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1.0 INTRODUCTION  

This report summarizes the geotechnical exploration work and preliminary design 
recommendations given to date for the 30% design stage of the New Westminster Park 
project.  Previous reports by Trow Associates Inc. included: 

• Review of Geotechnical Considerations, Proposed Waterfront Park between 6th 
Street and Elliot Street, New Westminster, BC, dated February 16, 2009; and, 

• Seismic Study – Proposed Waterfront Park between Sixth Street and Elliot 
Street, New Westminster, BC dated June 16, 2009. 

Attached are Plans and Sections based on available information to date.  Borehole logs 
from previous and the results from recent field explorations are given in Appendices A 
and B.  

2.0 SITE AND PROPOSED DEVELOPMENT 

The existing site is shown on the attached Drawing, Test Hole Location Plan, Figure 1A.  
Proposed construction is shown on the attached Project Master Plan (PMP).  

In general, the scheme proposes to demolish all existing timber decks keeping only the 
steel sheet pile in Area B.  Decks will be re-built following the PMP supported on steel 
pipe piles.  Water edges will be improved for fish habitat where possible and underwater 
river edge slopes will be protected with riprap.  Minor park buildings will be constructed 
at the projected ends of Sixth Street and Fourth Street.  A 3 to 4m high berm and 
retaining wall will be built along the north property line to act as both a screen and a 
flood water dyke. 

3.0 GEOTECHNICAL EXPLORATION 

Subsequent to previous geotechnical explorations, a supplemental excavation was 
carried out over the existing over-water deck areas.  The work consisted of six (6) sonic 
drill holes taken down into the compact underlying subsoil.  Cone Penetration Tests 
(CPT) were attempted at each sonic hole but were only partially successful despite 
drilling out at several locations due to encountering gravel and cobbles.   

Samples were taken and returned to the laboratory for identification and index tests.  All 
holes were continuously inspected by Trow Associates personnel. 

The results are shown on the borehole logs including laboratory tests. 

4.0 SUBSOIL CONDITIONS 

The upland part of the existing site consists entirely of FILL of varying origin in the order 
of 10m deep.  Buried piling, bulkheads, decks and debris exist in the land area 
particularly in Area A.  Much of the water area is covered by timber pile supported decks 
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in varying stages of repair. 

For purposes of this report, the subsoil can be generalized into three categories. 

Table 1.  Generalized Subsoil Profile 

Soil 
Unit 

Thickness 
(m) Description 

A 3 to 11 

Surficial layer of loose FILL covering the entire site, north 
and south of the existing bulkhead and including loose sand 
and gravel, silt, woodwaste, occasional boulders, concrete, 
bricks - Loose to compact. 

B 6.5 to 9 

Grey, non-plastic SILT, sandy SILT. 
Grey silty SAND and GRAVEL, gravelly silty SAND, SAND, 
occasional cobbles and boulders – loose to compact. 
Generally dense near the bottom of this unit. 

C1 > 8 m 
Grey silty SAND & GRAVEL, some cobbles and boulders 
TILL-LIKE – dense to very dense extending to depth of 
excavation. 

C2 > 8 m 

Grey SILT, with angular rock, trace to some clay, 
occasional fine sand seams, scattered gravel, cobbles 
extending to the depth of investigation - very stiff to hard. 
Generally encountered under thin TILL-LIKE upstream of 4th 
Street end – see Sections.  

Unit A: This FILL unit extends on either side of the bulkhead, which appears to be a 
divider with regard to thickness and soil type forming this layer.  North of the 
bulkhead (landside) it includes a surficial layer of fine to medium SAND 
overlying grey sandy SILT and occasional layer of hog fuel mixture.  Thickness 
of this layer is greatest next to the bulkhead, decreasing somewhat to the 
north.  Also, the thickness of this unit appears to decrease somewhat from west 
to east.  Fill quality in the land side of Area B (north of bulkhead) were found to 
be of better quality than Area A. 

South of the bulkhead (waterside) and below the existing wharf structure, the 
surface of this layer appears to be quite variable with a moderate slope down 
from north to south.  We expect that the upper portion of this layer contains a 
layer of rip-rap; however, the extent and gradation is unknown.  Loose to 
compact, interlayered, SAND to SAND and GRAVEL, some silt form the lower 
portion of this unit. 

The loose sand layers below the water table and within this unit are considered 
to be susceptible to liquefaction under a major seismic loading.  Further 
discussion on seismic considerations, subsoil liquefaction and its effects are 
discussed later.  
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Unit B: This unit is variable in consistency and density and includes SAND, silty SAND, 
sandy SILT with gravel, cobbles and occasional boulders.  The surface of this 
unit appears to be irregular and generally located at depths greater than 7.5m 
below existing site grades north of the bulkhead and the depth generally 
increases from north to south (i.e., towards the river). 

Unit C: This unit is likely of pre-glacial sediment origin (TILL-LIKE) which includes a 
grey very stiff to hard SILT, trace to some clay with occasional gravelly or 
sandy layers commencing at about El. -20m (see Sections D, E, and F in 
Figures A2 and 2B). Test hole information indicates that the surface of this unit 
generally dips down from east to west, and north to south. 

Groundwater 

Groundwater levels measured in the test holes, north of the bulkhead, varied in elevation 
from 0 to +2.0m, geodetic.  Water levels within the site are controlled by levels in the 
nearby Fraser River, which generally has highest water levels during the freshet flows 
between May and July.  Exceptionally high levels were measured during freshet flows in 
the New Westminster area in 1894 (El. +3.6m) and in 1948 (El. +3.4m).  The 200 year 
flood level is El. 4.0m, based on information provided. 

5.0 SEISMIC ANALYSIS 

The preliminary report on this site (Seismic Study, Proposed Waterfront Park, Trow 
Associates Ltd., June 16, 2009) concluded that there was a significant extent of subsoil 
liquefaction and ground movement including flow slide potential for the 1:475 and 1:2475 
year seismic events. 

Supplemental exploration by sonic drill holes and CPT (where possible) confirmed that 
the above conclusion in both the upland and over-water deck areas.  A preliminary 
estimate of the estimated bottom of liquefiable deposits is shown on the Section 
Drawings 2A and 2B and as contours on Plan Drawing 1B.  The estimated thickness of 
potentially liquefiable deposits is shown on Plan Drawing 1C.  

6.0 PRELIMINARY RECOMMENDATIONS 

6.1 Seismic Review and Densification  

The requirements for seismic design are as follows: 

• Park areas supporting building structures are to be designed to resist the 1:2,475 
year seismic event as specified by the BC Building Code (BCBC) 2006. 

• Park areas with decks, walkways, water edges, etc., supporting no building 
structures are to be designed as specified by the “Authority having Jurisdiction”.  
This could range from resisting the 1:2,475 year seismic event, the 1:475 year 
seismic events to no seismic resistance at all depending on the area under 
consideration.  
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As previously proposed, only the upland areas of the Park at Sixth Street and Fourth 
Street are indicated to have building structures requiring to be designed to resist the 
1:2,475 year seismic event.  

Upland Areas 

Densification of these areas can be carried out using untreated timber compaction piles 
driven to the bottom of the indicated liquefiable zone and cut off approximately 1m below 
grade.  Alternatively, during the Design Phase, the use of compaction sand piles or 
bottom feed Vibroreplacement can be reviewed.  The principal concerns are: 

i. To minimize potential interference with environmental remediation 
procedures; 

ii. To avoid damage to the existing sheet pile wall tiebacks and deadman; 

iii. To obtain adequate densification of variable fill material with obstructions, 
coarse material and potential voids. 

All densification methods will need test sections to confirm appropriate spacing of probes 
and construction procedures.  Note that densification on the north side adjacent to the 
property line will need monitoring to avoid possible settlement of the existing rail lines.  
For preliminary budget cost estimates, probe spacing (in triangular mode) can be taken 
as follows: 

 Seismic Design Event 

 1:475 
(m on centre) 

1:2,475 
(m on centre) 

Untreated Timber Piles 1.2 (4’) 1.1 (3.5’) 

Compaction Sand Piles 1.8 (6’) 1.5 (5’) 

Bottom Feed Vibroreplacement 2.7 (9’) 2.4 (8’) 

Deck Areas (over water) 

Since the existing decks are supported on timber piles, generally at 2.4m (8’) centres, 
the initial scheme would be to drive untreated timber compaction piles between the 
existing timber piles giving an approximate 1.2m (4’) spacing that should achieve 
sufficient seismic resistance against a 1:475 year seismic event.  Windows would need 
to be left for the structural steel pipe piles proposed for the new reinforced concrete 
deck.  It would be important to cut off or break off (not pull out) the existing timber piles 
during demolition of the existing deck in order to maintain the subsoil compaction.  
Alternative procedures could be considered during the Design Phase to minimize 
construction problems.  

It should be noted that the proposed new steel pipe piles (400-450mm dia., 16-18 inch 
dia.) would not survive the lateral load from liquefied soil under the deck flowing towards 
the river during a design seismic event.  
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6.2 Piling Design 

It has been proposed to use 400-450mm (16-18 inch) dia. pipe piles with wall thickness 
12.5mm to support a reinforced concrete deck and walkways over the river.  The pile 
diameter is restricted by construction procedure requirements in the river from FREMP.  

The subsoil exploration indicates that open-end steel pipe piles would likely drive to 
variable depths in the underlying compact to dense silty SAND and GRAVEL/TILL-LIKE 
soil.  Actual depths to the compact subsoil vary significantly along the length of the Park 
ranging from about 15 to 25m below deck level (El. ± 3.5m) along the outside edge – 
see Sections.  In general, the dense subsoil level slopes up towards the upland. 

For preliminary design and budget cost estimates, geotechnical pile capacity can be 
taken as follows for open-end concrete filled piles embedded into the underlying dense 
bottom deposits, 

Factored Geotechnical Resistance =  RN  x Φ 
  =  approx. 2,000 kN x 0.5 (assumes PDA testing) 
 = 1,000 kN (nominal) 

Assuming minimum pile wall thickness 12.5mm (0.5”), a minimum hammer energy of 
approximately 100 kJ (75,000 ft-lbs) would be required.  

Layout of the new pipe piles under the existing deck would need review to avoid 
problems with the existing timber piles that are to remain in place.  

A preliminary review of piling support for the proposed over-water decks and walkways 
was carried out to determine a nominal design capacity (GER) for the proposed 0.406 
dia. x 12.5mm wall pipe piles.  The ultimate axial capacity was calculated based on 
available results from the subsoil exploration and information from a pile load test on a 
24 ins. dia. octagonal (hollow) pre-stressed concrete pile carried out in Area B for a 
previous project in 1988.  

Two main aspects of the design will need further review which would probably be best 
handled by carrying out a number of pile driving tests with Pile Driving Analyser (PDA) 
testing at the critical areas of the site at the beginning of construction. 

i. At the outside edge of the dock (south side), the overburden soil covering the 
dense SAND & GRAVEL/TILL-LIKE bearing deposits is relatively shallow.  To 
achieve adequate capacity and sufficient restraint for lateral movement 
(especially on the walkways), the piles would need to be driven to sufficient 
depth into the dense bottom deposits.  This could be confirmed by the 
proposed PDA field pile driving tests.  For preliminary budget estimates, 
assume 3m embedment into the dense bottom deposits.  

ii. Upstream of the 4th Street extension, the soil exploration indicates that a very 
stiff to hard clayey SILT with scattered sand and gravel constitutes much of 
the dense bottom deposits – see Sections D, E and F.  Consequently, pile 



Geotechnical Factual Report and Seismic Analysis – 30% Design Stage  April 9, 2010 
New Westminster Waterfront Park Master Plan Trow Ref. 101-03037 
 

6 
 

 

capacity could be reduced especially along the outside (water) deck edge 
without very long piles.  At this stage, some cost allowance should be made 
for this area until the results of the PDA field pile driving tests become 
available.  

Pile design was based on certain embedment depth; scouring protection may be 
required to maintain pile capacity.  

Lateral capacities of the piles are dependent on pile embedment, which would need to 
be assessed during design stage.   

6.3 Park Construction 

A proposed back wall along the north property line (± 3-4m height) could be constructed 
using Lock-Block with geogrid or different types of proprietary walls, e.g., DeltaLok which 
would give a more aesthetic finish.  Backfill can be granular adjacent to the wall  (i.e., 
within a zone equal to height of wall) and the remainder  could consist of excavated 
material or whatever is suitable for park design lightly compacted or run in with 
equipment in dry weather. Less permeable silty backfill can be used where suitable to 
provide a river barrier (dyke) during flood conditions.  

Some of the upland areas (Area A) appear to have been filled over old decks and piling 
with possible voids remaining.  Also, along the waterfront there are indications of 
sizeable pieces of abandoned machinery, tanks, logs, old piles, etc.  which could 
interfere with the long-term performance of the Park.  Investigation, removal and backfill 
should be carried out where appropriate. 

Those areas of the Park where there are walkways, garden walls, slab-on-grade, etc., 
should be over-excavated and backfilled with compacted granular fill to reduce potential 
settlement problems in the future.  

Proposed water edges, e.g., at fish habitat areas (Area A), and areas where the existing 
water edge is north of the property line (i.e., Area C) will need review.  

7.0 CLOSURE 

This report was prepared for the exclusive use of WorleyParsons Westmar, the City of 
New Westminster and their designated consultants/agents, and may not be used by 
other parties without written consent of Trow Associates Inc.  The attached 
“Interpretation & Use of Study and Report” forms an integral part of this report and must 
be included with any copies of this report.   





 

INTERPRETATION & USE OF STUDY AND REPORT 
 
1. STANDARD OF CARE 
 
This study and Report have been prepared in accordance with generally accepted engineering consulting practices in this area.  No other warranty, 
expressed or implied, is made.  Engineering studies and reports do not include environmental consulting unless specifically stated in the engineering 
report. 
 
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 us by the Client, communications between us and the 
Client, and to any other reports, writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of 
which 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.  WE CANNOT BE RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE 
REPORT WITHOUT REFERENCE TO THE WHOLE REPORT. 
 
3. BASIS OF THE REPORT 
 
The Report has been prepared for the specific site, development, building, design or building assessment objectives and purpose that were described 
to us by the Client.  The applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the document are 
only valid to the extent that there has been no material alteration to or variation from any of the said descriptions provided to us unless we are 
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 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 OUR WRITTEN CONSENT.  WE WILL CONSENT TO ANY 
REASONABLE REQUEST BY THE CLIENT TO APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS”.  The 
contents of the Report remain our copyright property and we authorise only the Client and Approved Users to make copies of the Report only in such 
quantities as are reasonably necessary for the use of the Report by those parties.  The Client and Approved Users may not give, lend, sell or 
otherwise make the Report, or any portion thereof, available to any party without our written permission.  Any use which a third party makes of the 
Report, or any portion of the Report, are the sole responsibility of such third parties.  We accept no responsibility for damages suffered by any third 
party resulting from unauthorised use of the Report. 
 
5. INTERPRETATION OF THE REPORT 
 
a. Nature and Exactness of Descriptions: Classification and identification of soils, rocks, geological units, contaminant materials, building 

envelopment assessments, and engineering estimates 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 and even comprehensive sampling and 
testing programs, implemented with the appropriate equipment by experienced personnel, may fail to locate some conditions. All 
investigations, or building envelope descriptions, utilizing the standards of Paragraph 1 will involve an inherent risk that some conditions 
will not be detected and all documents or records summarising 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 all persons making use of such 
documents or records should be aware of, and accept, this risk.  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.  Where 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 us.  We have relied in good faith upon 
representations, information and instructions provided by the Client and others concerning the site.  Accordingly, we cannot accept 
responsibility for any deficiency, misstatement or inaccuracy contained in the report as a result of misstatements, omissions, 
misrepresentations or fraudulent acts of persons providing information. 

 
c.  To avoid misunderstandings, Trow Associates Inc. (Trow) should be retained to work with the other design professionals to explain relevant 

engineering findings and to review their plans, drawings, and specifications relative to engineering issues pertaining to consulting services 
provided by Trow.  Further, Trow should be retained to provide field reviews during the construction, consistent with building codes 
guidelines and generally accepted practices.  Where applicable, the field services recommended for the project are the minimum 
necessary to ascertain that the Contractor’s work is being carried out in general conformity with Trow’s recommendations.  Any reduction 
from the level of services normally recommended will result in Trow providing qualified opinions regarding adequacy of the work. 

 
6.0 ALTERNATE REPORT FORMAT 
 
When Trow submits both electronic file and hard copies of reports, drawings and other documents and deliverables (Trow’s instruments of 
professional service), the Client agrees that only the signed and sealed hard copy versions shall be considered final and legally binding.  The hard 
copy versions submitted by Trow shall be the original documents for record and working purposes, and, in the event of a dispute or discrepancy, the 
hard copy versions shall govern over the electronic versions.  Furthermore, the Client agrees and waives all future right of dispute that the original hard 
copy signed version archived by Trow shall be deemed to be the overall original for the Project. 
 
The Client agrees that both electronic file and hard copy versions of Trow’s instruments of professional service shall not, under any circumstances, no 
matter who owns or uses them, be altered by any party except Trow.  The Client warrants that Trow’s instruments of professional service will be used 
only and exactly as submitted by Trow. 
 
The Client recognizes and agrees that electronic files submitted by Trow have been prepared and submitted using specific software and hardware 
systems.  Trow makes no representation about the compatibility of these files with the Client’s current or future software and hardware systems. 
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Appendix A 
Previous Borehole Logs 

Trow Associates Inc. 
AH09-3 to -5 

CPT09-03, -04, -06 

Macleod Geotechnical 
 BH88-100 to -102 and -201 

BH88-1 to -3 
AH88-1 to -3, -5, -6 

BDT88-1, -2 

Associated Geotechnical Consultants 
PT82-9, BH81-4 
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Appendix B 
Supplementary Borehole Logs 

Trow Associates Inc. 
TH10-01 to -07 

CPT10-01, -04 to -07 

























Job No: 10-033
Client: Trow Associates Inc.
Project: Front Street on the wharf, New Westminster
Date: February 15th to February 18th, 2010

Northing Easting

CPT10-01 033CP01 02/15/10 274:T1500F15U500 -6.3* 9.05 5.15 5450132 506997

CPT10-02 033CP02 02/16/10 274:T1500F15U500 -6.3 9.15 9.55 5450195 507073

CPT10-03 033CP03 02/16/10 274:T1500F15U500 -13.3 17.10 4.65 5450193 507080

CPT10-04 033CP04 02/17/10 276:T1500F15U500 -0.7 4.60 7.10 5450084 506940

CPT10-05 033CP05 02/17/10 276:T1500F15U500 3.7 over land 15.30 5449962 506802

CPT10-06 033CP06 02/18/10 276:T1500F15U500 -7.8 10.40 3.40 5450303 507179

CPT10-07 033CP07 02/18/10 276:T1500F15U500 -2.4 4.90 4.45 5450372 507208
Note: Hydrostatic condition assumed for interpretation tables and based on pore pressure dissipations.
* Estimated Phreatic Surface based on dynamic pore pressure response.

CPT Sounding

CPT SUMMARY
Depth from Wharf 

to Mudline (m)
Coordinates UTM 10U (m)Final Depth below 

Mudline (m)
Assumed Phreatic 

Surface (m)
ConeDateFile Name



The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Trow Associates Inc.
Job No: 10-033
Date: 02:15:10  11:07
Site: Front Street on the wharf, New Westminster

Sounding: CPT10-01
Cone: 274:T1500F15U500

Max Depth:   5.150 m /   16.90 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m

File: 033CP01.COR
Unit Wt: SBT Chart Soil Zones

SBT: Lunne, Robertson and Powell, 1997
Coords: UTM 10U N: 5450132m  E: 506997m 
Page No: 1 of 1

Undefined

Sand

Silty Sand/Sand

Sand
Sandy Silt

Refusal Refusal Refusal Refusal

DRILLED OUT DRILLED OUT DRILLED OUT DRILLED OUT

MUDLINE



The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Trow Associates Inc.
Job No: 10-033
Date: 02:16:10  09:06
Site: Front Street on the wharf, New Westminster

Sounding: CPT10-02
Cone: 274:T1500F15U500

Max Depth:   9.550 m /   31.33 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m

File: 033CP02.COR
Unit Wt: SBT Chart Soil Zones

SBT: Lunne, Robertson and Powell, 1997
Coords: UTM 10U N: 5450195m  E: 507073m 
Page No: 1 of 1
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Trow Associates Inc.
Job No: 10-033
Date: 02:16:10  13:48
Site: Front Street on the wharf, New Westminster

Sounding: CPT10-03
Cone: 274:T1500F15U500

Max Depth:   4.650 m /   15.26 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m

File: 033CP03.COR
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SBT: Lunne, Robertson and Powell, 1997
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Job No: 10-033
Date: 02:17:10  08:58
Site: Front Street on the wharf, New Westminster

Sounding: CPT10-04
Cone: 276:T1500F15U500

Max Depth:   7.100 m /   23.29 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Job No: 10-033
Date: 02:17:10  13:00
Site: Front Street on the wharf, New Westminster

Sounding: CPT10-05
Cone: 276:T1500F15U500

Max Depth:  15.300 m /   50.20 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m

File: 033CP05.COR
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Coords: UTM 10U N: 5449962m  E: 506802m 
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Trow Associates Inc.
Job No: 10-033
Date: 02:18:10  08:55
Site: Front Street on the wharf, New Westminster

Sounding: CPT10-06
Cone: 276:T1500F15U500

Max Depth:   3.400 m /   11.15 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Job No: 10-033
Date: 02:18:10  12:01
Site: Front Street on the wharf, New Westminster

Sounding: CPT10-07
Cone: 276:T1500F15U500

Max Depth:   4.450 m /   14.60 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.200 m
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