alternative 6C.  Until 2023, the 16 

Metro Vancouver system (with the Pattullo Gas Line in service) would have full resiliency to shift 17 
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load at temperatures as cold as minus 12.2 °C. In 2023 onward with the Pattullo Gas Line 1 

replaced, Alternative 6A and 6B would limit that ability to temperatures of minus 8.5 °C or 2 

warmer. As load growth occurs on the system each year the temperature at which full resilience 3 

can be achieved is warmer than the previous year.  Alternative 6C would not see a reduction in 4 

capacity to support full resilience until 2027, and then would remain capable of full resiliency at 5 

temperatures 4.3 °C colder than Alternatives 6A and 6B (i.e., minus 12.8 °C). 6 

  7 
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12.0 Reference: EVALUATION OF ALTERNATIVES 6A, 6B AND 6C 1 

Exhibit B-1, Section 1.1, p. 3; Section 4.4.2.2, p. 45 2 

Evaluation of Alternatives 3 

On page 3 of the Application, FEI states:  4 

• FEI’s alternatives analysis of available overland gas line route options based on 5 

“apples to-apples” Class 5 estimates shows that the route through the City of 6 

Burnaby has the lowest rate impact, in addition to be being the only option that 7 

can be constructed in time to meet the Project schedule. As such, a more defined 8 

level of Project cost is not needed for the analysis of project alternatives. 9 

12.1 Please discuss what the cost, effort and timing of obtaining a Class 4 cost 10 

estimate would be for each of the alternatives.  11 

  12 

Response: 13 

The cost of obtaining an AACE Class 4 estimate and schedule for each alternative varies based 14 

on the level of definition, risk, the scope and the extent of investigations required to reduce the 15 

uncertainties in the estimate. As per AACE definition, a Class 4 estimate requires: 16 

 Varying levels of project definition (as per AACE guidelines) up to a 10 percent level; 17 

 A cost estimate; 18 

 A project schedule with Level 2 detail (as per AACE guidelines); 19 

 Consultation, engagement, permitting and other planning activities; 20 

 Risk identification and quantification;  21 

 Desktop traffic management study; and 22 

 Initial planning for survey and geotechnical work if required. 23 

 24 
In the case of the PGR Project, each alternative had different levels of definition to address the 25 

project risk and uncertainty. As such, the cost of producing a Class 4 estimate varied from 26 

approximately $0.5 to $1.4 million.  27 

 28 

 29 

 30 

12.2 Please discuss how variations within the class 5 cost estimate range can impact 31 

the financial scores of the alternatives. Include examples illustrating the impact at 32 

the extremes of the cost range. 33 

  34 
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Response: 1 

To show the sensitivity of the financial scoring of the alternatives to variations in the Class 5 2 

cost estimate range, the table below provides P10, P50 and P90 level estimates for each 3 

alternative: 4 

Alternative P10 
($Million) 

P50                      
($Million) 

P90                     
($Million) 

6A – Broadway and Gaglardi Way 
Corridor 

69.7 105.0 159.0 

6B – Cape Horn Gate Corridor 107.7 162.5 245.5 

6C – Fraser Gate Corridor 97.4 146.9 222.0 

 5 

The table below evaluates the alternatives using the P90 cost for Alternative 6A and the P10 6 

costs for Alternatives 6B and 6C. The final weighted scores in the table demonstrate that 7 

Alternative 6A is still the preferred alternative.  8 

Criterion Weighting 
Alternative 6A 

Score 
Alternative 6B 

Score 
Alternative 6C 

Score 

Schedule Impacts  54% 3 1 1 

Community, 
Indigenous and 
Stakeholder Impacts 

22.5%  3 1 1 

Environmental and 
Archaeological 
Impacts 

13.5%  1 1 3 

Rate Impact 10%  1 3 3 

Weighted Score: 100% 2.53 1.2 1.47 

 9 

 10 

 11 

 12 

On page 45 of the Application, FEI states:  13 

The following financial criterion was used to evaluate the three route corridors: 14 
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1. Levelized Delivery Rate Impact: Ability for an alternative to be completed 1 

with the lowest possible delivery rate impact over the approximate financial 2 

life of the asset (i.e., 73-year analysis period) for the PGR Project. 3 

Alternatives that minimize the levelized delivery rate impact to FEI’s non-4 

bypass customers score the highest. [Emphasis retained] 5 

12.3 Please provide the useful life and depreciation rate(s) FEI proposes to use in its 6 

revenue requirements for the PGR Project.  7 

  8 

Response: 9 

Upon BCUC approval of the PGR Project and once construction has been completed, each 10 

individual asset of the PGR Project will enter rate base on January 1 the following year and 11 

begin depreciating at the approved depreciation rate for each asset.  The current approved 12 

depreciation rates for FEI’s assets in rate base are based on FEI’s 2017 Depreciation Study, 13 

approved by BCUC Order G-165-20 as part of FEI’s 2020-2024 Multi-Year Rate Plan (MRP) 14 

Application and included in the table below. Additionally, included in the aforementioned 15 

depreciation study was the average service life (ASL) for each of the assets which FEI has also 16 

included in the table below.   17 

PRG Project Components 

FEI Asset 
Account 

No. FEI Asset Account Name 

Approved 
Depreciation 

Rate (%) 

Average 
Service Life 

ASL (yrs) 

Intermediate Pressure (IP) 
Pipeline 

475-00 Distribution Plant – Main 1.35 % 65 

PRS Building Structure 472-00 
Distribution Plant – Structures 
& Improvements 

2.15 % 38 

PRS Equipment 477-10 
Distribution Plant – Measuring 
& Regulating Equipment 

2.51 % 33 

PRS Land in Fee Simple 470-00 
Distribution Plant – Land in Fee 
Simple 

0.00 % n/a 

IP Pipeline Statutory 
Right of Way (SRW) 

471-01 Distribution Land Rights 0.00 % n/a 

 18 

The approved depreciation rate is not equivalent to the average service life estimated by the 19 

depreciation study of each asset as shown in the table above.  Under group asset accounting, 20 

the asset depreciation rate also includes the accumulated gains/losses within the same asset 21 

group at the time of the depreciation study.  The depreciation rates of each asset account are 22 

reviewed and updated periodically with new studies that are filed to BCUC for approval.     23 

FEI notes that the actual physical life of the assets that is useful for providing service can be 24 

longer or shorter than the average service life as estimated by the depreciation study and set 25 

out in the table above.  The need for retirements or replacement is primarily impacted by factors 26 

such as third-party relocation requests, system demand growth, system alterations for operating 27 
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benefits, and integrity concerns.  In the absence of external influences or identified integrity 1 

concerns, the physical life of the assets such as the pipelines and PRS stations can be longer 2 

than the depreciable life of the individual assets. 3 

 4 

 5 

 6 

12.4 Please provide the remaining useful life of the surrounding system and explain if 7 

its condition will in any way impact the PGR Project.  8 

  9 

Response: 10 

FEI confirms that the condition and useful life of the surrounding system will not in any way 11 

impact the Project.  As discussed in the response to BCUC IR1 12.3, the service life of the 12 

surrounding system is primarily impacted by factors such as third-party relocation requests, 13 

system demand growth, system alterations for operating benefits, and integrity concerns.  In the 14 

absence of external influences, system demand growth or integrity concerns, the physical life of 15 

the surrounding system is indefinite.  16 

 17 

 18 

 19 

 20 

Further on page 45 of the Application, FEI states:  21 

These cost estimates were based on information available in March 2020, and 22 

are considered to be AACE Class 5 estimates. The cost estimates were 23 

benchmarked against the LMIPSU Project [Lower Mainland Intermediate 24 

Pressure System Upgrade Projects (LMIPSU]. The LMIPSU Project is a 25 

particularly relevant benchmark, as it was recently completed and faced similar 26 

urban construction challenges that would be expected for the three overland 27 

routes considered for the PGR Project. For a fair comparison, future replacement 28 

costs in terms of sustainment capital over the 73-year analysis period for each 29 

Overland Gas Line alternatives are included.  30 

12.5 Please clarify if the cost estimates of the alternatives will be updated to reflect 31 

more recently available information. If not, please explain why not.  32 

  33 

Response: 34 

The AACE Class 5 cost estimates for Alternatives 6B and 6C will not be updated in FEI’s 35 

evidentiary update as these alternatives are not feasible, have not been pursued further and, as 36 

such, no additional recent information is available. FEI plans to review and update the cost 37 

estimate for Alternative 6A (Broadway and Gaglardi Way Corridor) to reflect more recently 38 
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available information to compare it against the cost estimate for Alternative 6D (Sperling Avenue 1 

Corridor) in its evidentiary update.  2 

 3 

 4 

 5 

12.6 Please comment on the similarities and differences in project scope between the 6 

PGR Project and the LMIPSU Project.  7 

  8 

Response: 9 

The similarities in project scope between the PGR Project and the LMIPSU Project are as 10 

follows:  11 

 Gas line construction in an urban setting, predominantly within municipal roadways: 12 

o limited workspace available to accommodate construction activities; 13 

o proximity and crossings of existing adjacent third-party utilities; and  14 

o traffic management to accommodate construction activities;  15 

 Early works construction to accommodate environmental timing restrictions; 16 

 Methods of pipeline construction and installation (e.g., stove pipe method, drag section 17 

method, in street method, typical cross country method and trenchless installations); 18 

 Pipeline designed to accommodate future in-line inspection (ILI); 19 

 Existing gas line to be decommissioned upon new gas line construction completion; and 20 

 Pipelines and stations designed, constructed and operated in accordance with the same 21 

standards and specifications.  22 

 23 
The differences in project scope between the PGR Project and the LMIPSU Project are as 24 

follows:  25 

 The lineal length of gas line construction is substantially less for the PGR Project with 26 

consequently fewer numbers of:  27 

o trenchless crossings for perpendicular arterial roadway crossings; and 28 

o crossings of existing third-party utilities.  29 

 Basis of design and engineering: 30 

o The stations scope of work is substantially less for the Project: one PRS at the 31 

terminus to reduce the operating pressure from 2070 kPa to 700 kPa, as 32 

compared to major station rebuilds at both Coquitlam Gate Station and East 2nd 33 

and Woodland Gate Station;  34 
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o No increase in the MOP for the PGR Project resulting in no upgrades to lateral 1 

interconnections as compared to 11 for the LMIPSU Project;  2 

o No bi-directional gas flow requirement for the PGR Project; and  3 

o Pipe diameters are different (e.g., NPS 20 as compared to NPS 30).  4 

 One manual block valve installation at the start of the gas line for the PGR Project as 5 

compared to three manual and two automated block valves for the LMIPSU Project;  6 

 One municipality to engage with to obtain permits and approvals for the PGR Project as 7 

compared to three for the LMIPSU Project; 8 

 Significantly fewer businesses to consult with for the PGR Project; and 9 

 Sections of the existing gas line and stations to be removed upon abandonment and 10 

corresponding upstream system modifications for PGR Project are greater.  11 

 12 
The similarities and differences as described above are general in nature as FEI has yet to 13 

select and confirm the PGR Project’s specific gas line routing within the City of Burnaby. As 14 

such, any right of way acquisition and environmental and archaeological impacts will vary in 15 

comparison to the LMIPSU Project dependent upon whether the Gaglardi Route or the Sperling 16 

Route is selected as the preferred route option. 17 

 18 

 19 

 20 

12.7 Please provide the level of accuracy used for the LMIPSU Project cost estimate 21 

and its alternatives.  22 

  23 

Response: 24 

For the LMIPSU Project, FEI conducted a non-financial evaluation of seven alternatives 25 

considered against the main criteria which reflected the project’s objectives to adopt a solution 26 

that would address the issues identified (e.g., pipeline integrity, operational flexibility, system 27 

resiliency, and constructability). A financial analysis was then completed for those alternatives 28 

that would meet a significant portion of the project’s objectives and requirements, as established 29 

by the non-financial evaluation. Three alternatives met most of the project objectives and cost 30 

estimates were completed in accordance with the appropriate AACE expected accuracy range 31 

for a Class or estimate, as follows:  32 

 Alternative 4: Class 4 33 

 Alternative 5: Class 4 34 

 Alternative 6: Class 3 35 

 36 
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Alternative 6 was deemed to be the only alternative that provided a solution which met all of the 1 

stated project objectives, was the preferred alternative for the Project and thus was estimated to 2 

a Class 3 level of definition. This approach is consistent with the BCUC’s CPCN Application 3 

Guidelines. 4 

 5 

 6 

 7 

12.7.1 If different from the PGR Project, please explain why.  8 

  9 

Response: 10 

The primary difference between the projects is the third-party driven schedule of the PGR 11 

Project.  12 

Similar to the LMIPSU Project, for the PGR Project FEI conducted a non-financial evaluation 13 

(screening) of six alternatives and sub-alternatives considered against the following Project 14 

objectives: (1) to replace the distribution system capacity currently provided by the Pattullo Gas 15 

Line; and (2) to complete the PGR Project in advance of the scheduled Pattullo Bridge 16 

demolition thereby ensuring continued safe and reliable supply to customers. Alternative 6 was 17 

determined to be the only alternative that would allow FEI to achieve these Project objectives.  18 

A further non-financial evaluation and financial analysis was then completed for the three sub-19 

alternatives identified under Alternative 6. The evaluation criteria reflected the Project’s 20 

objectives and addressed the following issues: schedule impacts, community, Indigenous and 21 

stakeholder impacts, and environmental and archaeological impacts. Cost estimates were 22 

completed for three overland sub-alternatives in accordance with the appropriate AACE degree 23 

of accuracy as follows:  24 

 Alternative 6A: Class 5 25 

 Alternative 6B: Class 5 26 

 Alternative 6C: Class 5 27 

 28 
Alternative 6A was deemed to be the only alternative that provides a solution that meets all of 29 

the Project objectives and was selected as the Project’s preferred alternative prior to the 30 

introduction of alternative 6D in July 2020. A feasibility assessment of Alternative 6D is currently 31 

underway. FEI intends to develop a cost estimate with a Class 4 degree of accuracy for the 32 

preferred alternative, 6A or 6D, to be filed with its evidentiary update.  33 

 34 

 35 

 36 
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12.7.2 If different, please explain how the PGR Project cost estimates can be 1 

benchmarked to the LMIPSU project costs. 2 

  3 

Response: 4 

FEI is in the process of completing the PGR Project’s cost estimate to a Class 3 ACCE level of 5 

accuracy, consistent with the LMIPSU Project cost estimate, but this is not expected to be 6 

completed until April 2021. FEI will be filing a Class 4 estimate in its evidentiary update.  As 7 

discussed in the response to BCUC IR1 12.7.1, the difference in the level of definition between 8 

the projects at the time of the respective CPCN applications is due to the third-party driven 9 

schedule of the PGR Project.  10 

Nonetheless, the LMIPSU Project can be used as an appropriate benchmark for the PGR 11 

Project because both projects are of comparable scope, but different scale, as described in the 12 

response to BCUC IR1 12.6.  For example, by being of comparable scope, the pipeline 13 

component of the PGR Project is expected to have similar production rates in an urban 14 

environment as the LMIPSU Project, so FEI used the latter’s historical production rates to derive 15 

the estimated production rates for the PGR Project. 16 

 17 

 18 

 19 

12.8 Please provide a breakdown of the forecast and actual LMIPSU Project costs 20 

and comment on the significant variances and construction challenges faced with 21 

the LMIPSU Project.  22 

  23 

Response: 24 

The LMIPSU Project consists of both the Coquitlam Gate IP project (which was largely 25 

completed in late 2019, and represented the majority of the total project costs), and the Fraser 26 

Gate IP project (which is scheduled for completion in 2021). Since construction of the Fraser 27 

Gate IP project has not yet started, and the Coquitlam Gate IP project comprises most of the 28 

project costs, this response addresses only the latter project. The capital cost details, as 29 

provided in FEI’s Q3 2020 Progress Report to the BCUC, including forecast (Forecast Total at 30 

Completion column - 5) and actual (Spent to Date – column 3) up to September 30, 2020, are 31 

presented below: 32 
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  Description 

CPCN 
Estimate 

Revised 
Control 
Budget - 
Feb 2018 

Spent to 
Date 

Estimate to 
Complete 

Forecast 
Total at  

Completio
n 

Variance       
Over / 

(Under) 

Percentage 
Budget 
Spent 

  (1) (2) (3) (4) 
(5) = 

(3)+(4) 
(6) = (5)-

(2)/(2) (7=(3)/(2) 

  ($000s) (%) 

  Project 
Management 1,626 13,409 11,151 587 11,738 -12% 83% 

  EPCM 13,293 43,583 31,750 947 32,697 -25% 73% 

  Permits and 
Approvals 5,695 16,054 3,604 3,757 7,361 -54% 22% 

  Property and 
Right of Way 1,137 5,442 1,280 150 1,430 -74% 24% 

  Materials 29,873 27,949 26,335 0 26,335 -6% 94% 

  Inspection 5,157 10,641 6,934 10 6,944 -35% 65% 

  Construction 135,551 304,916 296,301 4,114 300,415 -1% 97% 

  Tie-in and 
Commissioning 1,049 4,553 3,643 1,129 4,772 5% 80% 

  Contingency 29,632 36,042 0 11,212 11,212 -69% 0% 

  PST 3,292 1,651 1,762 0 1,762 7% 107% 

Sub-total  226,305 464,239 382,759 21,906 404,665 -13% 82% 

  AFUDC 12,236 28,752 17,954 0 17,954 -38% 62% 

Total 238,541 492,991 400,713 21,906 422,619 -14% 81% 

  Demolition 4,169 3,940 669 7,259 7,928 101% 17% 

  AFUDC 
Demolition 115 178 28 89 117 -35% 16% 

Total Capital 
Cost - Coquitlam 
IP  242,825 497,109 401,410 29,254 430,663 -13% 81% 

 1 

The capital cost for the Coquitlam Gate IP project is currently forecast to be $430.663 million.  2 

This amount is $66 million or 13 percent less than the Revised Control Budget (column 2). The 3 

negative variance is largely due to fewer stakeholder requirements than anticipated and 4 

improved relations and communications with stakeholders.   5 

The actual contingency to date is shown as zero because schedule risks did not materialize and 6 

hence the associated cost impact did not occur or was recorded within each applicable line 7 

item. FEI has identified extra costs such as a facilities claim and miscellaneous restoration costs 8 

in the contingency line item in the event these items materialize.  In addition, there were cost 9 

savings opportunities in nearly all line items which reduced the need to draw down the 10 

contingency.  11 

The major construction challenges encountered include: 12 
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 Managing public impacts, in the form of traffic congestion, construction activity and 1 

noise; 2 

 Delays in receiving municipal, government and third-party permits and approvals 3 

including changes to traffic control plans; 4 

 Unanticipated third-party utilities; 5 

 Unanticipated sub-surface conditions and obstructions encountered along trenchless 6 

crossings; and 7 

 Schedule delays in the completion of the facilities. 8 

  9 
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13.0 Reference: EVALUATION OF OVERLAND GAS LINE ALTERNATIVE 1 

Exhibit B-1, Section 4.4.1.4, p. 42  2 

Alternative 6D – Sperling Avenue Corridor 3 

On page 42 FEI states: 4 

At the time of filing this Application, FEI is investigating the feasibility of 5 

Alternative 6D. FEI will provide a description of this route in an evidentiary 6 

update, after it has consulted with the City of Burnaby and other stakeholders. 7 

13.1 Please confirm, or otherwise explain, that FEI intends to provide an evidentiary 8 

update to the Alternative Evaluation section of the Application. 9 

  10 

Response: 11 

Confirmed.  FEI intends to update Section 4.4 of the Application as part of the evidentiary 12 

update, which will include the evaluation of Alternative 6D.  13 

  14 
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C. PROJECT COST ESTIMATE 1 

14.0 Reference: PROJECT COSTS 2 

Exhibit B-1, Section 1.1, p. 2;  3 

Exhibit B-6 (Evidentiary Status Update), p. 2; Appendix A, p. 1 4 

Work to be Completed Prior to Expected CPCN 5 

On page 2 of the Application, FEI states:  6 

In order to meet the stringent Project schedule requirements driven by the 7 

Province’s Pattullo Bridge Replacement Project, FEI must initiate the detailed 8 

design and procurement of long lead material items in the first quarter of 2021. 9 

14.1 Please provide a breakdown and detailed description of the proposed work to be 10 

completed and materials to be procured prior to the expected CPCN decision. 11 

Include all associated costs.   12 

  13 

Response: 14 

A breakdown and detailed description of the proposed work to be completed and materials to be 15 

procured prior to the expected CPCN decision, based on a July 2021 Decision date, is as 16 

follows:  17 

 Completion of geotechnical borehole investigations and engineering survey programs; 18 

 Completion of Class 3 cost estimate and schedule deliverables; 19 

 Engaging a contractor to provide constructability input and develop a contract price; 20 

 Completion of 90 percent detailed engineering design; 21 

 Application for the majority of the necessary permits required for construction; and 22 

 Placement of purchase orders for long lead material items (e.g., line pipe, casing pipe, 23 

control valves, actuator valves).  24 

 25 
FEI is currently finalizing the Class 4 cost estimate for the preferred alternative as part of its 26 

evidentiary update. As such, FEI is not able to provide the associated costs of the proposed 27 

work to be completed or materials to be procured prior to the expected CPCN decision.  28 

  29 

 30 

 31 

 32 

14.2 In a scenario where the CPCN is not granted for the Pattullo Gas Line 33 

Replacement Project (PGR Project) please clarify who will bear the risk(s) of any 34 



FortisBC Energy Inc. (FEI or the Company) 

Application for a Certificat of Public Convenience and Necessity for the Pattullo Gas 
Line Replacement Project (Application) 

Submission Date: 

November 19, 2020 

Response to British Columbia Utilities Commission (BCUC) Information Request (IR) 
No. 1 

Page 67 

 

project costs incurred (FEI’s shareholder or customers).  If customers, please 1 

explain why and provide the estimated rate increase.  2 

  3 

Response: 4 

If the CPCN is not granted for the Project, FEI will request BCUC approval to recover project 5 

costs incurred prior to the BCUC decision from FEI’s non-bypass ratepayers.  These costs will 6 

have been prudently incurred to meet the stringent Project schedule requirements driven by the 7 

Province’s Pattullo Bridge Replacement Project and to ensure continued gas service to 8 

customers in Burnaby, New Westminster and Coquitlam.   9 

FEI is finalizing the cost estimates of the preferred alternatives as part of its evidentiary update 10 

and, as such, FEI is not able to provide an estimate of the rate increase due to the costs 11 

incurred prior to BCUC’s decision.   12 

 13 

 14 

 15 

FEI provided, in Appendix A to the Evidentiary Update Status, a letter from the City of 16 

Burnaby indicating that council supported the fourth route option along the Sperling 17 

Route corridor. 18 

On page 2 of the Evidentiary Update Status, FEI states:  19 

…FEI has continued to progress the engineering designs for the Gaglardi Route 20 

in the event that a route in the Sperling Route corridor is determined to be not 21 

feasible or not FEI’s preferred route. 22 

FEI will be completing its assessment of the feasibility of the Sperling Route 23 

corridor, including further consultation and other work needed to complete its 24 

Application in the coming weeks. 25 

 26 

14.3 Please comment on how the City of Burnaby’s support for the fourth route option 27 

along the Sperling Route corridor impacts the proposed work to be completed 28 

prior to the expected CPCN decision.  29 

  30 

Response: 31 

The City of Burnaby’s support for the Project, regardless of the route corridor chosen, is critical 32 

to the planning activities and meeting the Project’s schedule milestones. Prior to the City of 33 

Burnaby bringing forward the Sperling Route on July 31, 2020, FEI intended to file an 34 

application for a CPCN in its entirety by September 30, 2020 for the Gaglardi Route.  FEI now 35 

intends to file the remaining sections of the Application for the preferred route on December 15, 36 

2020, which has caused a schedule delay of approximately three months to the anticipated 37 
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CPCN approval date. As such, an additional three months of project activities will need to be 1 

completed prior to CPCN approval (as referenced in FEI’s response to BCUC IR1 14.1).  2 

  3 
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15.0 Reference: PROJECT COSTS 1 

Exhibit B-1, Section 1.1, p. 3 2 

Project Definition 3 

On page 3 of the Application, FEI states: 4 

…[I]n order to commence the regulatory review process and meet the Project 5 

schedule, in the evidentiary update FEI will be providing the PGR Project cost 6 

estimate at an AACE Class 4 level of project definition. While the BCUC’s CPCN 7 

guidelines prescribe an AACE Class 3 level of estimate, FEI believes a Class 4 8 

level of estimate is sufficient in this case, given that: 9 

- FEI will have undertook additional preliminary constructability and other 10 

site reviews to better define the Project scope than is ordinarily completed 11 

for a Class 4 cost estimate. 12 

- The Project budget will include a contingency estimate, determined 13 

through a comprehensive risk identification process, detailed qualitative 14 

assessment and a risk quantification analysis using the latest revision of 15 

AACE International Recommended Practices. 16 

15.1 Please discuss what the cost, effort and timing of obtaining a Class 3 cost 17 

estimate would be for the PGR Project and comment on the regulatory 18 

efficiencies of providing a Class 4 cost estimate. 19 

  20 

Response: 21 

FEI’s estimated cost to complete a Class 3 estimate for the Project is approximately $3.5 22 

million. The current timing for completing the Class 3 cost estimate is April 2021. The level of 23 

definition of the deliverables required to qualify the estimate as Class 3 will align with AACE RP 24 

97R-18 and, as indicated in response to CEC IR1 2.1, the level of effort required will be 25 

consistent with the AACE guidelines. 26 

Developing and filing a Class 3 cost estimate for the Project before submitting the evidentiary 27 

update would consume the schedule contingency, while leaving FEI with insufficient time to 28 

meet the stringent Project schedule requirements that are driven by the Province’s Pattullo 29 

Bridge Replacement Project. The regulatory efficiencies of providing a Class 4 cost estimate for 30 

the Application enables the BCUC to provide its decision earlier than it would otherwise, will 31 

allow FEI to begin early works construction in Q3 2021, and will increase the likelihood of 32 

completing the Project with some schedule contingency for the mitigation of construction delays  33 

FEI believes that, in this instance, providing a Class 4 estimate with more than the typical Class 34 

4 level of project definition, is sufficient to support the BCUC’s determination that the Project in 35 

the public interest. 36 
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 1 

 2 

 3 

15.1.1 As comparison, please provide the cost, effort and time required to 4 

develop the Class 4 cost estimate for the PGR Project.  5 

  6 

Response: 7 

FEI’s cost to develop the Class 4 cost estimate for the Gaglardi Route is approximately $1.32 8 

million. To maintain the schedule there is an overlap of activities between the Class 4 and Class 9 

3 phases and hence there is some difficulty in identifying the specific costs associated with each 10 

phase. The development of the Class 4 deliverables started in February 2020 and was 11 

completed in August 2020 for a total duration of seven months. The level of project definition 12 

deliverables required to classify a cost estimate is in alignment with AACE RP 97R-18. In 13 

general, a Class 4 cost estimate requires 1 to 15 percent project definition. In the case of the 14 

Gaglardi Route, the amount spent reflects the additional work done to better define the Project 15 

scope and conduct constructability reviews to reduce the project uncertainties.  16 

FEI’s cost to develop the Class 4 cost estimate for the Sperling Route is approximately $500 17 

thousand to October 31, 2020. An additional $50 thousand is forecast to complete the Class 4 18 

cost estimate which will be complete in November 2020. The total estimated costs to complete 19 

the Class 4 cost estimate are $550 thousand.  The development of the Class 4 deliverables 20 

began in August 2020 subsequent to the introduction of the Sperling Route by the City of 21 

Burnaby on July 31, 2020 for a total duration of 4 months. In the case of the Sperling Route, the 22 

amount expended at this time is significantly less than the Gaglardi Route because FEI is still in 23 

the process of engaging a CMAR contractor to better define the project, perform traffic 24 

management studies and perform constructability reviews. FEI is waiting until the CMAR is 25 

engaged to maximize the contractors input, which will provide more assurance of meeting 26 

MoTI’s schedule deadline. FEI plans to include the cost to develop the Class 4 estimate 27 

(including CMAR cost for their services) for Sperling Route in its evidentiary update to be filed 28 

on December 15, 2020.   29 

 30 

 31 

 32 

15.2 Please discuss in detail FEI’s internal cost estimating practices for capital 33 

projects. Please provide any supporting policies, guidance documents or 34 

procedures as appropriate. 35 

  36 

Response: 37 

FEI follows AACE International Inc. (AACEI or AACE) recommended practices for cost 38 

estimation. Key documents include: 39 
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 AACE RP 18R-97: Cost Estimate Classification System - As Applied in Engineering, 1 

Procurement, and Construction for the Process Industries; and  2 

 AACE RP 97R-18: Cost Estimating Classification System - As Applied in Pipeline 3 

Transportation Infrastructure Projects. 4 

The maturity level of project definition is the sole determining characteristic of an estimate class 5 

and is roughly indicated by a percentage of complete definition. FEI routinely completes Class 6 

5, 4 and 3 cost estimates for capital projects, and targets a percentage of definition that equates 7 

to the class of estimate, to proceed through a Phase Gate project development process. 8 

Included as Attachment 15.2 is FEI’s Cost Estimate Classification Guidelines for Operational 9 

Assets Expenditures. The table below is an extract from Attachment 15.2 and provides details 10 

for FEI’s class estimate expected accuracies, purposes, definitions, methodologies and 11 

acceptance. 12 
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Estimate 
Class 

Expected 
Accuracy Range 

Purpose Project/Maturity Level of Project  
Definition 

Estimating Methodology Horizon 
Years 

Acceptance Mechanism 

Low High 

 
 
 
Class 5 
Concept 
Screening  

 
 
-20% 
 To 
 -50% 

 
 
+30%  
To 
 +100% 

 Long range capital funding 
levels 

 Market studies 

 Preliminary Assessments 

 Conceptual evaluation of 
alternative schemes 

 Preliminary project/concept 
screening 

 0 to 2% 

 Conceptual level engineering 

 Route/locations identified 
through maps 

 Affected external stakeholders 
identified  

 System parameters identified 

 Internal Stakeholder knowledge 
agreement/signoff 

 ‘Rule of Thumb’ 
costing 

 Historical data 

 Judgment based 

 
 
 
 
5 - 20  

Acknowledgment 
Capital Initiation 
Document/Busines
s Case sign off 

Attendance at  
Capital Planning 
Meeting, List of 
Projects, 
documented in the 
minutes 
Manager Review 

 
 
 
 
 
 
 
Class 4 Study 
or 
feasibility  

 
 
 
 
 
-15% 
 To 
 -30% 

 
 
 
 
 
+20% 
 To 
 +50% 

 Detailed strategic planning 

 Business case assessment 

 Project screening at a 
more developed stage 

 Confirmation of economic 
and/or technical feasibility 

 Evaluation of alternative 
schemes 

 1 to 15% 

 Pre-FEED1 to FEED1 level 
engineering 

 Route/locations researched  
through land checks 

 Affected external stakeholders 
identified and risk assessed 

 System parameters defined 

 System limitations defined 

 Preliminary operational 
contingency plans identified 

 Equipment parameters 
identified 

 Major material list compiled 

 Project schedule at concept 
level 

 Preliminary estimate 
with risk 
conceptualized 

 Historical data 

 Gross unit costs 

 Budgetary 
equipment and 
material quotes 

 Develop construction 
labour and 
equipment crew 
costs 

 
 
 
 
 
 
3 - 5  

Alternative 
evaluation  

Review with 
Engineering, PMO, 
Operations 

 
 
 
 
 
 
Class 3 
Budget 
authorization 
or 
control 

 
 
 
 
 
-10% 
 To 
 -20% 

 
 
 
 
 
+10% 
 To 
 +30% 

 Project Funding 
authorization 

 First control estimate or 
project budget 

 Approval to proceed to 
next stage or control gate 

 10 to 40% 

 FEED1-level engineering 

 Prepare Design Basis 
Memorandum 

 Final route/locations defined 
and researched 

 Operational contingency plans 
developed 

 Non standard equipment 
specifications 

 Material list 

 Project schedule at task level 

 Project Execution Plan 

 Affected stakeholders consulted 
and agreement reached 

 Budget estimate with 
risk identified 

 Budgetary 
equipment and 
material pricing 

 Develop construction 
labour and 
equipment crew cost 
and incorporate in 
cost estimate 

 Budgetary pricing on 
work components (if 
required) 

 
 
 
 
 
 
 
1 - 2  

Stakeholder 
Acceptance (PMO, 
Operations, 
Engineering, 
Lands, Planning or 
Asset 
Management) 

Project charter 
(scope, schedule, 
cost estimate, etc) 
 

Notes: 1 

(1) FEED – Front End Engineering Design 2 

(2) Approval of projects are typically Class 3 however for repetitive or program based work will often be sought on the basis of classification 4 for 3 
individual projects with the understanding that the overall program budget will be managed within +/- 10%. 4 
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15.3 Please provide the level of cost estimate that will be used for internal budget 1 

approval of the PGR Project. If different from that to be provided to the BCUC as 2 

part of the Evidentiary Update, please discuss why. 3 

  4 

Response: 5 

In accordance with AACE recommended practices, the internal budget will be based on the 6 

preferred alternative approved by the BCUC and the Class 3 cost estimate (to be developed by 7 

April 2021). This initial basis of Project cost control will continue to be refined as more 8 

information, such as firm contract bids, is received.  9 

However, due to the stringent Project schedule requirements imposed by the Province (i.e., 10 

demolition of the existing Pattullo Bridge in 2023), FEI will be utilizing the Class 4 cost estimate 11 

for its CPCN submission to the BCUC, as discussed in detail in Section 1.1 of the Application. 12 

 13 

 14 

15.3.1 Please specify the FEI personnel that are / will be responsible for 15 

providing internal authorization of the anticipated cost estimate for the 16 

PGR project.  17 

  18 

Response: 19 

Once FEI receives a favourable decision on the Application from the BCUC, and following the 20 

receipt of firm bids, a revised internal control budget is established which is used for monitoring 21 

and controlling Project actual costs. This budget (updated cost estimate) is reviewed and 22 

accepted by the executive sponsor (Vice President, Major Projects). 23 

 24 

 25 

 26 

15.4 Please elaborate on the additional preliminary constructability and other site 27 

review that was/will be undertaken to better define the scope of the PGR Project. 28 

Please comment on how this extra work aligns with the AACE guidelines for the 29 

degree of accuracy in the cost estimate.  30 

  31 

Response: 32 

In accordance with AACE recommended practices, a Class 4 level of project definition is 33 

primarily based on desktop review exercises (augmented with limited site investigations) and a 34 

top down estimating approach using factored or parametric models for developing the cost 35 

estimate. FEI has undertaken additional preliminary constructability and other site reviews for 36 

the Gaglardi Route, and is in the process of doing the same for the Sperling Route. The 37 

modifications to the estimating methodology during development of the Class 4 cost estimate, 38 



FortisBC Energy Inc. (FEI or the Company) 

Application for a Certificat of Public Convenience and Necessity for the Pattullo Gas 
Line Replacement Project (Application) 

Submission Date: 

November 19, 2020 

Response to British Columbia Utilities Commission (BCUC) Information Request (IR) 
No. 1 

Page 74 

 

which better define the scope of the Project and reduce uncertainties in the estimates’ expected 1 

accuracy range, included:  2 

 Additional site visits and site reviews including all relevant subject matter experts input; 3 

 Additional traffic management studies; 4 

 Additional consultation and engagement with stakeholders and the public to evaluate 5 

and incorporate feedback into project planning activities;  6 

 Additional detailed mapping to evaluate the impacts of indications of the features and 7 

characteristics of the Project; 8 

 Additional investigations on trenchless crossing feasibilities including a comprehensive 9 

review of  existing geotechnical reports in and around the vicinity of the Project’s 10 

footprint;   11 

 Obtaining construction management personnel to review the Project plans;  12 

 Additional independent reviews of the cost estimate(s) and estimate assumptions 13 

including a review of the materials, take-offs, productivity rates, etc.; and  14 

 A bottom up approach to the cost estimate using semi-detailed unit costs.  15 

 16 

 17 

 18 

15.5 Please discuss the risks and uncertainties that will be addressed by the 19 

anticipated cost estimate.  20 

  21 

Response: 22 

FEI will undertake a comprehensive risk assessment process and discuss the risks and 23 

uncertainties associated with the Project in its evidentiary update as part of Section 5 of the 24 

Application.   25 

FEI’s comprehensive risk assessment process will be in accordance with AACE RP 62R-11 26 

Risk Assessment: Identification and Qualitative Analysis in order to identify and prioritize the 27 

Project specific risks and uncertainties. For example, the risk identification process considers 28 

events or circumstances that are likely to affect the Project, including delays, failures of 29 

horizontal directional drills, impacts on stakeholders, and impacts on Project scope changes.   30 

 31 

 32 

 33 

15.6 Please clarify whether FEI conducted, or will conduct, a formal risk analysis 34 

and/or a Monte Carlo analysis of the project in an effort to determine the 35 

appropriate contingency. If not, why not.  36 
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  1 

Response: 2 

FEI will conduct a formal risk analysis using an integrated, hybrid method to develop cost and 3 

schedule contingency and management reserve estimates.  The analysis will address the first 4 

principles of contingency determination as defined by AACE RP 40R-08, including: 5 

 Aligning the method with the risk type: systemic or project-specific;  6 

 Employing empiricism;  7 

 Explicitly and directly linking risks and their impacts; and 8 

 Integrating the cost and schedule risk analysis. 9 

 10 
The methods are also aligned with AACE RP 42R-08 latest revision (Risk Analysis and 11 

Contingency Determination Using Parametric Estimating) and AACE RP 65R-11 latest revision 12 

(Integrated Cost and Schedule Risk Analysis and Contingency Determination Using Expected 13 

Value) applied in an integrated hybrid approach. These tools are applied to systemic and 14 

project-specific risks and a Monte Carlo simulation is used to combine the risks together into a 15 

single probabilistic output.  16 

 17 

 18 

 19 

15.7 Considering FEI undertook steps to better define the scope of the projects and 20 

applied a comprehensive risk identification process, please discuss how this 21 

impacts the anticipated contingency amount and explain how the contingency will 22 

be determined.  23 

  24 

Response: 25 

As described in the response to BCUC IR1 15.6, the methodology that FEI uses to compute 26 

contingency is aligned with AACE RP 42R-08 and RP 65R-11. The methodology evaluates 27 

systemic risks which are defined as characteristics of the project system and reflects the 28 

uncertainty of the project scope at a certain point in time. Higher levels of scope definition are 29 

treated in the methodology as a corresponding percentage reduction in contingency. As a result, 30 

by FEI undertaking more work to better define the scope, the systemic component of the 31 

contingency is reduced. This is reflected in the final contingency amount that is calculated for 32 

the Project. The methodology was developed by Validation Estimating LLC and will be 33 

described in the risk report to be filed in the evidentiary update.  34 

 35 

 36 

 37 
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15.7.1 Please explain whether the contingency will be refined from a Class 4 1 

cost estimate to better reflect the additional work completed or 2 

anticipated to be completed. If not, why not? 3 

  4 

Response: 5 

FEI confirms the contingency estimate will be refined from a Class 4 cost estimate to better 6 

reflect the additional work completed. Please refer also to the response to BCUC IR1 15.7.  7 

 8 

 9 

 10 

15.8 Please explain whether in addition to a contingency FEI anticipates maintaining a 11 

capital reserve fund, or similar, for the PGR Project.  12 

  13 

Response: 14 

As described in the response to BCUC IR1 15.6, FEI intends to conduct a risk analysis to 15 

determine whether FEI will propose maintaining a capital reserve (management reserve) fund, 16 

or similar, for the Project. FEI will include the risk analysis in its evidentiary update. 17 

 18 

 19 

 20 

15.8.1 If so, please provide the expected size of the project reserve and 21 

explain how it was determined. 22 

  23 

Response: 24 

Please refer to the response to BCUC IR1 15.8.  25 

 26 

 27 

 28 

15.8.2 If so, please clarify the authorizations that would be required to access 29 

any project reserve.   30 

  31 

Response: 32 

As defined in AACE RP 10S-90, management reserve or project reserve is an amount added to 33 

an estimate to allow for discretionary management purposes outside of the defined scope of the 34 

project, as otherwise estimated.  35 
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Should the need arise to access the management reserve during Project execution, a request 1 

for additional funds will be submitted to the Executive Sponsor detailing the additional scope or 2 

conditions that have materialized. Upon approval from the Executive Sponsor, the Project 3 

baseline cost will be increased by the amount requested and the management reserve will be 4 

reduced correspondingly. 5 

 6 

 7 

 8 

15.8.3 In a scenario where project costs exceed the anticipated budget, 9 

including the project reserve as applicable, please explain how this will 10 

be addressed.  11 

  12 

Response: 13 

Cost estimating is a predictive process and always has an element of uncertainty described by 14 

an accuracy range.  The accuracy range provides an indication of the degree to which the final 15 

cost outcome of a project may vary from the single point value used as the estimated cost for a 16 

project. Depending on the technical project deliverables (and other variables) and risks 17 

associated with each estimate, the accuracy range for any particular estimate is expected to fall 18 

within the computed accuracy ranges. As described in FEI’s response to BCUC IR1 15.6, the 19 

risk analysis to be conducted will establish the +/- accuracy range for the Project.  Any 20 

expenditures in excess of the Project reserve would require additional internal approvals, which, 21 

depending on the magnitude, may include authorization from the President and CEO and/or the 22 

Board of Directors.   23 

 24 

 25 

 26 

 27 

 28 

15.9 Please clarify if there are or are expected to be any contributions in aid of 29 

construction, grants or other funding, or credits related to the PGR Project. If yes, 30 

please specify the anticipated source(s) and amounts.  31 

  32 

Response: 33 

FEI is not expecting any contributions in aid of construction, grants, other funding, or third-party 34 

credits related to the Project. 35 

 36 

 37 

 38 
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15.10 Please confirm, or explain otherwise, that the allocation of costs will be in 1 

accordance with Generally Accepted Accounting Principles (GAAP).  2 

  3 

Response: 4 

FEI confirms that all costs that are included in the referenced Project capital cost are eligible for 5 

capitalization under US GAAP.   6 

 7 

 8 

 9 

 10 

Further on page 3 of the Application, FEI states that “[w]hile a Class 4 estimate has a 11 

wider accuracy range than a Class 3 estimate, only prudently incurred costs may be 12 

recovered from customers in rates in any case 13 

15.11 Please explain if prior to the PGR Project being added to rate base it is FEI’s 14 

intent to file with the BCUC a complete breakdown of the final costs of PGR 15 

Project with a comparison to the cost estimates to be provided in this Application, 16 

and an explanation of all material cost variance.   17 

  18 

Response: 19 

The BCUC provides the reporting requirements for a CPCN as part of its decision approving a 20 

CPCN.  Consistent with recent FEI CPCN decisions, the utility expects that it will be required to 21 

file quarterly or semi-annual reports, and a Final Report six months after the Project is complete.  22 

These reports include a breakdown of the final Project costs, along with a comparison to the 23 

cost estimate to be provided in the Application, and an explanation of all material cost 24 

variances.  The addition of the Project costs to rate base will be through a future Annual Review 25 

proceeding as part of the current Multi-Year Rate Plan. 26 

  27 
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16.0 Reference: PROJECT COSTS 1 

Exhibit B-1, Section 1.2.4, p. 7 2 

Pattullo Gas Line Removal Costs 3 

On page 7 of the Application, FEI states the “Project cost estimate will be provided in as-4 

spent dollars including the Allowance for Funds Used During Construction 5 

(AFUDC) and cost of removal of the Pattullo Gas Line.” 6 

 7 

16.1 Please provide the undepreciated capital costs and estimated remaining useful 8 

life for the Patullo Gas Line at the time it is expected to be removed from service. 9 

Please break down by individual asset, or asset class, as appropriate.  10 

  11 

Response: 12 

Please refer to the table below for the estimated undepreciated capital cost (i.e. Net Book 13 

Value) to December 31, 2023 of approximately $3 million, based on currently approved 14 

depreciation rates and the remaining financial life of those assets that are expected to be 15 

removed from service as a result of the Project.   16 

As discussed in the response to BCUC IR1 12.3, the term “useful life” can have two 17 

interpretations based on either the expected asset financial life determined using the 18 

depreciation rate, or the expected asset service life.  As the table below shows, theremaining 19 

service life of assets can be longer or shorter than the expected remaining financial life.  FEI 20 

has not estimated the remaining service life of the assets that are expected to be removed from 21 

service due to the Project, given the fact that the removal of these assets are not dependent on 22 

their age.   23 

 24 

 25 

 26 

 27 

Asset / Facility Description

FEI Asset 

Account No. FEI Asset Type

Undepreciated 

Capital Costs 

Dec 31, 2023

(Net Book Value)

Remaining 

Financial Life 

(Yrs)

Pattullo Bridge Crossing - District Station 467-10 TP Measuring & Regulating Equipment (31,926)$                    -                           

Pattullo Bridge Crossing - District Station 467-20 TP Telemetry (63,250)                       -                           

Pattullo Bridge Crossing - District Station 472-00 DP Structures & Improvements 540                              10                             

Pattullo Bridge Crossing - District Station 477-10 DP Measuring & Regulating Equipment 1,142                           4                               

Livingston Pattullo 457 - Transmission Pipeline 465-00 TP Main 1,520,385                  37                             

Pattullo - Gate Station 463-00 TP Measuring Structures 88,473                        10                             

Pattullo - Gate Station 467-10 TP Measuring & Regulating Equipment 74,735                        3                               

Pattullo - Gate Station 472-00 DP Structures & Improvements 43,682                        33                             

Pattullo - Gate Station 477-10 DP Measuring & Regulating Equipment 87,380                        27                             

Pattullo - Gate Station 477-20 DP Telemetry 62,027                        19                             

Distribution Pipeline - New Westminster & Surrey (Incl. on bridge) 475-00 DP Main 1,216,623                  53                             

Total Undepreciated Capital Costs (Dec 31, 2023) 2,999,810$                
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16.1.1 Please explain the proposed regulatory accounting treatment for the 1 

undepreciated capital costs and the estimated annual rate impact for 2 

FEI’s existing customers. 3 

  4 

Response: 5 

FEI’s summary of the group accounting method used by FEI and other utilities in Canada for 6 

retirement of plant in its 2012-2013 Revenue Requirements Application (pages 289 to 290) 7 

remains accurate, and is as follows: 8 

Historically, the FEU have followed recognized regulatory group accounting 9 

procedures in accounting or their property plant and equipment. The FEU also 10 

adhere to the BCUC Uniform System of Accounts, unless modified by 11 

Commission order. Under both of these procedures, on retirement of depreciable 12 

gas plant, Accumulated Depreciation is charged with the ledger value of the gas 13 

plant retired and the cost of removal less amounts recovered for salvage and 14 

insurance. It is only in rare cases where the forces of retirement are outside of 15 

the forces that were contemplated in determining depreciation rates that gains 16 

and losses on depreciable plant would be recognized in income. Therefore, 17 

under historical practice, all normal course gains and losses on retirement of 18 

assets are included in accumulated depreciation. 19 

This treatment is appropriate since group depreciation rates are set to recover 20 

the asset values over the average service life of the asset group, so that we 21 

expect some assets to be retired before their net book value reaches zero; others 22 

would be retired after their net book value reaches zero; and overall the gain/loss 23 

amount included in accumulated depreciation will have an immaterial value, with 24 

any material amounts recovered through changes to future depreciation rates. 25 

When depreciation rates are not adjusted to reflect the shorter service lives of 26 

assets, or retirements occur in a different pattern than was expected in the last 27 

accepted depreciation study, then the loss amount can build in accumulated 28 

depreciation. 29 

An excerpt from the BCUC Uniform System of Accounts explains this more fully:  30 

The group system contemplates that some part of the investment in a group of 31 

assets probably will be recovered through salvage realizations and that probably 32 

there will be variations in the service lives of the assets constituting the group, 33 

even among assets of the same class. The depreciation provision determined for 34 

the group is a weighted average of the various individual provisions reflecting the 35 

individual expectancies of life and salvage for the respective assets in the group. 36 

It is not the intention of this classification to require the company to keep records 37 

of the accumulated depreciation of each unit of plant. For purposes of analysis, 38 

however, each company shall maintain subsidiary records in which accumulated 39 

depreciation is subdivided according to the utility department to which applicable, 40 
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or to each group of gas plant accounts. When the retirement or disposal of any 1 

individual asset in a group occurs under circumstances reasonably provided for 2 

through accumulated depreciation, it may be assumed such provision has been 3 

made. Thus, whether the period of service is less or greater than average, 4 

accumulated depreciation attributable to an asset at the time of retirement under 5 

such circumstances, is equal to the cost, except for that portion reasonably 6 

assumed recoverable through salvage realization. 7 

At the time of retirement and in accordance with typical treatment as noted above, the 8 

accounting of the book asset value includes a credit to Gas Plant in Service with an equal debit 9 

entry to Accumulated Depreciation.  10 

The retirement will result in a small delivery rate decrease of approximately $150 thousand8 or 11 

0.029 percent compared to the 2021 proposed delivery rates for non-bypass customers given 12 

the asset retirements.  This is due to the reduction of depreciation expense from the retirement 13 

of gross plant.  As noted in the 2012-2013 Revenue Requirements Application excerpt above, 14 

the gains/losses from the asset retirements will be recovered through changes to future 15 

depreciation rates with FEI’s next depreciation study which will be subject to BCUC approval. 16 

 17 

 18 

 19 

16.2 Please explain whether FEI expects any asset gains or losses upon the 20 

retirement of the Pattullo Gas Line.  21 

 22 

16.2.1 If yes, please discuss how the asset gains or losses will be recorded for 23 

regulatory accounting purposes and the estimated annual rate impact 24 

for FEI’s existing customers.  25 

  26 

Response: 27 

As discussed in the response to BCUC IR1 16.1, the asset gains or losses are equivalent to 28 

undepreciated capital costs (i.e., Net Book Value) of the asset.  FEI adopted US GAAP in 2012 29 

as approved by BCUC Order G-117-11.  Therefore, the regulatory accounting treatment for 30 

gains and losses from asset retirements will be recorded in accumulated depreciation and 31 

recovered using future depreciation ratesPlease also refer to the response to BCUC IR1 16.1.1 32 

for the estimated annual rate impact to FEI’s existing customers due to the retirement of assets 33 

from the Project.   34 

                                                
8  $6.623 million gross plant retirement x 1.71% avg. depreciation rate = $113 thousand / (1- tax rate of 27%) = 

approximately $150 thousand.  
9   $150 thousand/$879,286 thousand where $879,286 thousand equals FEI’s delivery margin as set out in its Annual 

Review for 2020 and 2021 Rates. 
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FEI does not report gains and losses on retirement of assets in the income statement, and 1 

pursuant to BCUC Order G-138-14 for FEI’s Performance Based Ratemaking Plan from 2014 to 2 

2018, the utility discontinued the use of the Gains and Losses on Asset Disposition deferral 3 

account effective January 1, 2014. 4 

 5 

 6 

 7 

16.3 Please confirm, or explain otherwise, that the estimated cost for asset retirement, 8 

including but not limited to decommissioning, dismantling and removing the 9 

Pattullo Gas Line, will be included in the project cost estimate.  10 

  11 

Response: 12 

Confirmed.  FEI notes the estimated cost for asset retirement is identified as the “cost of 13 

removal” in the project cost estimate of the Application and includes decommissioning, 14 

dismantling, and removing the assets related to the Pattullo Gas Line.  Please refer to the 15 

response to BCUC IR1 16.1 for a list of assets to be retired.  16 

 17 

 18 

 19 

16.4 Please discuss whether FEI is responsible for all asset retirement activities, 20 

including but not limited to decommissioning, dismantling and removal costs, 21 

related to the Pattullo Gas Line.   22 

 23 

16.4.1 If not, please provide the party(ies) that also bear responsibility and 24 

provide a breakdown of the estimated costs borne by each of the 25 

parties.  26 

  27 

Response: 28 

As per Section 3 of the Bridge Agreement, FEI is responsible for removing the gas line and its 29 

attachments from the existing Pattullo Bridge. This includes all asset retirement activities 30 

including decommissioning, dismantling and removal costs related to the Pattullo Gas Line. 31 

Unless FEI reaches an agreement with MoTI providing otherwise, FEI is responsible for all costs 32 

associated with removing the gas line.   33 

  34 
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17.0 Reference: ACCOUNTING TREATMENT 1 

Exhibit B-1, Section 1.3.2, p. 8; Exhibit B-6 (Evidentiary Status 2 

Update), p. 2; Appendix A, p. 1 3 

Pacific Northern Gas Ltd. 2013 Revenue Requirements Application – 4 

Order G-114-13 and accompanying Decision, Section 6.4, p. 44.   5 

PGR Application and Development Costs deferral account 6 

On page 8 of the Application, FEI states:  7 

Pursuant to sections 59 to 61 of the UCA [Utilities Commission Act], FEI requests 8 

approval of a deferral account, entitled the “PGR Application and Development 9 

Costs”, to capture the costs of the Application and the costs of developing the 10 

PGR Project prior to approval of the Application. The Application costs will 11 

include expenses incurred by FEI for the development of the Application for filing, 12 

and the regulatory review process such as legal fees, BCUC costs, hearing costs 13 

and BCUC-approved intervener costs, a forecast of which is provided in the 14 

Application. The Project Development costs include expenses for Project 15 

management, engineering, and consultants for assessing the potential design 16 

and alternatives. 17 

The Application and Development costs are recorded in the proposed non-rate 18 

base deferral account on a net-of-tax basis until January 31, 2020 attracting 19 

FEI’s weighted average cost of capital (WACC) and will be transferred to rate 20 

base on January 1, 2021 with a three-year amortization period. The balance of 21 

the Application and Development Costs deferral account is $2.85 million. 22 

[Emphasis added] 23 

17.1 Please confirm, or explain otherwise, that FEI intends to record application and 24 

development costs in the proposed non-rate base deferral account until January 25 

31, 2020.   26 

  27 

Response: 28 

Not confirmed.   29 

FEI notes that there are two components which comprise the non-rate base deferral account of 30 

$2.856 million:  31 

 For the Project Application costs, FEI is forecasting $350 thousand related to expenses 32 

incurred by FEI for the regulatory preparation and disposition of the Application.  These 33 

expenses include legal fees, BCUC costs, public notice costs, hearing costs (if any), and 34 

BCUC approved intervener costs.  Consistent with past CPCN applications, FEI will 35 

record all costs related to the preparation and disposition of the Application up to the 36 
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date of BCUC approval in this deferral account which will extend beyond January 31, 1 

2020; and 2 

 For the Project Development costs, FEI is proposing to record $2.506 million to the 3 

deferral account.  These are actual costs incurred by FEI up to January 31, 2020 4 

associated with project management, engineering, and consultants for assessing the 5 

potential design and alternatives for the Project.  Development costs incurred by FEI 6 

from January 31, 2020 until the BCUC decision will be included as Project capital costs.     7 

 8 

 9 

 10 

17.2 Please confirm, or explain otherwise, that FEI intends to transfer the application 11 

and development costs from a non-rate base deferral account to rate base on 12 

January 1, 2021.   13 

  14 

Response: 15 

Not confirmed. Section 1.3.2 of the Application (as referenced in the preamble to this 16 

information request) contained a typographical error which incorrectly stated that FEI is 17 

proposing to transfer the non-rate base deferral account to rate base on January 1, 2021.  FEI 18 

clarifies that FEI is proposing to transfer the non-rate base deferral account to rate base on 19 

January 1, 2022 with a three-year amortization period.  Consistent with past CPCN applications 20 

approved by BCUC, FEI is proposing to transfer the deferral account to rate base on January 1 21 

of the year following BCUC approval of the application.  FEI anticipates a decision for the 22 

Project in 2021, and thus is proposing to transfer the non-rate base deferral account to rate 23 

base on January 1, 2022. 24 

 25 

 26 

 27 

17.3 Please confirm, or explain otherwise, that FEI requires approval of the proposed 28 

deferral account prior to the BCUC’s decision on the Certificate of Public 29 

Convenience and Necessity (CPCN) for the PGR Project.   30 

  31 

Response: 32 

Not confirmed.  As discussed in the response to BCUC IR1 17.2, there was a typographical 33 

error in Section 1.3.2 of the Application.  FEI is proposing to transfer the non-rate base deferral 34 

account to rate base on January 1, 2022, not January 1, 2021.  Consequently, no approval of 35 

the proposed deferral account is required prior to the BCUC’s decision on the CPCN for the 36 

PGR Project.  37 

 38 

 39 
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 1 

17.3.1 If confirmed, please specify by when FEI requires approval.  2 

  3 

Response: 4 

Please refer to the response to BCUC IR1 17.3, which was not confirmed. 5 

 6 

 7 

 8 

17.3.2 If confirmed, please provide responses to the remainder of the 9 

information requests in this sub-section. 10 

  11 

Response: 12 

Please refer to the response to BCUC IR1 17.3, which was not confirmed.  However, in order to 13 

be responsive, FEI has responded to BCUC IR1 17.3.2.1 to 17.3.2.6. 14 

 15 

 16 

 17 

17.3.2.1 Please provide the forecast balance of the proposed deferral 18 

account at December 31, 2020.  19 

  20 

Response: 21 

As discussed in the response to BCUC IR1 17.2, FEI clarifies that it is proposing to transfer the 22 

non-rate base deferral account to rate base on January 1, 2022, not January 2021.  As such, 23 

FEI has prepared the table below that shows the forecast balance of the proposed deferral 24 

account to December 31, 2021: 25 

 26 

 27 

 28 

Application Development

Particular Costs Costs

Costs 0.350                            2.506                            

WACC Return 0.007                            0.278                            

Total Before Tax Offset 0.357                           2.784                           

Tax Offset (0.095)                          (0.675)                          

Total Balance of Deferral 0.262                           2.110                           

Forecast to Dec 31, 2021 ($ millions)
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17.3.2.2 Please provide a breakdown and detailed description of the 1 

proposed application and project development costs to be 2 

deferred.  3 

  4 

Response: 5 

Please see the tables below for a breakdown of the proposed application and project 6 

development costs to be recorded in the deferral account.  A description for each line item is 7 

provided below each table: 8 

 9 

 BCUC Costs: BCUC levy on the CPCN Applications; 10 

 Interveners Costs:  Interveners Participant Assistance / Cost Award (PACA) as 11 

approved by BCUC; 12 

 Legal Review: Legal review of the Application; and 13 

 Public Notice: Cost of public notice as required by BCUC for CPCN Application.  14 

 15 

 16 

 Archaeological & Environmental: Includes development of management plans, 17 

internal oversight and audits; 18 

 Consultation & Engagement: Includes consultation, engagement and communication 19 

with the public, local governments, Indigenous communities, and other stakeholders; 20 

 Project Management: Includes project management, inspection services, project 21 

support, legal review, and procurement services; 22 

CPCN Application $000s

BCUC Costs 70$          

Interveners Costs 80            

Legal Review 165          

Public Notice 35            

Total 350$        

CPCN Development $000s

Project Services

Archaeological & Environmental 145$               

Consultation & Engagement 77                   

Project Management 834                 

Property Services 5                      

Regulatory & Permitting 17                   

Engineering

Design 1,416$           

Geotechnical 12                   

Total 2,506$           



FortisBC Energy Inc. (FEI or the Company) 

Application for a Certificat of Public Convenience and Necessity for the Pattullo Gas 
Line Replacement Project (Application) 

Submission Date: 

November 19, 2020 

Response to British Columbia Utilities Commission (BCUC) Information Request (IR) 
No. 1 

Page 87 

 

 Property Services: Includes work related to potential land and land rights acquisitions; 1 

 Regulatory & Permitting: Includes resourcing and coordination of compliance 2 

permitting as well as costs for permit applications; and 3 

 Engineering: Design / Geotechnical: Includes engineering and engineering support for 4 

the pipeline, stations, electrical & instrumentation, civil and geotechnical. 5 

 6 

 7 

 8 

17.3.2.3 Please clarify why January 1, 2021, is selected as the 9 

amortization start date for the proposed deferral account.   10 

  11 

Response: 12 

Please refer to the response to BCUC IR1 17.2. 13 

 14 

 15 

 16 

17.3.2.4 Please explain why FEI is requesting a three-year amortization 17 

period for the PGR Application and Development Costs 18 

deferral account. 19 

  20 

Response: 21 

The proposed three-year amortization period for the PGR Application and Development Costs 22 

deferral account is consistent with similar deferral account treatment approved for recent FEI 23 

CPCN applications:   24 

 BCUC Order G-12-20 for the Inland Gas Upgrades Project approved a single Application 25 

and Preliminary Stage Development Costs deferral account with a three-year 26 

amortization period;  27 

 BCUC Order C-2-14 for the Muskwa River Crossing Project for the Fort Nelson Service 28 

Area approved a single Application and Project Development Cost deferral account with 29 

a three-year amortization period; and 30 

 BCUC Order C-11-15 for the Lower Mainland Intermediate Pressure System Upgrade 31 

Project approved two separate deferral accounts for the Application and Project 32 

Development costs, both with a three-year amortization period. 33 

 34 
Given the size of the projected balance in the deferral account, FEI believes either a one or two 35 

year amortization period could also be appropriate.  FEI ultimately selected an amortization 36 

period of three years which is consistent with recent BCUC approvals.   37 
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 1 

 2 

 3 

17.3.2.4.1 As part of the above response, please explain 4 

whether FEI considered alternative amortization 5 

periods and why these alternatives were ultimately 6 

rejected.  7 

  8 

Response: 9 

Please refer to the response to BCUC IR1 17.3.2.4. 10 

 11 

 12 

 13 

17.3.2.4.2 Provide the cumulative financing costs and impact to 14 

customer delivery rates based on an amortization 15 

period of one, three and five years.  16 

  17 

Response: 18 

Please see the table below comparing the cumulative financing costs and levelized delivery rate 19 

impact in $ per GJ for FEI’s non-bypass customers based on an amortization period of one, 20 

three, and five years.  As clarified in the response to BCUC IR1 17.2, FEI is proposing to 21 

transfer the non-rate base deferral account to rate base on January 1, 2022.  Once the deferral 22 

account is transferred to rate base, the financing cost of the deferral account is effectively FEI’s 23 

rate base rate of return.       24 

 25 

 26 

 27 

 28 

17.3.2.5 Please confirm that only project costs that are otherwise 29 

required to be expensed as incurred under US GAAP will be 30 

recorded in the proposed deferral account. If not, please 31 

explain why not and breakdown the forecast project costs 32 

proposed to be deferred based on how they are otherwise 33 

recorded for accounting purposes.   34 

  35 

. 1 Year 3 Years 5 Years

Cumulative Financing Costs ($000s) 74            223          372          

Levelized Annual Delivery Rate Impact ($/GJ) 0.017      0.006       0.004       

Amortization Period



FortisBC Energy Inc. (FEI or the Company) 

Application for a Certificat of Public Convenience and Necessity for the Pattullo Gas 
Line Replacement Project (Application) 

Submission Date: 

November 19, 2020 

Response to British Columbia Utilities Commission (BCUC) Information Request (IR) 
No. 1 

Page 89 

 

Response: 1 

Confirmed for the application costs. For the development costs, it would be acceptable under 2 

US GAAP to capitalize these costs if they were included in the Project’s capital cost for 3 

ratemaking purposes as discussed in the response to BCUC IR1 17.3.2.7.  The financing costs 4 

to be included in the deferral account are discussed further in response to BCUC IR1 17.3.2.10.  5 

Please refer to BCUC IR1 17.3.2.1 for the breakdown of the deferral account into these three 6 

categories.  7 

 8 

 9 

 10 

 11 

17.3.2.6 Under a scenario where the BCUC does not approve FEI’s 12 

request for deferral treatment to the application and 13 

development costs, please explain how the costs would be 14 

treated. 15 

  16 

Response: 17 

The Project’s application and development costs are prudently incurred as they are reasonable 18 

and necessary for the preparation of the CPCN application.  The costs, as described in BCUC 19 

IR1 17.1 and 17.3.2.2, are consistent in nature with the cost of preparing and developing past 20 

CPCN applications which have been granted similar deferral treatment by the BCUC.  As such, 21 

the deferral treatment of the application and development costs should be approved as filed.  22 

Absent BCUC approval, these costs could either be expensed as a flow-through item, or 23 

capitalized to the Project cost, either of which would be acceptable to FEI. 24 

 25 

 26 

 27 

In the FortisBC Inc. 2012-2013 Revenue Requirements Application (RRA) Decision 28 

(FortisBC Decision)10, the BCUC established guiding principles for the treatment of 29 

deferral accounts, which were subsequently referenced in the Pacific Northern Gas 30 

Ltd.’s 2013 RRA Decision11 and summarized below: 31 

(a) When determining the length of an amortization period for a deferral account, the 32 

key factors to consider are the benefits of rate smoothing, the length of time 33 

                                                
10  FortisBC Inc. - Application for Approval of 2012-2013 Revenue Requirements and Review of 2012 Integrated 

System Plan – Order G-110-12 and accompanying Decision, Executive Summary, p. 5. 
11   Pacific Northern Gas Ltd. (PNG West Division) 2013 Revenue Requirements Application – Order G-114-13 and 

accompanying Decision, Section 6.4, p. 44.   
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where there is direct value related to the item being amortized, and the increased 1 

costs that longer amortization periods impose on ratepayers due to the 2 

accumulation of financing charges. 3 

(b) Deferral accounts are regulatory assets, not true capital assets; therefore, it is 4 

more appropriate for deferral accounts for non-capital items to earn an interest 5 

rate of return, not a rate base rate of return. 6 

(c) For deferral accounts for non-capital items which are amortized beyond one year, 7 

the appropriate return is the utility’s Weighted Average Cost of Debt (WACD). For 8 

deferral accounts for non-capital items which are amortized over a period of one 9 

year or less, the appropriate return is the utility’s short term interest cost. 10 

(d) For deferral accounts related to capital, the appropriate return is the utility’s 11 

Weighted Average Cost of Capital (WACC). 12 

17.3.2.7 Considering the above guiding principles, please explain why 13 

an interest rate at FEI’s WACC, rather than FEI’s WACD, is 14 

proposed for the PGR Application and Development Costs 15 

deferral account.  16 

  17 

Response: 18 

In FEI’s submission, guiding principles (b), (c) and (d) from the BCUC’s Decision on the 19 

FortisBC Inc. (FBC) 2012-2013 RRA (Order G-110-12), as summarized in the IR above, are 20 

anomalous and incorrect.  The BCUC has never applied those principles to FEI, did not apply 21 

them to FBC prior to Order G-110-12, and is no longer applying them to FBC in its recent 22 

decisions.12   Whether related to capital or non-capital items, deferrals should attract a rate base 23 

rate of return (or an equivalent weighted average cost of capital return for non-rate base deferral 24 

accounts) to recognize the financing costs that are associated with the timing difference when 25 

there is an outlay of funds and when those costs are recovered from ratepayers (or between 26 

when there are costs recovered from customers that will subsequently be returned).  Rate base 27 

treatment of its deferral accounts is the correct regulatory treatment because it results in the 28 

amounts expended on behalf of customers (or, if credits, collected from customers) being 29 

financed for rate making purposes at the same rate they are financed by the utility.   30 

However, FEI’s proposal for a WACC return on its PGR Application and Preliminary Stage 31 

Development Costs deferral account is entirely consistent with the BCUC’s determination in 32 

Order G-110-12.  The items captured in the deferral account are both “related to capital” and are 33 

recorded by other utilities as capital.  FEI notes that these costs are captured by FBC and other 34 

utilities in BC in Account 172 Preliminary Survey & Investigation Costs of the BCUC Uniform 35 

                                                
12  For example, in the MRP Decision, the BCUC approved FBC’s request to establish a rate base deferral account 

for variances between forecast and actual BCUC Levies to be financed at FBC’s WACC and FBC’s request to 
establish a non-rate base Earnings Sharing deferral account attracting WACC.  As part of Order G-133-20 
regarding FBC’s Application for Approval of the COVID-19 Customer Recovery Fund Deferral Account, the BCUC 
approved FBC’s request for the aforementioned deferral account to be treated as rate base. 
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System of Accounts (USoA) which is transferred to capital upon a project proceeding.  Account 1 

172 is described in the BCUC Uniform System of Accounts as set out below: 2 

“This account shall include all expenditures for preliminary surveys, plans, investigations, 3 

etc., made for the purpose of determining the feasibility of projects for gas services.” 4 

The reason that FEI does not record these items in Account 172 is due to an accounting change 5 

made and accepted by the BCUC in FEI’s 2010-2011 RRA where FEI had anticipated adopting 6 

IFRS.  Under IFRS, these feasibility costs would not be eligible for capitalization, and therefore 7 

a separate approval from the BCUC for deferral treatment was required.  Although FEI 8 

eventually adopted US GAAP, where the same concern does not arise, FEI continued with its 9 

approved treatment.   10 

The costs incurred by FEI for the PGR application and project development are similar in nature 11 

to costs previously approved by the BCUC to receive WACC or rate base deferral account 12 

treatment as part of previous CPCN decisions.  Examples of this approved treatment include the 13 

BCUC’s deferral account decisions in the Inland Gas Upgrades (IGU) Project CPCN decision, 14 

the Lower Mainland Intermediate Pressure System Upgrade (LMIPSU) CPCN decision, and the 15 

Huntingdon Station Bypass CPCN decision, among others.  As such, the requested deferral 16 

treatment for the PGR Application and Development Costs, i.e., attracting a WACC return and 17 

transfer to rate base January 1, 2022  (or January 1 of the year following a BCUC decision), is 18 

consistent with previous approved requests for this type of deferral. 19 

 20 

 21 

 22 

17.3.2.8 Please identify the relevant factors from FEI’s perspective that 23 

should be considered in determining the appropriate interest 24 

rate for the proposed deferral account.  25 

  26 

Response: 27 

Please refer to the response to BCUC IR1 17.3.2.7. 28 

 29 

 30 

 31 

17.3.2.9 If FEI were directed to apply a WACD interest rate to the 32 

proposed deferral account, please discuss if this would result 33 

in a different accounting treatment for regulatory accounting 34 

purposes as compared to financial reporting.  35 

  36 
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Response: 1 

No. Please refer to the response to BCUC IR 1.17.3.2.10 for further discussion of regulatory 2 

accounting and financial reporting for deferral accounts. 3 

 4 

 5 

 6 

17.3.2.10 Does FEI consider that applying a WACC interest rate to 7 

application and development costs is permitted under US 8 

GAAP. Please explain why or why not, with reference to the 9 

relevant factors that should be considered and the applicable 10 

US GAAP section.  11 

  12 

Response: 13 

ASC 980 is the relevant guidance for rate regulated entities under US GAAP. 14 

Under US GAAP, the rate actions of a regulator can provide reasonable assurance of the 15 

existence of an asset (ASC 980-340-25-1), meaning that approval by the BCUC for recovery in 16 

rates results in items that would otherwise be expensed being recognized in deferral accounts 17 

for financial reporting purposes.  18 

For plant under construction, ASC 980-360-25-1 states that “ASC 980 requires WACC, 19 

including a designated cost of equity funds, to be capitalized in specified circumstances as part 20 

of the cost of the related asset.” 21 

For deferral accounts, US GAAP also allows the accounts to attract a WACC return; however, 22 

US GAAP does make the distinction that the equity component of this return would not be an 23 

allowable cost to be included in the deferral account itself (ASC 980-340-25-5).  Although this is 24 

stated in US GAAP, for regulatory purposes, FEI and FBC have continued to record the full 25 

WACC return in non-rate base deferral accounts to keep them on the same footing as rate base 26 

deferral accounts with the same return.     27 

The benefits of non-rate base deferral accounts are that they: 28 

 Address timing issues for costs incurred or revenue received in between rate setting 29 

periods that cannot be included in forecasts (such as this one); 30 

 Provide greater transparency into the total costs or benefits of a deferral account (as the 31 

financing is included in the deferral account itself); 32 

 Protect ratepayers from forecast risk, as only actual costs and related actual financing 33 

costs are recorded in the deferral account (an example of this is the EEC Incentives 34 

deferral account); and 35 
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 Avoid circularity in calculations for revenue surplus or similar deferral accounts such as 1 

FEI’s flow-through and earnings sharing accounts. 2 

 3 
While US GAAP is distinct regarding the equity component of a WACC return in a deferral 4 

account, FEI believes that the use of WACC for non-rate base deferral accounts is appropriate 5 

for regulated purposes and is justified regardless of the US GAAP interpretation used for 6 

external reporting purposes. Use of a WACC rate is consistent with how the deferral account is 7 

financed by FEI, and is consistent with the return earned once transferred to rate base. Further, 8 

any potential difference between the deferral amounts reported for regulated purposes and 9 

external reporting purposes is a timing difference as, ultimately, the regulated amount which 10 

includes a full WACC return will be recovered from or returned to customers through revenue for 11 

external reporting purposes under US GAAP. 12 

 13 

 14 

 15 

17.3.2.11 Please clarify why the deferral account will be transferred to 16 

rate base. 17 

  18 

Response: 19 

FEI has requested a non-rate base deferral account for 2020 and 2021 due to timing.  Because 20 

the deferral account is not included in the rate base forecasts provided in the FEI Annual 21 

Review for 2020 and 2021 Delivery Rates, the earliest FEI can record the balance in rate base 22 

would be January 1, 2022.  In the meantime, FEI would be unable to recover any amount for the 23 

financing of the deferral account.  FEI will include a projected balance for the deferral account in 24 

its Annual Review for 2022 Delivery Rates. 25 

 26 

 27 

 28 

FEI provided in Appendix A to the Evidentiary Update Status a letter from the City of 29 

Burnaby indicating that council supported the fourth route option along the Sperling 30 

Route corridor. 31 

On page 2 of the Evidentiary Update Status, FEI states:  32 

…FEI has continued to progress the engineering designs for the Gaglardi Route 33 

in the event that a route in the Sperling Route corridor is determined to be not 34 

feasible or not FEI’s preferred route. 35 

FEI will be completing its assessment of the feasibility of the Sperling Route 36 

corridor, including further consultation and other work needed to complete its 37 

Application in the coming weeks. 38 
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17.3.2.12 Please comment on how the City of Burnaby’s support for 1 

the fourth route option along the Sperling Route corridor 2 

impacts the forecast balance of the proposed deferral 3 

account and/or the timing of when FEI proposes to 4 

commence amortization of the deferral account.  5 

  6 

Response: 7 

As discussed in the response to BCUC IR1 17.1, the Project Development costs of $2.506 8 

million that FEI is including to the proposed deferral account are actual costs incurred by FEI up 9 

to January 31, 2020.  The City of Burnaby’s support for the Sperling Route occurred after 10 

January 31, 2020 and, as such, does not impact the Project Development costs that FEI is 11 

including to the proposed deferral account.  Development costs incurred by FEI after January 12 

31, 2020 are included in the Project capital costs. 13 

 14 

 15 

 16 

17.3.2.12.1 Please provide any revisions to the forecast 17 

balance and transfer date as applicable.  18 

  19 

Response: 20 

Please refer to the response to BCUC IR1 17.3.2.12. 21 

  22 
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D. CONSULTATION 1 

18.0 Reference: CONSULTATION SUMMARY 2 

CPCN Guidelines, p. 6; Exhibit B-3, Section 2.7, p. 10 3 

CPCN Guidelines 4 

The Public Consultation section of the CPCN Guidelines includes the following 5 

requirements: 6 

(i) Overview of the community, social and environmental setting in which the 7 

project and its feasible alternatives will be constructed and operated, and of the 8 

public who may be directly impacted by the project and its feasible alternatives.  9 

ii) Description of the information and consultation programs with the public, 10 

including the organizations, agencies and individuals consulted, the information 11 

provided to these parties, and a chronology of meetings and other 12 

communications with members of the public and their representatives. This 13 

includes consultation with both the public who may be directly impacted by the 14 

project and the public that may experience impacts on their rates and service. 15 

(emphasis added) 16 

Page 10 states: 17 

FEI also plans to send a bill insert to all natural gas customers in the coming 18 

months upon determination of the Project scope. ... FEI will also place an 19 

advertisement on FEI’s accounts online portal, which is visited by about 360,000 20 

customers each month to pay a bill. These communications directly inform 21 

customers of the Project, including how to provide feedback and of the expected 22 

impact to rates. The Project website, email address and phone number will be 23 

maintained as an easy-to-access way for local customers, local stakeholders, 24 

and the broader public to provide FEI with feedback on the proposed routes. 25 

18.1 Please discuss which section(s) of the Application or Exhibit B-3 provides an 26 

overview of the community, social and environmental setting as outlined by the 27 

CPCN guidelines. If an overview is not included, please confirm that this will be 28 

included in the December evidentiary update. 29 

  30 

Response: 31 

An overview of the community, social and environmental setting, as outlined by the CPCN 32 

Guidelines, was not included in the initial Application or in Exhibit B-3 given the nature of 33 

ongoing consultation and engagement regarding the Sperling routes. FEI will provide this 34 

information in its evidentiary update. 35 
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 1 

 2 

 3 

18.2 Please discuss if FEI has established what service interruptions are expected for 4 

either the Sperling or Gaglardi Routes, and what plans are in place to 5 

communicate these interruptions and identify those who will be affected. 6 

  7 

Response: 8 

FEI does not anticipate any natural gas service interruptions for either the Sperling or Gaglardi 9 

Routes. In the event natural gas service interruptions are required, FEI will proactively identify 10 

and notify those affected. Proactive notification could include direct one-on-one discussions 11 

through visits or phone calls to those affected, as well as notification letters, social media 12 

outreach and website updates. 13 

 14 
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1. SUMMARY 
 

This document is intended to provide guidance on the required level accuracy for estimates and the 

purpose for which these different classes of estimates should be used. Numerical values in summary 

Table 1 are intended to provide direction with regards to levels of effort, cost and accuracy.  

Our ability to make informed, consistent decisions depends on having a satisfactory level of accuracy for 

cost estimates and a companywide awareness of this classification. This guideline describes estimate 

classification, how estimates are used at FortisBC, the expected accuracy of estimates, and an overview 

of the level of effort expected to generate estimates of a given classification. 

For stations, pipelines, compressors, transmission lines, electrical feeders, substations, etc. cost 

estimates generally fall into three different classifications, as shown in Table 1. Appendices D through K 

provide suggested checklists for items that should be considered when generating estimates at a given 

classification level. 

When determining an estimate (for projects, programs, contracts, etc…), the scope should be sufficiently 

defined for the desired class level. For example, satisfactory stakeholder involvement is important to 

ensure that all required deliverables are defined and agreed upon before proceeding with cost 

estimating. This is to avoid “scope creep” due to unforeseen requirements. Adherence to the 

acceptance criteria for each class of cost estimate as defined in Table 1 is important. 
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Table 1: Estimate Classification 

Estimate 
Class 

Expected 
Accuracy 

Purpose Project/Technical Definition Estimating 
Methodology 

Horizon 
Years 

Acceptance Mechanism Suggested 
Preparation 
Effort (time) 

Suggested 
Preparation 

Effort Low High 

 
 
 
Class 5 
Identify  

 
 

-20% 
To 

-50% 

 
 

+30% 
To 

+100% 

 Long range capital funding 
levels 

 Market studies 

 Preliminary Assessments 

 Conceptual evaluation of 
alternative schemes 

 Preliminary project/concept 
screening 

 0 to 2% 

 Conceptual level engineering 

 Route/locations identified 
through maps 

 Affected external stakeholders 
identified  

 System parameters identified 

 Internal Stakeholder knowledge 
agreement/signoff 

 ‘Rule of Thumb’ 
costing 

 Historical data 

 Judgment based 

 
 
 
 

5 - 20 

Acknowledgm
ent of the 
need 

Attendance 
at  Capital 
Planning 
Meeting, List 
of Projects, 
documented 
in the 
minutes 
Manager 
Review 

Prepared with a 
very limited 
amount of time 
and with little 
effort 
Cost and time 
estimates are 
typically based 
on “expert” 
opinion 

 
 

0 to 0.2% of 
total 

 
 
 
 
 
 
 
Class 4 
Evaluate  

 
 
 
 
 

-15% 
To 

-30% 

 
 
 
 
 

+20% 
To 

+50% 

 Detailed strategic planning 

 Business case assessment 

 Project screening at a more 
developed stage 

 Confirmation of economic 
and/or technical feasibility 

 Evaluation of alternative 
schemes 

 1 to 15% 

 Pre-FEED1 to FEED1 level 
engineering 

 Route/locations researched  
through land checks 

 Affected external stakeholders 
identified and risk assessed 

 System parameters defined 

 System limitations defined 

 Preliminary operational 
contingency plans identified 

 Equipment parameters 
identified 

 Major material list compiled 

 Project schedule at concept level 

 Preliminary estimate 
with risk 
conceptualized 

 Historical data 

 Gross unit costs 

 Budgetary equipment 
and material quotes 

 Develop construction 
labour and 
equipment crew 
costs 

 
 
 
 
 
 

3 - 5 

Peer Review 
Business Case 
sign -off with 
FEED study to 
support 
technical 
feasibility 

Review with 
Engineering, 
PMO, 
Operations, 
Asset 
Management 

Prepared in as 
little as 20 hours 
or less than 300 
hours 
depending on 
the project 

 
 

0.1 to 1.5% of 
total 

 
 
 
 
 
 
Class 3 
Define  

 
 
 
 
 

-10% 
To 

-20% 

 
 
 
 
 

+10% 
To 

+30% 

 Project Funding authorization 

 First control estimate or 
project budget 

 Approval to proceed to next 
stage or control gate 

 10 to 40% 

 FEED1-level engineering 

 Prepare Design Basis 
Memorandum 

 Final route/locations defined 
and researched 

 Operational contingency plans 
developed 

 Non-standard equipment 
specifications 

 Material list 

 Project schedule at task level 

 Project Execution Plan 

 Affected stakeholders consulted 
and agreement reached 

 Budget estimate with 
risk identified 

 Budgetary equipment 
and material pricing 

 Develop construction 
labour and 
equipment crew cost 
and incorporate in 
cost estimate 

 Budgetary pricing on 
work components (if 
required) 

 
 
 
 
 
 
 

1 - 2 

Stakeholder 
Acceptance 
(PMO, 
Operations, 
Engineering, 
Lands, 
Planning or 
Asset 
Management) 

Project 
charter 
[either PERR 
or Charter] 
(scope, 
schedule, 
cost 
estimate, 
FEED, Project 
acceptance 
form 

Prepared in as 
little as 150 
hours or less 
than 1500 hours 
depending on 
the project 
Involves more 
deterministic 
estimating 
methods 

 
 

1 to 4% of total 

Notes: 
(1) FEED – Front End Engineering Design 
(2)  Approval of projects are typically Class 3 however for repetitive or program based work will often be sought on the basis of classification 4 for individual projects with the understanding that the 
overall program budget will be managed within +/- 10%. 
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2. BACKGROUND 
 

On March 18, 2010, the British Columbia Utilities Commission (BCUC) published the document “2010 

Certificates of Public Convenience and Necessity Application Guidelines G-50-10” ( Appendix C), which 

provides guidance regarding the project justification, stakeholder consultation, project scope definition 

and cost estimating that is required for CPCN applications. The project definition and cost estimating 

methodology referenced within the document is the AACE Recommended Practice No. 10S‐90, Cost 

Engineering Terminology (Appendix A) which made reference to AACE Recommended Practice No. 18R-

97 (Appendix B). In addition to adopting this methodology for its CPCN applications, FortisBC has 

adopted this methodology, in general concept, for its Operational Assets expenditures. 

The basic premise of the methodology implemented at FortisBC is that proposed capital expenditures 

require different cost estimate classification, a function of project definition and the accuracy of 

estimate, at specific planning stages to identify, evaluate, and approve the proposed expenditure. 

 

This document provides guidelines for applying the principles of estimate classification specifically for 

projects or programs to be included in the Capital Investment Plan. The objective of these guidelines is 

to provide common terminology and a consistent methodology for developing, understanding and 

implementing a project classification system to facilitate project execution.  

 

As the core of a capital project is the physical plant and the various work components and elements, the 

better these are defined, the more accurate the project definition, cost estimate and schedule will be. 

Project definition is improved by performing engineering work, in the form of planning, front end 

engineering design (FEED) and detailed design, from the Identify stage through to the Define stage (see 

Table 1). As project definition is improved, this can be expressed as a percentage of complete project 

definition, the accuracy of the cost estimate can be increased.  The stages of Identify, Evaluate, and 

Define provide increased levels of project definition and information available for developing estimates 

of capital cost and project schedule. As the project passes through to the next stage, there should be an 

improved understanding of the project and a corresponding reduction in cost and schedule uncertainty. 

 

The Estimate Classifications in Table 1 are intended to convey the state of project definition upon which 

a cost estimate is based, the probable range of variation of the estimate and the purpose for which each 

classification class maybe used. 

 

Estimates should therefore be a realistic attempt to reflect the extent of a project both in definition and 

uncertainty. It should be noted that the information supporting an estimate often relies on an extensive 

list of assumptions, in particularly around constructability. These assumptions are progressively refined 

as engineering progresses, but need to be identified and addressed at all stages. 
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In addition to the classification criteria outlined in Table 1, a checklist has been prepared for each asset 

class which can be used to confirm documentation compliance with a given classification (Appendices D 

to K). The purpose of the checklists is to provide guidance so that different employees with varying 

levels of experience can create the documentation and estimate to support the proper class with similar 

results. There is one checklist for each classification within each asset class. Each checklist has the 

requirements that are asset class specific. Allowance for risk, contingency, and other allowances need to 

be specifically addressed.  

 

Historically, estimates were an educated guess based on past expenditures and experience with the 

work being done. Uncertainty was factored in through contingency or adjusting the values of a particular 

task. Looking forward, as it is difficult to identify and factor in all possible scenarios, we will be taking an 

approach by which we will determine the cost of the work with a risk factor to determine the potential 

high end of the work.  All projects are to have an estimate which would contain the base estimate and 

contingency. 
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APPENDIX A – TERMS 
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APPENDIX B – AACE GUIDELINES 
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APPENDIX C – BCUC ORDER G-50-10 
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APPENDIX D – ELECTRIC TRANSMISSION ‘CHECKLIST’ 
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APPENDIX D – ELECTRIC DISTRIBUTION ‘CHECKLIST’ 
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APPENDIX F – GENERATION ‘CHECKLIST’ 
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APPENDIX G – ELECTRIC STATION ‘CHECKLIST’ 
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APPENDIX H – TRANSMISSION PIPELINE ‘CHECKLIST’ 
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APPENDIX I – GAS PRESSURE CONTROL & MEASUREMENT STATION 

‘CHECKLIST’ 
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APPENDIX J – LNG ‘CHECKLIST’ 
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APPENDIX K – TELECOMMUNICATIONS ‘CHECKLIST’ 
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Cost Estimate  

A prediction of quantities, cost, and/or price of resources required by the scope of 

an asset investment option, activity, or project. As a prediction, an estimate must 

address risks and uncertainties. Estimates are used primarily as inputs for 

budgeting, cost or value analysis, decision making in business, asset and project 

planning, or for project cost and schedule control processes. Cost estimates are 

determined using experience and calculating and forecasting the future cost of 

resources, methods, and management within a scheduled time frame.  

Escalation 

The provision in actual or estimated costs for an increase in the cost of 

equipment, material, labor, etc., over that specified in the purchase order or 

contract due to continuing price level changes over time. Inflation may be a 

component of escalation, but non-monetary policy influences, such as supply-

and-demand, are often components.  

Contingency (AACE) 

AACE International, the Association for the Advancement of Cost engineering, 

has defined contingency as "An amount added to an estimate to allow for items, 

conditions, or events for which the state, occurrence, or effect is uncertain and 

that experience shows will likely result, in aggregate, in additional costs. Typically 

estimated using statistical analysis or judgment based on past asset or project 

experience. Contingency usually excludes: 

1. Major scope changes such as changes in end product specification, 

capacities, building sizes, and location of the asset or project;  

2. Extraordinary events such as major strikes and natural disasters;  

3. Management reserves; and  

4. Escalation and currency effects.  

Some of the items, conditions, or events for which the state, occurrence, 

and/or effect is uncertain include, but are not limited to, planning and 

estimating errors and omissions, minor price fluctuations other than general 

escalation), design developments and changes within the scope, and 

variations in market and environmental conditions. Contingency is generally 

included in most estimates, and is expected to be expended".  

Project 

Based on commonly used Project Management terminology, Project’s definition 

is as follow: “A temporary endeavor with a specific objective to be met within the 

1 
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prescribed time and monetary limitations and which has been assigned for 
definition or Project Cost Estimating Guidelines Procedure #CRC-001 Rev. 2 

April, 27th 2009 Page 5 | 20 execution” (AACE / PMI). Regional Transmission 

projects are typically defined by the transmission owner as a result of the solution 

study. Projects are broken down by components in the RSP listing (Lines & 

Substations) but are typically permitted and reviewed as a whole for efficiency 

and resource/costs savings.  

Project Scope 

The sum of all that is to be or has been invested in and delivered by the 

performance of an activity or project. In project planning, the scope is usually 

documented (i.e., the scope document).  

Change in Scope 

A change in the defined deliverables or resources used to provide them.  

Level of Project Definition 

This characteristic is based upon percent complete of project definition (roughly 

corresponding to percent complete of engineering). The level of project definition 

defines maturity or the extent and types of input information available to the 

estimating process. Such inputs include project scope definition, requirements 

documents, specifications, project plans, drawings, calculations, learnings from 

past projects, reconnaissance data, and other information that must be 

developed to define the project. 

Risk Sources 

Events or conditions that have been defined for use in Risk Assessment that 

might affect the outcome of a project. Risk sources are frequently subdivided into 

the following groups, based on the underlying source of the source: 1) Business 

needs risks; 2) Results definition risks; 3) Scope definition risks; 4) Execution 

plan, mastery and processes risks; and 5) External risks. 

Risk Types 

A means of characterizing risk for use in risk assessment by the type of risk: 

1. Inherited -derived from preceding stages of project; 

2. Economic - associated with availability and costs of resources; 

3. Commercial - associated with customer’s needs and wants, competition, 

etc.; 

2 
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3 

4. Technological - associated with ability to achieve desired results, produce 

products, etc. life of current or new technology and compatibility of new 

technologies; 

5. Implementation - ability to meet project plan and commitments due to 

human behavior or organizational factors. 
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AACE International Recommended Practice No. 18R-97 
COST ESTIMATE CLASSIFICATION SYSTEM – AS APPLIED 
IN ENGINEERING, PROCUREMENT, AND CONSTRUCTION 
FOR THE PROCESS INDUSTRIES 
TCM Framework: 7.3 – Cost Estimating and Budgeting 

February 2, 2005

PURPOSE 
 

As a recommended practice of AACE International, the Cost Estimate Classification System provides 
guidelines for applying the general principles of estimate classification to project cost estimates (i.e., cost 
estimates that are used to evaluate, approve, and/or fund projects). The Cost Estimate Classification 
System maps the phases and stages of project cost estimating together with a generic maturity and 
quality matrix, which can be applied across a wide variety of industries.  

This addendum to the generic recommended practice provides guidelines for applying the principles 
of estimate classification specifically to project estimates for engineering, procurement, and construction 
(EPC) work for the process industries. This addendum supplements the generic recommended practice 
(17R-97) by providing: 

 
• a section that further defines classification concepts as they apply to the process industries; 
• charts that compare existing estimate classification practices in the process industry; and 
• a chart that maps the extent and maturity of estimate input information (project definition deliverables) 

against the class of estimate. 
 

As with the generic standard, an intent of this addendum is to improve communications among all of 
the stakeholders involved with preparing, evaluating, and using project cost estimates specifically for the 
process industries.  

It is understood that each enterprise may have its own project and estimating processes and 
terminology, and may classify estimates in particular ways. This guideline provides a generic and 
generally acceptable classification system for process industries that can be used as a basis to compare 
against. It is hoped that this addendum will allow each user to better assess, define, and communicate 
their own processes and standards in the light of generally-accepted cost engineering practice. 
 
 
INTRODUCTION 
 

For the purposes of this addendum, the term process industries is assumed to include firms involved 
with the manufacturing and production of chemicals, petrochemicals, and hydrocarbon  
processing. The common thread among these industries (for the purpose of estimate classification) is 
their reliance on process flow diagrams (PFDs) and piping and instrument diagrams (P&IDs) as primary 
scope defining documents. These documents are key deliverables in determining the level of project 
definition, and thus the extent and maturity of estimate input 
information.  

Estimates for process facilities center on mechanical and chemical process equipment, and they have 
significant amounts of piping, instrumentation, and process controls involved. As such, this addendum 
may apply to portions of other industries, such as pharmaceutical, utility, metallurgical, converting, and 
similar industries. Specific addendums addressing these industries may be developed over time.  

This addendum specifically does not address cost estimate classification in nonprocess industries 
such as commercial building construction, environmental remediation, transportation infrastructure, “dry” 
processes such as assembly and manufacturing, “soft asset” production such as software development, 
and similar industries. It also does not specifically address estimates for the exploration, production, or 
transportation of mining or hydrocarbon materials, although it may apply to some of the intermediate 
processing steps in these systems.  

The cost estimates covered by this addendum are for engineering, procurement, and construction 
(EPC) work only. It does not cover estimates for the products manufactured by the process facilities, or 
for research and development work in support of the process industries. This guideline does not cover the 
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significant building construction that may be a part of process plants. Building construction will be covered 
in a separate addendum.  

This guideline reflects generally-accepted cost engineering practices. This addendum was based 
upon the practices of a wide range of companies in the process industries from around the world, as well 
as published references and standards. Company and public standards were solicited and reviewed by 
the AACE International Cost Estimating Committee. The practices were found to have significant 
commonalities that are conveyed in this addendum. 
 
 
COST ESTIMATE CLASSIFICATION MATRIX FOR THE PROCESS INDUSTRIES 
 

The five estimate classes are presented in figure 1 in relationship to the identified characteristics. 
Only the level of project definition determines the estimate class. The other four characteristics are 
secondary characteristics that are generally correlated with the level of project definition, as discussed in 
the generic standard. The characteristics are typical for the process industries but may vary from 
application to application. 

This matrix and guideline provide an estimate classification system that is specific to the process 
industries. Refer to the generic standard for a general matrix that is non-industry specific, or to other 
addendums for guidelines that will provide more detailed information for application in other specific 
industries. These will typically provide additional information, such as input deliverable checklists to allow 
meaningful categorization in those particular industries.  

 

Notes: [a]  The state of process technology and availability of applicable reference cost data affect the range markedly.  
The +/- value represents typical percentage variation of actual costs from the cost estimate after application of  
contingency (typically at a 50% level of confidence) for given scope. 

[b]  If the range index value of “1” represents 0.005% of project costs, then an index value of 100 represents 0.5%. 
Estimate preparation effort is highly dependent upon the size of the project and the quality of estimating data and 
tools. 

ESTIMATE
CLASS

Class 5 0% to 2% Concept Screening

Capacity Factored,
Parametric Models,

Judgment, or
Analogy

L:  -20% to -50%
H: +30% to +100% 1

Class 4 1% to 15% Study or Feasibility
Equipment
Factored or

Parametric Models

L:  -15% to -30%
H: +20% to +50% 2 to 4

Class 3 10% to 40%
Budget,

Authorization, or
Control

Semi-Detailed Unit
Costs with

Assembly Level
Line Items

L:  -10% to -20%
H: +10% to +30% 3 to 10

Class 2 30% to 70% Control or Bid/
Tender

Detailed Unit Cost
with Forced

Detailed Take-Off

L:  -5% to -15%
H: +5% to +20% 4 to 20

Class 1 50% to 100% Check Estimate or
Bid/Tender

Detailed Unit Cost
with Detailed Take-

Off

L:  -3% to -10%
H: +3% to +15% 5 to 100

Primary
Characteristic Secondary Characteristic

END USAGE
Typical purpose of

estimate

METHODOLOGY
Typical estimating

method

EXPECTED
ACCURACY

RANGE
Typical variation in

low and high
ranges [a]

PREPARATION
EFFORT

Typical degree of
effort relative to

least cost index of
1 [b]

LEVEL OF
PROJECT

DEFINITION
Expressed as % of
complete definition
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Figure 1. – Cost Estimate Classification Matrix for Process Industries 
CHARACTERISTICS OF THE ESTIMATE CLASSES 
 

The following charts (figures 2a through 2e) provide detailed descriptions of the five estimate 
classifications as applied in the process industries. They are presented in the order of least-defined 
estimates to the most-defined estimates. These descriptions include brief discussions of each of the 
estimate characteristics that define an estimate class.  

For each chart, the following information is provided: 
• Description: a short description of the class of estimate, including a brief listing of the expected 

estimate inputs based on the level of project definition. 
• Level of Project Definition Required: expressed as a percent of full definition. For the process 

industries, this correlates with the percent of engineering and design complete. 
• End Usage: a short discussion of the possible end usage of this class of estimate. 
• Estimating Methods Used: a listing of the possible estimating methods that may be employed to 

develop an estimate of this class. 
• Expected Accuracy Range: typical variation in low and high ranges after the application of 

contingency (determined at a 50% level of confidence). Typically, this results in a 90% confidence 
that the actual cost will fall within the bounds of the low and high ranges. 

• Effort to Prepare: this section provides a typical level of effort (in hours) to produce a complete 
estimate for a US$20,000,000 plant. Estimate preparation effort is highly dependent on project size, 
project complexity, estimator skills and knowledge, and on the availability of appropriate estimating 
cost data and tools. 

• ANSI Standard Reference (1989) Name: this is a reference to the equivalent estimate class in the 
existing ANSI standards. 

• Alternate Estimate Names, Terms, Expressions, Synonyms: this section provides other 
commonly used names that an estimate of this class might be known by. These alternate names are 
not endorsed by this Recommended Practice. The user is cautioned that an alternative name may not 
always be correlated with the class of estimate as identified in the chart. 

 
CLASS 5 ESTIMATE 

Description: 
Class 5 estimates are generally prepared based on very 
limited information, and subsequently have wide accuracy 
ranges. As such, some companies and organizations have 
elected to determine that due to the inherent inaccuracies, 
such estimates cannot be classified in a conventional and 
systemic manner. Class 5 estimates, due to the 
requirements of end use, may be prepared within a very 
limited amount of time and with little effort expended—
sometimes requiring less than an hour to prepare. Often, 
little more than proposed plant type, location, and capacity 
are known at the time of estimate preparation. 
 
Level of Project Definition Required: 
0% to 2% of full project definition. 
 
End Usage: 
Class 5 estimates are prepared for any number of strategic 
business planning purposes, such as but not limited to 
market studies, assessment of initial viability, evaluation of 
alternate schemes, project screening, project location 
studies, evaluation of resource needs and budgeting, long-
range capital planning, etc. 
 

Estimating Methods Used: 
Class 5 estimates virtually always use stochastic 
estimating methods such as cost/capacity curves and 
factors, scale of operations factors, Lang factors, Hand 
factors, Chilton factors, Peters-Timmerhaus factors, 
Guthrie factors, and other parametric and modeling 
techniques. 
 
Expected Accuracy Range: 
Typical accuracy ranges for Class 5 estimates are - 20% to 
-50% on the low side, and +30% to +100% on the high 
side, depending on the technological complexity of the 
project, appropriate reference information, and the 
inclusion of an appropriate contingency determination. 
Ranges could exceed those shown in unusual 
circumstances. 
 
Effort to Prepare (for US$20MM project): 
As little as 1 hour or less to perhaps more than 200 hours, 
depending on the project and the estimating methodology 
used. 
 
ANSI Standard Reference Z94.2-1989 Name:  
Order of magnitude estimate (typically -30% to +50%). 
 
Alternate Estimate Names, Terms, Expressions, 
Synonyms:  
Ratio, ballpark, blue sky, seat-of-pants, ROM, idea study, 
prospect estimate, concession license estimate, 
guesstimate, rule-of-thumb. 
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Figure 2a. – Class 5 Estimate 
 

CLASS 4 ESTIMATE 
Description: 
Class 4 estimates are generally prepared based on limited 
information and subsequently have fairly wide accuracy 
ranges. They are typically used for project screening, 
determination of feasibility, concept evaluation, and 
preliminary budget approval. Typically, engineering is from 
1% to 15% complete, and would comprise at a minimum 
the following: plant capacity, block schematics, indicated 
layout, process flow diagrams (PFDs) for main process 
systems, and preliminary engineered process and utility 
equipment lists. 
 
Level of Project Definition Required: 
1% to 15% of full project definition.  
 
End Usage: 
Class 4 estimates are prepared for a number of purposes, 
such as but not limited to, detailed strategic planning, 
business development, project screening at more 
developed stages, alternative scheme analysis, 
confirmation of economic and/or technical feasibility, and 
preliminary budget approval or approval to proceed to next 
stage. 

Estimating Methods Used: 
Class 4 estimates virtually always use stochastic 
estimating methods such as equipment factors, Lang 
factors, Hand factors, Chilton factors, Peters-Timmerhaus 
factors, Guthrie factors, the Miller method, gross unit 
costs/ratios, and other parametric and modeling 
techniques. 
 
Expected Accuracy Range: 
Typical accuracy ranges for Class 4 estimates are -15% to 
-30% on the low side, and +20% to +50% on the high side, 
depending on the technological complexity of the project, 
appropriate reference information, and the inclusion of an 
appropriate contingency determination. Ranges could 
exceed those shown in unusual circumstances.  
 
Effort to Prepare (for US$20MM project): 
Typically, as little as 20 hours or less to perhaps more than 
300 hours, depending on the project and the estimating 
methodology used. 
 
ANSI Standard Reference Z94.2-1989 Name: 
Budget estimate (typically -15% to + 30%). 
 
Alternate Estimate Names, Terms, Expressions, 
Synonyms:  
Screening, top-down, feasibility, authorization, factored, 
pre-design, pre-study. 

Figure 2b. – Class 4 Estimate 
 

CLASS 3 ESTIMATE 
Description: 
Class 3 estimates are generally prepared to form the basis 
for budget authorization, appropriation, and/or funding. As 
such, they typically form the initial control estimate against 
which all actual costs and resources will be monitored. 
Typically, engineering is from 10% to 40% complete, and 
would comprise at a minimum the following: process flow 
diagrams, utility flow diagrams, preliminary piping and 
instrument diagrams, plot plan, developed layout drawings, 
and essentially complete engineered process and utility 
equipment lists. 
 
Level of Project Definition Required: 
10% to 40% of full project definition.  
 
End Usage: 
Class 3 estimates are typically prepared to support full 
project funding requests, and become the first of the 
project phase “control estimates” against which all actual 
costs and resources will be monitored for variations to the 
budget. They are used as the project budget until replaced 
by more detailed estimates. In many owner organizations, 
a Class 3 estimate may be the last estimate required and 
could well form the only basis for cost/schedule control. 
 

Estimating Methods Used: 
Class 3 estimates usually involve more deterministic 
estimating methods than stochastic methods. They usually 
involve a high degree of unit cost line items, although these 
may be at an assembly level of detail rather than individual 
components. Factoring and other stochastic methods may 
be used to estimate less-significant areas of the project. 
 
Expected Accuracy Range: 
Typical accuracy ranges for Class 3 estimates are -10% to 
-20% on the low side, and +10% to +30% on the high side, 
depending on the technological complexity of the project, 
appropriate reference information, and the inclusion of an 
appropriate contingency determination. Ranges could 
exceed those shown in unusual circumstances. 
 
Effort to Prepare (for US$20MM project): 
Typically, as little as 150 hours or less to perhaps more 
than 1,500 hours, depending on the project and the 
estimating methodology used. 
 
ANSI Standard Reference Z94.2-1989 Name: 
Budget estimate (typically -15% to + 30%). 
 
Alternate Estimate Names, Terms, Expressions, 
Synonyms:  
Budget, scope, sanction, semi-detailed, authorization, 
preliminary control, concept study, development, basic 
engineering phase estimate, target estimate. 

Figure 2c. – Class 3 Estimate 
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CLASS 2 ESTIMATE 
Description: 
Class 2 estimates are generally prepared to form a detailed 
control baseline against which all project work is monitored 
in terms of cost and progress control. For contractors, this 
class of estimate is often used as the “bid” estimate to 
establish contract value. Typically, engineering is from 30% 
to 70% complete, and would comprise at a minimum the 
following: process flow diagrams, utility flow diagrams, 
piping and instrument diagrams, heat and material 
balances, final plot plan, final layout drawings, complete 
engineered process and utility equipment lists, single line 
diagrams for electrical, electrical equipment and motor 
schedules, vendor quotations, detailed project execution 
plans, resourcing and work force plans, etc. 
 
Level of Project Definition Required: 
30% to 70% of full project definition.  
 
End Usage: 
Class 2 estimates are typically prepared as the detailed 
control baseline against which all actual costs and 
resources will now be monitored for variations to the 
budget, and form a part of the change/variation control 
program. 

Estimating Methods Used: 
Class 2 estimates always involve a high degree of 
deterministic estimating methods. Class 2 estimates are 
prepared in great detail, and often involve tens of 
thousands of unit cost line items. For those areas of the 
project still undefined, an assumed level of detail takeoff 
(forced detail) may be developed to use as line items in the 
estimate instead of relying on factoring methods. 
 
Expected Accuracy Range: 
Typical accuracy ranges for Class 2 estimates are -5% to 
-15% on the low side, and +5% to +20% on the high side, 
depending on the technological complexity of the project, 
appropriate reference information, and the inclusion of an 
appropriate contingency determination. Ranges could 
exceed those shown in unusual circumstances.  
 
Effort to Prepare (for US$20MM project): 
Typically, as little as 300 hours or less to perhaps more 
than 3,000 hours, depending on the project and the 
estimating methodology used. Bid estimates typically 
require more effort than estimates used for funding or 
control purposes. 
 
ANSI Standard Reference Z94.2-1989 Name: 
Definitive estimate (typically -5% to + 15%). 
 
Alternate Estimate Names, Terms, Expressions, 
Synonyms:  
Detailed control, forced detail, execution phase, master 
control, engineering, bid, tender, change order estimate. 

Figure 2d. – Class 2 Estimate 
 

CLASS 1 ESTIMATE 
Description: 
Class 1 estimates are generally prepared for discrete parts 
or sections of the total project rather than generating this 
level of detail for the entire project. The parts of the project 
estimated at this level of detail will typically be used by 
subcontractors for bids, or by owners for check estimates.  
The updated estimate is often referred to as the current 
control estimate and becomes the new baseline for 
cost/schedule control of the project. Class 1 estimates may 
be prepared for parts of the project to comprise a fair price 
estimate or bid check estimate to compare against a 
contractor’s bid estimate, or to evaluate/dispute claims. 
Typically, engineering is from 50% to 100% complete, and 
would comprise virtually all engineering and design 
documentation of the project, and complete project 
execution and commissioning plans. 
 
Level of Project Definition Required: 
50% to 100% of full project definition.  
 
End Usage: 
Class 1 estimates are typically prepared to form a current 
control estimate to be used as the final control baseline 
against which all actual costs and resources will now be 
monitored for variations to the budget, and form a part of 
the change/variation control program. They may be used to 
evaluate bid checking, to support vendor/contractor 
negotiations, or for claim evaluations and dispute 
resolution. 

Estimating Methods Used: 
Class 1 estimates involve the highest degree of 
deterministic estimating methods, and require a great 
amount of effort. Class 1 estimates are prepared in great 
detail, and thus are usually performed on only the most 
important or critical areas of the project. All items in the 
estimate are usually unit cost line items based on actual 
design quantities. 
 
Expected Accuracy Range: 
Typical accuracy ranges for Class 1 estimates are -3% to 
-10% on the low side, and +3% to +15% on the high side, 
depending on the technological complexity of the project, 
appropriate reference information, and the inclusion of an 
appropriate contingency determination. Ranges could 
exceed those shown in unusual circumstances.  
 
Effort to Prepare (for US$20MM project): 
Class 1 estimates require the most effort to create, and as 
such are generally developed for only selected areas of the 
project, or for bidding purposes. A complete Class 1 
estimate may involve as little as 600 hours or less, to 
perhaps more than 6,000 hours, depending on the project 
and the estimating methodology used. Bid estimates 
typically require more effort than estimates used for funding 
or control purposes. 
 
ANSI Standard Reference Z94.2 Name:  
Definitive estimate (typically -5% to + 15%). 
 
Alternate Estimate Names, Terms, Expressions, 
Synonyms:  
Full detail, release, fall-out, tender, firm price, bottoms-up, 
final, detailed control, forced detail, execution phase, 
master control, fair price, definitive, change order estimate. 

Figure 2e. – Class 1 Estimate 
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COMPARISON OF CLASSIFICATION PRACTICES 
 

Figures 3a through 3c provide a comparison of the estimate classification practices of various firms, 
organizations, and published sources against one another and against the guideline classifications. 
These tables permits users to benchmark their own classification practices. 

 

 
Figure 3a. – Comparison of Classification Practices 

AACE Classification
Standard

ANSI Standard
Z94.0 AACE Pre-1972

Association of Cost
Engineers (UK)

ACostE

Class 5
Order of Magnitude

Estimate
-30/+50

Order of Magnitude
Estimate

Order of Magnitude
Estimate

Class IV -30/+30

Budget Estimate
Class II -10/+10

Study Estimate
Class III -20/+20

Study Estimate

Preliminary Estimate

Budget Estimate
-15/+30

Class 4

Class 3

Definitive Estimate
-5/+15

Definitive Estimate
Class I -5/+5

Definitive Estimate

Detailed Estimate

Class 2

Class 1

IN
CR

EA
SI

NG
 P

RO
JE

CT
 D

EF
IN

IT
IO

N

Norwegian Project
Management

Association  (NFP)

Concession Estimate

Exploration Estimate

Feasibility Estimate

Authorization
Estimate

Master Control
Estimate

Current Control
Estimate

American Society
of Professional

Estimators (ASPE)

Level 1

Level 2

Level 3

Level 4

Level 5

Level 6
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Figure 3b. – Comparison of Classification Practices 
 

 
 [1] John R. Heizelman, ARCO Oil & Gas Co., 1988 AACE Transactions, Paper V3.7 

[2] K.T. Yeo, The Cost Engineer, Vol. 27, No. 6, 1989 
[3] Stevens & Davis, BP International Ltd., 1988 AACE Transactions, Paper B4.1 (* Class III is inferred) 
[4] Peter Behrenbruck, BHP Petroleum Pty., Ltd., article in Petroleum Technology, August 1993 

 
Figure 3c. – Comparison of Classification Practices 
 

IN
C

R
EA

SI
N

G
 P

R
O

JE
C

T 
D

EF
IN

IT
IO

N

Class S
Strategic Estimate

AACE Classification
Standard

Class 5

Class 4

Class 3

Class 2

Class 1

Major Consumer
Products Company

(Confidential)

Major Oil Company
(Confidential)

Major Oil Company
(Confidential)

Major Oil Company
(Confidential)

Class 1
Conceptual Estimate

Class 2
Semi-Detailed

Estimate

Class 3
Detailed Estimate

Class V
Order of Magnitude

Estimate

Class IV
Screening Estimate

Class III
Primary Control

Estimate

Class II
Master Control

Estimate

Class I
Current Control

Estimate

Class A
Prospect Estimate

Class B
Evaluation Estimate

Class C
Feasibility Estimate

Class D
Development

Estimate

Class E
Preliminary Estimate

Class F
Master Control

Estimate

Current Control
Estimate

Class V

Class IV

Class III

Class II

Class I

IN
C

R
EA

SI
N

G
 P

R
O

JE
C

T 
D

EF
IN

IT
IO

N

Class V

AACE Classification
Standard

Class 5

Class 4

Class 3

Class 2

Class 1

J.R. Heizelman,
1988 AACE

Transactions [1]

K.T. Yeo,
The Cost Engineer,

1989 [2]

Stevens & Davis,
1988 AACE

Transactions [3]

P. Behrenbruck,
Journal of Petroleum
Technology, 1993 [4]

Class IV

Class III

Class II

Class I

Class V
Order of Magnitude

Class IV
Factor Estimate

Class III
Office Estimate

Class II
Definitive Estimate

Class I
Final Estimate

Class III*

Class II

Class I

Order of Magnitude

Study Estimate

Budget Estimate

Control Estimate
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ESTIMATE INPUT CHECKLIST AND MATURITY MATRIX 
 

Figure 4 maps the extent and maturity of estimate input information (deliverables) against the five 
estimate classification levels. This is a checklist of basic deliverables found in common practice in the 
process industries. The maturity level is an approximation of the degree of completion of the deliverable. 
The degree of completion is indicated by the following letters. 
 
• None (blank): development of the deliverable has not begun. 
• Started (S): work on the deliverable has begun. Development is typically limited to sketches, rough 

outlines, or similar levels of early completion. 
• Preliminary (P): work on the deliverable is advanced. Interim, cross-functional reviews have usually 

been conducted. Development may be near completion except for final reviews and approvals. 
• Complete (C): the deliverable has been reviewed and approved as appropriate. 
 
 
 ESTIMATE CLASSIFICATION 

General Project Data: CLASS 5 CLASS 4 CLASS 3 CLASS 2 CLASS 1
 Project Scope Description General Preliminary Defined Defined Defined 
 Plant Production/Facility Capacity Assumed Preliminary Defined Defined Defined 
 Plant Location General Approximate Specific Specific Specific 
 Soils & Hydrology None Preliminary Defined Defined Defined 
 Integrated Project Plan None Preliminary Defined Defined Defined 
 Project Master Schedule None Preliminary Defined Defined Defined 
 Escalation Strategy None Preliminary Defined Defined Defined 
 Work Breakdown Structure None Preliminary Defined Defined Defined 
 Project Code of Accounts None Preliminary Defined Defined Defined 
 Contracting Strategy Assumed Assumed Preliminary Defined Defined 

Engineering Deliverables:  
 Block Flow Diagrams S/P P/C C C C 
 Plot Plans  S P/C C C 
 Process Flow  Diagrams (PFDs)  S/P P/C C C 
 Utility Flow Diagrams (UFDs)  S/P P/C C C 
 Piping & Instrument Diagrams (P&IDs)  S P/C C C 
 Heat & Material Balances  S P/C C C 
 Process Equipment List  S/P P/C C C 
 Utility Equipment List  S/P P/C C C 
 Electrical One-Line Drawings  S/P P/C C C 
 Specifications & Datasheets  S P/C C C 
 General Equipment Arrangement Drawings  S P/C C C 
 Spare Parts Listings   S/P P C 
 Mechanical Discipline Drawings   S P P/C 
 Electrical Discipline Drawings   S P P/C 
 Instrumentation/Control System Discipline Drawings   S P P/C 
 Civil/Structural/Site Discipline Drawings   S P P/C 
 
Figure 4. – Estimate Input Checklist and Maturity Matrix 
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ANSI Standard Z94.2-1989. Industrial Engineering Terminology: Cost Engineering. 
AACE International Recommended Practice No.17R-97, Cost Estimate Classification System. 
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BRIT I SH  COLUMBIA  

UTIL I T I ES  COMMISS ION  
 
 
  ORDER  
  NUMBER   G‐50‐10 
 

 
IN THE MATTER OF 

The Utilities Commission Act, R.S.B.C. 1996, Chapter 473 
 

and 
2010 Certificates of Public Convenience and Necessity Application Guidelines 

 
 

BEFORE:  L.F. Kelsey, Commissioner 
  D.A. Cote, Commissioner  March 18, 2010 
 
 

O  R  D  E  R 
 
WHEREAS: 
 
A.  The Utilities Commission Act (the Act) states in section 46(1) that an applicant for a Certificate of Public 

Convenience and Necessity (CPCN) must file with the British Columbia Utilities Commission (the 
Commission) information, material, evidence and documents that the Commission prescribes; and 

 
B.  On March 31, 2004 the Commission, by Order G‐28‐04, issued its “Guidelines for CPCN Applications” which 

established the required procedure and information for CPCN applications under the Act; and 
 
C.  On September 16, 2009, the Commission issued draft 2009 CPCN Application Guidelines for a 60‐day 

comment period from regulated utilities and the public; and 
 
D.  Comments were received from British Columbia Hydro and Power Authority , British Columbia Transmission 

Corporation, FortisBC Inc., Pacific Northern Gas Ltd., Skeetchestn Indian Band and Terasen Utilities; and 
 
E.  The Commission has reviewed the comments and considers that the establishment of the 2010 CPCN 

Application Guidelines is warranted. 
 
 
NOW THEREFORE the Commission orders as follows: 
 
1. Commission Order G‐28‐04 is cancelled. 
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Orders/G‐50‐10_2010 CPCN Application Guidelines 

 
BRIT I SH  COLUMBIA  

UTIL IT I ES  COMMISS ION  
 
 
  ORDER  
  NUMBER   G‐50‐10 
 

 
2. An application for a CPCN pursuant to sections 45 and 46 of the Act is to be made in a form that satisfies the 

requirements outlined in Appendix A to this Order. 
 
 
DATED at the City of Vancouver, in the Province of British Columbia, this            18th               day of March 2010. 
 
  BY ORDER 
 
  Original signed by: 
 

D.A. Cote 
Commissioner 
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PURPOSE AND SCOPE OF GUIDELINES 

 

The purpose of these guidelines is to assist public utilities and other parties wishing to construct or operate 

utility facilities in preparing their applications for a Certificate of Public Convenience and Necessity (CPCN) so the 

review of these applications by the British Columbia Utilities Commission (Commission) can proceed as 

efficiently as possible.  The Commission expects CPCN applications will generally be prepared in accordance with 

the guidelines. 

 

Section 45(1) of the Utilities Commission Act (UCA) requires that a person must not begin the construction or 

operation of a public utility plant or system, or an extension of either, without first obtaining from the 

Commission a CPCN approving the construction or operation.  Section 46(1) of the UCA requires an application 

for a CPCN be filed with Commission. 

 

A copy of the UCA can be found at http://www.qp.gov.bc.ca/statreg/stat/U/96473_01.htm 

 

The guidelines do not alter the fundamental regulatory relationship between utilities and the Commission.  They 

provide general guidance regarding the Commission’s expectations of the information that should be included in 

CPCN applications while providing the flexibility for an application to reflect the specific circumstances of the 

applicant, the size and nature of the project, and the issues that it raises.  An applicant is expected to apply the 

guidelines in a flexible and reasonable manner.  The Commission may issue further directions relating to the 

information to be included in specific CPCN applications and may require applicants to provide further 

information to supplement material in filed applications. 

 

CPCN applications may be supported by long‐term resource plans filed under section 44.1 of the UCA.  These 

long‐term resource plans may deal with significant aspects of project justification, particularly the need for the 

project and the assessment of the overall costs and benefits of the project and alternatives to the project.  

Under section 44.1(9) of the UCA, in approving a long‐term resource plan, the Commission may order that a 

proposed utility plant or system, or an extension of either, is exempt from the requirements of section 45(1) of 

the UCA. 

 

Attachment 15.2



APPENDIX A 
to Order G‐50‐10 

Page 2 of 12 
 
 

 
 

2010 CPCN Application Guidelines 
March 2010 

Public utilities and other project proponents are encouraged to initiate discussions with appropriate government 

agencies and consult with the public and potentially affected First Nations as early as possible in the planning 

and design phase of a project in order to gain an understanding of the issues to be addressed prior to the filing 

of an application. 

 

DEEMED CERTIFICATES OF PUBLIC CONVENIENCE AND NECESSITY 

 

Sections 45(2), 45(5) and 45(6) of the UCA state: 
 
  (2) For the purposes of subsection (1), a public utility that  is operating a public utility plant or 

system on September 11, 1980 is deemed to have received a certificate of public convenience 
and necessity, authorizing it: 

 
  (a) to operate the plant or system; and 
  (b)  subject  to  subsection  (5),  to  construct  and  operate  extensions  to  the  plant  or 

system. 
 
  (5) If it appears to the commission that a public utility should, before constructing or operating 

an extension to a utility plant or system, apply for a separate certificate of public convenience 
and necessity, the commission may, not later than 30 days after construction of the extension is 
begun, order that subsection (2) does not apply  in respect of the construction or operation of 
the extension. 

 
  (6) A public utility must file with the commission at least once each year a statement in a form 

prescribed by the commission of the extensions to its facilities that it plans to construct. 
 

In order to evaluate whether a public utility should apply for a CPCN for a specific extension to a utility plant or 

system and therefore whether to make an order pursuant to section 45(5), the Commission needs to be aware 

of planned extensions that are significant.  This information is provided in the statement of planned extensions 

that a public utility is required to file at least once a year.  The statement should be filed in a timely fashion and 

should identify each discrete extension to a utility plant or system that may have a material impact on customer 

rates or raise some other significant issue.  The statement should include all extensions that the utility is likely to 

initiate over the period until the filing of the next statement on extensions, and should use a definition of 

extension that is as broad and inclusive as possible.  A utility should inform the Commission in the event it plans 

to initiate a significant extension that was not identified in its most recent statement on extensions. 
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A long‐term resource plan filed pursuant to section 44.1 of the UCA or a capital expenditure schedule filed 

pursuant to section 44.2(1)(b) may meet the requirements of section 45(6) provided it is filed prior to the start 

of the construction of the extensions. Also, section 45(4) provides that the Commission may, by regulation, 

exclude utility plant or categories of utility plant from the operation of section 45(1).  Under this provision, the 

Commission may establish project thresholds relating to size, production capacity, type and absence of local 

impacts that will determine projects that would generally not require a CPCN application. 

 

 

PROCEDURAL CONSIDERATIONS 

 

An  application  for  a CPCN pursuant  to  sections  45  and  46 of  the UCA will be made  to  the  Secretary of  the 

Commission.  Applications are to be filed in accordance with the Commission’s document filing protocols.  A text 

recognizable and bookmarked electronic copy with working spreadsheets and 12 hard copies of the completed 

and signed CPCN application should be submitted.  Applications are typically made public, except where special 

circumstances require confidentiality. 

 

The  filed  application  is  initially  reviewed  by  the  Commission  for  possible  deficiencies  and  any  additional 

information  is  requested  through  an  information  request which  is  responded  to by  the  applicant.   Once  the 

response to the  information request  is received, the application  is reviewed by the Commission to understand 

the  application,  identify  any  additional  deficiencies,  and make  a  preliminary  determination  as  to whether  a 

hearing  is required, and  if required, the nature of the proceeding.   Pursuant to section 46(2), the Commission 

may establish an oral or written hearing and regulatory timetable if further review of the application is required. 

 

The Commission makes a determination on disposition of the CPCN application as follows: 

  (a)  Grant a CPCN without further input from the applicant or other interested parties. 

  (b)  Require further information from the applicant. 

  (c)  Set down an oral or written public hearing. 

  (d)  Deny the application. 
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Approval of a CPCN application results in the Commission issuing an order to the applicant granting the CPCN.  

The order may include terms and conditions which the Commission believes the public convenience or necessity 

require. 

 

For further information, contact: 

 

Commission Secretary  Telephone:  (604) 660‐4700 
British Columbia Utilities Commission  Toll Free:  1‐800‐663‐1385 
Sixth Floor, 900 Howe Street  Facsimile:  (604) 660‐1102 
Vancouver, B.C.  Commission.Secretary@bcuc.com 
V6Z 2N3  web site:  http://www.bcuc.com 
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APPLICATION REQUIREMENTS 

 

An application under sections 45 and 46 of the UCA should contain the following information: 

 

1.  Applicant 

  (i)  Name, address and description of  the nature of  the applicant’s business and all other persons 

having a direct interest in project ownership or management; 

 

  (ii)  Evidence of the financial and technical capacity of the applicant and other persons  involved,  if 

any, to undertake and operate the project; 

 

  (iii)  Name,  title and address of  the person with whom communication should be made  respecting 

the application; 

 

  (iv)  Name and address of legal counsel for the applicant, if any; 

 

  (v)  Organizational  chart  of  the  project  team,  including  the  names  of  the  Project Manager  and 

Executive Sponsor for the project; and 

 

  (vi)  Outline of the regulatory process the applicant recommends for the Commission’s review of the 

application, including how persons who were consulted about the project can raise outstanding 

application‐related concerns with the Commission. 

 

2.  Project Need, Alternatives and Justification 

  (i)  Studies or summary statements identifying the need for the project and confirming the 

technical, economic and financial feasibility of the project, identifying assumptions, sources of 

data, and feasible alternatives considered.  The applicant should identify alternatives that it 

deemed to be not feasible at an early screening stage, and provide the reason(s) why it did not 

consider them further; 
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  (ii)  A comparison of the costs, benefits and associated risks of the project and feasible alternatives, 

including estimates of the value of all of the costs and benefits of each option or, where these 

costs and benefits are not quantifiable, identification of the cost or benefit that cannot be 

quantified.  Cost estimates used in the economic comparison should have, at a minimum,  a 

Class 41 degree of accuracy as defined in the Advancement of Cost Engineering (“AACE 

International”) Recommended Practice No. 10S‐90, Cost Engineering Terminology (May 20, 

2009); 

 

  (iii)  A schedule calculating the revenue requirements of the project and feasible alternatives, and 

the resulting impacts on customer rates; 

 

  (iv)  A schedule calculating the net present values of the incremental cost and benefit cash flows of 

the project and feasible alternatives, and justification of the length of the term and discount rate 

used for the calculation; 

 

  (v)  A schedule and supporting discussion comparing the project and feasible alternatives in terms of 

social and environmental factors, and the applicant’s assessment regarding the overall social 

and environmental impact of the project relative to the overall impact of the feasible 

alternatives; and 

 

  (vi)  Information relating the project to the applicant’s approved long‐term resource plan 

filed pursuant to section 44.1 of the UCA, including the extent to which the project was  

considered in the plan, and, if applicable, a discussion explaining how the plan provides support 

and justification for the need for the project. 

   

                                                            
1 Class 4 estimates are generally prepared based on limited information and subsequently have fairly wide accuracy ranges. 
They are typically used for project screening, determination of feasibility, concept evaluation, and preliminary budget 
approval.  
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3.  Consultation 

First Nations Consultation 

 

Note:  Crown  utilities  are  required  to  provide  the  information  requirements  set  out  in  the  British 

Columbia Utilities Commission 2010 First Nations Information Filing Guidelines for Crown Utilities, which 

replace  and  supersede  the  application  requirements  in  this  First Nations  Consultation  section  of  the 

CPCN Application Guidelines.   

 

If an applicant is of the view that the application does not require consultation with First Nations, 

reasons supporting its conclusion should be provided to the Commission.  Unless otherwise justified, the 

following information should be filed: 

 
(i) Identification of the First Nations potentially affected by the application or filing, including the 

feasible project alternatives; and the information considered to identify these First Nations. 

 

  For each potentially affected First Nation, summarize the consultation to date, including: 

 
(ii) Identification of any group, body, specific band or specific person(s) that have been consulting 

on behalf of the First Nation in connection with the application. Identify the specific member 

bands represented by any group or body; 

 
(iii) A chronology of meetings, other communications and actions; 

 
(iv) Any relevant, non‐confidential written documentation regarding consultation, such as notes or 

minutes of meetings or phone calls, or letters received from or sent to the First Nation; 

 
(v) Identification of specific issues or concerns raised by the First Nation; 

 
(vi) Description of how the specific issues or concerns raised by the First Nation were avoided, 

mitigated or otherwise accommodated; or explain why no further action is required to address 

an issue or concern; 
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(vii) Copies of any documents which confirm that the First Nation is satisfied with the consultation to 

date; 

 
(viii) Evidence that the First Nation has been notified of the filing of the application with the 

Commission and has been informed on how to raise outstanding concerns with the Commission; 

and 

 
(ix)  The applicant’s overall view as to the sufficiency of the consultation process with the First 

Nation to date, in the context of the decision which is being sought from the Commission. 

 

Public Consultation 

(i) Overview of the community, social and environmental setting in which the project and its 

feasible alternatives will be constructed and operated, and of the public who may be directly 

impacted by the project and its feasible alternatives; 

 
(ii) Description of the information and consultation programs with the public, including the 

organizations, agencies and individuals consulted, the information provided to these parties, and 

a chronology of meetings and other communications with members of the public and their 

representatives.  This includes consultation with both the public who may be directly impacted 

by the project and the public that may experience impacts on their rates and service; 

 
(iii) Description of the issues and concerns raised during consultations, the measures taken or 

planned to address issues or concerns,  or an explanation of why no further action is required to 

address an issue or concern; 

 
(iv) Identification of any outstanding issues or concerns; and 

 

(v) Applicant’s overall assessment as to the sufficiency of the public consultation process with 

respect to the project, in the context of the decision which is being sought from the Commission. 
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4.  Project Description 

  (i)  Description of the project, its purpose and cost, including engineering design, capacity, location 

options and preference, safety and reliability considerations, and all ancillary or related facilities 

that are proposed to be constructed, owned or operated by the applicant; 

 

(ii) Outline of the anticipated construction and operation schedule, including critical dates of 

key events, a chart of major activities showing the critical path (e.g., GANTT2 chart), and 

the timing of approvals required from other agencies to ensure continued economic 

viability; 

 
  (iii)  Description of any new or expanded public works, undertakings or infrastructure that will result 

from or be required by the project, and an estimate of the costs and necessary completion 

dates; 

 
  (iv)  Human capital resources required to undertake the project; 

 
  (v)  Risk analysis identifying all significant risks to successful completion of the project, including an 

assessment of the probability of each risk occurring, and the consequences and the cost to 

mitigate the risk; 

 
  (vi)  Identification and preliminary assessment of potential effects of the project on the physical, 

biological and social environments or on potentially affected First Nations and the public,  

proposals for reducing potentially negative effects and maximizing benefits from positive 

effects, and the cost to the project of implementing the proposals; 

 

(vii)  Identification of the customers to be served by the project and, where the project would expand 

the area served by the applicant, a geographical description of the expanded service area; 

   

                                                            
2 GANTT chart is a bar chart which illustrates a project schedule. 
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(viii) List of all required federal, provincial and municipal approvals, permits, licenses or 

authorizations; and 

 
  (ix)  Summary of the material conditions that are anticipated in federal, provincial and municipal 

approvals and confirmation that the costs of complying with these conditions are included in the 

cost estimate in the application. 

 

5.  Project Cost Estimate 

  (i)  Project cost estimate, including a description of the method of estimating used, the percentage 

of engineering completed at the time of the estimate, and  identification and  justification of all 

assumptions, exclusions,  inflation and discount  factors, and  sources of benchmarks and other 

data; 

 
(ii) The cost estimate should be stated in nominal as well as real dollars, identify an expected 

accuracy range and have, at a minimum,  a Class 33 degree of accuracy as defined in AACE 

International Recommended Practice No. 10S‐90, Cost Engineering Terminology (May 20, 2009); 

 
  (iii)  The cost estimate should provide: 

(a) Any funds spent in prior years attributable to the project; 

(b) A list of all project direct and indirect costs using a work breakdown structure by 

year until completion; 

(c) Escalation (including inflation) amounts; 

(d) Contingency amount; 

(e) Interest during construction or allowance for funds used during construction and 

corporate overhead; 

(f) Identification and explanation of any management or other reserves; 

 

                                                            
3 Class 3 estimates are typically prepared to support full project funding requests, and become the first project phase 
“control estimate” against which all actual costs and resources will be monitored for variations to the budget. They are used 
as the project budget until replaced by more detailed estimates. 
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(g) Any legal, regulatory and other non‐project costs, including costs associated with 

First Nations and public consultation and accommodation. 

 
(iv)  Identification of any cost items not included in the estimate, including transportation costs, and 

the reason for the exclusion; and 

 
(v)  If a Monte Carlo4 analysis was used to model and back‐up the amount of project contingency 

included in the cost estimate, the base estimate, P50 expected value estimate, P90 estimate, 

histogram and cumulative curves, and tornado graphs. 

 

6.  Provincial Government Energy Objectives and Policy Considerations 

  (i)  Discuss how the project is consistent with and will advance the government’s energy objectives 

as set out in the UCA.  If the nature of the project precludes a direct link to the energy 

objectives, the application should discuss how the project does not hamper other projects or 

initiatives undertaken by the applicant or others, from advancing these energy objectives; 

 
  (ii)  Discuss how the project relates to and supports the Province’s electricity self‐sufficiency goals as 

set out in 64.01 of the UCA or as set out in Special Direction No. 10 to the Commission, if 

applicable; and 

 
  (iii)  Where the applicant is BC Hydro or a prescribed public utility, discuss how the project relates to 

and supports the Province’s clean and renewable electricity goal as set out in 64.02 of the UCA, 

if applicable. 

 

7.  New Service Areas 

  (i)  Telephone number or other means by which customers will be able to contact the utility, 

particularly regarding an emergency; 

 
  (ii)  Description of facilities and trained personnel that will provide emergency response; 

 

                                                            
4 Monte Carlo analysis involves using random numbers and probability to solve problems. 
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  (iii)  Tariff including terms and conditions of service, rate schedules and initial rates the applicant 

proposes for customers in the new service area; and 

 
  (iv)  Information confirming the proposed rates will be competitive with other service options that 

are available to customers in the new service area. 
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Distribution Project Cost Classification System 

(Based on the AACE International Recommend Practice No. 18R-97) 

Distribution  
 
Project class definitions and documentation required. 
 

Class 5 (Identify) 
 
Required Documentation 

Capital Planning Initiation Document (CPID) 
containing: 

• Planning Project Definition: 
- From problem /opportunity project 

definition developed (progress into 
scope document) 

• Schedule: 
- -Duration 1, 2 or 3 or more Years 
- -Year to be completed 

• Goals 
• Project Components 

- -Identify distribution feeder, voltage 
and conductor ampacity 

• Justification Needs/Requirements 
• Operational Problems:  From SCC 

Outage Reports 
- Load information 

• Options 
- List of options to be looked at with 

high level costs 
• System SLD: 

- Feeder routes, isolation points, taps 
and major equipment only 

 
• Assumptions 

- List of assumptions used in estimate 
that effects cost of project 

 
 
 

 
 
•  Planning System Documentation 

- High Level Cost 
- Planning Study 

 
• Sign Off: PMO, Planning, Engineering, 

Operations 
 

Class 5 Estimate  
• Produced from Planning Estimate  
• Corporate financials are calculated and 

added to base estimate 
 
Risks Assessment (high Level) 

• Identify risks associated with the project 
 
 
 
 
 
 
 
 
 

 

 

 

Once the sign-off is complete, the project can proceed to the Class 4 Classification  
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Class 4 (Evaluate) 
 
Required Documentation 

 
Business case (with all options) 
containing: 

• Project Cost 
• Description of the Project 
• Key Drivers 
• In-Service Date, Construction Start Date 
• Implications of Deferral 
• Financial Impact  

- Estimated Capital Cost and Accuracy 
of Estimate 

- Operating Cost Impact 
- Recognize impact and other areas of 

FBC 
• Options   

- Pros and Cons as well as the impacts 
on DSM 

- Final Route 
• Related Projects   

- Timing and staging considerations 
 

• Risks/Other Considerations   
 

• Documentation Check List 
- Load Flow Values 
- Voltage Records 
- Customer information 
- Reliability Analysis 
- Zoning consideration 
- Coordination with other utilities if 

required 
- Identify if Survey and Geotechnical 

studies are required budget and 
approved 

- Sign Off: PMO, Planning, 
Engineering, Operations 

 

 Class 4 Estimate 
• Preliminary SLD 
• Evaluate route plan options and 

recommend a Preferred Route Plan 
with possible structure locations 

• Legal Plan acquired, ROW boundaries 
• Preliminary Structure types 

determined 
• Major Material List 
• If required Preliminary Profile based 

on Government terrain models 
• If required Preliminary Survey and 

Geotechnical Data 
• Corporate financials are calculated 

and added to base estimate 
 

 
 Preliminary Schedule and Construction 

Plan 
• Engineering, Construction and 

Commissioning schedules are 
determined 

• Starting quarter and ending quarter 
identified 

• Identify construction constrains 
including weather, remote location 
switching request 

 
 

Risks Assessment (for each option) 
• Identify risks associated with the 

project at this level 
 

 

 

 

 

 

 

Once the sign-off is complete, the project can proceed to the Class 4 Classification  
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Class 3 (Define) 

Required Documentation 
 
 Business Case (preferred option chosen, justification) 
 
Class 3 Estimate 

• Produced from Class Estimate 4 
FortisBC Designer Workbook 

• Approved SLD 
• Material list complete, long lead 

materials finalized 
• Preferred Route Plan 
• Possible Structure Locations for 

Preferred Route Plan 
• Define structure types, main 

equipment size/locations, etc 
• If required Survey Data Complete  
• If required Geotechnical data 

Complete  
• ROW requirement identified (budget 

costs set 
If required: 

- Land rights (private land, 
crown land) 

• Corporate financials are calculated 
and added to base estimate 

- First Nations approval 
- Ministry of Environment approval 
- Municipal or Regional permitting 
- Railways approval 

 
Approved Construction Plan and Schedule 

• Contingency plan including 
switching plan if need it 

 
Risks Assessment for preferred option 

• Identify risks associated with the 
project at this level 

 
 
 

Preliminary Budget Set 
 
 
The schedule and estimate should be 
located in the specific folder on SharePoint 
Site  

 

 
 
 
Once sign-offs are complete, the project can proceed to the Class 2 classification. 
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Class 2 (Control) 

Part of Project Management Process and therefore not defined in this document  
 

Class 1 (Operate) 

Part of Project Management Process and therefore not defined in this document 
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Generation Project Cost Classification System 
(Based on the AACE International Recommend Practice No. 18R‐97) 

Generation  

Project class definitions and documentation required. 

 
Class 5 (Identify) 
 
Required Documentation 
 
�Planning Initiation Document (CPID) 

‐ Explanation of problem/opportunity  
‐ Initiated for every project 

�Options Review 
‐ Produced from Generation Preliminary 
Planning Approval Templates 

‐ Risks Identified 
‐ Major equipment 
‐ Operation problems identified 

�Scope document           
‐ Produced from Generation Scope Template 
‐ Based on preferred option 
‐ Site location 
‐ Contracting out requirement. 
‐ Plant or Unit Outage requirement 
‐ Project Battery Limits 

�Project Rating – Generation Internal 
‐ Produced from Generation Rating Template 
‐ Safety, Environment, and Operational risks 
‐ Used to determines approximate year in 
which project will be installed 
‐ Used to determine estimate class 
requirement at this time 

�Class 5 Estimate  
‐ Produced from Generation Estimate 
Templates 

‐ Based on preferred option 
‐ Assumptions 
‐ Engineering discipline requirements 
‐ Preliminary schedule 
‐ Preliminary Cash Flow 
‐ SAP historical cost information 

�Operations sign‐off of complete Class 5 
package  

 
�Planning sign‐off of complete Class 5 

package 
 
�Engineering sign‐off of complete Class 5 

package 
 
 
 

 

Once Planning and Engineering sign‐offs are complete, the project can proceed to the Class 4 
classification. 
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Class 4 (Evaluate) 
 
Required Documentation 

�Options Approval 
‐ Produced from Generation Preliminary 
Planning Approval Templates 

‐ Option costs 
‐ Pros and Cons of selected option clearly 
stated 

‐ Operations, engineering discipline sign off 
 
�Planning Scope Issued 

‐ Issued by Planning to Engineering  
‐ Based on selected option  
 

�Sketches and Preliminary Lists 
‐ Documentation will vary depending on 
project type, and Engineering discipline.  

‐ Document to be signed as reviewed by 
Engineering discipline 

Minimum sketch requirement is: 
• Equipment layout.  
• Equipment lists, material quantities, long 
term delivery items identified 

• Equipment sizing, single line drawing  
 
 
 
 

�Class 4 Estimate  
‐ Produced from Generation Estimate Sheet  
‐ SAP Historical Cost Information 
‐ Budgetary Vendor Quotes 
‐ WBS (Work Breakdown Structure) as part of 
estimate. 

‐ EPCM (Engineering, Procurement, 
Construction Management) costs and man‐
hours estimated 

‐ Cost of Removal estimated 
‐ FortisBC labor man‐hours identified 
‐ Preliminary Schedule based on WBS, will 
indicate as a minimum engineering, 
construction and commissioning schedules  

�Preliminary Work Plan  
‐ Starting quarter and ending quarter identified 
‐ Identify construction constraints including 
weather, remote location, crane 
requirements, access, facilities etc. 

�Business case started 
‐ For Management/Directors approvals 

�Planning sign‐off of complete Class 4 
package  

�Engineering sign‐off of complete Class 4 
package 

 
Once Planning and Engineering sign‐offs are complete, the project can proceed to the Class 3 
classification. 
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Class 3 (Define) 

 
Required Documentation 
 
�Approved Planning Scope 

‐ Operations signoff 
‐ SCC sign‐off (as required) 

�Approved Work Plan  
‐ Work Plan to be signed as reviewed by 
Operations, Engineering and SCC (if required) 

‐ Site access  
‐ Crane requirements and access 
‐ On site facilities 
‐ Management and labour resources 
‐ Security   

�Drawings and Lists 
‐ Documentation will vary depending on 
project type, and engineering discipline.  

‐ Document to be signed as approved by 
engineering discipline. 

Minimum Drawing Requirement: 
• Equipment layout. Site Plan 
• Equipment lists, material quantities, long 

term delivery items identified 
• Equipment sizing, Single Line Drawing 

 
�Preliminary Specifications 

‐ Operations signoff 
‐ Engineering signoff 

�Approved Schedule 
‐ Completed using MS Project 
‐ Signoff by PMO  
‐ Signoff by Project Engineer 
‐ Signoff by SCC  
‐ Signoff by Operations  

�Class 3 Estimate  
‐ Produced from Generation Estimate Sheet  
‐ SAP Historical Cost Information, inflation 
review 

‐ Written Vendor quotes based on preliminary 
specification  

‐ Confirmation of Contracting Out status 
�Preliminary Budget Set 
�Business case completed 
 

Once sign‐offs are complete, the project can proceed to the Class 2 classification. 

 

Class 2 (Execute) 

Part of Project Management Process and therefore not defined in this document 
 
Class 1 (Operate) 

Part of Project Management Process and therefore not defined in this document 
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Station Project Cost Classification System 

(Based on the AACE International Recommend Practice No. 18R-97) 

Station  
Project class definitions and documentation required. 

 
Class 5 (Identify) 
 
Required Documentation 
 
Capital Planning Initiation Document (CPID) 
containing: 

• Planning Project Definition: 
- From problem /opportunity 

project definition   developed 
(progress into scope document) 

• Schedule: 
- Duration 1, 2 or 3 or more Years 
- Year to be completed 

• Goals 
• Project Components 
• Justification Needs/Requirements 
• Operational Problems:  From SCC Outage 

Reports 
• Load information 
• Options 

- List of options to be looked at with 
high level costs 

• System SLD: 
- Lines, Feeders and Major Equipment 

only 

• Assumptions 
- List of assumptions used in estimate 

that effects cost of project 
 
•  Planning System Documentation 

- High Level Cost 
- Planning Study 

 
• Sign Off: PMO, Planning, Engineering, 

Operations 
 

Class 5 Estimate  
- Produced from Planning Station 

Estimate Templates  
- Corporate financials are calculated 

and added to base estimate 
 
Risks Assessment (high Level) 

- Identify risks associated with the 
project at this level 

 
 
 
 
 
 
 
 
Once the sign-off is complete, the project can proceed to the Class 4 Classification 
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Class 4 (Evaluate) 
 
Required Documentation 

Business case (with all options) 
containing: 

• Project Cost 
• Description of the Project 
• Key Drivers 
• In-Service Date, Construction Start Date 
• Implications of Deferral 
• Financial Impact  

- Estimated Capital Cost and Accuracy 
of Estimate 

- Operating Cost Impact 
- Recognize impact and other areas of 

FBC 
• Options   

- Pros and Cons as well as the impacts 
on DSM 

- Final Site Location 
• Related Projects   

- Timing and staging considerations 
 

• Risks/Other Considerations   
 
 

• Documentation Check List 
- Load Flow Values 
- Voltage Records 
- Customer information 
- Reliability Analysis 
- Zoning consideration 
- Coordination with other utilities 

if required 
 

• Sign Off: PMO, Planning, Engineering, 
Operations 
 

 Class 4 Estimate 
• Produced from Planning Station 

Estimate Templates  
 

 
- Preliminary Comm Block 
- Final Site Location  
- Preliminary Site Plan 
- Preliminary GA 
- Preliminary Sections 
- Major Material List 
- Preliminary P&C Single Line 
 - Fault Current Study 
- Impact on equipment arc flash 
• Corporate financials are calculated and 

added to base estimate 
 
Green Field: 

- Preliminary Survey Data 
- Preliminary Geotechnical Data 

 
 

 Preliminary Schedule and Construction Plan 
- Engineering, Construction and 

Commissioning schedules are 
determined 

- Starting quarter and ending quarter 
identified 

- Identify construction constrains 
including weather, remote location 
etc 

 
 

 Risks Assessment (for each option) 
- Identify risks associated with the project at 

this level 
 

 

 

 

 

 
Once the sign-off is complete, the project can proceed to the Class 3 Classification 
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Class 3 (Define) 
 
Required Documentation 
 
 Business Case (with preferred option chosen, justification) 
 
 Class 3 Estimate for preferred option 

• Produced from Class 4 Estimate 
Sheet  

• Corporate financials are calculated 
and added to base estimate 

• Approved SLD 
• Approved Logics 
• Material list complete 
• Approved GA 
• Approved Sections 
• Grounding Study 

- Existing stations may have previous 
studies with soil resistivity 
measurements  

• Survey Data Complete 
• Geotechnical Data Complete 
• Approved Comm Block Diagram 
• Building Layout 
• Staging Drawings completed 
• Approved Site Plan 
• Preliminary Conduit Plan 

• Preliminary Grounding Plan 
- Is there adequate insulating gravel 
- Is there  a perimeter grid 
 

 
 Approved Schedule and Construction 
Plan 

- Contingency plan including any by-pass 
installation 

 

The schedule and estimate should be 
located in the specific folder on SharePoint 
Site  

 Risks Assessment for preferred option 
- Identify risks associated with the project at 

this level 
 

Preliminary Budget Set 
 
 

 

 
 
 
Once sign-offs are complete, the project can proceed to the Class 2 classification. 
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Class 2 (Execute) 

Part of Project Management Process and therefore not defined in this document. 
 
Class 1 (Operate) 

Part of Project Management Process and therefore not defined in this document. 
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Transmission Pipeline Cost Classification System 
(Based on the AACE International Recommend Practice No. 18R-97) 

 

Transmission Pipelines 
 

Project class definitions and documentation required. 

 

Class 5 (Identify) 

 

Required Documentation 

 

� Class 5 Front End Engineering Design (FEED) 

containing:  

• Planning Project Definition 

- Define project scope from known 

problem or opportunity  

- Justification, needs, and requirements 

- Relevant codes and standards 

- Permitting & Regulatory requirements 

 

• Basis of Design 

- Design parameters 

- System Capacity Planning 

Documentation 

 

• Route Location 

- Start and end points 

- Major natural obstacles 

- Major crossings 

 

• Options  

- List of options to meet requirements 

- Google Earth sketchup with elevation  

 

• Schedule:  

- Project duration (1, 2 or 3 years or 

more) 

- Year to be completed 

 

 
 

• Assumptions:  

- List of main assumptions used in estimate 

that affects cost of project  

- List of clarifications used in estimate that 

affects cost of project 

 

• Sign Off: Asset Management, Engineering, 

Operations 

 

� Class 5 Cost Estimate  

• Basis of Estimate  

- Estimate development 

- Benchmarked costs 

- Produced from FortisBC Workbook 

 

• Total project cost estimate based on similar 

past projects 

 

� Risks Assessment (high Level)  

• Identify risks associated with the project at 

this level (eg. Permitting, scheduling, 

procurement, etc.) 

 

Once the sign-off is complete, the project can proceed to the Class 4 Classification 

  

Attachment 15.2



 

Class 4 (Evaluate)  

 

Required Documentation 

 

� Updated PERR FEED Request 

• Confirming requirements 

 

� Class 4 Front End Engineering Design (FEED) 

containing:   

• Project Cost 

• Project Description 

- Project scope  

- Key drivers 

- Relevant codes and standards 

- Financial & Operating cost Impact 

- Permitting & Regulatory requirements 

- Impacts to other areas of FBC 

 

- AMFM asset reference data 

 

• Route Location 

- Start and end points 

- Major infrastructure obstacles 

- Major natural obstacles 

- Major crossings (trenchless) 

 

• Options 

- List of options to meet requirements 

- Pros and cons of each option/proposal 

- Google Earth sketchup with elevation  

- Risk associated with each option 

- Recognize impact and other areas of 

FBC 

 

• Related Projects 

- Timing and staging considerations 

 

 

 

• Documentation Checklist 

- System Capacity Planning load 

calculations 

- Area Classification survey 

- Identify if Survey and Geotechnical 

studies are required budget and 

approved 

- Preliminary sizing & spec sheets for major 

materials/components 

 

• Assumptions 

- List of assumptions used in estimate that 

affects cost of project  

 

• Sign Off: Asset Management, Engineering, 

Operations 

 

� Class 4 Cost Estimate  

• Produced from FortisBC Pipelines Workbook 

- Estimated capital cost and accuracy of 

estimate 

- Benchmarked costs 

- Preliminary pricing for major 

materials/components 

 

� Preliminary Schedule and Construction Plan   

• In-service date, construction start date 

- Project duration 

- Implication of deferral 

- Identify construction constraints including 

weather, remote locations, resource 

demands  

 

� Risks Assessment (for each option)  

• Identify risks associated with the project at 

this level (eg. Permitting, scheduling, 

procurement, etc.) 

 

 
 

Once the sign-off is complete, the project can proceed to the Class 3 Classification 
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Required Documentation 

 

� Business Case (with preferred option chosen, justification)  

 

� Class 3 Front End Engineering Design (FEED) 

containing:   

• Design basis memorandum 

- Route considerations and maps 

- Legal Plan acquired, ROW boundaries 

determined 

- Potential lands/environmental issues 

identified 

- Potential major trenchless crossings 

identified 

- Constraints assessment 

- Approved control methodology and 

schematic 

- Permitting requirements established 

- Survey data complete 

- Geotechnical data complete 

- Environmental and Archaeological 

desktop constraints report complete 

 

� Approved Schedule and Construction Plan  

• In-service date, construction start date 

- Proposed method of installation 

- Long lead items identified 

- Implication of deferral 

- Contingency plan including any bypass 

installation 

• Sign Off:  

- Asset Management 

- PMO 

- Engineering 

- Operations 

 

 

 

 

� Class 3 Cost Estimate  

• Basis of Estimate 

- Produced from FortisBC Designer 

Workbook or external consultant 

- Supported with written vendor 

quotations based on material selection 

- Supported with contractor estimates 

based on routing options 

- Contingency analysis 

 

• Assumptions 

- List of assumptions used in estimate 

that affects cost of project 

 

• Clarifications 

- List of clarifications used in estimate 

that affects cost of project 

 

 

� Risks Assessment for Preferred Option 

• Risk identification workshop 

• Risk scoring and ranking 

• Forms basis of contingency analysis 

 

 

 

 

 

 

 
 Once the sign-off is complete, the project can proceed to the Class 2 Classification 
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Class 2 (Execute)  

Part of Project Management Process and therefore not defined in this document.  

 

Class 1 (Operate)  

Part of Project Management Process and therefore not defined in this document. 
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Gas Pressure Control & Measurement Station  

Project Cost Classification System 
(Based on the AACE International Recommend Practice No. 18R-97) 

 
Pressure Control 
Project class definitions and documentation required.  

 

Class 5 (Identify)  

 

Required Documentation 

 

� Class 5 Front End Engineering Design (FEED) 

containing:  

• Project scope 

- Define project scope from known 

problem or opportunity  

- Justification, needs, and requirements 

- Relevant codes and standards 

- Permitting & Regulatory requirements 

 

• Basis of Design 

- Design parameters 

- System Capacity Planning 

Documentation 

 

• Options  

- List of options to meet requirements 

- Pros and cons for each option/proposal  

 

• Documentation Checklist 

- Station load and pressure information 

- Station assessment checklist 

- System and general P&ID:  

 

 
 

• Assumptions:  

- List of assumptions used in estimate that 

affects cost of project  

- List of clarifications used in estimate that 

affects cost of project 

 

• Sign Off: Asset Management, Engineering, 

Operations 

 

� Class 5 Cost Estimate  

• Basis of Estimate  

- Estimate development 

- Benchmarked costs 

- Produced from FortisBC Workbook 

 

• Total project cost estimate based on similar 

past projects 

 

� Risks Assessment (high Level)  

• Identify risks associated with the project at 

this level (eg. Permitting, scheduling, 

procurement, etc.) 
• Schedule:  

- Project duration (1, 2 or 3 years or more) 

 

 

Once the sign-off is complete, the project can proceed to the Class 4 Classification 
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Class 4 (Evaluate)  

 

Required Documentation 

 

 

� Updated PERR FEED Request 

• Confirming requirements 

 

� Class 4 Front End Engineering Design (FEED) 

containing:   

• Project Cost 

• Project Description 

- Project scope  

- Key drivers 

- Relevant codes and standards 

- Financial & Operating cost Impact 

- Impacts to other areas of FBC 

 

• Basis of Design 

- Design parameters 

- System Capacity Planning 

Documentation 

- Station Plan View showing required foot 

print dimensions 

 

• Options 

- List of options to meet requirements 

- Pros and cons of each option/proposal 

- Risk associated with each option 

- Proposed site location 

- Recognize impact and other areas of 

FBC 

 

• Related Projects 

- Timing and staging considerations 

 

• Documentation Checklist 

- Station load and pressure information 

- Existing station capacity graph 

- Station assessment checklist 

- Preliminary P&ID 

- Preliminary sizing & spec sheets for major 

materials/components 

 

 

 

• Assumptions 

- List of assumptions used in estimate that 

affects cost of project  

 

• Sign Off: Asset Management, Engineering, 

Operations 

 

� Class 4 Cost Estimate  

• Produced from Pressure Control & 

Measurement Station estimate templates 

- Estimated capital cost and accuracy of 

estimate 

- Preliminary pricing for major 

materials/components 

 

� Preliminary Schedule and Construction Plan   

• In-service date, construction start date 

- Project duration 

- Implication of deferral 

-  Identify construction constraints 

including weather  

 

 

� Risks Assessment (for each option)  

• Identify risks associated with the project at 

this level (eg. Permitting, scheduling, 

procurement, etc.) 

 

Once the sign-off is complete, the project can proceed to the Class 3 Classification 
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Class 3 (Define)  

 

Required Documentation 

 

� Business Case (with preferred option chosen, justification)  

 

� Class 3 Front End Engineering Design (FEED) 

containing:   

• Design basis memorandum 

- Approved station design capacity and 

specifications  

- Approved P&ID 

- Approved site plan and layout 

- Approved design parameters and 

equipment sizing 

- Approved control methodology and 

schematic 

- Permitting requirements established 

- Survey data complete 

- Geotechnical data complete 

- Environmental assessment complete 

 

� Approved Schedule and Construction Plan  

• In-service date, construction start date 

- Proposed method of installation 

- Long lead items identified 

- Implication of deferral 

- Contingency plan including any bypass 

installation 

• Sign Off:  

- Asset Management 

- PMO 

- Engineering 

- Operations 

 

 

 

 

� Class 3 Cost Estimate  

• Basis of Estimate 

- Based on approved station layout and 

P&ID 

- Produced from FortisBC Designer 

Workbook or external consultant 

- Supported with written vendor 

quotations based on material selection 

- Supported with contractor estimates 

based on routing options 

- Contingency analysis 

 

• Assumptions 

- List of assumptions used in estimate 

that affects cost of project 

 

• Clarifications 

- List of clarifications used in estimate 

that affects cost of project 

 

� Risks Assessment for Preferred Option 

• Risk identification workshop 

• Risk scoring and ranking 

• Forms basis of contingency analysis 

 

 

 

 

 

 

 

 

 
 Once the sign-off is complete, the project can proceed to the Class 2 Classification 
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Class 2 (Execute)  

Part of Project Management Process and therefore not defined in this document.  

 

Class 1 (Operate)  

Part of Project Management Process and therefore not defined in this document. 
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LNG Project Cost Classification System 
(Based on the AACE International Recommend Practice No. 18R-97) 

 

LNG Projects 
Project class definitions and suggested documentation required.  

 

Class 5 (Identify)  

 

Required Documentation 

 

� Class 5 Front End Engineering Design (FEED) 

containing:  

• Project scope 

- Define project scope from known 

problem or opportunity  

- Justification, needs, and requirements 

- Relevant codes and standards 

- Permitting & Regulatory requirements 

- Identify if project is a) sustainment b) 

load growth (e.g. RS46) c) compliance 

d) safety related 

 

• Basis of Design 

- Design parameters 

- System Capacity Planning 

Documentation (with regards to gas 

supply loads) 

- Process analysis review 

 

• Options  

- List of options to meet requirements 

- Pros and cons for each option/proposal  

 

• Documentation Checklist 

- Min / Nom / Max flow rates 

- Operational review with regards to 

maintainability, operability 

- System and general P&ID:  

 

 
 

• Assumptions:  

- List of assumptions used in estimate that 

affects cost of project  

- List of clarifications used in estimate that 

affects cost of project 

 

• Sign Off: Asset Management, Engineering, 

Operations 

 

� Class 5 Cost Estimate  

• Basis of Estimate  

- Estimate development 

- Benchmarked costs 

- Produced from FortisBC Workbook 

 

• Total project cost estimate based on similar 

past projects 

 

� Risks Assessment (high Level)  

• Identify risks associated with the project at 

this level (eg. Permitting, scheduling, 

procurement, etc.) 

• Identify operational risks with regards to 

maintenance schedule, production availability 

(e.g. number of days of liquefaction or send 

out impacted, tank level, etc…) 

• Schedule:  

- Project duration (1, 2 or 3 years or more) 

 

Once the sign-off is complete, the project can proceed to the Class 4 Classification 
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Class 4 (Evaluate)  

 

Required Documentation 

 

 

� Updated PERR FEED Request 

• Confirming requirements 

 

� Class 4 Front End Engineering Design (FEED) 

containing:   

• Project Cost 

• Project Description 

- Project scope  

- Key drivers 

- Relevant codes and standards 

- Financial & Operating cost Impact 

- Impacts to other areas of FBC 

 

• Basis of Design 

- Design parameters 

- System Capacity Planning 

Documentation 

- More detailed operational analysis 

(impact to operability, maintability) 

 

• Options 

- List of options to meet requirements 

- Pros and cons of each option/proposal 

- Risk associated with each option 

- Proposed site location and site plan 

- Recognize impact and other areas of 

FBC (gas supply, operations, gas 

control, local customers, etc…) 

 

• Related Projects 

- Timing and staging considerations 

 

• Documentation Checklist 

- Station load and pressure information 

- Existing station capacity graph 

- Station assessment checklist 

- Preliminary P&ID 

- Preliminary sizing & spec sheets for major 

materials/components 

 

 

 

• Assumptions 

- List of assumptions used in estimate that 

affects cost of project  

 

• Sign Off: Asset Management, Engineering, 

Operations, Manager Plant Operations 

 

� Class 4 Cost Estimate  

• Produced from Pressure Control & 

Measurement Station estimate templates 

- Estimated capital cost and accuracy of 

estimate 

- Preliminary pricing for major 

materials/components 

- Procurement time for major components 

 

� Preliminary Schedule and Construction Plan   

• In-service date, construction start date 

- Project duration 

- Implication of deferral 

-  Identify construction constraints 

including weather  

 

 

� Risks Assessment (for each option)  

• Identify risks associated with the project at 

this level (eg. Permitting, scheduling, 

procurement, etc.) 

• Conduct preliminary HAZOPS review of 

operational changes to identify any key safety 

issues 

Once the sign-off is complete, the project can proceed to the Class 3 Classification 
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Required Documentation 

 

� Business Case (with preferred option chosen, justification)  

 

� Class 3 Front End Engineering Design (FEED) 

containing:   

• Design basis memorandum 

- Approved station design capacity and 

specifications  

- Approved P&ID 

- Approved site plan and layout 

- Approved design parameters and 

equipment sizing 

- Approved control methodology and 

schematic 

- Permitting requirements established 

- Survey data complete 

- Geotechnical data complete 

- Environmental assessment complete 

 

� Approved Schedule and Construction Plan  

• In-service date, construction start date 

- Proposed method of installation 

- Long lead items identified 

- Implication of deferral 

- Contingency plan including any bypass 

installation and/or back up supplies 

from other LNG facilities identified 

• Sign Off:  

- Asset Management 

- PMO 

- Engineering 

- Operations 

- Manager, Plant Operations 

 

 

 

 

� Class 3 Cost Estimate  

• Basis of Estimate 

- Based on approved station layout and 

P&ID 

- Produced from FortisBC Designer 

Workbook or external consultant 

- Supported with written vendor 

quotations based on material selection 

- Supported with contractor estimates 

based on routing options 

- Contingency analysis 

 

• Assumptions 

- List of assumptions used in estimate 

that affects cost of project 

 

• Clarifications 

- List of clarifications used in estimate 

that affects cost of project 

 

� Risks Assessment for Preferred Option 

• Risk identification workshop 

• Risk scoring and ranking 

• Forms basis of contingency analysis 

• HAZOP completed and reviewed 

• Maintenance approach, method and 

documentation complete and approved by 

Asset Management Maintenance group 

 

 

 

 

 

 

 
 Once the sign-off is complete, the project can proceed to the Class 2 Classification 
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Class 2 (Execute)  

Part of Project Management Process and therefore not defined in this document.  

 

Class 1 (Operate)  

Part of Project Management Process and therefore not defined in this document. 
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Telecommunications Project Cost Classification System 

(Based on the AACE International Recommend Practice No. 18R-97) 

Telecommunications 
 
Project class definitions and documentation required. 
 

Class 5 (Identify) 
 
Required Documentation 
 
Capital Planning Initiation Document (CPID) 
containing: 

•  Planning Project Definition: 
- From problem /opportunity project 

definition  developed (progress into 
scope document) 

• Schedule: 
- Duration 1, 2 or 3 or more Years 
- Year to be completed 

• Goals 
• Project Components 
• Justification Needs/Requirements 
• Operational Problems:  From SCC 

Outage Reports 
        Options 

• Technology Choices 
- List of options to be looked at with 

high level costs 
• System Comm Block Diagram: 

- Major Equipment only 
 

• Assumptions 
- List of assumptions used in estimate 

that effects cost of project 
 
• Planning System Documentation 

- High Level Cost 
- Planning Study 

 
• Sign Off: PMO, Planning, Engineering, 

Operations 
 

Class 5 Estimate  
• Produced from Planning Line Estimate  

- Corporate financials are calculated and 
added to base estimate 

  
 
Risks Assessment (High Level) 

• Identify risks associated with the project 
at this level

 
 
 
 
Once the sign-off is complete, the project can proceed to the Class 4 Classification 
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Class 4 (Evaluate) 
 
Required Documentation 

 
Business case (with all options) containing: 

• Project Cost 
• Description of the Project 
• Key Drivers 
• In-Service Date, Construction Start Date 
• Implications of Deferral 
• Financial Impact  

- Estimated Capital Cost and Accuracy of 
Estimate 

- Operating Cost Impact 
- Recognize impact and other areas of FBC 
- Estimated ongoing provider lease costs 

(Telecom) 
• Performance Requirements (telecom) 

- Bandwidth needed 
- Latency 
- Availability 
- Expected Applications 

• Recommended Technology (Telecom) 
• Options   

- Pros and Cons as well as the impacts on 
DSM 

• Related Projects   
- Timing and staging considerations 
 

• Risks/Other Considerations (high 
identification)   
 

• Documentation Check List 
- Comm Block Diagram (telecom) 
- Coverage Studies (if applicable) 
- Preliminary Path Study (If needed) 
- Coordination with other utilities if 

required 
   

 

• Sign Off: PMO, Planning, Engineering, 
Operations 
 

 Class 4 Estimate  
• Corporate financials are calculated and 

added to base estimate 
• Major Material List 

 
 

 
 Preliminary Schedule and Construction Plan 

• Engineering, Construction and 
Commissioning schedules are 
determined 

• Starting quarter and ending quarter 
identified 

• Identify construction constrains 
including weather, remote location 
switching request 

 
 
 Risks Assessment (for each option) 

• Identify risks associated with the 
project at this level 

 
 

 

 

 

 

 

 

Once the sign-off is complete, the project can proceed to the Class 3 Classification  
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Class 3 (Define) 

Required Documentation 
 
 Business Case (with preferred option chosen, justification) 
 
 Class 3 Estimate 

• Produced from FortisBC Designer 
Workbook  

• Corporate financials are calculated 
and added to base estimate 

• Approved Comm Block Diagram 
(Telecom) 

• Material list complete 
• Finalized Structure Locations 
• Route Profile 
 

 
Approved Construction Plan and Schedule 

• Contingency plan including 
switching plan 

 
 Risks Assessment for preferred option 

• Identify risks associated with the 
project at this level 

 
 Preliminary Budget Set 

• Sign Off: PMO, Planning, 
Engineering, Operations 

 
The schedule and estimate should be 
located in the specific folder on SharePoint 
Site  

 
 
Once sign-offs are complete, the project can proceed to the Class 2 classification. 
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REV 3 

 

Class 2 (Execute) 

Part of Project Management Process and therefore not defined in this document 
 
Class 1 (Operate) 

Part of Project Management Process and therefore not defined in this document 
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1 Overview


This Technical Memo presents a review of the two Pre-Front End Engineering Design (Pre-FEED) horizontal


directional drilling (HDD) alignments for installation of a natural gas line under the Fraser River that were     


developed by others for the Pattullo Gas Line Replacement Project.


In this memo, Google Earth images of the Pre-FEED alignments, which cross the Fraser River between New


Westminster and Surrey, are provided prior to discussing challenges associated with each crossing. A brief


summary of the reviewed geotechnical conditions contained within information provided by FortisBC is also


presented. From these summaries, the geotechnical and geometrical challenges associated with each


crossing are discussed in detail.


 


  


Technical Memo


BCUC IR1 Attachment 7.4







 
 
 


 514100039-MMD-00-P0-MO-PP-0001, Rev. 0
 


2 


2 Design Requirements for a Successful HDD Crossing 


Several factors must be considered to provide a constructible HDD alignment for a given crossing. The main 


factors requiring careful consideration typically include: 


● Crossing features and any associated site constraints (including requirements from third parties); 


● Topographical changes along the alignment; 


● Required depth of cover along the alignment to resist required drilling fluid pressures; 


● Appropriate setback distance from crossing features to attain proper installation depth; 


● Geometric constraints associated with the HDD installation process; 


● Presence of high-risk geotechnical materials and their anticipated behaviours; and 


● Staging area requirements at the HDD entry, exit and pipe stringing locations. 


Each of these factors are briefly discussed below. It is the intent of these discussions to provide justification on 


what is required for a successful HDD installation. 


2.1 Crossing Features and Site Constraints 


The features crossed by and alignment (e.g. railways, roads, utilities) and the depth of the alignment below 


these features must be considered. Different third parties have different acceptable requirements for what can 


pass beneath them.  


2.2 Topography Changes 


HDD alignments with significant elevation differences between entry and exit locations possess increased 


installation risks that typically include: 


● Difficulty managing and controlling drilling fluid flow; 


● Increased bore instability due to a lack of drilling fluid support within the portion of the HDD alignment 


above the elevation of the lower elevation side; and 


● Drilling fluid flushing events where drilling fluids flow uncontrolled through the bore as it drains to the lower 


side of the installation (southern location).  


Additional Baker tanks may be needed to allow for quick collection and storing of the volume of fluid that may 


flush to the lower elevation side. Bore instability caused by a lack of supporting drilling fluid can be mitigated 


through the installation of large diameter casing pipe to bridge and support the ground between the high and 


the low sides of the HDD installation. Installation of long casing sections may result in difficulties removing the 


casing pipe upon completion of HDD operations. A casing installation strategy is typically detailed as the 


design matures and additional geotechnical conditions are characterized. 


Higher drilling fluid pressures are required when HDD installations are advanced from the higher side of a 


crossing. This is due to the greater hydrostatic component of the drilling fluid pressure associated with the 


higher elevation of the HDD entry.  


2.3 Depth of Cover 


The depth of cover for a given HDD installation is dependent on several factors, which include: 


● Anticipated geotechnical materials and their behaviour; 


● Presence of preferential drilling fluid flow pathways; 
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● Design bending radius of the product pipe; 


● Need for temporary casing; 


● Presence of existing utilities and/or structures including clearance requirements; and  


● Overall installation length.  


The most important factor in determining the appropriate depth of cover for a given HDD installation is the 


material properties of the overlying geotechnical material and the resistance that it provides against the 


required installation-induced bore fluid pressures necessary to remove the cuttings. Another important factor in 


establishing the proper installation depth is the ability to maintain bore stability over the course of the 


installation. Ensuring bore stability is accomplished by designing the HDD alignment to bore through 


geotechnical materials favourable to HDD operations. Favourable materials include compact sands and dense 


clays and silts with low gravel and cobble contents. 


Controlling and maintaining drilling fluid flow within the bore is critical to the success of an HDD installation. 


Installation risks significantly increase when slurry circulation is not maintained within the HDD bore. The flow 


of drilling fluid follows the path of least resistance. As long as the bore is located within favorable geotechnical 


materials at a sufficient installation depth along the entire alignment and the contractor adheres to good HDD 


drilling practices, a stable flow pathway can be created between the drill bit and the HDD entry or exit locations 


such that maintaining drilling fluid flow within the bore should not be difficult to achieve.  


Conversely, if the bore is located within unfavorable geotechnical materials (low strength to resist the required 


drilling fluid pressures, permeable that permit for drilling fluid flow way from the bore), significant difficulties can 


be expected to occur during an installation. These difficulties can sometimes be mitigated with a greater depth 


of cover.  


The required depth of cover for an HDD installation can be verified by performing a hydraulic fracture 


evaluation to determine required and allowable drilling fluid pressures for the installation. This evaluation 


follows the procedure commonly referred as the Delft Geotechnics Method that is outlined in Appendix B of the 


Army Corps of Engineers 1998 Report CPAR-GL-98 and 2002 Report ERDC/GSL TR-02-9 (Guidelines for 


Installation of Utilities Beneath Corp of Engineers Levees Using Horizontal Directional Drilling). To account for 


assumptions with geotechnical properties assigned to various geological units along the HDD alignment, as 


well as typical heterogeneity within the units themselves, it is common with the Delft method to apply a factor 


to the maximum theoretical formation pressure produced. The factor essentially serves as a factor of safety to 


decrease the allowable drilling fluid pressure for an installation.  


The required drilling fluid pressure is a function of two components: the hydrostatic column of drilling fluids 


above a point in question and the drilling fluid flow component necessary for drilling fluids to flow from the point 


in question back to the drill rig. The allowable drilling fluid pressure is a function of the strength of the overlying 


geotechnical materials above a point in question. For a successful HDD installation, the required drilling fluid 


pressure should be well below the allowable drilling fluid pressure.  


2.4 Setback Distance 


The setback distance refers to the distance between the HDD entry location and a critical feature, such as the 


edge of the Fraser River. Insufficient setback distances from features impact the ability to attain proper depth 


of cover beneath the feature and can dramatically increase the hydraulic fracture risk for a given installation. A 


hydraulic fracture (inadvertent drilling fluid return) refers to the event where drilling fluids migrate up through 


the geotechnical materials (rather than flowing within the HDD bore) and pond on the ground surface or at the 


bottom of the river. If the setback distance is too close to a critical feature and proper depth cannot be 
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maintained, it may not be possible to complete the HDD installation from the requested location without 


significant installation risks.  


Geotechnical hazards such as lateral spreading and debris flow hazards are also typically considered when 


evaluating the required setback distance from a critical feature (such as the Fraser River). 


2.5 Geometric Constraints 


The geometry of an HDD installation needs to consider many different factors that include: 


● The product pipe requirements (pipe diameter, grade, maximum allowable operating pressure, wall 


thickness, and allowable bend radius); 


● Site topography and bathymetry data; 


● Casing pipe requirements and drill and intersect installation strategy; 


● Geotechnical materials and their anticipated behaviour; and  


● Site constraints associated with existing above and below ground structures.  


HDD installations are typically designed with entry angles between 8° and 18° (from horizontal), although 


steeper entry angles have been used where insufficient setback distance or steeply sloping ground exists for a 


given alignment.  


Vertical curvature is inherent to all HDD installations, while horizontal curvature is dependent on the 


constraints specific to the HDD alignment. While utilizing a horizontal curve within an HDD installation is 


feasible, it increases the complexity of the scope of design and construction. It also increases the stress, and 


therefore the risk, to the pipe and the overall installation. Steering concurrently in both the horizontal and 


vertical planes (a compound curve) is not a standard industry practice and can lead to complex radii and a 


reduction in the overall bending radius to which the pipe will be subjected.  


For a drill and intersect installation (where individual pilot bores are drilled from each side of the crossing and 


meet within a targeted intersection location), the horizontal tangent in the middle of the HDD installation must 


be adequately sized to provide the ability to steer the individual pilot bores together while staying within the 


allowable tolerances of the product pipe. A sufficient horizontal tangent length allows for steering of the 


individual pilot bores to meet within a single plane as opposed to requiring a contractor to intersect while 


steering in both the vertical and horizontal planes. Within the HDD industry, the industry standard for an 


appropriate horizontal tangent is approximately 135 to 150 m. For more challenging installations and in 


installations where long lengths of casing pipe are required (i.e. greater than 50 m), this horizontal tangent 


length may need to be increased. 


2.6 Geotechnical Materials 


Successful HDD installations require placement of the alignment within geotechnical materials deemed to be 


favorable to an HDD installation and include materials that can be conditioned and stabilized during the drilling 


process as well as those that provide sufficient strength to resist drilling fluid pressures required to complete 


the installation.  


Sands, silts, and clays typically do not present significant challenges to an HDD installation. These materials 


are often described as good to excellent materials in terms of feasibility. However, when these soils exist in a 


very soft to soft (cohesive soil) or very loose to loose (granular soil) state, they may not provide sufficient 


strength to resist the required fluid pressures necessary to complete an HDD installation. Within these 


soft/loose materials, the required drilling fluid pressures can exceed the soil strength, resulting in the formation 


of a hydraulic fracture through the overlying soils and ponding of drilling fluids at the ground surface. This risk 
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of hydraulic fracture can only be mitigated by locating the HDD bore within more favorable geotechnical 


materials that provide greater resistance to induced drilling fluid pressures, or by using casings to provide an 


open pathway for drilling fluid flow. 


Soils containing gravels and larger size particles (cobbles) range from marginally acceptable to unacceptable 


in terms of HDD feasibility, depending upon the percentage of gravels by weight and particle size. Soils with a 


low percentage of gravel do not tend to pose any significant challenges to an HDD installation. However, soils 


with a high percentage of gravel (i.e. greater than 40 to 50 percent) may pose significant challenges to an HDD 


installation. Challenges associated with gravels include: 


● Excessive raveling/bore instability; 


● Ineffective cuttings removal; 


● Steering difficulties; and 


● High installation loads/stresses or a stuck product pipe situation. 


Only those particles that can be suspended within the drilling fluid can be removed from the bore. In general, 


gravel-sized particles less than approximately 12 mm to 19 mm can be removed from the bore, provided good 


HDD practices are followed. Particles greater in size that 19 mm typically cannot be suspended by the drilling 


fluid and tend to settle out and accumulate along the bottom of the bore. The risks associated with 


accumulation of larger particles within the bore increase with greater bore diameter due to the increase in the 


surface area of exposed soil materials in the crown of a larger bore. When gravels are observed near the HDD 


entry and exit locations, temporary casing can be installed to support the bore and provide a stable and open 


flow pathway for drilling fluid flow back to either side of the installation.  


2.7 Staging Areas 


Staging areas are required on each side of an HDD installation to stage equipment necessary for the 


installation, which includes: 


● Drill rig; 


● Stacks of drill pipe; 


● Operator control cabin; 


● Tooling trailers; 


● Crane or excavator; 


● Separation plant; 


● Mud tanks and mud pumps; 


● Water storage tanks; 


● Sump pit; and 


● Office and support trailers.  


In addition to the entry and exit staging areas, a staging area is also required for fabricating sections of the 


pipe string, and preferably the entire pipe string when possible, prior to installation. The pipe staging area must 


be aligned directly parallel with the HDD installation for at least 25 m to allow for proper alignment of the 


product pipe into the bore to lower the risk of hard contact of the pipe and the bore/casing pipe wall. The 


minimum radius the staging area can curve after this point is based on the allowable pipe stress. 


The available space for the break-over section of the product pipe (section of pipe immediately behind its entry 


location where it is elevated off the ground) must allow for transitioning the product pipe into the proper 
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orientation to enter the ground while maintaining appropriate bending radii (in the vertical and horizontal 


planes) to ensure the product pipe is not over-stressed during its installation. Typical break-overs occur within 


one plane (vertical) where the pipe is picked up into the air and curved into an alignment that meets the exit 


geometry of the HDD installation. If a horizontal curve is required within the pipe string area, it is typically 


located behind the vertical section to avoid complications with a compound curve.  
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3 TP/IP DN 323.9 - Route A 


TP/IP DN 323.9, referred to herein and within the Pre-FEED report as Route A, consists of two HDD 


installations identified as A1 and A2 (see Figure 3-1). These options involve installing a 323.9 mm diameter 


(NPS 12) natural gas line operating at transmission/intermediate pressure (4020 kPa/2070 kPa).  


 


Figure 3-1: Route A1 and A2– From Pre-FEED Study 


 


3.1 Route A1 Discussion 


Route A1 shown in the Pre-FEED study consists of a 1,062 m long installation beneath the Fraser River with a 


minimum depth of cover of approximately 23.3 m. The location of the minimum depth of cover beneath the 


river occurs on the north side of the crossing in the vicinity of the shoreline. The Pre-FEED study proposed 


casing on both sides of the installation and a drill and intersect strategy to complete the installation. The 


horizontal tangent in the middle of the HDD installation is approximately 367 m. The proposed HDD installation 


crosses beneath several railroad tracks, the Fraser River, Front Road, Central Valley Greenway, a SkyTrain 


tunnel, and the approach road to the Pattullo Bridge. A copy of the Pre-FEED study plan and profile of Route 


A1 is provided in Figure 3-2. Route A1 crosses beneath several Pattullo Bridge piers as shown in Figure 3-3. 
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The water depth of the Fraser River ranges from approximately 0 to 20 m based on the available geotechnical 


reports and borehole logs.  


 


Figure 3-2: Route A1 Plan and Profile – From Pre-FEED Study 
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Figure 3-3: Route A1 and Conflict with Pattullo Bridge Piers 


 


3.1.1 Anticipated Geotechnical Conditions 


Geotechnical conditions for the crossing are depicted from information contained within the following two 


onshore geotechnical reports completed as part of the Pattullo Bridge Replacement Project:  


● Phase A Geotechnical Site Investigation Report – Golder Associates - dated July 16, 2018; and  


● Phase B Land Geotechnical Site Investigation Report – Golder Associates - dated July 13, 2018.  


Refer to the actual reports for detailed soil and bedrock characterization. A brief description of the anticipated 


site conditions of the crossing follows.  


Geotechnical conditions on the north side can be characterized by Borings BH16-01, NW BH17-02, and NW 


BH17-01. These borings indicate geotechnical materials that consist of fill, overlying glacial till deposits and 


bedrock materials. The fill materials are typically 2 to 3 m thick and consist of cobbles, gravels, sands, and silts 


of varying percentages. The glacial till materials are described as consisting of various layers and thicknesses 


of silty clay, clayey silt, sands, silts, and gravels and cobbles. Many inferred cobbles and to a lesser extent, 


boulders were noted from the borehole logs. Bedrock materials consist of mudstone and sandstone. Bedrock 


was noted at a depth of 88 m below ground surface in Boring NW BH17-01, corresponding to approximately 


EL. -72 m. 


Boring BH17-01 on the north side of the Fraser River and Boring BH17-03 and BH17-04 on the south side of 


the Fraser River indicate a mixture of very loose to loose sand ranging in thickness from approximately 4 to 7 


m immediately below the river bottom. Soils containing gravel, sand, silt and clay of varying thicknesses occur 


beneath these sands. Bedrock consisting of mudstone, sandstone and matrix supported conglomerate units 


were encountered at depths of 37 and 60 m in Borings BH17-01 and BH17-03 (corresponding to El. -57 and -


70 m respectively). Boring BH17-04 was terminated prior to encountering bedrock.  


The geotechnical conditions on the south side can be characterized by Borings BH16-02, BH16-03 and SUR 


BH17-06. These borings suggest the anticipated geotechnical materials consist of fill, overlying silty peat, 


organic silt, sands, silty clays, gravel and cobbles, and bedrock. The fill materials consist of silty gravel with 


cobbles and range in thickness up to 3 m. BH 16-03 was terminated at El. -79 m prior to encountering bedrock 


and BH16-02 encountered sandstone bedrock at El. -91.5. 
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3.1.2 Identified Challenges Associated With Route A1 


3.1.2.1 Crossing Features and Site Constraints 


Several features are crossed by the Pre-FEED HDD alignments, and depend on the HDD entry and exit 


locations and alignment. The known features crossed include: 


● Bridge piers associated with the Pattullo Bridge within the Fraser River; 


● SkyTrain tunnel on the north side of the crossing; 


● Canadian National Railway (CN) Rail lines on the north side of the Fraser River; 


● CN Rail lines on the south side of the Fraser River; 


● Local roads and highways; and 


● Existing utilities. 


Beneath the Fraser River, the HDD alignment crosses below or beside several piers of the Pattullo Bridge as 


shown in Figure 3-3. HDD construction under or in close proximity to bridge piers can result in settlement and 


loss of function. It is important to note that placement of a natural gas line beneath a bridge foundation is not 


considered HDD standard practice. The reduced cover under the bridge piers also increases the risk of 


hydraulic fracture and loss of drilling fluids, or loss of fluid return.  


3.1.2.2 Topography Changes 


The ground surface in the vicinity of the entry on the south side of the Fraser River is relatively flat at 


approximately El. 2.4 m. Beneath the Fraser River, the mudline (river bottom) fluctuates from 0 to 20 m in 


depth, with the deepest portion of the river bottom near its northern edge.  


The ground surface on the north side of the river slopes upward at approximately 15 degrees for a distance of 


110 m and gains elevation from El. 0 m to 30 m. Beyond this point, the ground surface becomes more gently 


sloped as it continues to climb at approximately 6 degrees.  


The proposed northern HDD entry location is at El. 44 m, respectively and the proposed southern HDD entry 


location is El. 2.4 m. The resulting difference in elevation is approximately 42 m. HDD installations with these 


magnitudes of elevation differences have been completed to date but are relatively uncommon.  


3.1.2.3 Depth of Cover 


The Pre-FEED design has approximately 23.3 m of cover beneath the river mud line at a distance of 


approximately 260 m from the HDD entry location (Figure 3-4). As stated above, the upper 7 m of soils 


beneath the mud line are very loose to loose and will provide minimal resistance to the required drilling fluid 


pressures. The more competent materials below the top 7 m provide insufficient resistance relative to the 


required drilling pressure as shown on Figure 3-5. 


BCUC IR1 Attachment 7.4







 
 
 


 514100039-MMD-00-P0-MO-PP-0001, Rev. 0
 


11 


 


Figure 3-4: Minimum Depth of Cover beneath the Fraser River (Route A1) – From Pre-FEED Study 


 


Maintaining full drilling fluid returns to either side of the crossing is critical to an HDD installation to properly 


condition the bore and remove a sufficient volume of cuttings to accommodate the product pipe. When drilling 


fluid flow cannot be maintained to either side of the HDD installation, difficulties can occur leading to tight hole 


conditions, damaged pipe coatings, or a stuck pipe condition. In addition, if drilling fluid pressures cannot be 


adequately resisted, all drilling fluids pumped downhole may end up migrating to the bottom of the Fraser River 


where containment is not likely possible.  


Mott MacDonald completed a hydraulic fracture evaluation for the Pre-FEED study proposed HDD alignment 


(pilot bore phase) for different drilling approaches. This evaluation is typically completed for the pilot bore 


phase of the installation process where the bore diameter is smallest and the downhole drilling fluid pressures 


are highest. The results of the evaluation were based on: 


● Drill and intersect strategy with an intersection location at approximate STA of 0+000 - see Figure 3-5; and 


● Available geotechnical materials and their assumed properties. 


The lines on the charts provided in 3-5 represent the following:  


● The dashed green line represents the ground surface profile as estimated from the HDD alignment 


provided in the Pre-FEED study. 


● The black solid line represents the proposed Pre-FEED HDD profile. 


● The blue solid line with solid blue triangles represents the required drilling fluid pressure based on HDD 


industry typical values for drilling fluid pump rate, mud properties, and bore diameter. 


● The red solid line with solid red diamonds represents the maximum theoretical allowable drilling fluid 


pressure based on the Delft Geotechnics approach.  


 


Depth of Cover 


23.3 m 
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● The brown solid line represents the recommended allowable drilling fluid pressure limit (based on a factor 


of 2.0 applied to the strength component associated with the maximum theoretical allowable drilling fluid 


pressure). 


● The dashed purple line represents the total overburden stress. 


 


   


Figure 3-5: Mott MacDonald Pilot Bore Hydraulic Fracture Evaluation for Route A1 - Drill and Intersect 
Scenario  


 


As illustrated in Figure 3-5, the required drilling fluid pressures exceed the recommended drilling fluid pressure 


(the blue solid line crosses above the brown solid line) and the maximum theoretical allowable drilling fluid 


pressure (red solid line) as the pilot bore is advanced from the north side beneath the Fraser River. Based on 


this evaluation, full drilling fluid losses would be expected once the pilot bore is advanced approximately      


200 m. It is important to note that once drilling fluid losses occur, they may not be able to be restored. Hence, 


all drilling fluids may migrate up into the Fraser River environment. Further, it may not be possible to remove 


cuttings from the bore resulting in difficulty passing tooling through the bore and installing the product pipe. 


The only way to mitigate this risk is to attain more depth of cover beneath the Fraser River or decreasing the 


starting elevation of the HDD installation on the north side of the crossing. Due to the high risk of hydraulic 


fracturing and release of drilling fluids, it is not feasible to complete the HDD installation using the drill and 


intersect installation strategy at the given installation depth. Note that a completing the entire HDD installation 
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from a single side, either north to south or south to north, would increase the hydraulic fracture risk, therefore 


is not a feasible alternative. 


Several assumptions are built into the evaluation and calculation of the maximum theoretical allowable drilling 


fluid pressure. One of these assumptions involves an open bore pathway between the drill bit and the HDD 


entry location. If this pathway is restricted in any way and drilling fluid returns cannot be maintained to either of 


the entry or exit locations, the required drilling fluid pressures will spike significantly and often results in full 


drilling fluid losses to the overlying geotechnical materials.  


For Route A1, the HDD entry locations are fixed. Hence, to attain a greater depth of cover, either the bore 


geometry, ground surface elevation or a combination of both would need to be modified.  


Neither modifying the bend radius (which is not recommended) nor steepening the HDD entry angle lowers the 


hydraulic fracture risk to an acceptable level, as sufficient depth of cover cannot be attained beneath the 


northern section of the Fraser River.  


To reduce the risk to an acceptable level, lowering the HDD entry elevation of the north side would be needed. 


Based on a very preliminary assessment, a 20 m deep pit would need to be excavated to allow for a lower 


launch of an HDD installation. To stage HDD equipment this pit would need to be approximately 30 m wide by 


35 m long (but may require a larger foot print). It is important to note that staging HDD operations from a pit is 


not typical and can present added and significant logistical challenges (e.g., pumping HDD drilling mud 


vertically 20 m using trash pumps resulting in significant delays and decreased production rates). Mitigation of 


the hydraulic fracture risk using a pit would need to be further vetted. A deep pit would also necessitate a deep 


elbow for the natural gas line that may not be desirable from an operations standpoint. 


3.1.2.4 Setback Distance 


The proposed northern HDD entry location presented in the Pre-FEED study is situated approximately 200 m 


from the northern shoreline of the Fraser River at El. 38 m. The low point elevation of the Fraser River mud line 


approximately 260 m away from the HDD entry location is approximately El. -20 m. This represents a decrease 


of 58 m in the ground surface / mud line profile and a downward slope of 16 degrees from ground surface to 


mud line. This high elevation difference and slope over such a short length presents a significant challenge to 


an HDD installation as it is difficult to attain an appropriate depth of cover beneath the river due to such a short 


setback distance. 


3.1.2.5 Geometric Constraints 


Given the 15 degree ground surface slope on the north side of the Fraser River, the HDD entry angle on this 


side of the crossing will need to be steeper than what is considered more traditional of an HDD installation. 


This steeper angle is required to attain the appropriate depth of cover along the slope and especially at the 


edge and below the north side of the Fraser River. 


The HDD entry location on the south side of the crossing has a lower bore angle than the northern HDD entry 


location, as shown on the Pre-FEED alignments. This angle was likely selected in consideration of the product 


pipe diameter, the equipment necessary to transition the pipe into the bore, and the stresses induced as the 


pipe is forced over the break-over location as it enters the HDD bore. Note that while steeper exit angles allow 


for greater installation depth near the exit location, they increase the length of the break-over section of the 


product pipe where the product pipe is transitioned from laying on the ground, up and into the air, and into the 


HDD bore. 
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3.1.2.6 Geotechnical Materials 


River bottom sediments consist of very loose to loose sands for a depth of approximately 7 m below river 


bottom (based on Boring BH 17-01). This loose material presents risks associated with containing and 


managing drilling fluid flow due to the low resistance/strength offered by the soil. This presence of this material 


dictates a need for a deeper installation depth and placement of the HDD bore within stronger materials to 


allow for better drilling fluid management and control. 


Layers of gravels and cobbles were noted from the borehole logs within the soil materials on the north side of 


the proposed installation. These layers were noted at various depths and locations. Gravels and cobbles can 


present challenges to an HDD installation depending on their size, percentage of the soil, relative density, and 


percentage of fines (silt and clay) within the gravel materials. Unfortunately, these materials are not well 


documented within the existing geotechnical reports, as they are mostly inferred from drilling reaction. Better 


characterization will be needed during subsequent geotechnical investigations to properly evaluate their risk 


and potential mitigation measures.  


3.1.2.7 Staging Areas 


The pipe staging area is shown on the south side of the Route A1 crossing. This staging area is not deemed to 


be sufficient for an HDD operation as shown. The pipe staging area has an immediate curve at the HDD entry 


location on the south side with a bend radius of approximately 177 m (as measured in Google Earth). As 


discussed in Section 2.7, at least 25 m of staging area parallel to the entry location is required. A radius of 177 


m is not sufficient for the product pipe to curve simultaneously in the vertical and horizontal planes.  


The tightest breakover radius for the 323 mm pipe would be in the 200 m range for a single plane (either 


vertical or horizontal but not both simultaneously) based on previous HDD experience. A full pipe stress 


evaluation would be necessary to confirm this assumption. Regardless, when the pipe is forced to be bent in 


the vertical and horizontal planes simultaneously, the individual curve radii need to be increased such that the 


compound curve radius does not exceed this approximate 200 m limit. The actual vertical and horizontal radii 


would need to be approximately 300 m to achieve a compound radius of 200 m. For the given pipe diameter, 


individual bend radii of 330 m would provide some flexibility with the placement of cranes. A Google Earth 


sketch of each of these radii are shown in Figure 3-6.  
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Figure 3-6: Pipe Staging Bend Radii shown at south side of Pre-FEED alignments (Route A1 in green) 


 


Based on a pipe bend radius of 330 m, the pipe staging area will need to cross the elevated railway, SkyTrain 


bridge, and the South Fraser Perimeter Road (SFPR) which will be logistically challenging. Cranes, positioned 


every 10 to 15 m along the breakover section where the pipe is in the air, would need to hold the pipe at proper 


heights to prevent overstressing of the product pipe as it is pulled into this orientation and into the ground. A 


detailed 3D model and stress analysis is required to ensure that pipe can physically be staged through this 


area. If the pipe is strung over the SFPR, it will likely need to be closed for at least 3 days during pipe pullback. 


Conflicts with the SkyTrain bridge and elevated railroad would need to be further evaluated.  


Pipe string staging areas with 90-degree horizontal deflections are not considered HDD industry standard for 


steel product pipes and present additional challenges. 


3.2 Route A2 Discussion 


Route A2 shown in the Pre-FEED study consists of a 391 m long installation beneath the SFPR with a 


maximum depth of cover of approximately 25 m. The Pre-FEED study proposed casing on both sides of the 


installation and a drill and intersect strategy to complete the installation. The horizontal tangent in the middle of 


the HDD installation is approximately 65 m. The alignment crosses beneath several railroad tracks (including a 


pile supported railroad bridge, SFPR, and the SkyTrain bridge. A copy of the Pre-FEED study plan and profile 


of Route A2 is provided in Figure 3-7.  
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Figure 3-7: Route A2 Plan and Profile – From Pre-FEED Study 


 


3.2.1 Anticipated Geotechnical Conditions 


The anticipated geotechnical conditions for Route A2 are similar to those on the southern portion of Route A1. 


Refer to Section 3.1.1 for further details. 


3.2.2 Identified Challenges Associated With Route A2 


3.2.2.1 Crossing Features and Site Constraints 


The Route A2 alignment passes beneath an elevated, pile supported railroad bridge. It is not clear whether 


sufficient depth would be attained by the HDD bore to prevent damage/settlement to this bridge.  


3.2.2.2 Geometric Constraints 


The Pre-FEED study proposed casing on both sides of the installation and use of the drill and intersect 


installation strategy for the Route A2 installation. The horizontal tangent width of 65 m is not considered 


sufficient for intersecting the two individual pilot bores. Based on HDD industry standards, the horizontal 


tangent would need to increase to approximately 135 to 150 m. An increase of this length does not appear to 


be possible for the installation given the site constraints associated with this crossing. 
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3.2.2.3 Staging Areas 


The pipe staging area has been identified on the south side of the installation within the FortisBC property. 


This staging area is not aligned with the HDD alignment and will present significant challenges associated with 


staging the pipe and transitioning the pipe into the HDD alignment. Additional staging area (across the railroad) 


would be required to stage the pipe on the south side of the crossing. This railroad is active and permission to 


stage the product pipe across may not be possible. For this alignment to work, the pipe string may need to be 


stage on the south side of the crossing. Depending on the exit location for the Route A1 installation, this 


additional length may not be possible. 


The design radius of 360 m for the 323.9 mm diameter product pipe is tighter than HDD industry standards. 


This smaller radius may result in increased pull loads or scarring of the pipe during installation. HDD industry 


standard design bend radius is closer to 389 m.  
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4 DP DN 508 - Route B 


DP DN 508, referred to herein and in the Pre-FEED study as Route B, consists of a single HDD installation 


across the Fraser River (See Figure 4-1). This involves installing a 508 mm diameter (NPS 20) natural gas line 


operating at a distribution pressure (700 kPa).  


 


Figure 4-1: Route B 


Route B, as shown in the Pre-FEED study, consists of a 1,292 m long installation beneath the Fraser River 


with a minimum depth of cover of approximately 34.7 m beneath the mudline. The minimum depth of cover 


beneath the river occurs within the middle of the river. The minimum depth of cover on the north side of the 


crossing in the vicinity of the shoreline is approximately 36 m. The Pre-FEED study proposed casing on both 


sides of the installation and a drill and intersect strategy to complete the installation. The horizontal tangent in 


the middle of the HDD installation is approximately 522 m. The proposed HDD installation crosses beneath 


several railroad tracks, the Fraser River, Front Road, Central Valley Greenway, a SkyTrain tunnel, and piers 


associated with the Pattullo and CN Rail Bridges. A copy of the Pre-FEED study plan and profile of Route B is 


provided in Figure 4-2. Route B crosses beneath several CN Rail Bridge and Pattullo Bridge piers as shown in 


Figure 4-1.  


Unlike Route A1, the Route B setback distance from the northern shoreline of the Fraser River is much greater 


(on the order of 350 m). This setback distance allows for modification of the HDD entry angle and entry tangent 


to achieve a greater depth of cover beneath the Fraser River and avoid the issues associated with hydraulic 


fracture previously discussed for the Route A1 alignment.  
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Figure 4-2: Route B Plan and Profile – From Pre-FEED Study 


 


4.1 Anticipated Geotechnical Conditions 


Refer to Section 3.1.1 for a detailed description of the anticipated geotechnical conditions. 


4.2 Identified Challenges Associated With Route B 


4.2.1.1 Crossing Features and Site Constraints 


Several features are crossed by the alignment, including: 


● Bridge piers associated with the Pattullo Bridge within the Fraser River; 


● Bridge piers associated with the CN Rail Bridge within the Fraser River; 


● CN Rail Bridge swing bridge support structures; 


● SkyTrain tunnel on the north side of the crossing; 


● CN Rail lines on the north side of the Fraser River; 


● CN Rail lines on the south side of the Fraser River; 


● Local roads and highways; and 
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● Existing utilities.


Given that there are 10 bridge piers within the Fraser River boundary over a crossing distance of


approximately 500 m and that the piers on the south side of the crossing are regularly spaced 6 to 8 m apart,


selection of an alignment that avoids these piers using the proposed HDD entry and exit locations is not


possible. Of note, the DP DN 508 provided in the Pre-FEED study is located either directly beneath or in close


proximity to two of CN Rail Bridge piers and below one of the Pattullo Bridge piers. Crossing below bridge


piers is not industry standard practice for HDD installations due to the risk of settlement and potential


significant impact of settlement on bridge piers. The reduced cover under the bridge piers also increases the


risk of hydraulic fracture and loss of drilling fluids, or loss of fluid return.


Any alignment from the south side of the river within the identified industrial property that connects with the


northern identified Route B HDD entry location passes beneath CN Rail Bridge piers. It is understood that CN


has stated they will not allow for any such installations. As such, an HDD option within the same area between


the two ends of the Route B alignment is not possible.


4.2.1.2 Topography Changes


The ground surface in the vicinity of the entry on the south side of the Fraser River is relatively flat at


approximately El. 2.4 m. Beneath the Fraser River, the mudline (river bottom) fluctuates from 0 to 20 m in


depth, with the deepest portion of the river bottom near its northern edge.


The ground surface on the north side of the river slopes upward at approximately 15 degrees for a distance of


110 m and gains elevation from El. 0 m to 30 m. Beyond this point, the ground surface slopes more gently as it


continues to climb at approximately 6 degrees.


The proposed northern HDD entry locations is El. 36 m. The proposed southern HDD entry location is            


El. 2.4 m. The resulting difference in elevation is approximately 34 m. HDD installations with this magnitude of


elevation difference have been completed to date but are relatively uncommon.


4.2.1.3 Depth of Cover 


It is likely that the HDD alignment will need to be located within the bedrock materials beneath the river to 


mitigate hydraulic fracture risks. This will likely result in modifications to the bore geometry and casing 


installation lengths to adequately mitigate potential risks. 


4.2.1.4 Geometric Constraints 


The HDD entry angle on the north side of 25 degrees is greater than HDD typical bore angles. This angle 


would result in the need to modify the drill rig for safety purposes or use a drill rig that is already suited for such 


a steep angle. Consideration should be given to lowering this angle (if possible).  


4.2.1.5 Geotechnical Materials 


There is a lack of geotechnical information through the north side embankment down to the bottom of the 


proposed HDD. Future geotechnical investigations will need to characterize the full soil column on the north 


side of the crossing.  
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5 Summary 


5.1 Route A1 (TP/IP DN 323.9)  


● The alignment crosses beneath piers of the existing Pattullo Bridge which results in increased risk due to 


potential settlement of the bridge and is not industry standard practice.  


● Pipe staging area requirements on the south side of Route A1 presents challenges. If the pipe staging area 


cannot be modified, then the alignment should not be considered further. A feasible pipe staging area to 


avoid overstressing the pipe will cross the elevated railway, SkyTrain bridge, and the SFPR which will be 


logistically challenging. Additional land usage restrictions on the south side in the vicinity of the exit location 


may further limit the ability to complete this crossing.  


● This alignment has a high risk of a hydraulic fracture event and mud loss into the Fraser River. This risk 


could be mitigated with a deep excavation, but HDD operations from such a deep pit will be challenging, 


have additional costs and schedule implications, and may prove not to be acceptable by a contractor. A 


deep pit would also necessitate a deep elbow for the natural gas line that may not be desirable from an 


operations standpoint. 


● Due to the features crossed by the alignment, the geometric constraints of the pipe staging area and 


hydraulic fracture risk, this crossing design is not recommended to be carried forward. 


5.2 Route A2 (TP/IP DN 323.9)  


● The alignment has an insufficient horizontal tangent to support a drill and intersect strategy and inadequate 


pipe string staging area orientation. If the pipe staging area and orientation cannot be modified to attain an 


orientation with the HDD alignment, this alignment should not be considered further.  


● Other trenchless methods may be possible to complete the installation from the exit point of Route A1 to 


the tie in location. 


● Due to the geometric constraints this crossing design is not recommended to be carried forward. 


5.3 Route B (DP DN 508)  


● The alignment will require installing the product pipe beneath CN Rail Bridge piers and one pier of the 


Pattullo Bridge. It is understood from FortisBC that CN is opposed to having the natural gas line cross their 


bridge alignment, regardless of the depth of the installation. In addition, installing natural gas line beneath a 


bridge pier is not considered industry standard practice as installation can impact the bridge and its 


operation due to ground loss and settlement.  


● Due to the features crossed by the alignment, this crossing design is not recommended to be carried 


forward. 


5.4 Conclusion 


Mott MacDonald recommends evaluating other alignment options to determine if alternative alignments avoid 


the risks and challenges associated with the Pre-FEED alignments. 
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Subject: Feasibility Review of Proposed Alternative HDD Alignment for Crossing the Fraser River 


 


1 Overview 


At the request of FortisBC, several Fraser River crossings were evaluated as alternatives to the Pre-FEED 


Horizontal Directional Drilled (HDD) alignments to enhance the constructability of the Pattullo Gas Line 


Replacement Project. This evaluation consisted of assessing several different HDD alignments and entry and 


exit locations on both sides of the Fraser River. The evaluation consisted of an area one kilometer upstream 


and downstream of the Pre-FEED alignments. The main premise for the HDD alternatives evaluation was to 


identify possible HDD alignments that were not subjected to the constructability issues identified with the Pre-


FEED HDD alignments (see Memo 514100039-MMD-00-P0-MO-PP-0001 for additional information associated 


with these alignments).  


Based on Mott MacDonald’s alignment review, a new HDD alignment located on the north (upstream) side of 


the proposed new Pattullo Bridge was identified as a proposed HDD alternative alignment that avoids a 


majority of constructability issues associated with the previously identified Pre-FEED alignments. This 


memorandum summarizes Mott MacDonald’s feasibility level constructability evaluation of this proposed HDD 


alignment. The proposed HDD alignment can be used to install either of the 508 mm or 323 mm diameter 


pipelines. It should be noted that the onshore routing between the ends of the proposed HDD locations and the 


preferred tie ins has not been evaluated but will be assessed as the design advances. Results from this 


surface tie-in assessment will be documented in a separate technical memorandum. 


2 Proposed Fraser River HDD Alternative  


The design of the proposed HDD alignment has been developed to a conceptual level for the feasibility review. 


The conceptual HDD alignment for the proposed HDD alternative is presented in Figure 2-1 below. A 


conceptual plan and profile can be found in Appendix A. It is important to note that this alignment, installation 


depth, and exit and entry locations are anticipated to be optimized as the design progresses and additional 


information is collected and evaluated.   


Technical Memo


  P-
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Figure 2-1: Proposed Alternative HDD Alignment for Crossing the Fraser River 


 


The proposed HDD alignment has a horizontal length of approximately 1,300 m (with a true length of 


approximately 1,340 m). A drill and intersect installation strategy is envisioned for this installation. This 


installation strategy entails drilling individual pilot bores from each side of the proposed HDD installation that 


meet within a targeted intersection zone.  


The proposed north/west HDD entry location is located on McBride Boulevard (approximately 500 m east of 


the Fraser River) within the City of New Westminster. The ground surface at this location is approximately     


El. 57 m. This side is also recommended to contain the pipe string staging area along McBride Boulevard 


northwest of the HDD entry location.  


The proposed south/east HDD entry location is located immediately west of Musqueam Drive and 


approximately 265 m east of the Fraser River within a property bounded by two railroad lines within the City of 


Surrey. The ground surface elevation at this location is approximately El. 3 m resulting in an elevation 


difference of approximately 54 m between the two HDD entry locations.  


The bore is located at El. -85 m below the Fraser River, and has a minimum depth of cover beneath the 


mudline of approximately 65 m.  
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3 Design Requirements for a Successful HDD Crossing 


Several factors require consideration to provide a constructible HDD alignment. For the Fraser River crossing, 


the primary constructability factors include: 


● Crossing features and any associated site constraints (including requirements from third parties); 


● Topographical changes along the alignment; 


● Required depth of cover along the alignment to resist required drilling fluid pressures; 


● Appropriate setback distance from crossing features to attain proper installation depth along the entire 


alignment; 


● Appropriate setback distance and depth to avoid the soils on the Surrey side of the crossing that are 


anticipated to undergo lateral spreading during a large earthquake; 


● Proximity to the new proposed Pattullo Bridge; 


● Geometric constraints associated with the HDD installation process; 


● Presence of high-risk geotechnical materials and their anticipated behaviours; and 


● Staging area requirements at the HDD entry, exit and pipe stringing locations. 


A brief discussion of each of these considerations for the proposed HDD alignment is presented below. 


3.1 Crossing Features and Site Constraints 


In a south to north direction, the proposed HDD alignment crosses beneath: 


● South side of the river - At grade CN railroad; 


● The Fraser River; and 


● North side of the river - At grade and elevated CN railroad, Front Street, Skytrain tunnel, Central Valley 


Greenway / Columbia Street, and McBride Boulevard.  


The alignment also stays within the road right-of-way under McBride Boulevard to align with the pipe string 


area and to avoid passing beneath any buildings or private property. The proposed alignment avoids all piers 


associated with the existing and new Pattullo Bridges (based on available drawings) and the CN Rail Bridge. 


The proposed HDD alignment provides approximately 16 m of separation between the new Pattullo Bridge 


dripline (based on the Business Case drawings) and the proposed HDD bore (which is located in rock at this 


point). This distance between the new bridge and the HDD alignment will be further optimized as the design 


process proceeds but is not expected to be adjusted significantly due to the geometric constraints of the 


crossing (e.g. vertical and horizontal pipe bend radius, entry and exit angles, staying within public right of way, 


tangent length requirements, etc.). 


3.2 Topography Changes 


The ground surface in the vicinity of the entry location on the south side of the Fraser River is relatively flat at 


approximately El. 3 m. Beneath the Fraser River, the mudline (river bottom) fluctuates from 0 to 20 m in depth, 


with the deepest portion of the river bottom near its northern edge.  


The ground surface on the north side of the river slopes upward at approximately 15° for a distance of 110 m 


and gains elevation from El. 0 m to 30 m. Beyond this point, the ground surface becomes gentler as it 


continues to climb at approximately 6°.  
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The proposed northern HDD entry location is El. 57 m while the proposed southern HDD entry location is at 


elevation 3.2 m resulting in a elevation difference of approximately 54 m. Although HDD installations with this 


range of elevation differences are uncommon, several HDD installations such as this have been completed. 


Risks associated with this greater elevation difference can be mitigated by utilizing a casing installation 


strategy to bridge and support the soils surrounding the HDD bore above the elevation of the low side (Surrey 


side) of the crossing. The casing installation strategy will be detailed as the design matures and additional 


geotechnical conditions are characterized. 


3.3 Depth of Cover 


The depth of cover for the proposed HDD installation has been selected by evaluating several factors 


including: 


● Anticipated geotechnical materials and their behaviour; 


● Presence of preferential drilling fluid flow pathways; 


● Design bending radius for the product pipe; 


● Requirement for temporary casing to bridge and support the high side of the installation; 


● Presence of existing utilities and/or structures including clearance requirements; and  


● Overall installation length.  


A preliminary hydraulic fracture evaluation was completed to evaluate the proposed HDD alignment. This 


hydraulic fracture evaluation was completed in accordance with the Delft Geotechnics Method outlined in 


Appendix B of the Army Corps of Engineers 1998 Report CPAR-GL-98 and 2002 Report ERDC/GSL TR-02-9 


(Guidelines for Installation of Utilities Beneath Corp of Engineers Levees Using Horizontal Directional Drilling). 


This method is used to estimate the maximum effective pressure (i.e. drilling fluid pressure) that can be 


induced during an HDD operation within a particular soil horizon. This pressure is then compared with the 


drilling fluid pressure required to induce slurry flow within the HDD bore to determine the potential for a 


hydraulic fracture for the given HDD alignment. The required fluid pressure for an HDD installation is governed 


by the drilling fluid weight (commonly referred to as the mud weight), installation length and depth, and drilling 


fluid flow properties (plastic viscosity, yield point, etc.). 


The Delft Geotechnics Method assumes a uniform column of soil above any point of interest along the 


alignment. Where an increased risk of hydraulic fracture is identified, it does not necessarily mean that a 


hydraulic fracture will occur. A proper HDD execution plan, based on HDD industry standard construction 


practices, can reduce the risk of a hydraulic fracture from occurring. The results of this preliminary evaluation 


are provided in Figure 3-1 below. A safety factor of 2.0 has been applied to the anticipated strength derived 


using the Delft Geotechnics Method to account for changes in soil stratigraphy and strength parameters along 


the proposed alignment and soil cover due to river bottom erosion and scour. 
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Figure 3-1: Hydraulic Fracture Evaluation for the Proposed HDD Alignment 


 


As observed in Figure 3-1, the required drilling fluid pressure (blue line) is below the recommended allowable 


drilling fluid pressure (brown line) for the installation. As such, this proposed alignment provides sufficient 


depth of cover to manage and control drilling fluid flow. The evaluation will be refined as the design process 


continues and an additional site-specific geotechnical investigation is completed.  


3.4 Setback Distance 


The setback distance for the proposed alignment from the Fraser River on the south side is dictated by the 


lateral spreading risk. Mott MacDonald retained Thurber Engineering Ltd. (Thurber) to carry out a Preliminary 


Assessment of Liquefaction-Induced Flow Failure in the vicinity of the proposed alignment. Thurber’s memo 


(dated August 2, 2019) was issued to FortisBC and provides details on recommended lateral spreading set 


back distances to stay behind and below from the calculated theoretical flow failure zone. The proposed bore 


location is located 100 m back from the theoretical flow failure zone (90 m greater than the 10 m distance 


recommended by Thurber to be used for initial design evaluation purposes). The depth of flow failure at the 


edge of the Fraser River is approximately 60 m based on Thurber’s preliminary analysis. The HDD alignment 


is located 77 m below the edge of the Fraser River, 17 m below the flow zone. 
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Figure 3-2: Theoretical Liquefaction Induced Flow Zone - shown in red (Thurber, 2019); approximate 
HDD alignment shown as black line 


 


3.5 Geometric Constraints 


The HDD geometry was developed considering many different factors including: 


● Design radii established for the large 508 mm diameter product pipe alternative. Should the 323 mm 


diameter product pipe be installed, additional flexibility is possible due to the lower anticipated bending 


radius for this small diameter pipe.  


● Site topography and bathymetry data; 


● Casing pipe requirements and drill and intersect installation strategy; 


● Geotechnical materials and their anticipated behaviours; and  


● Site constraints associated with existing above and below ground structures.  


The HDD entry angle on the north side is 22°. This angle is higher than typical entry angles, which range 


between 8° and 18° (from horizontal). A steeper angle is required due to the slope of the ground surface. The 


steeper angle is required to attain the appropriate depth of cover at the edge and below the north side of the 


Fraser River.   


The HDD entry location on the south side of the crossing is 18° which is within the range of standard industry 


practice.  


The temporary casing pipe required at the north side of the alignment will need to be installed to a depth below 


the ground surface elevation at the south side of the alignment (El. 3 m). The resulting anticipated casing 


length is approximately 150 m which is greater than what is typically installed for HDD installations. The risks 
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associated with installing a casing pipe of this length will be evaluated once the additional geotechnical 


information is available.  


The design vertical pipe bend radius for the 508 mm diameter product pipe is 610 m. This radius is considered 


standard industry practice for an HDD installation.  


The installation depth is targeted at El. -85 m. Based on preliminary geotechnical information, this will allow the 


bore to be installed within bedrock, which allows for sufficient overburden stress to reduce the risk of hydraulic 


fracture under the river to an acceptable level. 


A straight HDD alignment for the Fraser River crossing was found not to be feasible such that a horizontal 


curve has been incorporated into the proposed alignment design. The horizontal curve begins 25 m after the 


end of the northern vertical curve on the north side of the river. The preliminary design bend radius of the 


horizontal curve has been established at 750 m. This horizontal radius is considered to be within HDD industry 


standards and reduces the risk of overstressing the product pipe during installation. The alignment has a 


horizontal tangent length of approximately 172 m between the end of the horizontal curve and the start of the 


vertical curve on the south side of the alignment. This horizontal tangent provides sufficient length for 


intersecting the two individual pilot bores. 


3.6 Geotechnical Materials 


Geotechnical conditions on the north side of the crossing are inferred from information contained within the 


following two onshore geotechnical reports completed as part of the Pattullo Bridge Replacement Project:  


● Phase A Geotechnical Site Investigation Report – Golder Associates - dated July 16, 2018; and  


● Phase B Land Geotechnical Site Investigation Report – Golder Associates - dated July 13, 2018.  


Refer to the actual reports for detailed soil and bedrock characterization. A brief description of the anticipated 


site conditions on the north side of the crossing follows.  


 


Figure 3-3: Available Borehole Logs and Conceptual Site Investigation Plan Borehole Locations 


 


Geotechnical conditions on the north side can be characterized by borings BH16-01, NW BH17-02, and NW 


BH17-01. These borings indicate geotechnical materials that consist of fill, overlying glacial till deposits and 


bedrock materials. The fill materials are typically 2 to 3 m thick and consist of cobbles, gravels, sands, and silts 
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of varying percentages. The glacial till materials are described as consisting of various layers and thicknesses 


of silty clay, clayey silt, sands, silts, and gravels and cobbles. Many inferred cobbles and to a lesser extent, 


boulders were noted from the borehole logs. Bedrock materials consist of mudstone and sandstone. Bedrock 


was noted at a depth of 88 m below ground surface in Boring NW BH17-01, corresponding to approximately 


EL. -72 m. 


Geotechnical information is available from three marine boreholes (borings BH17-01, BH17-03, and BH17-04) 


completed in the Fraser River as part of Golder Associates Phase B Marine Geotechnical Site Investigation 


Report dated July 16, 2018. Refer to the actual report for detailed soil and bedrock characterization.  


Boring BH17-01 was completed on the north side of the Fraser River. Boring BH17-03 and BH17-04 were 


completed on the south side of the Fraser River. Each boring indicates a mixture of very loose to loose sand 


ranging in thickness from approximately 4 to 7 m immediately below the river bottom. Soils containing gravel, 


sand, silt and clay of varying thicknesses occur beneath these sands. Bedrock consisting of mudstone, 


sandstone and matrix supported conglomerate units were encountered at depths of 37 and 60 m in borings 


BH17-01 and BH17-03 (corresponding to El. -57 and -70 m respectively). Boring BH17-04 was terminated prior 


to encountering bedrock. 


Geotechnical conditions on the south side of the crossing are depicted from information contained within the 


following two onshore geotechnical reports completed as part of the Pattullo Bridge Replacement Project:  


● Phase A Geotechnical Site Investigation Report – Golder Associates - dated July 16, 2018; and  


● Phase B Land Geotechnical Site Investigation Report – Golder Associates - dated July 13, 2018.  


Refer to the actual reports for detailed soil and bedrock characterization. A brief description of the anticipated 


site conditions on the south side of the crossing follows.  


The geotechnical conditions on the south side can be characterized by borings BH16-02, BH16-03 and SUR 


BH17-06. These borings suggest the anticipated geotechnical materials consist of fill, overlying silty peat, 


organic silt, sands, silty clays, gravel and cobbles, and bedrock. The fill materials consist of silty gravel with 


cobbles and range in thickness up to 3 m. BH 16-03 was terminated at El. -79 m prior to encountering bedrock 


and BH16-02 encountered sandstone bedrock at El. -91.5. 


3.7 Staging Areas 


There is sufficient staging area on both the north and south sides of the alignment. The pipe staging area will 


be located on the north side of the river, up McBride Boulevard. This staging area allows for proper alignment 


of the product pipe into the bore to lower the risk of hard contact of the pipe and the bore/casing pipe wall. It 


also has sufficient length to allow for a minimum number of pipe strings to be installed. 


4 Summary of Proposed Alternative HDD Alignment 


The proposed alternative HDD alignment provides the following benefits compared to the Pre-FEED HDD 


alignments: 


● Alignment avoids installing the proposed gas pipeline beneath existing bridge piers; 


● Alignment avoids crossing beneath the CN Rail Bridge; 


● Pipe staging area of sufficient length and in alignment with the proposed HDD is available on the north side 


of the crossing; 
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● Minimal conflicts to be dealt with in pipe staging area; 


● Hydraulic fracture risk is acceptable; and 


● Deep launch pits are not currently anticipated to be required on either side (to be evaluated further during 


detailed design). 


 


The challenges with the alignment that will be addressed through design include: 


● Layers of gravels and cobbles were noted from the borehole logs within the soil materials on the north side 


of the proposed installation. These layers were noted at various depths and locations. Gravels and cobbles 


can present challenges to an HDD installation depending on their size, percentage of the soil, relative 


density, and percentage of fines (silt and clay) with the gravel materials. Better characterization will be 


needed during subsequent geotechnical investigations to properly evaluate their risk to allow for the 


development of appropriate mitigation measures; 


● Vibration risk during casing installation causing settlement of the existing bridge piers on the south side of 


the alignment; 


● Interface with the new Pattullo Bridge construction; 


● Pedestrian bridge in pipe staging areas must have pipe go over or under it; 


● At least one lane of McBride Boulevard will need to be closed during construction and pipe installation; and 


● Negotiation with land owners and third parties. 


 


Based on the available information, the proposed alternative HDD alignment is technically feasible. Additional 


site investigation information is required to develop the design but is not expected to impact the feasibility of 


the alignment. The anticipated technical challenges presented by this alignment can be mitigated through the 


design development. As such, it is recommended that this alignment be carried forward for design. 
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Appendices 


A. HDD Plan and Profile 
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Subject: Microtunnelling Feasibility for Fraser River Crossing Review 


 


1 Overview 


At the request of FortisBC, the feasibility of using microtunnelling for installation of either a 508 mm (DP) or 


323 mm (TP/IP) diameter gas pipeline under the Fraser River has been reviewed.  


2 Microtunnelling Process Overview 


Microtunnelling is a remotely controlled, guided, steerable, pressurized face, pipe jacking operation where 


special jacking pipes are hydraulically pushed or jacked from a launch/jacking shaft to a retrieval/reception 


shaft. The pressurized face characteristic refers to the ability of this trenchless method to apply positive face 


stabilization pressure at all times in all types of soil or rock and under typical groundwater heads up to 


approximately 3.0 to 3.5 bar (approximately 30 to 35 m of water / slurry pressure). Larger diameter machines 


(above 1,219 mm) have been manufactured to withstand higher groundwater heads (as discussed in the 


subsequent section). 


Face support is applied through the use of pressurized slurry pumped in a closed circulating loop from holding 


tanks at the ground surface next to the jacking shaft to the microtunnel boring machine (MTBM) through slurry 


lines to a slurry chamber located at the front of the MTBM. A bulkhead at the front of the MTBM isolates the 


groundwater and earth pressures at the face of the MTBM from the atmospheric pressure within the installed 


casing pipe. The remotely controlled nature of the microtunneling process eliminates the requirement for 


routine personnel entry within the MTBM and pipe string during pipe jacking operations. 


As the MTBM is advanced, the cutter head excavates the encountered material in front of the machine. The 


excavated material passes through the crushing chamber where the spoil mixes with the recycled slurry water 


pumped down from holding tanks located at the ground surface. The heavier spoil-laden slurry is then pumped 


back through slurry lines installed in the jacking pipe and up the jacking shaft to a separation plant located at 


the ground surface next to the jacking shaft. The separation plant is used to process the slurry by removing the 


soil constituents to allow the fluid component to be recycled for re-use. The recycled slurry falls into holding 


tanks until pumped down to the MTBM slurry chamber in the closed slurry loop. Bentonite and other additives 


are commonly added to the slurry system to help control and provide excavation face stability and to help 
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lubricate the passage of coarse-grained particles as they pass through the machine. Additionally, this


“engineered slurry” is designed to help maintain the excavated material in suspension as it travels to the


surface.


The MTBM is advanced by means of the thrust transmitted through the jacking pipes. Thrust is generated by


pushing or thrusting off of a thrust block constructed at the back of the shaft. Subsequent lengths of pipe are


loaded in the jacking frame, and advanced until the MTBM is received into the reception shaft. A schematic


illustrating the microtunnelling process is shown in Figure 2-1.


 


Figure 2-1: Schematic Illustration of the Microtunnelling Process (Source: Herrenknecht) 


 


In a typical microtunnel operation, the product pipe is installed directly (single pass tunnelling). This limits 


product pipe installations to materials and pipe/joint designs which can accommodate the high compressive 


loads applied during jacking such as reinforced concrete, polymer mortar concrete, steel, and others. Where a 


different pipe material is required, or where damage to the product pipe by jacking is a concern, a jackable 


casing pipe is used to advance the machine and line the tunnel. The product pipe is later installed inside the 


jacking pipe (two pass tunnelling).  


Intermediate jacking stations (IJS) can be included in the pipe string to help distribute/manage the jacking 


loads to those installations greater than approximately 150 m. These intermediate jacking stations travel with 


the casing pipe through the ground as the MTBM is advanced from the jacking shaft to the retrieval shaft.  


Steering of the MTBM is accomplished using hydraulic rams connected to an articulation joint(s) within the 


MTBM. A laser or theodolite system is used to continuously track the location of the MTBM. The continuous 


monitoring of the position of the MTBM allows for typical line and grade accuracy of plus or minus one inch.  


The diameter of the excavated bore is slightly greater than the diameter of the MTBM and casing pipe. The 


overcut, defined as the difference between the radius of the excavated bore and the casing pipe, typically 


ranges from 15 to 30 mm. Bentonite lubrication is injected into this overcut/annular space to reduce the 


frictional forces and maintain an overcut space as the jacking pipe is advanced through the ground. The 
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lubrication is pumped through ports installed through the wall of the jacking pipe. Upon completion of 


microtunnel operations, this annular space is typically filled with grout using the same plumbing system that 


was used to deliver the lubrication. 


In North America, microtunnel installations in bedrock materials are typically limited to drive lengths of less 


than 300 m due to risks associated with disc cutter wear and regular tooling replacement requirements. To 


excavate in rock, a large diameter microtunnel machine equipped with access doors, back loaded cutters and 


air lock systems are required. 


3 Microtunnelling Feasibility Review 


3.1 Depth of Crossing 


The tunnel profile is controlled by the depth of liquefaction and lateral spreading flow zone and the river scour 


depth. According to the Pattullo Bridge Replacement Options Study and Cost Estimate (Pre-FEED report 


issued to FortisBC by Hatch, 354776-PM-230-S0-0002, Rev 1, Jan 1, 2018), the design scour elevation based 


on a 200-year flood return period event for the Pattullo Bridge is El. -34.5 m.  The crown of the tunnel must be 


located below this elevation.  Hence, the tunnel will be under a minimum pressure of approximately 3.5 bar for 


the installation depth based solely on the scour design requirements. Thurber’s Preliminary Assessment of 


Liquefaction-Induced Flow Failure (issued August 2, 2019) recommended the elevation of the pipeline be at a 


minimum depth of El. -70 m at the south bank of the Fraser River to ensure it is outside of the influence of the 


free flow zone.  This elevation would result in a minimum hydrostatic pressure of 7 bar on the tunnel.   


At an elevation of -70 m, based on available geotechnical information, the microtunnel is anticipated to 


encounter till, cobbles and bedrock.  MTBMs are typically designed to excavate either solely within soil or 


bedrock. Encountering a mixed face condition of soil and bedrock can present challenges associated with 


cutterhead selection and overall production. To prevent encountering mix ground conditions and nested 


cobbles and boulders anticipated above the bedrock layers, it is currently preferable to have the microtunnel 


alignment entirely within bedrock. This would lead to an increased profile depth and further increase the 


hydrostatic pressure required to be accommodated by the MTBM.   


Standard microtunnel equipment produced by manufacturers such as Herrenknecht, Akkermann, and Robbins 


is designed to accommodate maximum water pressures between 3.0 and 3.5 bar.  Herrenknecht confirmed in 


correspondence that they can typically upgrade existing equipment to 4 bar without major difficulties. The 


minimum design elevation of the tunnel of -70 m (7 bar) is more than double standard equipment capabilities 


and would require a specially designed machine. Although Herrenknecht have specially designed an MTBM to 


withstand 10 bar pressure it was not used for construction. Only one machine has been constructed and used 


in North America for a microtunnel under greater than 5 bar of pressure. For a 7 bar tunnel, Herrenknecht 


recommends a MTBM with an outer diameter of 2.1 to 2.4 m be considered.  If the pressure is greater than 7 


bar, they suggest a much larger machine would be needed. 


To illustrate the precedence of completing long microtunnel crossings at high pressures, a summary of known 


microtunnel installation depths versus installation length is provided in Figure 3-1.  
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Figure 3-1: Industry Experience Compared to Proposed Crossing (note that this is not an exhaustive 
list of all microtunnel projects completed worldwide) 


 


As the MTBM is advanced through the subsurface, the cutting tools will wear and need to be replaced 


periodically. To replace the tools within the cutting head of the MTBM, the head of the tunnel has to be 


accessed. Access to the cutting chamber of the MTBM is available for machine diameters greater than 


approximately 1.5 m. Due to the high anticipated groundwater pressures, face pressure must be maintained 


during tool replacements (hyperbaric intervention), which necessitates an airlock and backloading cutters.  


MTBMs with these design features are only available in diameters greater than approximately 2.0 m.  


At pressures up to 3.5 bar crew members can typically access the face using compressed air in accordance 


with CSA Z275.3-M86.  There are no Canadian standards for working at pressures exceeding 3.5 bar, 


therefore world standards such as the ITA Working Group 5 – Guidelines for good working practice in high 


pressure compressed air – 2012 are typically considered. Above 3.5 bar, mixed gas diving may be used.  


Higher pressure interventions come with additional risks and logistical considerations. For example, specialty 


trained divers are required, working time at the tunnel face is limited, and significant time for depressurization 


of the divers that complete the interventions is necessary and special transportation of the divers under 


pressure will be required. Additionally, significant safety concerns exist for high pressure interventions.  


 


3.2 Geotechnical Considerations  


In terms of microtunnel alignment, it is likely preferable to mine the tunnel entirely within bedrock as this 


presents a stable and consistent medium for microtunnelling.   
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The sedimentary bedrock presents generally favourable conditions for microtunnelling. For microtunnel drives 


in bedrock, it is generally recommended to use a MTBM with a diameter of 1500 mm or larger, due to power, 


torque and tooling considerations. However, larger MTBM diameters can be equipped with larger diameter 


cutters allowing for greater drive lengths. Given the anticipated abrasiveness and hardness of the bedrock, the 


potential need for mid-drive tooling changes must also be considered. To support tooling changes, an MTBM 


with provision for cutterwheel access and back-loading tooling will be required. In addition, as previously 


discussed, an airlock system would need to be provided, increasing the required diameter of the MTBM to at 


least 2.0 m.  


As a slurry-based tunneling method, microtunnelling poses a risk for slurry fluid loss (hydrofracture) in highly 


weathered or fractured zones. In general, this risk is considered low as microtunnel face pressures are 


typically maintained at levels only slightly higher than hydrostatic pressure. The risk of slurry fluid loss in highly 


weathered or fractured zones can be reduced by adapting the slurry properties to ground and groundwater 


conditions encountered during the tunnel operation.  


3.3 Length of Crossing 


Given the approximately 530 m width of the Fraser River at the proposed crossing location, minimum set back 


of roughly 170 m from the shoreline on the Surrey side of the alignment, plus an assumed minimum 25 m to 50 


m on the New Westminster side of the alignment, the installation length for microtunnelling is expected to be a 


minimum of 725 m to 750 m. To reach the discussed staging areas the length of the microtunnel would 


increase to 1.2 to 1.3 km.  The longest microtunnel constructed in Canada to date is 740 m.  Microtunnels 


greater than 1 km (3,300 feet) have been completed elsewhere but are uncommon as shown in Figure 3-2. 


 


 


Figure 3-2: Representative Industry Projects (1990-Present) 


 


Microtunnel drive lengths of 300 m or less in bedrock are considered routine in the industry. While longer 


drives are possible, there is only a limited pool of contractors in Canada with demonstrated experience on 


microtunnel drives lengths greater than 300 m. Other microtunnel contractors in the US that meet the above 
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criterion could be added to increase the pool of potential bidders, but experience at the lengths discussed for 


this crossing are limited.  


With an anticipated drive length of over 700 m and the anticipated geological units expected to be encountered 


that may be abrasive, it is considered highly likely that multiple tooling changes will be required. Refer to 


Section 3.1 for a discussion on the risks of completing tooling changes at the depth necessitated by this 


crossing.   


With an anticipated drive length of over 700 m, it is considered highly likely that multiple IJSs will be required. 


For slurry-based microtunnelling in bedrock, it is fairly common practice to position the first IJS within 30 m of 


the MTBM to provide additional control of tool loading/engagement, with subsequent IJSs spaced at regular 


intervals within the pipe string.   


3.4 Pipe Installation 


To ensure the integrity of the external pipeline coating during the microtunnelling process, the product pipe is 


anticipated to be installed inside a continuous watertight casing using the two-pass tunnelling approach. 


Discussions are ongoing with pipe suppliers to confirm they can design casing pipe for a microtunnel 


installation that can withstand the external pressures described in Section 3.1.   


Under the two-pass tunneling approach, the product pipe (steel pipe with an outer diameter of 508 mm or 323 


mm) would be laid within the installed casing pipe via the use of casing spacers or other suitable means. Due 


to the nature of a shaft launch / retrieve concept, the product pipe will be limited in length and each pipe 


segment will need to be individually lowered down the shaft. Field welding and testing of the product pipe joints 


will occur at the base of the shaft prior to the pipe being thrust/pulled into the tunnel. Leak testing of the 


product pipe could only be completed after the entire product pipe is inserted into the casing pipe. After the 


product pipe is positioned inside the casing, the annular space between the interior of the casing pipe and the 


exterior of the product pipe could be filled with grout depending on the agreed permanent requirements for the 


tunnel. The grout backfill would be placed from the construction shafts. Vertical risers would be needed to 


transition the pipe from a shallow environment to a deep environment. These risers would likely require 


fastening the steel product pipe to the shaft walls and may present cathodic protection issues. 


3.5 Staging/Access Area Requirements  


In terms of staging for the construction of the microtunnel: 


• Launch areas typically require on the order of 2,500 m2; and 


• Reception areas typically require on the order of 1,000 m2.  


Installation of the pipeline by microtunnelling will require pipeline transitions from tunnel to surface. This will 


result in vertical drop pipe sections with 90 degree pipe bends unless inclined “tail trenches” or inclined tunnel 


drives are to be considered.  Construction of “tail trenches” (using braced/tied back excavations or other 


means) is not considered feasible due to the deep tunnel depth profile. Further consideration can be given to 


inclined tunnel drives, but these will require additional staging areas and may present other constructability 


challenges.  


3.6 Shaft Considerations  


Shafts are often the most expensive component of a microtunnel project. The depth requirements discussed in 


Section 3.1 necessitate deep shafts to be constructed.   
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In terms of shaft size, the minimum anticipated launch and reception shaft size would be in the order of 8 m 


and 6 m, respectively. Larger shaft sizes could be considered to accommodate the installation of longer 


product pipeline joint lengths if desired. Based on our local experience, shafts of this size to the depth 


anticipated for the crossing will be very costly and time consuming to construct.  For example, shafts of a 


similar size and depth proposed for the Annacis Water Supply Tunnel have a 6-month construction schedule 


including slurry wall construction and excavation, and cost approximately $15 million. 


At this depth, transitions into and out of the tunnel shafts will be challenging. Transitions consisting of 90- 


degree bends with a vertical pipe are likely not preferred due to pipe operation and maintenance requirements 


and cathodic protection concerns. As a result, either inclined “tail trenches” or inclined tunnel transitions are 


typically considered on other projects as an alternative to shafts, but are not likely practical for this crossing 


due to the depth, staging area limitations and congestion on surface.  


3.7 Curved Microtunnel Drive 


Depending on the chosen alignment, a curved microtunnel drive may be required. Further investigation as to 


whether casing pipe can be designed to withstand both the hydrostatic pressure and a curved alignment will be 


required as there is no precedence for curved installations at this proposed depth.  Curved alignments also 


present additional constructability challenges for installation of the carrier pipe within the casing pipe. 


3.8 Cost and Schedule  


The construction duration for a microtunnel is expected to be much longer that for horizonal directional drilling 


(HDD) due to multiple construction stages required for the construction of launch and reception shafts, casing 


pipe installation, product pipe installation and backfilling.  


The cost for the microtunnel alternative is anticipated to be significantly higher than an installation by HDD due 


to the longer schedule (multiple years), specialty machine design requirements and procurement, construction 


of the deep shafts and the two-pass tunnelling approach.  


4 Conclusions 


• Overall, a microtunnelling alternative for installation of the DP or TP/IP line under the Fraser River is 


considered to have a high-risk profile due to the long drive length and high hydrostatic pressure.   


• There is no precedence for completing a microtunnel in North America at the depth (El. -70 m) 


required at the south bank of the Fraser River to ensure the pipeline is not within the influence of the 


free flow zone.   


• The length of the crossing and anticipated geological conditions will likely necessitate multiple 


stoppages for replacing tools on the MTBM cutterhead.  Due to the depth of the crossing these will be 


completed as hyperbaric interventions. 


• Deep shaft construction required for launch and reception of the MTBM will be costly and have a long 


construction schedule. 


• There may be operational issues associated with deep inaccessible 90 degree pipe elbows, and 


vertical pipe sections within the shafts. 


• The cost of a microtunnel option will be multiple times that of an HDD, and the construction duration is 


anticipated to be significantly longer, on the order of multiple years. 
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STATEMENT OF LIMITATIONS AND CONDITIONS 
 


1.  STANDARD OF CARE 


This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction. 
No other warranty, expressed or implied, is intended or made. 


2.  COMPLETE REPORT 


All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between 
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein, 
all of which together constitute the Report. 


IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE 
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE 
TO THE WHOLE REPORT. 


3.  BASIS OF REPORT 


The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The 
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided 
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the 
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically 
requested by the Client to review and revise the Report in light of such alteration or variation. 


4.  USE OF THE REPORT 


The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER 
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER’S WRITTEN CONSENT AND SUCH 
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents 
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no 
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber’s express written permission. 


5. INTERPRETATION OF THE REPORT 


a)  Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials 
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and 
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate 
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an 
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on 
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the 
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the 
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject 
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the 
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the 
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of 
investigations made for the purposes of the Report. 


b)  Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts 
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and 
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions. 


c)  Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued 
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction 
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report’s recommendations and the 
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts. 


d)  Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and 
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those 
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance, 
in accordance with the requirements of many regulatory authorities. 


6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES 


Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the 
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the 
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and 
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services. 


7. INDEPENDENT JUDGEMENTS OF CLIENT 


The information, interpretations and conclusions in the Report are based on Thurber’s interpretation of conditions revealed through limited investigation 
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or 
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in 
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land. 


HKH/LG_Dec 2014 
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Figure 1 Conceptual Limits of Flow Failure Zone
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Figure 2 Theoretical Liquefaction-Induced Flow Failure Zone
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Notes:
1. FoSLIQ = Post-liquefaction factor of safety
1. Cross-section and soil profile obtained from Golder "Geotechnical Plan and Profile" dated Nov. 22, 2018 for the Pattullo Bridge Replacement Project
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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) has been retained by Parsons Inc. (Parsons) on behalf of the South Coast British 
Columbia Transportation Authority (TransLink) to conduct a geotechnical investigation for the Pattullo Bridge 
Replacement Project (PBRP). The Phase A geotechnical site investigation program was developed to collect deep 
subsurface data, with the objective of achieving the following: 


 Confirmation of depth to competent glacial soils or bedrock bearing strata at a few key locations important to 
the main bridge and south approach. 


 Collection of subsurface data to better define foundation concepts and costs in areas where such information 
is presently sparse, particularly at depth. 


 Collection of subsurface data targeting the area of the south bridge approach to allow for geotechnical 
feasibility assessment of alternative structural concepts in this area. 


 Collection of sufficiently detailed subsurface data at key locations for preliminary soil liquefaction risk 
assessment. 


 


This report contains descriptions of the geotechnical investigation methods, testing results, and factual data 
collected during the 2016 Phase A site investigation. Interpretation of the stratigraphy between testhole locations, 
historical information and the engineering properties of the various strata and groundwater conditions are not 
addressed in this report.  


All references to the conceptual bridge alignment in this report refer to the project alignment illustrated on a plan 
drawing titled “Four Lane Bridge Configuration without SFPR/Hwy 17 Southbound Connection” (electronic drawing 
file provided by Parsons on 10 December, 2015). This conceptual bridge alignment was used for Phase A 
investigation scoping/planning, including selection of testhole locations. It should be noted that the testholes have 
not, as yet, been accurately located by survey, and methods used to determine approximate locations and 
elevations are described in the report.  


This report should be read in conjunction with the “Information and Limitations of This Report” which is included 
following the text of this report. The reader’s attention is specifically drawn to this information, as it is essential that 
it is followed for the proper use and interpretation of this report. 


 


1.1 Terms of Reference 
The geotechnical investigation was conducted by Golder in accordance with the terms and conditions in the 
Subconsultant Agreement between Parsons and Golder, dated 5 April, 2016 (Contract: AG-101SF – 01/96, 
File Number: 602525). 
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1.2 Scope of Report 
The main objective of the Phase A geotechnical investigation program was to collect subsurface information on 
the soil, bedrock and groundwater conditions at a few selected locations through testhole drilling and field and 
laboratory testing, with the objective of improving our knowledge of the subsurface conditions sufficiently to support 
geotechnical aspects of reference concept development and costing assumptions made for funding application 
purposes. It was specifically not intended to be sufficient for final geotechnical design or construction of the bridge 
concept, and additional investigation phases are needed to support further design refinement. 


The scope of this report is limited to the documentation of the factual results of the Phase A geotechnical 
investigation and does not include the testing or assessment of potential soil and/or groundwater contamination, 
archaeological, geophysical, biological or bio-environmental services for the project. This report contains only 
factual results of the geotechnical investigation program and, specifically, does not include site characterization, 
geotechnical or geological interpretation of factual data, nor engineering assessment / recommendations.  


 


2.0 PROPOSED BRIDGE CONCEPT 
At the time of the Phase A geotechnical site investigation planning and implementation, the proposed bridge 
concept included a twin-tower cable-stayed main bridge span across the Fraser River, located just upstream (east) 
of the existing railway bridge. It is understood that the bridge deck would be designed to accommodate six lanes 
but would initially be configured to carry four lanes. The towers would be about 345 m apart and are envisaged to 
be supported on large-diameter piles bearing within competent soil or rock strata. The southern tower would be 
located right at the current southern shoreline of the river, and the northern tower would be sited in the river 
channel, between the main deep-water shipping channel and the shallow navigation channel; the latter would be 
located approximately 70 m north of the railway swing-span. The north approach to the main bridge is envisaged 
to be supported on piles bearing within competent glacial soils or rock strata. Subsurface conditions in the area of 
the south approach to the main bridge are more complex, and foundation design alternatives may conceivably 
range from short friction piles bearing within alluvial sand deposits to deep caisson foundations carried down to 
the dense glacial soils. The feasibility of such foundation alternatives will largely depend on the behaviour of the 
ground when subjected to both static and seismic loading conditions, as well as the structural performance 
requirements.    


On the north side, the new bridge would connect to McBride Boulevard, Royal Avenue and Columbia Street 
through a series of ramps and interchanges. On the south side, the bridge would connect to King George 
Boulevard, requiring a grade-separation structure and significant approach embankments and/or retaining walls, 
some of which are anticipated to require construction in close proximity to existing commercial and industrial 
properties. 
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3.0 GEOTECHNICAL SITE INVESTIGATION 
3.1 Site Investigation Program 
A total of three sampled boreholes (designated BH16-01 to BH16-03) and two electronic seismic cone penetration 
tests (SCPTs; designated SCPT16-02 and SCPT16-03) were put down as part of the investigation program. These 
testholes were carried out between 7 April 2016 and 29 April 2016. Selected samples from the boreholes were 
subjected to a variety of laboratory testing to assist with classification and characterization of the subsurface strata. 
A summary of the testhole details is tabulated in Appendix A.  


The site investigation included the following: 


 Hydro-vacuum excavation of the upper portion of the borehole at the Front Street, New Westminster location, 
with discontinuous sampling of the vacuum hole sidewalls. 


 Near-continuous sampling for archeological review (by others) within the top three metres of select testholes 
utilizing solid-stem auger drilling techniques. 


 Drilling and sampling of soil within boreholes, utilizing mud-rotary drilling techniques. 


 Rock coring within borehole BH16-02, utilizing triple-tube rotary coring methods. 


 Insitu testing and sampling: 


 Split-spoon sampling within the overburden soils. 


 Thin-walled tube sampling of fine-grained soils. 


 Insitu field vane tests in fine-grained soils. 


 Installation of standpipe piezometers in select boreholes. 


 Groundwater monitoring of all piezometers installed. 


 Electronic seismic cone penetration tests, with shear wave velocity measurements. 


 


3.2 Permits and Private Property Access Agreements 
The investigation was carried out within the City of Surrey and City of New Westminster. As part of the planning 
for the investigations, Golder carried out site reconnaissance and had discussions with Parsons, TransLink and 
City staff to identify potential drilling locations which would minimize traffic and public impacts, risks of encountering 
underground utilities, possible archeological conflicts, and potential environmental impacts/hazards.  
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3.2.1 City of New Westminster 
City of New Westminster Street Occupancy permits were obtained by Golder for the Front Street borehole location 
(BH16-01) prior to implementing the site investigations. A lane closure was required to carry out the drilling, and 
traffic management plans, prepared by Universal Flagging Ltd. (Universal), were submitted to the City of New 
Westminster’s Utility Management and Traffic Management Branches. As a result of other works in the area, Front 
Street was closed (except to local traffic) for the duration of the investigation. After drilling activities were 
conducted, all equipment was taken offsite and the site was restored to similar condition as observed during the 
pre-work reconnaissance. 


By necessity, the borehole located within the New Westminster right-of-way was offset slightly from the proposed 
bridge concept alignment. This location was selected in consultation with the City, and the factors which governed 
the final borehole location were as follows: 


 Avoiding interruption to traffic on Front Street. 


 Avoiding conflicts with adjacent road works.  


 Avoiding buried services. 


 Avoiding overhead services, overpasses and vegetation. 


 Topographic constraints. 


 Traffic safety issues (distance from intersections, safe sight distances, etc.). 


 


3.2.2 Port Metro Vancouver Property Access Agreement 
Two testholes (BH/SCPT16-02) were conducted on Port Metro Vancouver (PMV) owned property identified as 
Vancouver Fraser Port Authority (VFPA) Foreshore Tenure Lot R-57-00 in Surrey, B.C. The testholes were located 
on a gravel surface in the southeast corner of the Amix Group Salvage and Sales Ltd. (Amix) heavy lifting, 
equipment staging and storage yard. All work conducted by Golder and carried out on PMV property was co-
ordinated through the TransLink Major Investment Planning department. Negotiation of the agreements included 
discussion on planned work scope details and locations, pre-work reconnaissance and access conditions, 
archeological and environmental concerns, followed by agreement signoff.  


To meet PMV project and environmental permit requirements, Golder prepared a Health, Safety and Environment 
Plan prior to field activities, including an Environmental Management Plan specific to the drilling activities on the 
Amix site. The review report and permit (No.16-029) was approved on 7 April 2016. A City of Surrey Noise 
Extension permit was acquired to allow extended hours of drilling necessary for completion of the seismic cone 
penetration test. After drilling activities were conducted, all equipment was taken offsite and the site was left in 
similar condition as observed during the pre-work reconnaissance.  
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3.2.3 BC Transportation Financing Authority Access Agreements 
Two testholes (BH/SCPT16-03) were conducted on BC Transportation Financing Authority (BCTFA) property at 
12190 King George Boulevard in Surrey B.C., which is adjacent to 112 Avenue. All work conducted by Golder and 
carried out on BCTFA property was co-ordinated through the TransLink Major Investment Planning department 
and the Ministry of Transportation and Infrastructure (MOTI) properties and land management branch. Negotiation 
of the agreements included discussion on planned work scope details and locations, pre-work reconnaissance 
and access conditions, archeological and environmental concerns, and followed by agreement signoff. 


To meet BCTFA property access agreement requirements, Golder prepared a Health, Safety and Environment 
Plan prior to conducting field activities, including an Environmental Management Plan specific to the drilling 
activities on the BCTFA site. A City of Surrey Noise Extension permit was acquired to allow extended hours of 
drilling necessary for completion of the seismic cone penetration test. After drilling activities were conducted, all 
equipment was taken offsite and the site was restored to similar condition as observed during the pre-work 
reconnaissance. 


 


3.3 Utility Clearance 
Prior to commencement of the subsurface investigation, underground utility and service information was obtained 
from BC-One Call and Metro Vancouver. Western Leakage Services Ltd. (Western) was retained by Golder to 
locate utilities that are in close proximity to the proposed testhole locations. Non-intrusive methods, including 
electronic location equipment and ground penetrating radar, were used to assist with field location. 


A hydraulic vacuum truck owned and operated by Foundex Explorations Ltd. (Foundex) was mobilized to the 
BH16-01 borehole location, which was within close proximity to identified underground utilities, for hydro-vacuum 
excavation prior to solid-stem auger or mud-rotary drilling. BH16-01 was the only location “day-lighted” before 
drilling commenced. This involved using the vacuum equipment to remove the first few metres of soil, typically 
surficial fills and/or unconsolidated soils, using vacuum suction only. Foundex used an asphalt cookie cutter drill 
bit to remove the asphalt surface prior to vacuum excavation.  


All vacuum excavated material was transferred directly into the vacuum truck without inspection, and removed 
from the testhole locations for offsite disposal. Sidewall samples were recovered from within the vacuumed hole, 
and logging of the near-surface soils was carried out by observing the sidewall material exposed within the 
vacuumed hole prior to setup of the drill rig. 


 


3.4 Drilling Inspection and Testhole Location Surveying 
All drilling was conducted by Foundex and carried out under the full-time inspection of a member of Golder’s 
geotechnical staff, who identified the testhole locations in the field, logged the subsurface conditions encountered, 
and collected soil samples for detailed examination and laboratory testing. 


All testhole locations are approximate only and based on handheld GPS co-ordinates taken in the field combined 
with measured distances to identifiable site features such as property lines and road curbs. Locations determined 
using these approximate co-ordinates and measurements were then reviewed on orthographic photos as a means 
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to “ground-truth” the testhole locations in plan. No detailed surveyed locations or elevation measurements were 
established in the field for any of the testholes during this investigation. In this report, all depths are referenced to 
ground surface at the time of drilling or groundwater level monitoring.  


The field identification and classification of soils was carried out in accordance with the Golder Soil Description 
System (2013 – GAL TP001, Rev 1) which is generally consistent with the concepts presented in ASTM D2487 
and D2488 and the Canadian Foundation Engineering Manual (CFEM, 2006), with some differences intended to 
improve the compatibility of the soil descriptions with the material geotechnical engineering behaviour. Laboratory 
testing was performed to ASTM standards. A simplified summary of the key aspects of the Golder Soil Description 
System is included in Appendix B, which contains the Record of Borehole and Record of Drillhole Sheets. 


A summary of rock description terminology is provided on the “Lithological and Geotechnical Description of Rock” 
sheets which immediately precede the Record of Borehole/Drillhole sheets in Appendix B. Individual rock 
characteristics such as weathered state and intact rock strength estimates were recorded in accordance with the 
ISRM Suggested Methods (1981). In describing rock colour, the wet core was described making use of the 
internationally accepted simple colour descriptors. 


After completion of the drilling and field logging, the core boxes were transported by truck to the Golder Burnaby 
laboratory for core photography, sampling and quality checking of the overall field logging. Descriptions of the soil 
and bedrock conditions encountered are presented in the Record of Borehole/Drillhole logs, compiled in 
Appendix B. 


 


3.5 Testhole Drilling  
3.5.1 Data Presentation 
The data collected during the Phase A drilling, in-situ testing, and laboratory testing program are summarized as 
follows:  


 Appendix A: Borehole Summary Tables  


 Appendix B: Records of Boreholes and Records of Drillholes 


 Appendix C: Records of Seismic Cone Penetration Tests 


 Appendix D: Laboratory Soil Index Test Results 


 Appendix E: Specialized Laboratory Test Results 


 Appendix F: Laboratory Rock Test Results 


 Appendix G: Records of Core Photographs 


 


A discussion on the drilling methods and testhole completion information is provided in the following sections. 
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3.5.2 Solid-Stem Auger Drilling and Sampling for Archeological Review 
Two borehole locations (BH16-02 and BH16-03) commenced by utilizing solid-stem auger drilling techniques to 
allow archaeological observation of the near-surface soils. By corkscrewing the solid-stem augers into the soil, the 
attending Archer CRM Partnership (Archer) and First Nations (FN) representatives were able to observe near 
continuous soil samples for the first few metres below ground surface. The recovered soil was sifted and reviewed 
by the Archer and FN representatives before any geotechnical samples were obtained. After receiving 
archeological approval to proceed with the testhole, the augerhole was then used as a pilot hole for subsequent 
mud-rotary drilling. 


 


3.5.3 Mud-Rotary Soil Drilling with Intermittent Sampling 
Three boreholes were conducted between 07 April 2016 and 29 April 2016 using the SIMCO 5000 truck-mounted 
rotary drill rig owned and operated by Foundex. The mud-rotary drilling included intermittent split-spoon sampling 
and standard penetration testing (SPT) within the overburden soils, beneath the upper vacuumed or augered 
portion of each borehole. The overburden soil portions of the boreholes were drilled using a wash-rotary drilling 
method by advancing HWT casing (114 mm diameter casing) and using an open cutting shoe, where feasible, 
depending on the density and stiffness of soils encountered. A tri-cone bit with a lead centralizer rod was also 
used to drill out the borehole if the soil conditions became too difficult for the open cutting shoe. 


A bentonite seal was placed around the top of the surface casing and mud pit so that drilling fluid could be 
re-circulated with mud pumps in a closed loop. Drilling fluids were contained and re-circulated until the driller 
determined that a fluid transfusion was necessary. The drilling fluid used during borehole advancement through 
the overburden soils consisted of a water-polymer slurry, thickened with bentonite. Some drilling fluid losses were 
experienced in the deeper sands and gravels that underlie the fine-grained silty clay and clayey silt at borehole 
BH16-02 and BH16-03. Drilling fluid losses at this borehole location were minimized by creating a mud filter cake 
in the coarse-grained stratum. A vacuum truck was utilized to ensure that the drilling fluids remained contained 
and did not discharge onto City streets, nearby water courses, or the City of Surrey or New Westminster’s storm 
water drainage system. 


In-situ SPTs were generally conducted at 1.5 metre depth intervals within the upper overburden soils in all 
boreholes advanced using mud-rotary methods, and at additional test locations as determined appropriate by the 
field inspector (for details see 3.6.1). At greater depths soil sampling intervals were changed to approximately 
three metre spacing to increase drilling efficiency. The disturbed samples were bagged, logged and described, 
and sent for testing and/or storage at Golder’s Burnaby laboratory and warehouse facility.  


 


3.5.4 Rock Coring  
At one borehole location (BH16-02), the drill rig was configured for coring when bedrock was inferred to have been 
encountered. A 114 mm diameter HWT casing was seated into competent material to prevent any overburden 
soils from sloughing into the borehole. A 95 mm outer diameter HQ-3 triple-tube coring barrel fitted with a tungsten 
carbide core bit, producing a nominal rock core diameter of 63 mm, was used to advance the borehole and obtain 
rock core samples. Each core run was advanced a maximum of approximately 1.53 m (5 feet), and the inner core 
barrel was retrieved by wireline, bringing the recovered core to the surface where it was placed in core boxes. 
Once the borehole coring was terminated, the core was photographed and logged in the field by a Golder 
geotechnical field representative before being transported to our Burnaby laboratory. 
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3.6 In-situ Testing and Sampling 
3.6.1 Standard Penetration Test (SPT)  
Split-spoon sampling was conducted within the boreholes, using an open-ended split-spoon sampler to measure 
the penetration resistance values during advancement of the sampler, and at the same time, to obtain disturbed 
soil samples for geotechnical classification and laboratory testing. The split-spoon sampling was conducted in 
general accordance with ASTM D1586, Standard Test Method for Standard Penetration Test (SPT) and Split-
Barrel Sampling of Soils. 


Two inch (51 mm) diameter split-spoon samplers were driven to a total penetration depth of 24 inches (0.61 m) 
per sample or until refusal (greater than 50 blows per 6 inches (150 mm)). The recorded blow counts for individual 
test samples are presented on the Record of Borehole sheets. The relative density or consistency evaluated in 
the Record of Boreholes is generally based on the measured blow counts, uncorrected for hammer efficiency or 
overburden pressure. It should be noted that in certain strata (i.e., where significant gravel or cobble-sized particles 
were encountered), the blow count may not be representative of the relative density or stiffness of the soil matrix, 
and a combination of engineering judgement and laboratory testing is required to evaluate the 
compactness/consistency of the material.  


Caution and judgement should therefore be exercised in the interpretation of the measured blow counts 
presented on the Record of Borehole sheets and their correlation with standard “N” values. Overburden 
and energy loss effects (as well as other correction factors) should be considered when interpreting SPT results 
for use in design. 


Upon retrieval of the sampler, the SPT split-tube was opened, and the recovered soil was classified, photographed, 
stored in labeled bags, and transported to the Golder Burnaby laboratory facility for detailed examination and index 
testing of selected samples. 


 


3.6.2 Relatively Undisturbed Soil Sampling – Thin-Walled Tube Samples 
Thin-walled tube samples of overburden materials were collected within cohesive soil deposits at depths selected 
by the Golder geotechnical inspector. Thin-walled tube samples were generally 760 mm long and 75 mm (3-inch) 
in diameter and were conducted in general accordance with ASTM D1587/D1587M. Upon retrieval from the 
borehole, the ends of the thin-walled tubes were wax-sealed and capped for containment and moisture content 
preservation. At some of the test depths, it was noted that the extent of sample recovered was greater than the 
recorded length of the tube push. This is indicated on the Record of Borehole sheets as a sample Recovery % of 
greater than 100. Based on field observation, the excess sample recovery is due to the open shoe drilling method 
not being able to fully wash the soil overcore material at the face of the bit to create a flush bottom of borehole 
surface prior to undertaking the thin-walled tube sampling. This field observation was considered when selecting 
sample material for laboratory testing. They were ground-transported with care to reduce the potential exposure 
to sample handling and transportation-related disturbances. Specialized laboratory testing was carried out on 
sections of the relatively undisturbed thin-walled tube soil samples, after extrusion and visual review of the material.  
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3.6.3 In-Situ Field Vane Undrained Shear Strength Tests 
In-situ field vane tests were undertaken at selected depths where cohesive soils were encountered within the mud-
rotary boreholes. Measurement of undrained shear strength was conducted using the Nilcon vane apparatus. 
Field vane tests were undertaken downhole below the bottom of the HWT casing using a RocTest Vane Borer 
Model M-1000 (Nilcon) and were conducted in general accordance with ASTM D2573/D2573M. The peak and 
remolded undrained shear strengths have been interpreted from the field vane test disc charts, and estimated 
values are presented in Appendix A – Table 3, and on the Record of Borehole sheets in Appendix B.  


 


3.7 Seismic Cone (Piezocone) Penetration Testing – SCPT 
3.7.1 SCPT Data Collection 
Electronic seismic cone (piezocone) penetration test (SCPT) profiling was conducted between 13 April 2016 and 
15 April 2016 at two locations (SCPT16-02 and SCPT16-03). Porewater pressure dissipation testing was also 
conducted at selected depths in each SCPT sounding. The SCPT equipment was operated by Schwartz Soil 
Tech Inc. (Schwartz) and the SCPTs were advanced using the SIMCO 5000 drill rig operated by Foundex. 


The SCPTs were advanced to obtain near-continuous data which can be used to infer soil stratigraphy profiles. 
The SCPTs were carried out using probes with a 10 cm2 projected tip area which were equipped with a porewater 
pressure filter element located behind the shoulder of the cone of the probe. Sensor data consisted of soil tip 
resistance (qc), sleeve friction (fs), porewater pressure measurements (u2), inclination and temperature. Seismic 
shear wave velocity (Vs) measurements were conducted at approximately 1 m intervals to the full depth of the 
testholes. Some seismic data was determined to be inaccurate at SCPT16-03 due to frequency noise and 
vibrations from nearby roadways, trains, manufacturing facilities and heavy construction equipment. At depths 
where disruption was encountered, several seismic data readings were recorded. The cone sensor data was 
transmitted back to the surface using the acoustic method, which collects sensor data at 5 cm intervals throughout 
the sounding depths. 


SCPT field data collection was carried out generally in accordance with ASTM D5778 “Electronic Friction Cone 
and Piezocone Penetration Testing of Soils”, with judgement applied by the SCPT field operator to vary the cone 
operation and reduce penetration rate to minimize the risk of potential damage to and/or loss of the sounding 
equipment. 


 


3.7.2 Basic Data Reduction 
SCPT data reduction and interpretation was conducted by Schwartz. Basic data recorded in the SCPTs are 
detailed on the Records of Seismic Piezocone Penetration Tests provided in Appendix C. In these plots, the basic 
data is shown in non-normalized form as follows: 


 qt - corrected cone tip resistance 


 fs - sleeve friction 


 Rf - friction ratio (sleeve friction divided by cone tip resistance) 


 u2 - porewater pressure recorded at the u2 location (behind the cone tip shoulder) 


 Vs – shear wave velocity profile and data table 
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The plots also show the profiles of the normalized Soil Behaviour Type (SBTn), based on Robertson 1990 non-
normalized soil behaviour types, and the related SBT Index (Ic). It should be noted that the SBT zones presented 
are not based on soil gradation criteria or other direct measurement, but rather based on the in-situ soil behaviour 
as the SCPT probe is advanced, whereby soil behaviour type is estimated using empirical formulae. Furthermore, 
the SBT types also represent transitions between soil types, i.e., sand-silt mixtures or sand-clay mixtures. Caution 
should be exercised in using these empirical SBT correlations, and review and analysis of the SCPT, borehole 
and laboratory test data, along with engineering judgment, should be applied in developing the final interpretations 
and characterization of soil type and behaviour to be used in design and construction. Further details on the basic 
data parameters and specific relevant SCPT literature references are provided in the Schwartz Soil Tech Inc. letter 
which precedes the data profiles in Appendix C. 


 


3.7.3 Porewater Pressure Dissipation Testing 
Porewater dissipation tests were carried out at selected depths to assist in determining hydrostatic groundwater 
conditions within coarse-grained deposits, and to determine excess and/or negative porewater pressure responses 
within fine-grained deposits. Porewater pressure dissipation test results are included with their respective SCPT 
profiles in Appendix C. 


 


3.8 Testhole Closure 
3.8.1 General Surface Completion 
Testholes were backfilled to near-surface with a bentonite-grout mixture. Testholes that were grouted were given 
on average 12 hours to allow the cement to cure. Grout mixes varied slightly for each hole; however, the general 
grout mix was carried out with approximately 200 kg cement, 22 kg bentonite powder, and 680 litres of water. 
The grout was inserted by pumping the grout to the bottom of the hole through Schedule 80 PVC tremie pipes. 


For testholes located within a paved area (i.e. BH16-01 and BH/SCPT16-03) a cement mix was used above the 
grout to within approximately 150 mm to 300 mm below ground surface. The surface completion was then finished 
with a concrete layer. At borehole BH16-02 no concrete was used, but a silty sand and gravel was used on the 
top 150 mm to 300 mm to aesthetically match the surrounding surficial fill. All testholes were backfilled to satisfy 
BC Groundwater Protection Act (BCGPA) requirements. Borehole completion details are presented in the Record 
of Boreholes and Record of Drillholes in Appendix B, and these should be consulted to obtain information on 
backfill details and installation depth intervals. 


 


3.8.2 Piezometer Installation  
Following drilling activities, two boreholes (BH16-01 and BH16-02) were completed with the installation of a single 
standpipe piezometer to assist in the determination of the static groundwater level. The standpipe piezometers 
consist of 26 mm inside diameter Schedule 40 PVC having machine slotted (#10 slot) tip sections. The lengths of 
the slotted screen sections were 6 m. Details of the piezometer installations are summarized in Appendix A – 
Table 2, and shown on the Record of Boreholes and Record of Drillholes in Appendix B. 
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The bored void below the target depth of the piezometer was filled with coated bentonite pellets to comply with the 
BCGPA. A layer of 10-20 filter sand was used as a filter pack and extended from approximately 0.3 m above to 
0.3 m below the filter screen of each piezometer. An upper bentonite pellet plug, approximately 1.2 m in thickness, 
was placed to isolate the screened section. 


The remainder of the open borehole above the piezometer screen and seal was grouted/backfilled to surface as 
described above in Section 3.8.1 and protected at the surface with a concrete or cement encased, flush-mounted 
steel or cast iron well cover. The piezometers were fitted with a locking J plug end cap. 


 


3.8.3 Groundwater Level Monitoring 
Groundwater level measurements were generally taken at the time that the piezometers were installed and the 
day after the piezometer was installed. This was conducted to help evaluate whether the PVC screen and sand 
filter pack were functioning properly. Groundwater measurements were collected using a water level meter. 
Artesian conditions were observed in both monitoring wells and measured by connecting above ground PVC 
sections to the top of the cemented monitoring well PVC standpipe. The measured water level was allowed to rise 
and stabilize before a water level reading was taken. 


The piezometer installation at borehole BH16-02 was checked on 15 March 2018 and 16 March 2018 and the 
installation at borehole BH16-01 was checked on 17 March 2018. Both piezometer installations exhibited artesian 
conditions.   


It should be noted that groundwater level measurements are likely influenced by the location and conditions of the 
site and over time in response to precipitation, runoff, and drainage. Also, some seasonal and tidal fluctuations 
should be anticipated. 


Groundwater level measurements from within the piezometers are presented in Appendix A – Table 2 and selected 
data are shown on the Record of Boreholes and Record of Drillholes in Appendix B. 
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4.0 LABORATORY TESTING SUMMARY 
Laboratory testing was carried out on selected samples of overburden soils and bedrock collected from the 
boreholes to assess the geotechnical and geological properties of the subsurface materials encountered. The 
laboratory tests are summarized in the following sections. Laboratory test results for soil and rock samples may 
be found in Appendices D, E and F, and in some cases are presented on the borehole and drillhole records. 


 


4.1 Laboratory Soil Index Testing 
4.1.1 Relevant Specifications and Standards 
Laboratory soil index testing was undertaken on selected soil samples obtained from the grab samples from 
vacuum excavation and solid-stem auger flights, the thin walled tubes and the split-spoon samples retrieved onsite. 
Soils index testing was conducted at Golder’s Burnaby and Victoria laboratory and in general accordance with 
American Society for Testing Materials (ASTM) standards as follows: 


 ASTM D2216 Standard Test Method for Determination of Water (Moisture) Content of Soil and Rock by Mass 


 ASTM D6913 Standard Test Method for Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 


 ASTM D422 Standard Test Method for Particle-Size Analysis of Soils 


 ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 


 ASTM D2974 Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other Organic Soils 


The version of each standard used is identified in 6.0 References. 


4.1.2 Laboratory Soil Index Testing 
Sample preparation was carried out at the Golder Burnaby and Victoria laboratory locations. It is important to 
recognize that the sampling methods in the field limit the maximum particle size that can be recovered from the 
boreholes. As such, the laboratory gradation test results shown reflect these maximum sizes, and may not be 
representative of boulder, cobble, or coarse gravel content. Laboratory soil index test results are included in 
Appendix D. 


 


4.2 Specialized Laboratory Soil Testing 
4.2.1 Relevant Specifications and Standards 
Specialized laboratory testing was carried out to measure the consolidation and compressibility characteristics of 
the fine-grained soils encountered at the site. The laboratory tests consisted of specific gravity determinations, 
laboratory miniature vane shear tests, one-dimensional consolidation tests and consolidated undrained triaxial 
compression tests. Laboratory specialized test results may be found in Appendix E. Testing of materials was 
conducted at Golder’s Burnaby laboratory and in general accordance with American Society for Testing Materials 
(ASTM) standards as follows: 


 ASTM D854 Standard Test Methods for Specific Gravity of Soil Solids by Water Pycnometer 


 ASTM D4648/D4648M Standard Test Methods for Laboratory Miniature Vane Shear Test for Saturated Fine-
Grained Clayey Soil 
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 ASTM D2435/D2435M Standard Test Methods for One-Dimensional Consolidation Properties of Soils Using 
Incremental Loading 


 ASTM D4767 Standard Test Method for Consolidated Undrained Triaxial Compression Test for Cohesive 
Soils 


 Gamma Ray Radiography carried out by Acuren Group Inc. 


The version of each standard used is identified in 6.0 References. 


 


4.2.2 Specific Gravity Determination 
Specific gravity measurements by water pycnometer were taken on three thin-walled tube samples. The specific 
gravity measurements were used to assist and complement the consolidation tests. Specific gravity results may 
be found in Appendix E1. 


 


4.2.3 Laboratory Miniature Shear Vane Testing 
Miniature laboratory vane testing was conducted on tested thin-walled tube samples in accordance with ASTM 
D4648/D4648M standards. The lab vane was conducted to supplement the insitu field Nilcon vane results, SCPT 
shear strength correlations, and triaxial testing results. Lab vane results may be found in Appendix E2. 


 


4.2.4 One-Dimensional Consolidation Tests 
One-dimensional consolidation tests were carried out on selected samples following general recommendations 
provided in ASTM D2435/D2435M, corresponding to incremental loading consolidation tests Method B. 
Accordingly, the sample was loaded incrementally to ASTM standards. A portion of the thin-walled tube selected 
for testing was cut using a pipe cutter; and once cut, the soil was extruded with a hydraulic piston. After visual 
inspection, the sample was trimmed inside the consolidation ring and set in the consolidation apparatus for testing. 
The consolidation results may be found in Appendix E3. 


 


4.2.5 Consolidated Undrained Triaxial Compression Tests (Single-Stage CIU) 
Single-Stage Consolidated Undrained (CIU) triaxial compression tests with pore pressure measurement were 
carried out on selected samples, following general recommendations provided in ASTM D4767, to provide 
undrained shear strength characteristics, stress-strain relationships and stress path for the soil specimens tested. 
Each soil sample was prepared and placed in a rubber membrane inside the triaxial cell and then saturated before 
conducting the test. Saturation was considered to be complete when the pore pressure coefficient (B) attained a 
minimum target value, dependent on the soil type. The confining stress used for the CIU triaxial tests was the 
estimated mean effective stress for that sample. Detailed procedures for sample preparation, saturation, 
consolidation and shearing are described in ASTM D4767. During sample preparation, the samples were cut to 
conform to the ASTM standard height to diameter ratio of 2:1. Consolidated undrained triaxial compression test 
results may be found in Appendix E4. 
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4.2.6 Gamma Ray Radiography 
Gamma Ray Radiography was carried out on four thin-walled tubes by Acuren Group Inc. of Richmond, BC. 
Gamma ray radiography photography was utilized on the thin-walled tube samples to assess sample quality within 
the tube. Samples for specialized testing were selected based on the consistency and uniformity shown in the 
gamma ray photos. Gamma ray photos of the selected thin-walled tubes may be found in Appendix E5. 


 


4.3 Laboratory Rock Testing 
4.3.1 Relevant Specifications and Standards 
Only one rock test type was carried out on recovered core samples selected from the boxes of rock core returned 
to the Golder laboratory in Burnaby.  


Rock testing of selected samples was carried out at Golder’s Burnaby laboratory in general accordance with 
American Society for Testing Materials (ASTM) standards as follows: 


 ASTM D7012 Method C Unconfined Compressive Strength (UCS). 


The version of each standard used is identified in 6.0 References. 


 


4.3.2 Unconfined Compression Testing (UCS) Results 
For each sample, UCS results, natural moisture content determinations and dry and wet density results were 
recorded, and these results are presented in Appendix F. Samples were selected to provide a range of anticipated 
rock strengths. Sample preparation was carried out in general conformance with ASTM D4543 with the most 
suitable portions of the rock core selected for testing. Samples were selected to provide a range of anticipated 
rock strengths; however, tests were only selected on suitable samples which may result in a bias against possible 
weaker material. 


 


4.4 Core Photographs 
Recovered drill core (rock) was photographed using a digital camera at the Golder Burnaby laboratory facility. 
Both dry and wet photographs were taken under controlled lighting and flash conditions. The Record of Core 
Photographs (Appendix G) were taken of wet core where the on-camera flash was discharged. These photographs 
generally provided a good representation of the colour of the rock, and the flash provided suitable lighting of the 
core. No post-processing of the images other than cropping, straightening, and correction or addition of missing 
core blocks was made. 
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INFORMATION AND LIMITATIONS OF THIS REPORT 
 


Standard of Care:  Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level 
of care and skill ordinarily exercised by members of the engineering and science professions currently practicing 
under similar conditions in the jurisdiction in which the services are provided, subject to the time limits and physical 
constraints applicable to this report. No other warranty, expressed or implied is made.  


Basis and Use of the Report:  This report has been prepared for the specific site, design objective, development 
and purpose described to Golder by the Client. The factual data, interpretations and recommendations pertain to 
a specific project as described in this report and are not applicable to any other project or site location. Any change 
of site conditions, purpose, development plans or if the project is not initiated within eighteen months of the date 
of the report may alter the validity of the report. Golder cannot be responsible for use of this report, or portions 
thereof, unless Golder is requested to review and, if necessary, revise the report.  


The Client acknowledges that electronic media is susceptible to unauthorized modification, deterioration and 
incompatibility and therefore the Client cannot rely upon the electronic media versions of Golder’s report or other 
work products.  


The report is of a summary nature and is not intended to stand alone without reference to the instructions given to 
Golder by the Client, communications between Golder and the Client, and to any other reports prepared by Golder 
for the Client relative to the specific site described in the report. In order to properly understand the suggestions, 
recommendations and opinions expressed in this report, reference must be made to the whole of the report. Golder 
cannot be responsible for use of portions of the report without reference to the entire report. 


Soil, Rock and Groundwater Conditions:  Classification and identification of soils, rocks, and geologic units 
have been based on commonly accepted methods employed in the practice of geotechnical engineering and 
related disciplines. Classification and identification of the type and condition of these materials or units involves 
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than 
abrupt. Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.  


Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and 
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface 
conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder 
interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to soil 
variability, fill of variable physical and chemical composition can be present over portions of the site or on adjacent 
properties. The professional services retained for this project include only the geotechnical aspects of the 
subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The 
presence or implication(s) of possible surface and/or subsurface contamination resulting from previous activities 
or uses of the site and/or resulting from the introduction onto the site of materials from off-site sources are outside 
the terms of reference for this project and have not been investigated or addressed.  
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Soil and groundwater conditions shown in the factual data and described in the report are the observed conditions 
at the time of their determination or measurement. Unless otherwise noted, those conditions form the basis of the 
recommendations in the report. Groundwater conditions may vary between and beyond reported locations and 
can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock and groundwater 
may be significantly altered by construction activities (traffic, excavation, groundwater level lowering, pile driving, 
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting, drying 
or frost. Unless otherwise indicated the soil must be protected from these changes during construction.  


Sample Disposal:  Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of 
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s 
expense.  In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be 
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.  


Follow-Up and Construction Services:  All details of the design were not known at the time of submission of 
Golder’s report. Golder should be retained to review the final design, project plans and documents prior to 
construction, to confirm that they are consistent with the intent of Golder’s report.   


Changed Conditions and Drainage:  Where conditions encountered at the site differ significantly from those 
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or 
revise the recommendations within this report. Recognition of changed soil and rock conditions requires 
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if 
conditions have changed significantly. 
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Summary Table of Borehole As-Built Information 
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Borehole 
ID No. Testhole Type Testhole Date 


Approximate(2) UTM 
Coordinates Investigation 


Depth 
(mbgs(1)) 


Approximate Location 
Northing 


(m) 
Easting 


(m) 


BH16-01 Rotary Borehole April 25 to 29, 2016 5450775 507473 50.34 Front Street, New Westminster 


BH16-02 Rotary Borehole 
with Coring April 15 to 23, 2016 5450507 507985 96.60 VFPA Foreshore Tenure Lot R-57-00, Surrey – Amix 


Site, Port Metro Vancouver Property 


BH16-03 Rotary Borehole April 7 to 12, 2016 5450361 508357 79.65 12190 King George Boulevard, Surrey – BCTFA 
Property 


SCPT16-02 Seismic Cone 
Penetration Test April 13 to 14, 2016 5450509 507987 72.55 VFPA Foreshore Tenure Lot R-57-00, Surrey – Amix 


Site, Port Metro Vancouver Property 


SCPT16-03 Seismic Cone 
Penetration Test April 14 to 15, 2016 5450358 508357 63.25 12190 King George Boulevard, Surrey – BCTFA 


Property 
(1) Metres below ground surface. 
(2) Northing and Easting Coordinates have been determined by GPS in the field and are approximate only. Coordinates were georeferenced with orthographic photos. 
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Summary Table of Piezometer Installations and Groundwater Level Monitoring 
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Borehole  
ID No. 


Boring 
Completion/Well 
Installation Date 


Drill Hole 
Depth 


(mbgs(1)) 


PVC Screen Zone Depth 
(mbgs(1)) 


Filter Sand Pack Zone 
Depth (mbgs(1)) Measured 


Water Level 
(mags(2)) 


Measured 
Water Level 


(mags(2)) 
Top Bottom Top Bottom 


BH16-01 April 29, 2016 50.34 35.05 41.15 34.52 41.61 0.45(4) (artesian) (artesian)(7) 


BH16-02 April 23, 2016 96.60 74.68 80.77 73.76 81.38 0.12(5) (artesian) (artesian)(6) 


BH16-03(3) April 12, 2016 79.65       
(1) Metres below ground surface 
(2) Metres above ground surface. 


(3) No monitoring well installed at location. 
(4) Groundwater measurement taken on April 29, 2016. 


(5) Groundwater measurement taken on April 23, 2016. 
(6) Groundwater measurement taken on March 15 and 16, 2018; No reading was acquired, and was only observed to be artesian. 
(7) Groundwater measurement taken on March 17, 2018; No reading was acquired, and was only observed to be artesian. 
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Insitu and Laboratory Shear Vane Testings 
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Borehole ID No. Sample No. Depth 
(mbgs(1)) Field/Lab Vane VANE TYPE 


Vane Shear Strength 


Peak (kPa) Remolded (kPa) 


BH16-02 Vane Test 1 62.33 Field Type 3 - Medium 98.73 14.27 
BH16-02 36 67.06 Lab Lab Vane - Large 20.80 1.60 
BH16-02 Vane Test 2 68.43 Field Type 3 - Small 73.75 7.14 
BH16-03 30 48.77 Lab Lab Vane - Large 23.80 1.90 
BH16-03 30 49.38 Lab Lab Vane - Large 27.30 4.60 
BH16-03 Vane Test 1 50.14 Field Type 3 - Small 111.81 30.93 


BH16-03 Vane Test 2 50.65 Field Type 3 - Small 97.54 38.06 


BH16-03 Vane Test 3 56.24 Field Type 3 - Medium 88.02 35.68 
BH16-03 34 61.42 Lab Lab Vane - Small 46.00 4.60 


(1) Metres below ground surface.  
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Laboratory Soils Index Testing Results 
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TEST HOLE SAMPLE 
NUMBER SPECIMEN ID 


SAMPLE INTERVAL SPECIMEN INTERVAL 
SAMPLE 


TYPE 
NATURAL 
MOISTURE 


CONTENT (%) 
LIQUID 


LIMIT (LL) 
PLASTIC 


LIMIT 
(PL) 


PLASTICITY 
INDEX (PI) 


GRAIN SIZE PERCENT BY 
WEIGHT HYDROMETER SPECIFIC 


GRAVITY 
(Gs) 


ORGANIC 
CONTENT 


(%) 
(mbgs(1)) (mbgs(1)) 


TOP BOTTOM TOP BOTTOM GRAVEL SAND FINES SILT CLAY 
BH16-01 1  0.91 1.22   GS 10.4    30 44 26     


BH16-01 3  3.05 3.66   SS 13.9    20 35 45     


BH16-01 6  7.62 8.23   SS 30.5 28 23 5 0 0 100 91 9   


BH16-01 8  10.67 11.28   SS 26.1 27 20 7 5 16 79 71 8   


BH16-01 9  12.19 12.80   SS 21.2    0 90 10     


BH16-01 11  15.24 15.85   SS 8.4    38 54 8     


BH16-01 13  18.29 18.90   SS 23.8 26 22 4 1 10 89 82 7   


BH16-01 15 15A 21.34 21.95 21.34 21.64 SS 21.5    0 88 12     


BH16-01 15 15B 21.34 21.95 21.64 21.95 SS 21.7    3 40 57 51 6   


BH16-01 16  22.86 23.47   SS 16.4 20 15 5 12 32 56 47 9   


BH16-01 19  27.43 27.84   SS 16.4 16 15 1 0 34 66 60 6   


BH16-01 21  30.48 30.73   SS 15.0 15 14 1 0 51 49 44 5   


BH16-01 22 22A 33.53 34.14 33.53 33.60 SS  23 18 5 5 26 69 65 4   


BH16-01 22 22B 33.53 34.14 33.60 34.14 SS 30.2 35 27 8 0 2 98 95 3   


BH16-01 24  39.62 39.90   SS 16.9    6 79 15     


BH16-01 26  45.72 45.77   SS  16 15 1 20 50 30 27 3   


BH16-02 1  0.61 1.52   GS 5.0    55 37 8     


BH16-02 5  7.62 8.23   SS 33.6    0 80 20     


BH16-02 8  12.19 12.80   SS 31.4    0 93 7     


BH16-02 10  15.24 15.85   SS 25.3    4 90 6     


BH16-02 12  18.29 18.90   SS 27.6    0 95 5     


BH16-02 15  22.86 23.47   SS 23.7    0 97 3     


BH16-02 18  27.43 28.04   SS 23.1    0 94 6     


BH16-02 21  32.00 32.61   SS 20.4 NP NP NP 0 90 10 4 6   


BH16-02 23 23A 35.05 35.66 35.05 35.28 SS 30.9 24 18 6 0 21 79 64 15   


BH16-02 23 23B 35.05 35.66 35.28 35.66 SS 26.2    0 86 14     


BH16-02 26  39.62 40.23   SS 27.3    0 89 11 6 5   


BH16-02 27  41.15 41.76   SS 24.8 19 17 2 0 29 71 61 10   


BH16-02 29 29A 45.72 46.33 45.72 45.95 SS  24 20 4 0 16 84 64 20   


BH16-02 29 29B 45.72 46.33 45.95 46.33 SS 15.2    2 88 10     


BH16-02 31 31A 51.82 52.43 51.82 52.04 SS 33.7 24 14 10 0 12 88 62 26   


BH16-02 31 31B 51.82 52.43 52.04 52.43 SS 27.6 NP NP NP 0 54 46 41 5   


BH16-02 32  54.86 55.47   SS 28.4 NP NP NP 0 24 76 66 10   


BH16-02 34  60.96 61.57   TO 31.0 24 18 6 0 2 98 71 27 2.73  


BH16-02 35  64.01 64.62   SS 30.5 27 19 8 0 1 99 72 27   


BH16-02 36  67.06 67.67   TO 33.1 33 23 10 0 2 98 58 40 2.73  


BH16-02 37  70.10 70.71   SS 20.6 18 13 5 4 60 36 21 15   


BH16-02 38 38B 73.15 73.56 73.38 73.56 SS 14.1    17 74 9     


BH16-02 41  82.30 82.37   SS 19.2 22 16 6 5 49 46 39 7   


BH16-02 42  85.34 85.39   SS 21.2    3 75 22     
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TEST HOLE SAMPLE 
NUMBER SPECIMEN ID 


SAMPLE INTERVAL SPECIMEN INTERVAL 
SAMPLE 


TYPE 
NATURAL 
MOISTURE 


CONTENT (%) 
LIQUID 


LIMIT (LL) 
PLASTIC 


LIMIT 
(PL) 


PLASTICITY 
INDEX (PI) 


GRAIN SIZE PERCENT BY 
WEIGHT HYDROMETER SPECIFIC 


GRAVITY 
(Gs) 


ORGANIC 
CONTENT 


(%) 
(mbgs(1)) (mbgs(1)) 


TOP BOTTOM TOP BOTTOM GRAVEL SAND FINES SILT CLAY 
BH16-02 43  88.39 88.44   SS 22.0    0 75 25     


BH16-02 44  91.44 91.49   SS 20.2    1 65 34     


BH16-03 2  3.05 3.66   SS 212.6 83 77 6       23.8 
BH16-03 4  6.10 6.71   SS 30.7    0 88 12     


BH16-03 6  9.14 9.75   SS 27.1    0 94 6     


BH16-03 8  12.19 12.80   SS 27.9    0 94 6     


BH16-03 10  15.24 15.85   SS 23.0    0 95 5     


BH16-03 12  18.29 18.90   SS 21.1    1 95 4     


BH16-03 15  22.86 23.47   SS 22.0    4 89 7     


BH16-03 17  25.91 26.52   SS 21.3    0 94 6     


BH16-03 20  30.48 31.09   SS 25.7 NP NP NP 0 87 13 9 4   


BH16-03 24 24A 36.58 37.19 36.58 36.63 SS  30 18 12 0 21 79 55 24   


BH16-03 24 24B 36.58 37.19 36.63 37.19 SS 27.8    0 90 10     


BH16-03 27  41.15 41.76   SS 29.3 NP NP NP 0 76 24 22 2   


BH16-03 29  45.11 45.72   SS 32.0 28 18 10 0 4 96 66 30   


BH16-03 30  48.77 49.38   TO 33.0 32 21 11 0 0 100 67 33 2.73 2.5 
BH16-03 31  51.82 52.43   SS 38.0 38 19 19 0 4 96 50 46   


BH16-03 33  57.91 58.52   SS 36.6 39 22 17 0 3 97 55 42   


BH16-03 34  60.96 61.42   TO 27.2 24 18 6 0 50 50 27 23   


BH16-03 36  67.06 67.67   SS 8.9    44 46 10     


BH16-03 37  70.10 70.71   SS 10.5    29 63 8     


BH16-03 39 39B 76.20 76.58 76.28 76.58 SS 19.4    1 83 16     


(1) mbgs: metres below ground surface. 
(2) Results have been rounded to the nearest whole number, refer to lab report for exact recorded values 
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METHOD OF SOIL CLASSIFICATION 


 
The Golder Associates Ltd. Soil Classification System is based on the Unified Soil Classification System (USCS) 


December 2017 1  
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Organic 
or 
Inorganic 


Soil 
Group Type of Soil Laboratory 


Tests 


Field Indicators 
Organic 
Content 


USCS Group 
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Rapid  None  None >6 mm 
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roll 3 mm 
thread) 


<5% ML SILT 
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Low  Dull 3mm to 


6 mm None to low <5% ML CLAYEY SILT  
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very slow 
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SILT 
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(see 


Note 2) 


CL SILTY CLAY 


Liquid Limit 
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to high 
Slight 


to shiny 
1 mm to 
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Medium 


 CI SILTY CLAY 
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≥50 None High Shiny <1 mm High CH CLAY 
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mixtures    
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PT 


SILTY PEAT, 
SANDY PEAT  


Predominantly peat, 
may contain some 


mineral soil, fibrous or 
amorphous peat 


 
75%  


to  
100% 


PEAT 


 
Note 1 – Fine grained materials with PI and LL that plot in this area are named (ML) SILT with 
slight plasticity.  Fine-grained materials which are non-plastic (i.e. a PL cannot be measured) are 
named SILT. 
Note 2 – For soils with <5% organic content, include the descriptor “trace organics” for soils with 
between 5% and 30% organic content include the prefix “organic” before the Primary name. 


Dual Symbol — A dual symbol is two symbols separated by 
a hyphen, for example, GP-GM, SW-SC and CL-ML. 
For non-cohesive soils, the dual symbols must be used when 
the soil has between 5% and 12% fines (i.e. to identify 
transitional material between “clean” and “dirty” sand or 
gravel. 
For cohesive soils, the dual symbol must be used when the 
liquid limit and plasticity index values plot in the CL-ML area 
of the plasticity chart (see Plasticity Chart at left). 
 
Borderline Symbol — A borderline symbol is two symbols 
separated by a slash, for example, CL/CI, GM/SM, CL/ML.   
A borderline symbol should be used to indicate that the soil 
has been identified as having properties that are on the 
transition between similar materials.  In addition, a borderline 
symbol may be used to indicate a range of similar soil types 
within a stratum. 
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ABBREVIATIONS AND TERMS USED ON RECORDS OF 
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PARTICLE SIZES OF CONSTITUENTS 


Soil 
Constituent 


Particle 
Size 


Description 
Millimetres Inches 


(US Std. Sieve Size) 


BOULDERS Not 
Applicable >300 >12 


COBBLES Not 
Applicable 75 to 300 3  to 12 


GRAVEL Coarse 
Fine 


19 to 75 
4.75 to 19 


0.75 to 3 
(4) to 0.75 


SAND 
Coarse 
Medium 


Fine 


2.00 to 4.75 
0.425 to 2.00 


0.075 to 
0.425 


(10) to (4) 
(40) to (10) 
(200) to (40) 


SILT/CLAY Classified by 
plasticity <0.075 < (200) 


 


SAMPLES 
AS Auger sample 
BS Block sample 
CS Chunk sample 
DD Diamond Drilling 


DO or DP Seamless open ended, driven or pushed tube 
sampler – note size 


DS Denison type sample 
FS Foil sample 
GS Grab Sample 
RC Rock core 
SC Soil core 
SS Split spoon sampler – note size 
ST Slotted tube 
TO Thin-walled, open – note size 
TP Thin-walled, piston – note size 
WS Wash sample 


MODIFIERS FOR SECONDARY AND MINOR CONSTITUENTS 
Percentage 


by Mass Modifier 


>35 Use 'and' to combine major constituents 
(i.e., SAND and GRAVEL, SAND and CLAY) 


> 12 to 35 Primary soil name prefixed with "gravelly, sandy, SILTY, 
CLAYEY" as applicable 


> 5 to 12 some 


≤ 5 trace 


SOIL TESTS 
w water content 
PL , wp plastic limit 
LL , wL liquid limit 
C consolidation (oedometer) test 
CHEM chemical analysis (refer to text) 
CID consolidated isotropically drained triaxial test1 


CIU consolidated isotropically undrained  triaxial  test with 
porewater pressure measurement1 


DR relative density (specific gravity, Gs) 
DS direct shear test 
GS specific gravity 
M sieve analysis for particle size 
MH combined sieve and hydrometer (H) analysis 
MPC Modified Proctor compaction test 
SPC Standard Proctor compaction test 
OC organic content test 
SO4 concentration of water-soluble sulphates 
UC unconfined compression test 
UU unconsolidated undrained triaxial test 
V (FV) field vane (LV-laboratory vane test) 
γ unit weight 


1. Tests anisotropically consolidated prior to shear are shown as CAD, CAU.


PENETRATION RESISTANCE 
Standard Penetration Resistance (SPT), N: 
The number of blows by a 63.5 kg (140 lb) hammer dropped 760 mm (30 in.) 
required to drive a 50 mm (2 in.) split-spoon sampler for a distance of 300 mm 
(12 in.). 


Cone Penetration Test (CPT)  
An electronic cone penetrometer with a 60° conical tip and a project end area of 
10 cm2 pushed through ground at a penetration rate of 2 cm/s. Measurements of tip 
resistance (qt), porewater pressure (u) and sleeve frictions are recorded 
electronically at 25 mm penetration intervals. 


Dynamic Cone Penetration Resistance (DCPT); Nd: 
The number of blows by a 63.5 kg (140 lb) hammer dropped 760 mm (30 in.) to drive 
uncased a 50 mm (2 in.) diameter, 60° cone attached to "A" size drill rods for a 
distance of 300 mm (12 in.).   
PH: Sampler advanced by hydraulic pressure 
PM: Sampler advanced by manual pressure 
WH: Sampler advanced by static weight of hammer 
WR: Sampler advanced by weight of sampler and rod 


NON-COHESIVE (COHESIONLESS) SOILS COHESIVE SOILS 
Compactness2 Consistency 


Term SPT ‘N’ (blows/0.3m)1 
Very Loose 0 - 4 


Loose 4 to 10 
Compact 10 to 30 
Dense 30 to 50 


Very Dense >50 
1. SPT ‘N’ in accordance with ASTM D1586, uncorrected for overburden pressure 


effects.
2. Definition of compactness descriptions are based on SPT-‘N’ ranges as provided 


in Terzaghi, Peck and Mesri (1996) and correspond to typical average N60 
values.  Many factors affect the recorded SPT-‘N’ value, including hammer
efficiency (which may be greater than 60% in automatic trip hammers),
groundwater conditions, and grainsize.  As such, the recorded SPT-‘N’ value(s) 
should be considered only an approximate guide to the compactness
term.  These factors need to be considered when evaluating the results, and the 
stated compactness terms should not be relied upon for design or construction.


Term Undrained Shear 
Strength (kPa) 


SPT ‘N’1,2 
(blows/0.3m) 


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. SPT ‘N’ in accordance with ASTM D1586, uncorrected for overburden pressure 
effects; approximate only.


2. SPT ‘N’ values should be considered ONLY an approximate guide to
consistency; for sensitive clays (e.g., Champlain Sea clays), the N-value 
approximation for consistency terms does NOT apply.  Rely on direct
measurement of undrained shear strength or other manual observations. 


Field Moisture Condition Water Content  
Term Description 


Dry Soil flows freely through fingers. 


Moist Soils are darker than in the dry condition and 
may feel cool.  


Wet As moist, but with free water forming on hands 
when handled. 


Term Description 


w < PL Material is estimated to be drier than the Plastic 
Limit. 


w ~ PL Material is estimated to be close to the Plastic 
Limit. 


w > PL Material is estimated to be wetter than the Plastic 
Limit. 
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Unless otherwise stated, the symbols employed in the report are as follows: 


I. GENERAL (a) Index Properties (continued) 
w water content 


π 3.1416 wl or LL  liquid limit 
ln x natural logarithm of x wp or PL  plastic limit 
log10 x or log x, logarithm of x to base 10 lp or PI  plasticity index = (wl – wp) 
g acceleration due to gravity ws  shrinkage limit 
t time IL  liquidity index = (w – wp) / Ip  


IC  consistency index = (wl – w) / Ip 
emax void ratio in loosest state 
emin  void ratio in densest state 
ID  density index = (emax – e) / (emax - emin) 


II. STRESS AND STRAIN (formerly relative density) 


γ shear strain (b) Hydraulic Properties 
∆ change in, e.g. in stress: ∆ σ h hydraulic head or potential 
ε linear strain q rate of flow 
εv volumetric strain v velocity of flow 
η coefficient of viscosity i hydraulic gradient 
υ Poisson’s ratio k hydraulic conductivity  
σ total stress (coefficient of permeability) 
σ′ effective stress (σ′ = σ - u) j seepage force per unit volume 
σ′vo initial effective overburden stress 
σ1, σ2, σ3 principal stress (major, intermediate, 


minor) (c) Consolidation (one-dimensional) 
Cc compression index 


σoct mean stress or octahedral stress (normally consolidated range) 
= (σ1 + σ2 + σ3)/3 Cr recompression index  


τ shear stress (over-consolidated range) 
u porewater pressure Cs swelling index 
E modulus of deformation Cα secondary compression index 
G shear modulus of deformation mv coefficient of volume change 
K bulk modulus of compressibility cv coefficient of consolidation (vertical 


direction)  
ch coefficient of consolidation (horizontal 


direction)  
Tv time factor (vertical direction) 


III. SOIL PROPERTIES U degree of consolidation 
σ′p pre-consolidation stress 


(a) Index Properties OCR over-consolidation ratio = σ′p / σ′vo  
ρ(γ) bulk density (bulk unit weight)* 
ρd(γd) dry density (dry unit weight) (d) Shear Strength 
ρw(γw) density (unit weight) of water τp, τr peak and residual shear strength 
ρs(γs) density (unit weight) of solid particles φ′ effective angle of internal friction 
γ′ unit weight of submerged soil  δ angle of interface friction 


(γ′ = γ - γw) µ coefficient of friction = tan δ 
DR relative density (specific gravity) of solid c′ effective cohesion 


particles (DR = ρs / ρw) (formerly Gs) cu, su undrained shear strength (φ = 0 analysis) 
e void ratio p mean total stress (σ1 + σ3)/2 
n porosity p′ mean effective stress (σ′1 + σ′3)/2 
S degree of saturation q (σ1 - σ3)/2 or (σ′1 - σ′3)/2 


qu compressive strength (σ1 - σ3) 
St sensitivity 


* Density symbol is ρ. Unit weight symbol is γ
where γ = ρg (i.e. mass density multiplied by
acceleration due to gravity)


Notes: 1 
2 


τ = c′ + σ′ tan φ′ 
shear strength = (compressive strength)/2 
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LITHOLOGICAL AND GEOTECHNICAL DESCRIPTION OF ROCK 
SEQUENCE OF TERMS FOR ROCK DESCRIPTION: 
A complete rock description includes the following: 


A) Weathered State E) Strength


B) Structure F) Rock Type


C) Colour G) Additional remarks and modifiers


D) Grain or Crystal Size


Example: 
“Slightly weathered, thin to medium bedded, grey, fine grained, weak (R2) arenaceous SANDSTONE; with biotite 
partings”. 


A) DESCRIPTION OF WEATHERED/ALTERED STATE
(modified after:  Brown, 1981,  “Rock Characterization Testing and Monitoring:  ISRM Suggested Methods”, 
International Society for Rock Mechanics) 


Term Symbol Description Discoloration 
Extent 


Fracture 
Condition 


Surface 
Character 


Unweathered W1/A1 No visible sign of rock material 
weathering. None Closed or 


Discolored Unchanged 


Slightly 
Weathered or 


Altered 
W2/A2 


Discoloration indicates weathering of 
rock material on discontinuity 
surfaces.  Less than 5% of rock mass 
altered. 


<20% of fracture 
spacing on both 
sides of fracture 


Discolored, 
may contain 
thin filling 


Partial 
discoloration 


Moderately 
Weathered or 


Altered 
W3/A3 


Less than 50% of the rock material is 
decomposed and/or disintegrated to 
a soil, or altered.  Fresh or discolored 
rock is present either as a 
discontinuous framework or as 
corestones. 


>20% of fracture 
spacing on both 
sides of fracture 


Discolored, 
may contain 
thick filling 


Partial to complete 
discoloration, not 
friable except 
poorly cemented 
rocks 


Highly 
Weathered or 


Altered 
W4/A4 


More than 50% of the rock material is 
decomposed and/or disintegrated to 
a soil or is altered.  Fresh or 
discolored rock is present either as a 
discontinuous framework or as 
corestones. 


Throughout 
Filled with 
alteration 
minerals 


Friable and 
possibly pitted 


Completely 
Weathered or 


Altered 
W5/A5 


100% of rock material is decomposed 
and/or disintegrated to soil or 100% 
of minerals have been replaced with 
alteration minerals.  The original 
mass structure is still largely intact. 


Throughout 
Filled with 
alteration 
minerals 


Resembles soil, or 
all original 
minerals have 
been replaced 
with alteration 
minerals 


Residual Soil 
(applies to 
 weathering 


only) 


W6 


All rock material is converted to soil.  
The mass structure and material 
fabric are destroyed.  There is a large 
change in volume, but the soil has 
not been significantly transported. 


Throughout N/A Resembles soil 
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B) DESCRIPTION OF (REPETETIVE) STRUCTURE  
Mean Spacing Term 


<6 mm Thinly Laminated 


6 mm to 20 mm Thickly Laminated 


20 mm to 60 mm Very Thinly Bedded 


60 mm to 200 mm Thinly Bedded 


200 mm to 600 mm Medium Bedded 


600 mm to 2 m Thickly Bedded 


 


C) DESCRIPTION OF COLOUR  
LIGHT WHITE 


DARK GREY 


 BLACK 


 BROWN 


 OLIVE 


 GREEN 


 BLUE 


 RED 


 ORANGE 


 YELLOW 


When the rock is composed of more than one colour, the colours have been listed beginning with the most prominent.  


 


D) DESCRIPTION OF SEDIMENTARY ROCK GRAIN SIZE  
Grain Size Description 


2 mm to 256 mm CONGLOMERATES and BRECCIAS (Rudaceous) 


1 mm to 2 mm very coarse SANDSTONE 


500 microns to 1 mm coarse SANDSTONE 


250 to 500 microns medium SANDSTONE 


125 to 250 microns fine SANDSTONE 


63 to 125 microns very fine SANDSTONE 


4 to 63 microns SILTSTONE & MUDSTONE 
MUDROCKS 


< 4 microns CLAYSTONE 
(After Wentworth, C. K., 1922: A Scale of Grade and Class Terms for Clastic Sediments. The Journal of Geology, Vol. 30, 
No. 5, pp. 377-392)  
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E) DESCRIPTION OF ROCK STRENGTH  


Grade Description Field Identification 
Approx. Range of Uniaxial 


Compressive Strength 
(MPa) 


G Granular Soil Cohesionless, friable, granular soil, sand. 0 


S1 Very Soft Clay Easily penetrated several centimetres by fist. <0.025 


S2 Soft Clay Easily penetrated several centimetres by thumb.  0.025 – 0.05 


S3 Firm Clay 
Can be penetrated several centimetres with thumb 
with moderate effort. Crumbles under light 
pressure from a nail. 


0.05 – 0.1 (<1.0 on Pocket 
Penetrometer) 


S4 Stiff Clay 
Readily indented by thumb, but penetrated only 
with great effort. Crumbles under moderate 
pressure from a nail. 


0.10 – 0.25 (1.0 to 2.5 on 
Pocket Penetrometer) 


S5 Very Stiff Clay Readily indented by thumbnail 0.25 - 0.50 


S6 Hard Clay Indented with difficulty by thumbnail. >0.50 


R0 Extremely weak Indented by thumbnail. 
0.25 – 1.0 


(>2.5 on Pocket 
Penetrometer) 


R1 Very weak Crumbles under firm blows with point of geological 
hammer, can be peeled by a pocket knife. 


1.0 - 5.0 
(Maximum reading 


exceeded for Pocket 
Penetrometer) 


R2 Weak 
Can be peeled by a pocket knife with difficulty, 
shallow indentations made by firm blow with point 
of geological hammer. 


5.0 – 25 


R3 Medium strong 
Cannot be scraped or peeled with a pocket knife, 
specimen can be fractured with single firm blow of 
geological hammer. 


25 – 50 


R4 Strong Specimen requires more than one blow of 
geological hammer to fracture it. 50 – 100 


R5 Very strong Specimen requires many blows of geological 
hammer to fracture it. 100 – 250 


R6 Extremely strong Specimen can only be chipped with geological 
hammer. >250 


(Reference: Brown, 1981,  “Rock Characterization Testing and Monitoring:  ISRM Suggested Methods”, International 
Society for Rock Mechanics) 


NOTE:  Materials having a uniaxial compressive strength of less than about 0.5 MPa and cohesionless materials should be 
classified using soil classification systems.  (1 MPa = 145 psi) 
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F) ROCK TYPE
Argillaceous (modifier):  This modifier is used to describe clastic sedimentary rocks containing silt- or 
clay-sized particles that are less than 0.0625 mm and/or clay minerals (e.g., argillaceous Sandstone).  


Arenaceous (modifier):  This modifier is used to describe clastic sedimentary rocks containing coarse 
sized particles that are between 0.0625 mm and 2.0 mm (e.g., arenaceous Mudstone).  


Calcareous Rocks:  Contains calcium carbonate (calcite). 


Carbonaceous Rocks:  Consists of or containing carbon or its compounds 


Rudaceous Rocks:  Clastic sedimentary rocks that contains approximately more than 25 % clasts 
between 2 - 256 mm, generally infilled with a matrix of finer grained sediment, that are either “clast-
supported” (clasts are in contact) and “matrix-supported” (clasts are separated by matrix). The terms 
breccia or conglomerate are used for: 


Breccia:  Broken, angular to sub-angular clasts of rock. 


Conglomerate:  Sub-rounded to rounded clasts.  


G) ADDITIONAL REMARKS AND MODIFIERS
Discrete Features: 


Lamination:  A thickness of less than 2 mm. 


Parting:  A thickness of between 2 and 6 mm. 


Seam:  A thickness of between 6 and 20 mm. 


Discontinuity or discrete feature spacing 


Term Spacing 


Extremely Close <20 mm 


Very Close 20 mm - 60 mm 


Close 60 mm - 0.2 m 


Moderate 0.2 m - 0.6 m 


Wide 0.6 m - 2 m 


Very Wide 2 m - 6 m 


Extremely Wide > 6 m 


(Reference: Brown, 1981,  “Rock Characterization Testing and Monitoring:  ISRM Suggested Methods”, International 
Society for Rock Mechanics) 
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Clasts or fragments:  Geological detritus, chunks and smaller grains of rock broken off other rocks by physical 
weathering. Used for sand (<2 mm) to gravel size (2 – 75 mm) fragments within clastic rocks (sedimentary) that 
has a different origin than the host rock. 


Rip-up Clasts:  These are pieces of sedimentary rock (typically Mudrocks) that are created when an erosive 
current containing suspended sediments flows over these beds, tears pieces of it, and carry these ‘rip-ups’ some 
distance. 


Polymictic:  Composed of several minerals or rock types. 


Fault/Shear Zone:  An approximately planar fracture or discontinuity in a volume rock, across which there has been 
significant displacement. 


Stockwork:  Randomly orientated infilled vien and vienlets. 


Microfracture:  A partially healed discontinuity containing relatively weak infill material and which are generally closely to 
extremely closely spaced. 


Friable:  Rock that is easily crumbled or pulverized. 


Soft-sediment deformation structures:  Structures that develop at deposition or shortly after, during the first stages of 
the sediment's consolidation as a result of the displacement and movement of unconsolidated sediments.  
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ABBREVIATIONS FOR THE DESCRIPTION OF DISCONTINUITIES: 
Type: 


Contact CON Open Contact CONO 
Joint JN Bedding (plane joint) BP 
Vein VN Broken Core BC 


Shear SH   
 


Shape: Roughness: 


PL: Planar K: Slickensided 
C: Curved PO: Polished 


U: Undulating SM: Smooth 
ST: Stepped Ro: Rough 
I: Irregular VR: Very Rough 


 
Infilling / Coating Type: 


Bt: Biotite Ca: Calcite Ch: Chlorite Cl: Clay 
- : Clean Fe: Iron Oxide Oth: Other M: Silt 


 
Description of Discontinuities: 


Feature Type:  Geological description of prominent and distinct discontinuities within the rock, indicating 
whether the discontinuity is a joint, bedding (plane joint), shear, or vein.  


Shape:  Planarity (or shape) of the discontinuity surface at the scale of the cored rock. 


Roughness:  Small scale roughness or “feel” of the discontinuity surface at the scale of the cored rock. 


Infill Type:  Mineral or soil composition of the stain (ST), alteration (SA), discontinuous or complete 
coating (DC/CC) or infilling (IN). 


 
OTHER ROCK LOG DEFINITIONS 
Total Core Recovery (TCR):  Records the total cumulative length of all core recovered in the core barrel, and 
expressed as a percentage of the total length drilled. 


Rock Quality Designation (RQD):  The total cumulative length of sound core recovered in lengths greater than 
10 cm, as measured along the centreline axis of the core, and expressed as a percentage per defined interval 
e.g. the core length recovered in a core barrel. The 10 cm index length is independent of core size, and is 
applicable to BQ, NQ, HQ, PQ, 4-inch, and 6-inch core sizes. 


Alpha Angle:  The maximum angle of dip measured between the discontinuity plane and the core axis 
(0° = parallel to core axis;  90° = perpendicular to core axis) 
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 ASPHALT
FILL - (SM) gravelly SILTY SAND,
fine to coarse, rounded to angular
gravel; grey, with orange-brown
mottles, with sub-rounded to angular
cobbles; dry to moist.


  - moist to wet at 2.74m depth.


(SM/ML) gravelly SAND and SILT,
some plastic fines; grey, with cobbles;
non-cohesive, moist to wet, loose to
compact.


(CL-ML) CLAYEY SILT to SILTY
CLAY; grey; cohesive, w~PL to w>PL,
stiff to hard.


(CL-ML, SC and GC) CLAYEY SILT
to SILTY CLAY; grey, with fine to
coarse sandy and fine to medium
gravelly partings and seams;
cohesive, w~PL to w>PL, hard.
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(CL-ML, SC and GC) CLAYEY SILT
to SILTY CLAY; grey, with fine to
coarse sandy and fine to medium
gravelly partings and seams;
cohesive, w~PL to w>PL, hard.
(continued)


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, very dense.


(GP-GM) sandy GRAVEL, fine to
coarse, some non-plastic fines; grey;
non-cohesive, wet, very dense.


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey; wet, very
dense.


(SP-SM) SAND and GRAVEL, fine to
coarse, sub-rounded to angular, some
non-plastic fines; grey, with cobbles;
non-cohesive, wet, very dense.


(CL-ML) CLAYEY SILT to SILTY
CLAY, some sand, trace gravel; grey;
cohesive, w~PL to w>PL, hard.


  - becoming sandy at 19.81m depth.
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(CL-ML) CLAYEY SILT to SILTY
CLAY, some sand, trace gravel; grey;
cohesive, w~PL to w>PL, hard.
(continued)


(SP-SM) SAND, fine to medium;
some fines, grey; non-cohesive, wet,
very dense.


(CL-ML) sandy CLAYEY SILT to
SILTY CLAY, fine to coarse sand,
some fine to coarse, sub-rounded to
angular gravel; grey, with cobbles;
cohesive, w~PL to w>PL, hard.


  - gravel content decreasing at
24.38m depth.


(ML) sandy SILT, fine to medium
sand; grey; cohesive, w~PL to w>PL,
hard.


  - slightly increasing sand content at
28.04m depth.


(ML/SP) CLAYEY SILT and SAND,
fine to medium; grey; cohesive, w~PL,
hard.
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(ML/SP) CLAYEY SILT and SAND,
fine to medium; grey; cohesive, w~PL,
hard. (continued)


(CL-ML, SC and GP) CLAYEY SILT
to SILTY CLAY; grey, with light grey
laminations; cohesive, w~PL to w>PL,
hard; interbedded with thinly to
medium bedded SILTY SAND and
GRAVEL; dry to moist, very dense.


  - bedding at 33.53m, 34.44m,
35.05m, 35.66m and 36.12m depths.


(SP-SM) SILTY SAND to SAND, fine
to medium, sub-angular to
sub-rounded gravel; grey;
non-cohesive, wet, very dense.
 - observe sloughing in hole between
38.7 m and 42.3 m (Inferred based on
drilling action, time, and cuttings).
(SM/GM) SILTY SAND and
GRAVEL, fine to coarse, sub-rounded
to angular; grey to black, with cobbles;
non-cohesive, wet, very dense.
  - decreasing cobble content at
39.01m depth.
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(SM/GM) SILTY SAND and
GRAVEL, fine to coarse, sub-rounded
to angular; grey to black, with cobbles;
non-cohesive, wet, very dense.
(continued)


  - thinly bedded sand from 40.69m to
40.84m depth.


  - increased gravel content at
42.06m depth.


  - cobbles and boulders from 43.59m
to 44.20m depth.


(SM) gravelly SILTY SAND, fine to
coarse, angular to sub-rounded gravel;
grey, with cobbles; non-cohesive, wet,
very dense.
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FILL - (GM/SM) SILTY GRAVEL, fine
to coarse, angular to sub-angular, and
SAND, fine to medium; grey, with
angular cobbles; non-cohesive, dry.


(SM) SILTY SAND, fine; grey;
non-cohesive, wet, loose to compact.


  - gravel, fine to medium, round to
sub-rounded, very thinly to thinly
bedded at 9.75m depth.
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10.06(SP-SM) SAND, fine to medium,
trace to some fines; grey;
non-cohesive, wet, loose to compact.


  - fine to medium, sub-rounded to
sub-angular gravel seam at 15.85m
depth.
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(SP-SM) SAND, fine to medium,
trace to some fines; grey;
non-cohesive, wet, loose to compact.
(continued)


  - fine to coarse sand at 22.86m
depth.


(SP-SM) SAND, some fines; grey;
non-cohesive, wet, compact to dense.
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(SP-SM) SAND, some fines; grey;
non-cohesive, wet, compact to dense.
(continued)


(SM and CL-ML) SILTY SAND, fine
to medium, some fines; grey, with
CLAYEY SILT to SILTY CLAY seams;
grey; non-cohesive, w>PL, wet,
compact to dense.


(SP-SM) SAND, fine to medium,
trace to some fines; grey, with white
shell fragments; non-cohesive, wet,
dense.
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(SP-SM) SAND, fine to medium,
trace to some fines; grey, with white
shell fragments; non-cohesive, wet,
dense. (continued)


(CL-ML and SM) SILT, some fine
sand; grey, with dark grey seams;
non-cohesive, wet, compact to dense;
interbedded with SILTY SAND, fine to
coarse; grey; non-cohesive, wet,
compact to dense; interbedded with
CLAYEY SILT to SILTY CLAY; grey;
cohesive, w>PL, firm.


  - medium to coarse sand, trace
rounded to sub-rounded gravel at
45.95m to 47.10 m depth.
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(CL-ML and SM) SILT, some fine
sand; grey, with dark grey seams;
non-cohesive, wet, compact to dense;
interbedded with SILTY SAND, fine to
coarse; grey; non-cohesive, wet,
compact to dense; interbedded with
CLAYEY SILT to SILTY CLAY; grey;
cohesive, w>PL, firm. (continued)


(CL-ML/CI) SILTY CLAY to CLAYEY
SILT, trace sand; grey; cohesive,
w>PL, firm to stiff.


  - fine to coarse sand seams with
white seashell fragments at 58.17m
depth.
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(CL-ML/CI) SILTY CLAY to CLAYEY
SILT, trace sand; grey; cohesive,
w>PL, firm to stiff. (continued)


  - becomes less silty at 64.01m
depth.


  - becomes sandy at 69.34m depth.
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(CL-ML/SP) CLAYEY SILT to SILTY
CLAY and SAND, fine to medium,
trace medium to coarse, rounded to
sub-rounded gravel; grey, with white
shell fragments; cohesive to
non-cohesive, w>PL to wet, firm to
loose. (continued)


(CL/CI) SILTY CLAY, trace to some,
fine to coarse, angular to sub-rounded
gravel, trace to some, fine to coarse
sand; grey; cohesive, w~PL, firm to
stiff.


(SP/GP) SAND and GRAVEL, fine to
coarse, angular to sub-rounded, some
fines; grey to dark grey, with cobbles
and boulders; non-cohesive, wet, very
dense.


 - Driller notes steady loss of drilling
fluid throughout hole from 67.1 m to
76.2 m depth (based on drilling action,
time and fluid return).


(SP/CL-ML) SAND, fine to coarse
and CLAYEY SILT, some fine to
medium gravel; blue-grey, with
cobbles; cohesive, w~PL to w>PL,
hard.
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(SP/CL-ML) SAND, fine to coarse
and CLAYEY SILT, some fine to
medium gravel; blue-grey, with
cobbles; cohesive, w~PL to w>PL,
hard. (continued)


(SM) SILTY SAND, fine to coarse,
trace gravel; grey; non-cohesive, moist
to wet, very dense.


  - increased coarse sand content
from 85.34m to 85.80m depth.
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(SM) SILTY SAND, fine to coarse,
trace gravel; grey; non-cohesive, moist
to wet, very dense. (continued)


(SM) SAND and SILT; grey, with
cemented fragments; (POSSIBLE
BEDROCK); non-cohesive, moist to
wet, very dense.


Bedrock Encountered. Refer to
Record of Drillhole log for
continuation of rock description.
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 Lost Core: HWT advanced. Inferred
Bedrock.


 Fresh, grey with black laminations,
fine to medium grained, weak (R2),
SANDSTONE.


Cont'd from Record of Borehole.


End of DRILLHOLE.
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 ASPHALT


(ML/SM) CLAYEY SILT and SAND,
some gravel; grey, with fibrous
organics; moist to dry.


(OH) ORGANIC SILT; brown to grey,
odorous, with fibrous organics;
cohesive, w>PL, very soft.


(CI/CL) SILTY CLAY; grey; cohesive,
w>PL, very soft to soft.


(SM) SILTY SAND, fine; grey;
non-cohesive, wet, loose to compact.


(SP-SM) SAND, fine to medium,
trace to some fines; grey;
non-cohesive, wet, loose to compact.
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(SP-SM) SAND, fine to medium,
trace to some fines; grey;
non-cohesive, wet, loose to compact.
(continued)


  - increased medium sand content at
13.72m depth.


  - fine to coarse sand at 18.29m
depth.
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(SP-SM) SAND, fine to coarse, trace
to some fines, trace gravel; grey;
non-cohesive, wet, compact.
(continued)
  - 25mm fine gravel seam at 19.81m
depth.


  - thinly laminated 5mm clayey silt
seam at 22.89m depth.


(SP-SM and ML) SAND, fine to
medium, trace to some fines; grey,
with clayey silt seams; non-cohesive,
wet, compact.


  - 25mm medium gravel pocket at
29.26m depth.
  - white shell fragment at 29.49m
depth.
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(SP-SM and ML) SAND, fine to
medium, trace to some fines; grey,
with clayey silt seams; non-cohesive,
wet, compact. (continued)


(SP) SAND, fine to medium, trace
fine gravel; grey; non-cohesive, wet,
compact.


(SP-SM and CL-ML) SAND, fine,
trace to some fines; grey, with white
shell fragments; non-cohesive, wet,
compact; interbedded with SILTY
CLAY to CLAYEY SILT, low to
medium plasticity; grey; cohesive,
w>PL, stiff.


  - compact to dense at 35.05m
depth.


  - trace fine gravel, sub-rounded to
sub-angular from 35.51m to 35.66m
depth.
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(SP-SM and CL-ML) SAND, fine,
trace to some fines; grey, with white
shell fragments; non-cohesive, wet,
compact; interbedded with SILTY
CLAY to CLAYEY SILT, low to
medium plasticity; grey; cohesive,
w>PL, stiff. (continued)


  - trace 5mm fibreous organic pocket
at 41.25m depth.


  - trace gravel, fine, sub-rounded at
42.67m depth.
(CL/CI) SILTY CLAY, trace sand;
grey; cohesive, w>PL, firm to stiff.
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(CL/CI) SILTY CLAY, trace sand;
grey; cohesive, w>PL, firm to stiff.
(continued)


(CI) SILTY CLAY, trace fine sand;
grey, with fine silty sand pockets;
cohesive, w>PL, stiff.
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(CI) SILTY CLAY, trace fine sand;
grey, with fine silty sand pockets;
cohesive, w>PL, stiff. (continued)


(SC/CL-ML) CLAYEY SAND and
SILTY CLAY to CLAYEY SILT; grey;
non-cohesive to cohesive, w>PL, wet.


(SP/GP) SAND, fine to coarse, and
GRAVEL, fine to coarse, sub-rounded
to sub-angular, some fines; grey;
non-cohesive, wet, dense to very
dense.


  - drill fluid loss at 64.6m to 67.1m
depth. (Inferrred based on drilling
action, time and fluid return)


  - inferred boulder at 65.53m depth.
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(SP/GP) SAND, fine to coarse, and
GRAVEL, fine to coarse, sub-rounded
to sub-angular, some fines; grey;
non-cohesive, wet, dense to very
dense. (continued)


(SM) SILTY SAND, fine to medium;
grey, with coarse sand and fine to
medium gravel seams; non-cohesive,
wet, very dense.


End of Borehole.
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598 West 24 Avenue, Vancouver, B.C. V5Z 2B4   Tel: (604) 418-1072 
billschwartzcpt@telus.net 


Golder Associates Ltd. May 8, 2016 
Suite 200 – 2920 Virtual Way 
Vancouver, B.C. 
V5M 0C4 


Attn:  Jordan Soquila, E.I.T. 


Site: Pattullo Bridge Replacement, Surrey 


Re: SCPTU investigation on April 13 - 15, 2016 


Schwartz Soil Technical Inc (SST) was retained by Foundex Explorations to 
provide SCPT and dissipation testing for this investigation. The investigation 
consisted of two SCPT tests and six dissipation tests. These tests were 
conducted on April 13 to 15, 2016. Golder Associates staff provided testing 
instructions on site. 


1.0 PROJECT INFORMATION 


A.  CPTU Equipment 


The digital CPTU equipment which we deployed on this project is manufactured 
by Hogentogler and ARA/Vertek.  These companies are the oldest and most 
experienced designers of in-situ testing equipment in North America.  


The electronic piezocone that was used on this project is designed with a 10 
square centimeter tip, 150 square centimeter friction sleeve and has a 10-ton tip 
capacity.  The area ratio for converting qc values to qt is 0.8.  This cone is also 
designed with the tip and friction sleeve load cells acting independently from 
each other.  This method of cone design helps to ensure that cross talk between 
the different load cells does not occur. 


Pore pressures on this project were measured at the U2 position, which is 
located behind the cone tip. The pore pressure elements are made of a porous 
plastic material.  Prior to this project the elements were placed in a glycerine 
solution in a vacuum chamber for many days.  The pore pressure elements 
remain submerged in glycerine at all times during transportation to site in order to 
ensure that they do not become de-saturated. Removing the air from the 
elements in this manner enables our cone system to quickly record pore 
pressure changes in the subsurface soils. 
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Our field computer and data acquisition system was used for viewing the CPTU 
data in a real time format as it was collected on site.  At the conclusion of each 
test the data files were transferred to our lap top computer for further analysis. 


After each CPT test or push all the o-rings on the electric cone were cleaned and 
lubricated. A new pore pressure element was also installed on the cone for each 
successive CPT push. 


B.   Temperature related baseline corrections 


Precautions were taken at every test location to ensure that the cone was kept at 
a temperature that was close to the ground temperature. It is our experience that 
large variations between the temperature of the testing tools and the soils can 
cause baseline shifts in the CPTU data.  Keeping our electronic cone at the near-
optimum temperature for the soils at this site was accomplished with towels and 
an ice water bath. 


A temperature related correction was not applied to any of the data that was 
collected during this investigation. 


C.   Testing depths  


All of the cone tests were started and referenced to adjacent site grade.   


D. Pore pressure dissipation tests 


Six pore pressure dissipations tests were conducted during the investigation. 
All three dissipations that were conducted at SCPT16-03 reached a full 
equilibrium position quickly.  


The first dissipation at SCPT16-02 (20.10 m) reached a full equilibrium position. 
The last two dissipations at SCPT16-02 were conducted in fine-grained soils. 
The t50 time value for these last two dissipations is shown on each of the graphs.     


E. Seismic shear wave testing 


Seismic shear waves were generated by striking the end of a steel beam with a 
large sledgehammer. The steel beam was centered under the hydraulic jacks of 
the drill.  Seismic shear waves were collected at one-meter intervals. 
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The beam and sledgehammers are both wired into a timing circuit that is 
connected to our data acquisition system and oscilloscope.  When the hammer 
strikes the end of the beam a timing circuit opens. 
The timing circuit is then used to record the length of time it takes for the wave to 
travel from the ground surface down to the geophone in the cone. 


The horizontal distance from the cone to the beam source was measured at each 
of the test locations.  This horizontal distance and the cone depth are necessary 
for calculating the length of the shear wave travel path. 


Numerous shear waves were created at each testing depth. The waves were 
then stacked which amplifies the shear wave and helps to eliminate the noise.    


Our field computer and oscilloscope were used on site for viewing the shear 
wave traces in the frequency time domain.  At the conclusion of the test program 
the seismic trace files were transferred to our office computer for further analysis. 


A horizontally mounted geophone within the body of the cone was used to record 
the arrival of the shear waves.  Our seismic data acquisition system recorded 
4000 to 6000 sample points for each wave trace at a resolution of up to 20 008 
samples per second. 


The geophone is located 25 centimeters behind the cone tip as indicated on the 
seismic data tables. 


A considerable amount of noise and vibrations from the adjacent roadway, trains 
and manufacturing facility was present at SCPT16-03. Due to the noise we were 
not able to record quality shear wave data to the full depth of the test. Disruptive 
noise was not encountered at the location of SCPT16-02.  
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F. Estimated soil behavior type 


The cone plots attached to this report show the estimated soil behavior type 
(SBT). The SBT that was used for the soils at this site is normalized and is based 
on the Robertson correlation method from 1990.  


Respectfully,  


Bill Schwartz, P.Eng 
In-situ Testing Services
Schwartz Soil Technical Inc. 
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U2 PORE PRESSURE DISSIPATION
PATTULLO BRIDGE REPLACEMENT 


SCPT16 - 02   20.10 METER DEPTH
APRIL 14 - 15, 2016


Dissipation depth = 20.10 meter
Estimated equilibrium = 17.0 meters of head
Length of dissipation = 285 seconds
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U2 PORE PRESSURE DISSIPATION
PATTULLO BRIDGE REPLACEMENT 


SCPT16 - 02   59.10 METER DEPTH
APRIL 14 - 15, 2016


Dissipation depth = 59.10 meter
Estimated water table depth below adjacent site grade = 3.4 meter
Estimated equilibrium = 55.7 meters of head


U100 = 120.3 meters of head
U0 = 55.7 meters of head (estimated)
U50 = 88.0 meters of head
t50 = 105 seconds
Length of dissipation = 560 seconds
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U2 PORE PRESSURE DISSIPATION
PATTULLO BRIDGE REPLACEMENT 


SCPT16 - 02   72.55 METER DEPTH
APRIL 14 - 15, 2016


Dissipation depth = 72.55 meter
Estimated water table depth below adjacent site grade = 3.4 meter
Estimated equilibrium = 69.1 meters of head


U100 = 322.9 meters of head
U0 = 69.1 meters of head (estimated)
U50 = 196.0 meters of head
t50 = 960 seconds
Length of dissipation = 1920 seconds
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U2 PORE PRESSURE DISSIPATION
PATTULLO BRIDGE REPLACEMENT 


SCPT16 - 03   12.20 METER DEPTH
APRIL 13, 2016


Dissipation depth = 12.20 meter
Estimated equilibrium = 10.0 meters of head
Length of dissipation = 180 seconds
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U2 PORE PRESSURE DISSIPATION
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SCPT16 - 03   27.20 METER DEPTH
APRIL 13, 2016


Dissipation depth = 27.20 meter
Estimated equilibrium = 25.0 meters of head
Length of dissipation = 240 seconds
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U2 PORE PRESSURE DISSIPATION
PATTULLO BRIDGE REPLACEMENT 


SCPT16 - 03   63.25 METER DEPTH
APRIL 13, 2016


Dissipation depth = 63.25 meter
Estimated equilibrium = 61.6 meters of head
Length of dissipation = 630 seconds
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BH16-01 1 0.91 1.22 10.4


BH16-01 3 3.05 3.66 13.9


BH16-01 6 7.62 8.23 30.5


BH16-01 8 10.67 11.28 26.1


BH16-01 9 12.19 12.80 21.2


BH16-01 11 15.24 15.85 8.4


BH16-01 13 18.29 18.90 23.8


BH16-01 15 15A 21.34 21.64 21.5


BH16-01 15 15B 21.64 21.95 21.7


BH16-01 16 22.86 23.47 16.4


BH16-01 19 27.43 27.84 16.4


BH16-01 21 30.48 30.73 15.0


BH16-01 22 22B 33.60 34.14 30.2


BH16-01 24 39.62 39.90 16.9


BH16-02 1 0.61 1.52 5.0


BH16-02 5 7.62 8.23 33.6


BH16-02 8 12.19 12.80 31.4


BH16-02 10 15.24 15.85 25.3


BH16-02 12 18.29 18.90 27.6


BH16-02 15 22.86 23.47 23.7


BH16-02 18 27.43 28.04 23.1


BH16-02 21 32.00 32.61 20.4


BH16-02 23 23A 35.05 35.28 30.9


BH16-02 23 23B 35.28 35.66 26.2


BH16-02 26 39.62 40.23 27.3


BH16-02 27 41.15 41.76 24.8


BH16-02 29 29B 45.95 46.33 15.2


BH16-02 31 31A 51.82 52.04 33.7


BH16-02 31 31B 52.04 52.43 27.6


BH16-02 32 54.86 55.47 28.4


BH16-02 34 60.96 61.57 31.0


BH16-02 35 64.01 64.62 30.5


BH16-02 36 67.06 67.67 33.1


BH16-02 37 70.10 70.71 20.6
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BH16-02 38 38B 73.38 73.56 14.1


BH16-02 41 82.30 82.37 19.2


BH16-02 42 85.34 85.39 21.2


BH16-02 43 88.39 88.44 22.0


BH16-02 44 91.44 91.49 20.2


BH16-03 2 3.05 3.66 212.6


BH16-03 4 6.10 6.71 30.7


BH16-03 6 9.14 9.75 27.1


BH16-03 8 12.19 12.80 27.9


BH16-03 10 15.24 15.85 23.0


BH16-03 12 18.29 18.90 21.1


BH16-03 15 22.86 23.47 22.0


BH16-03 17 25.91 26.52 21.3


BH16-03 20 30.48 31.09 25.7


BH16-03 24 24B 36.63 37.19 27.8


BH16-03 27 41.15 41.76 29.3


BH16-03 29 45.11 45.72 32.0


BH16-03 30 48.77 49.38 33.0


BH16-03 31 51.82 52.43 38.0


BH16-03 33 57.91 58.52 36.6


BH16-03 34 60.96 61.42 27.2


BH16-03 36 67.06 67.67 8.9


BH16-03 37 70.10 70.71 10.5


BH16-03 39 39B 76.28 76.58 19.4
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Sample Location: BH16-01


Sample No.: 15


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-01


Sample No.: 16


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-01


Sample No.: 19


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-01


Sample No.: 21


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-01


Sample No.: 22


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-01


Sample No.: 22


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-01


Sample No.: 24


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-01


Sample No.: 26


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 1


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 5


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 8


Lab Schedule No.:
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Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 10


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com
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Parsons
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Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com
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ASTM D422


Tech Date Checked Date
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Tech Date Checked Date
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Sample Location: BH16-02


Sample No.: 26


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project:
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Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com
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Sample Location: BH16-02


Sample No.: 29
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Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 34


Lab Schedule No.:


ASTM D 422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 35


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4







0


10


20


30


40


50


60


70


80


90


100


0.00010.0010.010.1110100


40201 1/2 4
HydrometerU.S. Sieve Size (meshes / inch)


Coarse


GRAVEL


200100603/81224 USCS Particle Size Scale


LH


67.06 to 67.67


SJ/OA 5/31/2016 6/8/2016


Size of Opening (inches)
103/436


P
er


ce
n


t 
F


in
er


 b
y 


M
as


s


SAND


Fine MediumCoarse
BOULDER FINES (Silt, Clay)


Fine


Particle Size (mm)


COBBLE


(USS)


SUMMARY OF PARTICLE SIZE DISTRIBUTION


Depth Interval (m):


(mm)


Percent
Passing


Particle
SizeSieve Size


Legend


(mm)


6"


3.5"


3"


2"


1 1/2"


1"


3/4"


1/2"


3/8"


#4 US MESH


#10 US MESH


#20 US MESH


#40 US MESH


#60 US MESH


#100 US MESH


#140 US MESH


#200 US MESH


152.4


88.9


76.2


50.8


38.1


25.4


19.1


12.7


9.5


4.75


2


0.85


0.425


0.25


0.15


0.106


0.075


0.0360


0.0256


0.0165


0.0100


0.0074


0.0054


0.0040


0.0028


0.0012


96.8


95.6


91.9


83.0


74.1


66.5


54.8


45.4


31.8


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


99.9


99.9


99.4


98.4


98.2


National IM Server:GINT_GAL_NATIONALIM Unique Project ID:1275 Output Form:_LAB_PARTICLE SIZE (W/ GRADATIONS) 2015  KCapes  20/3/18


Sample Location: BH16-02


Sample No.: 36
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ASTM D 422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 37


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 38


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 41


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 42


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-02


Sample No.: 43


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4







0


10


20


30


40


50


60


70


80


90


100


0.00010.0010.010.1110100


40201 1/2 4
HydrometerU.S. Sieve Size (meshes / inch)


Coarse


GRAVEL


200100603/81224 USCS Particle Size Scale


DGM


91.44 to 91.49


ADR/JP 5/20/2016 6/6/2016


Size of Opening (inches)
103/436


P
er


ce
n


t 
F


in
er


 b
y 


M
as


s


SAND


Fine MediumCoarse
BOULDER FINES (Silt, Clay)


Fine


Particle Size (mm)


COBBLE


(USS)


SUMMARY OF PARTICLE SIZE DISTRIBUTION


Depth Interval (m):


(mm)


Percent
Passing


Particle
SizeSieve Size


Legend


(mm)


3/8"


#4 US MESH


#10 US MESH


#20 US MESH


#40 US MESH


#60 US MESH


#100 US MESH


#200 US MESH


9.5


4.75


2


0.85


0.425


0.25


0.15


0.075


100.0


98.7


95.6


93.3


89.6


78.0


52.4


33.7


National IM Server:GINT_GAL_NATIONALIM Unique Project ID:1275 Output Form:_LAB_PARTICLE SIZE (W/ GRADATIONS) 2015  KCapes  20/3/18


Sample Location: BH16-02


Sample No.: 44


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 4


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons
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Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com
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Sample Location: BH16-03


Sample No.: 6


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com
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BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 8


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 10


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 12


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 15


Lab Schedule No.:


ASTM D5519


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 17


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 20


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4







0


10


20


30


40


50


60


70


80


90


100


0.00010.0010.010.1110100


40201 1/2 4
HydrometerU.S. Sieve Size (meshes / inch)


Coarse


GRAVEL


200100603/81224 USCS Particle Size Scale


DGM


36.58 to 36.63


ADR/JP 5/31/2016 6/6/2016


Size of Opening (inches)
103/436


P
er


ce
n


t 
F


in
er


 b
y 


M
as


s


SAND


Fine MediumCoarse
BOULDER FINES (Silt, Clay)


Fine


Particle Size (mm)


COBBLE


(USS)


SUMMARY OF PARTICLE SIZE DISTRIBUTION


Depth Interval (m):


Specimen: 24A


(mm)


Percent
Passing


Particle
SizeSieve Size


Legend


(mm)


#10 US MESH


#20 US MESH


#40 US MESH


#60 US MESH


#100 US MESH


#200 US MESH


2


0.85


0.425


0.25


0.15


0.075


0.0276


0.0183


0.0112


0.0082


0.0059


0.0030


0.0013


68.5


60.8


50.8


44.6


38.6


28.1


18.8


100.0


99.9


99.7


99.2


93.8


78.6
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Sample Location: BH16-03


Sample No.: 24


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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National IM Server:GINT_GAL_NATIONALIM Unique Project ID:1275 Output Form:_LAB_PARTICLE SIZE (W/ GRADATIONS) 2015  KCapes  20/3/18


Sample Location: BH16-03


Sample No.: 24


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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National IM Server:GINT_GAL_NATIONALIM Unique Project ID:1275 Output Form:_LAB_PARTICLE SIZE (W/ GRADATIONS) 2015  KCapes  20/3/18


Sample Location: BH16-03


Sample No.: 27


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 29


Lab Schedule No.:


ASTM D422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project:


Location:


Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 30
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ASTM D 422


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project
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Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample Location: BH16-03


Sample No.: 31
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Tech Date Checked Date


Parsons
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Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com
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Sample Location: BH16-03


Sample No.: 33
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Tech Date Checked Date


Parsons
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Project No.: 1650596 Phase: 2000 Task: 2040


Surrey/New Westminster


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4
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Sample air-dried before preparation.
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Sample air-dried before preparation


1650596 Phase: 2000 Task: 2040


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Surrey/New Westminster


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


BCUC IR1 Attachment 7.4







0


10


20


30


40


50


60


70


80


0 10 20 30 40 50 60 70 80 90 100


Liquid
Limit


Plastic
Limit


Plasticity
Index


Natural
Water Content


(%)


Liquidity
Index


NP - NON-PLASTIC RESULT   ND - NOT DETERMINED


18.29 to 18.90


BH16-01 23.826 22 0.5 4.0


PLASTICITY CHART


P
la


st
ic


it
y 


In
d


ex


Liquid Limit


Depth
(m)


Sample
Location


ADR/JP 5/31/2016 DGM 6/6/2016


13


Sample / Specimen
Number


18.29 18.90


Bottom
(m)


Percent
Passing


#40 Sieve
(%)


Sym.


96


LIQUID LIMIT, PLASTIC LIMIT AND
PLASTICITY INDEX OF SOILS


ASTM D 4318-10


Depth Interval (m):


Sample air-dried before preparation.


Preparation Method:Test Method: A-Multi Point


Other Remarks:


Sample air-dried before preparation


Borehole ID:  BH16-01


Lab Schedule No.:


Sample No.:  13


N
at


io
na


l I
M


 S
er


ve
r:


G
IN


T
_G


A
L_


N
A


T
IO


N
A


LI
M


 U
ni


qu
e 


P
ro


je
ct


 ID
: O


ut
pu


t F
or


m
:_


LA
B


 A
T


T
E


R
B


E
R


G
 C


A
S


A
G


R
A


N
D


E
 (


S
IN


G
LE


) 
20


15
  K


C
ap


es
  2


0/
3/


18


1650596 Phase: 2000 Task: 2040


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Surrey/New Westminster


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


SILT (ML)
SILTY CLAY-CLAYEY SILT (CL-ML) CLAYEY SILT (ML)


ORGANIC SILT (OL)


A-Line


CLAYEY SILT (MH)
ORGANIC SILT (OH)


CLAY
(CH)


SILTY CLAY
(CI)


SILTY CLAY
(CL)


BCUC IR1 Attachment 7.4







0


10


20


30


40


50


60


70


80


90


100


1 10 100


23.8


SUMMARY


Percent Passing #40 Sieve (%)


Liquid Limit


Natural Water Content (%)


Liquidity Index


W
at


er
 C


o
n


te
n


t 
%


Number of Blows


ADR/JP


Plastic Limit


Plasticity Index


5/31/2016 DGM 6/6/2016


26


22


18.29 to 18.90


LIQUID LIMIT, PLASTIC LIMIT AND
PLASTICITY INDEX OF SOILS


ASTM D 4318-10


96


NP - NON-PLASTIC RESULT
ND - NOT DETERMINED


4


0.5


Depth Interval (m):


N
at


io
na


l I
M


 S
er


ve
r:


G
IN


T
_G


A
L_


N
A


T
IO


N
A


LI
M


 U
ni


qu
e 


P
ro


je
ct


 ID
: O


ut
pu


t F
or


m
:_


LA
B


 A
T


T
E


R
B


E
R


G
 L


IM
IT


S
 (


R
E


P
O


R
T


) 
20


15
  K


C
ap


es
  2


0/
3/


18


Borehole ID:  BH16-01
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Sample air-dried before preparation.


Preparation Method:Test Method: A-Multi Point


Other Remarks:
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Sample No.:  16


Sample air-dried before preparation.


Preparation Method:Test Method: A-Multi Point
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Sample air-dried before preparation.
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Borehole ID:  BH16-01


Lab Schedule No.:


Sample No.:  21


Sample air-dried before preparation.


Preparation Method:Test Method: A-Multi Point
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Borehole ID:  BH16-01
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Sample No.:  22


Sample air-dried before preparation.


Preparation Method:Test Method: A-Multi Point
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Sample air-dried before preparation.
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Borehole ID:  BH16-02


Lab Schedule No.:


Sample No.:  29


N/A


Preparation Method:Test Method: A-Multi Point
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Sample No.:  31


N/A


Preparation Method:Test Method: A-Multi Point


Other Remarks:


Sample air-dried before preparation
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Sample air-dried before preparation.
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Sample air-dried before preparation.
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Sample No.:  31


N/A


Preparation Method:Test Method: A-Multi Point


Other Remarks:
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1650596 Phase: 2000 Task: 2040


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Surrey/New Westminster


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


SILT (ML)
SILTY CLAY-CLAYEY SILT (CL-ML) CLAYEY SILT (ML)


ORGANIC SILT (OL)


A-Line


CLAYEY SILT (MH)
ORGANIC SILT (OH)


CLAY
(CH)


SILTY CLAY
(CI)


SILTY CLAY
(CL)
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Plasticity Index
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Note: The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Borehole ID:  BH16-03


Lab Schedule No.:


Sample No.:  34


N/A


Preparation Method:Test Method: A-Multi Point


Other Remarks:


Wet


1650596 Phase: 2000 Task: 2040


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Surrey/New Westminster


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


Average Organic Matter % 23.8


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974-13


Parsons Borehole: BH16-03


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 2


12190 King George Boulevard, Surrey Depth  (m): 4.57-5.18


1650596/2000/2030 Lab ID No: -
Method C Other Remarks:


Moisture Content  %
212.6


(W% as percent of oven dried mass)


Trial # 1 2


Ash Content % 75.6 76.8


Organic Matter % 24.4 23.2


TESTED BY DATE CHECKED BY DATE


UCS Description


* 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. 


ADR/JP June 20, 2016 DGM June 28, 2016


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


Average Organic Matter % 2.5


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974-13


Parsons Borehole: BH16-03


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 30


12190 King George Boulevard, Surrey Depth  (m): 48.77-49.38


1650596/2000/2030 Lab ID No: 183
Method C Other Remarks:


Moisture Content  %
29.1


(W% as percent of oven dried mass)


Trial # 1 2


Ash Content % 97.6 97.5


Organic Matter % 2.4 2.5


TESTED BY DATE CHECKED BY DATE


UCS Description


* 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. 


SJ June 13, 2016 LH June 15, 2016


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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APPENDIX E  
Laboratory Specialized Test Results 
 
Appendix E1 – Specific Gravity Determinations 
Appendix E2 – Laboratory Miniature Shear Vane Tests 
Appendix E3 – One-Dimensional Consolidation Tests 
Appendix E4 – Consolidated Undrained Triaxial Compression Tests 
Appendix E5 – Gamma Ray Radiography 
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Client:
Project:
Location:
Project No.:


Specific Gravity of Coarse Fraction  (ASTM C 127-12)
Percentage Retained on 4.75mm
Mass of Sample in Water (g)


Bulk G (Oven Dry) 


OA May 31, 2016 LH June 8, 2016
TESTED BY DATE CHECKED BY DATE


GOD


Specific Gravity at Test Temperature Gt 2.73 2.73


Specific Gravity at 20ºC G20ºC 2.73 2.73


AVERAGE SPECIFIC GRAVITY OF TRIALS 2.73


Mass of Tare  (g) 188.06 183.52


Mass of Oven Dry Soil (g) MS 35.01 34.96


Temperature Coefficient K 1.00 1.00


Mass of Flask + Water (g) Mρw,t 340.28 340.34


Tare Number 9d 10d


Mass of Tare + Dry Soil (g) 223.07 218.48


Mass of Flask + Dry Soil (g) 126.27 126.37


Mass of Flask + Soil + Water (g) Mρws,t 362.49 362.5


Test Temperature (°C) Tt 22.3 22.3


Lab ID No: 1831650596 Phase: 2000 Task: 2030


Specific Gravity of Fine Fraction Method B - Oven Dried Samples
Trial 1 Trial 2


Visual Description: % Passing 4.75mm 100.00
-


Excluded Material 
Description


No excluded material


SPECIFIC GRAVITY OF SOIL SOLIDS BY WATER PYCNOMETER Reference(s)
ASTM D854 -14


Borehole: BH16-02Parsons


Sample Number: 34


Depth  (m): 60.96-61.57


Pattullo Bridge Replacement Project


VFPA Foreshore Tenure Lot R-57-00, Surrey


Flask Number I J


Air Removal Method M p Hot Plate Hot Plate 


Mass of Flask (g) 91.08 91.24


Bulk G (SSD) GSSD


Mass of Sample @ SSD (g)
Mass of Oven Dry Sample (g)


Corrected Specific Gravity to 20°C G20ºC


COMBINED SPECIFIC GRAVITY Gavg @20ºC


Apparent G
Absorption (%) A


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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Client:
Project:
Location:
Project No.:


Corrected Specific Gravity to 20°C G20ºC


COMBINED SPECIFIC GRAVITY Gavg @20ºC


Apparent G
Absorption (%) A


Bulk G (SSD) GSSD


Mass of Sample @ SSD (g)
Mass of Oven Dry Sample (g)


Flask Number K L


Air Removal Method M p Hot Plate Hot Plate 


Mass of Flask (g) 88.14 90.16


SPECIFIC GRAVITY OF SOIL SOLIDS BY WATER PYCNOMETER Reference(s)
ASTM D854 -14


Borehole: BH16-02Parsons


Sample Number: 36


Depth  (m): 67.06-67.67


Pattullo Bridge Replacement Project


VFPA Foreshore Tenure Lot R-57-00, Surrey


Lab ID No: 1831650596 Phase: 2000 Task: 2030


Specific Gravity of Fine Fraction Method B - Oven Dried Samples
Trial 1 Trial 2


Visual Description: % Passing 4.75mm 100.00
-


Excluded Material 
Description


No excluded material


Mass of Flask + Dry Soil (g) 123.30 125.43


Mass of Flask + Soil + Water (g) Mρws,t 359.42 361.46


Test Temperature (°C) Tt 22.3 22.3


Mass of Flask + Water (g) Mρw,t 337.21 339.20


Tare Number 11d 12d


Mass of Tare + Dry Soil (g) 220.89 218.94


Mass of Tare  (g) 185.83 183.81


Mass of Oven Dry Soil (g) MS 35.06 35.13


Temperature Coefficient K 1.00 1.00


Specific Gravity at Test Temperature Gt 2.73 2.73


Specific Gravity at 20ºC G20ºC 2.73 2.73


AVERAGE SPECIFIC GRAVITY OF TRIALS 2.73


Specific Gravity of Coarse Fraction  (ASTM C 127-12)
Percentage Retained on 4.75mm
Mass of Sample in Water (g)


Bulk G (Oven Dry) 


OA May 31, 2016 LH June 8, 2016
TESTED BY DATE CHECKED BY DATE


GOD


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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Client:
Project:
Location:
Project No.:


Corrected Specific Gravity to 20°C G20ºC


COMBINED SPECIFIC GRAVITY Gavg @20ºC


Apparent G
Absorption (%) A


Bulk G (SSD) GSSD


Mass of Sample @ SSD (g)
Mass of Oven Dry Sample (g)


Flask Number M N


Air Removal Method M p Hot Plate Hot Plate 


Mass of Flask (g) 109.38 109.01


SPECIFIC GRAVITY OF SOIL SOLIDS BY WATER PYCNOMETER Reference(s)
ASTM D854 -14


Borehole: BH16-03Parsons


Sample Number: 30


Depth  (m): 48.77-49.38


Pattullo Bridge Replacement Project


12190 King George Boulevard, Surrey


Lab ID No: 1831650596 Phase: 2000 Task: 2030


Specific Gravity of Fine Fraction Method B - Oven Dried Samples
Trial 1 Trial 2


Visual Description: % Passing 4.75mm 100.00
-


Excluded Material 
Description


No excluded material


Mass of Flask + Dry Soil (g) 144.39 144.31


Mass of Flask + Soil + Water (g) Mρws,t 380.76 380.46


Test Temperature (°C) Tt 22.2 22.2


Mass of Flask + Water (g) Mρw,t 358.67 358.18


Tare Number 13d 14d


Mass of Tare + Dry Soil (g) 218.07 220.34


Mass of Tare  (g) 183.2 185.15


Mass of Oven Dry Soil (g) MS 34.87 35.19


Temperature Coefficient K 1.00 1.00


Specific Gravity at Test Temperature Gt 2.73 2.72


Specific Gravity at 20ºC G20ºC 2.73 2.72


AVERAGE SPECIFIC GRAVITY OF TRIALS 2.73


Specific Gravity of Coarse Fraction  (ASTM C 127-12)
Percentage Retained on 4.75mm
Mass of Sample in Water (g)


Bulk G (Oven Dry) 


OA May 31, 2016 LH June 8, 2016
TESTED BY DATE CHECKED BY DATE


GOD


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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Miniature Vane Shear Test for Saturated
Fine-Grained Clayey Soils


Project No.:
Project: Instrument ID: GEO839


Location: Lab ID No:
Client:


Pilcon Geotechnics Hand Held Shear Vane


* 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. 


Visual DescriptionVANE TYPE


PEAK REMOULDED


SAMPLE DEPTH 
(m):


TEST 
DEPTH: Torque 


reading [-]
Vane shear 


strength [kPa]


Large 


Torque 
reading [-]


Vane shear 
strength [kPa]


Small 


1.9


36 67.06-
67.67 Top Large 76.0 20.8 6.0 1.6 SILTY CLAY to CLAYEY 


SILT, trace sand; grey; w>PL


SILTY CLAY, trace sand; 
grey; w>PL


Large 


4.6 SAND and SILTY CLAY to 
CLAYEY SILT; grey; w>PL


100.0 27.3 4.6


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


ASTM D4648-D4648M


BOREHOLE


MM/CS May 25, 2016 DL/LP June 8, 2016
TESTED BY DATE CHECKED BY DATE


1650596/2000/2030 Vane Apparatus:
Pattullo Bridge Replacement Project


Surrey / New Westminster 183


Parsons


BH16-03


BH16-03


BH16-03


BH16-02


30 48.77-
49.38


48.77-
49.38 Top30 87.0 23.8 7.0


Bottom 17.0


34 60.96-
61.42 Bottom 30.0 46.0 3.0


SILTY CLAY, trace sand;  
grey; w>PL
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No. : Client  : Borehole: BH16-03
Sch No. Project : Sample:
Lab Work: Location: Depth (m) : 48.77 - 49.38


Advanced to 15kPa due to swelling.


May 25, 2016 June 9, 2016


TESTED BY DATE CHECKED BY DATE


MM MS


Reference(s)One-Dimensional Consolidation Properties of Soils 


1650596/2000/2030
183
MM


ASTM D 2435/D 2435M-11
Parsons
Pattullo Bridge Replacement Project
12190 King George Boulevard, Surrey
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No. : Client  : Borehole: BH16-03
Sch No. Project : Sample:
Lab Work: Location: Depth (m) : 48.77 - 49.38


Machine: Initial Final Initial Final
Mach No. Height (mm) = 22.09 20.16 135.43 130.18


Ring No. Diameter (mm) = 63.49 63.49 104.71 104.71


Drainage: Area (cm2) = 31.66 31.66 w (%) = 29.34 24.32


Volume (cm3) = 69.93 63.83 e    = 0.823 0.664


ρwet  (kg/m3) = 1937 2040


ρdry (kg/m3) = 1497 1641


ASTM Method: Gs = 2.73 Calculated S (%) = 97 100


Method for Cv : Hs (mm) = 12.12


  Havg :


Time Increment: Liquid Limit:


Plastic Limit:


N/A Plasticity Index:


Soil Classification:


t 90


(min)


1 5 -0.01 21.94 -0.07 9.82 0.811


2 12 0.10 21.89 0.14 9.77 0.807


3 24 0.08 21.86 0.27 9.75 0.804 18 0.81 10.94 1.72 9.8E-03 1.1E-07


4 48 0.15 21.78 0.64 9.67 0.798 36 0.80 10.91 1.21 1.4E-02 2.1E-07


5 96 0.18 21.71 0.98 9.59 0.792 72 0.79 10.87 1.17 1.4E-02 1.0E-07


6 192 0.25 21.55 1.68 9.44 0.779 144 0.79 10.81 1.17 1.4E-02 1.0E-07


7 383 0.35 21.32 2.76 9.20 0.759 287 0.77 10.72 1.29 1.3E-02 7.1E-08


8 766 0.51 20.96 4.38 8.84 0.730 575 0.74 10.57 1.25 1.3E-02 5.5E-08


9 1532 0.67 20.48 6.57 8.37 0.691 1149 0.71 10.36 1.15 1.3E-02 3.9E-08


10 766 -0.19 20.56 6.19 8.45 0.697


11 192 -0.29 20.72 5.46 8.61 0.711


12 48 -0.29 20.95 4.45 8.83 0.729


13 12 -0.26 21.14 3.54 9.03 0.745


Comments: Void Ratio Vs. Stress computed for end of primary consolidation. Final height calculated to 100% saturation.


Advanced to 12 kPa due to swelling


Description: SILTY CLAY, trace sand; grey; w>PL.


eavg


12190 King George Boulevard, Surrey


CI


Remarks Sample Properties


Equipment


B1


Phase Relationships


Estimated Preconsolidation Stress:


Specimen Geometry


Sigma-1


6 Wet Wt (g) =


21


 B - Constant Time Increment @ EOP


Taylor


Dry Wt (g) =


Double-sided


Atterberg Limits


32


Cv               


(cm2/sec)
Havg     


(mm)
k


(cm/sec)


11


Half the specimen height


Stress avg 
(kPa)


 ∆H           
(mm)


ε                    
Σ ∆Η / Ηο     


(%)


360 min


Stress 
(kPa)


 Corrected    
d f


(mm)


H-Hs


(mm)


One-Dimensional Consolidation Properties of Soils 
Reference(s)


ASTM D 2435/D 2435M-11
Parsons
Pattullo Bridge Replacement Project


1650596/2000/2030
183
MM


30


June 9, 2016


TESTED BY DATE CHECKED BY DATE


Load #


MM May 25, 2016


 e                  
(H-Hs)/Hs


MS
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No. : Client  : Borehole: BH16-02
Sch No. Project : Sample:
Lab Work: Location: Depth (m) : 60.96 - 61.57


Advanced to 15kPa due to swelling.


May 25, 2016 June 9, 2016


TESTED BY DATE CHECKED BY DATE


CS MS


Reference(s)One-Dimensional Consolidation Properties of Soils 


1650596/2000/2030
183
CS


ASTM D 2435/D 2435M-11
Parsons
Pattullo Bridge Replacement Project
VFPA Foreshore Tenure Lot R-57-00, Surrey


34
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No. : Client  : Borehole: BH16-02
Sch No. Project : Sample:
Lab Work: Location: Depth (m) : 60.96 - 61.57


Machine: Initial Final Initial Final
Mach No. Height (mm) = 21.92 18.86 133.87 124.34


Ring No. Diameter (mm) = 63.50 63.50 101.83 101.83


Drainage: Area (cm2) = 31.67 31.67 w (%) = 31.46 22.11


Volume (cm3) = 69.41 59.72 e    = 0.864 0.604


ρwet  (kg/m3) = 1929 2082


ρdry (kg/m3) = 1467 1705


ASTM Method: Gs = 2.73 Calculated S (%) = 100 100


Method for Cv : Hs (mm) = 11.76


  Havg :


Time Increment: Liquid Limit:


Plastic Limit:


N/A Plasticity Index:


Soil Classification:


t 90


(min)


1 5 1.00 20.73 4.55 8.97 0.763


2 12 0.21 20.59 5.21 8.83 0.751 8 0.76 10.33 55.18 2.7E-04 2.6E-08


3 24 0.20 20.43 5.94 8.67 0.737 18 0.74 10.25 33.50 4.4E-04 2.8E-08


4 48 0.23 20.23 6.84 8.47 0.721 36 0.73 10.16 17.38 8.4E-04 3.3E-08


5 96 0.24 20.04 7.72 8.28 0.704 72 0.71 10.07 11.10 1.3E-03 2.5E-08


6 192 0.34 19.76 8.99 8.01 0.681 144 0.69 9.95 8.61 1.6E-03 2.3E-08


7 383 0.40 19.44 10.50 7.68 0.653 287 0.67 9.80 6.00 2.3E-03 1.9E-08


8 766 0.44 19.11 12.01 7.35 0.625 575 0.64 9.64 4.24 3.1E-03 1.3E-08


9 1532 0.51 18.72 13.78 6.97 0.593 1149 0.61 9.46 2.69 4.7E-03 1.2E-08


10 766 -0.18 18.82 13.32 7.07 0.601


11 192 -0.29 18.99 12.53 7.24 0.615


12 48 -0.26 19.16 11.77 7.40 0.630


13 12 -0.34 19.48 10.29 7.72 0.657


Comments: Void Ratio Vs. Stress computed for end of primary consolidation. Final height calculated to 100% saturation.


Description: SILTY CLAY to CLAYEY SILT, trace sand; grey; w>PL.


eavg


VFPA Foreshore Tenure Lot R-57-00, Surrey


CL-ML


Remarks Sample Properties


Equipment


m


Phase Relationships


Estimated Preconsolidation Stress:


Specimen Geometry


Sigma-1


4 Wet Wt (g) =


18


 B - Constant Time Increment @ EOP


Taylor


Dry Wt (g) =


Double-sided


Atterberg Limits


24


Cv               


(cm2/sec)
Havg     


(mm)
k


(cm/sec)


6


Half the specimen height


Stress avg 
(kPa)


 ∆H           
(mm)


ε                    
Σ ∆Η / Ηο     


(%)


600 min


Stress 
(kPa)


 Corrected    
d f


(mm)


H-Hs


(mm)


One-Dimensional Consolidation Properties of Soils 
Reference(s)


ASTM D 2435/D 2435M-11
Parsons
Pattullo Bridge Replacement Project


1650596/2000/2030
183
CS


34


June 9, 2016


TESTED BY DATE CHECKED BY DATE


Load #


CS May 25, 2016


 e                  
(H-Hs)/Hs


MS
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No. : Client  : Borehole: BH16-02
Sch No. Project : Sample:
Lab Work: Location: Depth (m) : 67.06 - 67.67


Advanced to 15kPa due to swelling.


May 25, 2016 June 9, 2016


TESTED BY DATE CHECKED BY DATE


MM MS


Reference(s)One-Dimensional Consolidation Properties of Soils 


1650596/2000/2030
183
MM


ASTM D 2435/D 2435M-11
Parsons
Pattullo Bridge Replacement Project
VFPA Foreshore Tenure Lot R-57-00, Surrey


36
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No. : Client  : Borehole: BH16-02
Sch No. Project : Sample:
Lab Work: Location: Depth (m) : 67.06 - 67.67


Machine: Initial Final Initial Final
Mach No. Height (mm) = 22.14 21.16 131.29 128.45


Ring No. Diameter (mm) = 63.48 63.48 96.94 96.94


Drainage: Area (cm2) = 31.65 31.65 w (%) = 35.43 32.50


Volume (cm3) = 70.08 66.97 e    = 0.974 0.886


ρwet  (kg/m3) = 1873 1918


ρdry (kg/m3) = 1383 1448


ASTM Method: Gs = 2.73 Calculated S (%) = 99 100


Method for Cv : Hs (mm) = 11.22


  Havg :


Time Increment: Liquid Limit:


Plastic Limit:


N/A Plasticity Index:


Soil Classification:


t 90


(min)


1 5 -0.01 22.01 -0.05 10.79 0.961


2 12 -0.01 22.03 -0.14 10.81 0.963


3 24 0.05 22.00 0.00 10.78 0.961


4 48 0.08 21.94 0.26 10.72 0.955 36 0.96 10.98 2.66 6.4E-03 6.8E-08


5 96 0.16 21.83 0.76 10.61 0.946 72 0.95 10.94 2.65 6.4E-03 6.6E-08


6 192 0.20 21.69 1.39 10.47 0.933 144 0.94 10.88 1.63 1.0E-02 6.7E-08


7 383 0.25 21.51 2.22 10.29 0.917 287 0.93 10.80 1.23 1.3E-02 5.8E-08


8 766 0.42 21.19 3.69 9.97 0.888 575 0.90 10.67 1.88 8.6E-03 3.3E-08


9 1532 1.21 20.15 8.38 8.93 0.796 1149 0.84 10.33 4.27 3.5E-03 2.3E-08


10 766 -0.30 20.30 7.72 9.08 0.809


11 192 -0.56 20.73 5.76 9.51 0.848


12 48 -0.45 21.13 3.92 9.91 0.884


13 12 -0.49 21.61 1.75 10.39 0.926


Comments: Void Ratio Vs. Stress computed for end of primary consolidation. Final height calculated to 100% saturation.


Advanced to 25 kPa due to swelling


Description: SILTY CLAY to CLAYEY SILT, trace sand; grey; w>PL.


eavg


VFPA Foreshore Tenure Lot R-57-00, Surrey


CI


Remarks Sample Properties


Equipment


G


Phase Relationships


Estimated Preconsolidation Stress:


Specimen Geometry


Sigma-1


3 Wet Wt (g) =


23


 B - Constant Time Increment @ EOP
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Dry Wt (g) =


Double-sided


Atterberg Limits


33
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One-Dimensional Consolidation Properties of Soils 
Reference(s)


ASTM D 2435/D 2435M-11
Parsons
Pattullo Bridge Replacement Project


1650596/2000/2030
183
MM


36


June 9, 2016
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Client: Parsons Borehole: BH16-03


Project: Pattullo Bridge Replacement Project Sample: 30


Location: 12190 King George Boulevard, Surrey Depth (m): 48.77 - 49.38


Project No.: 1650596 Phase: 2000 Task: 2030 Lab ID No:


Test


Sample


Ho (cm)


Do (cm)


Gs    (calculated)


w (%)


γo dry (kN/m3)


Sat. (%)


eo


BValue


σCELL (kPa)


OCR


σ3c' (kPa)


(cc)


t50 (min)


Hc (cm)


Dc (cm)


Ac (cm2)


Vc (cm3)


γc dry (kN/m3)


ec


w (%)


Sat (%)


σ1'-σ3'       (kPa) :


ε f (%)


u (kPa)


σ3' (kPa)


σ1' (kPa)


Consolidated Undrained Triaxial Compression Test for  Soils
Reference


ASTM D4767-11


CIU-1


289 kPa


183


1.00


7.28


2.73


33.5


13.99


981


n/a


Consolidation  Results 


∆Vc


96


Failure At Maximum Deviator Stress   σ1'-σ3' :


335


239


14.81


625.9


29.6


0.81


MM/CS
DATE TESTED BY


May 25, 2016 MS
CHECKED BY


June 8, 2016
DATE


7.07


39.30


N/A


After Consolidation Dimensions


15.93


192


4.08


100


100


289


0.91


-36.7


Initial Dimensions


15.93
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Parsons Borehole: BH16-03


Pattullo Bridge Replacement Project Sample: 30


12190 King George Boulevard, Surrey Depth (m): 48.77 - 49.38


1650596 Phase: 2000 Task: 2030 Lab ID No: 183


Consolidated Undrained Triaxial Compression Test for  Soils
Reference


ASTM D4767-11


TESTED BY DATE CHECKED BY DATE


MM/CS May 25, 2016 MS June 8, 2016


Client:


Project:


Location:


Project No.:
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Parsons Borehole: BH16-03


Pattullo Bridge Replacement Project Sample: 30


12190 King George Boulevard, Surrey Depth (m): 48.77 - 49.38


1650596 Phase: 2000 Task: 2030 Lab ID No: 183


nooo 


DATETESTED BY


May 25, 2016
CHECKED BY


MSMM/CS June 8, 2016
DATE 


Consolidated Undrained Triaxial Compression Test for  Soils
Reference


ASTM D4767-11


Project No.:


Client:


Project:


Location:
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Figure not to natural scale


Figure not to natural 


Note: Plot shows Mohr circles of principal 
effective stresses at failure.  Mohr circles of 
total stresses can be calculated using ∆U 
reported in summary page.  Failure criterion 
used is maximum deviator stress.
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Parsons Borehole: BH16-03


Pattullo Bridge Replacement Project Sample: 30


12190 King George Boulevard, Surrey Depth (m): 48.77 - 49.38


1650596 Phase: 2000 Task: 2030 Lab ID No: 183


Type : Intact Soil Classification: CI


Saturation Method: Back Pressure Saturation Material Type:


Visual Description:


Other Remarks: LL=32, PL=21, PI=11.


Machine:


Chamber: 


Height (cm): Load Cell:


Diameter (cm): Axial DCDT:


Area (cm2): Cell Pressure:


Volume (cm3): Back Pressure:


γ dry  (kN/m3): Pore Pressure:


γ sat  (kN/m3): Feed Rate (%/hr):


Water content, w (%):


Saturation (%):


Void ratio, e:


Gs    (calculated):


t50 (min):


SILTY CLAY, trace sand; grey; w>PL.


4.08


TESTED BY DATE CHECKED BY DATE


σ3' (kPa): 96


June 8, 2016MM/CS May 25, 2016


Strain, εf:


MS


192u (kPa):


Consolidation  Results 


σ'eff  = σcell - σpwp (kPa) 289


σ1'  (kPa): 335


B value: 1.00


Volume Change (cc): -36.7


N/A


100 100


0.91 0.81


σ1' - σ3' MAX: 239


σpwp (kPa): 692


Strength Results


2.73 2.73


PS-3258


18.68 19.19 1.00


33.5 29.6 PHOTO AT END OF TEST


13.99 14.81


41.60 39.30 PS-3131


663 626 PS-3328


15.93 15.93 706444


7.28 7.07 LP-946


Location:


Project No.:


Sample Data Equipment


Before 
Consolidation


After 
Consolidation


Truepath Load Frame - Stn.6


KW


Soil


Project:


Consolidated Undrained Triaxial Compression Test for  Soils
Reference


ASTM D4767-11


Client:
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Client: Parsons Borehole: BH16-02


Project: Pattullo Bridge Replacement Project Sample: 36


Location: VFPA Foreshore Tenure Lot R-57-00, Surrey Depth (m): 67.06 - 67.67


Project No.: 1650596 Phase: 2000 Task: 2030 Lab ID No:


Test


Sample


Ho (cm)


Do (cm)


Gs    (calculated)


w (%)


γo dry (kN/m3)


Sat. (%)


eo


BValue


σCELL (kPa)


OCR


σ3c' (kPa)


(cc)


t50 (min)


Hc (cm)


Dc (cm)


Ac (cm2)


Vc (cm3)


γc dry (kN/m3)


ec


w (%)


Sat (%)


σ1'-σ3'       (kPa) :


ε f (%)


u (kPa)


σ3' (kPa)


σ1' (kPa)


Consolidated Undrained Triaxial Compression Test for  Soils
Reference


ASTM D4767-11


CIU-1


393 kPa


183


0.97


6.97


2.73


34.7


13.75


1082


n/a


Consolidation  Results 


∆Vc


158


Failure At Maximum Deviator Stress   σ1'-σ3' :


485


327


14.39


579.0


31.5


0.86


MM/CS
DATE TESTED BY


May 25, 2016 MS
CHECKED BY


June 8, 2016
DATE


6.82


36.58


N/A


After Consolidation Dimensions


15.83


224


3.39


100


100


382


0.95


-27.0


Initial Dimensions


15.86
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Parsons Borehole: BH16-02


Pattullo Bridge Replacement Project Sample: 36


VFPA Foreshore Tenure Lot R-57-00, Surrey Depth (m): 67.06 - 67.67


1650596 Phase: 2000 Task: 2030 Lab ID No: 183


Consolidated Undrained Triaxial Compression Test for  Soils
Reference


ASTM D4767-11


TESTED BY DATE CHECKED BY DATE


MM/CS May 25, 2016 MS June 8, 2016
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Project:


Location:


Project No.:
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Parsons Borehole: BH16-02


Pattullo Bridge Replacement Project Sample: 36


VFPA Foreshore Tenure Lot R-57-00, Surrey Depth (m): 67.06 - 67.67


1650596 Phase: 2000 Task: 2030 Lab ID No: 183


nooo 


DATETESTED BY


May 25, 2016
CHECKED BY


MSMM/CS June 8, 2016
DATE 


Consolidated Undrained Triaxial Compression Test for  Soils
Reference


ASTM D4767-11


Project No.:
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Project:


Location:
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Figure not to natural scale


Figure not to natural 


Note: Plot shows Mohr circles of principal 
effective stresses at failure.  Mohr circles of 
total stresses can be calculated using ∆U 
reported in summary page.  Failure criterion 
used is maximum deviator stress.
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Golder Associates Ltd. - Burnaby Laboratory 


Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Parsons Borehole: BH16-02


Pattullo Bridge Replacement Project Sample: 36


VFPA Foreshore Tenure Lot R-57-00, Surrey Depth (m): 67.06 - 67.67


1650596 Phase: 2000 Task: 2030 Lab ID No: 183


Type : Intact Soil Classification: CI/ML


Saturation Method: Back Pressure Saturation Material Type:


Visual Description:


Other Remarks: LL=33, PL=23, PI=10.


Machine:


Chamber: 


Height (cm): Load Cell:


Diameter (cm): Axial DCDT:


Area (cm2): Cell Pressure:


Volume (cm3): Back Pressure:


γ dry  (kN/m3): Pore Pressure:


γ sat  (kN/m3): Feed Rate (%/hr):


Water content, w (%):


Saturation (%):


Void ratio, e:


Gs    (calculated):


t50 (min):


SILTY CLAY to CLAYEY SILT, trace sand; grey; w>PL.


3.39


TESTED BY DATE CHECKED BY DATE


σ3' (kPa): 158


June 8, 2016MM/CS May 25, 2016


Strain, εf:


MS


224u (kPa):


Consolidation  Results 


σ'eff  = σcell - σpwp (kPa) 382


σ1'  (kPa): 485


B value: 0.97


Volume Change (cc): -27.0


N/A


100 100


0.95 0.86


σ1' - σ3' MAX: 327


σpwp (kPa): 700


Strength Results


2.73 2.73


PS-3127


18.52 18.93 1.00


34.7 31.5 PHOTO AT END OF TEST


13.75 14.39


38.21 36.58 PS-3373


606 579 PS-3278


15.86 15.83 254132


6.97 6.82 LP-175


Location:


Project No.:


Sample Data Equipment


Before 
Consolidation


After 
Consolidation


Truepath Load Frame - Stn.5


KW


Soil


Project:


Consolidated Undrained Triaxial Compression Test for  Soils
Reference


ASTM D4767-11


Client:
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GAMMA RAY THIN WALLED TUBE PHOTOGRAPHS
BH16-02: SA34 – 67.06 m to 67.67 m (0 cm to 35 cm)
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BH16-02: SA 36 – 67.06 m to 67.67 m (0 cm to 35 cm)
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PARSONS PATTULLO BRIDGE REPLACEMENT PROJECT


GAMMA RAY THIN WALLED TUBE PHOTOGRAPHS
BH16-02: SA34 – 67.06 m to 67.67 m (35 cm to 70 cm)


E5-4
Figure


BH16-02: SA 36 – 67.06 m to 67.67 m (35 cm to 70 cm)
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Laboratory Determination of Uniaxial Compressive Strength of Intact
Rock Core Specimens.


Summary of Test Results
ASTM D7012 Method C


(5) Single Shear


(1) Simple Extension (6) Spalling


(2) Multiple Extension (7) Other


(3) Multiple Fracturing Note: (deg)  measured from core axis
(4) Multiple Shear


1


2


3 5


5 22


22


22


Rock Type


Stress
σu


(MPa)


11.4


10.1


11.3


32.24


28.73


31.98


  


  


  


  


  


  


  


  


  


  


  


  


  


  


28.40 366.89 803.20


2130 2.44 2080


  


60.02 127.98 28.29 362.10 771.40


45 93.44-93.70


47 96.24-96.42


BH16-02


BH16-02


BH16-02


Dry


Density


(kg/m³)


Moisture


2189 4.37 2097


46 95.10-95.43 60.17 130.08 28.43 369.88 810.10 2190 3.80 2110


Sandstone


Sandstone


Sandstone


5


No.
Borehole Sample Depth Dia Ht Area Volume Mass


(mm) (cm²)# # (m) (mm)


60.13 129.20


May 18, 2016E. KostyukovMay 17, 2016G. Patton


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


DATECHECKED BYDATE TESTED BY


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


Project No.:


Project:


Location:


Client:


Lab ID No:


1650596/2000/2030


Pattullo Bridge Replacement Project


VFPA Foreshore Tenure Lot R-57-00, Surrey


Parsons


169


Failure Modes


Maximum


Load


(kN)


Wet


Density


(kg/m³) (%)(cm³) (g) Type (deg)


Failure Mode
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Uniaxial Compressive Strength of Intact 
Rock Core Specimens (Method C)


Project No.:


Project: Sample Number:


Location: Depth (m):


Client: Lab ID No:


Max Load (kN) (mm)
(mm)


Stress σu (MPa) (cm²)


(cm³)


Pace Rate (kN/s) (g)


Moisture Content (%)
Lithology (kg/m³)


(kg/m³)


- Water content as received
Type: Mode:


(1) Simple Extension
Degrees:* (2) Multiple Extension


(3) Multiple Fracturing
* Degrees measured with respect to core axis. (4) Multiple Shear


(5) Single Shear
(6) Spalling


(7) Other


169


ASTM D7012
1650596/2000/2030 Borehole: BH16-02


Pattullo Bridge Replacement Project 45


VFPA Foreshore Tenure Lot R-57-00, Surrey 93.44-93.70


Parsons


366.89
803.20


Diameter
Height
Area


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Testing Results Sample Measurements


60.13
129.20
28.40


G. Patton May 17, 2016 E. Kostyukov May 18, 2016


TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


BEFORE TEST


AFTER TEST


2097


Failure Mode Notes


5


22


Comments


Dry Density


The impact of any pre-existing feature on the test 
results will be noted in the comments, if 
applicable.


32.24


11.4


N/A


Sandstone
4.37
2189


Volume
Mass 


Wet Density 
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Uniaxial Compressive Strength of Intact 
Rock Core Specimens (Method C)


Project No.:


Project: Sample Number:


Location: Depth (m):


Client: Lab ID No:


Max Load (kN) (mm)
(mm)


Stress σu (MPa) (cm²)


(cm³)


Pace Rate (kN/s) (g)


Moisture Content (%)
Lithology (kg/m³)


(kg/m³)


- Water content as received
Type: Mode:


(1) Simple Extension
Degrees:* (2) Multiple Extension


(3) Multiple Fracturing
* Degrees measured with respect to core axis. (4) Multiple Shear


(5) Single Shear
(6) Spalling


(7) Other


ASTM D7012
1650596/2000/2030 Borehole: BH16-02


Pattullo Bridge Replacement Project 46


VFPA Foreshore Tenure Lot R-57-00, Surrey 95.10-95.43


Parsons


Diameter
Height
Area


Volume
Mass 


3.80


169


Testing Results Sample Measurements


28.73 60.17


BEFORE TEST


Wet Density 
Dry Density


5


22


Sandstone 2190
2110


Failure Mode Notes


130.08
10.1 28.43


369.88


N/A 810.10


The impact of any pre-existing feature on the test 
results will be noted in the comments, if 
applicable.


Comments


AFTER TEST


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


G. Patton May 17, 2016 E. Kostyukov May 18, 2016
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Uniaxial Compressive Strength of Intact 
Rock Core Specimens (Method C)


Project No.:


Project: Sample Number:


Location: Depth (m):


Client: Lab ID No:


Max Load (kN) (mm)
(mm)


Stress σu (MPa) (cm²)


(cm³)


Pace Rate (kN/s) (g)


Moisture Content (%)
Lithology (kg/m³)


(kg/m³)


- Water content as received
Type: Mode:


(1) Simple Extension
Degrees:* (2) Multiple Extension


(3) Multiple Fracturing
* Degrees measured with respect to core axis. (4) Multiple Shear


(5) Single Shear
(6) Spalling


(7) Other


ASTM D7012
1650596/2000/2030 Borehole: BH16-02


Pattullo Bridge Replacement Project 47


VFPA Foreshore Tenure Lot R-57-00, Surrey 96.24-96.42


Parsons


Diameter
Height
Area


Volume
Mass 


2.44


169


Testing Results Sample Measurements


31.98 60.02


BEFORE TEST


Wet Density 
Dry Density


5


22


Sandstone 2130
2080


Failure Mode Notes


127.98
11.3 28.29


362.10


N/A 771.40


The impact of any pre-existing feature on the test 
results will be noted in the comments, if 
applicable.


Comments


AFTER TEST


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


G. Patton May 17, 2016 E. Kostyukov May 18, 2016


BCUC IR1 Attachment 7.4







 


PBRP PHASE A GEOTECHNICAL SITE INVESTIGATION 
REPORT 


 


16 July 2018 
Report No. 1650596-002-R-Rev1-2000   


 


 


APPENDIX G  
Rock Core Photographs 
 


 


 


 


BCUC IR1 Attachment 7.4







PROJECT


TITLE


CLIENT


CONSULTANT YYYY-MM-DD


PREPARED


DESIGN


REVIEW


APPROVED
PROJECT No. Rev.


O
:
\
A


c
t
iv


e
\
2
0
1
6
\
3
 P


r
o


j\
1
6
5
0
5
9
6
 
P


a
r
s
o


n
_
P


a
t
t
u


ll
o


B
r
id


g
e
_
N


e
w


W
e
s
t
\
6
.
0
 D


e
li
v
e
r
a
b


le
s
\
6
.
3
 
R


e
p


o
r
t
s
\
1
6
5
0
5
9
6
-
0
X


X
-
R


-
R


e
v
A


-
G


e
o


t
e
c
h


 
S


I 
R


e
p


o
r
t
 
-


2
0
1
6
M


A
Y


2
6
\
A


P
P


 
G


 
-


C
o


r
e
 P


h
o


t
o


s


PARSONS PATTULLO BRIDGE REPLACEMENT PROJECT


2018-03-14


TKS


TPF


JDS


ROCK CORE PHOTOGRAPHS
BH16-02  (Box 1 to 2)


G-1
Figure


0


BH16-02 Box 1 of 2: 91.36 m to 95.60 m


BH16-02 Box 2 of 2: 95.60 m to 96.60 m


1650596
Phase
2000TCB


BCUC IR1 Attachment 7.4







 


 


 


 


Golder Associates Ltd. 
Suite 200 - 2920 Virtual Way 
Vancouver, BC, V5M 0C4 
Canada 
T: +1 (604) 296 4200 


  


 
 


BCUC IR1 Attachment 7.4





		1.0 INTRODUCTION

		1.1 Terms of Reference

		1.2 Scope of Report



		2.0 proposed bridge concept

		3.0 geotechnical site investigation

		3.1 Site Investigation Program

		3.2 Permits and Private Property Access Agreements

		3.2.1 City of New Westminster

		3.2.2 Port Metro Vancouver Property Access Agreement

		3.2.3 BC Transportation Financing Authority Access Agreements



		3.3 Utility Clearance

		3.4 Drilling Inspection and Testhole Location Surveying

		3.5 Testhole Drilling

		3.5.1 Data Presentation

		3.5.2 Solid-Stem Auger Drilling and Sampling for Archeological Review

		3.5.3 Mud-Rotary Soil Drilling with Intermittent Sampling

		3.5.4 Rock Coring



		3.6 In-situ Testing and Sampling

		3.6.1 Standard Penetration Test (SPT)

		3.6.2 Relatively Undisturbed Soil Sampling – Thin-Walled Tube Samples

		3.6.3 In-Situ Field Vane Undrained Shear Strength Tests



		3.7 Seismic Cone (Piezocone) Penetration Testing – SCPT

		3.7.1 SCPT Data Collection

		3.7.2 Basic Data Reduction

		3.7.3 Porewater Pressure Dissipation Testing



		3.8 Testhole Closure

		3.8.1 General Surface Completion

		3.8.2 Piezometer Installation

		3.8.3 Groundwater Level Monitoring





		4.0 Laboratory Testing Summary

		4.1 Laboratory Soil Index Testing

		4.1.1 Relevant Specifications and Standards

		4.1.2 Laboratory Soil Index Testing



		4.2 Specialized Laboratory Soil Testing

		4.2.1 Relevant Specifications and Standards

		4.2.2 Specific Gravity Determination

		4.2.3 Laboratory Miniature Shear Vane Testing

		4.2.4 One-Dimensional Consolidation Tests

		4.2.5 Consolidated Undrained Triaxial Compression Tests (Single-Stage CIU)

		4.2.6 Gamma Ray Radiography



		4.3 Laboratory Rock Testing

		4.3.1 Relevant Specifications and Standards

		4.3.2 Unconfined Compression Testing (UCS) Results



		4.4 Core Photographs



		5.0 Closure

		6.0 REFERENCES

		information and LIMITATIONS OF this REPORT

		APPENDIX A

		Summary Tables



		APPENDIX B

		Records of Boreholes and Records of Drillholes



		APPENDIX C

		Records of Seismic Cone Penetration Tests



		APPENDIX D

		Laboratory Soil Index Test Results



		APPENDIX D1

		Water Content Determinations



		APPENDIX D2

		Particle Size Distributions



		APPENDIX D3

		Atterberg Limits



		APPENDIX D4

		Total Organic Contents



		APPENDIX E

		Laboratory Specialized Test Results



		APPENDIX E1

		Specific Gravity Determinations



		APPENDIX E2

		Laboratory Miniature Shear Vane Tests



		APPENDIX E3

		One-Dimensional Consolidation Tests



		APPENDIX E4

		Consolidated Undrained Triaxial Compression Tests



		APPENDIX E5

		Gamma Ray Radiography



		APPENDIX F

		Laboratory Rock Testing - Uniaxial Compressive Strength of Intact Rock Core Specimens



		APPENDIX G

		Rock Core Photographs





		_APP B_combined.pdf

		1 - Method of Soil Classification and Terms (Rev.3 2017)

		2 - Broadway Transit Sedimentary Rock Flysheet_19MAR18

		1275 - BH16-01

		1275 - BH16-02

		1275 - BH16-02-ROCK

		1275 - BH16-03



		APP C.pdf

		1 - Schwartz Soil Technical Testing Summary Pattulo Bridge

		2 - SCPT16-02 CPT PLOT PG1

		3 - SCPT16-02 CPT PLOT PG2

		4 - SCPT16-02 CPT PLOT PG3

		5 - SCPT16-03 CPT PLOT PG1

		6 - SCPT16-03 CPT PLOT PG2

		7 - SCPT16-03 CPT PLOT PG3

		8 - SCPT16-02  20.10 m DISSIPATION

		9 - SCPT16-02  59.10 m DISSIPATION

		10 - SCPT16-02  72.55 m DISSIPATION

		11 - SCPT16-03  12.20 m DISSIPATION

		12 - SCPT16-03  27.20 m DISSIPATION

		13 - SCPT16-03  63.25 m DISSIPATION

		14 - SCPT16-02 Pg1 Vs PROFILE

		15 - SCPT16-02 Pg2 Vs PROFILE

		16 - SCPT16-02 Pg3 Vs PROFILE

		17 - SCPT16-03 Pg1 Vs PROFILE

		18 - SCPT16-03 Pg2 Vs PROFILE

		19 - SCPT16-02 Pg1 Vs DATA TABLE

		20 - SCPT16-02 Pg2 Vs DATA TABLE

		21 - SCPT16-02 Pg3 Vs DATA TABLE

		22 - SCPT16-03 Pg1 Vs DATA TABLE

		23 - SCPT16-03 Pg2 Vs DATA TABLE



		1650596-2000-2030 BH16-03 Sample 30 Organic Content.pdf

		Report 2 (gINT mimic)



		1650596-2000-2030 Shelby Tube Specific Gravity.pdf

		1650596-2000-2030 BH16-02 Sample 34 Specific Gravity

		Report (gINT minic)



		1650596-2000-2030 BH16-02 Sample 36 Specific Gravity

		Report (gINT minic)



		1650596-2000-2030 BH16-03 Sample 30 Specific Gravity

		Report (gINT minic)





		1650596-2000-2030 Shelby Tube Lab Vanes.pdf

		Report



		1650596-2000-2030 BH16-03 Sample 30 CTest_Report.pdf

		Report 1

		Report 2



		1650596-2000-2030 BH16-02 Sa34 Ctest_Report.pdf

		Report 1

		Report 2



		1650596-2000-2030 BH16-02 Sample 36 CTest_Report.pdf

		Report 1

		Report 2



		1650596-2000-2030 BH16-03 Sample 30 CIU @ 289 kPa_report.pdf

		Summary

		Figures 1

		Figures 2

		Report 1



		1650596-2000-2030 BH16-02 Sample 36 CIU @ 393 kPa_report.pdf

		Summary

		Figures 1

		Figures 2

		Report 1



		Pattullo Bridge Replacement UCS - Final Report.pdf

		UCS SUMMARY REPORT

		1

		2

		3












 
13 July 2018 
 


PATTULLO BRIDGE REPLACEMENT 
PROJECT 
 


Phase B Land Geotechnical Site 
Investigation Report 
 
 


RE
PO


RT
 


 


  


Report Number: 1650596-025-R-Rev1-9000 


 


Distribution: 
1 ecopy - Parsons Inc. 
1 copy - Golder Associates Ltd.  


 


Submitted to: 
Parsons Inc. 
2300 - 4710 Kingsway 
Metrotower I 
Burnaby, B.C. V5H 4M2  


 







 


PBRP PHASE B LAND SITE INVESTIGATION REPORT 


 


13 July 2018 
Report No. 1650596-025-R-Rev1-9000 i  


 


Table of Contents 


1.0 INTRODUCTION .................................................................................................................................................... 1 


1.1 Terms of Reference .................................................................................................................................. 1 


1.2 Scope of Report ........................................................................................................................................ 1 


2.0 GEOTECHNICAL SITE INVESTIGATION ............................................................................................................. 2 


2.1 Site Investigation Program ........................................................................................................................ 2 


2.2 Permits and Private Property Access Agreements ................................................................................... 2 


2.2.1 Port Metro Vancouver Property Access Agreement ............................................................................ 3 


2.2.2 Vancouver Fraser Port Authority Environmental Permit ...................................................................... 3 


2.2.3 City of Surrey ...................................................................................................................................... 3 


2.2.4 City of New Westminster ..................................................................................................................... 4 


2.2.5 Ministry of Transportation and Infrastructure ....................................................................................... 4 


2.2.6 CN Rail Access and Permissions ........................................................................................................ 5 


2.2.7 Site Equipment Laydown Area – 12444 King George Boulevard ........................................................ 5 


2.3 Testhole Location Surveying..................................................................................................................... 5 


2.4 Utility Clearance ........................................................................................................................................ 6 


2.5 Testhole Drilling Inspection ....................................................................................................................... 6 


2.6 Testhole Drilling ........................................................................................................................................ 7 


2.6.1 Data Presentation ............................................................................................................................... 7 


2.6.2 Solid-Stem Auger Drilling and Sampling for Archeological Review ..................................................... 7 


2.6.3 Mud-Rotary Soil Drilling with Intermittent Sampling ............................................................................ 8 


2.6.4 Rock Coring ........................................................................................................................................ 8 


2.7 In-situ Testing and Sampling .................................................................................................................... 9 


2.7.1 Standard Penetration Test (SPT) ........................................................................................................ 9 


2.7.2 Energy Measurements on Standard Penetration Test Hammer .......................................................... 9 


2.7.3 Relatively Undisturbed Soil Sampling – Thin-Walled Tube Samples ................................................ 10 


2.7.4 In-situ Field Vane Undrained Shear Strength Tests .......................................................................... 10 


2.8 Seismic and Cone (Piezocone) Penetration Testing – SCPT/CPT ......................................................... 10 


2.8.1 SCPT and CPT Data Collection ........................................................................................................ 10 







 


PBRP PHASE B LAND SITE INVESTIGATION REPORT 


 


13 July 2018 
Report No. 1650596-025-R-Rev1-9000 ii  


 


2.8.2 Basic Data Reduction ........................................................................................................................ 11 


2.8.3 Porewater Pressure Dissipation Testing ........................................................................................... 12 


2.9 Testhole Closure ..................................................................................................................................... 12 


2.9.1 General Surface Completion ............................................................................................................. 12 


2.9.2 Piezometer Installation ...................................................................................................................... 12 


2.9.3 Groundwater Level Monitoring .......................................................................................................... 12 


3.0 LABORATORY TESTING SUMMARY ................................................................................................................ 14 


3.1 Laboratory Soil Index Testing ................................................................................................................. 14 


3.1.1 Relevant Specifications and Standards ............................................................................................. 14 


3.1.2 Laboratory Soil Index Testing ........................................................................................................... 14 


3.2 Specialized Laboratory Soil Testing ........................................................................................................ 14 


3.2.1 Relevant Specifications and Standards ............................................................................................. 14 


3.2.2 Direct Cyclic Simple Shear and Monotonic Simple Shear Tests ....................................................... 15 


3.2.3 One-Dimensional Consolidation Tests .............................................................................................. 15 


3.2.4 Gamma Ray Radiography ................................................................................................................. 15 


3.3 Laboratory Rock Testing ......................................................................................................................... 15 


3.3.1 Relevant Specifications and Standards ............................................................................................. 15 


3.3.2 Unconfined Compression Testing (UCS) Results ............................................................................. 15 


3.4 Core Photographs ................................................................................................................................... 16 


4.0 CLOSURE ............................................................................................................................................................ 17 


5.0 REFERENCES ..................................................................................................................................................... 18 


 


FIGURES 
Figure 1: Phase B Land Investigation – Site Plan 


Figure 2: Phase B Land Investigation – Surrey Testhole Location Plan 


Figure 3: Phase B Land Investigation – New Westminster Testhole Location Plan 


 


  







 


PBRP PHASE B LAND SITE INVESTIGATION REPORT 


 


13 July 2018 
Report No. 1650596-025-R-Rev1-9000 iii  


 


APPENDICES 
APPENDIX A 
Summary Tables 


APPENDIX B 
Records of Augerholes, Boreholes and Drillholes 


APPENDIX C 
Records of Cone Penetration Tests 


APPENDIX D 
Laboratory Soil Index Test Results 


APPENDIX D1 
Water Content Determinations 


APPENDIX D2 
Particle Size Distributions 


APPENDIX D3 
Atterberg Limits 


APPENDIX D4 
Total Organic Contents 


APPENDIX E 
Laboratory Specialized Test Results 


APPENDIX E1 
Direct Cyclic Simple Shear Tests 


APPENDIX E2 
Monotonic Simple Shear Tests 


APPENDIX E3 
One-Dimensional Consolidation Tests 


APPENDIX E4 
Gamma Ray Radiography 


APPENDIX F 
Laboratory Rock Testing 


APPENDIX G 
Rock Core Photographs 


APPENDIX H 
Energy Measurements on Standard Penetration Test Hammer 


 


 


 


 







 


PBRP PHASE B LAND SITE INVESTIGATION REPORT 


 


13 July 2018 
Report No. 1650596-025-R-Rev1-9000 1  


 


1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) has been retained by Parsons Inc. (Parsons) on behalf of the South Coast British 
Columbia Transportation Authority (TransLink) to conduct a geotechnical investigation for the Pattullo Bridge 
Replacement Project (PBRP). The Phase B land-based geotechnical site investigation program was developed to 
collect subsurface data at selected locations of the proposed bridge and approach structures in Surrey and New 
Westminster, British Columbia.    


 
1.1 Terms of Reference 
The geotechnical investigation was conducted by Golder in accordance with the terms and conditions in the 
Subconsultant Agreement between Parsons and Golder, dated 5 April 2016 (Contract: AG-101SF – 01/96, 
File Number: 602525) and our work plan dated 14 September 2017 (Reference No. 1650596-012-L-Rev1). 


 
1.2 Scope of Report 
The main objective of the Phase B land-based geotechnical investigation program was to collect subsurface 
information on the soil, bedrock and groundwater conditions at  selected locations in Surrey and New Westminster  
through testhole drilling and sampling, as well as field and laboratory testing, with the objective of improving our 
knowledge of the subsurface conditions sufficiently to provide geotechnical support to Parsons and the project 
team during the Stage 3 Reference Concept development phase of the project. The site investigation scope was 
specifically not intended to be sufficient for final geotechnical design or construction of the Reference Concept, 
and additional investigation phases are needed to support further design refinement. 


All references to the Reference Concept in this report refer to the Stage 3B-1 Reference Concept Rev 2 project 
alignment prepared by Parsons, which was the current alignment at the time of drilling. This Reference Concept 
alignment was used for Phase B land geotechnical site investigation scoping/planning, including final selection of 
testhole locations in consultation with TransLink and Parsons.  It should be noted that the testholes were not 
accurately located by survey, and methods used to determine approximate locations and elevations are described 
in the report. Approximate testhole locations are presented in Figures 1 to 3 and APPENDIX A – Table 1.  


This report contains descriptions of the geotechnical investigation methods, testing results, and factual data 
collected during the 2017 Phase B land-based site investigation. Interpretation of the stratigraphy between testhole 
locations, historical information and the engineering properties of the various strata and groundwater conditions 
are not addressed in this report.  


The scope of this report is limited to the documentation of the factual results of the Phase B land-based 
geotechnical investigation and does not include the testing or assessment of potential soil and/or groundwater 
contamination, archaeological, geophysical, biological or bio-environmental services for the project. This report 
contains only factual results of the geotechnical investigation program and, specifically, does not include site 
characterization, geotechnical or geological interpretation of factual data, nor engineering 
assessment/recommendations.  


This report should be read in conjunction with the “Information and Limitations of This Report” which is included 
following the text of this report. The reader’s attention is specifically drawn to this information, as it is essential that 
it is followed for the proper use and interpretation of this report. 
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2.0 GEOTECHNICAL SITE INVESTIGATION 
2.1 Site Investigation Program 
A total of eight sampled augerholes with paired electronic cone penetration tests (SUR AH/CPTs; designated 
AH/CPT17-01, 02, 04, 08, 10, 11, 12, and 13) and six sampled boreholes with paired electronic seismic cone 
penetration tests (SUR BH/SCPTs; designated SCPT17-03, 05, 06, 07, 09, and 14) were conducted as part of the 
land-based site investigation in Surrey, BC. Also, a total of six sampled boreholes (NW BHs; designated BH17-01 
to BH17-06) were conducted as part of the land-based site investigation program in New Westminster, BC.  These 
testholes were carried out between 27 October 2017 and 12 December 2017. Selected samples from the 
augerholes and boreholes were subjected to a variety of laboratory testing to assist with classification and 
characterization of the subsurface strata. A summary of the testhole details is tabulated in APPENDIX A.  


The site investigation included the following: 


 Hydro-vacuum excavation of the upper portions of the testholes BH17-06, BH17-07, AH17-10, and AH17-13 
in Surrey and BH17-02, BH17-03, and BH17-04 in New Westminster, with discontinuous sampling of the 
vacuum hole sidewalls; 


 Near-continuous sampling for archeological review (by others) within the upper few metres of select testholes 
utilizing solid-stem auger drilling techniques 


 Drilling and sampling of soil within boreholes, utilizing mud-rotary and auger drilling techniques 


 Rock coring within borehole BH17-01 in New Westminster, utilizing HQ-3 triple-tube rotary coring methods 


 Electronic cone penetration tests, with shear wave velocity measurements at selected testholes 


 Installation of standpipe piezometers in selected testholes 


 Groundwater monitoring of all piezometers installed 


 In-situ testing and sampling: 


 Split-spoon sampling and standard penetration test observations within the overburden soils 


 Thin-walled tube sampling of fine-grained soils 


 In-situ field vane tests in fine-grained soils 


 SPT hammer energy measurements  


 


2.2 Permits and Private Property Access Agreements 
The investigation was carried out within the City of Surrey and City of New Westminster. As part of the planning 
for the investigations, Golder carried out site reconnaissance and had discussions with Parsons, TransLink, CN 
Rail, Ministry of Transportation and Infrastructure (MoTI) and City staff to identify potential drilling locations which 
would minimize traffic and public impacts, risks of encountering underground utilities, possible archeological 
conflicts, and potential environmental impacts/hazards. Coast Mountain Bus Company was also consulted to 
minimize impacts on their facilities and operations. 
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All of these facilities and factors placed significant constraints on feasible drilling locations and scheduling. In some 
cases, decisions on the final depths, in-situ testing and piezometer installations were influenced by permit 
restrictions. 


 


2.2.1 Port Metro Vancouver Property Access Agreement 
Two testholes (AH/CPT17-01 and AH/CPT17-02) were located on property owned by Port Metro Vancouver (PMV) 
identified as Vancouver Fraser Port Authority (VFPA) Foreshore Tenure Lot R-57-00 in Surrey, B.C. The testholes 
were located on a gravel surface in the western side of the Amix Group Salvage and Sales Ltd. (Amix) heavy 
lifting, equipment staging and storage yard. All work conducted by Golder and carried out on PMV property was 
co-ordinated through the TransLink, Collings Johnston Inc. and DM Fourchalk Property Consultants. Negotiation 
of the agreements included discussion on planned work scope details and locations, pre-work reconnaissance 
and access conditions, archeological and environmental concerns, followed by agreement signoff.  


To meet PMV project and environmental permit requirements, Golder prepared a Health, Safety and Environment 
Plan prior to field activities, including an Environmental Management Plan (EMP) specific to the drilling activities 
on the Amix site. Further to PMV requirements, a VFPA permit was required for site investigation works to be 
conducted on the property. A description of the permitting process is provided in Section 2.2.2 below. 


 


2.2.2 Vancouver Fraser Port Authority Environmental Permit 
A VFPA Environmental Review Permit Application was submitted by TransLink for the onshore geotechnical 
investigation. Golder prepared a draft Environmental Management Plan (EMP) to support the permit application. 
VFPA subsequently issued Permit No. 17-269, dated 10 November 2017.  


 


2.2.3 City of Surrey  
City Road and Right-of-Way Use permits and Traffic Obstruction permits were obtained from the City of Surrey for 
each testhole location conducted on City of Surrey property by Golder prior to implementing the site investigations. 
Lane closures were required at many of the testhole locations, and traffic management plans, prepared by 
Universal Flagging Ltd. (Universal), were submitted to the City of Surrey’s Engineering Department land 
development and traffic management branches. Letters notifying nearby property owners were delivered by 
TransLink via Canada Post mail in advance of the proposed investigations. After drilling activities were conducted, 
all equipment was taken offsite and the sites were left in a similar condition as observed during the pre-work 
reconnaissance. 


A City of Surrey Noise Extension permit was required by Golder to allow extended hours of drilling necessary to 
conduct a 24 hour drilling operation during SCPT testing. When it was necessary to operate outside of the noise 
bylaw regulations, a noise exemption permit was obtained from the City of Surrey. Noise exemption applications 
were submitted in person at the City of Surrey’s engineering department front desk.  
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By necessity, the boreholes located within the City of Surrey right-of-way were offset slightly from the proposed 
Reference Concept alignment. The locations were selected in consultation with the City, and the factors which 
governed the final borehole location were as follows: 


 Avoiding interruption to traffic; 


 Avoiding conflicts with adjacent road works;  


 Avoiding buried services; 


 Avoiding overhead services, overpasses and vegetation; 


 Topographic constraints; and 


 Traffic safety issues (distance from intersections, safe sight distances, etc.). 


 


2.2.4 City of New Westminster 
City of New Westminster Street Occupancy permits were obtained by Golder for the borehole locations in the City 
of New Westminster (BH17-02 to BH17-06) prior to implementing the site investigations. Lane closures were 
required to carry out the drilling, and traffic management plans, prepared by Universal Flagging Ltd. (Universal), 
were submitted to the City of New Westminster’s Utility Management and Traffic Management Branches. Field 
dates were permitted based on other works and events in the area, as to ensure low impact to traffic flow during 
the investigation. Letters notifying nearby property owners were delivered by TransLink via Canada Post mail in 
advance of the proposed investigations. After drilling activities were conducted, all equipment was taken offsite 
and the site was left in a similar condition as observed during the pre-work reconnaissance. 


No investigation works were carried out outside of the City of New Westminster’s permitted hours.  


By necessity, the boreholes located within the New Westminster right-of-way were offset slightly from the proposed 
Reference Concept alignment. The locations were selected in consultation with the City, and the factors which 
governed the final borehole location were as follows: 


 Avoiding interruption to traffic; 


 Avoiding conflicts with adjacent road works;  


 Avoiding buried services; 


 Avoiding overhead services, overpasses and vegetation; 


 Topographic constraints; and 


 Traffic safety issues (distance from intersections, safe sight distances, etc.). 


 
2.2.5 Ministry of Transportation and Infrastructure 
Traffic Management Plans for proposed testhole locations near the existing Pattullo Bridge approaches, King 
George Boulevard and South Fraser Perimeter Road (SFPR) were communicated with the Ministry of 
Transportation and Infrastructure’s (MoTI) Area Development and Operations team. It was confirmed that the 
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proposed drill sites at Pattullo Bridge approaches and King George Boulevard were not within the MoTI right-of-
way. Approval to proceed was received for BH/SCPT17-14 on 20 October 2017 from MoTI, as the location was 
near SFPR. It was established that no H1080 permit was required for this location, only approval to proceed. 


 
2.2.6 CN Rail Access and Permissions 
CN Rail permission was required to access the SUR BH/SCPT17-05 located just off of the Amix owned Magna 
Transload site. Testhole access was co-ordinated through the TransLink Major Projects department and DM 
Fourchalk Property Consultants. Negotiation of the agreements included discussion on planned work scope 
details, figures and locations, pre-work reconnaissance and access conditions, archeological and environmental 
concerns, followed by access approval. 


Access permissions were also required for NW BH17-01 located in the CN works yard near the rail bridge in New 
Westminster. Again, access was co-ordinated through the TransLink Major Projects department and DM Fourchalk 
Property Consultants. Negotiations occurred in parallel with SUR BH/SCPT17-05, and the agreements included 
discussion on planned work scope details, figures and locations, pre-work reconnaissance and access conditions, 
archeological and environmental concerns, followed by access approval. It was also determined that no traffic 
control or flagging was required during the works because the borehole was located a sufficient distance from the 
active rail line. 


For both locations, all site investigation personnel required the Contractor Orientation Course online training. All 
personnel accessing the site were instructed to have their temporary or permanent badge onsite and visible. 


 


2.2.7 Site Equipment Laydown Area – 12444 King George Boulevard 
An inactive vehicle weigh scale area was used as temporary equipment laydown area for drill rigs, hydraulic 
vacuum trucks, consumables, daylighted cuttings in drums and waste. Access to the TransLink owned property 
was co-ordinated and provided by TransLink and DM Fourchalk Property Consultants. Security was onsite at the 
equipment laydown at all times during the investigation. After drilling activities were conducted, all equipment and 
materials were taken offsite and the temporary equipment laydown area was left in a similar condition as observed 
during the pre-work reconnaissance. 


 
2.3 Testhole Location Surveying  
All testhole locations are approximate only and based on handheld GPS co-ordinates taken in the field combined 
with measured distances to identifiable site features such as property lines and road curbs. Locations determined 
using these approximate co-ordinates and measurements were then reviewed on orthographic photos as a means 
to “ground-truth” the testhole locations in plan. No detailed surveyed locations or elevation measurements were 
established in the field for any of the testholes during this investigation. A summary table of approximate testhole 
elevations prepared by Parsons is included in APPENDIX A. Note that the elevations shown in the summary table 
were derived from a Civil 3D surface created from LiDAR data provided by McElhanney in April 2016.  Elevations 
are approximate due to the precision of the borehole coordinates and surface construction from the LiDAR data. 


In this report, all depths are referenced to ground surface at the time of drilling or groundwater level monitoring.  
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2.4 Utility Clearance 
Prior to commencement of the subsurface investigations, underground utility and service information obtained 
from BC One Call, DigShaw, Metro Vancouver, and the City was reviewed. BC One Call Tickets and utility 
information was obtained initially during the planning stages, and once again (for confirmation) within 14 days prior 
to the commencement of drilling at borehole locations to ensure no new works had commenced or been conducted. 
Western Utility Locate Services (Western) of Coquitlam, BC was retained by Golder to locate underground utilities 
in close proximity to the proposed borehole locations. Locates were carried out using non-intrusive methods that 
included Electro-Magnetic (EM) locating and ground penetrating radar (GPR). Buried services were marked out 
on the ground with spray paint, selected final borehole locations were cleared, and hand drawings were provided 
to Golder. At selected locations where testholes were in close proximity to Metro Vancouver underground utilities 
(NW BH17-02 and NW BH17-03) a Metro Vancouver Inspector was requested to attend the site to observe 
daylighting activities. 


A hydraulic vacuum truck owned and operated by First Call Energy (First Call) was mobilized to the testhole 
locations, which were within close proximity to identified underground utilities, for hydro-vacuum excavation 
(daylighting) prior to solid-stem auger or mud-rotary drilling. Daylighting (the removal of the upper 2 to 3 metres of 
soil) using hydro vacuum suction and high-pressure water spray, was conducted to further investigate the potential 
for any buried utilities that may not have been identified by the above remote sensing techniques. Alternate 
borehole locations were selected when buried facilities, metal or concrete, or utility trench fills were exposed within 
the vacuumed hole. A vacuum truck was not utilized at testhole locations where no utilities were identified in close 
proximity based on available information and utility locate results.  


Concrete coring machines were used to remove the asphalt and concrete surfacing at some borehole locations 
prior to vacuum excavation. Concrete and asphalt coring services were subcontracted to Surecore Concrete 
Coring. When drilling was not carried out immediately following vacuum excavation, the vacuum holes were either 
covered with a steel road plate or temporarily backfilled with sand and a compacted asphalt cold patch at surface.  


Excavated material was transferred directly into the vacuum truck without inspection, and removed from the 
testhole locations for offsite disposal or temporary storage in drums. Tervita Corporation was retained to pick up 
the storage bins at the project laydown area, after the environmental analytical results were available at the end 
of the project. Grab samples were collected from the sidewall of the vacuumed holes using a long shovel, and 
logging of the exposed near-surface soils was carried out by visual inspection of the sidewall material within the 
vacuumed hole prior to setup of the drill rig. 


 


2.5 Testhole Drilling Inspection  
All drilling was conducted by Foundex Explorations Ltd. (Foundex) and ConeTec Investigations Ltd. (ConeTec) 
and carried out under the full-time inspection of a member of Golder’s geotechnical staff, who identified the testhole 
locations in the field, logged the subsurface conditions encountered, and collected soil samples and rock core for 
detailed examination and laboratory testing. 


The field identification and classification of soils was carried out in accordance with the Golder Soil Description 
System (2013 – GAL TP001, Rev 1) which is generally consistent with the concepts presented in ASTM D2487 
and D2488 and the Canadian Foundation Engineering Manual (CFEM, 2006), with some differences intended to 
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improve the compatibility of the soil descriptions with the material geotechnical engineering behaviour. Laboratory 
testing was performed to ASTM standards. A simplified summary of the key aspects of the Golder Soil Description 
System is included in APPENDIX B, which contains the Record of Augerhole, Record of Borehole and Record of 
Drillhole Sheets. 


A summary of rock description terminology is provided on the “Lithological and Geotechnical Description of Rock” 
sheets which immediately precede the Record of Augerhole/Borehole/Drillhole sheets in APPENDIX B. Individual 
rock characteristics such as weathered state and intact rock strength estimates were recorded in accordance with 
the ISRM Suggested Methods (1981). In describing rock colour, the wet core was described making use of 
internationally accepted simple colour descriptors. 


After completion of the drilling and field logging, the core boxes were transported by truck to the Golder Burnaby 
laboratory for core photography, sampling and quality checking of the overall field logging. Descriptions of the soil 
and bedrock conditions encountered are presented in the Record of Augerhole/Borehole/Drillhole logs, compiled 
in APPENDIX B. 


 


2.6 Testhole Drilling  
2.6.1 Data Presentation 
The data collected during the Phase B land drilling, in-situ testing, and laboratory testing program are summarized 
as follows:  


 APPENDIX A: Testhole Summary Tables  


 APPENDIX B: Records of Augerholes, Boreholes and Drillholes 


 APPENDIX C: Records of Cone Penetration Tests 


 APPENDIX D: Laboratory Soil Index Test Results 


 APPENDIX E: Specialized Laboratory Test Results 


 APPENDIX F: Laboratory Rock Test Results 


 APPENDIX G: Records of Core Photographs 


 APPENDIX H: Energy Measurements on Standard Penetration Test Hammer 


 


A discussion on the drilling methods and testhole completion information are provided in the following sections. 


 


2.6.2 Solid-Stem Auger Drilling and Sampling for Archeological Review 
The investigation consisted of nine (9) sampled augerholes advanced to depths of approximately 18.3 m below 
current ground surface by ConeTec of Richmond, BC at selected locations across the site to provide overall site 
coverage. The augerholes provided a near-continuous, disturbed sample by corkscrewing the solid-stem augers 
into the soil, and returning the lead auger run to ground surface for observation and logging. Grab samples were 
obtained from the auger runs for geotechnical testing and observation. 
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Drilling at all of the borehole locations, except BH17-07, BH17-09, and BH17-14 in Surrey, commenced using 
solid-stem auger drilling techniques to allow for archaeological observation of the near-surface soils. Again, by 
corkscrewing the solid-stem augers into the soil, the attending Archer CRM Partnership (Archer) and First Nations 
(FN) representatives were able to observe near-continuous soil samples for the first few metres below ground 
surface. The recovered soil was sifted and reviewed by the Archer and FN representatives before any geotechnical 
samples were obtained. After receiving archeological approval to proceed with the testhole, the augerhole was 
then continued to termination depth or used as a pilot hole for subsequent mud-rotary drilling. 


 
2.6.3 Mud-Rotary Soil Drilling with Intermittent Sampling 
The following three drill rigs equipped with top-drive rotary capabilities, owned and operated by Foundex, were 
used for drilling through soils using conventional mud-rotary methods, generally following ASTM D5783 
procedures: 


 One (1) borehole conducted using the HT-700 track-mounted rotary drill rig 


 Eight (8) boreholes conducted using the HT-750 GMC truck-mounted rotary drill rig 


 Three (3) boreholes conducted using the SIMCO 5000 truck-mounted rotary drill rig 


 
The mud-rotary drilling included intermittent split-spoon sampling and standard penetration testing (SPT) within 
the overburden soils, beneath the upper vacuumed or augered portion of each borehole. The overburden soil 
portions of the boreholes were drilled using a wash-rotary drilling method by advancing HWT casing (114 mm 
diameter casing) and using an open cutting shoe, where feasible, depending on the density and stiffness of soils 
encountered. A tri-cone bit with a lead centralizer rod was also used to drill out the borehole if the soil conditions 
became too difficult for advancement of the open cutting shoe system. 


A bentonite seal was placed around the top of the surface casing and mud tank so that drilling fluid could be 
re-circulated with mud pumps in a closed loop. Drilling fluids were contained and re-circulated until the driller 
determined that a fluid transfusion was necessary. The drilling fluid used during borehole advancement through 
the overburden soils consisted of a water-polymer slurry, thickened with bentonite.  A vacuum truck was utilized 
to ensure that the drilling fluids remained contained and did not discharge onto City streets, nearby water courses, 
or the City of Surrey or New Westminster’s storm water drainage system. 


In-situ SPTs were generally conducted at 1.5 metre depth intervals within the upper overburden soils in all 
boreholes advanced using mud-rotary methods, and at additional test locations as determined appropriate by the 
field inspector (for details see 2.7.1). At greater depths, soil sampling intervals were changed to approximately 
three metre spacing to increase drilling efficiency. The disturbed samples were bagged, logged and described, 
and sent for testing at Golder’s Burnaby laboratory facility. 


 


2.6.4 Rock Coring  
At one borehole location (BH17-01 in New Westminster), the drill rig was configured for coring when bedrock was 
inferred to have been encountered. A 114 mm diameter HWT casing was seated into competent material to 
prevent any overburden soils from sloughing into the borehole. A 95 mm outer diameter HQ-3 triple-tube coring 
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barrel fitted with a tungsten carbide core bit, producing a nominal rock core diameter of 63 mm, was used to 
advance the borehole and obtain rock core samples. Each core run was advanced a maximum of approximately 
1.53 m (5 feet), and the inner core barrel was retrieved by wireline, bringing the recovered core to the surface 
where it was placed in core boxes. Once the borehole coring was terminated, the core was photographed and 
logged in the field by a Golder geotechnical field representative before being transported to our Burnaby laboratory 
for detailed examination. 


 


2.7 In-situ Testing and Sampling 
2.7.1 Standard Penetration Test (SPT)  
Standard Penetration Test (SPT) sampling was conducted within the boreholes, using an open-ended split-spoon 
sampler to measure the penetration resistance values during advancement of the sampler, and at the same time, 
to obtain disturbed soil samples for geotechnical classification and laboratory testing. The split-spoon sampling 
was carried out in general accordance with ASTM D1586, Standard Test Method for Standard Penetration Test 
(SPT) and Split-Barrel Sampling of Soils. 


In-situ SPTs were generally conducted at 1.5 metre depth intervals within the upper overburden soils in all 
boreholes advanced using mud-rotary methods, and at additional test locations as determined appropriate by the 
field inspector. At greater depths soil sampling intervals were changed to approximately three metre spacing to 
increase drilling efficiency.  


Fifty-one mm (2 inch) diameter split-spoon samplers were driven to a total penetration depth of 0.61 m (24 inches) 
per sample or until refusal (greater than 50 blows per 150 mm (6 inches). The recorded blow counts for individual 
test samples are presented on the Record of Borehole sheets. The relative density or consistency evaluated in 
the Record of Boreholes is generally based on the measured blow counts. It should be noted that in certain strata 
(i.e., where significant gravel or cobble-sized particles were encountered), the blow count may not be 
representative of the relative density or stiffness of the soil matrix, and a combination of engineering judgement 
and laboratory testing is required to evaluate the compactness/consistency of the material. The reader is cautioned 
to consider overburden and energy loss effects (as well as other correction factors) when interpreting SPT results. 


Caution and judgement should therefore be exercised in the interpretation of the measured blow counts 
presented on the Record of Borehole sheets and their correlation with standard “N” values. 


Upon retrieval of the sampler, the SPT split-tube was opened, and the recovered soil was classified, photographed, 
stored in labeled bags, and transported to the Golder Burnaby laboratory facility for detailed examination and index 
testing of selected samples. 


 


2.7.2 Energy Measurements on Standard Penetration Test Hammer 
Energy measurements were obtained from the SPT hammer to correlate a work efficiency of the SPT hammers 
used during the Phase B Land site investigation. Using the hammer efficiency, the observed SPT blow counts can 
be converted into equivalent SPT N blow counts for use in engineering analyses and design.   
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Golder carried out the energy measurements at Borehole NW BH17-04 on 30 November 2017 and at Borehole 
SUR BH17-05 on 6 December 2017. An automatic-trip SPT hammer mounted on a HT-750 drilling rig was used 
for sampling at Borehole NW BH17-04 and an automatic-trip SPT hammer mounted on a SIMCO 5000 drilling rig 
was used for sampling at Borehole SUR BH17-05. The SPT hammers were supplied and operated by Foundex. 
Energy measurements were carried out at four different depths of Borehole NW BH17-04 ranging from 3.96 m 
(13 ft.) to 9.91 m (32 ft. 6 in.) and at five different depths of SUR BH17-05 ranging from 11.63 m (38 ft. 2 in.) to 
19.25 m (63 ft. 2 in.) below ground surface, respectively. Energy measurements of the SPT hammer efficiencies 
are summarized in APPENDIX H of this report. 


 


2.7.3 Relatively Undisturbed Soil Sampling – Thin-Walled Tube Samples 
Thin-walled tube samples of overburden materials were collected within cohesive soil deposits at depths selected 
by the Golder geotechnical inspector. Thin-walled tube samples were generally 760 mm (30 inches) long and 
75 mm (3 inches) in diameter and were carried out in general accordance with ASTM D1587/D1587M. Upon 
retrieval from the borehole, the ends of the thin-walled tubes were wax-sealed and capped for containment and 
moisture content preservation. They were ground-transported with care to reduce the potential exposure to sample 
handling and transportation-related disturbances. Specialized laboratory testing was carried out on sections of the 
relatively undisturbed thin-walled tube soil samples, after review of gamma ray photography results, tube extrusion 
and visual review of the material.   


 
2.7.4 In-situ Field Vane Undrained Shear Strength Tests 
In-situ field vane tests were undertaken at selected depths where cohesive soils were encountered within the mud-
rotary boreholes. Measurement of undrained shear strength was conducted using the Nilcon vane apparatus.  
Field vane tests were undertaken downhole below the bottom of the HWT casing using a RocTest Vane Borer 
Model M-1000 (Nilcon) and were carried out in general accordance with ASTM D2573/D2573M. The peak and 
remolded undrained shear strengths have been interpreted from the field vane test disc charts, and estimated 
values are presented in APPENDIX A – Table 3 and on the Record of Borehole sheets in APPENDIX B.  


 
2.8 Seismic and Cone (Piezocone) Penetration Testing – SCPT/CPT 
2.8.1 SCPT and CPT Data Collection 
Electronic seismic cone (piezocone) penetration test (SCPT) profiling was conducted at six locations (SCPT17-03, 
SCPT17-05, SCPT17-06, SCPT17-07, SCPT17-09, SCPT17-14). Porewater pressure dissipation testing was also 
conducted at selected depths in each SCPT sounding. The SCPT equipment was operated by Schwartz Soil Tech 
Inc. (Schwartz) and the SCPTs were advanced using the SIMCO 5000 truck-mounted drill rig and the HT-750 
truck-mounted drill rig, both owned and operated by Foundex. 


Electronic cone (piezocone) penetration test (CPT) profiling was conducted at eight locations (CPT17-01, 
CPT17-02, CPT17-04, CPT17-08, CPT17-10, CPT17-11, CPT17-12, and CPT17-13). Porewater pressure 
dissipation testing was also conducted at selected depths in each CPT sounding. The CPT equipment was 
supplied by ConeTec and the CPTs were advanced using the M5T track-mounted drill rig and M7 truck-mounted 
drill rig, owned and operated by ConeTec. 
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The SCPTs and CPTs were advanced to obtain near-continuous data which can be used to infer soil stratigraphy 
profiles. The SCPTs and CPTs were carried out using probes with a 10 cm2 projected tip area which were equipped 
with a porewater pressure filter element located behind the shoulder of the cone of the probe. Sensor data 
consisted of soil tip resistance (qc), sleeve friction (fs), porewater pressure measurements (u2), and inclination.  


Seismic shear wave velocity (Vs) measurements were carried out at approximately 1 m intervals to the full depth 
of the testholes at SCPT locations. Some seismic data may be determined to be inaccurate due to frequency noise 
and vibrations from nearby roadways, trains, manufacturing facilities, and heavy construction equipment. At depths 
where disruption was encountered, several seismic data readings were recorded. The cone sensor data was 
transmitted to the surface using the acoustic method, which collects sensor data at 5 cm intervals throughout the 
sounding depths. Seismic shear wave velocity (Vs) measurements recorded in the SCPTs are presented in 
APPENDIX C. 


SCPT and CPT field data collection was carried out generally in accordance with ASTM D5778 “Electronic Friction 
Cone and Piezocone Penetration Testing of Soils”, with judgement applied by the CPT field operator to vary the 
cone operation and reduce penetration rate, where necessary to minimize the risk of potential damage to and/or 
loss of the sounding equipment. 


 
2.8.2 Basic Data Reduction 
CPT data reduction and interpretation was conducted by Schwartz and ConeTec. Basic data recorded in the CPTs 
are detailed on the Records of Cone Penetration Tests provided in APPENDIX C. In these plots, the basic data is 
shown in non-normalized form as follows: 


 qt - corrected cone tip resistance; 


 fs - sleeve friction; 


 Rf - friction ratio (sleeve friction divided by cone tip resistance); and 


 u2 - porewater pressure recorded at the u2 location (behind the cone tip shoulder). 


 


The plots also show the profiles of the normalized Soil Behaviour Type (SBTn), based on Robertson 1990 
non-normalized soil behaviour types respectively, and the related SBT Index (Ic). It should be noted that the SBT 
zones presented are not based on soil gradation criteria or other direct measurement, but rather based on the in-
situ soil behaviour as the CPT probe is advanced, whereby soil behaviour type is estimated using empirical 
formulae. Furthermore, the SBT types also represent transitions between soil types, i.e., sand-silt mixtures or 
sand-clay mixtures. Caution should be exercised in using these empirical SBT correlations, and review and 
analysis of the CPT, borehole and laboratory test data, along with engineering judgment, should be applied in 
developing the final interpretations and characterization of soil type and behaviour to be used in design and 
construction. Further details on the basic data parameters and specific relevant CPT literature references are 
provided in the Schwartz letter or ConeTec report which precedes the SCPT/CPT data profiles in APPENDIX C. 
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2.8.3 Porewater Pressure Dissipation Testing 
Porewater pressure dissipation tests were carried out at selected depths to assist in determining hydrostatic 
groundwater conditions within coarse-grained deposits, and to determine excess and/or negative porewater 
pressure responses within finer-grained deposits. Porewater pressure dissipation test results are included with 
their respective CPT profiles in APPENDIX C. 


 


2.9 Testhole Closure 
2.9.1 General Surface Completion 
Testholes were backfilled to near-surface with a bentonite-grout mixture. Testholes that were grouted were given 
on average 12 hours to allow the cement to cure. Grout mixes varied slightly for each hole; however, the general 
grout mix was carried out with approximately 200 kg cement, 22 kg bentonite powder, and 680 litres of water. The 
grout was inserted by pumping the grout to the bottom of the hole through Schedule 80 PVC tremie pipes. 


For testholes located within a paved area, a cement mix was used above the grout to within approximately 150 mm 
to 300 mm below ground surface. The surface completion was then finished with a concrete/asphalt layer. All 
testholes were backfilled to satisfy BC Groundwater Protection Act (BCGPA) requirements. Borehole completion 
details are presented in the Record of Augerholes, Record of Boreholes, and Record of Drillholes in  
APPENDIX B, and these should be consulted to obtain information on backfill details and installation depth 
intervals. 


 


2.9.2 Piezometer Installation  
Following drilling activities at nine boreholes (AH17-02, BH17-03, BH17-05, BH17-06, BH17-07 in Surrey and 
BH17-02, BH17-03, BH17-04, BH17-05 in New Westminster), single standpipe piezometers were installed to 
facilitate future groundwater monitoring. The standpipe piezometers consist primarily of 26 mm inside diameter 
Schedule 40 PVC having machine slotted (#10 slot) tip sections. The lengths of the slotted screen sections were 
varied for estimated groundwater level. Details of the piezometer installations are summarized in APPENDIX A – 
Table 2, and shown on the Record of Augerholes and Record of Boreholes in APPENDIX B. 


The bored void below the target depth of the piezometer was filled with coated bentonite pellets to comply with the 
BCGPA. A layer of 10-20 filter sand was used as a filter pack and extended from approximately 0.3 m above to 
0.3 m below the filter screen of each piezometer. An upper bentonite pellet plug, approximately 1.2 m in thickness, 
was placed to isolate the screened section. 


The remainder of the open borehole above the piezometer was grouted/backfilled to surface as described above 
in Section 2.9.1 and protected at the surface with a concrete or cement encased, flush-mounted steel or cast iron 
well cover. The piezometers were fitted with a locking J plug end cap. 


 


2.9.3 Groundwater Level Monitoring 
Measurements of depth to water were recorded manually at select piezometers using an electronic water level 
sounder. Depths were measured from ground surface to the top of the water column inside the piezometer. 
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The piezometer installations in Surrey were checked on 15 March 2018 and 16 March 2018 and the installations 
in New Westminster were checked on 17 March 2018.  


It should be noted that groundwater level measurements are likely influenced by the location and conditions of the 
site, and over time in response to precipitation, runoff, and drainage. Also some seasonal and tidal fluctuations 
may be anticipated. 


Groundwater level measurements from within the piezometers are presented in APPENDIX A – Table 2 and 
selected data are shown on the Record of Augerholes and Record of Boreholes in APPENDIX B. 
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3.0 LABORATORY TESTING SUMMARY 
Laboratory testing was carried out on selected samples of overburden soils and bedrock collected from the 
augerholes and boreholes to assess the geotechnical and geological properties of the subsurface materials 
encountered. The laboratory tests are summarized in the following sections. Laboratory test results for soil and 
rock samples may be found in APPENDICES D, E and F, and in some cases are presented on the augerhole, 
borehole and drillhole records. 


 
3.1 Laboratory Soil Index Testing 
3.1.1 Relevant Specifications and Standards 
Laboratory soil index testing was undertaken on selected soil samples obtained from the thin-walled tubes and the 
split-spoon samples retrieved onsite. Soils index testing was conducted at Golder’s Burnaby laboratory and in 
general accordance with ASTM International (ASTM) standards as follows: 


 ASTM D2216 Standard Test Method for Determination of Water (Moisture) Content of Soil and Rock by Mass 


 ASTM D6913 Standard Test Method for Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 


 ASTM D422 Standard Test Method for Particle-Size Analysis of Soils 


 ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 


 ASTM D2974 Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other Organic Soils 


 
3.1.2 Laboratory Soil Index Testing 
Sample preparation was carried out in general conformance with ASTM D421. It is important to recognize that the 
sampling methods in the field limit the maximum particle size that can be recovered from the boreholes. As such, 
the laboratory gradation test results shown reflect these maximum sizes, and may not be representative of boulder, 
cobble, or coarse gravel content. Laboratory soil index test results are included in APPENDIX D and  
APPENDIX A – Table 4. 


 
3.2 Specialized Laboratory Soil Testing  
3.2.1 Relevant Specifications and Standards 
Specialized laboratory testing consisting of gamma ray radiography, one-dimensional consolidation, direct cyclic 
simple shear and monotonic simple shear tests were carried out on selected samples.  Laboratory specialized test 
results may be found in APPENDIX E. Testing of materials was conducted at Golder’s Burnaby laboratory and in 
general accordance with American Society for Testing Materials (ASTM) or Norsk Sokkels Konkuranseposisjon 
(NORSOK) standards as follows: 


 NORSOK G-001 Standard Test Methods for Direct Simple Shear Testing of Fine-Grained Soils 


 ASTM D2435/D2435M Standard Test Methods for One-Dimensional Consolidation Properties of Soils Using 
Incremental Loading 


 Gamma Ray Radiography carried out by Acuren Group Inc. 







 


PBRP PHASE B LAND SITE INVESTIGATION REPORT 


 


13 July 2018 
Report No. 1650596-025-R-Rev1-9000 15  


 


The version of each standard used is identified in 6.0 References. 


 


3.2.2 Direct Cyclic Simple Shear and Monotonic Simple Shear Tests 
Simple shear testing was carried out on selected samples following general recommendations provided in 
NORSOK G-001. A portion of the thin-walled tube selected for testing was cut using a pipe cutter; and once cut, 
the soil was extruded with a hydraulic piston. After visual inspection, the sample was trimmed and set in the simple 
shear load frame for testing. The simple shear results are included in APPENDIX E1 and E2. 


 


3.2.3 One-Dimensional Consolidation Tests 
One-dimensional consolidation tests were carried out on selected samples following general recommendations 
provided in ASTM D2435/D2435M, corresponding to incremental loading consolidation tests Method B.  
Accordingly, the sample was loaded incrementally to ASTM standards.  A portion of the thin-walled tube selected 
for testing was cut using a pipe cutter; and once cut, the soil was extruded with a hydraulic piston.  After visual 
inspection, the sample was trimmed inside the consolidation ring and set in the consolidation apparatus for testing. 
The consolidation results are included in APPENDIX E3. 


 


3.2.4 Gamma Ray Radiography 
Gamma Ray Radiography was carried out on five thin-walled tubes by Acuren Group Inc. of Richmond, BC. 
Gamma ray radiography photography was utilized on the thin-walled tube samples to assess sample quality within 
the tube. Samples for specialized testing were selected based on the consistency and uniformity shown in the 
gamma ray photos. Gamma ray photos of the selected thin-walled tubes are included in APPENDIX E4. 


 


3.3 Laboratory Rock Testing 
3.3.1 Relevant Specifications and Standards 
One rock test type was carried out on recovered core samples selected from the boxes of rock core transported 
from site to the Golder laboratory in Burnaby.  


Rock testing of selected samples was carried out at Golder’s Burnaby laboratory in general accordance with ASTM 
standards as follows: 


 ASTM D7012 Method C Unconfined Compressive Strength (UCS) 


 


3.3.2 Unconfined Compression Testing (UCS) Results 
In total, 4 samples were selected for UCS testing. Samples were selected to provide a range of anticipated rock 
strengths. Sample preparation was carried out in general conformance with ASTM D4543 with the most suitable 
portions of the rock core selected for testing. For each sample, UCS results, natural moisture content 
determinations and dry and wet density results were recorded and these results are presented in APPENDIX F. 
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3.4 Core Photographs 
Recovered drill core (rock) was photographed using a digital camera at the Golder Burnaby laboratory facility.  
Both dry and wet photographs were taken under controlled lighting conditions without use of a camera flash. The 
Record of Core Photographs (APPENDIX G) were taken of wet core, which generally provided a good 
representation of the colour of the rock.  No post-processing of the images other than cropping, straightening, and 
correction or addition of missing core blocks was made. 
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INFORMATION AND LIMITATIONS OF THIS REPORT 


 


Standard of Care:  Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level 
of care and skill ordinarily exercised by members of the engineering and science professions currently practicing 
under similar conditions in the jurisdiction in which the services are provided, subject to the time limits and physical 
constraints applicable to this report.  No other warranty, expressed or implied is made.  


Basis and Use of the Report:  This report has been prepared for the specific site, design objective, development 
and purpose described to Golder by the Client.  The factual data, interpretations and recommendations pertain to 
a specific project as described in this report and are not applicable to any other project or site location.  Any change 
of site conditions, purpose, development plans or if the project is not initiated within eighteen months of the date 
of the report may alter the validity of the report.  Golder cannot be responsible for use of this report, or portions 
thereof, unless Golder is requested to review and, if necessary, revise the report.  


The Client acknowledges that electronic media is susceptible to unauthorized modification, deterioration and 
incompatibility and therefore the Client cannot rely upon the electronic media versions of Golder’s report or other 
work products.  


The report is of a summary nature and is not intended to stand alone without reference to the instructions given to 
Golder by the Client, communications between Golder and the Client, and to any other reports prepared by Golder 
for the Client relative to the specific site described in the report.  In order to properly understand the suggestions, 
recommendations and opinions expressed in this report, reference must be made to the whole of the report.  
Golder cannot be responsible for use of portions of the report without reference to the entire report. 


Soil, Rock and Groundwater Conditions:  Classification and identification of soils, rocks, and geologic units 
have been based on commonly accepted methods employed in the practice of geotechnical engineering and 
related disciplines.  Classification and identification of the type and condition of these materials or units involves 
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than 
abrupt.  Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.  


Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and 
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface 
conditions.  The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder 
interprets to exist between and beyond sampling points may differ from those that actually exist.  In addition to soil 
variability, fill of variable physical and chemical composition can be present over portions of the site or on adjacent 
properties.  The professional services retained for this project include only the geotechnical aspects of the 
subsurface conditions at the site, unless otherwise specifically stated and identified in the report.  The 
presence or implication(s) of possible surface and/or subsurface contamination resulting from previous activities 
or uses of the site and/or resulting from the introduction onto the site of materials from off-site sources are outside 
the terms of reference for this project and have not been investigated or addressed.  
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Soil and groundwater conditions shown in the factual data and described in the report are the observed conditions 
at the time of their determination or measurement.  Unless otherwise noted, those conditions form the basis of the 
recommendations in the report.  Groundwater conditions may vary between and beyond reported locations and 
can be affected by annual, seasonal and meteorological conditions.  The condition of the soil, rock and 
groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level lowering, 
pile driving, blasting, etc.) on the site or on adjacent sites.  Excavation may expose the soils to changes due to 
wetting, drying or frost.  Unless otherwise indicated the soil must be protected from these changes during 
construction.   


Sample Disposal:  Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of 
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s 
expense.   In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be 
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.  


Follow-Up and Construction Services:  All details of the design were not known at the time of submission of 
Golder’s report.  Golder should be retained to review the final design, project plans and documents prior to 
construction, to confirm that they are consistent with the intent of Golder’s report.    


Changed Conditions and Drainage:  Where conditions encountered at the site differ significantly from those 
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or 
revise the recommendations within this report.  Recognition of changed soil and rock conditions requires 
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if 
conditions have changed significantly. 
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Testhole ID No. Testhole Type Drilling Rig Testhole Date 


Approximate(2) UTM 
Coordinates Investigation 


Depth (mbgs(1)) Approximate Location 
Northing (m) Easting (m) 


SUR AH17-01 Auger Hole M7 - Truck 15 November 2017 5450478 508030 18.29 Private Property VFPA Lot Number R-57-00 


SUR AH17-02 Auger Hole M7 - Truck 16 November 2017 5450456 508077 18.29 Private Property VFPA Lot Number R-57-00 
SUR BH17-03 Mud Rotary Borehole SIMCO 5000 - Truck 21 to 25 November 2017 5450439 508127 80.42 Private Property VFPA Lot Number R-57-00 
SUR AH17-04 Auger Hole M7 - Truck 14 November 2017 5450417 508176 18.29 Private Property VFPA Lot Number R-57-00 
SUR BH17-05 Mud Rotary Borehole SIMCO 5000 - Truck 5 to 11 December 2017 5450396 508225 83.52 Private Property VFPA Lot Number R-57-00 
SUR BH17-06 Mud Rotary Borehole SIMCO 5000 - Truck 3 to 4 November 2017 5450120 508319 32.61 Southbound curb lane/shoulder on Bridge Road near 11105 Bridge Road, Surrey 
SUR BH17-07 Mud Rotary Borehole HT-750 - Truck 7 to 10 November 2017 5450374 508493 73.00 Eastbound curb lane/shoulder on 112 Ave near 12239 King George Blvd, Surrey 
SUR AH17-08 Auger Hole M7 - Truck 8 November 2017 5450378 508655 18.29 Eastbound curblane/shoulder on 112 Ave near 12303 King George Blvd, Surrey 


SUR BH17-09 Mud Rotary Hole HT-750 - Truck 31 October 31 to 
1 November 2017 5450341 508839 37.13 Southbound curblane/shoulder on Scott Road, near 12444 King George Blvd, Surrey 


SUR AH17-10 Auger Hole M7 - Truck 10 November 2017 5450231 508896 18.29 Southbound curblane/shoulder on Scott Road, near 11104 Scott Road, Surrey 
SUR AH17-11 Auger Hole M7 - Truck 9 November 2017 5450336 509162 18.29 Eastbound curblane/shoulder on Scott Road/120th Street, near 11180 Scott Road, Surrey 
SUR AH17-12 Auger Hole M7 - Truck 7 November 2017 5450519 508813 18.29 Westbound curblane/shoulder of 112A Ave, near 12375 Kind George Blvd, Surrey 
SUR AH17-13 Auger Hole M5T - Track 6 November 2017 5450790 508818 15.24 Eastbound curblane/shoulder on 114 Ave, near 11387 124th Street, Surrey 
SUR BH17-14 Mud Rotary Hole HT-750 - Truck 14 to 17 November 2017 5450886 508835 47.55 Southbound curblane/shoulder on 124th Street, near 11445 124th Street, Surrey 
SUR CPT17-01 Cone Penetration Test M7 - Truck 15 November 2017 5450478 508030 61.00 Private Property VFPA Lot Number R-57-00 
SUR CPT17-02 Cone Penetration Test M7 - Truck 16 November 2017 5450456 508077 63.00 Private Property VFPA Lot Number R-57-00 


SUR SCPT17-03 Seismic Cone 
Penetration Test SIMCO 5000 - Truck 20 to 21 November 2017 5450439 508127 67.20 Private Property VFPA Lot Number R-57-00 


SUR CPT17-04 Cone Penetration Test M7 - Truck 14 November 2017 5450417 508176 60.00 Private Property VFPA Lot Number R-57-00 


SUR SCPT17-05 Seismic Cone 
Penetration Test SIMCO 5000 - Truck 4 to 5 December 2017 5450398 508220 65.55 Private Property VFPA Lot Number R-57-00 


SUR SCPT17-06 Seismic Cone 
Penetration Test SIMCO 5000 - Truck 2 November 2017 5450120 508319 50.00 Southbound curb lane/shoulder on Bridge Road near 11105 Birdge Road, Surrey 


SUR SCPT17-07 Seismic Cone 
Penetration Test HT-750 - Truck 6 to 7 November 2017 5450374 508493 55.55 Eastbound curb lane/shoulder on 112 Ave near 12239 King George Blvd, Surrey 


SUR CPT17-08 Cone Penetration Test M7 - Truck 8 November 2017 5450378 508655 41.73 Eastbound curblane/shoulder on 112 Ave near 12303 King George Blvd, Surrey 


SUR SCPT17-09 Seismic Cone 
Penetration Test HT-750 - Truck 30 to 31 October 2017 5450341 508839 36.38 Southbound curblane/shoulder on Scott Road, near 12444 King George Blvd, Surrey 


SUR CPT17-10 Cone Penetration Test M7 - Truck 10 November 2017 5450231 508896 32.33 Southbound curblane/shoulder on Scott Road, near 11104 Scott Road, Surrey 
SUR CPT17-11 Cone Penetration Test M7 - Truck 9 November 2017 5450336 509162 33.30 Eastbound curblane/shoulder on Scott Road/120th Street, near 11180 Scott Road, Surrey 
SUR CPT17-12 Cone Penetration Test M7 - Truck 7 November 2017 5450519 508813 38.43 Westbound curblane/shoulder of 112A Ave, near 12375 Kind George Blvd, Surrey 
SUR CPT17-13 Cone Penetration Test M5T - Track 6 November 2017 5450790 508818 30.03 Eastbound curblane/shoulder on 114 Ave, near 11387 124th Street, Surrey 


SUR SCPT17-14 Seismic Cone 
Penetration Test HT-750 - Truck 14 November 2017 5450886 508835 43.50 Southbound curblane/shoulder on 124th Street, near 11445 124th Street, Surrey 
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Testhole ID No. Testhole Type Drilling Rig Testhole Date 


Approximate(2) UTM 
Coordinates Investigation 


Depth (mbgs(1)) Approximate Location 
Northing (m) Easting (m) 


NW BH17-01 Mud Rotary with 
Coring HT-750 - Truck 4 to 13 December 2017 5450809 507456 94.03 CN Rail Property under Pattullo Bridge 


NW BH17-02 Mud Rotary HT-750 - Truck 18 and 25 November 2017 5450772 507385 17.98 Paved area southbound Columbia St curblane/shoulder and Central Valley Greenway 
NW BH17-03 Mud Rotary HT-700 - Track 9 December 2017 5450958 507483 18.80 Paved area northbound curblane/shoulder of Columbia St 


NW BH17-04 Mud Rotary HT-750 - Truck 18, 30 November to 
1 December 2017 5450856 507342 13.06 Grassed area road shoulder near of Bushby St 


NW BH17-05 Mud Rotary HT-750 - Truck 28 to 29 November 2017 5450962 507228 19.51 Grassed area road shoulder north side of Royal Ave 
NW BH17-06 Mud Rotary HT-750 - Truck 27 to 28 November 2017 5451043 507318 10.36 Grassed area road shoulder west side of McBride Boulevard 


(1) Metres below ground surface. 
(2) Northing and Easting Coordinates have been determined by GPS in the field and are approximate only. Coordinates were georeferenced with orthographic photos. 
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15 June 2018 
Report No. 1650596-025-R-Rev0      


1/1 


Borehole ID No. Boring Completion/Well Installation Date Drill Hole Depth (mbgs(1)) 


PVC Screen Zone Depth 
(mbgs(1)) 


Filter Sand Pack Zone 
Depth (mbgs(1)) Date of Water Level 


Measured 
Measured Water Level 


(mbgs(1)) 
Top Bottom Top Bottom 


SUR BH16-02 23 April 2016 96.60 74.68 80.77 73.76 81.38 


23 April 2016 0.12(2) (artesian) 
15 March 2018 (artesian)(3) 
16 March 2018 (artesian)(3) 


SUR AH17-02 16 November 2017 18.29 6.10 7.62 5.79 7.92 


16 November 2017 0.46 
15 March 2018 3.50 


16 March 2018 3.14 


SUR BH17-03 27 November 2017 80.42 75.36 78.41 69.80 78.87 
15 March 2018 2.31 


March 16, 2018 2.22 


SUR BH17-05 10 December 2017 83.52 78.64 81.69 78.03 81.99 


5 December 2017 2.13 
15 March 2018 1.82 
16 March 2018 1.92 


SUR BH17-06 4 November 2017 32.61 26.82 29.87 25.30 30.18 
15 March 2018 1.23 


16 March 2018 1.28 


SUR BH17-07 10 November 2017 73.00 67.06 70.10 66.75 70.71 
15 March 2018 1.28 
16 March 2018 1.42 


NW BH16-01 29 April 2016 50.34 35.05 41.15 34.52 41.61 
29 April 2016 0.45(2) (artesian) 


17 March 2018 (artesian)(3) 
NW BH17-02 25 November 2017 17.98 11.28 14.33 10.92 14.61 17 March 2018 4.75 
NW BH17-03 9 December 2017 18.80 14.33 17.37 13.72 17.68 17 March 2018 6.83 
NW BH17-04 1 December 2017 13.06 8.53 11.58 8.18 11.89 17 March 2018 2.55 


NW BH17-05 29 November 2017 19.51 10.67 13.72 9.70 14.33 17 March 2018 1.72 


(1) Metres below ground surface 
(2) Metres above ground surface. 


(3) Groundwater observation only; No reading was acquired, and piezometer was only observed to be artesian. 
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Insitu and Laboratory Shear Vane Testings 
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Borehole ID No. Sample No. Depth 
(mbgs(1)) Field/Lab Vane VANE TYPE 


Vane Shear Strength 


Peak (kPa) Remolded (kPa) 


SUR BH17-05 Vane Test 1 2.90 Field Type 3 - Medium 38.1 12.3 


SUR BH17-07 Vane Test 1 5.79 Field Type 3 – Medium 33.8 12.8 


SUR BH17-09 Vane Test 1 10.50 Field Type 2 – Large >60.0(2) - 
(1) Metres below ground surface. 
(2) Nilcon vane shear test maxed out.  
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NW BH17-01 2 1.22 1.37 AS 13.9 20 47 33


NW BH17-01 4 2.90 3.05 AS 22.8 NP M NP 31 45 24 21 3


NW BH17-01 5 4.37 4.98 SS 22.9 21 M 7 12 29 59 46 13


NW BH17-01 6 5.89 6.50 SS 11.4 39 44 17


NW BH17-01 7 7.42 8.03 SS 10.3 NP M NP 57 29 14 10 4


NW BH17-01 8 8.94 9.55 SS 10.9 19 M 6 45 36 19 14 5


NW BH17-01 11 13.51 14.12 SS 33.3 38 M 14 0 1 99 81 18


NW BH17-01 14 18.08 18.54 SS 26.8 33 M 18 1 3 96 80 16


NW BH17-01 16 16B 21.13 21.59 21.18 21.59 SS 18.0 8 75 17


NW BH17-01 17 22.66 23.09 SS 22.8 28 M 10 3 28 69 52 17


NW BH17-01 20 28.75 29.21 SS 21.8 1 76 23


NW BH17-01 21 31.80 32.18 SS 20.5 22 M 7 11 26 63 51 12


NW BH17-01 22 34.85 35.10 SS 18.9 24 M 2 2 18 80 69 11


NW BH17-01 26 43.99 44.35 SS 33.1 31 M 9 4 4 92 79 13


NW BH17-01 32 85.90 86.03 GS 28.9 NP M NP 0 2 98 95 3


NW BH17-02 2 1.22 1.37 GS 29.0 34 M 15 0 9 91 50 41


NW BH17-02 4 3.81 4.42 SS 18.0 19 M 5 0 25 75 62 13


NW BH17-02 6 6.86 7.32 SS 26.5 NP M NP 0 4 96 85 11


NW BH17-02 8 9.91 10.36 SS 27.5 38 M 15 2 9 89 71 18


NW BH17-02 9 9B 11.43 11.89 11.48 11.89 SS 23.9 NP M NP 0 43 57 47 10


NW BH17-02 10 10A 14.48 14.94 14.48 14.73 SS 25.4 NP M NP 0 41 59 53 6


NW BH17-02 10 10B 14.48 14.94 14.73 14.94 SS 25.1 36 M 12 0 3 97 80 17


NW BH17-03 2 1.37 1.52 GS 19.9 47 36 17


NW BH17-03 3 2.90 3.05 GS 7.9 NP M NP 40 48 12


NW BH17-03 5 5.03 5.64 SS 12.6 14 M 2 16 46 38 32 6


NW BH17-03 8 9.60 9.80 SS 12.5 13 M 2 12 47 41 33 8


NW BH17-04 2 1.22 1.37 GS 5.0 NP M NP 58 37 5


NW BH17-04 4 3.81 4.20 SS 8.9 NP M NP 17 55 28


NW BH17-04 5 5.33 5.49 SS 13.8 36 42 22 18 4


NW BH17-04 8 11.43 11.56 SS 17.6 35 38 27 23 4


NW BH17-05 2 1.07 1.22 AS 25.3 23 M 9 1 28 71 53 18


NW BH17-05 3 2.13 2.29 AS 13.9 15 M 3 12 49 39


NW BH17-05 4 3.81 4.27 SS 16.6 0 89 11


NW BH17-05 6 6.86 7.32 SS 22.6 NP M NP 0 10 90 81 9


NW BH17-05 8 8A 9.91 10.36 9.91 10.16 SS 29.2 38 M 16 3 15 82 42 40


NW BH17-05 8 8B 9.91 10.36 10.16 10.36 SS 20.4 13 71 16


NW BH17-05 9 11.43 11.89 SS 26.5 0 65 35


NW BH17-05 11 11A 14.48 14.94 14.48 14.63 SS 24.9 NP M NP 0 9 91 86 5


NW BH17-05 11 11B 14.48 14.94 14.63 14.94 SS 27.2 0 42 58 54 4


NW BH17-05 12 16.00 16.46 SS 31.7 37 M 8 3 2 95 82 13


NW BH17-05 14 19.05 19.51 SS 26.7 0 69 31 25 6


NW BH17-06 2 1.83 1.98 AS 12.3 15 M 3 7 41 52 43 9


NW BH17-06 3 3.81 4.06 SS 14.0 14 M 3 18 51 31 24 7


NW BH17-06 4 5.33 5.64 SS 10.0 NP M NP 48 36 16


NW BH17-06 5 6.86 7.32 SS 16.5 1 81 18


NW BH17-06 7 9.91 10.36 SS 23.4 NP M NP 0 4 96 86 10


SUR AH17-01 1 0.46 0.61 AS 8.4 35 56 9


SUR AH17-01 3 2.13 2.29 AS 16.4 0 90 10


SUR AH17-01 5 3.66 3.81 AS 32.8 0 22 78 71 7


SUR AH17-01 8 7.32 7.47 AS 32.6 0 86 14


SUR AH17-01 10 9.75 9.91 AS 27.2 0 91 9


SUR AH17-01 13 14.63 14.78 AS 32.2 0 89 11


SUR AH17-02 1 0.61 0.76 AS 4.0 21 68 11


SUR AH17-02 3 2.13 2.29 AS 35.6 36 M 9 0 20 80 68 12


SUR AH17-02 4 3.66 3.81 AS 34.1 31 M 6


SUR AH17-02 5 5.18 5.33 AS 57.2 NP M NP 4 76 20


SUR AH17-02 6 6.71 6.86 AS 48.2


SUR AH17-02 7 8.23 8.38 AS 42.3 2 81 17


SUR AH17-02 10 12.80 12.95 AS 26.6 0 90 10


SUR AH17-02 13 17.37 17.53 AS 24.8 0 93 7


SUR AH17-04 1 0.61 0.76 AS 9.0 31 56 13


SUR AH17-04 2 1.83 1.98 AS 36.0 54 M 27


Summary of Laboratory Results
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SUR AH17-04 3 2.44 2.59 AS 30.5 34 M 7 0 8 92 76 16


SUR AH17-04 5 4.27 4.42 AS 36.0 44 M 14 0 5 95 77 18


SUR AH17-04 7 5.49 5.64 AS 36.0 40 M 15 1 14 85 68 17


SUR AH17-04 9 7.32 7.47 AS 24.5 0 83 17


SUR AH17-04 11 9.75 9.91 AS 26.8 0 25 75 66 9


SUR AH17-04 13 13.11 13.26 AS 20.2 0 89 11


SUR AH17-04 15 15.85 16.00 AS 21.3 0 91 9


SUR AH17-08 2 1.22 1.37 AS 25.2 31 M 10 5 34 61 44 17


SUR AH17-08 3 1.98 2.13 AS 331.3


SUR AH17-08 4 2.74 2.90 AS 276.7


SUR AH17-08 5 3.35 3.51 AS 324.6


SUR AH17-08 6 4.11 4.27 AS 41.2 47 M 19 0 1 99 70 29


SUR AH17-08 8 6.40 6.55 AS 31.2 0 12 88 75 13


SUR AH17-08 10 7.92 8.08 AS 31.7 35 M 6 0 15 85 75 10


SUR AH17-08 12 11.43 11.58 AS 22.6 0 75 25


SUR AH17-08 14 14.48 14.63 AS 29.6 0 75 25


SUR AH17-08 16 17.68 17.83 AS 32.3 32 M 7 0 35 65 56 9


SUR AH17-10 2 1.68 1.83 GS 23.0 0 90 10


SUR AH17-10 3 2.13 2.29 AS 11.5 36 46 18


SUR AH17-10 4 3.66 3.81 AS 333.4


SUR AH17-10 5 5.18 5.33 AS 268.5


SUR AH17-10 7 6.71 6.86 AS 109.8 71 M 20


SUR AH17-10 8 7.92 8.08 AS 99.8 63 M 21 0 12 88 68 20


SUR AH17-10 10 8.53 8.69 AS 59.1 44 M 12


SUR AH17-10 12 10.97 11.13 AS 36.6 36 M 9 11 2 87 69 18


SUR AH17-10 13 11.73 11.89 AS 200.0


SUR AH17-10 14 12.80 12.95 AS 59.6 57 M 20 1 7 92 57 35


SUR AH17-10 15 14.63 14.78 AS 29.5 0 21 79 68 11


SUR AH17-10 17 17.22 17.37 AS 27.4 0 43 57 53 4


SUR AH17-11 1 0.30 0.46 AS 6.8 32 59 9


SUR AH17-11 2 1.22 1.37 AS 38.3 47 M 2 19 44 37 30 7


SUR AH17-11 4 3.96 4.11 AS 45.3 59 M 23 0 1 99 79 20


SUR AH17-11 6 5.49 5.64 AS 240.0


SUR AH17-11 7 6.55 6.71 AS 38.4 46 M 17 0 2 98 79 19


SUR AH17-11 8 7.32 7.47 AS 181.4


SUR AH17-11 10 9.75 9.91 AS 26.9 34 M 8 0 5 95 81 14


SUR AH17-11 12 12.95 13.11 AS 102.3 74 M 27 0 10 90 52 38


SUR AH17-11 13 13.41 13.56 AS 133.0


SUR AH17-11 15 16.46 16.61 AS 22.9 0 76 24


SUR AH17-12 2 0.76 0.91 AS 231.7


SUR AH17-12 3 0.91 1.07 AS 426.2


SUR AH17-12 4 1.68 1.83 AS 236.9


SUR AH17-12 5 2.44 2.59 AS 413.6


SUR AH17-12 6 2.74 2.90 AS 79.2 45 M 16 0 2 98 65 33


SUR AH17-12 7 4.27 4.42 AS 34.4 0 15 85 76 9


SUR AH17-12 9 6.71 6.86 AS 29.5 0 50 50 45 5


SUR AH17-12 11 9.75 9.91 AS 28.1 0 73 27


SUR AH17-12 13 13.11 13.26 AS 26.6 0 85 15


SUR AH17-12 15 16.15 16.31 AS 21.7 0 92 8


SUR AH17-13 2 1.22 1.30 GS 413.0


SUR AH17-13 3 1.37 1.52 AS 146.9 NP M NP


SUR AH17-13 5 2.44 2.59 AS 136.1


SUR AH17-13 6 2.74 2.90 AS 38.1 NP M NP


SUR AH17-13 7 3.35 3.51 AS 30.0 0 88 12


SUR AH17-13 8 5.18 5.33 AS 21.7 0 87 13


SUR AH17-13 11 8.53 8.69 AS 23.1 0 91 9


SUR AH17-13 14 12.80 12.95 AS 22.9 0 91 9


SUR BH17-03 1 0.30 0.46 AS 45.0 48 M 20 3 18 79 48 31


SUR BH17-03 2 1.22 1.37 AS 31.3 43 M 19 0 27 73 49 24


SUR BH17-03 5 3.05 3.66 SS 37.3 38 M 8 0 12 88 78 10


SUR BH17-03 6 4.27 4.42 AS 33.5 0 18 82 73 9


SUR BH17-03 7 7A 5.54 6.15 5.54 5.84 SS 48.6 41 M 14 0 7 93 81 12
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SUR BH17-03 8 7.06 7.67 SS 46.5 NP M NP 0 31 69 62 7


SUR BH17-03 9 8.59 9.19 SS 30.1 0 88 12


SUR BH17-03 12 12A 13.16 13.77 13.16 13.62 SS 35.7 NP M NP 0 10 90 79 11


SUR BH17-03 12 12B 13.16 13.77 13.62 13.77 SS 26.3 0 80 20


SUR BH17-03 13 14.68 15.29 SS 34.5 31 M 9 0 25 75 61 14


SUR BH17-03 14 16.21 16.81 SS 30.4 0 89 11


SUR BH17-03 16 19.25 19.86 SS 23.3 0 86 14


SUR BH17-03 19 23.83 24.43 SS 22.8 2 91 7


SUR BH17-03 22 28.40 29.01 SS 24.1 0 93 7


SUR BH17-03 24 32.97 33.58 SS 28.1 0 93 7


SUR BH17-03 27 42.11 42.72 SS 25.3 0 88 12


SUR BH17-03 29 48.21 48.82 SS 33.1 26 M 9 0 10 90 70 20


SUR BH17-03 31 31A 54.31 55.07 TP 27.6 31 M 10 0 4 96 63 33


SUR BH17-03 35 35A 66.50 67.11 66.50 66.88 SS 34.1 34 M 16 0 31 69 37 32


SUR BH17-03 35 35B 66.50 67.11 66.88 67.11 SS 19.9 3 66 31 19 12


SUR BH17-03 37 73.71 74.32 SS 11.6 39 51 10


SUR BH17-03 39 39A 79.81 80.42 79.81 80.01 SS 13.9 31 53 16


SUR BH17-03 39 39B 79.81 80.42 80.01 80.42 SS 22.0 0 86 14


SUR BH17-05 1 1A 0.30 0.91 0.31 0.64 SS 9.3 53 40 7


SUR BH17-05 1 1B 0.30 0.91 0.64 0.91 SS 14.6 2 89 9


SUR BH17-05 3 3A 1.52 2.13 1.52 1.70 SS 56.5


SUR BH17-05 3 3B 1.52 2.13 1.70 2.13 SS 36.4 44 M 18 0 1 99 68 31


SUR BH17-05 5 5A 3.05 3.66 TP 41.7 42 M 15 0 0 100 69 31


SUR BH17-05 8 4.57 5.18 SS 57.0 55 M 27 0 1 99 65 34


SUR BH17-05 10 8.69 9.30 SS 25.9 0 77 23


SUR BH17-05 13 13.26 13.87 SS 28.3 0 92 8


SUR BH17-05 15 16.21 16.81 SS 20.3 1 94 5


SUR BH17-05 18 18A 20.78 21.39 20.78 21.06 SS 47.6


SUR BH17-05 18 18B 20.78 21.39 21.06 21.39 SS 33.8 6 87 7


SUR BH17-05 20 23.83 24.43 SS 21.5 2 91 7


SUR BH17-05 23 28.40 29.01 SS 25.1 0 95 5


SUR BH17-05 25 32.97 33.58 SS 24.9 0 76 24


SUR BH17-05 27 39.07 39.67 SS 24.7 0 85 15


SUR BH17-05 29 45.16 45.77 SS 29.7 0 89 11


SUR BH17-05 30 48.21 48.82 SS 30.6 28 M 9 0 6 94 69 25


SUR BH17-05 33 57.35 57.96 TP 29.4 32 M 13 0 0 100 65 35


SUR BH17-05 34 60.40 61.01 SS 37.1 40 M 18 0 11 89 45 44


SUR BH17-05 36 66.50 67.11 SS 9.2 56 36 8


SUR BH17-05 37 70.71 71.32 SS 11.2 38 56 6


SUR BH17-05 39 76.81 77.42 SS 9.2 39 51 10


SUR BH17-05 41 82.91 83.52 SS 10.3 53 42 5


SUR BH17-06 1 0.61 0.76 GS 5.7 57 38 5


SUR BH17-06 2 1.22 1.30 GS 331.2


SUR BH17-06 4 2.74 2.90 AS 320.4


SUR BH17-06 6 4.11 4.27 AS 102.3 72 M 32 0 9 91 68 23


SUR BH17-06 7 4.57 5.18 SS 35.5 NP M NP 0 17 83 70 13


SUR BH17-06 10 6.10 6.71 TP 39.5 32 M 10 0 5 95 84 11


SUR BH17-06 12 9.14 9.75 SS 33.1 0 74 26


SUR BH17-06 14 14A 12.19 12.83 12.19 12.60 SS 33.8 0 43 57 50 7


SUR BH17-06 14 14B 12.19 12.83 12.60 12.80 SS 38.9 NP M NP 0 13 87 78 9


SUR BH17-06 16 15.24 15.85 SS 35.8 32 M 5 0 53 47 39 8


SUR BH17-06 20 20A 21.34 21.95 21.34 21.51 SS 59.8 67 M 31 0 11 89 66 23


SUR BH17-06 20 20B 21.34 21.95 21.51 21.95 SS 27.7 0 94 6


SUR BH17-06 23 25.91 26.52 SS 26.0 2 92 6


SUR BH17-06 25 25A 28.96 29.57 28.96 29.39 SS 27.5 0 92 8


SUR BH17-06 25 25B 28.96 29.57 29.39 29.57 SS 27.9 1 86 13


SUR BH17-06 26 30.48 31.09 SS 26.0 0 85 15


SUR BH17-06 27 27A 32.00 32.61 32.00 32.18 SS 22.5 4 76 20 13 7


SUR BH17-06 27 27B 32.00 32.61 32.18 32.61 SS 24.9 0 92 8


SUR BH17-07 2 0.76 0.91 GS 33.8 17 71 12


SUR BH17-07 3 1.91 1.98 GS 323.6


SUR BH17-07 5 3.35 3.51 AS 235.4
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SUR BH17-07 6 6A 4.27 4.88 19.7 41 M 16 6 3 91 59 32


SUR BH17-07 7 5.03 5.18 AS 46.0 45 M 19 0 1 99 68 31


SUR BH17-07 8 7.01 7.62 SS 28.1 0 91 9


SUR BH17-07 11 11.58 12.19 SS 26.6 1 91 8


SUR BH17-07 14 16.15 16.76 SS 26.2 3 90 7


SUR BH17-07 17 17A 20.73 21.34 20.73 21.03 SS 18.3 5 57 38 25 13


SUR BH17-07 17 17B 20.73 21.34 21.03 21.34 SS 23.9 0 93 7


SUR BH17-07 19 19B 23.77 24.38 24.08 24.38 SS 23.9 0 94 6


SUR BH17-07 21 26.82 27.43 SS 19.4 17 75 8


SUR BH17-07 23 23A 29.87 30.48 29.87 30.07 SS 25.5 NP M NP 0 27 73 60 13


SUR BH17-07 23 23B 29.87 30.48 30.07 30.48 SS 25.1 NP M NP 0 67 33 24 9


SUR BH17-07 25 25A 35.97 36.58 35.97 36.27 SS 26.9 0 75 25


SUR BH17-07 25 25B 35.97 36.58 36.27 36.58 SS 24.9 0 92 8


SUR BH17-07 29 29A 48.16 48.77 TP 34.4 39 M 16 0 9 91 47 44


SUR BH17-07 31 31B 54.25 54.86 54.36 54.86 SS 23.2 0 84 16


SUR BH17-07 32 57.15 57.76 SS 9.2 50 43 7


SUR BH17-07 35 66.29 66.90 SS 9.1 49 44 7


SUR BH17-07 37 37A 72.39 73.00 72.39 72.85 SS 21.8 22 M 7 0 41 59 40 19


SUR BH17-07 37 37B 72.39 73.00 72.85 73.00 SS 8.2 65 28 7


SUR BH17-09 1 1.37 1.52 AS 20.6 11 79 10


SUR BH17-09 4 3.05 3.68 SS 307.0


SUR BH17-09 5 5.36 5.97 SS 53.4


SUR BH17-09 6 6.88 7.49 SS 67.6 41 M 13 0 6 94 75 19


SUR BH17-09 8 8A 9.02 9.63 TP 33.0 35 M 9 0 3 97 85 12


SUR BH17-09 9 12.01 12.62 TP 36.9 24 M 5 0 18 82 74 8


SUR BH17-09 10 10A 14.50 15.11 14.50 14.76 SS 33.6 30 M 8 0 26 74 65 9


SUR BH17-09 10 10B 14.50 15.11 14.76 15.11 SS 28.4 0 51 49 45 4


SUR BH17-09 13 19.08 19.68 SS 27.6 0 84 16


SUR BH17-09 16 26.70 27.30 SS 25.6 0 93 7


SUR BH17-09 17 17A 29.74 30.35 TP 34.1 30 M 10 0 4 96 75 21


SUR BH17-09 18 18A 36.53 37.13 36.53 37.06 SS 24.5 0 77 23 13 10


SUR BH17-09 18 18B 36.53 37.13 37.06 37.14 SS 5.7 71 22 7


SUR BH17-14 2 2.13 2.29 AS 234.9


SUR BH17-14 3 2.59 2.74 AS 76.5 40 M 16


SUR BH17-14 5 4.27 4.42 AS 34.3 0 34 66 58 8


SUR BH17-14 7 6.86 7.47 SS 24.5 0 92 8


SUR BH17-14 10 11.43 12.04 SS 23.5 0 93 7


SUR BH17-14 12 14.48 15.09 SS 23.8 0 94 6


SUR BH17-14 16 20.57 21.18 SS 23.6 0 94 6


SUR BH17-14 19 19A 25.15 25.76 25.15 25.60 SS 20.1 0 95 5


SUR BH17-14 19 19B 25.15 25.76 25.60 25.76 SS 21.9 0 84 16


SUR BH17-14 21 28.19 28.80 SS 20.3 2 88 10


SUR BH17-14 23 32.77 33.38 SS 25.6 NP M NP 0 41 59 51 8


SUR BH17-14 24 35.81 36.42 SS 34.2 30 M 12 3 6 91 67 24


SUR BH17-14 25 38.86 39.47 TP 32.3 35 M 14 0 2 98 66 32


SUR BH17-14 26 41.91 42.52 SS 35.1 36 M 15 0 16 84 43 41


SUR BH17-14 27 27A 44.96 45.57 44.96 45.31 SS 32.3 28 M 14 1 34 65 36 29


SUR BH17-14 27 27B 44.96 45.57 45.31 45.44 SS 22.3 0 86 14


SUR BH17-14 28 45.95 46.56 SS 7.5 73 11 16
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Northings (m) Easting (m)


1 SUR AH17-01 5450478 508030 18.3 3.5 Private property VFPA lot number R-57-00


2 SUR AH17-02 5450456 508077 18.3 4.1 Private property VFPA lot number R-57-00


3 SUR-BH17-03 5450439 508127 80.4 3.1 Private property VFPA lot number R-57-00


4 SUR-AH17-04 5450417 508176 18.3 3.3 Private property VFPA lot number R-57-00


5 SUR-BH17-05 5450396 508225 83.5 3.1 Private property VFPA lot number R-57-00


6 SUR-BH17-06 5450120 508319 32.6 2.1 Southbound curb lane/ shoulder on Bridge Road, near 11105 Bridge Road, Surrey


7 SUR-BH17-07 5450374 508493 73.0 2.6 Eastbound curb lane/ shoulder on 112 Ave, near 12239 King George Blvd, Surrey


8 SUR-AH17-08 5450378 508655 18.3 4.0 Eastbound curb lane/ shoulder on 112 Ave, near 12303 King George Blvd, Surrey


9 SUR-BH17-09 5450341 508839 37.1 2.3 Southbound curb lane/ shoulder on Scott Road, near 12444 King George Road, Surrey


10 SUR-AH17-10 5450231 508896 18.3 2.0 Southbound curb lane/ shoulder on Scott Road, near 11104 Scott Road, Surrey


11 SUR-AH17-11 5450336 509162 18.3 2.7 Eastbound curb lane/ shoulder on Scott Rd/120th Street, near 11180 Scott Road, Surrey


12 SUR-AH17-12 5450519 508813 18.3 1.8 Westbound curb lane/ shoulder on 112A Ave, near 12375 King George Blvd, Surrey


13 SUR-AH17-13 5450790 508818 15.2 1.8 Eastbound curb lane/shoulder on 114 Ave, near 11387 124th Street, Surrey


14 SUR-BH17-14 5450886 508835 47.6 1.6 Southbound curb lane/shoulder on 124th street, near 11445 124th Street, Surrey


15 SUR-CPT17-01 5450478 508030 61.0 3.5 Private property VFPA lot number R-57-00


16 SUR-CPT17-02 5450456 508077 63.0 4.1 Private property VFPA lot number R-57-00


17 SUR-CPT17-03 5450439 508127 67.2 3.1 Private property VFPA lot number R-57-00


18 SUR-CPT17-04 5450417 508176 60.0 3.3 Private property VFPA lot number R-57-00


19 SUR-SCPT17-05 5450398 508220 65.6 3.1 Private property VFPA lot number R-57-00


20 SUR-SCPT17-06 5450120 508319 50.0 2.1 Southbound curb lane/ shoulder on Bridge Road, near 11105 Bridge Road, Surrey


21 SUR-SCPT17-07 5450374 508493 55.6 2.6 Eastbound curb lane/ shoulder on 112 Ave, near 12239 King George Blvd, Surrey


22 SUR-CPT17-08 5450378 508655 41.7 2.8 Eastbound curb lane/ shoulder on 112 Ave, near 12303 King George Blvd, Surrey


23 SUR-CPT17-09 5450341 508839 36.4 2.3 Southbound curb lane/ shoulder on Scott Road, near 12444 King George Road, Surrey


24 SUR-CPT17-10 5450231 508896 32.3 2.0 Southbound curb lane/ shoulder on Scott Road, near 11104 Scott Road, Surrey


25 SUR-CPT17-11 5450336 509162 33.3 2.7 Eastbound curb lane/ shoulder on Scott Rd/120th street, near 11180 Scott Road, Surrey


26 SUR-CPT17-12 5450519 508813 38.4 1.8 Westbound curb lane/ shoulder on 112A Ave, near 12375 King George Blvd, Surrey


27 SUR-CPT17-13 5450790 508818 30.0 1.8 Eastbound curb lane/ shoulder on 114 Ave, near 11387 124th street, Surrey


28 SUR-CPT17-14 5450886 508835 43.5 1.6 Southboun curb lane/ shoulder on 124th Street, near 11445 124th street, Surrey


29 NW-BH17-01 5450809 507456 94.0 11.7 CN Rail property under Pattullo Bridge


30 NW-BH17-02 5450772 507385 18.0 28.9 Paved area southbound Columbia St. curb lane/ shoulder and Central Valley Greenway


31 NW-BH17-03 5450958 507483 18.8 29.1 Paved area norhbound curblane/ shoulder of Columbia St.


32 NW-BH17-04 5450856 507342 13.1 40.4 Grassed area shoulder near of Bushby St.


33 NW-BH17-05 5450962 507228 19.5 49.9 Grassed area shoulder north side of Royal Ave.


34 NW-BH17-06 5451043 507318 10.4 46.2 Grssed area road shoulder west side of McBride Blvd.


Note:


a. Borehole elevations are an approximate, and are based on LiDAR surface data from April 2016


Investigation Depth (mbgs) Elevation (m)
a Aproximate Location


Table of Borehole As-built Information- Phase B Land                                                                                                                                                         


Approximate UTM 


CoordinatesTesthole ID No.
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GP GRAVEL 


Well Graded ≥4 1 to 3 GW GRAVEL 


Gravels 
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GRAVEL 
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Well Graded ≥6 1 to 3 SW SAND 
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(by mass) 


Below A 
Line n/a SM SILTY SAND 


Above A 
Line n/a SC CLAYEY 
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Organic 
or 
Inorganic 


Soil 
Group Type of Soil Laboratory 


Tests 


Field Indicators 
Organic 
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USCS Group 
Symbol 
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Liquid Limit 


<50 


Rapid  None  None >6 mm 
N/A (can’t 
roll 3 mm 
thread) 


<5% ML SILT 


Slow  None to 
Low  Dull 3mm to 


6 mm None to low <5% ML CLAYEY SILT  


Slow to 
very slow 


Low to 
medium 


Dull to 
slight 


3mm to 
6 mm Low 5% to 


30% OL ORGANIC 
SILT 


Liquid Limit 
≥50 
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medium <5% MH CLAYEY SILT 
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to shiny ~ 3 mm Low to 
medium  0% 


to 
30% 


 
(see 


Note 2) 


CL SILTY CLAY 


Liquid Limit 
30 to 50 None  Medium 


to high 
Slight 


to shiny 
1 mm to 


3 mm 
Medium 


 CI SILTY CLAY 


Liquid Limit 
≥50 None High Shiny <1 mm High CH CLAY 
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 Peat and mineral soil 


mixtures    
30%  


to  
75% 


PT 


SILTY PEAT, 
SANDY PEAT  


Predominantly peat, 
may contain some 


mineral soil, fibrous or 
amorphous peat 


 
75%  


to  
100% 


PEAT 


 
Note 1 – Fine grained materials with PI and LL that plot in this area are named (ML) SILT with 
slight plasticity.  Fine-grained materials which are non-plastic (i.e. a PL cannot be measured) are 
named SILT. 
Note 2 – For soils with <5% organic content, include the descriptor “trace organics” for soils with 
between 5% and 30% organic content include the prefix “organic” before the Primary name. 


Dual Symbol — A dual symbol is two symbols separated by 
a hyphen, for example, GP-GM, SW-SC and CL-ML. 
For non-cohesive soils, the dual symbols must be used when 
the soil has between 5% and 12% fines (i.e. to identify 
transitional material between “clean” and “dirty” sand or 
gravel. 
For cohesive soils, the dual symbol must be used when the 
liquid limit and plasticity index values plot in the CL-ML area 
of the plasticity chart (see Plasticity Chart at left). 
 
Borderline Symbol — A borderline symbol is two symbols 
separated by a slash, for example, CL/CI, GM/SM, CL/ML.   
A borderline symbol should be used to indicate that the soil 
has been identified as having properties that are on the 
transition between similar materials.  In addition, a borderline 
symbol may be used to indicate a range of similar soil types 
within a stratum. 







 


ABBREVIATIONS AND TERMS USED ON RECORDS OF 
BOREHOLES AND TEST PITS  
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PARTICLE SIZES OF CONSTITUENTS 


Soil 
Constituent 


Particle 
Size 


Description 
Millimetres Inches 


(US Std. Sieve Size) 


BOULDERS Not 
Applicable >300 >12 


COBBLES Not 
Applicable 75 to 300 3  to 12 


GRAVEL Coarse 
Fine 


19 to 75 
4.75 to 19 


0.75 to 3 
(4) to 0.75 


SAND 
Coarse 
Medium 


Fine 


2.00 to 4.75 
0.425 to 2.00 


0.075 to 
0.425 


(10) to (4) 
(40) to (10) 
(200) to (40) 


SILT/CLAY Classified by 
plasticity <0.075 < (200) 


 


 SAMPLES 
AS Auger sample 
BS Block sample 
CS Chunk sample 
DD Diamond Drilling 


DO or DP Seamless open ended, driven or pushed tube 
sampler – note size 


DS Denison type sample 
FS Foil sample 
GS Grab Sample 
RC Rock core 
SC Soil core 
SS Split spoon sampler – note size 
ST Slotted tube 
TO Thin-walled, open – note size 
TP Thin-walled, piston – note size  
WS Wash sample 


 


MODIFIERS FOR SECONDARY AND MINOR CONSTITUENTS 
Percentage 


by Mass Modifier 


>35 Use 'and' to combine major constituents 
(i.e., SAND and GRAVEL, SAND and CLAY) 


> 12 to 35 Primary soil name prefixed with "gravelly, sandy, SILTY, 
CLAYEY" as applicable 


> 5 to 12 some 


≤ 5 trace 


 


SOIL TESTS 
w water content 
PL , wp plastic limit 
LL , wL liquid limit 
C consolidation (oedometer) test 
CHEM chemical analysis (refer to text) 
CID consolidated isotropically drained triaxial test1 


CIU consolidated isotropically undrained  triaxial  test with 
porewater pressure measurement1 


DR relative density (specific gravity, Gs) 
DS direct shear test 
GS specific gravity 
M sieve analysis for particle size 
MH combined sieve and hydrometer (H) analysis 
MPC Modified Proctor compaction test 
SPC Standard Proctor compaction test 
OC organic content test 
SO4 concentration of water-soluble sulphates 
UC unconfined compression test 
UU unconsolidated undrained triaxial test 
V (FV) field vane (LV-laboratory vane test) 
γ unit weight 


1. Tests anisotropically consolidated prior to shear are shown as CAD, CAU. 


PENETRATION RESISTANCE 
Standard Penetration Resistance (SPT), N: 
The number of blows by a 63.5 kg (140 lb) hammer dropped 760 mm (30 in.) 
required to drive a 50 mm (2 in.) split-spoon sampler for a distance of 300 mm 
(12 in.). 
 
Cone Penetration Test (CPT)  
An electronic cone penetrometer with a 60° conical tip and a project end area of 
10 cm2 pushed through ground at a penetration rate of 2 cm/s. Measurements of tip 
resistance (qt), porewater pressure (u) and sleeve frictions are recorded 
electronically at 25 mm penetration intervals. 
 
Dynamic Cone Penetration Resistance (DCPT); Nd: 
The number of blows by a 63.5 kg (140 lb) hammer dropped 760 mm (30 in.) to drive 
uncased a 50 mm (2 in.) diameter, 60° cone attached to "A" size drill rods for a 
distance of 300 mm (12 in.).   
PH: Sampler advanced by hydraulic pressure 
PM: Sampler advanced by manual pressure 
WH: Sampler advanced by static weight of hammer 
WR: Sampler advanced by weight of sampler and rod 


NON-COHESIVE (COHESIONLESS) SOILS COHESIVE SOILS 
Compactness2 Consistency 


Term SPT ‘N’ (blows/0.3m)1  
Very Loose 0 - 4 


Loose 4 to 10 
Compact 10 to 30 
Dense 30 to 50 


Very Dense >50 
1. SPT ‘N’ in accordance with ASTM D1586, uncorrected for overburden pressure 


effects.    
2. Definition of compactness descriptions are based on SPT-‘N’ ranges as provided 


in Terzaghi, Peck and Mesri (1996) and correspond to typical average N60 
values.  Many factors affect the recorded SPT-‘N’ value, including hammer 
efficiency (which may be greater than 60% in automatic trip hammers), 
groundwater conditions, and grainsize.  As such, the recorded SPT-‘N’ value(s) 
should be considered only an approximate guide to the compactness 
term.  These factors need to be considered when evaluating the results, and the 
stated compactness terms should not be relied upon for design or construction. 


Term Undrained Shear 
Strength (kPa) 


SPT ‘N’1,2 
(blows/0.3m) 


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. SPT ‘N’ in accordance with ASTM D1586, uncorrected for overburden pressure 
effects; approximate only.   


2. SPT ‘N’ values should be considered ONLY an approximate guide to 
consistency; for sensitive clays (e.g., Champlain Sea clays), the N-value 
approximation for consistency terms does NOT apply.  Rely on direct 
measurement of undrained shear strength or other manual observations. 


 


Field Moisture Condition Water Content  
Term Description 


Dry Soil flows freely through fingers. 


Moist Soils are darker than in the dry condition and 
may feel cool.  


Wet As moist, but with free water forming on hands 
when handled. 


 


Term Description 


w < PL Material is estimated to be drier than the Plastic 
Limit. 


w ~ PL Material is estimated to be close to the Plastic 
Limit. 


w > PL Material is estimated to be wetter than the Plastic 
Limit. 


 


 







 


 
LIST OF SYMBOLS 
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Unless otherwise stated, the symbols employed in the report are as follows: 


I. GENERAL  (a)  Index Properties (continued) 
   w water content 
π 3.1416  wl or LL  liquid limit 
ln x natural logarithm of x  wp or PL  plastic limit 
log10 x or log x, logarithm of x to base 10  lp or PI  plasticity index = (wl – wp) 
g acceleration due to gravity  ws  shrinkage limit 
t time  IL  liquidity index = (w – wp) / Ip  
   IC  consistency index = (wl – w) / Ip 
   emax  void ratio in loosest state 
   emin  void ratio in densest state 
   ID  density index = (emax – e) / (emax - emin)  
II. STRESS AND STRAIN   (formerly relative density) 
     
γ shear strain  (b) Hydraulic Properties 
∆ change in, e.g. in stress: ∆ σ  h hydraulic head or potential 
ε linear strain  q rate of flow 
εv volumetric strain  v velocity of flow 
η coefficient of viscosity  i hydraulic gradient 
υ Poisson’s ratio  k hydraulic conductivity  
σ total stress   (coefficient of permeability) 
σ′ effective stress (σ′ = σ - u)  j seepage force per unit volume 
σ′vo initial effective overburden stress    
σ1, σ2, σ3 principal stress (major, intermediate, 


minor) 
 


(c) Consolidation (one-dimensional) 
   Cc compression index 
σoct mean stress or octahedral stress    (normally consolidated range) 
 = (σ1 + σ2 + σ3)/3  Cr recompression index  
τ shear stress   (over-consolidated range) 
u porewater pressure  Cs  swelling index 
E modulus of deformation  Cα  secondary compression index 
G shear modulus of deformation  mv  coefficient of volume change 
K bulk modulus of compressibility  cv  coefficient of consolidation (vertical 


direction)  
   ch coefficient of consolidation (horizontal 


direction)  
   Tv  time factor (vertical direction) 
III. SOIL PROPERTIES  U degree of consolidation 
   σ′p pre-consolidation stress 
(a) Index Properties  OCR over-consolidation ratio = σ′p / σ′vo  
ρ(γ) bulk density (bulk unit weight)*    
ρd(γd) dry density (dry unit weight)  (d) Shear Strength 
ρw(γw) density (unit weight) of water  τp, τr peak and residual shear strength 
ρs(γs) density (unit weight) of solid particles  φ′ effective angle of internal friction 
γ′ unit weight of submerged soil   δ angle of interface friction 
 (γ′ = γ - γw)  µ coefficient of friction = tan δ 
DR relative density (specific gravity) of solid   c′ effective cohesion 
 particles (DR = ρs / ρw) (formerly Gs)  cu, su undrained shear strength (φ = 0 analysis) 
e void ratio  p mean total stress (σ1 + σ3)/2 
n porosity  p′ mean effective stress (σ′1 + σ′3)/2 
S degree of saturation  q (σ1 - σ3)/2 or (σ′1 - σ′3)/2 
   qu compressive strength (σ1 - σ3) 
   St sensitivity 
     
* Density symbol is ρ. Unit weight symbol is γ 


where γ = ρg (i.e. mass density multiplied by 
acceleration due to gravity) 


Notes: 1 
 2 


τ = c′ + σ′ tan φ′ 
shear strength = (compressive strength)/2 
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LITHOLOGICAL AND GEOTECHNICAL DESCRIPTION OF ROCK 
SEQUENCE OF TERMS FOR ROCK DESCRIPTION: 
A complete rock description includes the following: 


A)  Weathered State E)  Strength 


B)  Structure F)  Rock Type 


C)  Colour G)  Additional remarks and modifiers 


D)  Grain or Crystal Size   


 


Example: 
“Slightly weathered, thin to medium bedded, grey, fine grained, weak (R2) arenaceous SANDSTONE; with biotite 
partings”. 
 


A) DESCRIPTION OF WEATHERED/ALTERED STATE  
(modified after:  Brown, 1981,  “Rock Characterization Testing and Monitoring:  ISRM Suggested Methods”, 
International Society for Rock Mechanics) 


Term Symbol Description Discoloration 
Extent 


Fracture 
Condition 


Surface 
Character 


Unweathered W1/A1 No visible sign of rock material 
weathering. None Closed or 


Discolored Unchanged 


Slightly 
Weathered or 


Altered 
W2/A2 


Discoloration indicates weathering of 
rock material on discontinuity 
surfaces.  Less than 5% of rock mass 
altered. 


<20% of fracture 
spacing on both 
sides of fracture 


Discolored, 
may contain 
thin filling 


Partial 
discoloration 


Moderately 
Weathered or 


Altered 
W3/A3 


Less than 50% of the rock material is 
decomposed and/or disintegrated to 
a soil, or altered.  Fresh or discolored 
rock is present either as a 
discontinuous framework or as 
corestones. 


>20% of fracture 
spacing on both 
sides of fracture 


Discolored, 
may contain 
thick filling 


Partial to complete 
discoloration, not 
friable except 
poorly cemented 
rocks 


Highly 
Weathered or 


Altered 
W4/A4 


More than 50% of the rock material is 
decomposed and/or disintegrated to 
a soil or is altered.  Fresh or 
discolored rock is present either as a 
discontinuous framework or as 
corestones. 


Throughout 
Filled with 
alteration 
minerals 


Friable and 
possibly pitted 
 


Completely 
Weathered or 


Altered 
W5/A5 


100% of rock material is decomposed 
and/or disintegrated to soil or 100% 
of minerals have been replaced with 
alteration minerals.  The original 
mass structure is still largely intact. 


Throughout 
Filled with 
alteration 
minerals 


Resembles soil, or 
all original 
minerals have 
been replaced 
with alteration 
minerals 


Residual Soil 
(applies to 


 weathering 
only) 


W6 


All rock material is converted to soil.  
The mass structure and material 
fabric are destroyed.  There is a large 
change in volume, but the soil has 
not been significantly transported. 


Throughout N/A Resembles soil 
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B) DESCRIPTION OF (REPETETIVE) STRUCTURE  
Mean Spacing Term 


<6 mm Thinly Laminated 


6 mm to 20 mm Thickly Laminated 


20 mm to 60 mm Very Thinly Bedded 


60 mm to 200 mm Thinly Bedded 


200 mm to 600 mm Medium Bedded 


600 mm to 2 m Thickly Bedded 


 


C) DESCRIPTION OF COLOUR  
LIGHT WHITE 


DARK GREY 


 BLACK 


 BROWN 


 OLIVE 


 GREEN 


 BLUE 


 RED 


 ORANGE 


 YELLOW 


When the rock is composed of more than one colour, the colours have been listed beginning with the most prominent.  


 


D) DESCRIPTION OF SEDIMENTARY ROCK GRAIN SIZE  
Grain Size Description 


2 mm to 256 mm CONGLOMERATES and BRECCIAS (Rudaceous) 


1 mm to 2 mm very coarse SANDSTONE 


500 microns to 1 mm coarse SANDSTONE 


250 to 500 microns medium SANDSTONE 


125 to 250 microns fine SANDSTONE 


63 to 125 microns very fine SANDSTONE 


4 to 63 microns SILTSTONE & MUDSTONE 
MUDROCKS 


< 4 microns CLAYSTONE 
(After Wentworth, C. K., 1922: A Scale of Grade and Class Terms for Clastic Sediments. The Journal of Geology, Vol. 30, 
No. 5, pp. 377-392)  
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E) DESCRIPTION OF ROCK STRENGTH  


Grade Description Field Identification 
Approx. Range of Uniaxial 


Compressive Strength 
(MPa) 


G Granular Soil Cohesionless, friable, granular soil, sand. 0 


S1 Very Soft Clay Easily penetrated several centimetres by fist. <0.025 


S2 Soft Clay Easily penetrated several centimetres by thumb.  0.025 – 0.05 


S3 Firm Clay 
Can be penetrated several centimetres with thumb 
with moderate effort. Crumbles under light 
pressure from a nail. 


0.05 – 0.1 (<1.0 on Pocket 
Penetrometer) 


S4 Stiff Clay 
Readily indented by thumb, but penetrated only 
with great effort. Crumbles under moderate 
pressure from a nail. 


0.10 – 0.25 (1.0 to 2.5 on 
Pocket Penetrometer) 


S5 Very Stiff Clay Readily indented by thumbnail 0.25 - 0.50 


S6 Hard Clay Indented with difficulty by thumbnail. >0.50 


R0 Extremely weak Indented by thumbnail. 
0.25 – 1.0 


(>2.5 on Pocket 
Penetrometer) 


R1 Very weak Crumbles under firm blows with point of geological 
hammer, can be peeled by a pocket knife. 


1.0 - 5.0 
(Maximum reading 


exceeded for Pocket 
Penetrometer) 


R2 Weak 
Can be peeled by a pocket knife with difficulty, 
shallow indentations made by firm blow with point 
of geological hammer. 


5.0 – 25 


R3 Medium strong 
Cannot be scraped or peeled with a pocket knife, 
specimen can be fractured with single firm blow of 
geological hammer. 


25 – 50 


R4 Strong Specimen requires more than one blow of 
geological hammer to fracture it. 50 – 100 


R5 Very strong Specimen requires many blows of geological 
hammer to fracture it. 100 – 250 


R6 Extremely strong Specimen can only be chipped with geological 
hammer. >250 


(Reference: Brown, 1981,  “Rock Characterization Testing and Monitoring:  ISRM Suggested Methods”, International 
Society for Rock Mechanics) 


NOTE:  Materials having a uniaxial compressive strength of less than about 0.5 MPa and cohesionless materials should be 
classified using soil classification systems.  (1 MPa = 145 psi) 
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F) ROCK TYPE  
Argillaceous Rocks:  Clastic sedimentary rocks (i.e. Sandstone) containing silt- or clay-sized particles 
that are less than 0.0625 mm.  


Arenaceous Rocks:  Clastic sedimentary rocks (i.e., Mudrocks) containing sand sized particles that are 
between 0.0625 mm and 2.0 mm.  


Calcareous Rocks:  Contains calcium carbonate (calcite). 


Carbonaceous Rocks:  Consists of or containing carbon or its compounds  


Rudaceous Rocks:  Clastic sedimentary rocks that contains approximately more than 25 % clasts 
between 2 - 256 mm, generally infilled with a matrix of finer grained sediment, that are either “clast-
supported” (clasts are in contact) and “matrix-supported” (clasts are separated by matrix). The terms 
breccia or conglomerate are used for: 


Breccia:  Broken, angular to sub-angular clasts of rock. 


Conglomerate:  Sub-rounded to rounded clasts.  


 


G) ADDITIONAL REMARKS AND MODIFIERS  
Discrete Features: 


Lamination:  A thickness of less than 2 mm. 


Parting:  A thickness of between 2 and 6 mm. 


Seam:  A thickness of between 6 and 20 mm. 


Discontinuity or discrete feature spacing 


Term Spacing 


Extremely Close <20 mm 


Very Close 20 mm - 60 mm 


Close 60 mm - 0.2 m 


Moderate 0.2 m - 0.6 m 


Wide 0.6 m - 2 m 


Very Wide 2 m - 6 m 


Extremely Wide > 6 m 


(Reference: Brown, 1981,  “Rock Characterization Testing and Monitoring:  ISRM Suggested Methods”, International 
Society for Rock Mechanics) 


Clasts or fragments:  Geological detritus, chunks and smaller grains of rock broken off other rocks by physical 
weathering. Used for sand (<2 mm) to gravel size (2 – 75 mm) fragments within clastic rocks (sedimentary) that 
has a different origin than the host rock. 
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Rip-up Clasts:  These are pieces of sedimentary rock (typically Mudrocks) that are created when an erosive 
current containing suspended sediments flows over these beds, tears pieces of it, and carry these ‘rip-ups’ some 
distance. 


Polymictic:  Composed of several minerals or rock types. 


Fault/Shear Zone:  An approximately planar fracture or discontinuity in a volume rock, across which there has been 
significant displacement. 


Stockwork:  Randomly orientated infilled vien and vienlets. 


Microfracture:  A partially healed discontinuity containing relatively weak infill material and which are generally closely to 
extremely closely spaced. 


Friable:  Rock that is easily crumbled or pulverized. 


Soft-sediment deformation structures:  Structures that develop at deposition or shortly after, during the first stages of 
the sediment's consolidation as a result of the displacement and movement of unconsolidated sediments.  
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ABBREVIATIONS FOR THE DESCRIPTION OF DISCONTINUITIES: 
Type: 


Contact CON Open Contact CONO 
Joint JN Bedding (plane joint) BP 
Vein VN Broken Core BC 


Shear SH   
 


Shape: Roughness: 


PL: Planar K: Slickensided 
C: Curved PO: Polished 


U: Undulating SM: Smooth 
ST: Stepped Ro: Rough 
I: Irregular VR: Very Rough 


 
Infilling / Coating Type: 


Bt: Biotite Ca: Calcite Ch: Chlorite Cl: Clay 
- : Clean Fe: Iron Oxide Oth: Other M: Silt 


 
Description of Discontinuities: 


Feature Type:  Geological description of prominent and distinct discontinuities within the rock, indicating 
whether the discontinuity is a joint, bedding (plane joint), shear, or vein.  


Shape:  Planarity (or shape) of the discontinuity surface at the scale of the cored rock. 


Roughness:  Small scale roughness or “feel” of the discontinuity surface at the scale of the cored rock. 


Infill Type:  Mineral or soil composition of the stain (ST), alteration (SA), discontinuous or complete 
coating (DC/CC) or infilling (IN). 


 
OTHER ROCK LOG DEFINITIONS 
Total Core Recovery (TCR):  Records the total cumulative length of all core recovered in the core barrel, and 
expressed as a percentage of the total length drilled. 


Rock Quality Designation (RQD):  The total cumulative length of sound core recovered in lengths greater than 
10 cm, as measured along the centreline axis of the core, and expressed as a percentage per defined interval 
e.g. the core length recovered in a core barrel. The 10 cm index length is independent of core size, and is 
applicable to BQ, NQ, HQ, PQ, 4-inch, and 6-inch core sizes. 


Alpha Angle:  The maximum angle of dip measured between the discontinuity plane and the core axis 
(0° = parallel to core axis;  90° = perpendicular to core axis) 
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 CONCRETE
FILL - (SM) gravelly SILTY SAND,
fine to medium, fine, sub-angular to
sub-rounded gravel; light grey to
brown; non-cohesive, dry.


(SM) gravelly SILTY SAND, fine to
coarse, fine to coarse, sub-angular to
sub-rounded gravel; light grey to
brown; non-cohesive, moist.


(SM) gravelly SILTY SAND, fine to
coarse, fine to coarse, sub-angular to
sub-rounded gravel; brown, with
cobbles; non-cohesive, moist.


 - becoming wet from 2.74 m to
3.05 m depth.
 - 80 mm cobble at 2.90 m depth.


(CL-ML) gravelly sandy SILTY
CLAY to CLAYEY SILT, low
plasticity, fine to coarse sand, fine to
coarse gravel; grey with brown
pockets; cohesive, w>PL, stiff.
 - 30 mm sub-rounded gravel at
4.57 m depth.


(SM/GM) SILTY SAND, fine to
coarse, and GRAVEL, fine to coarse,
sub-rounded to sub-angular,
non-plastic fines; grey; non-cohesive,
wet, loose to compact.
- Driller notes sloughing sands and
gravels from 5.89 m to 10.46 m
depth.


(GM) sandy SILTY GRAVEL, fine to
coarse, sub-rounded to sub-angular,
fine to coarse sand, non-plastic fines;
grey; non-cohesive, wet, dense.


(GC) CLAYEY GRAVEL, fine to
coarse, sub-rounded to sub-angular
and SAND, fine to coarse, low
plasticity fines; grey; non-cohesive,
moist to wet, dense to very dense.
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(CI/ML) SILTY CLAY to CLAYEY
SILT, some fine to medium sand,
trace fine, sub-angular gravel; grey;
cohesive, w>PL, very stiff.
(CI/ML) SILTY CLAY to CLAYEY
SILT, trace fine to medium sand;
grey; cohesive, w>PL, very stiff.


(CI/ML) SILTY CLAY to CLAYEY
SILT, trace fine to medium sand;
grey; cohesive, w>PL, hard.


(CI/ML) SILTY CLAY to CLAYEY
SILT, medium plasticity, trace fine to
medium sand; grey; cohesive, w>PL,
very stiff to hard.


(CI/ML) SILTY CLAY to CLAYEY
SILT, trace fine to medium sand;
grey; cohesive, w~PL, hard.


(CI) SILTY CLAY, medium plasticity,
trace fine to coarse sand; grey;
cohesive, w~PL, hard.


 - cobble at 17.48 m depth.


(CI) SILTY CLAY, medium plasticity,
trace fine to coarse sand, trace fine
gravel; grey; cohesive, w>PL, hard.


(CI) SILTY CLAY, some sand, trace
fine to medium, sub-rounded gravel;
grey; cohesive, w>PL, hard.
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(CI) SILTY CLAY, some sand, trace
fine to medium, sub-rounded gravel;
grey; cohesive, w>PL, hard.
(continued)


(CI) SILTY CLAY, trace fine to
medium sand; grey; cohesive, w>PL,
hard.
(SM) SILTY SAND, fine to coarse,
non-plastic fines, some fine,
sub-rounded gravel; grey, with wood
debris; non-cohesive, wet, very
dense.


(CL) sandy SILTY CLAY, low
plasticity, fine to coarse sand, trace
fine gravel; grey; cohesive, w>PL,
hard.
 - Driller notes possibly sandy
section due to softer drilling
conditions from 22.94 m to 23.01 m
depth. (Inferred based on Drilling
Action and Time)


(SP) SAND, fine to medium, trace
non-plastic fines; grey, with cobbles;
non-cohesive, wet, very dense.
 - 40 mm pocket of silty clay at
24.33 m depth.


(CL/ML) SILTY CLAY to CLAYEY
SILT, trace fine to medium sand;
grey; cohesive, w~PL, hard.


 - inferred cobble at 27.74 m


(SM) SILTY SAND, fine to coarse,
trace fine gravel; grey; non-cohesive,
wet, very dense.
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(SM) SILTY SAND, fine to coarse,
trace fine gravel; grey; non-cohesive,
wet, very dense. (continued)


(CL-ML) sandy SILTY CLAY to
CLAYEY SILT, low plasticity, fine to
coarse sand, some fine to coarse,
sub-rounded gravel; grey; cohesive,
w>PL, hard.


(ML) sandy SILT, low plasticity, fine
to medium sand, trace fine gravel;
grey, with cobbles; cohesive, w<PL,
hard.
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(ML) sandy SILT, low plasticity, fine
to medium sand, trace fine gravel;
grey, with cobbles; cohesive, w<PL,
hard. (continued)


(CI/CL) sandy SILTY CLAY, fine to
medium sand; grey; cohesive, w~PL,
hard.


 - driller notes rate of advancement
increasing and decreasing through
inferred very thinly to medium bedded
soft and hard seams at 40.94 m
depth.


(CI) SILTY CLAY, medium plasticity,
trace fine to coarse gravel, trace fine
to coarse sand; grey; cohesive,
w>PL, hard.


(ML/SM) sandy SILT to SILTY
SAND, fine to medium sand; grey;
cohesive, w<PL, hard.


 - driller notes slow drilling
penetration at 47.65 m depth.
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(ML/SM) sandy SILT to SILTY
SAND, fine to medium sand; grey;
cohesive, w<PL, hard. (continued)


(GP) sandy GRAVEL, fine to
coarse, trace fines; dark grey, with
cobbles; non-cohesive, wet, very
dense (Soil description inferred
based on observed Drilling Action
and cuttings in fluid return).
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(GP) sandy GRAVEL, fine to
coarse, trace fines; dark grey, with
cobbles; non-cohesive, wet, very
dense (Soil description inferred
based on observed Drilling Action
and cuttings in fluid return).
(continued)
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(CL/SC) SILTY CLAY, low to
medium plasticity, and SAND, fine to
coarse, trace gravel; grey, with
cobbles; cohesive, w>PL. (continued)


(GC/CL) sandy GRAVEL, fine to
coarse, sub-rounded to sub-angular,
and SILTY CLAY, fine to coarse
sand; grey, with cobbles; cohesive,
w~PL, hard.


 - inferred cobble at 73.91 m depth.


 - inferred cobble at 75.08 m depth.


 - driller notes drilling mud thinning
and water inflows observed in hole at
approximately 79.10 m depth.
(Inferred based on Drilling Action,
Time and Drill Fluid Return)
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(GC/CL) sandy GRAVEL, fine to
coarse, sub-rounded to sub-angular,
and SILTY CLAY, fine to coarse
sand; grey, with cobbles; cohesive,
w~PL, hard. (continued)


 - driller notes water inflows no
longer observed in hole, drilling fluid
maintained at approximately 82.14 m
depth.


Bedrock Encountered. Refer to
Record of Drillhole log for
continuation of rock description.
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(GC) CLAYEY GRAVEL, fine to
coarse, angular to sub-rounded,
plastic fines, some fine to medium
sand; grey, with cobbles;
non-cohesive, wet.


(SP/GP) SAND, fine to coarse, and
GRAVEL, fine to coarse, angular to
sub-rounded, trace to some
non-plastic fines; grey; non-cohesive,
wet.


(GC) sandy CLAYEY GRAVEL, fine
to coarse, angular to sub-rounded,
fine to coarse sand; grey, with
cobbles; cohesive, w~PL.


(ML and CL) SILT, non-plastic, trace
fine to medium sand; grey;
non-cohesive, wet; interbedded with
SILTY CLAY, trace to some fine to
coarse sand, trace fine, sub-rounded
gravel; grey, very thinly to medium
bedded; cohesive, w>PL.
 - SA 32 - GS - 85.90 m to 86.03 m
depth - w = 28.9% - non-plastic -
Gradation - see appendix


(GC) sandy CLAYEY GRAVEL, fine
to coarse, sub-rounded to rounded,
fine to coarse sand; grey, with
cobbles; cohesive, w<PL.


 Moderately weathered, grey,
medium grained, extremely weak
(R0) SANDSTONE.


 Fresh, grey, medium to coarse
grained, weak (R2) SANDSTONE.
 - coal partings from 89.25 m to
89.30 m depth.
 - very close to closely spaced
carbonaceous fragments up to 3 mm
thick from 89.75 m to 90.50 m depth.


 - very close to closely spaced,
elongated mudstone clasts up to
8 mm thick from 90.35 m to 91.00 m
depth.
 - calcareous from 90.48 m to
90.53 m and 91.73 m to 91.80 m
depth.
 - carbonaceous fragments up to
10 mm thick at 90.55 m depth.
 - rounded igneous clast, 5 mm by
15 mm at 90.81 m depth.
 Fresh, grey, medium to very coarse
grained and pebbly, very weak (R1)
SANDSTONE.
 Fresh, dark grey to brown,  weak
(R2) MUDSTONE; with moderately
spaced carbonaceous fragments up
to 1 mm thick.


 - coal fragments up to 15 mm thick
at 91.95 m and 92.73 m depth.
- coal fragment up to 15 mm thick,
sub parallel to core axis from 91.95 m
to 92.16 m depth.


Cont'd from Record of Borehole.
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Grout


94.03


 Fresh, thinly laminated to thinly
bedded, dark grey to brown, weak
(R2) SILTSTONE.
 Fresh, thinly laminated to thinly
bedded, dark grey to brown, very fine
grained, weak (R2), argillaceous
SANDSTONE. (continued)
 - carbonaceous fragments 1 mm
thick at 93.15 m depth.
- brecciated below joint logged at
93.90 m depth.
- joint infilling up to 20 mm clay and
fragments from host rock, inferred
fault.
End of Drillhole.
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 Asphalt.
FILL - (SP/GP) SAND, fine to
coarse, and GRAVEL, fine to coarse,
sub-angular to angular, trace plastic
fines; grey; non-cohesive, moist.
(CI) SILTY CLAY, medium plasticity,
some fine to coarse sand; grey, with
orange-brown staining; cohesive,
w<PL.


 - no staining observed below ~
1.37 m depth.


(CL-ML and SP) sandy SILTY CLAY
to CLAYEY SILT, low plasticity, fine
to coarse sand; grey; cohesive,
w>PL, hard; interbedded with SAND,
fine to medium; grey, thickly
laminated to very thinly bedded with
light grey seams; non-cohesive,
moist, very dense.


(ML) SILT, non-plasitc, trace fine to
medium sand; grey; non-cohesive,
wet, dense.


 - approximately 2 mm thick black
laminations with H2S-like odour at
5.33 m depth.


(CI and SP) SILTY CLAY, trace to
some fine to medium sand; grey;
cohesive, w>PL, hard; interbedded
with SAND, fine to medium; grey,
very thinly to thinly bedded with light
grey seams; non-cohesive, moist,
very dense.
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(CI and SP) SILTY CLAY, trace to
some fine to medium sand; grey;
cohesive, w>PL, hard; interbedded
with SAND, fine to medium; grey,
very thinly to thinly bedded with light
grey seams; non-cohesive, moist,
very dense. (continued)
 - Driller notes softer drilling and
increased advancement rate from
9.01 m to 11.43 m depth. (Inferred
based on Drilling Action and Time)
 - approximately 15 mm thick layer
of fine to coarse sand and fine,
sub-rounded gravel observed at
10.03 m depth.
(ML) SILT, non-plastic and SAND,
fine to medium; dark grey;
non-cohesive, wet, dense.
 - approximately 2 mm thick layer of
(CI) SILTY CLAY; grey; cohesive,
w<PL dipping at ~60° from ~11.48 to
11.89 m depth.


(CI) SILTY CLAY, medium plasticity,
trace fine to medium sand; grey;
cohesive, w>PL to w~PL, hard.


(CI) SILTY CLAY, trace to some fine
sand; grey; cohesive, w<PL, hard.


End of Borehole.
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 ASPHALT


FILL - (GM/SM) SILTY GRAVEL,
fine to coarse, sub-angular to
angular, and SAND, fine to coarse;
grey; non-cohesive, moist.
FILL - (GM/SM) SILTY GRAVEL,
fine to coarse, sub-angular to
rounded, and SAND, fine to coarse;
brown, with rounded cobbles, with
rootlets; non-cohesive, moist.


FILL - (SM/GM) SILTY SAND, fine
to coarse, and GRAVEL, fine to
coarse, sub-angular to rounded,
non-plastic fines; grey, with brown
staining, with rounded cobbles;
non-cohesive, moist.


(SM) gravelly SAND, fine to coarse,
and SILT, low plasticity, some fine,
sub-angular to rounded gravel; grey,
with orange stainging; non-cohesive,
moist, dense to very dense.


 - inferred cobble from 5.03 m to
8.08 m depth.


(SM) gravelly SAND, fine to coarse,
and SILT, low plasticity, fine, some
angular to rounded gravel; grey, with
cobbles; non-cohesive, moist, very
dense.
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(SM) gravelly SAND, fine to coarse,
and SILT, low plasticity, fine, some
angular to rounded gravel; grey, with
cobbles; non-cohesive, moist, very
dense. (continued)


 - increased cobble content below
14.17 m depth. (Inferred based on
Drilling Action, Time and Cuttings)


End of Borehole.
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TOPSOIL - (ML) sandy SILT, fine
sand; brown, with organics consisting
of roots and rootlets; non-cohesive,
moist.
FILL - (GM/SM) SILTY GRAVEL,
fine to coarse, sub-angular to
rounded, and SAND, fine to coarse,
non-plastic fines; brown, with
organics, with rounded cobbles and
boulders; non-cohesive, wet.
FILL - (GP) GRAVEL, fine to coarse,
sub-angular to rounded, and SAND,
fine to coarse, trace non-plastic fines;
brown, with cobbles; non-cohesive,
wet.


(SM) gravelly SILTY SAND, fine to
coarse, non-plastic fines, fine to
coarse, sub-angular to rounded
gravel; grey, with brown staining, with
rounded cobbles; non-cohesive,
moist, dense.
 - inferred cobbles from 3.81 m to
5.33 m depth. (Based on Drilling
Action, Time and Cuttings)


(SC/GC) CLAYEY SAND, fine to
coarse, and GRAVEL, fine to coarse,
sub-angular to rounded; grey, with
cobbles; non-cohesive, moist, very
dense.


 - driller notes advancement
resembles predominantly fine sand,
with less gravel and cobble content,
with sand partings at 6.68 m depth.


 - larger boulders and/or cobbles at
~7.6 m depth. (Based on Drilling
Action, Time and Cuttings)


 - w~PL from ~9.91  depth.
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(SC/GC) CLAYEY SAND, fine to
coarse, and GRAVEL, fine to coarse,
sub-angular to rounded; grey, with
cobbles; non-cohesive, moist, very
dense. (continued)
 - driller notes slower rate of
advancement and increased
compaction/consistency at ~10.52 m
depth. (Based on Drilling Action,
Time and Cuttings)


End of Borehole.
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TOPSOIL - (OL) sandy ORGANIC
SILT, fine sand; dark brown, with
organics and rootlets; non-cohesive,
moist, very loose.
FILL - (CI) SILTY CLAY, some fine
sand, trace fine, rounded gravel; light
brown-grey, mottled with
orange-brown staining; cohesive,
w>PL.
FILL - (CL) sandy SILTY CLAY, low
plasticity, fine to coarse sand, trace
fine, sub-rounded to rounded gravel;
light brown-grey, mottled with
orange-brown; cohesive, w>PL, firm
to stiff.
FILL - (SM) gravelly SAND, fine to
coarse, and SILT, low plasticity, fine
to coarse, sub-rounded to rounded
gravel; grey, with cobbles;
non-cohesive, moist.
 - inferred cobbles from 2.28 m to
2.59 m depth.


(SP-SM) SAND, fine to coarse,
some non-plastic fines; light grey;
non-cohesive, wet, very dense.


 - thinly laminated ~2-10 mm thick
dark brown seams from 5.33 m to
5.64 m depth.


(ML) SILT, non-plastic, some fine to
medium sand; grey; non-cohesive,
wet, dense.


 - fine gravel layers encountered
below 8.32 m depth. (Based on
Drilling Action, Time and Cuttings)
 - fine sand seam ~3 mm thick from
8.69 m to 8.74 m depth.


(CI) sandy SILTY CLAY, medium
plasticity, fine to coarse sand, trace
fine gravel; grey, with fine gravel
seams; cohesive, w<PL, hard.
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 - wood fragment and blackened
material from 10.05 m to 10.08 m
depth.
(SM) gravelly SILTY SAND, fine to
coarse, fine to coarse, sub-angular to
sub-rounded gravel; grey;
non-cohesive, wet, very dense.


(SM) SILTY SAND, fine to medium;
grey; non-cohesive, wet, dense to
very dense.


 - transitioned to very dense based
on drill reaction at 12.24 m depth.


 - three black laminations ~2 mm
thick with a spacing of ~5 mm at
13.26 m depth.


(ML) SILT, non-plastic, some fine to
coarse sand; dark grey;
non-cohesive, wet, very dense.
(ML) SILT and SAND, fine to
coarse; grey; non-cohesive, wet, very
dense.


(CL) CLAYEY SILT, medium
plasticity, trace fine gravel, trace fine
to medium sand; grey; cohesive,
w>PL, hard.


(CI) SILTY CLAY, trace to some fine
sand; grey, thickly laminated with tan
to light grey seams; cohesive, w<PL,
hard.


(SM) SILTY SAND, fine sand; grey;
non-cohesive, wet, dense.


 - thickly laminated ~3-10 mm thick
partings of SILTY CLAY from
19.30 m to 19.38 m depth.


End of Borehole.
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Sand


Bentonite Chips
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1.63
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TOPSOIL - (OH) sandy clayey
ORGANIC SILT, fine sand; dark
brown, with organics and rootlets;
cohesive, w~PL.
FILL - (CI) SILTY CLAY, some fine
sand, trace fine, rounded gravel;
brownish grey, mottled with
orange-brown staining; cohesive,
w>PL.


FILL - (ML) SILT, low plasticity, and
SAND, fine to coarse, some fine,
sub-rounded to rounded gravel; grey,
mottled with orange-brown staining,
with black fragments of asphalt;
cohesive, w<PL to w~PL.


(SM) gravelly SILTY SAND, fine to
coarse, low plasticity fines, fine to
coarse, sub-angular to rounded
gravel; grey, with cobbles;
non-cohesive, moist, very dense.
 - Driller notes slower rate of drill
advancement from 2.59 m to 2.84 m
depth.


(GM) SILTY GRAVEL, fine to
coarse, sub-angular to rounded, and
SAND, fine to coarse, non-plastic
fines; grey, with cobbles;
non-cohesive, moist, very dense.


(SM) SILTY SAND, fine to coarse,
trace fine gravel; light brown to grey;
non-cohesive, wet, very dense.
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(ML) SILT, non-plastic, trace fine to
coarse sand; grey; non-cohesive,
wet, very dense. (continued)
End of Borehole.
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FILL - (SP-SM) SAND, fine to
coarse, and GRAVEL, fine,
sub-angular, some non-plastic fines;
grey, with red brick fragments, with
construction debris; non-cohesive,
moist.
FILL - (SP-SM) SAND, fine to
coarse, and GRAVEL, fine,
sub-angular, some non-plastic fines;
grey, with red brick fragments, with
construction debris, with lumber-like
wood material; non-cohesive, moist.
 WOOD DEBRIS
FILL - (SP-SM) SAND, fine to
medium, some non-plastic fines; grey
to brown; non-cohesive, moist.


  - blackened wood debris from
2.59 m to 2.74 m depth.
(ML) sandy SILT, non-plastic, fine to
medium sand; grey, with organics
and wood debris; non-cohesive,
moist.
 - blackened wood debris from
3.35 m to 3.51 m depth.


(SM) SILTY SAND, fine to medium,
non-plastic fines; grey, with wood
debris and organics, with H2S-like
odour; non-cohesive, wet.


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet.
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(SP/CL-ML) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILTY CLAY to CLAYEY SILT; grey,
very thinly bedded seams; cohesive,
w>PL.


(SP-SM) SAND, some non-plastic
fines, fine to medium sand; grey;
non-cohesive, wet.


(SP/CL-ML) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILTY CLAY to CLAYEY SILT; grey,
very thinly bedded seams; cohesive,
w>PL.
(SP) SAND, trace non-plastic fines,
fine to medium sand; grey;
non-cohesive, wet.


End of Augerhole.
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FILL - (SP-SM) gravelly SAND, fine
to medium sand, fine, sub-angular to
sub-rounded gravel, some
non-plastic fines; grey to brown;
non-cohesive, moist.


(SP) SAND, fine to medium, some
fine, sub-angular gravel, trace
non-plastic fines; grey; non-cohesive,
moist.
(ML) sandy CLAYEY SILT, medium
plasticity, fine to medium sand; grey
to dark brown; non-cohesive, moist.


(ML) CLAYEY SILT, medium
plasticity, trace to some fine to
medium sand; grey, with organics
and wood debris; cohesive, w>PL.


(SM) organic SILTY SAND, fine to
coarse sand, non-plastic fines, trace
fine gravel; grey, with wood debris;
non-cohesive, moist.


(SP) SAND, fine to medium, trace
non-plastic fines; grey; non-cohesive,
wet.
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(SP) SAND, fine to medium, trace
non-plastic fines; grey; non-cohesive,
wet. (continued)


(SP-SM and ML) SAND, fine to
coarse, some non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILT to CLAYEY SILT; grey, very
thinly bedded seams; non-cohesive,
wet.


(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey;
non-cohesive, wet.


End of Augerhole.
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 Asphalt.
FILL - (SP/GP) SAND, fine to
coarse, and GRAVEL, fine to coarse,
angular to sub-rounded; grey and
brown; non-cohesive, moist.
FILL - (CI/ML) sandy SILTY CLAY to
CLAYEY SILT, medium plasticity, fine
sand, trace fine, sub-rounded gravel;
brown-grey; cohesive, w>PL.
FILL - (CI) sandy SILTY CLAY,
medium plasticity, fine to medium
sand; brown-grey, mottled with
orange-brown staining, with organics
(rootlets and wood fibres); cohesive,
w>PL, firm.
FILL - (ML) sandy CLAYEY SILT,
medium plasticity, fine to coarse
sand; grey, mottled with
orange-brown staining, with trace
organics (plant stems and rootlets in
seams); w>PL, firm.


 - encountered a ~50 mm thick layer
of light brown, fine to coarse sand
and coarse, rounded gravel at
~3.20 m.


(SM) SILTY SAND, fine sand; grey,
with trace organics (rootlets);
non-cohesive, wet, loose.


(OL/ML) clayey ORGANIC SILT to
CLAYEY SILT, medium plasticity,
some fine to medium sand; grey, with
organics (rootlets and wood fibres);
cohesive, w>PL, soft.


 - solid wood from 5.84 m to 6.15 m
depth.


(ML) sandy SILT, non-plastic, fine to
coarse sand; grey, with organics
(wood fibres); non-cohesive, wet,
very loose.


 - solid wood from 7.18 m to 7.24 m
depth.


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, loose to compact.
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(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, loose to compact.
(continued)


 - 15-20 mm thick layers of
blackened material with wood
fragments and plant leaf stems at
10.57 m depth.


(ML) SILT, non-plastic, some fine to
medium sand; grey, with organics
(rootlets); non-cohesive, wet, very
loose.
 - 1 cm thick piece of wood at
11.63 m depth.


 - no rootlets observed below
13.15 m depth.


(SM) SILTY SAND, fine to medium,
non-plastic fines; grey; non-cohesive,
wet, loose.


(CI and SP) SILTY CLAY, medium
plasticity; grey; cohesive, w>PL, soft
to firm; interbedded with SAND, fine
to medium, some non-plastic fines;
grey, very thinly to thinly bedded
layers; non-cohesive, wet, very loose
to loose.


 - ~1 cm thick piece of wood at
14.68 m depth.


(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey, with
organics (wood fragments);
non-cohesive, wet, compact.


 - fewer organics observed below
17.73 m depth.


(SM and CL) SILTY SAND, fine to
coarse; grey, with organics (wood
fragments); non-cohesive, wet,
dense; interbedded with SILTY
CLAY; grey, seams and layers;
cohesive, w>PL, firm.


DRILLING DATE:  November 21 - 25, 2017


INCLINATION:  -90°


SOIL PROFILE


DESCRIPTION


O
R


G
A


N
IC


 C
O


N
T


E
N


T
 %


P
LA


S
T


IC
IT


Y
 IN


D
E


X
 %


A
D


D
IT


IO
N


A
L


LA
B


. 
T


E
S


T
IN


G


SHEET  2  OF  9


DATUM:   Ground Surface


D
R


IL
LI


N
G


 R
IG


D
R


IL
LI


N
G


 M
E


T
H


O
D


WWp Wl
NP - Non-Plastic


WATER CONTENT PERCENT


20 40 60 80


RECORD OF BOREHOLE: SUR BH17-03


SAMPLES


DEPTH SCALE


DRILLING CONTRACTOR: Foundex Explorations Ltd.


CONTINUED NEXT PAGE


1  :  50


SAMPLER HAMMER, 64kg; DROP, 762mm


C
LA


Y


S
IL


T


F
IN


E
S


S
A


N
D


G
R


A
V


E
L


GRADATION %
CLAY PARTICLE SIZE <= 0.002


T
Y


P
E


N
U


M
B


E
R


R
E


C
O


V
E


R
Y


 %


B
LO


W
S


/0
.3


m


N
at


io
na


l I
M


 S
er


ve
r:


G
IN


T
_G


A
L_


N
A


T
IO


N
A


LI
M


 U
ni


qu
e 


P
ro


je
ct


 ID
: O


ut
pu


t F
or


m
:B


C
_B


O
R


E
H


O
L


E
_G


R
A


D
A


T
IO


N
 (


A
U


T
O


) 
 p


pa
jo


uh
es


h 
 6


/1
5/


18


 PIEZOMETER,
STANDPIPE


OR
THERMISTOR
INSTALLATION


S
T


R
A


T
A


 P
LO


T


PROJECT No.: 1650596 / 9000


CLIENT:  Parsons
PROJECT:  Pattullo Bridge Replacement Project
LOCATION:  AMIX Property, Surrey, B.C.
N: ~5450439   E: ~508127
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.


10


11


12


13


14


15


16


17


18


19


20


D
E


P
T


H
 S


C
A


LE
M


E
T


R
E


S


SOIL CLASSIFICATION SYSTEM: GACS


LOGGED: AB


CHECKED: TCB


DEPTH
(m)


ELEV. SHEAR STRENGTH
Cu, kPa


nat V.
rem V.


Q -
U -


Pocket Pen -
20 40 60 80


REV:


0


H
W


T
 O


pe
n 


S
ho


e


73


100


100


100


88


75


67


10


11


13


14


15


16







S
im


co
 5


00
0


 R
o


ta
ry


 D
ril


l


91


93


7


7


2


0


 SS


 SS


 SS


 SS


 SS


 SS


 SS23A


17


33


23


36


29


29


25


Grout


20.78


28.40


(SM and CL) SILTY SAND, fine to
coarse; grey, with organics (wood
fragments); non-cohesive, wet,
dense; interbedded with SILTY
CLAY; grey, seams and layers;
cohesive, w>PL, firm. (continued)


(SP-SM) SAND, fine to medium,
some non-plastic fines, trace fine,
sub-rounded to rounded gravel; grey;
non-cohesive, wet, compact.


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, compact to
dense.


 - sub-rounded gravel at 30.07 m
depth.
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(SM) SILTY SAND, fine sand; grey
to dark grey, with organics (wood
fragments); non-cohesive, wet,
compact.


(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey;
non-cohesive, wet, compact to
dense.
 - thinly bedded ~2-5 mm thick
seams of CLAYEY SILT; grey;
cohesive, w~PL from 33.22 m to
33.43 m depth.


 - organics (plant leaf stem)
encountered at 36.62 m depth.


 - driller notes slower advance rate
at 37.79 m depth (Inferred based on
Drill Action and Time).


 - inferred gravel at 39.01 m depth
(inferred based on Drill Action).
(SP-SM and CL-ML) SAND, fine to
coarse, some non-plastic fines; grey;
non-cohesive, wet, dense;
interbedded with SILTY CLAY to
CLAYEY SILT; grey, very thinly
bedded layers; cohesive, w~PL.
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(SP-SM and CL-ML) SAND, fine to
coarse, some non-plastic fines; grey;
non-cohesive, wet, dense;
interbedded with SILTY CLAY to
CLAYEY SILT; grey, very thinly
bedded layers; cohesive, w~PL.
(continued)


(SP-SM and CL-ML) SAND, fine to
coarse, some non-plastic fines; grey;
non-cohesive, wet, dense to very
dense; interbedded with SILTY CLAY
to CLAYEY SILT; grey, very thinly
bedded seams; cohesive, w~PL.


 - thickness and spacing of bedding
decreasing with depth.


(SM) SILTY SAND, fine sand; dark
grey; non-cohesive, wet, dense.


 - driller notes slower advance rate
at ~47.55 m depth (Inferred based on
Drill Action and Time).


(CL and SP) SILTY CLAY, low
plasticity; grey; cohesive, w>PL, firm;
interbedded with SAND, fine to
medium; grey, thinly laminated
seams; non-cohesive, wet.
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(CL and SP) SILTY CLAY, low
plasticity; grey; cohesive, w>PL, firm;
interbedded with SAND, fine to
medium; grey, thinly laminated
seams; non-cohesive, wet.
(continued)


 - very thinly to thinly bedded sand;
1 mm to 5 mm thick seams and
partings at 57.35 m depth.
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(CI and SP) SILTY CLAY, medium
plasticity; grey; cohesive, w>PL, stiff;
interbedded with SAND, fine to
medium; grey, with white shell
fragments, very thinly to medium
bedded seams and partings;
non-cohesive, wet.


 - driller notes transition to slightly
more granular material at 65.99 m
depth (Inferred based on Drill Action,
Time and Cuttings).
 - 10 mm thick sand seams at
66.80 m depth.


(SC) CLAYEY SAND, fine to coarse,
trace fine, sub-rounded gravel; grey;
non-cohesive, wet, compact to
dense.


(SP-SC/GP-GC) SAND, fine to
coarse, and GRAVEL, fine to coarse,
sub-rounded to rounded, some
plastic fines; grey, with cobbles;
non-cohesive, wet, very dense.
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(SP-SC/GP-GC) SAND, fine to
coarse, and GRAVEL, fine to coarse,
sub-rounded to rounded, some
plastic fines; grey, with cobbles;
non-cohesive, wet, very dense.
(continued)


 - driller notes at 73.46 m material
sloughed to ~51.82 m overnight.


 - driller notes slower drilling
advance due to denser material at
77.88 m depth (Inferred based on
Drill Action).
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(SM) SILTY SAND, fine to coarse,
non-plastic fines; grey; non-cohesive,
wet, very dense.


End of Borehole.
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 Asphalt.
FILL - (SM) gravelly SILTY SAND,
fine to coarse, fine to coarse,
sub-angular to sub-rounded gravel,
non-plastic fines; grey; non-cohesive,
moist.


(CH) CLAY, high plasticity; grey,
with orange pockets; cohesive,
w>PL.


(ML) CLAYEY SILT, some fine to
medium sand; grey; cohesive, w>PL.


(ML) CLAYEY SILT, some fine to
medium sand; grey; cohesive, w>PL.


(CI/ML) sandy SILTY CLAY to
CLAYEY SILT, medium plasticity, fine
to coarse sand, trace fine gravel;
grey; cohesive, w>PL.


(CI/CL) SILTY CLAY, some sand,
fine to medium sand; grey; cohesive,
w~PL.
(SM and ML) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILT to CLAYEY SILT; grey, very
thinly to thinly bedded seams;
cohesive, w>PL.


(ML) sandy SILT, fine to medium
sand; grey; non-cohesive, wet.
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(ML) sandy SILT, fine to medium
sand; grey; non-cohesive, wet.
(continued)


(SP-SM and ML) SILTY SAND, fine
to medium, non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILT to CLAYEY SILT; grey, very
thinly to medium bedded seams:
cohesive, w>PL.


End of Augerhole.
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FILL - (GP-GM) GRAVEL, fine,
rounded to angular, and SAND, fine
to coarse, some non-plastic fines;
grey to light brown; non-cohesive,
moist, compact.
 -  ~10 mm thick silty clay seam at
0.63 m.
FILL - (SP and OH) SAND, fine to
coarse, trace fine gravel; grey;
non-cohesive, moist, loose to
compact; interbedded with clayey
ORGANIC SILT, some fine sand,
trace to some fine, sub-angular to
sub-rounded gravel; dark brown, very
thinly to thinly bedded seams, with
organics, rootlets and plant leaf
stems; cohesive, w<PL.
FILL - (OH) clayey ORGANIC SILT,
some fine sand, trace to some fine,
sub-angular to sub-rounded gravel;
dark brown, with organics, rootlets
and plant leaf stems; cohesive,
w<PL, soft.
 - shard of curved ~3 mm thick metal
~4 cm x 3 cm at 1.52 m depth.
(CI/ML) SILTY CLAY to CLAYEY
SILT, medium plasticity, trace fine to
medium sand; grey, mottled with
orange staining, with trace organics
(plant fibres, leaf stems, and wood
fibres); cohesive, w>PL soft to firm.
 - water observed in open hole at
2.15 m depth.
 - little to no orange staining
observed below 3.05 m depth.
(CH and SM) CLAY, high plasticity,
trace fine to medium sand; grey, with
trace organics (plant fibres, leaf
stems, and wood fibres); cohesive,
w>PL soft to firm; interbedded with
SILTY SAND, fine to coarse, some
fine to coarse, sub-rounded gravel;
grey, seams; non-cohesive, moist.
 - piece of wood from 4.03 m to
4.06 m depth.
 - ~1 cm thick piece of wood at
5.08 m depth.


(SM) SILTY SAND, fine to medium
sand, non-plastic fines; grey, with
trace organics (rootlets);
non-cohesive, wet, very loose to
loose.
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(SM) SILTY SAND, fine to medium
sand, non-plastic fines; grey, with
trace organics (rootlets);
non-cohesive, wet, very loose to
loose. (continued)
 - wood fibres observed at 10.11 m
depth.


(SP-SM) SAND, fine to medium,
some non-plastic fines, trace
sub-angular gravel; grey;
non-cohesive, wet, loose to compact.


(SP) SAND, fine to medium, trace
non-plastic fines, trace fine,
sub-rounded to rounded gravel; grey;
non-cohesive, wet, compact to
dense.
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(SP) SAND, fine to medium, trace
non-plastic fines, trace fine,
sub-rounded to rounded gravel; grey;
non-cohesive, wet, compact to
dense. (continued)


(CI) SILTY CLAY, some fine to
medium sand; grey, with organics
(wood fragments); cohesive, w>PL,
soft.
(SP-SM) SAND, fine to coarse,
some non-plastic fines, trace fine,
sub-rounded to rounded gravel; grey,
with organics (wood fragments);
non-cohesive, wet, compact.


(SP-SM) SAND, fine to coarse,
some non-plastic fines, trace fine,
sub-rounded to rounded gravel; grey;
non-cohesive, wet, very dense.


(SP) SAND, fine to coarse, trace
fine, sub-rounded to rounded gravel,
trace non-plastic fines; grey;
non-cohesive, wet, dense.


(SP) SAND, fine to coarse, trace
non-plastic fines; grey; non-cohesive,
wet, compact to dense.


 - organics (wood fragments) at
28.57 m depth.
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(SP) SAND, fine to coarse, trace
non-plastic fines; grey; non-cohesive,
wet, compact to dense. (continued)
 - ~2 mm thick seam of silty clay at
30.30 m.
 - organics (wood fragments) from
30.07 m to 30.12 m depth.


(SM and CL-ML) SILTY SAND, fine
to coarse, non-plastic fines; grey, with
white shell fragments; non-cohesive,
wet, compact; interbedded with
SILTY CLAY to CLAYEY SILT; grey,
very thinly to thinly bedded seams
and layers; cohesive, w>PL.


(SM and CL-ML) SILTY SAND, fine
to medium sand, non-plastic fines;
grey; non-cohesive, wet, dense;
interbedded with SILTY CLAY to
CLAYEY SILT; grey, very thinly to
thinly bedded seams; cohesive,
w>PL.
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(SM and CL-ML) SILTY SAND, fine
to medium sand, non-plastic fines;
grey; non-cohesive, wet, dense;
interbedded with SILTY CLAY to
CLAYEY SILT; grey, very thinly to
thinly bedded seams; cohesive,
w>PL. (continued)


(SM) SILTY SAND, fine; grey;
non-cohesive, wet, dense.


(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey, with
white shell fragments; non-cohesive,
wet, dense to very dense.


(CL and SP) SILTY CLAY, some
fine to medium sand; grey; cohesive,
w>PL, firm; interbedded with SAND,
fine to medium; grey, thinly laminated
seams; non-cohesive, wet.
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(CL and SP) SILTY CLAY, some
fine to medium sand; grey; cohesive,
w>PL, firm; interbedded with SAND,
fine to medium; grey, thinly laminated
seams; non-cohesive, wet.
(continued)


(CI and SP) SILTY CLAY; grey, with
white shell fragments; cohesive,
w>PL, firm to stiff; interbedded with
SAND, fine to medium; grey, with
white shell fragments, thickly
laminated to thinly bedded seams;
non-cohesive, wet.
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(CI and SP) SILTY CLAY, medium
plasticity, some fine sand; grey, with
black staining, with white shell
fragments; cohesive, w>PL, firm to
stiff; interbedded with SAND, fine to
medium; grey, with white shell
fragments, very thinly to thinly
bedded seams and layers;
non-cohesive, wet.


(GP-GC) GRAVEL, fine to coarse,
sub-angular to rounded, and SAND,
fine to coarse, some plastic fines;
grey; non-cohesive, wet, dense.


 - driller notes increased gravel
content between 68.88 m and
69.49 m depth (Inferred based on
Drill Action, Time and Cuttings).


 - driller notes lost circulation and
~450 gallons of drilling fluid into
formation at 69.49 m depth (Inferred
based on Drill Action, Time and Fluid
Return).
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(GP-GC) GRAVEL, fine to coarse,
sub-angular to rounded, and SAND,
fine to coarse, some plastic fines;
grey; non-cohesive, wet, dense.
(continued)


(SP-SM) SAND, fine to coarse, and
GRAVEL, fine to coarse, sub-angular
to rounded, some non-plastic fines;
grey; non-cohesive, wet, very dense.


(GP-GM) sandy GRAVEL, fine to
coarse, sub-angular to sub-rounded,
fine to coarse sand, trace to some
fines; grey; non-cohesive, wet,
dense.


 - driller notes slower rate of drill
advance at 75.74 m depth (Inferred
based on Drill Action and Time).


(GP-GM) GRAVEL, fine to coarse,
angular to sub-rounded, and SAND,
fine to coarse, some non-plastic
fines; grey; non-cohesive, wet, very
dense.


 - driller notes increased gravel
content between 78.25 m to 79.55 m
depth.
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(SP/GP) SAND, fine to coarse, and
GRAVEL, fine to coarse, sub-angular
to sub-rounded, trace to some
non-plastic fines; grey; non-cohesive,
wet, very dense. (continued)


(GP/SP) GRAVEL, fine, sub-angular
to rounded, and SAND, fine to
coarse, trace non-plastic fines; grey;
non-cohesive, wet, very dense.


End of Borehole.
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 Asphalt.
FILL - (GP) GRAVEL, fine, angular,
some sand, trace non-plastic fines;
grey; non-cohesive, wet.
 Asphalt.
FILL - (GP) GRAVEL, fine to coarse,
rounded, and SAND, fine to coarse,
trace non-plastic fines; grey, with
rounded cobbles, with strong
alcohol-like odour; non-cohesive,
wet.
 WOOD DEBRIS
(PT) SILTY PEAT, trace to some
sand; dark brown, with organics
(wood fibres, plant fibres and
rootlets); cohesive, w~PL.


(OH) clayey ORGANIC SILT, high
plasticity, some fine to coarse sand;
brown-grey, with wood fibres and
rootlets; cohesive, w>PL.
(ML) sandy SILT, non-plastic, some
fine to coarse sand; grey;
non-cohesive, wet, very loose.


 - silty clay to clayey silt seam at
5.03 m depth.


(CI) SILTY CLAY, medium plasticity,
trace fine sand, trace fine,
sub-angular gravel; grey-brown, with
organics (rootlets and wood debris);
cohesive, w>PL, very soft to soft.


(SP-SC) SAND, fine to medium,
some plastic fines; grey;
non-cohesive, wet, very loose.


(SM) SILTY SAND, fine to coarse,
non-plastic fines; grey, with organics
(trace rootlets and plant leaves);
non-cohesive, wet, very loose.


DRILLING DATE:  November 3 - 4, 2017


INCLINATION:  -90°


SOIL PROFILE


DESCRIPTION


O
R


G
A


N
IC


 C
O


N
T


E
N


T
 %


P
LA


S
T


IC
IT


Y
 IN


D
E


X
 %


A
D


D
IT


IO
N


A
L


LA
B


. 
T


E
S


T
IN


G


SHEET  1  OF  4


DATUM:   Ground Surface


D
R


IL
LI


N
G


 R
IG


D
R


IL
LI


N
G


 M
E


T
H


O
D


WWp Wl
NP - Non-Plastic


WATER CONTENT PERCENT


20 40 60 80


RECORD OF BOREHOLE: SUR BH17-06


SAMPLES


DEPTH SCALE


DRILLING CONTRACTOR: Foundex Explorations Ltd.


CONTINUED NEXT PAGE


1  :  50


Ground Surface


SAMPLER HAMMER, 64kg; DROP, 762mm


C
LA


Y


S
IL


T


F
IN


E
S


S
A


N
D


G
R


A
V


E
L


GRADATION %
CLAY PARTICLE SIZE <= 0.002


T
Y


P
E


N
U


M
B


E
R


R
E


C
O


V
E


R
Y


 %


B
LO


W
S


/0
.3


m


N
at


io
na


l I
M


 S
er


ve
r:


G
IN


T
_G


A
L_


N
A


T
IO


N
A


LI
M


 U
ni


qu
e 


P
ro


je
ct


 ID
: O


ut
pu


t F
or


m
:B


C
_B


O
R


E
H


O
L


E
_G


R
A


D
A


T
IO


N
 (


A
U


T
O


) 
 p


pa
jo


uh
es


h 
 6


/1
5/


18


 PIEZOMETER,
STANDPIPE


OR
THERMISTOR
INSTALLATION


S
T


R
A


T
A


 P
LO


T


PROJECT No.: 1650596 / 9000


CLIENT:  Parsons
PROJECT:  Pattullo Bridge Replacement Project
LOCATION:  Bridge Road, Surrey, B.C.
N: ~5450120   E: ~508319
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.


0


1


2


3


4


5


6


7


8


9


10


D
E


P
T


H
 S


C
A


LE
M


E
T


R
E


S


SOIL CLASSIFICATION SYSTEM: GACS


LOGGED: AB


CHECKED: TCB


DEPTH
(m)


ELEV. SHEAR STRENGTH
Cu, kPa


nat V.
rem V.


Q -
U -


Pocket Pen -
20 40 60 80


REV:


0


V
ac


uu
m


e
d


M
ud


 R
ot


ar
y


331


320


102


0


0


83


92


0


63


WH


WH


WH


WH


1


2


3


4


5


6


7


8


9


10


11


12







5


S
im


co
 5


00
0


 R
o


ta
ry


 D
ril


l


NP


43


13


53


57


87


47


0


0


0


7


8


50


39


 SS


 SS


 SS


 SS


 SS


 SS


 SS


14A


14B


13A


13B


14A


14B


18A


18B


19A


0


1


5


2


10


11


9


Grout


11.02


12.19


12.60


13.72


15.24


18.39


(SM) SILTY SAND, fine to coarse,
non-plastic fines; grey, with organics
(trace rootlets and plant leaves);
non-cohesive, wet, very loose.
(continued)


(SC) CLAYEY SAND, fine sand;
grey; cohesive, w>PL, very soft.


(ML) SILT, non-plastic, and SAND,
fine to coarse; grey, with organics
and rootlets; non-cohesive, wet, very
loose.
(ML) sandy SILT, non-plastic, fine to
coarse sand; grey; non-cohesive,
w>PL, soft.


(SP/ML) SAND, fine to medium and
CLAYEY SILT, medium plasticity;
grey; non-cohesive, wet, very loose
to loose.


(SP-SM and ML) SAND, fine to
medium, trace to some non-plastic
fines; grey, with organics (trace
rootlets and needles); non-cohesive,
wet, very loose to compact;
interbedded with CLAYEY SILT, low
to medium plasticity, some sand;
grey, very thinly to medium bedded
seams and layers; cohesive, w>PL.


(SP) SAND, fine to medium, trace
non-plastic fines; grey; non-cohesive,
wet, loose to compact.
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(SP-SM and CI) SAND, fine to
medium, trace to some non-plastic
fines; grey, with organics (wood
debris, plant leaves and rootlets);
non-cohesive, wet, loose to compact;
interbedded with sandy SILTY CLAY,
fine sand; grey, very thinly bedded
seams; cohesive, w>PL, soft;


(SP-SM and MH) SAND, fine to
medium, trace to some non-plastic
fines; grey-brown, with organics
(wood debris and rootlets);
non-cohesive, wet, compact;
interbedded with sandy CLAYEY
SILT, fine sand; grey, thinly to
medium bedded seams; cohesive,
w>PL;


 - approximately 50 cm layer of
gravel encountered at 23.32 m depth.


 - approximately 50 cm layer of
gravel encountered at 24.08 m depth.


(SP) SAND, fine to coarse, trace
fine, sub-angular to sub-rounded
gravel, trace non-plastic fines; grey;
non-cohesive, wet, compact.


(SP-SM) SAND, fine to coarse,
some non-plastic fines, trace fine
gravel; grey; non-cohesive, wet,
compact.


 - driller notes slower rate of drill
advance at 27.13 m depth.


(SP-SC) SAND, fine to coarse,
some plastic fines, some fine,
sub-rounded gravel; non-cohesive,
wet, compact.
(SP) SAND, fine to coarse, trace
fine, sub-rounded gravel; grey;
non-cohesive, wet, compact.


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, compact to
dense.
(SM) SILTY SAND, fine to medium
sand, trace fine gravel; grey;
non-cohesive, wet, compact to
dense.
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(SM and CI) SILTY SAND, fine to
medium, non-plastic fines; grey, with
trace white shells; non-cohesive, wet,
compact to dense; interbedded with
SILTY CLAY; grey, thinly laminated to
thinly bedded seams and layers;
cohesive, w>PL.


(SM) SILTY SAND, fine to coarse,
trace gravel; grey; non-cohesive, wet,
dense.
(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey;
non-cohesive, wet, dense.
End of Borehole.
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TOPSOIL - (SM) SILTY SAND, fine
to medium; brown to black, with
organics (roots and rootlets);
non-cohesive, wet, loose.
FILL - (SP-SM) gravelly SAND, fine
to coarse, fine to coarse, rounded
gravel, some non-plastic fines; brown
to grey, with some black pockets,
with rounded cobbles; non-cohesive,
wet, compact.
(PT) SILTY PEAT; dark brown, with
organics (wood debris, plant leaves
and rootlets); cohesive, w~PL, very
soft.


(CI/ML) SILTY CLAY to CLAYEY
SILT, medium plasticity, some gravel,
trace sand; light to medium grey, with
trace to some organics (rootlets,
wood fibres and plant leaves);
cohesive, w<PL, soft to firm.
(PT) SILTY PEAT; brown with
organics (wood debris, plant leaves
and rootlets); cohesive, w>PL, soft to
firm.
(CI/ML) SILTY CLAY to CLAYEY
SILT, medium plasticity, trace fine to
medium sand; light to medium grey,
with organics (rootlets, wood fibres
and plant leaves); cohesive, w>PL,
soft to firm.
 - seams of SILTY PEAT from
5.48 m to 5.64 m depth.


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, loose to compact.


 - ~1 cm thick seam of clayey sand
at 8.84 m depth.
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(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, loose to compact.
(continued)


 - fragments of coarse, angular
gravel encountered at 13.11 m depth.


(SP-SM) SAND, fine to medium,
trace non-plastic fines; grey;
non-cohesive, wet, loose.
 - trace wood debris at 14.93 m
depth.


(SP-SM) SAND, fine to coarse,
some non-plastic fines, trace fine
gravel; grey; non-cohesive, wet,
compact.
 - fragment of fine, angular gravel
observed at 16.15 m depth.


(SP-SC) SAND, fine to medium,
some plastic fines; grey;
non-cohesive, wet, compact.
(SP) SAND, fine to medium, trace
non-plastic fines; grey; non-cohesive,
wet, compact.


DRILLING DATE:  November 7 - 10, 2017


INCLINATION:  -90°


SOIL PROFILE


DESCRIPTION


O
R


G
A


N
IC


 C
O


N
T


E
N


T
 %


P
LA


S
T


IC
IT


Y
 IN


D
E


X
 %


A
D


D
IT


IO
N


A
L


LA
B


. 
T


E
S


T
IN


G


SHEET  2  OF  8


DATUM:   Ground Surface


D
R


IL
LI


N
G


 R
IG


D
R


IL
LI


N
G


 M
E


T
H


O
D


WWp Wl
NP - Non-Plastic


WATER CONTENT PERCENT


20 40 60 80


RECORD OF BOREHOLE: SUR BH17-07


SAMPLES


DEPTH SCALE


DRILLING CONTRACTOR: Foundex Explorations Ltd.


CONTINUED NEXT PAGE


1  :  50


SAMPLER HAMMER, 64kg; DROP, 762mm


C
LA


Y


S
IL


T


F
IN


E
S


S
A


N
D


G
R


A
V


E
L


GRADATION %
CLAY PARTICLE SIZE <= 0.002


T
Y


P
E


N
U


M
B


E
R


R
E


C
O


V
E


R
Y


 %


B
LO


W
S


/0
.3


m


N
at


io
na


l I
M


 S
er


ve
r:


G
IN


T
_G


A
L_


N
A


T
IO


N
A


LI
M


 U
ni


qu
e 


P
ro


je
ct


 ID
: O


ut
pu


t F
or


m
:B


C
_B


O
R


E
H


O
L


E
_G


R
A


D
A


T
IO


N
 (


A
U


T
O


) 
 p


pa
jo


uh
es


h 
 6


/1
5/


18


 PIEZOMETER,
STANDPIPE


OR
THERMISTOR
INSTALLATION


S
T


R
A


T
A


 P
LO


T


PROJECT No.: 1650596 / 9000


CLIENT:  Parsons
PROJECT:  Pattullo Bridge Replacement Project
LOCATION:  112 Avenue, Surrey, B.C.
N: ~5450374   E: ~508493
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.


10


11


12


13


14


15


16


17


18


19


20


D
E


P
T


H
 S


C
A


LE
M


E
T


R
E


S


SOIL CLASSIFICATION SYSTEM: GACS


LOGGED: AB


CHECKED: TCB


DEPTH
(m)


ELEV. SHEAR STRENGTH
Cu, kPa


nat V.
rem V.


Q -
U -


Pocket Pen -
20 40 60 80


REV:


0


M
ud


 R
ot


ar
y


58


63


58


52


50


50


67


10


11


12


13


14


15







H
T


-7
50


 T
ra


ck
 M


ou
nt


ed
 R


o
ta


ry
 D


ril
l


57


93


94


75


38


7


6


8


5


0


0


17


1325


 SS


 SS


 SS


 SS


 SS


 SS


 SS


17A


17B


19B


23A


17A


17B


19A


19B


20A


20B


23A


23


106


24


45


48


17


26


Slough


20.73


21.03


23.77


24.10


25.30


25.65


26.82


28.35


(SP) SAND, fine to medium, trace
non-plastic fines; grey; non-cohesive,
wet, compact. (continued)


(SC) SAND, fine to coarse, and
SILTY CLAY, trace gravel; grey;
cohesive, w>PL, very soft.
(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey, with
white shell fragments; non-cohesive,
wet, compact.


 - inferred gravel based on high SPT
blow counts at 22.25 m depth.


(SP-SC) SAND, fine to medium,
some plastic fines; grey;
non-cohesive, wet, compact.
(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey;
non-cohesive, wet, compact.


(SP-SC) SAND, fine to coarse,
some plastic fines, trace fine,
sub-rounded gravel; grey, with trace
organics (rootlets); non-cohesive,
wet, dense.
(SP) SAND, fine to coarse, some
fine, sub-rounded gravel, trace
non-plastic fines; grey; non-cohesive,
wet, dense.


(SP-SM and CI) gravelly SAND, fine
to coarse, fine to coarse, sub-angular
to rounded gravel, some non-plastic
fines; grey; non-cohesive, wet, dense
to very dense; interbedded with
SILTY CLAY; grey, medium bedded
seams; cohesive, w>PL.


(SP and CI) SAND, fine to coarse,
some fine, sub-rounded to rounded
gravel, trace non-plastic fines; grey;
non-cohesive, wet, compact;
interbedded with SILTY CLAY; grey,
thickly laminated to medium bedded
seams and layers; cohesive, w>PL.
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(ML) sandy SILT, non-plastic fines,
fine to medium sand; grey;
non-cohesive, wet, loose. (continued)
(SM and CI) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet, compact;
interbedded with SILTY CLAY; grey,
thinly laminated to very thinly bedded
seams and layers; cohesive, w>PL.


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, compact to
dense.


(SM and CI) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet, dense;
interbedded with SILTY CLAY; grey,
very thinly to thinly bedded seams
and layers, horizontal and dipping at
~25°; cohesive, w>PL.
(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, dense.


(SP-SM and CI) SAND, fine, some
non-plastic fines; grey; non-cohesive,
wet, dense; interbedded with SILTY
CLAY; grey, thickly laminated to very
thinly bedded seams and layers;
cohesive, w>PL.
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(SP-SM and CI) SAND, fine, some
non-plastic fines; grey; non-cohesive,
wet, dense; interbedded with SILTY
CLAY; grey, thickly laminated to very
thinly bedded seams and layers;
cohesive, w>PL. (continued)


(CI) SILTY CLAY, trace fine sand;
grey; cohesive, w>PL, stiff to very
stiff.


(CI) SILTY CLAY, some fine sand;
grey, with white shell fragments;
cohesive, w>PL, stiff to very stiff.
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(CI) SILTY CLAY, some fine sand;
grey, with white shell fragments;
cohesive, w>PL, stiff to very stiff.
(continued)


(CI) SILTY CLAY, trace fine sand;
grey; cohesive, w>PL, stiff to very
stiff.


(SC) CLAYEY SAND, fine to
medium sand; grey; cohesive, w>PL,
very stiff.
(SM) SILTY SAND, fine to medium,
non-plastic fines; grey; non-cohesive,
wet, very dense.
 - small piece of wood observed at
~54.71 m and ~54.96 m depth.
 - driller notes slower rate of drill
advancement encountered at
54.96 m depth (Inferred Based on
Drill Action and Time).
(GP-GC) GRAVEL, fine to coarse,
sub-angular to rounded, and SAND,
fine to coarse, some plastic fines;
grey, with cobbles; non-cohesive,
wet, dense to very dense.


 - driller notes lost drill fluid
circulation at ~59.44 m depth
(Inferred Based on Drill Action, Time
and Fluid Return).
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(GP-GC) GRAVEL, fine to coarse,
sub-angular to rounded, and SAND,
fine to coarse, some plastic fines;
grey, with cobbles; non-cohesive,
wet, dense to very dense. (continued)
 - driller notes lost drill fluid
circulation at ~59.89 m depth
(Inferred Based on Drill Action, Time
and Fluid Return).


 - driller notes gravel and cobbles
from 63.40 m to 64.01 m depth
(Inferred Based on Drilling Action,
Time and Cuttings Return).


 - driller notes transition to sandier
material at 64.01 m depth (Inferred
Based on Drill Action, Time and
Cuttings Return).


 - driller notes lost drill fluid
circulation at ~69.19 m depth
(Inferred Based on Drill Action, Time
and Fluid Return).
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(GP-GC) GRAVEL, fine to coarse,
sub-angular to rounded, and SAND,
fine to coarse, some plastic fines;
grey, with cobbles; non-cohesive,
wet, dense to very dense. (continued)
 - driller notes gravel and cobbles at
~70.26 m depth (Inferred Based on
Drilling Action, Time and Cuttings
Return).


 - driller notes gravel and cobbles at
~71.63 m depth (Inferred Based on
Drilling Action, Time and Cuttings
Return).


 - driller notes fine gravel seam at
~72.24 m depth (Inferred Based on
Drilling Action, Time and Cuttings
Return).
(CL) SILTY CLAY, low plasticity,
and SAND, fine to coarse; grey, with
white shells; cohesive, w>PL, stiff.
(GP-GC) sandy GRAVEL, fine to
coarse, sub-angular to rounded, fine
to coarse sand, some plastic fines;
grey; non-cohesive, wet, very dense.
End of Borehole.
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 ASPHALT
FILL - (SP/GP) SAND, fine to
medium, and GRAVEL, fine to
coarse, sub-angular; grey;
non-cohesive, dry,
(CI) sandy SILTY CLAY, medium
plasticity, fine to coarse sand, trace
fine, rounded to sub-rounded gravel;
grey to light brown; cohesive, w>PL.


(PT) Fibrous PEAT, trace fine to
medium sand; brown to grey, with
wood fibres and rootlets, with
H2S-like odour; cohesive, w>PL.
- black to dark brown from 1.52 m to
1.68 m depth.


(PT) Amorphous PEAT; brown, with
wood fibres and rootlets, with
H2S-like odour; cohesive, w>PL.


(PT) Fibrous PEAT; dark brown,
with wood fibres and rootlets, with
H2S-like odour; cohesive, w>PL.
(CL-ML) SILTY CLAY to CLAYEY
SILT, medium plasticity, trace fine to
medium sand; grey; cohesive, w>PL.


(SC) SAND, fine to medium, and
SILTY CLAY; grey; cohesive, w~PL.


(SP and CL-ML) SAND, fine to
medium, trace non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILTY CLAY to CLAYEY SILT; grey,
very thinly to medium bedded seams;
cohesive, wet.
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medium, trace non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILTY CLAY to CLAYEY SILT; grey,
very thinly to medium bedded seams;
cohesive, wet. (continued)


 - wood debris from 12.19 m to
12.34 m depth.


 - decaying organics at 16.00 m
depth.


(ML) CLAYEY SILT, medium
plasticity, and SAND, fine to medium;
grey; cohesive, w>PL.


End of Augerhole.
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FILL - (SP-SM) SAND, fine to
coarse, some fine to coarse, rounded
gravel, some non-plastic fines; grey;
non-cohesive, wet.


(PT) SILTY PEAT; dark brown, with
organics (wood fibres, plant fibres
and rootlets); cohesive, w~PL, very
soft.


 - becomes very soft at 3.05 m
depth.


(OL) ORGANIC SILT, medium
plasticity, some fine to coarse sand;
grey, with organics (wood fibres and
rootlets); cohesive, w>PL, very soft;
interbedded with SAND; grey, very
thinly to thinly bedded layers;
non-cohesive, moist to wet.


 - increased organics (wood debris
and chunks) observed at 6.88 m
depth.


 - decreased organics observed at
9.63 m depth.
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(OL) ORGANIC SILT, medium
plasticity, some fine to coarse sand;
grey, with organics (wood fibres and
rootlets); cohesive, w>PL, very soft;
interbedded with SAND; grey, very
thinly to thinly bedded layers;
non-cohesive, moist to wet.
(continued)


(CL-ML) sandy SILTY CLAY to
CLAYEY SILT, low plasticity, fine
sand; grey; cohesive, w>PL, very soft
to soft.


(SP/ML) SAND, fine to medium, and
SILT; grey; non-cohesive, wet loose.


(CI-CL) gravelly SILTY CLAY,
angular gravel, some fine to medium
sand; grey; with organics (rootlets
and wood debris); cohesive, w>PL,
firm to stiff.
(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, compact.


(SM) SILTY SAND, fine to medium,
non-plastic fines; grey; non-cohesive,
wet, compact.
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(SM) SILTY SAND, fine to medium,
non-plastic fines; grey; non-cohesive,
wet, compact. (continued)


(CI) SILTY CLAY, trace fine sand;
grey; cohesive, w>PL, soft to firm.
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(CI) SILTY CLAY, trace fine sand;
grey; cohesive, w>PL, soft to firm.
(continued)


(SM and CL) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet, dense;
interbedded with SILTY CLAY; grey,
thinly laminated to thinly bedded
seams and layers; cohesive, w>PL.
(GP-GC) sandy GRAVEL, fine to
coarse, rounded to angular, fine to
coarse sand, some plastic fines;
grey; non-cohesive, wet, very dense.
End of Borehole.
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TOPSOIL - (SM) SILTY SAND, fine
to medium; black, with organics
(rootlets); non-cohesive, moist, loose.
FILL - (SP-SM) SAND, fine to
medium, some non-plastic fines;
grey; non-cohesive, wet, loose.


(SM) SILTY SAND, fine to coarse,
and GRAVEL, fine, sub-angular to
sub-rounded, non-plastic fines; grey;
non-cohesive, moist.
 - wood debris 70 mm long at 2.13 m
depth.


(PT) SANDY PEAT, fine to medium
sand; dark brown, with H2S-like
odour, with wood fibres and rootlets;
non-cohesive, moist.


(PT) SILTY PEAT; brown to black,
with H2S-like odour, with wood fibres
and rootlets; cohesive, w~PL.


(OH) clayey ORGANIC SILT, high
plasticity; grey to brown,with H2S-like
odour, with wood fibres and rootlets;
cohesive, w>PL.


(OH) clayey ORGANIC SILT,
medium plasticity, some fine to
coarse sand; brown, with pockets of
white to grey sand and silt, with wood
fibres and rootlets; cohesive, w>PL.
(OH) clayey ORGANIC SILT; grey to
brown, with wood fibres and rootlets;
cohesive, w>PL.
(OL) clayey ORGANIC SILT,
medium plasticity; grey to brown, with
wood fibres and rootlets; cohesive,
w>PL.
(ML) CLAYEY SILT, medium
plasticity, trace fine to medium sand;
grey; cohesive, w>PL.
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(ML) CLAYEY SILT, medium
plasticity, trace fine to medium sand;
grey; cohesive, w>PL. (continued)


 - fine, sub-rounded gravel from
10.97 m to 11.13 m depth.


(PT) SILTY PEAT; brown to grey,
with H2S-like odour, with wood
debris, wood fibre and rootlets;
cohesive, w<PL.
(MH) CLAYEY SILT, high plasticity,
some fine to coarse sand, trace fine
gravel; grey; cohesive, w>PL.
 - trace organics with wood fibre
from 12.19 m to 12.80 m depth.


(ML) SILT, non-plastic, and SAND,
fine to coarse; grey; non-cohesive,
wet; interbedded with CLAYEY SILT;
grey, very thinly to medium bedded
seams and layers; cohesive, w>PL.


End of Augerhole.
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 TOPSOIL, with grass and rootlets.
(SP-SM) gravelly SAND, fine to
coarse sand, fine, sub-angular
gravel, some non-plastic fines; dark
grey; non-cohesive, dry.


(SC) gravelly SAND, fine to coarse,
and CLAYEY SILT, medium
plasticity, fine to coarse, sub-angular
gravel; grey to brown, with organics
and rootlets; cohesive, w<PL.
(MH) CLAYEY SILT, high plasticity,
trace fine to medium sand; grey, with
H2S-like odour; cohesive, w<PL to
w>PL.


(PT) SILTY PEAT; dark brown to
black, with wood fibres and rootlets,
with H2S-like odour; cohesive, w~PL.
(ML) CLAYEY SILT, medium
plasticity, trace fine to medium sand;
grey; cohesive, w>PL.


(PT) SILTY PEAT; dark brown to
black, with wood fibres and rootlets,
with H2S-like odour; cohesive, w~PL.
(ML) CLAYEY SILT, medium
plasticity, trace fine to medium sand;
grey; cohesive, w~PL.


DRILLING DATE:  November 9, 2017


INCLINATION:  -90°


SOIL PROFILE


DESCRIPTION


O
R


G
A


N
IC


 C
O


N
T


E
N


T
 %


P
LA


S
T


IC
IT


Y
 IN


D
E


X
 %


A
D


D
IT


IO
N


A
L


LA
B


. 
T


E
S


T
IN


G


SHEET  1  OF  2


DATUM:   Ground Surface


D
R


IL
LI


N
G


 R
IG


D
R


IL
LI


N
G


 M
E


T
H


O
D


WWp Wl
NP - Non-Plastic


WATER CONTENT PERCENT


20 40 60 80


RECORD OF AUGERHOLE: SUR AH17-11


SAMPLES


DEPTH SCALE


DRILLING CONTRACTOR: Conetec Investigations Ltd.


CONTINUED NEXT PAGE


1  :  50


Ground Surface


C
LA


Y


S
IL


T


F
IN


E
S


S
A


N
D


G
R


A
V


E
L


GRADATION %
CLAY PARTICLE SIZE <= 0.002


T
Y


P
E


N
U


M
B


E
R


R
E


C
O


V
E


R
Y


 %


B
LO


W
S


/0
.3


m


N
at


io
na


l I
M


 S
er


ve
r:


G
IN


T
_G


A
L_


N
A


T
IO


N
A


LI
M


 U
ni


qu
e 


P
ro


je
ct


 ID
: O


ut
pu


t F
or


m
:B


C
_B


O
R


E
H


O
L


E
_G


R
A


D
A


T
IO


N
 (


A
U


T
O


) 
 p


pa
jo


uh
es


h 
 6


/1
5/


18


 PIEZOMETER,
STANDPIPE


OR
THERMISTOR
INSTALLATION


S
T


R
A


T
A


 P
LO


T


PROJECT No.: 1650596 / 9000


CLIENT:  Parsons
PROJECT:  Pattullo Bridge Replacement Project
LOCATION:  Scott Road Off Ramp, Surrey, B.C.
N: ~5450336   E: ~509162
Note: Northing and Easting Coordinates have been determined by
GPS in the field and are approximate only.


0


1


2


3


4


5


6


7


8


9


10


D
E


P
T


H
 S


C
A


LE
M


E
T


R
E


S


SOIL CLASSIFICATION SYSTEM: GACS


LOGGED: RS


CHECKED: TCB


DEPTH
(m)


ELEV. SHEAR STRENGTH
Cu, kPa


nat V.
rem V.


Q -
U -


Pocket Pen -
20 40 60 80


REV:


0


S
ol


id
 S


te
m


 A
ug


er


240


181


1


2


3


4


5


6


7


8


9


10







25.6


27


OC


C
on


e
T


ec
 M


7 
T


ru
ck


 R
ig


10


76


90


24


0


0


3852


 AS


 AS


 AS


 AS


 AS


Slough/Cuttings


Bentonite Chips


Slough/Cuttings


12.50


12.80


13.41


14.94


18.29


(ML) CLAYEY SILT, medium
plasticity, trace fine to medium sand;
grey; cohesive, w~PL. (continued)


(PT) SILTY PEAT, trace sand, fine
to medium sand; brown to grey, with
wood fibres and rootlets, with
H2S-like odour; cohesive, w~PL.
(OH) clayey ORGANIC SILT, high
plasticity, some fine to medium sand;
brown, with H2S-like odour, with
wood fibres and rootlets; cohesive,
w>PL.
(OL) clayey ORGANIC SILT, trace
fine to medium sand; brown to grey,
with wood fibres and rootlets, with
H2S-like odour; cohesive, w~PL.


(SM and ML) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet; interbedded with
CLAYEY SILT to SILT, grey, very
thinly to thinly bedded seams;
cohesive, w>PL.


End of Augerhole.
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 Asphalt.
FILL - (SM) SILTY SAND, fine to
medium; dark grey; non-cohesive,
dry.


(PT) SILTY PEAT; dark brown, with
wood fibres and rootlets; cohesive,
w~PL.
(PT) SILTY PEAT; brown, with wood
fibres and rootlets; cohesive, w~PL.
(PT) SILTY PEAT; brown to light
brown, with wood fibres and rootlets;
cohesive, w>PL.


(PT) Amorphous PEAT; brown to
dark brown, with wood fibres and
rootlets; cohesive, w>PL.
(ML) CLAYEY SILT, medium
plasticity, trace fine to medium sand;
grey to light brown, trace organics,
with rootlets; cohesive, w>PL.
(ML) sandy SILT, non-plastic fines,
fine to medium sand; dark grey, with
organics and rootlets; non-cohesive,
wet.


(SM/ML) SAND, fine to medium, and
SILT, non-plastic; dark grey to grey;
non-cohesive, wet.


(SM and ML) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILT to CLAYEY SILT; grey, very
thinly to thinly bedded seams;
cohesive, w>PL.
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(SM and ML) SILTY SAND, fine to
medium, non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILT to CLAYEY SILT; grey, very
thinly to thinly bedded seams;
cohesive, w>PL. (continued)


(SP-SM and ML) SAND, fine to
medium, some non-plastic fines;
grey; non-cohesive, wet; interbedded
with SILT to CLAYEY SILT; grey,
thinly bedded seams; cohesive,
w>PL.
 - 10 mm piece of wood at 12.04 m
depth.


 - 70 mm cobble at 15.85 m depth.


End of Augerhole.
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 Asphalt.
(SP/GP) SAND and GRAVEL,
rounded, trace to some non-plastic
fines; grey, with rounded cobbles;
non-cohesive, wet.


(PT) Amorphous PEAT; dark brown,
with organics (wood fibres, plant
fibres and rootlets); cohesive, w~PL.
(OL) ORGANIC SILT; grey to light
brown, with wood fibres and rootlets;
cohesive, w>PL.


(OL) ORGANIC SILT; dark brown to
brown, with wood fibres and rootlets;
cohesive, w>PL.
(SP-SM) SAND, fine to medium,
some non-plastic fines; grey to light
brown; cohesive, w>PL.
(SM) SILTY SAND, fine to medium;
grey, with H2S-like odour;
non-cohesive, wet.


(SM and ML) SILTY SAND, fine to
coarse, non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILT to CLAYEY SILT; grey;
cohesive, w>PL.


(SP) SAND, fine to medium, trace
non-plastic fines, trace fine,
sub-rounded gravel; grey;
non-cohesive, wet.
(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILT to CLAYEY SILT; grey;
cohesive, w>PL.
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(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet; interbedded with
SILT to CLAYEY SILT; grey;
cohesive, w>PL. (continued)


 - Driller notes increased rotation
feed pressure at 12.19 m depth.


End of Augerhole.
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 Asphalt.
FILL - (GP) sandy GRAVEL, fine,
angular gravel; grey; non-cohesive,
moist, compact.


(PT) SILTY PEAT; dark brown, with
organics (wood fibres, plant fibres
and rootlets); cohesive, w>PL, very
soft.


(CL/OL) SILTY CLAY to clayey
ORGANIC SILT, medium plasticity;
grey, with organics (wood fibres,
plant fibres and rootlets); cohesive,
w>PL, soft to firm.


(ML) sandy SILT, non-plastic, fine
sand; grey; non-cohesive, wet, very
loose.


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, loose to compact.
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(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey;
non-cohesive, wet, compact.
(continued)


(SP-SM) SAND, fine to medium,
some non-plastic fines; grey;
non-cohesive, wet, loose to compact.


(SP) SAND, fine to coarse, trace
fine, sub-rounded gravel, trace
non-plastic fines; grey; non-cohesive,
wet, compact.
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(SP) SAND, fine to coarse, trace
fine, sub-rounded gravel, trace
non-plastic fines; grey; non-cohesive,
wet, compact. (continued)


(SP-SM) SAND, fine to coarse,
some non-plastic fines; grey;
non-cohesive, wet, compact to
dense.


(SP) SAND, fine to coarse, trace
non-plastic fines; grey; non-cohesive,
wet, compact to dense.


(SM) SILTY SAND, fine to medium
sand, non-plastic fines; grey;
non-cohesive, wet, dense.


(SP-SM) SAND, fine to coarse,
some non-plastic fines, trace fine to
coarse, sub-angular to sub-rounded
gravel; grey; non-cohesive, wet,
compact.


(SP-SM and CL) SAND, fine to
coarse, some fines; grey, with white
shell fragments; non-cohesive, wet,
compact; interbedded with SILTY
CLAY; grey, very thinly bedded
seams and layers; cohesive, w>PL.
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(SP-SM and CL) SAND, fine to
coarse, some fines; grey, with white
shell fragments; non-cohesive, wet,
compact; interbedded with SILTY
CLAY; grey, very thinly bedded
seams and layers; cohesive, w>PL.
(continued)


(ML/SM and CL) SILT, non-plastic,
and SAND, fine to medium; grey;
non-cohesive, wet, loose to compact;
interbedded with SILTY CLAY; grey,
thinly laminated to thinly bedded
seams; cohesive, w>PL.


(CL/CI and SP) SILTY CLAY low to
medium plasticity, trace fine gravel;
grey; cohesive, w>PL, firm;
interbedded with SAND, fine to
medium; grey, very thinly laminated
to thinly bedded seams and partings;
non-cohesive, wet.
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(CL/CI and SP) SILTY CLAY low to
medium plasticity, trace fine gravel;
grey; cohesive, w>PL, firm;
interbedded with SAND, fine to
medium; grey, very thinly laminated
to thinly bedded seams and partings;
non-cohesive, wet. (continued)


(CI and SP) sandy SILTY CLAY,
medium plasticity, fine to medium
sand; grey, with white shell
fragments; cohesive, w>PL, firm;
interbedded with SAND, fine; grey,
very thinly to thinly bedded seams
and partings; non-cohesive, wet.


 - observed sandy interbeds
increasing in thickness and
decreasing in spacing with depth.


 - encountered gravel layer ~0.03 m
thick at 43.59 m depth.


(CL) sandy SILTY CLAY, low
plasticity, fine to coarse sand, trace
fine gravel; grey; cohesive, w>PL,
firm; interbedded with SAND, fine;
grey, very thinly to thickly laminated
seams; non-cohesive, wet.


(SM) SILTY SAND, fine to coarse,
non-plastic fines; grey; non-cohesive,
wet, dense.
(GP-GC) sandy GRAVEL, fine to
coarse, sub-angular to sub-rounded,
fine to coarse sand, some plastic
fines; grey; non-cohesive, wet,
dense.
(GM) SILTY GRAVEL, fine to
coarse, sub-angular to rounded,
non-plastic fines, some fine to coarse
sand; grey; non-cohesive, wet,
dense.
 - driller notes lost circulation of
drilling fluid at 45.95 m and 47.55 m
depth (Based on Drilling Action, Time
and Fluid Return).


End of Borehole.
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598 West 24 Avenue, Vancouver, B.C. V5Z 2B4   Tel: (604) 418-1072 
billschwartzcpt@telus.net 
  
Golder Associates           January 14, 2018  
2920 Virtual Way – 2nd Floor 
Vancouver, BC 
V5M 0C4 
 
Attn: Jordan Sequila, E.I.T. 
 Geotechnical Division  
 
Site: PBRP Phase B Land Site Investigation, Surrey 
 
Re: SCPTU investigation on December 5 – 8, 2016. 
 
Schwartz Soil Technical Inc (SST) was retained by Foundex Explorations Ltd to 
conduct SCPTU testing on this project. Testing services were conducted under 
Foundex project number 2387. This investigation consisted of six SCPTU tests 
and 18 pore pressure dissipation tests. These tests were conducted between 
October 30th and December 5th, 2017.  
  
  
1.0 PROJECT INFORMATION 
 


A.  CPTU Equipment 
 
The digital CPTU equipment which was deployed on this project is manufactured 
by Hogentogler and ARA/Vertek.  These companies are the oldest and most 
experienced designers of in-situ testing equipment in North America. To date we 
have used this equipment on over 13 000 CPTU, SCPTU and RCPTU tests in 
North America, Central and South America and the South Pacific. 
 
The electronic piezocone that was used on this project is designed with a 15 
square centimeter tip, 225 square centimeter friction sleeve and has a 20-ton tip 
capacity.  The area ratio for converting qc values to qt is 0.8.  All of our electronic 
cones are equipped with equal end area adapters for the friction sleeve. Our 
compression style cones are also designed with the tip and friction sleeve load 
cells acting independently from each other.  This method of cone design helps to 
ensure that cross talk between the different load cells does not occur. 
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Pore pressures on this project were measured at the U2 position, which is 
located behind the cone tip. The pore pressure elements are made of a porous 
plastic material.  Prior to this project the elements were placed in a glycerine 
solution in a vacuum chamber for many days.   
The pore pressure elements remain submerged in glycerine at all times during 
transportation to site in order to ensure that they do not become de-saturated. 
Removing the air from the elements in this manner enables our cone system to 
quickly record pore pressure changes in the subsurface soils. 
 
Our field computer and data acquisition system was used for viewing the CPTU 
data in a real time format as it was collected on site.  At the conclusion of each 
test the data files were transferred to our lap top computer for further analysis. 
 
Figure 1 located at end of this report shows the general configuration of our 
electronic cone. 
 


B.   Temperature related baseline corrections 
 
Precautions were taken at every test location to ensure that the cone was kept at 
a temperature that was close to the ground temperature. It is our experience that 
large variations between the temperature of the testing tools and the soils can 
cause small baseline shifts in the CPTU data.  This scenario becomes very 
important when working in the Arctic and during hot summer periods. Keeping 
our electronic cone at the near-optimum temperature for the soils at this site was 
achieved using an ice bath on October 30th. After October 30th an ice bath was 
not necessary as the air temperature was in the 3 to 10 degree temperature 
range.  
 
A temperature related correction was not applied to any of the data that was 
collected during this investigation. 
 


C. SCPTU pushing procedures  
 
SCPTU testing on this project was conducted using a HT750 and Simco 5000 
drill supplied by Foundex Explorations.  The hydraulic ram mounted on the drill 
tower supplied a sufficient amount of downward thrust for cone pushing 
operations. The design of the hydraulic controls on the drill and the driller’s 
attention to detail enabled us to push the electronic cone in a smooth manner.  
The extensive control panel on the drill also enabled the driller to slowly increase 
the hydraulic feed pressures.  This allowed the drill to push the cone at a safe 
and consistent speed. 
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At all the test locations the electric cone was deployed using casing to increase 
the lateral stability. At the start of each cone push HWT and BQ casing were 
positioned in the ground. The BQ casing was hung in position just off the bottom 
of the hole for maximum lateral stability. The multiple layers of casing were 
necessary, as the test locations had been vacuumed out ahead of time.   
 
Hydraulic clamps near the bottom of the mast enabled us to fine tune the position 
of the various levels of casing in the pre-made hole. 
 
After each CPT test or push all the o-rings on the electric cone were cleaned and 
lubricated. A new pore pressure element was also installed on the cone for each 
successive CPT push. 
 


D. SCPTU - Seismic shear wave testing 
 
Seismic shear waves on this project were generated by striking the end of a steel 
beam with a large sledgehammer. The steel beam was centered under the 
hydraulic jacks of the drill.  The steel beam proved to be a good shear wave 
source for this project.  
  
The timing system for creating the Vs waves is wired into a timing circuit that is 
connected to our data acquisition system and oscilloscope.  The exact moment 
when the hammer strikes the end of the beam a timing circuit opens.  The timing 
circuit is then used to record the length of time it takes for the wave to travel from 
the ground surface down to the geophone in the cone. 
 
The horizontal distance from the cone to the beam source was measured at each 
of the test locations.  This horizontal distance and the cone depth are necessary 
for calculating the length of the shear wave travel path.  
 
Our field computer and oscilloscope were used on site for viewing the shear 
wave traces in the frequency time domain.  Six to eight separate strikes were 
conducted at each testing depth. The corresponding traces were then “stacked”. 
This stacking process helps to reduce the noise and increase the Vs signal trace. 
At the conclusion of each test the seismic trace files were transferred to our office 
computer for further analysis. 
 
 
 
 







  
 


 


                 PBRP Phase B Land SI                                   Pg 4 
 
 
 
Example calculation for a beam source off set of 1.5 meters from the cone: 
 
Cone depth 1 = 25.6 m 
Wave travel path distance from the beam = ((1.5)2 + (25.6)2) 0.5  = 25.64 meter  


Time = 160 milliseconds 
 


Cone depth 2 = 26.6 m 
Wave travel path distance from the beam = ((1.5)2 + (26.6)2) 0.5  = 26.64 meter 
Time = 164.55 milliseconds 
 
 
V = Change in distance/change in time = 26.64 – 25.64 m/ 164.55 – 160 ms 
 
V = 1 m / 4.55 ms = 219.78 m/sec = Interval shear wave velocity 
 
A horizontally mounted geophone within the body of the cone was used to record 
the arrival of the shear and compression waves.  Our seismic data acquisition 
system recorded 4000 to 6000 sample points for each wave trace at a resolution 
of up to 20 008 samples per second. 
 
The geophone used to record the shear waves is located 25 centimeters behind 
the cone tip as indicated on the seismic data tables. 
 
 


E. Testing depths  
 
All of the cone tests were started and referenced to adjacent site grade.   
 
Each time casing was used care full measurements were made on site regarding 
the casing lengths and depths of penetration. At the start of each CPT push the 
exact depth of the cone below adjacent ground level was confirmed.  These 
depth values were compared to the depth of the casing in order to ensure that 
the electronic cone was not stuck inside the casing.  Measuring the exact length 
of the string of cone rods was also used to verify that the electronic cone had not 
sunk down into the soil under it’s own weight. These measuring procedures 
ensured that the cone was at the correct depth at the start of each push. 
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F. Pore pressure dissipation tests 
 
Fifteen pore pressure dissipations tests in total were conducted during the 
investigation. The equilibrium pressures that were reached are shown on each 
dissipation plot. 
 
The attached summary tables in the dissipation portion of our report list all of the 
test depths and results. 
 


G. Estimated soil behavior type 
 
The cone plots attached to this report show the estimated soil behavior type 
(SBT). This method of estimating the soil behavior type is referred to as 
 “normalized” and is based on the Robertson method from 1990. 
 
 
 
2.0 CLOSURE 
 
If you have any questions regarding the enclosed data please feel free to contact 
me at (604) 418-1072.  We look forward to working with you in the near future. 
 
 
Respectfully,  
 
 


 
 
 
       
 
Bill Schwartz, P.Eng 
In-situ Testing Services 
Schwartz Soil Technical Inc. 
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TEST DATE DEPTH COMMENTS RESULTS
NO (METER)


SCPT17 - 09 OCT 30, 2017 15.25 Equilibrium pressure achieved Equilibrium pressure = 13.3 meters of head
 


SCPT17 - 09 OCT 30, 2017 20.25 Equilibrium pressure achieved Equilibrium pressure = 18.3 meters of head


SCPT17 - 09 OCT 30, 2017 36.45 Equilibrium pressure achieved Equilibrium pressure = 34.7 meters of head


SCPT17 - 06 NOV 2, 2017 7.35 Equilibrium pressure + t50 achieved Equilibrium pressure = 5.2 meters of head / t50 time = 8 sec


SCPT17 - 06 NOV 2, 2017 14.35 Equilibrium pressure achieved Equilibrium pressure = 12.1 meters of head 


SCPT17 - 06 NOV 2, 2017 18.35 Equilibrium pressure achieved Equilibrium pressure = 16.2 meters of head 


SCPT17 - 07 NOV 6 - 7, 2017 12.00 Equilibrium pressure achieved Equilibrium pressure = 9.8 meters of head 


SCPT17 - 07 NOV 6 - 7, 2017 34.20 Equilibrium pressure achieved Equilibrium pressure = 32.0 meters of head 


SCPT17 - 07 NOV 6 - 7, 2017 55.15 Equilibrium pressure achieved Equilibrium pressure = 52.7 meters of head 


SCPT17 - 14 NOV 14, 2017 8.20 Equilibrium pressure achieved Equilibrium pressure = 5.6 meters of head 


SCPT17 - 14 NOV 14, 2017 16.20 Equilibrium pressure achieved Equilibrium pressure = 13.6 meters of head 


SCPT17 - 14 NOV 14, 2017 43.50 Equilibrium pressure achieved Equilibrium pressure = 42.2 meters of head 


U2 PORE PRESSURE 
DISSIPATION SUMMARY TABLE


PBRP PHASE B LAND SITE INVESTIGATION
SURREY, BC


2017
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TEST DATE DEPTH COMMENTS RESULTS
NO (METER)


SCPT17 - 03 NOV 20 - 21, 2017 8.30 Equilibrium pressure achieved Equilibrium pressure = 5.9 meters of head
 


SCPT17 - 03 NOV 20 - 21, 2017 41.30 Equilibrium pressure achieved Equilibrium pressure = 38.5 meters of head


SCPT17 - 03 NOV 20 - 21, 2017 67.20 Equilibrium pressure achieved Equilibrium pressure = 64.5 meters of head


SCPT17 - 05 DEC 4 - 5, 2017 16.25 Equilibrium pressure achieved Equilibrium pressure = 13.5 meters of head 


SCPT17 - 05 DEC 4 - 5, 2017 38.25 Equilibrium pressure achieved Equilibrium pressure = 34.9 meters of head 


SCPT17 - 05 DEC 4 - 5, 2017 65.55 Equilibrium pressure achieved Equilibrium pressure = 63.4 meters of head 


U2 PORE PRESSURE 
DISSIPATION SUMMARY TABLE


PBRP PHASE B LAND SITE INVESTIGATION
SURREY, BC


2017
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CLAY - SILTY CLAY


SAND - SILTY SAND
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U2 Pp (Meter) Robertson, 1990


Maximum Depth  = 55.45 m                                                                                                     
Depth increment = 0.05 meter


Operator: Schwartz Soil Technical
Sounding:  SCPT17 ‐ 07
Cone ID:  DPG1428


Date: Novemeber 6 ‐ 7, 2017
Site:   PBRP Phase B Land SI
Golder Project No:  1650596/9000


3   CLAY ‐ SILTY CLAY
2   ORGANIC
1   SENS FINE GRAIN 4   C. SILT ‐ SILTY CLAY


5   S. SAND ‐ S. SILT


6   SAND ‐ S. SAND


7   GRAVELLY SAND ‐ SAND
8   V. STIFF CLAY SAND


9   V. STIFF FINE GRAIN
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U2 Pp (Meter) Robertson, 1990
SBT(n)


Operator: Schwartz Soil Technical
Sounding:  SCPT17 ‐ 09
Cone ID:  DPG1428


Date: October 30, 2017
Site:    PBRP Phase B Land S.I.
Golder project no:  1650596/9000


CLAY - SILTY CLAY


CLAY - SILTY CLAY


Maximum Depth  = 36.45 meter                                                                                                 
Depth increment = 0.05 meter


S.SAND - S. SILT


S.SAND - S. SILT


S.SAND - S. SILT


3   CLAY ‐ SILTY CLAY
2   ORGANIC
1   SENS FINE GRAIN 4   C. SILT ‐ SILTY CLAY


5   S. SAND ‐ S. SILT


6   SAND ‐ S. SAND


7   GRAVELLY SAND ‐ SAND
8   V. STIFF CLAY SAND


9   V. STIFF FINE GRAIN


CASED OFF
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SAND - SILTY SAND


C. SILT - SILTY CLAY
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U2 Pp (Meter) Robertson, 1990


Maximum Depth  = 36.45 m                                                                                                     
Depth increment = 0.05 meter


Operator: Schwartz Soil Technical
Sounding:  SCPT17 ‐ 09
Cone ID:  DPG1428


Date: October 30, 2017
Site:   PBRP Phase B Land SI
Golder Project No:  1650596/9000


3   CLAY ‐ SILTY CLAY
2   ORGANIC
1   SENS FINE GRAIN 4   C. SILT ‐ SILTY CLAY


5   S. SAND ‐ S. SILT


6   SAND ‐ S. SAND


7   GRAVELLY SAND ‐ SAND
8   V. STIFF CLAY SAND


9   V. STIFF FINE GRAIN
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U2 Pp (Meter) Robertson, 1990
SBT(n)


Operator: Schwartz Soil Technical
Sounding:  SCPT17 ‐ 14
Cone ID:  DPG1428


Date: November 14, 2017
Site:    PBRP Phase B Land S.I.
Golder project no:  1650596/9000


C. SILT - SILTY CLAY


CLAY - SILTY CLAY


SAND - SILTY SAND


Maximum Depth  = 43.50 meter                                                                                                 
Depth increment = 0.05 meter


S.SAND - S. SILT


S.SAND - S. SILT


S.SAND - S. SILT


S.SAND - S. SILT


3   CLAY ‐ SILTY CLAY
2   ORGANIC
1   SENS FINE GRAIN 4   C. SILT ‐ SILTY CLAY


5   S. SAND ‐ S. SILT


6   SAND ‐ S. SAND


7   GRAVELLY SAND ‐ SAND
8   V. STIFF CLAY SAND


9   V. STIFF FINE GRAIN


CASED OFF


SAND - SILTY SAND


ORGANIC


SAND - SILTY SAND


S.SAND - S. SILT


SAND - SILTY SAND


SAND - SILTY SAND
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C. SILT - SILTY CLAY


C. SILT - SILTY CLAY


C. SILT - SILTY CLAY
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U2 Pp (Meter) Robertson, 1990


Maximum Depth  = 43.50 m                                                                                                     
Depth increment = 0.05 meter


Operator: Schwartz Soil Technical
Sounding:  SCPT17 ‐ 14
Cone ID:  DPG1428


Date: Novemeber 14, 2017
Site:   PBRP Phase B Land SI
Golder Project No:  1650596/9000


3   CLAY ‐ SILTY CLAY
2   ORGANIC
1   SENS FINE GRAIN 4   C. SILT ‐ SILTY CLAY


5   S. SAND ‐ S. SILT


6   SAND ‐ S. SAND


7   GRAVELLY SAND ‐ SAND
8   V. STIFF CLAY SAND


9   V. STIFF FINE GRAIN
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 03   8.30 METER DEPTH
NOVEMBER 20 - 21, 2017


Dissipation depth = 8.30 meter
Estimated equilibrium = 5.90 meters of head
Length of dissipation = 54 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 03   41.30 METER DEPTH
NOVEMBER 20 - 21, 2017


Dissipation depth = 41.30 meter
Estimated equilibrium = 38.5 meters of head
Length of dissipation = 54 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 03   67.20 METER DEPTH
NOVEMBER 20 - 21, 2017


Dissipation depth = 67.20 meter
Estimated equilibrium = 64.5 meters of head
Length of dissipation = 275 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 05   16.25 METER DEPTH
DECEMBER 4 - 5, 2017


Dissipation depth = 16.25 meter
Estimated equilibrium = 13.5 meters of head
Length of dissipation = 80 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 05   38.25 METER DEPTH
DECEMBER 4 - 5, 2017


Dissipation depth = 38.25 meter
Estimated equilibrium = 34.9 - 35.0 meters of head
Length of dissipation = 280 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 05   65.55 METER DEPTH
DECEMBER 4 - 5, 2017


Dissipation depth = 65.55 meter
Estimated equilibrium = 63.4 meters of head
Length of dissipation = 100 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 06   7.35 METER DEPTH
NOVEMBER 2, 2017


Dissipation depth = 7.35 meter
Estimated water table depth below adjacent site grade = 2.2 meter
Estimated equilibrium = 5.2 meters of head


U100 = 10.9 meters of head
U0 = 5.2 meters of head (estimated)
U50 = 7.6 meters of head
t50 = 8 seconds
Length of dissipation = 165 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 06   14.35 METER DEPTH
NOVEMBER 2, 2017


Dissipation depth = 14.35 meter
Estimated equilibrium = 12.1 meters of head
Length of dissipation = 100 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 06   18.35 METER DEPTH
NOVEMBER 2, 2017


Dissipation depth = 18.35 meter
Estimated equilibrium = 16.2 meters of head
Length of dissipation = 65 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 07   12.00 METER DEPTH
NOVEMBER 6 - 7, 2017


Dissipation depth = 12.00 meter
Estimated equilibrium = 9.8 meters of head
Length of dissipation = 100 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 07   34.20 METER DEPTH
NOVEMBER 6 - 7, 2017


Dissipation depth = 34.20 meter
Estimated equilibrium = 32.0 meters of head
Length of dissipation = 275 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 07   55.15 METER DEPTH
NOVEMBER 6 - 7, 2017


Dissipation depth = 55.15 meter
Estimated equilibrium = 52.70 meters of head
Length of dissipation = 60 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 09   15.25 METER DEPTH
OCTOBER 30, 2017


Dissipation depth = 15.25 meter
Estimated equilibrium = 13.3. - 13.4 meters of head
Length of dissipation = 410 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 09   20.25 METER DEPTH
OCTOBER 30, 2017


Dissipation depth = 20.25 meter
Estimated equilibrium = 18.3 meters of head
Length of dissipation = 53 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 09   36.45 METER DEPTH
OCTOBER 30, 2017


Dissipation depth = 36.45 meter
Estimated equilibrium = 34.7 meters of head
Length of dissipation = 180 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 14   8.20 METER DEPTH
NOVEMBER 14, 2017


Dissipation depth = 8.20 meter
Estimated equilibrium = 5.6 meters of head
Length of dissipation = 44 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 14   16.20 METER DEPTH
NOVEMBER 14, 2017


Dissipation depth = 16.20 meter
Estimated equilibrium = 13.6 meters of head
Length of dissipation = 39 seconds
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GOLDER ASSOCIATES


U2 PORE PRESSURE DISSIPATION
PBRP PHASE B LAND SI


SCPT17 - 14   43.50 METER DEPTH
NOVEMBER 14, 2017


Dissipation depth = 43.50 meter
Estimated equilibrium = 42.2 meters of head
Length of dissipation = 130 seconds







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
4.30 4.05


120
5.30 5.05


140
6.30 6.05


131
7.30 7.05


167
8.30 8.05


178
9.30 9.05


175
10.30 10.05


212
11.30 11.05


187
12.30 12.05


166
13.30 13.05


180
14.30 14.05


200
15.30 15.05


204
16.30 16.05


200
17.30 17.05 .


227
18.30 18.05


194
19.30 19.05


182
20.30 20.05


217
21.30 21.05


222
22.30 22.05


244
23.30 23.05


227
24.30 24.05


232
25.30 25.05


253
26.30 26.05


256
27.30 27.05


263
28.30 28.05


232
29.30 29.05


323
30.30 30.05


233
31.30 31.05


267
32.30 32.05


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 03                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 20 - 21, 2017
         Cone ID:           DPG1428
         Source offset:  0.65 m
         Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
31.30 31.05


267
32.30 32.05


233
33.30 33.05


290
34.30 34.05


278
35.30 35.05


286
36.30 36.05


323
37.30 37.05


238
38.30 38.05


250
39.30 39.05


238
40.30 40.05


323
41.30 41.05


333
42.30 42.05


278
43.30 43.05


270
44.30 44.05 .


294
45.30 45.05


CASED OFF
47.30 47.05


323
48.30 48.05


238
49.30 49.05


267
50.30 50.05


263
51.30 51.05


244
52.30 52.05


278
53.30 53.05


286
54.30 54.05


296
55.30 55.05


323
56.30 56.05


282
57.30 57.05


256
58.30 58.05


333
60.30 60.05


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 03                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 20 - 21, 2017
         Cone ID:           DPG1428
         Source offset:  0.65 m
         Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
58.30 58.05


333
60.30 60.05


323
61.30 61.05


290
62.30 62.05


303
63.30 63.05


312
64.30 64.05


333
65.30 65.05


314
66.30 66.05


333
67.20 66.95


.


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 03                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 20 - 21, 2017
         Cone ID:           DPG1428
         Source offset:  0.65 m
         Source:             Beam
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SHEAR WAVE VELOCITY PROFILE


   Client:   Golder Associates
   Test:     SCPT17 - 03                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 November 20 - 21, 2017
   Cone ID:           DPG1428
   Source offset:  0.65 m
   Source:             Beam
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SHEAR WAVE VELOCITY PROFILE


   Client:   Golder Associates
   Test:     SCPT17 - 03                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 November 20 - 21, 2017
   Cone ID:           DPG1428
   Source offset:  0.65 m
   Source:             Beam



user









CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
4.25 4.00


129
5.25 5.00


135
6.25 6.00


152
7.25 7.00


148
8.25 8.00


162
9.25 9.00


175
10.25 10.00


169
11.25 11.00


198
12.25 12.00


194
13.25 13.00


206
14.25 14.00


196
15.25 15.00


212
16.25 16.00


196
17.25 17.00 .


213
18.25 18.00


220
19.25 19.00


232
20.25 20.00


217
21.25 21.00


256
22.25 22.00


377
26.25 26.00


250
27.25 27.00


256
28.25 28.00


267
29.25 29.00


263
30.25 30.00


256
31.25 31.00


263
32.25 32.00


274
33.25 33.00


256
34.25 34.00


244
35.25 35.00


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 05                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 December 4- 5, 2017
         Cone ID:           DPG1428
         Source offset:  0.65 m
         Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
34.25 34.00


244
35.25 35.00


294
36.25 36.00


250
37.25 37.00


270
38.25 38.00


312
39.25 39.00


282
40.25 40.00


294
41.25 41.00


298
42.25 42.00


303
43.25 43.00


282
44.25 44.00


308
45.25 45.00


333
46.25 46.00


328
47.25 47.00 .


290
48.25 48.00


303
49.25 49.00


308
50.25 50.00


303
51.25 51.00


308
52.25 52.00


294
53.25 53.00


312
54.25 54.00


308
55.25 55.00


317
56.25 56.00


294
57.25 57.00


297
58.25 58.00


303
59.25 59.00


290
60.25 60.00


308
61.25 61.00


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 05                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 December 4 - 5, 2017
         Cone ID:           DPG1428
         Source offset:  0.65 m
         Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
60.25 60.00


308
61.25 61.00


317
62.25 62.00


303
63.25 63.00


328
64.25 64.00


332
65.25 65.00


.
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   Client:  Golder Associates
   Test:    SCPT17 - 05                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 December 4 - 5, 2017
         Cone ID:           DPG1428
         Source offset:  0.65 m
         Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 05                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 December 4 - 5, 2017
   Cone ID:           DPG1428
   Source offset:  0.65 m
   Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 05                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 December 4 - 5, 2017
   Cone ID:           DPG1428
   Source offset:  0.65 m
   Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
4.35 4.10


138
5.35 5.10


137
6.35 6.10


153
7.35 7.10


120
8.35 8.10


132
9.35 9.10


153
10.35 10.10


148
11.35 11.10


160
12.35 12.10


166
13.35 13.10


174
14.35 14.10


182
15.35 15.10


175
16.35 16.10


185
17.35 17.10 .


196
18.35 18.10


208
19.35 19.10


189
20.35 20.10


194
21.35 21.10


208
22.35 22.10


230
23.35 23.10


205
24.35 24.10


213
25.35 25.10


227
26.35 26.10


222
27.35 27.10


244
28.35 28.10


247
29.35 29.10


244
30.35 30.10


260
31.35 31.10


256
32.35 32.10


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 06                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 2, 2017
         Cone ID:           DPG1428
         Source offset:  0.65 m
         Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
31.35 31.10


256
32.35 32.10


250
33.35 33.10


263
34.35 34.10


312
35.35 35.10


278
36.35 36.10


238
37.35 37.10


312
38.35 38.10


250
39.35 39.10


270
40.35 40.10


274
41.35 41.10


286
42.35 42.10


278
43.35 43.10


270
44.35 44.10 .


278
45.35 45.10


260
46.35 46.10


277
47.35 47.10


333
48.35 48.10


282
49.35 49.10


283
50.00 49.75


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 06                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 2, 2017
         Cone ID:           DPG1428
         Source offset:  0.65 m
         Source:             Beam







0


5


10


15


20


25


30


35


0 50 100 150 200 250 300 350 400 450


SHEAR WAVE VELOCITY - Vs 
(m/sec)


D
EP


TH
 (m


et
er


)
SHEAR WAVE VELOCITY PROFILE


   Client:   Golder Associates
   Test:     SCPT17 - 06                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 November 2, 2017
   Cone ID:           DPG1428
   Source offset:  0.65 m
   Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 06                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 November 2, 2017
   Cone ID:           DPG1428
   Source offset:  0.65 m
   Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
5.25 5.00


116
6.25 6.00


166
7.25 7.00


175
8.25 8.00


190
9.25 9.00


164
10.25 10.00


178
11.25 11.00


174
12.25 12.00


204
13.25 13.00


192
14.25 14.00


204
15.25 15.00


204
16.25 16.00


222
17.25 17.00


192
18.25 18.00 .


217
19.25 19.00


232
20.25 20.00


303
21.25 21.00


232
22.25 22.00


222
23.25 23.00


227
24.25 24.00


244
25.25 25.00


217
26.25 26.00


233
27.25 27.00


308
28.25 28.00


220
29.25 29.00


294
30.25 30.00


227
31.25 31.00


263
32.25 32.00


282
33.25 33.00


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 07                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 6 - 7, 2017
         Cone ID:           DPG1428
         Source offset:  0.55 m
         Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
32.25 32.00


282
33.25 33.00


290
34.25 34.00


300
35.15 34.90


256
36.15 35.90


267
37.15 36.90


270
38.15 37.90


274
39.15 38.90


250
40.15 39.90


267
41.15 40.90


298
42.15 41.90


260
43.15 42.90


247
44.15 43.90


250
45.15 44.90 .


260
46.15 45.90


256
47.15 46.90


303
48.15 47.90


270
49.15 48.90


280
50.15 49.90


294
51.15 50.90


303
52.15 51.90


258
53.15 52.90


333
54.15 53.90


400
55.15 54.90


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 07                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 6 - 7, 2017
         Cone ID:           DPG1428
         Source offset:  0.55 m
         Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 07                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 November 6 - 7, 2017
   Cone ID:           DPG1428
   Source offset:  0.55 m
   Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 07                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 November 6 - 7, 2017
   Cone ID:           DPG1428
   Source offset:  0.55 m
   Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
3.20 2.95


64
4.20 3.95


88
5.20 4.95


93
6.20 5.95


101
7.20 6.95


104
8.20 7.95


114
9.20 8.95


135
10.20 9.95


121
11.20 10.95


149
12.20 11.95


142
13.20 12.95


151
14.20 13.95


185
15.20 14.95


198
16.20 15.95 .


217
17.20 16.95


250
18.20 17.95


222
19.20 18.95


249
20.20 19.95


253
21.20 20.95


232
22.20 21.95


227
23.20 22.95


235
24.20 23.95


228
25.20 24.95


244
26.20 25.95


237
27.20 26.95


222
28.20 27.95


217
29.20 28.95


227
30.20 29.95


227
31.20 30.95


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 09                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 October 30, 2017
         Cone ID:           DPG1428
         Source offset:  0.55 m
         Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
30.20 29.95


227
31.20 30.95


225
32.20 31.95


231
33.20 32.95


241
34.20 33.95


238
35.20 34.95


250
36.20 35.95


.
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   Client:  Golder Associates
   Test:    SCPT17 - 09                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 October 30, 2017
         Cone ID:           DPG1428
         Source offset:  0.55 m
         Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 09                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 October 30, 2017
   Cone ID:           DPG1428
   Source offset:  0.55 m
   Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 09                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 October 30, 2017
   Cone ID:           DPG1428
   Source offset:  0.55 m
   Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
4.20 3.95


189
5.20 4.95


167
6.20 5.95


166
7.20 6.95


194
8.20 7.95


198
9.20 8.95


206
10.20 9.95


174
11.20 10.95


183
12.20 11.95


172
13.20 12.95


192
14.20 13.95


217
15.20 14.95


200
16.20 15.95


217
17.20 16.95 .


204
18.20 17.95


210
19.20 18.95


220
20.20 19.95


210
21.20 20.95


230
22.20 21.95


217
23.20 22.95


263
24.20 23.95


241
25.20 24.95


227
26.20 25.95


312
27.20 26.95


230
28.20 27.95


250
29.20 28.95


217
30.20 29.95


250
31.20 30.95


244
32.20 31.95


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 14                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 14, 2017
         Cone ID:           DPG1428
         Source offset:  0.50 m
         Source:             Beam







CONE TIP GEOPHONE INTERVAL
DEPTH DEPTH VELOCITY


(m) (m) (m/sec)
31.20 30.95


244
32.20 31.95


270
33.20 32.95


233
34.20 33.95


278
35.20 34.95


241
36.20 35.95


238
37.20 36.95


250
38.20 37.95


270
39.20 38.95


250
40.20 39.95


244
41.20 40.95


260
42.20 41.95


278
43.20 42.95


.


SHEAR WAVE VELOCITY DATA
   Client:  Golder Associates
   Test:    SCPT17 - 14                                        
   Site:     PBRP Phase B Land SI  
                Surrey, B.C.


         Date:                 November 14, 2017
         Cone ID:           DPG1428
         Source offset:  0.50 m
         Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 14                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 November 14, 2017
   Cone ID:           DPG1428
   Source offset:  0.50 m
   Source:             Beam
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   Client:   Golder Associates
   Test:     SCPT17 - 14                                       
   Site:      PBRP Phase B Land SI
                 Surrey, B.C.         


   Date:                 November 14, 2017
   Cone ID:           DPG1428
   Source offset:  0.50 m
   Source:             Beam
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Pattullo Bridge, New Westminster, BC 
 


 


Introduction 
 
The enclosed report presents the results of the site investigation program conducted by ConeTec 
Investigations Ltd. for Golder Associates near Pattullo Bridge, Surrey, BC. The program consisted of eight 
cone penetration tests (CPT).  
 
Project Information 
 


Project  


Client  Golder Associates 


Project Pattullo Bridge, New Westminster, BC 


ConeTec project number 17-02104 


 
An overview map displaying the CPT test locations is presented below.  
 


 
 


 


Rig Description Deployment System Test Type 


CPT track rig (M5T) 14 ton rig cylinder CPT 


CPT truck rig (M7) 14 ton rig cylinder CPT 


 
 
 
 
 
 







Pattullo Bridge, New Westminster, BC 
 


 


Coordinates     


Test Type Collection Method EPSG Number 


CPT Consumer grade GPS 32610 


 
 


Cone Penetration Test (CPT)  


Depth reference 
Depths are referenced to the existing ground surface at the time 


of each test. 


Tip and sleeve data offset  
0.1 meter 


This has been accounted for in the CPT data files. 


Additional plots 


Normalized CPT plots, soil behavior type (SBT) scatter plots, and 


advanced plots with Ic, Su(Nkt), Phi and N1(60)Ic are provided in 


the data release package. 


 
 


Cone Penetrometers Used for this Project 


Cone Description 
Cone 


Number 


Cross 


Sectional 


Area (cm2) 


Sleeve 


Area 


(cm2) 


Tip 


Capacity 


(bar) 


Sleeve 


Capacity 


(bar) 


Pore Pressure 


Capacity 


(psi) 


472:T1500F15U1K 472 15 225 1500 15 1000 


480:T1500F15U500 480 15 225 1500 15 500 


514:T1500F15U500 514 15 225 1500 15 500 


The CPT summary indicates which cone was used for each sounding. 


 
 


Calculated Geotechnical Parameter Tables  


Additional information 


The Normalized Soil Behaviour Type Chart based on Qtn (SBT Qtn) (Robertson, 
2009) was used to classify the soil for this project.  A detailed set of calculated 
CPT parameters have been generated and are provided in Excel format files in 
the release folder.  The CPT parameter calculations are based on values of 
corrected tip resistance (qt) sleeve friction (fs) and pore pressure (u2).   


Soils were classified as either drained or undrained based on the Normalized 
Soil Behaviour Type Chart (SBT Qtn) (Robertson, 2009). Calculations for both 
drained and undrained parameters were included for materials that classified 
as silt mixtures – clayey silt to silty clay (zone 4). 


 
 
 
 
 
 
 


 







Pattullo Bridge, New Westminster, BC 
 


 


Limitations 
 
This report has been prepared for the exclusive use of Golder Associates (Client) for the project titled 
“Pattullo Bridge, New Westminster, BC”.  The report’s contents may not be relied upon by any other 
party without the express written permission of ConeTec Investigations Ltd. (ConeTec).  ConeTec has 
provided site investigation services, prepared the factual data reporting and provided geotechnical 
parameter calculations consistent with current best practices.  No other warranty, expressed or implied, 
is made.  
 
The information presented in the report document and the accompanying data set pertain to the 
specific project, site conditions and objectives described to ConeTec by the Client.  In order to properly 
understand the factual data, assumptions and calculations, reference must be made to the documents 
provided and their accompanying data sets, in their entirety. 
 







CONE PENETRATION TEST 


 


    


 


The cone penetration tests (CPTu) are conducted using an integrated electronic piezocone penetrometer 
and data acquisition system manufactured by Adara Systems Ltd. of Richmond, British Columbia, Canada.   
 
ConeTec’s piezocone penetrometers are compression type designs in which the tip and friction sleeve 
load cells are independent and have separate load capacities.  The piezocones use strain gauged load cells 
for tip and sleeve friction and a strain gauged diaphragm type transducer for recording pore pressure.  
The piezocones also have a platinum resistive temperature device (RTD) for monitoring the temperature 
of the sensors, an accelerometer type dual axis inclinometer and a geophone sensor for recording seismic 
signals.  All signals are amplified down hole within the cone body and the analog signals are sent to the 
surface through a shielded cable.   
 
ConeTec penetrometers are manufactured with various tip, friction and pore pressure capacities in both 
10 cm2 and 15 cm2 tip base area configurations in order to maximize signal resolution for various soil 
conditions.  The specific piezocone used for each test is described in the CPT summary table presented in 
the first Appendix.  The 15 cm2 penetrometers do not require friction reducers as they have a diameter 
larger than the deployment rods.  The 10 cm2 piezocones use a friction reducer consisting of a rod adapter 
extension behind the main cone body with an enlarged cross sectional area (typically 44 mm diameter 
over a length of 32 mm with tapered leading and trailing edges) located at a distance of 585 mm above 
the cone tip.  
 
The penetrometers are designed with equal end area friction sleeves, a net end area ratio of 0.8 and cone 
tips with a 60 degree apex angle. 
  
All ConeTec piezocones can record pore pressure at various locations.  Unless otherwise noted, the pore 
pressure filter is located directly behind the cone tip in the “u2” position (ASTM Type 2).  The filter is 6 mm 
thick, made of porous plastic (polyethylene) having an average pore size of 125 microns (90-160 microns).  
The function of the filter is to allow rapid movements of extremely small volumes of water needed to 
activate the pressure transducer while preventing soil ingress or blockage.   
 
The piezocone penetrometers are manufactured with dimensions, tolerances and sensor characteristics 
that are in general accordance with the current ASTM D5778 standard.   ConeTec’s calibration criteria also 
meets or exceeds those of the current ASTM D5778 standard.  An illustration of the piezocone 
penetrometer is presented in Figure CPTu. 
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Figure CPTu. Piezocone Penetrometer (15 cm2) 


 
The ConeTec data acquisition systems consist of a Windows based computer and a signal conditioner and 
power supply interface box with a 16 bit (or greater) analog to digital (A/D) converter.  The data is 
recorded at fixed depth increments using a depth wheel attached to the push cylinders or by using a spring 
loaded rubber depth wheel that is held against the cone rods. The typical recording intervals are either 
2.5 cm or 5.0 cm depending on project requirements; custom recording intervals are possible.  The system 
displays the CPTu data in real time and records the following parameters to a storage media during 
penetration:   
 


 Depth 


 Uncorrected tip resistance (qc)  


 Sleeve friction (fs)  


 Dynamic pore pressure (u)  


 Additional sensors such as resistivity, passive gamma, ultra violet induced fluorescence, if 
applicable 


 
All testing is performed in accordance to ConeTec’s CPT operating procedures which are in general 
accordance with the current ASTM D5778 standard. 
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Prior to the start of a CPTu sounding a suitable cone is selected, the cone and data acquisition system are 
powered on, the pore pressure system is saturated with either glycerine or silicone oil and the baseline 
readings are recorded with the cone hanging freely in a vertical position. 
 
The CPTu is conducted at a steady rate of 2 cm/s, within acceptable tolerances.  Typically one meter length 
rods with an outer diameter of 1.5 inches are added to advance the cone to the sounding termination 
depth.  After cone retraction final baselines are recorded.   
 
Additional information pertaining to ConeTec’s cone penetration testing procedures: 
 


 Each filter is saturated in silicone oil or glycerine under vacuum pressure prior to use  


 Recorded baselines are checked with an independent multi-meter 


 Baseline readings are compared to previous readings 


 Soundings are terminated at the client’s target depth or at a depth where an obstruction is 
encountered, excessive rod flex occurs, excessive inclination occurs, equipment damage is likely 
to take place, or a dangerous working environment arises 


 Differences between initial and final baselines are calculated to ensure zero load offsets have not 
occurred and to ensure compliance with ASTM standards 


 
The interpretation of piezocone data for this report is based on the corrected tip resistance (qt), sleeve 
friction (fs) and pore water pressure (u).  The interpretation of soil type is based on the correlations 
developed by Robertson (1990) and Robertson (2009).  It should be noted that it is not always possible to 
accurately identify a soil type based on these parameters.  In these situations, experience, judgment and 
an assessment of other parameters may be used to infer soil behaviour type.   
 
The recorded tip resistance (qc) is the total force acting on the piezocone tip divided by its base area.  The 
tip resistance is corrected for pore pressure effects and termed corrected tip resistance (qt) according to 
the following expression presented in Robertson et al, 1986:  
 


qt = qc + (1-a) • u2 
 


where: qt is the corrected tip resistance 
qc is the recorded tip resistance 
u2 is the recorded dynamic pore pressure behind the tip (u2 position) 
a is the Net Area Ratio for the piezocone (0.8 for ConeTec probes) 


 
The sleeve friction (fs) is the frictional force on the sleeve divided by its surface area.  As all ConeTec 
piezocones have equal end area friction sleeves, pore pressure corrections to the sleeve data are not 
required.   
 
The dynamic pore pressure (u) is a measure of the pore pressures generated during cone penetration.  To 
record equilibrium pore pressure, the penetration must be stopped to allow the dynamic pore pressures 
to stabilize.  The rate at which this occurs is predominantly a function of the permeability of the soil and 
the diameter of the cone. 
 
The friction ratio (Rf) is a calculated parameter. It is defined as the ratio of sleeve friction to the tip 
resistance expressed as a percentage.  Generally, saturated cohesive soils have low tip resistance, high 
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friction ratios and generate large excess pore water pressures.  Cohesionless soils have higher tip 
resistances, lower friction ratios and do not generate significant excess pore water pressure.  
 
A summary of the CPTu soundings along with test details and individual plots are provided in the 
appendices.  A set of interpretation files were generated for each sounding based on published 
correlations and are provided in Excel format in the data release folder.  Information regarding the 
interpretation methods used is also included in the data release folder.   
 
For additional information on CPTu interpretations, refer to Robertson et al. (1986), Lunne et al. (1997), 
Robertson (2009), Mayne (2013, 2014) and Mayne and Peuchen (2012). 
 
 







PORE PRESSURE DISSIPATION TEST 


 


    


 


The cone penetration test is halted at specific depths to carry out pore pressure dissipation (PPD) tests, 
shown in Figure PPD-1.  For each dissipation test the cone and rods are decoupled from the rig and the 
data acquisition system measures and records the variation of the pore pressure (u) with time (t).   
 


 
Figure PPD-1. Pore pressure dissipation test setup 


 
Pore pressure dissipation data can be interpreted to provide estimates of ground water conditions, 
permeability, consolidation characteristics and soil behaviour.   
 


The typical shapes of dissipation curves shown in Figure PPD-2 are very useful in assessing soil type, 
drainage, in situ pore pressure and soil properties.  A flat curve that stabilizes quickly is typical of a freely 
draining sand.  Undrained soils such as clays will typically show positive excess pore pressure and have 
long dissipation times. Dilative soils will often exhibit dynamic pore pressures below equilibrium that then 
rise over time. Overconsolidated fine-grained soils will often exhibit an initial dilatory response where 
there is an initial rise in pore pressure before reaching a peak and dissipating.   
 







PORE PRESSURE DISSIPATION TEST 


 


    


 


Figure PPD-2.  Pore pressure dissipation curve examples 


In order to interpret the equilibrium pore pressure (ueq) and the apparent phreatic surface, the pore 
pressure should be monitored until such time as there is no variation in pore pressure with time as shown 
for each curve of Figure PPD-2.   
 
In fine grained deposits the point at which 100% of the excess pore pressure has dissipated is known as 
t100.  In some cases this can take an excessive amount of time and it may be impractical to take the 
dissipation to t100.  A theoretical analysis of pore pressure dissipations by Teh and Houlsby (1991) showed 
that a single curve relating degree of dissipation versus theoretical time factor (T*) may be used to 
calculate the coefficient of consolidation (ch) at various degrees of dissipation resulting in the expression 
for ch shown below. 
 


ch=
T*∙a2∙√Ir


t
 


  
Where:  
T*   is the dimensionless time factor (Table Time Factor)   
a is the radius of the cone 
Ir  is the rigidity index 
t  is the time at the degree of consolidation 


 
Table Time Factor.  T* versus degree of dissipation (Teh and Houlsby, 1991) 


Degree of 
Dissipation (%) 


20 30 40 50 60 70 80 


T* (u2) 0.038 0.078 0.142 0.245 0.439 0.804 1.60 


 
The coefficient of consolidation is typically analyzed using the time (t50) corresponding to a degree of 
dissipation of 50% (u50).  In order to determine t50, dissipation tests must be taken to a pressure less than 
u50.  The u50 value is half way between the initial maximum pore pressure and the equilibrium pore 
pressure value, known as u100.  To estimate u50, both the initial maximum pore pressure and u100 must be 
known or estimated.  Other degrees of dissipations may be considered, particularly for extremely long 
dissipations. 
 
At any specific degree of dissipation the equilibrium pore pressure (u at t100) must be estimated at the 
depth of interest. The equilibrium value may be determined from one or more sources such as measuring 
the value directly (u100), estimating it from other dissipations in the same profile, estimating the phreatic 
surface and assuming hydrostatic conditions, from nearby soundings, from client provided information, 
from site observations and/or past experience, or from other site instrumentation.   







PORE PRESSURE DISSIPATION TEST 


 


    


 


For calculations of ch (Teh and Houlsby, 1991), t50 values are estimated from the corresponding pore 
pressure dissipation curve and a rigidity index (Ir) is assumed.  For curves having an initial dilatory response 
in which an initial rise in pore pressure occurs before reaching a peak, the relative time from the peak 
value is used in determining t50.  In cases where the time to peak is excessive, t50 values are not calculated.   
 
Due to possible inherent uncertainties in estimating Ir, the equilibrium pore pressure and the effect of an 
initial dilatory response on calculating t50, other methods should be applied to confirm the results for ch.    
 
Additional published methods for estimating the coefficient of consolidation from a piezocone test are 
described in Burns and Mayne (1998, 2002), Jones and Van Zyl (1981), Robertson et al. (1992) and Sully 
et al. (1999). 
 
A summary of the pore pressure dissipation tests and dissipation plots are presented in the relevant 
appendix.   
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The appendices listed below are included in the report: 


• Cone Penetration Test Summary and Standard Cone Penetration Test Plots 


• Normalized Cone Penetration Test Plots 


• Advanced Cone Penetration Test Plots displaying Ic, Su(Nkt), Phi and N1(60)Ic 


• Soil Behavior Type (SBT) Scatter Plots 


• Pore Pressure Dissipation Summary and Pore Pressure Dissipation Plots 


 


 


 


 


 


  







 


 


 


 


 


 


 


Cone Penetration Test Summary and                                                


Standard Cone Penetration Test Plots 


 







Job No: 17-02104


Client: Golder Associates


Project: Pattullo Bridge, New Westminster, BC


Start Date: 06-Nov-2017


End Date: 16-Nov-2017


CONE PENETRATION TEST SUMMARY


Sounding ID File Name Date Cone
Assumed Phreatic 


Surface1 (m)


Final 


Depth 


(m)


Northing
2


 (m)


Easting 


(m)


Refer to 


Notation 


Number


CPT17-01 17-02104_CP01 15-Nov-2017 472:T1500F15U1K 3.0 60.850 5450478 508022


CPT17-02 17-02104_CP02 16-Nov-2017 472:T1500F15U1K 2.7 63.025 5450450 508068


CPT17-04 17-02104_CP04B 14-Nov-2017 472:T1500F15U1K 3.3 60.000 5450414 508181


CPT17-08 17-02104_CP08 08-Nov-2017 514:T1500F15U500 2.6 41.825 5450381 508643


CPT17-10 17-02104_CP10 10-Nov-2017 480:T1500F15U500 1.6 32.350 5450229 508895


CPT17-11 17-02104_CP11 09-Nov-2017 514:T1500F15U500 1.9 33.300 5450327 509149


CPT17-12 17-02104_CP12 07-Nov-2017 514:T1500F15U500 1.6 38.425 5450525 508808


CPT17-13 17-02104_CP13 06-Nov-2017 514:T1500F15U500 1.3 30.025 5450779 508794


1. The assumed phreatic surface was based on pore pressure dissipation tests, unless otherwise noted. Hydrostatic conditions were assumed for the calculated parameters.


2. Coordinates were collected with a consumer grade GPS device in datum WGS84/UTM Zone 10 North.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.


0 100 200 300
0


5


10


15


20


25


30


35


40


45


50


55


60


65


7070


qt (bar)


D
ep


th
 (


m
et


er
s)


0.0 1.0 2.0 3.0 4.0


fs (bar)


0 1 2 3 4 5


Rf (%)


0 100 2000


u (m)


0 3 6 9


SBT Qtn


Golder Associates
Job No: 17-02104
Date: 2017-11-08  08:06
Site: 124 Street and 112 Avenue


Sounding: CPT17-08
Cone: 514:T1500F15U500


Max Depth: 41.825 m / 137.22 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point


File: 17-02104_CP08.COR
Unit Wt: SBTQtn (PKR2009)


SBT: Robertson, 2009 and 2010
Coords: UTM 10N N: 5450381m E: 508643m 
Sheet No: 1 of 1


Undefined
Clays


Clays
Silt Mixtures
Sand Mixtures
Sand Mixtures
Sands
Sands
Clays
Sand Mixtures
Sands
Sand Mixtures
Sands
Sands
Sand Mixtures
Sands
Sand Mixtures
Sand Mixtures
Sand Mixtures
Silt Mixtures


Sands


Sand Mixtures
Sands
Sand Mixtures
Sand Mixtures
Sands
Sands
Sensitive, Fine Grained
Sensitive, Fine Grained
Sensitive, Fine Grained
Sensitive, Fine Grained
Clays
Sensitive, Fine Grained
Sensitive, Fine Grained
Sensitive, Fine Grained
Sands


Target Depth Target Depth Target Depth Target Depth


Equilibrium Pore Pressure (Ueq) Assumed Ueq Hydrostatic LineDissipation, equilibrium assumedDissipation, Ueq achieved


Drill Out Drill Out Drill Out Drill Out







The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Normalized Cone Penetration Test Plots 


 







The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Advanced Cone Penetration Test Plots with Ic, Su(Nkt), Phi, and N1(60)Ic 


 







The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Golder Associates
Job No: 17-02104
Date: 2017-11-10  05:10
Site: Scott Road


Sounding: CPT17-10
Cone: 480:T1500F15U500


Legend
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Golder Associates
Job No: 17-02104
Date: 2017-11-09  05:04
Site: KGB South


Sounding: CPT17-11
Cone: 514:T1500F15U500


Legend
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Golder Associates
Job No: 17-02104
Date: 2017-11-07  07:55
Site: 124 Street and 112 Avenue


Sounding: CPT17-12
Cone: 514:T1500F15U500
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Golder Associates
Job No: 17-02104
Date: 2017-11-06  08:16
Site: 124 Street and 114 Avenue


Sounding: CPT17-13
Cone: 514:T1500F15U500
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Job No: 17-02104


Client: Golder Associates


Project: Pattullo Bridge, New Westminster, BC


Start Date: 06-Nov-2017


End Date: 16-Nov-2017


CPTu PORE PRESSURE DISSIPATION SUMMARY


Sounding ID File Name
Cone Area 


(cm
2
)


Duration 


(s)


Test 


Depth (m)


Estimated 


Equilibrium Pore 


Pressure Ueq 


(m)


Calculated 


Phreatic 


Surface 


(m)


Estimated 


Phreatic Surface 


(m)


t50
a 


(s)


Assumed 


Rigidity 


Index (Ir)


ch
b 


(cm2/min)


CPT17-01 17-02104_CP01 15 160 5.775 2.8 3.0


CPT17-01 17-02104_CP01 15 300 12.325 9.2 3.1


CPT17-01 17-02104_CP01 15 450 30.000 26.9 3.1


CPT17-01 17-02104_CP01 15 340 46.550 43.3 3.2


CPT17-02 17-02104_CP02 15 200 10.725 8.0 2.7


CPT17-02 17-02104_CP02 15 250 22.075 19.2 2.8


CPT17-02 17-02104_CP02 15 540 34.925 32.1 2.8


CPT17-02 17-02104_CP02 15 310 35.100 32.2 2.9


CPT17-02 17-02104_CP02 15 265 44.125 41.2 3.0


CPT17-04 17-02104_CP04B 15 300 11.075 7.8 3.3


CPT17-04 17-02104_CP04B 15 300 13.875 10.6 3.3


CPT17-04 17-02104_CP04B 15 300 20.000 16.9 3.1


CPT17-04 17-02104_CP04B 15 300 36.075 32.6 3.5


CPT17-04 17-02104_CP04B 15 385 39.975 36.5 3.4


CPT17-08 17-02104_CP08 15 300 9.000 6.4 2.6


CPT17-08 17-02104_CP08 15 300 15.300 12.7 2.6


CPT17-08 17-02104_CP08 15 300 20.050 17.3 2.7


CPT17-08 17-02104_CP08 15 300 33.000 30.1 2.9


CPT17-08 17-02104_CP08 15 400 41.825 39.8 2.0
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Job No: 17-02104


Client: Golder Associates


Project: Pattullo Bridge, New Westminster, BC


Start Date: 06-Nov-2017


End Date: 16-Nov-2017


CPTu PORE PRESSURE DISSIPATION SUMMARY


Sounding ID File Name
Cone Area 


(cm
2
)


Duration 


(s)


Test 


Depth (m)


Estimated 


Equilibrium Pore 


Pressure Ueq 


(m)


Calculated 


Phreatic 


Surface 


(m)


Estimated 


Phreatic Surface 


(m)


t50
a 


(s)


Assumed 


Rigidity 


Index (Ir)


ch
b 


(cm2/min)


CPT17-10 17-02104_CP10 15 300 15.025 13.5 1.6


CPT17-10 17-02104_CP10 15 800 31.000 29.7 1.3 28 100 25.5


CPT17-10 17-02104_CP10 15 300 32.350 30.6 1.8


CPT17-11 17-02104_CP11 15 300 16.000 14.1 1.9


CPT17-11 17-02104_CP11 15 300 30.000 27.8 2.2


CPT17-11 17-02104_CP11 15 400 33.300 31.3 2.0


CPT17-12 17-02104_CP12 15 300 7.050 5.4 1.6


CPT17-12 17-02104_CP12 15 300 15.000 13.4 1.6


CPT17-12 17-02104_CP12 15 310 30.000 28.4 1.6


CPT17-12 17-02104_CP12 15 400 33.000 31.4 1.6 190 100 3.7


CPT17-12 17-02104_CP12 15 600 38.425 37.8 0.6


CPT17-13 17-02104_CP13 15 300 7.200 5.9 1.3


CPT17-13 17-02104_CP13 15 300 15.000 13.8 1.2


CPT17-13 17-02104_CP13 15 320 30.025 28.7 1.3


a. Time is relative to where umax occurred


b. Houlsby and Teh, 1991


Sheet 2 of 2







0 50 100 150 200


0.0


10.0


20.0


30.0


0.0


-10.0


Time (s)


P
or


e 
P


re
ss


ur
e 


(m
)


Golder Associates
Job No: 17-02104
Date: 11/15/2017  09:16
Site: AMIX Construction Site


Sounding: CPT17-01
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP01.PPF
Depth: 5.775 m / 18.947 ft
Duration: 160.0 s


U Min: 2.6 m
U Max: 3.3 m


WT:  2.972 m / 9.751 ft
Ueq: 2.8 m
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Golder Associates
Job No: 17-02104
Date: 11/15/2017  09:16
Site: AMIX Construction Site


Sounding: CPT17-01
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP01.PPF
Depth: 12.325 m / 40.436 ft
Duration: 300.0 s


U Min: 9.1 m
U Max: 9.4 m


WT:  3.078 m / 10.098 ft
Ueq: 9.2 m
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Golder Associates
Job No: 17-02104
Date: 11/15/2017  09:16
Site: AMIX Construction Site


Sounding: CPT17-01
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP01.PPF
Depth: 30.000 m / 98.424 ft
Duration: 450.0 s


U Min: 25.6 m
U Max: 27.3 m


WT:  3.138 m / 10.295 ft
Ueq: 26.9 m
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Golder Associates
Job No: 17-02104
Date: 11/15/2017  09:16
Site: AMIX Construction Site


Sounding: CPT17-01
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP01.PPF
Depth: 46.550 m / 152.721 ft
Duration: 340.0 s


U Min: 42.9 m
U Max: 45.0 m


WT:  3.245 m / 10.646 ft
Ueq: 43.3 m
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Golder Associates
Job No: 17-02104
Date: 11/16/2017  08:13
Site: AMIX Construction Site


Sounding: CPT17-02
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP02.PPF
Depth: 10.725 m / 35.187 ft
Duration: 200.0 s


U Min: 7.8 m
U Max: 8.9 m


WT:  2.733 m / 8.966 ft
Ueq: 8.0 m
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Golder Associates
Job No: 17-02104
Date: 11/16/2017  08:13
Site: AMIX Construction Site


Sounding: CPT17-02
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP02.PPF
Depth: 22.075 m / 72.424 ft
Duration: 250.0 s


U Min: 17.6 m
U Max: 19.5 m


WT:  2.828 m / 9.278 ft
Ueq: 19.2 m
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Golder Associates
Job No: 17-02104
Date: 11/16/2017  08:13
Site: AMIX Construction Site


Sounding: CPT17-02
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP02.PPF
Depth: 34.925 m / 114.582 ft
Duration: 540.0 s


U Min: 27.5 m
U Max: 32.4 m


WT:  2.791 m / 9.157 ft
Ueq: 32.1 m
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Golder Associates
Job No: 17-02104
Date: 11/16/2017  08:13
Site: AMIX Construction Site


Sounding: CPT17-02
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP02.PPF
Depth: 35.100 m / 115.156 ft
Duration: 310.0 s


U Min: 29.4 m
U Max: 32.9 m


WT:  2.882 m / 9.455 ft
Ueq: 32.2 m
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Golder Associates
Job No: 17-02104
Date: 11/16/2017  08:13
Site: AMIX Construction Site


Sounding: CPT17-02
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP02.PPF
Depth: 44.125 m / 144.765 ft
Duration: 265.0 s


U Min: 19.8 m
U Max: 41.5 m


WT:  2.953 m / 9.688 ft
Ueq: 41.2 m
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Golder Associates
Job No: 17-02104
Date: 11/14/2017  08:56
Site: Scott Road


Sounding: CPT17-04
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP04B.PPF
Depth: 11.075 m / 36.335 ft
Duration: 300.0 s


U Min: 2.4 m
U Max: 8.5 m


WT:  3.253 m / 10.672 ft
Ueq: 7.8 m
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Golder Associates
Job No: 17-02104
Date: 11/14/2017  08:56
Site: Scott Road


Sounding: CPT17-04
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP04B.PPF
Depth: 13.875 m / 45.521 ft
Duration: 300.0 s


U Min: 10.0 m
U Max: 11.4 m


WT:  3.281 m / 10.764 ft
Ueq: 10.6 m
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Golder Associates
Job No: 17-02104
Date: 11/14/2017  08:56
Site: Scott Road


Sounding: CPT17-04
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP04B.PPF
Depth: 20.000 m / 65.616 ft
Duration: 300.0 s


U Min: 16.4 m
U Max: 17.5 m


WT:  3.069 m / 10.069 ft
Ueq: 16.9 m
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Golder Associates
Job No: 17-02104
Date: 11/14/2017  08:56
Site: Scott Road


Sounding: CPT17-04
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP04B.PPF
Depth: 36.075 m / 118.355 ft
Duration: 300.0 s


U Min: 14.0 m
U Max: 33.1 m


WT:  3.501 m / 11.486 ft
Ueq: 32.6 m
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Golder Associates
Job No: 17-02104
Date: 11/14/2017  08:56
Site: Scott Road


Sounding: CPT17-04
Cone: 472:T1500F15U1K    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP04B.PPF
Depth: 39.975 m / 131.150 ft
Duration: 385.0 s


U Min: 22.2 m
U Max: 37.0 m


WT:  3.440 m / 11.286 ft
Ueq: 36.5 m
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Golder Associates
Job No: 17-02104
Date: 11/08/2017  08:06
Site: 124 Street and 112 Avenue


Sounding: CPT17-08
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP08.PPF
Depth: 9.000 m / 29.527 ft
Duration: 300.0 s


U Min: 6.3 m
U Max: 6.6 m


WT:  2.564 m / 8.412 ft
Ueq: 6.4 m
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Golder Associates
Job No: 17-02104
Date: 11/08/2017  08:06
Site: 124 Street and 112 Avenue


Sounding: CPT17-08
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP08.PPF
Depth: 15.300 m / 50.196 ft
Duration: 300.0 s


U Min: 12.1 m
U Max: 12.8 m


WT:  2.627 m / 8.619 ft
Ueq: 12.7 m
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Golder Associates
Job No: 17-02104
Date: 11/08/2017  08:06
Site: 124 Street and 112 Avenue


Sounding: CPT17-08
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP08.PPF
Depth: 20.050 m / 65.780 ft
Duration: 300.0 s


U Min: 16.9 m
U Max: 18.0 m


WT:  2.723 m / 8.934 ft
Ueq: 17.3 m
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Golder Associates
Job No: 17-02104
Date: 11/08/2017  08:06
Site: 124 Street and 112 Avenue


Sounding: CPT17-08
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP08.PPF
Depth: 33.000 m / 108.266 ft
Duration: 300.0 s


U Min: 29.9 m
U Max: 32.2 m


WT:  2.851 m / 9.354 ft
Ueq: 30.1 m
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Golder Associates
Job No: 17-02104
Date: 11/08/2017  08:06
Site: 124 Street and 112 Avenue


Sounding: CPT17-08
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP08.PPF
Depth: 41.825 m / 137.219 ft
Duration: 400.0 s


U Min: 27.9 m
U Max: 42.1 m


WT:  2.023 m / 6.637 ft
Ueq: 39.8 m
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Golder Associates
Job No: 17-02104
Date: 11/10/2017  05:10
Site: Scott Road


Sounding: CPT17-10
Cone: 480:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP10.PPF
Depth: 15.025 m / 49.294 ft
Duration: 300.0 s


U Min: 12.5 m
U Max: 14.0 m


WT:  1.560 m / 5.118 ft
Ueq: 13.5 m
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Golder Associates
Job No: 17-02104
Date: 11/10/2017  05:10
Site: Scott Road


Sounding: CPT17-10
Cone: 480:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP10.PPF
Depth: 31.000 m / 101.705 ft
Duration: 800.0 s


U Min: 29.8 m
U Max: 62.3 m


WT:  1.297 m / 4.255 ft
Ueq: 29.7 m
U(50): 45.99 m


T(50): 27.6 s
Ir: 100
Ch: 25.5 sq cm/min
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Golder Associates
Job No: 17-02104
Date: 11/10/2017  05:10
Site: Scott Road


Sounding: CPT17-10
Cone: 480:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP10.PPF
Depth: 32.350 m / 106.134 ft
Duration: 300.0 s


U Min: 30.1 m
U Max: 31.4 m


WT:  1.756 m / 5.761 ft
Ueq: 30.6 m
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Golder Associates
Job No: 17-02104
Date: 11/09/2017  05:04
Site: KGB South


Sounding: CPT17-11
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP11.PPF
Depth: 16.000 m / 52.493 ft
Duration: 300.0 s


U Min: 13.9 m
U Max: 15.1 m


WT:  1.941 m / 6.368 ft
Ueq: 14.1 m
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Golder Associates
Job No: 17-02104
Date: 11/09/2017  05:04
Site: KGB South


Sounding: CPT17-11
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP11.PPF
Depth: 30.000 m / 98.424 ft
Duration: 300.0 s


U Min: 27.5 m
U Max: 28.0 m


WT:  2.228 m / 7.310 ft
Ueq: 27.8 m
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Golder Associates
Job No: 17-02104
Date: 11/09/2017  05:04
Site: KGB South


Sounding: CPT17-11
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP11.PPF
Depth: 33.300 m / 109.251 ft
Duration: 400.0 s


U Min: 29.5 m
U Max: 31.7 m


WT:  1.963 m / 6.440 ft
Ueq: 31.3 m
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Golder Associates
Job No: 17-02104
Date: 11/07/2017  07:55
Site: 124 Street and 112 Avenue


Sounding: CPT17-12
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP12.PPF
Depth: 7.050 m / 23.130 ft
Duration: 300.0 s


U Min: -2.2 m
U Max: 5.7 m


WT:  1.604 m / 5.262 ft
Ueq: 5.4 m
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Golder Associates
Job No: 17-02104
Date: 11/07/2017  07:55
Site: 124 Street and 112 Avenue


Sounding: CPT17-12
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP12.PPF
Depth: 15.000 m / 49.212 ft
Duration: 300.0 s


U Min: 13.2 m
U Max: 13.5 m


WT:  1.634 m / 5.361 ft
Ueq: 13.4 m
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Golder Associates
Job No: 17-02104
Date: 11/07/2017  07:55
Site: 124 Street and 112 Avenue


Sounding: CPT17-12
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP12.PPF
Depth: 30.000 m / 98.424 ft
Duration: 310.0 s


U Min: 28.1 m
U Max: 29.0 m


WT:  1.584 m / 5.197 ft
Ueq: 28.4 m
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Golder Associates
Job No: 17-02104
Date: 11/07/2017  07:55
Site: 124 Street and 112 Avenue


Sounding: CPT17-12
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP12.PPF
Depth: 33.000 m / 108.266 ft
Duration: 400.0 s


U Min: 55.4 m
U Max: 109.6 m


WT:  1.604 m / 5.262 ft
Ueq: 31.4 m
U(50): 70.48 m


T(50): 190.5 s
Ir: 100
Ch: 3.7 sq cm/min
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Golder Associates
Job No: 17-02104
Date: 11/07/2017  07:55
Site: 124 Street and 112 Avenue


Sounding: CPT17-12
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP12.PPF
Depth: 38.425 m / 126.065 ft
Duration: 600.0 s


U Min: 37.5 m
U Max: 41.8 m


WT:  0.603 m / 1.978 ft
Ueq: 37.8 m
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Golder Associates
Job No: 17-02104
Date: 11/06/2017  08:16
Site: 124 Street and 114 Avenue


Sounding: CPT17-13
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP13.PPF
Depth: 7.200 m / 23.622 ft
Duration: 300.0 s


U Min: 5.5 m
U Max: 6.7 m


WT:  1.259 m / 4.131 ft
Ueq: 5.9 m
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Golder Associates
Job No: 17-02104
Date: 11/06/2017  08:16
Site: 124 Street and 114 Avenue


Sounding: CPT17-13
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP13.PPF
Depth: 15.000 m / 49.212 ft
Duration: 300.0 s


U Min: 13.3 m
U Max: 14.9 m


WT:  1.238 m / 4.062 ft
Ueq: 13.8 m
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Golder Associates
Job No: 17-02104
Date: 11/06/2017  08:16
Site: 124 Street and 114 Avenue


Sounding: CPT17-13
Cone: 514:T1500F15U500    Area=15 cm²


Trace Summary:  
Filename: 17-02104_CP13.PPF
Depth: 30.025 m / 98.506 ft
Duration: 320.0 s


U Min: 14.2 m
U Max: 28.9 m


WT:  1.312 m / 4.304 ft
Ueq: 28.7 m
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NW BH17-01 2 1.22 1.37 13.9


NW BH17-01 4 2.90 3.05 22.8


NW BH17-01 5 4.37 4.98 22.9


NW BH17-01 6 5.89 6.50 11.4


NW BH17-01 7 7.42 8.03 10.3


NW BH17-01 8 8.94 9.55 10.9


NW BH17-01 11 13.51 14.12 33.3


NW BH17-01 14 18.08 18.54 26.8


NW BH17-01 16 16B 21.18 21.59 18.0


NW BH17-01 17 22.66 23.09 22.8


NW BH17-01 20 28.75 29.21 21.8


NW BH17-01 21 31.80 32.18 20.5


NW BH17-01 22 34.85 35.10 18.9


NW BH17-01 26 43.99 44.35 33.1


NW BH17-01 32 85.90 86.03 28.9


NW BH17-02 2 1.22 1.37 29.0


NW BH17-02 4 3.81 4.42 18.0


NW BH17-02 6 6.86 7.32 26.5


NW BH17-02 8 9.91 10.36 27.5


NW BH17-02 9 9B 11.48 11.89 23.9


NW BH17-02 10 10A 14.48 14.73 25.4


NW BH17-02 10 10B 14.73 14.94 25.1


NW BH17-03 2 1.37 1.52 19.9


NW BH17-03 3 2.90 3.05 7.9


NW BH17-03 5 5.03 5.64 12.6


NW BH17-03 8 9.60 9.80 12.5


NW BH17-04 2 1.22 1.37 5.0


NW BH17-04 4 3.81 4.20 8.9


NW BH17-04 5 5.33 5.49 13.8


NW BH17-04 8 11.43 11.56 17.6


NW BH17-05 2 1.07 1.22 25.3


NW BH17-05 3 2.13 2.29 13.9


NW BH17-05 4 3.81 4.27 16.6


NW BH17-05 6 6.86 7.32 22.6
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NW BH17-05 8 8A 9.91 10.16 29.2


NW BH17-05 8 8B 10.16 10.36 20.4


NW BH17-05 9 11.43 11.89 26.5


NW BH17-05 11 11A 14.48 14.63 24.9


NW BH17-05 11 11B 14.63 14.94 27.2


NW BH17-05 12 16.00 16.46 31.7


NW BH17-05 14 19.05 19.51 26.7


NW BH17-06 2 1.83 1.98 12.3


NW BH17-06 3 3.81 4.06 14.0


NW BH17-06 4 5.33 5.64 10.0


NW BH17-06 5 6.86 7.32 16.5


NW BH17-06 7 9.91 10.36 23.4


SUR AH17-01 1 0.46 0.61 8.4


SUR AH17-01 3 2.13 2.29 16.4


SUR AH17-01 5 3.66 3.81 32.8


SUR AH17-01 8 7.32 7.47 32.6


SUR AH17-01 10 9.75 9.91 27.2


SUR AH17-01 13 14.63 14.78 32.2


SUR AH17-02 1 0.61 0.76 4.0


SUR AH17-02 3 2.13 2.29 35.6


SUR AH17-02 4 3.66 3.81 34.1


SUR AH17-02 5 5.18 5.33 57.2


SUR AH17-02 6 6.71 6.86 48.2


SUR AH17-02 7 8.23 8.38 42.3


SUR AH17-02 10 12.80 12.95 26.6


SUR AH17-02 13 17.37 17.53 24.8


SUR AH17-04 1 0.61 0.76 9.0


SUR AH17-04 2 1.83 1.98 36.0


SUR AH17-04 3 2.44 2.59 30.5


SUR AH17-04 5 4.27 4.42 36.0


SUR AH17-04 7 5.49 5.64 36.0


SUR AH17-04 9 7.32 7.47 24.5


SUR AH17-04 11 9.75 9.91 26.8


SUR AH17-04 13 13.11 13.26 20.2
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SUR AH17-04 15 15.85 16.00 21.3


SUR AH17-08 2 1.22 1.37 25.2


SUR AH17-08 3 1.98 2.13 331.3


SUR AH17-08 4 2.74 2.90 276.7


SUR AH17-08 5 3.35 3.51 324.6


SUR AH17-08 6 4.11 4.27 41.2


SUR AH17-08 8 6.40 6.55 31.2


SUR AH17-08 10 7.92 8.08 31.7


SUR AH17-08 12 11.43 11.58 22.6


SUR AH17-08 14 14.48 14.63 29.6


SUR AH17-08 16 17.68 17.83 32.3


SUR AH17-10 2 1.68 1.83 23.0


SUR AH17-10 3 2.13 2.29 11.5


SUR AH17-10 4 3.66 3.81 333.4


SUR AH17-10 5 5.18 5.33 268.5


SUR AH17-10 7 6.71 6.86 109.8


SUR AH17-10 8 7.92 8.08 99.8


SUR AH17-10 10 8.53 8.69 59.1


SUR AH17-10 12 10.97 11.13 36.6


SUR AH17-10 13 11.73 11.89 200.0


SUR AH17-10 14 12.80 12.95 59.6


SUR AH17-10 15 14.63 14.78 29.5


SUR AH17-10 17 17.22 17.37 27.4


SUR AH17-11 1 0.30 0.46 6.8


SUR AH17-11 2 1.22 1.37 38.3


SUR AH17-11 4 3.96 4.11 45.3


SUR AH17-11 6 5.49 5.64 240.0


SUR AH17-11 7 6.55 6.71 38.4


SUR AH17-11 8 7.32 7.47 181.4


SUR AH17-11 10 9.75 9.91 26.9


SUR AH17-11 12 12.95 13.11 102.3


SUR AH17-11 13 13.41 13.56 133.0


SUR AH17-11 15 16.46 16.61 22.9


SUR AH17-12 2 0.76 0.91 231.7
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SUR AH17-12 3 0.91 1.07 426.2


SUR AH17-12 4 1.68 1.83 236.9


SUR AH17-12 5 2.44 2.59 413.6


SUR AH17-12 6 2.74 2.90 79.2


SUR AH17-12 7 4.27 4.42 34.4


SUR AH17-12 9 6.71 6.86 29.5


SUR AH17-12 11 9.75 9.91 28.1


SUR AH17-12 13 13.11 13.26 26.6


SUR AH17-12 15 16.15 16.31 21.7


SUR AH17-13 2 1.22 1.30 413.0


SUR AH17-13 3 1.37 1.52 146.9


SUR AH17-13 5 2.44 2.59 136.1


SUR AH17-13 6 2.74 2.90 38.1


SUR AH17-13 7 3.35 3.51 30.0


SUR AH17-13 8 5.18 5.33 21.7


SUR AH17-13 11 8.53 8.69 23.1


SUR AH17-13 14 12.80 12.95 22.9


SUR BH17-03 1 0.30 0.46 45.0


SUR BH17-03 2 1.22 1.37 31.3


SUR BH17-03 5 3.05 3.66 37.3


SUR BH17-03 6 4.27 4.42 33.5


SUR BH17-03 7 7A 5.54 5.84 48.6


SUR BH17-03 8 7.06 7.67 46.5


SUR BH17-03 9 8.59 9.19 30.1


SUR BH17-03 12 12A 13.16 13.62 35.7


SUR BH17-03 12 12B 13.62 13.77 26.3


SUR BH17-03 13 14.68 15.29 34.5


SUR BH17-03 14 16.21 16.81 30.4


SUR BH17-03 16 19.25 19.86 23.3


SUR BH17-03 19 23.83 24.43 22.8


SUR BH17-03 22 28.40 29.01 24.1


SUR BH17-03 24 32.97 33.58 28.1


SUR BH17-03 27 42.11 42.72 25.3


SUR BH17-03 29 48.21 48.82 33.1
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SUR BH17-03 31 31A 54.31 55.07 27.6


SUR BH17-03 35 35A 66.50 66.88 34.1


SUR BH17-03 35 35B 66.88 67.11 19.9


SUR BH17-03 37 73.71 74.32 11.6


SUR BH17-03 39 39A 79.81 80.01 13.9


SUR BH17-03 39 39B 80.01 80.42 22.0


SUR BH17-05 1 1A 0.31 0.64 9.3


SUR BH17-05 1 1B 0.64 0.91 14.6


SUR BH17-05 3 3A 1.52 1.70 56.5


SUR BH17-05 3 3B 1.70 2.13 36.4


SUR BH17-05 5 5A 3.05 3.66 41.7


SUR BH17-05 8 4.57 5.18 57.0


SUR BH17-05 10 8.69 9.30 25.9


SUR BH17-05 13 13.26 13.87 28.3


SUR BH17-05 15 16.21 16.81 20.3


SUR BH17-05 18 18A 20.78 21.06 47.6


SUR BH17-05 18 18B 21.06 21.39 33.8


SUR BH17-05 20 23.83 24.43 21.5


SUR BH17-05 23 28.40 29.01 25.1


SUR BH17-05 25 32.97 33.58 24.9


SUR BH17-05 27 39.07 39.67 24.7


SUR BH17-05 29 45.16 45.77 29.7


SUR BH17-05 30 48.21 48.82 30.6


SUR BH17-05 33 57.35 57.96 29.4


SUR BH17-05 34 60.40 61.01 37.1


SUR BH17-05 36 66.50 67.11 9.2


SUR BH17-05 37 70.71 71.32 11.2


SUR BH17-05 39 76.81 77.42 9.2


SUR BH17-05 41 82.91 83.52 10.3


SUR BH17-06 1 0.61 0.76 5.7


SUR BH17-06 2 1.22 1.30 331.2


SUR BH17-06 4 2.74 2.90 320.4


SUR BH17-06 6 4.11 4.27 102.3


SUR BH17-06 7 4.57 5.18 35.5
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SUR BH17-07 37 37B 72.85 73.00 8.2


SUR BH17-09 1 1.37 1.52 20.6


SUR BH17-09 4 3.05 3.68 307.0


SUR BH17-09 5 5.36 5.97 53.4


SUR BH17-09 6 6.88 7.49 67.6
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SUR BH17-09 17 17A 29.74 30.35 34.1
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SUR BH17-14 2 2.13 2.29 234.9


SUR BH17-14 3 2.59 2.74 76.5


SUR BH17-14 5 4.27 4.42 34.3


SUR BH17-14 7 6.86 7.47 24.5


SUR BH17-14 10 11.43 12.04 23.5


SUR BH17-14 12 14.48 15.09 23.8


SUR BH17-14 16 20.57 21.18 23.6


SUR BH17-14 19 19A 25.15 25.60 20.1


SUR BH17-14 19 19B 25.60 25.76 21.9


SUR BH17-14 21 28.19 28.80 20.3


SUR BH17-14 23 32.77 33.38 25.6


SUR BH17-14 24 35.81 36.42 34.2


SUR BH17-14 25 38.86 39.47 32.3


SUR BH17-14 26 41.91 42.52 35.1


SUR BH17-14 27 27A 44.96 45.31 32.3


SUR BH17-14 27 27B 45.31 45.44 22.3


SUR BH17-14 28 45.95 46.56 7.5
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Parsons
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Project No.: 1650596 Phase: 9000


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Golder Associates Ltd.
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Sample Location: SUR BH17-03
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Parsons


Pattullo Bridge Replacement Project
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Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Golder Associates Ltd.
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Sample Location: SUR BH17-03


Sample No.: 27
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Tech Date Checked Date
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Pattullo Bridge Replacement Project
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Location:
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Golder Associates Ltd.
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Sample Location: SUR BH17-05


Sample No.: 25
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Sample No.: 27
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Sample No.: 29


Lab Schedule No.:


ASTM D6913


Tech Date Checked Date


Parsons


Pattullo Bridge Replacement Project


Client:


Project:


Location:


Project No.: 1650596 Phase: 9000


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.







0


10


20


30


40


50


60


70


80


90


100


0.00010.0010.010.1110100


40201 1/2 4
HydrometerU.S. Sieve Size (meshes / inch)


Coarse


GRAVEL


200100603/81224 USCS Particle Size Scale


LH


48.21 to 48.82


DC/VN 1/30/2018 2/13/2018


Size of Opening (inches)
103/436


P
er


ce
n


t 
F


in
er


 b
y 


M
as


s


SAND


Fine MediumCoarse
BOULDER FINES (Silt, Clay)


Fine


Particle Size (mm)


COBBLE


(USS)


SUMMARY OF PARTICLE SIZE DISTRIBUTION


Depth Interval (m):


(mm)


Percent
Passing


Particle
SizeSieve Size


Legend


(mm)


6"


3.5"


3"


2"


1 1/2"


1"


3/4"


1/2"


3/8"


#4 US MESH


#10 US MESH


#20 US MESH


#40 US MESH


#60 US MESH


#100 US MESH


#140 US MESH


#200 US MESH


152.4


88.9


76.2


50.8


38.1


25.4


19.1


12.7


9.5


4.75


2


0.85


0.425


0.25


0.15


0.106


0.075


0.0379


0.0278


0.0186


0.0112


0.0082


0.0059


0.0042


0.0030


0.0013


86.9


79.0


66.1


55.2


47.3


39.5


36.0


28.5


21.4


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


100.0


99.7


98.9


98.5


97.9


94.1


National IM Server:C:\USERS\KCAPES\DESKTOP\1650596_9000_9040_GA_2017.GPJ Unique Project ID: Output Form:_LAB_PARTICLE SIZE (W/ GRADATIONS) 2015  KCapes  22/3/18
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Sample Location: SUR BH17-05
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Pattullo Bridge Replacement Project
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Project No.: 1650596 Phase: 9000


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Project No.: 1650596 Phase: 9000
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Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Golder Associates Ltd.
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Sample Location: SUR BH17-06
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Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
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Golder Associates Ltd.
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Sample Location: SUR BH17-06


Sample No.: 7
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Pattullo Bridge Replacement Project
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Project No.: 1650596 Phase: 9000


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Sample No.: 10
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Golder Associates Ltd.
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Golder Associates Ltd.
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Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.


SILT (ML)
SILTY CLAY-CLAYEY SILT (CL-ML) CLAYEY SILT (ML)


ORGANIC SILT (OL)


A-Line


CLAYEY SILT (MH)
ORGANIC SILT (OH)


CLAY
(CH)


SILTY CLAY
(CI)


SILTY CLAY
(CL)
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Plastic Limit


Plasticity Index


1/23/2018 LH 2/6/2018


Note: The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Augerhole ID:  SUR AH17-11


Lab Schedule No.:


Sample No.:  12


N/A


Preparation Method:Test Method: A-Multi Point


Other Remarks:


Air Dried


1650596 Phase: 9000


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Note: The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Sample / Specimen
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LIQUID LIMIT, PLASTIC LIMIT AND
PLASTICITY INDEX OF SOILS


ASTM D 4318-10
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Preparation Method:Test Method: A-Multi Point
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Air Dried


Augerhole ID:  SUR AH17-12
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Sample No.:  6
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1650596 Phase: 9000


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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SILTY CLAY-CLAYEY SILT (CL-ML) CLAYEY SILT (ML)
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(CL)
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Plasticity Index


1/24/2018 LH 2/6/2018


Note: The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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2.74 to 2.90
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Augerhole ID:  SUR AH17-12


Lab Schedule No.:


Sample No.:  6


N/A


Preparation Method:Test Method: A-Multi Point


Other Remarks:


Air Dried


1650596 Phase: 9000


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Note: The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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1650596 Phase: 9000


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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Note: The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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PLASTICITY INDEX OF SOILS


ASTM D 4318-10
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Preparation Method:Test Method: A-Multi Point


Other Remarks:


Air Dried


Augerhole ID:  SUR AH17-13


Lab Schedule No.:
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1650596 Phase: 9000


Project:


Location:


Pattullo Bridge Replacement Project


Client: Parsons


Project No.:


DateTech Checked Date


Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 CANADA
Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com


Golder Associates Ltd.
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A-Line


CLAYEY SILT (MH)
ORGANIC SILT (OH)


CLAY
(CH)


SILTY CLAY
(CI)


SILTY CLAY
(CL)
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Total Organic Contents 
 


  







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 2


Surrey, BC Depth  (m): 1.219 - 1.295


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR BH17-06


Moisture Content  %


Trial # 1 2


331.2


Note: moisture content as a percentage of oven-dried mass


Ash Content % 46.7 32.4


Organic Matter % 53.3 67.6


Average Organic Matter % 60.5


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 13, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 4


Surrey, BC Depth  (m): 2.743 - 2.896


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR BH17-06


Moisture Content  %


Trial # 1 2


320.4


Note: moisture content as a percentage of oven-dried mass


Ash Content % 61.3 60.0


Organic Matter % 38.7 40.0


Average Organic Matter % 39.4


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 13, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 3


Surrey, BC Depth  (m): 1.905 - 1.981


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR BH17-07


Moisture Content  %


Trial # 1 2


323.6


Note: moisture content as a percentage of oven-dried mass


Ash Content % 64.9 64.4


Organic Matter % 35.1 35.6


Average Organic Matter % 35.4


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 13, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 4


Surrey, BC Depth  (m): 3.048 - 3.683


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR BH17-09


Moisture Content  %


Trial # 1 2


307.0


Note: moisture content as a percentage of oven-dried mass


Ash Content % 62.2 61.8


Organic Matter % 37.8 38.2


Average Organic Matter % 38.0


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 13, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 6


Surrey, BC Depth  (m): 6.883 - 7.493


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR BH17-09


Moisture Content  %


Trial # 1 2


67.6


Note: moisture content as a percentage of oven-dried mass


Ash Content % 94.4 93.7


Organic Matter % 5.6 6.3


Average Organic Matter % 6.0


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 13, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 2


Surrey, BC Depth  (m): 2.134 - 2.286


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR BH17-14


Moisture Content  %


Trial # 1 2


234.9


Note: moisture content as a percentage of oven-dried mass


Ash Content % 73.0 73.3


Organic Matter % 27.0 26.7


Average Organic Matter % 26.9


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 2, 2018 LH February 13, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 3


Surrey, BC Depth  (m): 2.591 - 2.743


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR BH17-14


Moisture Content  %


Trial # 1 2


76.5


Note: moisture content as a percentage of oven-dried mass


Ash Content % 93.4 93.1


Organic Matter % 6.6 6.9


Average Organic Matter % 6.8


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 2, 2018 LH February 13, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ January 31, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 97.6 97.6


Organic Matter % 2.4 2.4


Average Organic Matter % 2.4


Moisture Content  %


Trial # 1 2


32.8


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-01


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 5


Surrey, BC Depth  (m): 3.658 - 3.810


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 5


Surrey, BC Depth  (m): 5.182 - 5.334


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-02


Moisture Content  %


Trial # 1 2


57.2


Note: moisture content as a percentage of oven-dried mass


Ash Content % 87.7 89.7


Organic Matter % 12.3 10.3


Average Organic Matter % 11.3


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 27, 2018 LH February 28, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 6


Surrey, BC Depth  (m): 6.706 - 6.858


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-02


Moisture Content  %


Trial # 1 2


48.2


Note: moisture content as a percentage of oven-dried mass


Ash Content % 95.9 96.6


Organic Matter % 4.1 3.4


Average Organic Matter % 3.8


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 27, 2018 LH February 28, 2018


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ January 31, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 38.6 35.6


Organic Matter % 61.4 64.4


Average Organic Matter % 62.9


Moisture Content  %


Trial # 1 2


331.3


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-08


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 3


Surrey, BC Depth  (m): 1.981 - 2.134


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ January 31, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 60.1 59.5


Organic Matter % 39.9 40.5


Average Organic Matter % 40.2


Moisture Content  %


Trial # 1 2


276.7


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-08


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 4


Surrey, BC Depth  (m): 2.743 - 2.896


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ January 31, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 58.3 58.6


Organic Matter % 41.7 41.4


Average Organic Matter % 41.6


Moisture Content  %


Trial # 1 2


268.5


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-10


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 5


Surrey, BC Depth  (m): 5.182 - 5.334


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ January 31, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 93.3 93.2


Organic Matter % 6.7 6.8


Average Organic Matter % 6.8


Moisture Content  %


Trial # 1 2


59.1


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-10


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 10


Surrey, BC Depth  (m): 8.534 - 8.687


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ January 31, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 62.0 59.5


Organic Matter % 38.0 40.5


Average Organic Matter % 39.3


Moisture Content  %


Trial # 1 2


240.0


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-11


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 6


Surrey, BC Depth  (m): 5.486 - 5.639


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 74.2 74.6


Organic Matter % 25.8 25.4


Average Organic Matter % 25.6


Moisture Content  %


Trial # 1 2


133.0


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-11


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 13


Surrey, BC Depth  (m): 13.411 - 13.564


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 46.6 43.6


Organic Matter % 53.4 56.4


Average Organic Matter % 54.9


Moisture Content  %


Trial # 1 2


231.7


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-12


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 2


Surrey, BC Depth  (m): 0.762 - 0.914


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


Note: moisture content as a percentage of oven-dried mass


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-12


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 3


Surrey, BC Depth  (m):


426.2Moisture Content  %


0.914 - 1.067


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Ash Content % 37.8


62.2


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 9, 2018


Organic Matter %


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 LH February 9, 2018


Note: moisture content as a percentage of oven-dried mass


Ash Content % 72.3 69.8


Organic Matter % 27.7 30.2


Average Organic Matter % 29.0


Moisture Content  %


Trial # 1 2


236.9


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-12


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 4


Surrey, BC Depth  (m): 1.676 - 1.829


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America


 







Client:
Project:
Location:
Project No.:
Method:
Oven Temperature
Furnace Temperature


TESTED BY DATE CHECKED BY DATE


* 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. 


SJ February 1, 2018 NAME DATE


Note: moisture content as a percentage of oven-dried mass


Ash Content % 83.9 83.8


Organic Matter % 16.1 16.2


Average Organic Matter % 16.2


Moisture Content  %


Trial # 1 2


136.1


MOISTURE, ASH, AND ORGANIC MATTER OF ORGANIC SOILS Reference(s)
ASTM D2974


Parsons Inc. Test Pit: SUR AH17-13


110±5°C
440±40°C


Pattullo Bridge Replacement Project Sample: 5


Surrey, BC Depth  (m): 2.438 - 2.591


1650596-9000-9030 Lab ID No: 13
Method C Other Remarks:


Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2


Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com


Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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APPENDIX E1 
Direct Cyclic Simple Shear Tests 







Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Cycles to 5.00% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)


Max. Shear Strain at N=10 (zero load)
Min. Shear Strain at N=10 (zero load)


509.83
93.10


0.10


Axial Strain at end of Reconsol. %


Trim from Undisturbed
23.31
70.76
39.32


Post Cyclic Reconsolidation Test Results 1


79.01
510.01


Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)


Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR


Axial Strain at end of Consol. % 6.34


Change in Height ∆Hc (mm) 1.48
510.52
510.06


N/A Plastic Limit 21


Initial Wet Unit Weight (kN/m3) Final Water Content (%) 24.95


Comments / Special InstructionsComments / Special Instructions


359.00
351.76


Max. DU at N=10 (zero load)
Min. DU at N=10 (zero load)


1 Reconsolidation data calculated from the sample height at end of initial 
consolidation


2.803.72
-2.52


28.23
21.83


N/A


0.61


10 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height ∆Hc (mm)


Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
19.22
14.69


Weight Volume Relationships 


Initial Wet Mass (g) Initial Water Content (%) 30.82


Dry Mass (g) Initial Saturation (%) 99.66
179.63


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Volume (cm3) Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) Sensitivity N/A
91.67


Consolidation 


Max. Axial Strain % 6.34N/AEffective Overburden Pressure (kPa)


0.18


Cyclic Test Results 


Frequency (Hz)


Sample Properties


Preparation Method


TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 23, 2018 M. Sanin March 2, 2018


2.80


137.31


Laboratory OCR


Visual Description SILTY CLAY; some sand; grey; 
cohesive, w>PL.


Height (mm)
Diameter (mm) Sand Fraction (%) N/A Liquid Limit 31


Area (cm2) Fines Fraction (%)


Lab ID No:
Depth (m):
Test ID:
Sample Number:


General Remarks
~ 250mL of water passed through sample during consolidation. 11894


38407
158879


Project No.:
Project:
Location:
Client:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Equipment Description: GDS - Station 3


SUR BH17-3 Sa 31
510kPa, 0.18CSR
54.65-54.69
30







Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


93.1


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 2, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


February 23, 2018


240 240 3039


510
2.0076


3.16 6.34


Load (kN) 0.0994 0.1983 0.3943 0.9848


Axial Strain (%) 0.34 0.87 1.66


Duration (min) 240 240


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height ∆Hc (mm) 


510.06
6.34
N/A
1.48


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100 250


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-3 Sa 31
510kPa, 0.18CSR
54.65-54.69
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


93.1


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton February 23, 2018 M. Sanin March 2, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-3 Sa 31
510kPa, 0.18CSR
54.65-54.69
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


93.1


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton February 23, 2018 M. Sanin March 2, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-3 Sa 31
510kPa, 0.18CSR
54.65-54.69
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project: Pattullo Bridge Replacement Project Test ID:
Location: Depth (m):
Client: Lab ID No:


93.1


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Stress at Start of Reconsolidation (kPa) 79.01


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 23, 2018 M. Sanin March 2, 2018


Duration (min) 62
Axial Strain (%) 2.80


Load (kN) 2.007


Increment (kPa) 510


Parsons Corporation 30


Stress at end of Reconsolidation (kPa) 510.01
Comments


Reconsolidation data calculated from the sample height at 
end of initial consolidationAxial Strain at end of Reconsolidation  (%) 2.80


Change in Height ∆Hc (mm) 0.61


New Westminster 54.65-54.69


1650596/9000 Sample Number: SUR BH17-3 Sa 31
510kPa, 0.18CSR
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


93.1


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 23, 2018 M. Sanin March 2, 2018


SUR BH17-3 Sa 31
510kPa, 0.18CSR
54.65-54.69
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Cycles to 5.00% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)


Max. Shear Strain at N=88 (zero load)
Min. Shear Strain at N=88 (zero load)


528.26
69.67


0.10


Change in Height Hc (mm)


Initial Shear Stress (kPa)


Trim from Undisturbed
23.57
70.89
39.47


Post Cyclic Reconsolidation Test Results 1


51.69
530.03


Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)


Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR


Axial Strain at end of Consol. % 7.43


Change in Height Hc (mm) 1.75
530.29
529.78


N/A Plastic Limit 19


Initial Wet Unit Weight (kN/m3) Final Water Content (%) 24.95


Comments / Special InstructionsComments / Special Instructions


448.58
440.34


Max. DU at N=88 (zero load)
Min. DU at N=88 (zero load)


1 Reconsolidation data calculated from the sample height at end of initial 
consolidation


3.37
-2.74


21.82
0.78


N/A


3.57


88


Height at beginning of Reconsol (mm)


Axial Strain at end of Reconsol. %


17.48


Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
19.00
14.41


Weight Volume Relationships 


Initial Wet Mass (g) Initial Water Content (%) 31.85


Dry Mass (g) Initial Saturation (%) 98.74
180.14


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Volume (cm3) Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) Sensitivity N/A
93.03


Consolidation 


Max. Axial Strain % 7.43N/AEffective Overburden Pressure (kPa)


0.13


Cyclic Test Results 


Frequency (Hz)


Sample Properties


Preparation Method


TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 7, 2018 M. Sanin March 22, 2018


2.80


136.63


Laboratory OCR


Visual Description SILTY CLAY; grey; cohesive, w>PL.


Height (mm)
Diameter (mm) Sand Fraction (%) N/A Liquid Limit 32


Area (cm2) Fines Fraction (%)


Lab ID No:
Depth (m):
Test ID:
Sample Number:


General Remarks


~ 75mL of water passed through sample during consolidation. 113179
89612
30465


Project No.:
Project:
Location:
Client:


1650596/8000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Equipment Description: GDS - Station 1


SUR BH17-05 Sa 33
530kPa, 0.13CSR
57.71-57.75
29







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 22, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


March 7, 2018


240 240 1593


530
2.093


3.62 7.43


Load (kN) 0.099 0.198 0.395 0.987


Axial Strain (%) 0.41 1.00 1.83


Duration (min) 240 240


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


529.78
7.43
N/A
1.75


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100 250


Consolidation Summary


New Westminster
Parsons Corporation


1650596/8000
Pattullo Bridge Replacement Project


SUR BH17-05 Sa 33
530kPa, 0.13CSR
57.71-57.75
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 7, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/8000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-05 Sa 33
530kPa, 0.13CSR
57.71-57.75
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 7, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/8000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-05 Sa 33
530kPa, 0.13CSR
57.71-57.75
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Stress at Start of Reconsolidation (kPa) 51.69


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 7, 2018 M. Sanin March 22, 2018


Duration (min) 1598
Axial Strain (%) 3.57


Load (kN) 2.093


Increment (kPa) 530


Parsons Corporation 29


Stress at end of Reconsolidation (kPa) 530.03
Comments


Reconsolidation data calculated from the sample height at 
end of initial consolidationAxial Strain at end of Reconsolidation  (%) 3.57


Change in Height Hc (mm) 0.78


New Westminster 57.71-57.75


1650596/8000 Sample Number: SUR BH17-05 Sa 33
Pattullo Bridge Replacement Pro 530kPa, 0.13CSR
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 7, 2018 M. Sanin March 22, 2018


SUR BH17-05 Sa 33
530kPa, 0.13CSR
57.71-57.75
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/8000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


 







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Cycles to 5.00% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)


Max. Shear Strain at N=6 (zero load)
Min. Shear Strain at N=6 (zero load)


99.23
24.62


0.10


Axial Strain at end of Reconsol. %


Trim from Undisturbed
23.40
70.83
39.40


Post Cyclic Reconsolidation Test Results 1


14.47
99.99


Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)


Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR


Axial Strain at end of Consol. % 3.51


Change in Height Hc (mm) 0.82
99.99
99.99


N/A Plastic Limit 26


Initial Wet Unit Weight (kN/m3) Final Water Content (%) 32.12


Comments / Special InstructionsComments / Special Instructions


82.86
82.36


Max. DU at N=6 (zero load)
Min. DU at N=6 (zero load)


1 Reconsolidation data calculated from the sample height at end of initial 
consolidation


1.862.73
-3.25


5.58
22.58


N/A


0.42


6 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)


Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
18.52
13.67


Weight Volume Relationships 


Initial Wet Mass (g) Initial Water Content (%) 35.47


Dry Mass (g) Initial Saturation (%) 98.74
174.05


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Volume (cm3) Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) Sensitivity N/A
92.20


Consolidation 


Max. Axial Strain % 3.51N/AEffective Overburden Pressure (kPa)


0.25


Cyclic Test Results 


Frequency (Hz)


Sample Properties


Preparation Method


TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 23, 2018 M. Sanin March 2, 2018


2.80


128.48


Laboratory OCR


Visual Description ORGANIC SILT; some sand; grey, with organics; 
cohesive, w>PL.


Height (mm)
Diameter (mm) Sand Fraction (%) N/A Liquid Limit 35


Area (cm2) Fines Fraction (%)


Lab ID No:
Depth (m):
Test ID:
Sample Number:


General Remarks


~ 100mL of water passed through sample during consolidation. 113179
89612
30465


Project No.:
Project:
Location:
Client:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Equipment Description: GDS - Station 1


SUR BH17-9 Sa 8
100kPa, 0.25CSR
9.14-9.22
30







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 2, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


February 23, 2018


1125


Load (kN) 0.099 0.197 0.394


Axial Strain (%) 0.91 1.94 3.51


Duration (min) 240 240


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


99.99
3.51
N/A
0.82


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-9 Sa 8
100kPa, 0.25CSR
9.14-9.22
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton February 23, 2018 M. Sanin March 2, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-9 Sa 8
100kPa, 0.25CSR
9.14-9.22
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton February 23, 2018 M. Sanin March 2, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-9 Sa 8
100kPa, 0.25CSR
9.14-9.22
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Stress at Start of Reconsolidation (kPa) 14.47


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 23, 2018 M. Sanin March 2, 2018


Duration (min) 2350
Axial Strain (%) 1.86


Load (kN) 0.394


Increment (kPa) 100


Parsons Corporation 30


Stress at end of Reconsolidation (kPa) 99.99
Comments


Reconsolidation data calculated from the sample height at 
end of initial consolidationAxial Strain at end of Reconsolidation  (%) 1.86


Change in Height Hc (mm) 0.42


New Westminster 9.14-9.22


1650596/9000 Sample Number: SUR BH17-9 Sa 8
100kPa, 0.25CSRPattullo Bridge Replacement Project
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 23, 2018 M. Sanin March 2, 2018


SUR BH17-9 Sa 8
100kPa, 0.25CSR
9.14-9.22
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


 







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Lab ID No:
Depth (m):
Test ID:
Sample Number:


General Remarks


~ 50mL of water passed through sample during consolidation. 11897
38408


158877


Project No.:
Project:
Location:
Client:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Equipment Description: GDS - Station 2


SUR BH17-09 Sa 17
280kPa, 0.16CSR
29.92-29.98
29


Sample Properties


Preparation Method


TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 12, 2018 M. Sanin March 22, 2018


2.80


133.18


Laboratory OCR


Visual Description SILTY CLAY; trace sand; grey; cohesive, w>PL. 


Height (mm)
Diameter (mm) Sand Fraction (%) N/A Liquid Limit 30


Area (cm2) Fines Fraction (%)


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Volume (cm3) Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) Sensitivity N/A
93.24


Consolidation 


Max. Axial Strain % 6.07N/AEffective Overburden Pressure (kPa)


0.16


Cyclic Test Results 


Frequency (Hz)


Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
18.69
14.01


Weight Volume Relationships 


Initial Wet Mass (g) Initial Water Content (%) 33.35


Dry Mass (g) Initial Saturation (%) 97.61
177.6


0.14
3.93
-2.43


4.99
38.27


N/A


207.94


17


Rate of Shearing (%/hr)


Excess Pore Pressure at Peak (kPa)


0.00


Comments / Special InstructionsComments / Special Instructions


227.08
223.19


Max. DU at N=17 (zero load)
Min. DU at N=17 (zero load)


Maximum Shear Strain  MAX (%) 20.00


Shear Strength at  MAX (kPa) 35.81


Trim from Undisturbed
23.63
70.88
39.46


Post Cyclic Monotonic Test Results


41.79
-4.44


Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)


Initial Vertical Stress (kPa)
Initial Shear Stress (kPa)CSR


Axial Strain at end of Consol. % 6.07


Change in Height Hc (mm) 1.44
280.83
280.55


N/A Plastic Limit 20


Initial Wet Unit Weight (kN/m3) Final Water Content (%) 29.93


Cycles to 5.00% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)
Max. Shear Strain at N=17 (zero load)
Min. Shear Strain at N=17 (zero load)


281.13
46.12


0.10


Peak Shear Strength (kPa)


Applied Shear Bias (kPa)


Ratio of Peak / 'v







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-09 Sa 17
280kPa, 0.16CSR
29.92-29.98
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 12, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-09 Sa 17
280kPa, 0.16CSR
29.92-29.98
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


280.55
6.07
N/A
1.44


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100 280


6.07


Load (kN) 0.1015 0.2004 0.3976 1.1081


Axial Strain (%) 0.47 1.12 2.27


Duration (min) 240 240 240 754


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 22, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


March 12, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-09 Sa 17
280kPa, 0.16CSR
29.92-29.98
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 12, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-09 Sa 17
280kPa, 0.16CSR
29.92-29.98
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 12, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-09 Sa 17
280kPa, 0.16CSR
29.92-29.98
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 12, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 12, 2018 M. Sanin March 22, 2018


SUR BH17-09 Sa 17
280kPa, 0.16CSR
29.92-29.98
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000


 







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Cycles to 5.00% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)
Max. Shear Strain at N=28 (zero load)
Min. Shear Strain at N=28 (zero load)


379.97
56.96


0.10


Peak Shear Strength (kPa)


Applied Shear Bias (kPa)


Ratio of Peak / 'v


Trim from Undisturbed
23.64
70.92
39.50


Post Cyclic Monotonic Test Results


43.04
-3.29


Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)


Initial Vertical Stress (kPa)
Initial Shear Stress (kPa)CSR


Axial Strain at end of Consol. % 6.93


Change in Height Hc (mm) 1.64
380.23
379.97


N/A Plastic Limit 21


Initial Wet Unit Weight (kN/m3) Final Water Content (%) 27.38


Comments / Special InstructionsComments / Special Instructions


319.85
316.05


Max. DU at N=28 (zero load)
Min. DU at N=28 (zero load)


Maximum Shear Strain  MAX (%) 20.00


Shear Strength at  MAX (kPa) 52.15


0.14
3.97
-3.10


5.00
54.68


N/A


279.22


28


Rate of Shearing (%/hr)


Excess Pore Pressure at Peak (kPa)


0.00


Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
19.09
14.44


Weight Volume Relationships 


Initial Wet Mass (g) Initial Water Content (%) 32.15


Dry Mass (g) Initial Saturation (%) >100
181.69


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Volume (cm3) Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) Sensitivity N/A
93.38


Consolidation 


Max. Axial Strain % 6.93N/AEffective Overburden Pressure (kPa)


0.15


Cyclic Test Results 


Frequency (Hz)


Sample Properties


Preparation Method


TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 12, 2018 M. Sanin March 22, 2018


2.80


137.49


Laboratory OCR


Visual Description SILTY CLAY, trace sand; grey;  
cohesive, w>PL.


Height (mm)
Diameter (mm) Sand Fraction (%) N/A Liquid Limit 35


Area (cm2) Fines Fraction (%)


Lab ID No:
Depth (m):
Test ID:
Sample Number:


General Remarks


~ 50mL of water passed through sample during consolidation. 113179
89612
30465


Project No.:
Project:
Location:
Client:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Equipment Description: GDS - Station 1


SUR BH17-14 Sa 25
380kPa, 0.15CSR
39.09-39.13
29







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 22, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


March 12, 2018


240 240 534


380
1.502


4.94 6.93


Load (kN) 0.099 0.198 0.395 0.988


Axial Strain (%) 0.65 1.38 2.46


Duration (min) 240 240


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


379.97
6.93
N/A
1.64


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100 250


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-14 Sa 25
380kPa, 0.15CSR
39.09-39.13
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 12, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-14 Sa 25
380kPa, 0.15CSR
39.09-39.13
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


‐0.20


‐0.15


‐0.10


‐0.05


0.00


0.05


0.10


0.15


0.20


‐8 ‐6 ‐4 ‐2 0 2 4 6 8


CS
R 


Shear Strain (%)


N = 1
N = 28
5.00%, N = 28


‐80


‐60


‐40


‐20


0


20


40


60


80


0 50 100 150 200 250 300 350 400 450


Sh
ea
r S


tr
es
s 
(k
Pa


)


Effective Vertical Stress (kPa)


N = 1
N = 28
5.00%, N = 28


 







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 12, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-14 Sa 25
380kPa, 0.15CSR
39.09-39.13
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 12, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-14 Sa 25
380kPa, 0.15CSR
39.09-39.13
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


‐10


0


10


20


30


40


50


60


‐5 0 5 10 15 20


Sh
ea
r S


tr
es
s 
(k
Pa


)


Shear Strain (%)


0


50


100


150


200


250


300


350


400


‐5 0 5 10 15 20


Ch
an


ge
 in


 P
or
e 
Pr
es
su
re
 (k


Pa
)


Shear Strain (%)


 







Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 12, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-14 Sa 25
380kPa, 0.15CSR
39.09-39.13
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 12, 2018 M. Sanin March 22, 2018


SUR BH17-14 Sa 25
380kPa, 0.15CSR
39.09-39.13
29


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Peak Shear Strength (kPa)


Location: New Westminster Depth (m): 54.60-54.65
Client: Parsons Corporation Lab ID No: 30


Project No.: 1650596/9000 Sample Number: SUR BH17-3 Sa 31
Project: Pattullo Bridge Replacement Project Test ID: 510kPa, Static 


Sample Properties


Preparation Method Trim from Undisturbed Visual Description SILTY CLAY; some sand; grey; 
cohesive, w>PL.


Height (mm) 23.43


General Remarks Equipment Description: GDS - Station 1


~ 100mL of water passed through sample during consolidation. 113179
89612
30465


Area (cm2) 39.39 Fines Fraction (%) N/A Plastic Limit 21
Diameter (mm) 70.82 Sand Fraction (%) N/A Liquid Limit 31


Volume (cm3) 92.29 Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) 2.80 Sensitivity N/A


Weight Volume Relationships 


Initial Wet Mass (g) 181.07 Initial Water Content (%) 30.36


Dry Mass (g) 138.9 Initial Saturation (%) 99.17


Max Applied Vertical Stress (kPa) 510.26 Axial Strain at end of Consol. % 6.07


Vertical Stress at end of Consol (kPa) 510.01 Change in Height Hc (mm)


Initial wet (kN/m3) 19.25 Final Water Content (%) 26.58


Initialdry (kN/m3) 14.76 Final Saturation (%) 100.00


Consolidation 


Effective Overburden Pressure (kPa) N/A Max. Axial Strain % 6.07


1.42


Initial Shear Stress (kPa) 0.25


Applied Shear Bias (kPa) 0.00


Maximum Shear Strain  MAX (%) 19.98


Shear Strength at  MAX (kPa) 86.82


Initial Vertical Stress (kPa) 510.01


Direct Simple Shear Test Results


103.58


Laboratory OCR N/A


Excess Pore Pressure at Peak (kPa) 202.84


Comments / Special Instructions


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 26, 2018 M. Sanin March 2, 2018


Ratio of Peak / 'v 0.203


Rate of Shearing (%/hr) 5.00


Test Condition Undrained







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 2, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


February 26, 2018


240 240 1690


510
2.01


2.93 6.07


Load (kN) 0.099 0.198 0.394 0.985


Axial Strain (%) 0.28 0.70 1.42


Duration (min) 188 240


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


510.01
6.07
N/A
1.42


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100 250


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-3 Sa 31
510kPa, Static 
54.60-54.65
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 26, 2018 M. Sanin March 2, 2018
TESTED BY DATE CHECKED BY DATE


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-3 Sa 31
510kPa, Static 
54.60-54.65
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


0


20


40


60


80


100


120


0 2 4 6 8 10 12 14 16 18 20


Sh
ea
r S


tr
es
s 
(k
Pa


)


Shear Strain (%)


0


50


100


150


200


250


300


350


0 2 4 6 8 10 12 14 16 18 20


Ch
an


ge
 in


 P
or
e 
Pr
es
su
re
 (k


Pa
)


Shear Strain (%)


 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton February 26, 2018 M. Sanin March 2, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-3 Sa 31
510kPa, Static 
54.60-54.65
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 26, 2018 M. Sanin March 2, 2018


SUR BH17-3 Sa 31
510kPa, Static 
54.60-54.65
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Peak Shear Strength (kPa)
Excess Pore Pressure at Peak (kPa) 14.71


Comments / Special Instructions


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 28, 2018 M. Sanin March 22, 2018


Ratio of Peak / 'v 0.48


Rate of Shearing (%/hr) 5.00


Test Condition Undrained


0.74


Initial Shear Stress (kPa) 0.25


Applied Shear Bias (kPa) 0.00


Maximum Shear Strain  MAX (%) 19.94


Shear Strength at  MAX (kPa) 24.10


Initial Vertical Stress (kPa) 49.97


Direct Simple Shear Test Results


24.10


Laboratory OCR N/A


Max Applied Vertical Stress (kPa) 50.22 Axial Strain at end of Consol. % 3.14


Vertical Stress at end of Consol (kPa) 49.97 Change in Height Hc (mm)


Initial wet (kN/m3) 17.50 Final Water Content (%) 42.56


Initialdry (kN/m3) 12.12 Final Saturation (%) 100.00


Consolidation 


Effective Overburden Pressure (kPa) N/A Max. Axial Strain % 3.15


Weight Volume Relationships 


Initial Wet Mass (g) 165.39 Initial Water Content (%) 44.47


Dry Mass (g) 114.48 Initial Saturation (%) 98.59


Volume (cm3) 92.69 Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) 2.80 Sensitivity N/A


Area (cm2) 39.42 Fines Fraction (%) N/A Plastic Limit 27
Diameter (mm) 70.85 Sand Fraction (%) N/A Liquid Limit 42


Sample Properties


Preparation Method Trim from Undisturbed Visual Description SILTY CLAY to CLAYEY SILT; trace sand; grey, 
with organics; cohesive, w>PL.


Height (mm) 23.51


General Remarks Equipment Description: GDS - Station 1


~ 100mL of water passed through sample during consolidation. 113179
89612
30465


Location: New Westminster Depth (m): 3.18-3.25
Client: Parsons Corporation Lab ID No: 30


Project No.: 1650596/9000 Sample Number: SUR BH17-5 Sa 5
Project: Pattullo Bridge Replacement Project Test ID: 50kPa, Static 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-5 Sa 5
50kPa, Static 
3.18-3.25
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


49.97
3.14
N/A
0.74


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50
Load (kN) 0.099 0.198


Axial Strain (%) 1.72 3.15


Duration (min) 306 1086


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 22, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


February 28, 2018
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-5 Sa 5
50kPa, Static 
3.18-3.25
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 28, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-5 Sa 5
50kPa, Static 
3.18-3.25
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton February 28, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 28, 2018 M. Sanin March 22, 2018


SUR BH17-5 Sa 5
50kPa, Static 
3.18-3.25
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000


 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Peak Shear Strength (kPa)


Location: New Westminster Depth (m): 57.75--57.79
Client: Parsons Corporation Lab ID No: 30


Project No.: 1650596/9000 Sample Number: SUR BH17-05 Sa 33
Project: Pattullo Bridge Replacement Project Test ID: 530kPa, Static 


Sample Properties


Preparation Method Trim from Undisturbed Visual Description SILTY CLAY; grey; cohesive, w>PL.


Height (mm) 23.55


General Remarks Equipment Description: GDS - Station 1


~ 75mL of water passed through sample during consolidation. 113179
89612
30465


Area (cm2) 39.45 Fines Fraction (%) N/A Plastic Limit 19
Diameter (mm) 70.87 Sand Fraction (%) N/A Liquid Limit 32


Volume (cm3) 92.90 Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) 2.80 Sensitivity N/A


Weight Volume Relationships 


Initial Wet Mass (g) 180.66 Initial Water Content (%) 32.72


Dry Mass (g) 136.12 Initial Saturation (%) >100


Max Applied Vertical Stress (kPa) 530.33 Axial Strain at end of Consol. % 7.03


Vertical Stress at end of Consol (kPa) 530.08 Change in Height Hc (mm)


Initial wet (kN/m3) 19.08 Final Water Content (%) 27.61


Initialdry (kN/m3) 14.37 Final Saturation (%) 100.00


Consolidation 


Effective Overburden Pressure (kPa) N/A Max. Axial Strain % 7.03


1.66


Initial Shear Stress (kPa) 0.00


Applied Shear Bias (kPa) 0.00


Maximum Shear Strain  MAX (%) 19.96


Shear Strength at  MAX (kPa) 92.53


Initial Vertical Stress (kPa) 530.08


Direct Simple Shear Test Results


111.29


Laboratory OCR N/A


Excess Pore Pressure at Peak (kPa) 213.70


Comments / Special Instructions


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 10, 2018 M. Sanin March 22, 2018


Ratio of Peak / 'v 0.21


Rate of Shearing (%/hr) 5.00


Test Condition Undrained







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 22, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


March 10, 2018


240 240 1647


530
2.092


3.43 7.03


Load (kN) 0.099 0.197 0.395 0.987


Axial Strain (%) 0.53 1.13 1.91


Duration (min) 240 240


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


530.08
7.03
N/A
1.66


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100 250


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-05 Sa 33
530kPa, Static 
57.75--57.79
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 10, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-05 Sa 33
530kPa, Static 
57.75--57.79
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 10, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-05 Sa 33
530kPa, Static 
57.75--57.79
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


0


20


40


60


80


100


120


0 100 200 300 400 500 600


Sh
ea
r S


tr
es
s 
(k
Pa


)


Vertical Stress (kPa)


0.00


0.05


0.10


0.15


0.20


0.25


0 2 4 6 8 10 12 14 16 18 20


τ 
/ 
σ'
v 0


Shear Strain (%)


 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 10, 2018 M. Sanin March 22, 2018


SUR BH17-05 Sa 33
530kPa, Static 
57.75--57.79
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Peak Shear Strength (kPa)
Excess Pore Pressure at Peak (kPa) 31.17


Comments / Special Instructions


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 5, 2018 M. Sanin March 22, 2018


Ratio of Peak / 'v 0.35


Rate of Shearing (%/hr) 5.00


Test Condition Undrained


0.82


Initial Shear Stress (kPa) 0.00


Applied Shear Bias (kPa) 0.00


Maximum Shear Strain  MAX (%) 19.99


Shear Strength at  MAX (kPa) 27.62


Initial Vertical Stress (kPa) 80.08


Direct Simple Shear Test Results


27.88


Laboratory OCR N/A


Max Applied Vertical Stress (kPa) 80.08 Axial Strain at end of Consol. % 3.45


Vertical Stress at end of Consol (kPa) 79.83 Change in Height Hc (mm)


Initial wet (kN/m3) 17.98 Final Water Content (%) 37.01


Initialdry (kN/m3) 13.00 Final Saturation (%) 100.00


Consolidation 


Effective Overburden Pressure (kPa) N/A Max. Axial Strain % 3.45


Weight Volume Relationships 


Initial Wet Mass (g) 171.37 Initial Water Content (%) 38.36


Dry Mass (g) 123.86 Initial Saturation (%) 96.81


Volume (cm3) 93.48 Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) 2.80 Sensitivity N/A


Area (cm2) 39.46 Fines Fraction (%) N/A Plastic Limit 22
Diameter (mm) 70.88 Sand Fraction (%) N/A Liquid Limit 32


Sample Properties


Preparation Method Trim from Undisturbed Visual Description SILTY CLAY; trace to some some sand; grey, 
with organics; cohesive, w>PL.


Height (mm) 23.69


General Remarks Equipment Description: GDS - Station 1


~ 300mL of water passed through sample during consolidation. 113179
89612
30465


Location: New Westminster Depth (m): 3.18-3.25
Client: Parsons Corporation Lab ID No: 30


Project No.: 1650596/9000 Sample Number: SUR BH17-6 Sa 10
Project: Pattullo Bridge Replacement Project Test ID: 80kPa, Static 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-6 Sa 10
80kPa, Static 
3.18-3.25
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


79.83
3.45
N/A
0.82


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 80
Load (kN) 0.099 0.197 0.316


Axial Strain (%) 0.95 2.20 3.45


Duration (min) 240 240 1142


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 22, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


March 5, 2018
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-6 Sa 10
80kPa, Static 
3.18-3.25
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 5, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-6 Sa 10
80kPa, Static 
3.18-3.25
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton March 5, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 5, 2018 M. Sanin March 22, 2018


SUR BH17-6 Sa 10
80kPa, Static 
3.18-3.25
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000


 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Peak Shear Strength (kPa)


Location: New Westminster Depth (m): 9.14-9.18
Client: Parsons Corporation Lab ID No: 30


Project No.: 1650596/9000 Sample Number: SUR BH17-9 Sa 8
Project: Pattullo Bridge Replacement Project Test ID: 100kPa, Static 


Sample Properties


Preparation Method Trim from Undisturbed Visual Description ORGANIC SILT; some sand; grey, with organics; 
cohesive, w>PL.


Height (mm) 23.40


General Remarks Equipment Description: GDS - Station 1


~ 250mL of water passed through sample during consolidation. 113179
89612
30465


Area (cm2) 39.34 Fines Fraction (%) N/A Plastic Limit 26
Diameter (mm) 70.77 Sand Fraction (%) N/A Liquid Limit 35


Volume (cm3) 92.05 Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) 2.80 Sensitivity N/A


Weight Volume Relationships 


Initial Wet Mass (g) 175.25 Initial Water Content (%) 32.53


Dry Mass (g) 132.23 Initial Saturation (%) 96.34


Max Applied Vertical Stress (kPa) 100.16 Axial Strain at end of Consol. % 3.52


Vertical Stress at end of Consol (kPa) 99.91 Change in Height Hc (mm)


Initial wet (kN/m3) 18.68 Final Water Content (%) 31.32


Initialdry (kN/m3) 14.09 Final Saturation (%) >100


Consolidation 


Effective Overburden Pressure (kPa) N/A Max. Axial Strain % 3.52


0.82


Initial Shear Stress (kPa) 0.25


Applied Shear Bias (kPa) 0.00


Maximum Shear Strain  MAX (%) 19.98


Shear Strength at  MAX (kPa) 59.74


Initial Vertical Stress (kPa) 99.91


Direct Simple Shear Test Results


59.74


Laboratory OCR N/A


Excess Pore Pressure at Peak (kPa) 4.07


Comments / Special Instructions


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 22, 2018 M. Sanin March 2, 2018


Ratio of Peak / 'v 0.60


Rate of Shearing (%/hr) 5.00


Test Condition Undrained







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 2, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


February 22, 2018


845


Load (kN) 0.099 0.197 0.394


Axial Strain (%) 1.39 2.28 3.52


Duration (min) 188 240


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


99.91
3.52
N/A
0.82


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-9 Sa 8
100kPa, Static 
9.14-9.18
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 22, 2018 M. Sanin March 2, 2018
TESTED BY DATE CHECKED BY DATE


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-9 Sa 8
100kPa, Static 
9.14-9.18
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


G. Patton February 22, 2018 M. Sanin March 2, 2018
TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


SUR BH17-9 Sa 8
100kPa, Static 
9.14-9.18
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton February 22, 2018 M. Sanin March 2, 2018


SUR BH17-9 Sa 8
100kPa, Static 
9.14-9.18
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001


Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:


Peak Shear Strength (kPa)
Excess Pore Pressure at Peak (kPa) 201.08


Comments / Special Instructions


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 10, 2018 M. Sanin March 22, 2018


Ratio of Peak / 'v 0.22


Rate of Shearing (%/hr) 5.00


Test Condition Undrained


1.63


Initial Shear Stress (kPa) 0.00


Applied Shear Bias (kPa) 0.00


Maximum Shear Strain  MAX (%) 19.97


Shear Strength at  MAX (kPa) 77.57


Initial Vertical Stress (kPa) 380.23


Direct Simple Shear Test Results


81.86


Laboratory OCR N/A


Max Applied Vertical Stress (kPa) 380.87 Axial Strain at end of Consol. % 6.92


Vertical Stress at end of Consol (kPa) 380.41 Change in Height Hc (mm)


Initial wet (kN/m3) 19.11 Final Water Content (%) 27.17


Initialdry (kN/m3) 14.49 Final Saturation (%) 100.00


Consolidation 


Effective Overburden Pressure (kPa) N/A Max. Axial Strain % 6.92


Weight Volume Relationships 


Initial Wet Mass (g) 181.29 Initial Water Content (%) 31.86


Dry Mass (g) 137.49 Initial Saturation (%) >100


Volume (cm3) 93.06 Shear Strength est. (kPa) N/A


Specific Gravity (Assumed) 2.80 Sensitivity N/A


Area (cm2) 39.45 Fines Fraction (%) N/A Plastic Limit 21
Diameter (mm) 70.87 Sand Fraction (%) N/A Liquid Limit 35


Sample Properties


Preparation Method Trim from Undisturbed Visual Description SILTY CLAY, trace sand; grey; cohesive, w>PL. 


Height (mm) 23.59


General Remarks Equipment Description: GDS - Station 2


~ 75mL of water passed through sample during consolidation. 11897
38408


158877


Location: New Westminster Depth (m): 39.13-39.17
Client: Parsons Corporation Lab ID No: 30


Project No.: 1650596/9000 Sample Number: SUR BH17-14 Sa 25
Project: Pattullo Bridge Replacement Project Test ID: 380kPa, Static 







Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


Consolidation Summary


New Westminster
Parsons Corporation


1650596/9000
Pattullo Bridge Replacement Project


SUR BH17-14 Sa 25
380kPa, Static 
39.13-39.17
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


Increment (kPa) 25


Stress at end of Consolidation (kPa)


Axial Strain at end of Consolidation  (%)


OCR


Change in Height Hc (mm) 


380.41
6.92
N/A
1.63


Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.


50 100 250


5.05 6.92


Load (kN) 0.1019 0.2002 0.3973 0.9893


Axial Strain (%) 0.66 1.58 2.77


Duration (min) 240 240


380
1.5024


239 240 1575


DATE 


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 22, 2018
TESTED BY DATE


M. Sanin
CHECKED BY


March 10, 2018
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-14 Sa 25
380kPa, Static 
39.13-39.17
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


G. Patton March 10, 2018 M. Sanin March 22, 2018
TESTED BY DATE CHECKED BY DATE
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions


NORSOK G-001
Project No.:
Project:
Location:
Client:


SUR BH17-14 Sa 25
380kPa, Static 
39.13-39.17
30


Sample Number:
Test ID:
Depth (m):
Lab ID No:


1650596/9000
Pattullo Bridge Replacement Project
New Westminster
Parsons Corporation
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-05
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 3.05 - 3.66


Advanced to 15kPa due to swelling.


Reference(s)One-Dimensional Consolidation Properties of Soils 


1650596/8000
29
TM


ASTM D 2435/D 2435M
Parsons Corporation
Pattullo Bridge Replacement Project
New Westminster


5


February 13, 2018 March 1, 2018


TESTED BY DATE CHECKED BY DATE
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-05
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 3.05 - 3.66


Machine: Initial Final Initial Final
Mach No. Height (mm) = 22.03 18.49 125.08 115.40


Ring No. Diameter (mm) = 63.44 63.44 89.27 89.27


Drainage: Area (cm2) = 31.61 31.61 w (%) = 40.11 29.27


Volume (cm3) = 69.62 58.45 e    = 1.154 0.808


ρwet  (kg/m3) = 1797 1974


ρdry (kg/m3) = 1282 1527
ASTM Method: Gs = 2.76 Assumed S (%) = 96 100


Method for Cv : Hs (mm) = 10.23
  Havg :


Time Increment: Liquid Limit:
Plastic Limit:


N/A Plasticity Index:
Soil Classification:


t 90


(min)


1 5 0.08 21.95 0.33 11.73 1.147


2 12 0.17 21.84 0.85 11.61 1.136 8 1.14 10.95 11.44 1.5E-03 1.1E-07


3 24 0.18 21.72 1.39 11.49 1.124 18 1.13 10.89 9.23 1.8E-03 8.1E-08


4 48 0.23 21.55 2.17 11.32 1.107 36 1.12 10.82 7.42 2.2E-03 7.3E-08


5 96 0.32 21.30 3.29 11.07 1.083 72 1.10 10.71 6.27 2.6E-03 6.1E-08


6 192 0.47 20.91 5.07 10.68 1.045 144 1.06 10.55 6.00 2.6E-03 5.0E-08


7 383 0.58 20.42 7.29 10.19 0.997 287 1.02 10.33 4.41 3.4E-03 4.1E-08


8 766 0.81 19.72 10.44 9.50 0.929 575 0.96 10.04 4.63 3.1E-03 2.7E-08


9 1532 0.83 19.07 13.43 8.84 0.865 1149 0.90 9.70 3.59 3.7E-03 1.6E-08


10 766 -0.19 19.19 12.86 8.97 0.877


11 192 -0.33 19.37 12.06 9.14 0.894


12 48 -0.38 19.62 10.93 9.39 0.919


13 12 -0.44 19.95 9.41 9.73 0.951


Comments: Void Ratio Vs. Stress computed for end of primary consolidation.


Final height measured by LVDT reading.


Description: SILTY CLAY to CLAYEY SILT, trace sand; grey, with organics; cohesive, w>PL.


TESTED BY DATE CHECKED BY DATE


TM February 13, 2018 JK March 1, 2018


One-Dimensional Consolidation Properties of Soils Reference(s)
ASTM D 2435/D 2435M
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Pattullo Bridge Replacement Project


1650596/8000
29
TM


5
New Westminster


Half the specimen height


Stress avg 
(kPa)


 ∆H           
(mm)


ε                    
Σ ∆Η / Ηο     


(%)


600 min


Stress 
(kPa)


 Corrected    
d f


(mm)


H-Hs


(mm)
Load #  e                  


(H-Hs)/Hs


Dry Wt (g) =


Double-sided


Atterberg Limits
N/A


Cv               
(cm2/sec)


Havg     


(mm)
k


(cm/sec)


N/A


eavg


N/A


 B - Constant Time Increment @ EOP


Taylor


Remarks


Phase Relationships


Estimated Preconsolidation Stress:


Specimen Geometry
Sigma-1


1 Wet Wt (g) =


N/A


Sample Properties


Equipment


AC2







Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-07
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 4.27 - 4.88


Advanced to 15kPa due to swelling.


February 9, 2018 March 1, 2018


TESTED BY DATE CHECKED BY DATE


TM JK


Reference(s)One-Dimensional Consolidation Properties of Soils 
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-07
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 4.27 - 4.88


Machine: Initial Final Initial Final
Mach No. Height (mm) = 21.84 18.01 121.34 110.55


Ring No. Diameter (mm) = 63.63 63.63 84.13 84.13


Drainage: Area (cm2) = 31.79 31.79 w (%) = 44.23 31.40


Volume (cm3) = 69.45 57.26 e    = 1.254 0.858


ρwet  (kg/m3) = 1747 1931


ρdry (kg/m3) = 1211 1469
ASTM Method: Gs = 2.73 Assumed S (%) = 96 100


Method for Cv : Hs (mm) = 9.69
  Havg :


Time Increment: Liquid Limit:
Plastic Limit:


N/A Plasticity Index:
Soil Classification:


t 90


(min)


1 5 0.10 21.74 0.47 12.05 1.243


2 12 0.17 21.58 1.20 11.89 1.226 8 1.23 10.83 10.47 1.6E-03 1.6E-07


3 24 0.22 21.37 2.14 11.68 1.205 18 1.22 10.74 10.50 1.6E-03 1.2E-07


4 48 0.31 21.08 3.47 11.39 1.175 36 1.19 10.61 10.96 1.5E-03 8.1E-08


5 96 0.44 20.69 5.28 11.00 1.134 72 1.15 10.44 11.06 1.4E-03 5.4E-08


6 192 0.64 20.08 8.08 10.39 1.071 144 1.10 10.19 10.41 1.4E-03 4.3E-08


7 383 0.76 19.40 11.19 9.71 1.001 287 1.04 9.87 9.08 1.5E-03 2.7E-08


8 766 0.81 18.68 14.50 8.98 0.927 575 0.96 9.52 5.75 2.2E-03 2.2E-08


9 1532 0.94 17.91 18.02 8.21 0.847 1149 0.89 9.15 5.58 2.1E-03 1.1E-08


10 766 -0.27 18.03 17.46 8.34 0.860


11 192 -0.45 18.33 16.07 8.64 0.891


12 48 -0.45 18.72 14.28 9.03 0.932


13 12 -0.38 19.04 12.83 9.35 0.964


Comments: Void Ratio Vs. Stress computed for end of primary consolidation.


Final height measured by LVDT reading.


Description: SILTY CLAY to CLAYEY SILT, some gravel, trace sand; light to medium grey, with organics; cohesive, w<PL.


Phase Relationships


Estimated Preconsolidation Stress:


Specimen Geometry
Sigma-1


5 Wet Wt (g) =


N/A


Sample Properties
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d f
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One-Dimensional Consolidation Properties of Soils Reference(s)
ASTM D 2435/D 2435M


Parsons Corporation
Pattullo Bridge Replacement Project


TESTED BY DATE CHECKED BY DATE


TM February 9, 2018 JK March 1, 2018







Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-09
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 9.02 - 9.63


Advanced to 15kPa due to swelling.


Reference(s)One-Dimensional Consolidation Properties of Soils 


1650596/8000
29
TM


ASTM D 2435/D 2435M
Parsons Corporation
Pattullo Bridge Replacement Project
New Westminster


8B


March 3, 2018 April 12, 2018


TESTED BY DATE CHECKED BY DATE
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-09
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 9.02 - 9.63


Machine: Initial Final Initial Final
Mach No. Height (mm) = 22.36 20.67 133.29 130.15


Ring No. Diameter (mm) = 63.63 63.63 102.08 102.08


Drainage: Area (cm2) = 31.80 31.80 w (%) = 30.57 27.50


Volume (cm3) = 71.09 65.74 e    = 0.887 0.745


rwet  (kg/m3) = 1875 1980


rdry (kg/m3) = 1436 1553


ASTM Method: Gs = 2.71 Assumed S (%) = 93 100


Method for Cv : Hs (mm) = 11.84


  Havg :


Time Increment: Liquid Limit:


Plastic Limit:


N/A Plasticity Index:


Soil Classification:


t 90


(min)


1 5 -0.03 22.39 -0.16 10.55 0.890


2 12 0.14 22.32 0.15 10.48 0.885 8 0.89 11.18 0.26 6.8E-02 2.9E-06


3 24 0.10 22.28 0.33 10.44 0.881 18 0.88 11.15 0.28 6.2E-02 8.9E-07


4 48 0.13 22.22 0.62 10.37 0.876 36 0.88 11.12 0.28 6.2E-02 7.6E-07


5 96 0.15 22.14 0.95 10.30 0.869 72 0.87 11.09 0.16 1.1E-01 7.3E-07


6 192 0.24 21.98 1.67 10.14 0.856 144 0.86 11.03 0.27 6.5E-02 4.8E-07


7 383 0.29 21.79 2.54 9.94 0.839 287 0.85 10.94 0.15 1.1E-01 5.2E-07


8 766 0.39 21.49 3.89 9.64 0.814 575 0.83 10.82 0.14 1.2E-01 4.1E-07


9 1532 0.54 21.09 5.67 9.24 0.780 1149 0.80 10.64 0.14 1.1E-01 2.7E-07


10 766 -0.20 21.20 5.17 9.35 0.790


11 192 -0.30 21.38 4.35 9.54 0.805


12 48 -0.25 21.55 3.59 9.71 0.820


13 12 -0.25 21.75 2.69 9.91 0.837


Comments: Void Ratio Vs. Stress computed for end of primary consolidation.


Final height measured by LVDT reading.


Description: ORGANIC SILT; some sand; grey, with organics; cohesive, w>PL.


TESTED BY DATE CHECKED BY DATE


TM March 3, 2018 MS April 12, 2018
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-06
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 6.10 - 6.71


Advanced to 15kPa due to swelling.


March 3, 2018 April 12, 2018


TESTED BY DATE CHECKED BY DATE


TM MS


Reference(s)One-Dimensional Consolidation Properties of Soils 


1650596/8000
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Parsons Corporation
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way


Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-06
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 6.10 - 6.71


Machine: Initial Final Initial Final
Mach No. Height (mm) = 22.19 19.70 126.01 122.28


Ring No. Diameter (mm) = 63.68 63.68 93.22 93.22


Drainage: Area (cm2) = 31.85 31.85 w (%) = 35.17 31.17


Volume (cm3) = 70.67 62.75 e    = 1.100 0.864


rwet  (kg/m3) = 1783 1949


rdry (kg/m3) = 1319 1486


ASTM Method: Gs = 2.77 Assumed S (%) = 89 100


Method for Cv : Hs (mm) = 10.57


  Havg :


Time Increment: Liquid Limit:


Plastic Limit:


N/A Plasticity Index:


Soil Classification:


t 90


(min)


1 5 0.02 22.17 0.09 11.60 1.098


2 12 0.17 22.05 0.61 11.49 1.087 8 1.09 11.06 0.43 4.0E-02 2.9E-06


3 24 0.16 21.95 1.07 11.39 1.077 18 1.08 11.00 0.37 4.6E-02 1.7E-06


4 48 0.19 21.82 1.67 11.25 1.065 36 1.07 10.94 0.28 6.0E-02 1.5E-06


5 96 0.21 21.69 2.25 11.12 1.053 72 1.06 10.88 0.14 1.2E-01 1.4E-06


6 192 0.28 21.49 3.16 10.92 1.034 144 1.04 10.79 0.14 1.2E-01 1.1E-06


7 383 0.36 21.22 4.35 10.66 1.009 287 1.02 10.68 0.14 1.1E-01 7.3E-07


8 766 0.45 20.89 5.85 10.33 0.977 575 0.99 10.53 0.14 1.1E-01 4.5E-07


9 1532 0.58 20.48 7.70 9.91 0.938 1149 0.96 10.34 0.14 1.1E-01 2.8E-07


10 766 -0.18 20.60 7.14 10.04 0.950


11 192 -0.25 20.70 6.71 10.13 0.959


12 48 -0.21 20.78 6.35 10.21 0.967


13 12 -0.24 20.92 5.72 10.35 0.980


Comments: Void Ratio Vs. Stress computed for end of primary consolidation.


Final height measured by LVDT reading.


Description: SILTY CLAY, trace sand; grey-brown, with organics; cohesive, w>PL.


Phase Relationships


Estimated Preconsolidation Stress:


Specimen Geometry
Sigma-1


1 Wet Wt (g) =


N/A


Sample Properties
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One-Dimensional Consolidation Properties of Soils 
Reference(s)
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Parsons Corporation
Pattullo Bridge Replacement Project
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-09
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 29.74 - 30.35


Advanced to 15kPa due to swelling.


February 6, 2018 March 1, 2018


TESTED BY DATE CHECKED BY DATE


TM JK


Reference(s)One-Dimensional Consolidation Properties of Soils 
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Parsons Corporation
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-09
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 29.74 - 30.35


Machine: Initial Final Initial Final
Mach No. Height (mm) = 21.99 19.47 131.70 125.48


Ring No. Diameter (mm) = 63.40 63.40 99.31 99.31


Drainage: Area (cm2) = 31.56 31.56 w (%) = 32.62 26.35


Volume (cm3) = 69.42 61.47 e    = 0.957 0.733


ρwet  (kg/m3) = 1897 2041


ρdry (kg/m3) = 1431 1616
ASTM Method: Gs = 2.80 Assumed S (%) = 95 100


Method for Cv : Hs (mm) = 11.24
  Havg :


Time Increment: Liquid Limit:
Plastic Limit:


N/A Plasticity Index:
Soil Classification:


t 90


(min)


1 5 0.00 22.00 -0.02 10.76 0.958


2 12 0.10 21.94 0.22 10.71 0.953 8 0.96 10.98 0.64 2.7E-02 8.7E-07


3 24 0.11 21.90 0.44 10.66 0.949 18 0.95 10.96 1.49 1.1E-02 2.0E-07


4 48 0.14 21.81 0.82 10.58 0.941 36 0.94 10.93 1.78 9.5E-03 1.5E-07


5 96 0.18 21.71 1.30 10.47 0.932 72 0.94 10.88 1.38 1.2E-02 1.2E-07


6 192 0.29 21.50 2.25 10.26 0.913 144 0.92 10.80 1.28 1.3E-02 1.3E-07


7 383 0.44 21.16 3.80 9.92 0.883 287 0.90 10.66 1.06 1.5E-02 1.2E-07


8 766 0.57 20.70 5.87 9.47 0.842 575 0.86 10.47 0.76 2.0E-02 1.1E-07


9 1532 0.54 20.33 7.56 9.09 0.809 1149 0.83 10.26 0.54 2.8E-02 6.5E-08


10 766 -0.17 20.44 7.04 9.21 0.819


11 192 -0.29 20.58 6.42 9.34 0.831


12 48 -0.28 20.73 5.75 9.49 0.845


13 12 -0.36 20.99 4.57 9.75 0.868


Comments: Void Ratio Vs. Stress computed for end of primary consolidation.


Final height measured by LVDT reading.


Description:


Phase Relationships


Estimated Preconsolidation Stress:


Specimen Geometry
Sigma-1


1 Wet Wt (g) =


N/A


Sample Properties


Equipment


M Dry Wt (g) =


Double-sided


Atterberg Limits
N/A


Cv               
(cm2/sec)


Havg
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k


(cm/sec)


N/A


eavg


N/A


 B - Constant Time Increment @ EOP


Taylor


Remarks


Half the specimen height


Stress avg 
(kPa)


 ∆H           
(mm)


ε                    
Σ ∆Η / Ηο     


(%)


360 min


Stress 
(kPa)


 Corrected    
d f


(mm)


H-Hs


(mm)
Load #  e                  


(H-Hs)/Hs


1650596/8000
29
TM


17B
New Westminster


One-Dimensional Consolidation Properties of Soils Reference(s)
ASTM D 2435/D 2435M


Parsons Corporation
Pattullo Bridge Replacement Project


TESTED BY DATE CHECKED BY DATE


TM February 6, 2018 JK March 1, 2018


SILTY CLAY, trace sand; grey; cohesive, w>PL.







Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-07
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 48.16 - 48.77


Advanced to 15kPa due to swelling.


Reference(s)One-Dimensional Consolidation Properties of Soils 


1650596/8000
29
TM


ASTM D 2435/D 2435M
Parsons Corporation
Pattullo Bridge Replacement Project
New Westminster


29B


February 9, 2018 March 1, 2018


TESTED BY DATE CHECKED BY DATE
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Golder Associates Ltd. - Burnaby Laboratory 
Unit 300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2


Project No.: Client: Borehole: SURBH17-07
Sch No.: Project: Sample:
Lab Work: Location: Depth (m): 48.16 - 48.77


Machine: Initial Final Initial Final
Mach No. Height (mm) = 22.49 19.31 131.27 123.14


Ring No. Diameter (mm) = 63.54 63.54 95.32 95.32


Drainage: Area (cm2) = 31.71 31.71 w (%) = 37.72 29.19


Volume (cm3) = 71.31 61.23 e    = 1.095 0.798


ρwet  (kg/m3) = 1841 2011


ρdry (kg/m3) = 1337 1557
ASTM Method: Gs = 2.80 Assumed S (%) = 96 100


Method for Cv : Hs (mm) = 10.74
  Havg :


Time Increment: Liquid Limit:
Plastic Limit:


N/A Plasticity Index:
Soil Classification:


t 90


(min)


1 5 0.08 22.42 0.33 11.68 1.088


2 12 0.18 22.26 1.03 11.52 1.073 8 1.08 11.17 47.04 3.7E-04 3.6E-08


3 24 0.23 22.05 1.94 11.32 1.054 18 1.06 11.08 38.07 4.6E-04 3.5E-08


4 48 0.30 21.79 3.13 11.05 1.029 36 1.04 10.96 24.08 7.0E-04 3.5E-08


5 96 0.39 21.42 4.77 10.68 0.995 72 1.01 10.80 20.96 7.9E-04 2.8E-08


6 144 0.23 21.22 5.67 10.48 0.976 120 0.99 10.66 19.51 8.2E-04 1.6E-08


7 192 0.16 21.08 6.29 10.34 0.963 168 0.97 10.57 21.58 7.3E-04 9.9E-09


8 287 0.26 20.84 7.33 10.11 0.941 239 0.95 10.48 11.12 1.4E-03 1.6E-08


9 383 0.17 20.70 7.96 9.96 0.928 335 0.93 10.39 11.40 1.3E-03 9.4E-09


10 575 0.31 20.44 9.13 9.70 0.903 479 0.92 10.28 9.52 1.6E-03 1.0E-08


11 766 0.18 20.30 9.72 9.57 0.891 670 0.90 10.19 5.54 2.6E-03 8.8E-09


12 1532 0.76 19.66 12.57 8.93 0.831 1149 0.86 9.99 5.58 2.5E-03 1.0E-08


13 766 -0.23 19.81 11.90 9.08 0.845


14 192 -0.44 20.15 10.42 9.41 0.876


15 48 -0.49 20.59 8.47 9.85 0.917


16 12 -0.47 21.03 6.51 10.29 0.958


Comments: Void Ratio Vs. Stress computed for end of primary consolidation.


Final height measured by LVDT reading.


Description: SILTY CLAY, some sand; grey; cohesive, w>PL.


TESTED BY DATE CHECKED BY DATE


TM February 9, 2018 JK March 1, 2018


One-Dimensional Consolidation Properties of Soils Reference(s)
ASTM D 2435/D 2435M


Parsons Corporation
Pattullo Bridge Replacement Project


1650596/8000
29
TM


29B
New Westminster
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Laboratory Determination of Uniaxial Compressive Strength of Intact
Rock Core Specimens
Summary of Test Results


ASTM D7012 Method C
(5) Single Shear


(1) Simple Extension (6) Spalling


(2) Multiple Extension (7) Other


(3) Multiple Fracturing
(4) Multiple Shear * Wet density based on as received moisture


1


2


3


4


Note:


Test No.2, Sample failed through partial conical and multiple fracturing.


5 27


N/A


N/A32066


Sample broke during preparation.


17.95


12.58


42.39


Rock Type


Stress
σu


(MPa)


6.2


4.3


14.74 93.25-93.40 60.56 124.98 28.80 360.00 826.60 2296 11.12


Volume Mass


(mm) (cm²)


819.20


NW BH17-01


NW BH17-01


NW BH17-01


Dry


Density


(kg/m³)


Moisture


2240 9.93 2038


2 91.19-91.40 60.74 124.40 28.98 360.46 808.60 2243 10.83 2024


1 90.03-90.30


3 92.23-92.40


# # (m) (mm)


60.53 127.09NW BH17-01 28.78 365.71


Failure Mode


December 22, 2017E. KostyukovDecember 21, 2017G. Patton


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


DATECHECKED BYDATE TESTED BY


Sandstone


Sandstone


Mudstone


Lam. Sandstone


3/7


No.
Borehole Sample Depth Dia Ht Area


Note: Alpha 
angle, α, 
measured 
relative to the 
core axis


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


Project No.:


Project:


Location:


Client:


Lab ID No:


1650596/9000


PBRP Phase B Land Site Investigation


Pattulo Bridge - Surrey, BC


Parsons Inc.


448


Failure Modes


Maximum


Load


(kN)


* Wet


Density


(kg/m³) (%)(cm³) (g) Type α (deg)


α







 


Uniaxial Compressive Strength of Intact 
Rock Core Specimens (Method C)


Project No.:


Project: Sample Number:


Location: Depth (m):


Client: Lab ID No:


Max Load (kN) (mm)
(mm)


Stress σu (MPa) (cm²)


(cm³)


Pace Rate (kN/s) (g)


Moisture Content (%)
Lithology (kg/m³)


(kg/m³)


- Water content as received
- Wet density based on as received moisture


Type: Mode:
(1) Simple Extension


α angle: (2) Multiple Extension
(3) Multiple Fracturing


* Degrees measured with respect to core axis. (4) Multiple Shear


(5) Single Shear
(6) Spalling


(7) Other


448


ASTM D7012
1650596/9000 Borehole: NW BH17-01


PBRP Phase B Land Site Investigation 1


Pattulo Bridge - Surrey, BC 90.03-90.30


Parsons Inc.


365.71
819.20


Diameter
Height
Area


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


Testing Results Sample Measurements


60.53
127.09
28.78


G. Patton December 21, 2017 E. Kostyukov December 22, 2017


TESTED BY DATE CHECKED BY DATE


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


BEFORE TEST


AFTER TEST


2038


Failure Mode Notes


5


27


Comments


Dry Density


The impact of any pre-existing feature on the test 
results will be noted in the comments, if 
applicable.


17.95


6.2


0.50


Sandstone
9.93
2240


Volume
Mass 


Wet Density 







 


Uniaxial Compressive Strength of Intact 
Rock Core Specimens (Method C)


Project No.:


Project: Sample Number:


Location: Depth (m):


Client: Lab ID No:


Max Load (kN) (mm)
(mm)


Stress σu (MPa) (cm²)


(cm³)


Pace Rate (kN/s) (g)


Moisture Content (%)
Lithology (kg/m³)


(kg/m³)


- Water content as received
- Wet density based on as received moisture


Type: Mode:
(1) Simple Extension


α angle: (2) Multiple Extension
(3) Multiple Fracturing


* Degrees measured with respect to core axis. (4) Multiple Shear


(5) Single Shear
(6) Spalling


(7) Other


Sample failed through partial conical and multiple fracturing.


ASTM D7012
1650596/9000 Borehole: NW BH17-01


PBRP Phase B Land Site Investigation 2


Pattulo Bridge - Surrey, BC 91.19-91.40


Parsons Inc.


Diameter
Height
Area


Volume
Mass 


10.83


448


Testing Results Sample Measurements


12.58 60.74


BEFORE TEST


Wet Density 
Dry Density


3/7


N/A


Sandstone 2243
2024


Failure Mode Notes


124.40
4.3 28.98


360.46


0.50 808.60


The impact of any pre-existing feature on the test 
results will be noted in the comments, if 
applicable.


Comments


AFTER TEST


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.


Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com


TESTED BY DATE CHECKED BY DATE


Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2


G. Patton December 21, 2017 E. Kostyukov December 22, 2017







 


Uniaxial Compressive Strength of Intact 
Rock Core Specimens (Method C)


Project No.:


Project: Sample Number:


Location: Depth (m):


Client: Lab ID No:


Max Load (kN) (mm)
(mm)


Stress σu (MPa) (cm²)


(cm³)


Pace Rate (kN/s) (g)


Moisture Content (%)
Lithology (kg/m³)


(kg/m³)


- Water content as received
- Wet density based on as received moisture


Type: Mode:
(1) Simple Extension


α angle: (2) Multiple Extension
(3) Multiple Fracturing


* Degrees measured with respect to core axis. (4) Multiple Shear


(5) Single Shear
(6) Spalling


(7) Other


ASTM D7012
1650596/9000 Borehole: NW BH17-01


PBRP Phase B Land Site Investigation 4


Pattulo Bridge - Surrey, BC 93.25-93.40
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Diameter
Height
Area


Volume
Mass 


11.12


448


Testing Results Sample Measurements


42.39 60.56


BEFORE TEST


Wet Density 
Dry Density


3


N/A


Lam. Sandstone 2296
2066


Failure Mode Notes


124.98
14.7 28.80


360.00


0.50 826.60


The impact of any pre-existing feature on the test 
results will be noted in the comments, if 
applicable.


Comments


AFTER TEST


The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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This technical memorandum presents the results of measurements carried out by Golder Associates Ltd. (Golder) 
during Standard Penetration Testing (SPT) as a part of Phase B geotechnical investigation for the Pattullo Bridge 
Replacement project.  


The energy measurements were carried out in accordance with ASTM Standard Designation D4633-16. The Force 
Velocity method (EFV) specified in the standard was used to compute the energy that was delivered to the 
sampling rods during testing with SPT hammer.  


 


1.0 INTRODUCTION 
Golder carried out the energy measurements at Borehole NW BH17-04 on 30 November 2017 and at Borehole 
SUR BH17-05 on 6 December 2017. An automatic trip SPT hammer mounted on a HT-750 drilling rig was used 
for sampling at Borehole NW BH17-04 and an automatic trip SPT hammer mounted on a SIMCO 5000 drilling rig 
was used for sampling at Borehole SUR BH17-05. These drilling rigs and hammers supplied and operated by 
Foundex Explorations Ltd. Energy measurements were carried out at four different depths of Borehole NW 
BH17-04 ranging from 3.96 m (13 ft.) to 9.91 m (32 ft. 6 in.) and at five different depths of Borehole SUR BH17-05 
ranging from 11.63 m (38 ft. 2 in.) to 19.25 m (63 ft. 2 in.) below ground surface, respectively.  


 


2.0 INSTRUMENTED ROD AND HAMMER 
An instrumented 0.6 metre (2 ft.) long AW rod and NW rod sub-assemblies were used in the energy 
measurements. AW rod was used at Borehole NW BH17-04 (Photo 1) and at first three depths (11.63 m to 
14.68 m) of Borehole SUR BH17-05. NW rod was used at Borehole SUR BH17-05 from depth of 17.73 m to 
19.25 m as shown in Photo 2. The sub-assembly was instrumented with two strain gauges and two 
accelerometers. The piezo-resistive type accelerometers that were used in the energy measurements are capable 
of measuring the high accelerations in the drill rods during testing. A Pile Driving Analyzer (PDA-8G version 
2015-10) unit was used to record strains and accelerations for every blow.  
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Photo 1 below shows the automatic trip hammer on top of sampling rod and instrumented AW rod at 
Borehole NW BH17-04. 


 
Photo 1: Instrumented AW subassembly at Borehole NW BH17-04 


Photo 2 below shows the automatic trip hammer on top of sampling rod and instrumented NW rod at Borehole SUR 
BH17-05. 


 
Photo 2: Instrumented NW subassembly at Borehole SUR BH17-05 
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3.0 ENERGY MEASUREMENTS & ETR CALCULATIONS 
The energy transfer ratio (ETR) (i.e., efficiency) was computed based on the maximum energy transferred to the 
sampling rod (EFV) and theoretical maximum potential energy (PE). The following equation is used to calculate 
the ETR: 


ETR = EFV / PE 


The energy transferred to the sampling rod (EFV) was calculated using the time-varying functions of measured 
force, F(t) and Velocity, v(t) as shown in the equation below: 


EFV = max [ F(t) v(t) dt] 


For the SPT, the maximum potential energy (PE) is taken as 0.47 kNm, which is equivalent to a 0.62 kN (140 lbs) 
of hammer weight falling a distance of 0.76 m (30 inches).  


 


4.0 SUMMARY OF THE RESULTS 
 
Table 1 and Table 2 summarize the results of energy measurements including blow counts, statistical average, 
and standard deviation of ETR, and the maximum of ETR computed for the SPT hammer at Borehole NW BH17-04 
and Borehole SUR BH17-05, respectively. Figure 1 and 2 show the variation of energy transfer ratio (ETR) with 
blow numbers at each depth for testing with SPT hammer at Borehole NW BH17-04 and Borehole SUR BH17-05, 
respectively.  


 
Table 1: Standard Penetration Testing (SPT) – Results at Borehole NW BH17-04  


Depth Range Blow Counts Energy Transfer Ratio (ETR) (%) 


(ft) (m) (for 6 in.) Average Std. Dev. Maximum 
13.0 - 13.8 3.96 – 4.20 52/50(a) 83.1 2.3 87.1 
17.5 – 18.0 5.33 – 5.47 84 82.2 1.9 87.3 
22.5 – 22.9 6.86 – 6.97 51(b) 84.8 2.2 93.4 
32.5 – 32.7 9.91 – 9.97 51(c) 86.3 1.9 90.8 


(a) Refusal with 50 blows for the last 3.5 inches 
(b) Refusal with 51 blows for the first 4.5 inches 
(c) Refusal with 51 blows for the first 2.5 inches 
 


Table 2: Standard Penetration Testing (SPT) – Results at Borehole SUR BH17-05  
Depth Range Blow Counts Energy Transfer Ratio (ETR) (%) 


(ft) (m) (for 6 in.) Average Std. Dev. Maximum 
38.2 – 40.2 11.63 – 12.24 6/10/11/13 81.4 3.4 88.6 
43.2 – 45.2 13.16 – 13.77 3/4/4/5 83.1 3.2 88.9 
48.2 – 50.2 14.68 – 15.29 7/9/7/8 82.4 3.5 90.7 


58.2 – 60.2(d) 17.73 – 18.33 6/14/17/19 79.6 3.3 84.5 
63.2 – 65.2(d) 19.25 – 19.86  9/16/20/24 81.4 3.2 87.6 


 (d) NW rod was used for energy measurement testing. AW rod was used for other energy measurement tests.   
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5.0 CLOSURE 
We trust that this memorandum provides adequate information for your immediate purposes. Should you have 
any questions or comments, please contact us. 


GOLDER ASSOCIATES LTD. 


 


 


 


Sentheepan Thiru, MASc, EIT M. (Yogi) Yogendrakumar, PhD, PEng 
Junior Geotechnical Engineer Principal, Senior Geotechnical Engineer 
 
ST/MY/asd 
 


Attachments: Figure 1 – Energy Transfer Ratio, (ETR) – SPT Hammer at NW BH17- 04  
Figure 2 – Energy Transfer Ratio, (ETR) – SPT Hammer at SUR BH17- 05 
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