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Main Office: 155 George Street, Prince George, BC V2L 1P8 
Telephone: 250-960-4400 / Fax: 250-562-8676 

Toll Free: 1-800-667-1959 / 
http://www.rdffg.bc.ca 

 
 
May 24, 2019 

 
ADDENDUM No. 4 

 
Invitation to Tender CS-19-04 

SUPPLY AND INSTALLATION OF ANTENNA TOWER 
 

The addendum is being issued prior to the closing of the Invitation to Tender (ITT) to provide further 
information, make changes to, or to clarify the ITT Documents and is to be read, interpreted and coordinated 
with all other parts of the ITT Documents. In the case of a conflict with the balance of the documents, this 
Addendum shall govern. Proponents shall attach a signed copy of this addendum to their tender 
submission, failure to do so may result in a non-compliant tender.  This addendum shall form part of the 
Contract Documents. 
 
 
This addendum is being provided in clarification to ITT CS-19-04 released April 23, 2019.   

 
The Regional District of Fraser-Fort George has had a Geotechnical Site Assessment done for the 
property where the antenna will be located.  The Geotechnical Site Assessment is attached to this 
addendum. 
 
 
 
 
 
I/We hereby verify that we have considered this addendum in our tender submission. 
 
     
Tenderer’s Signature  Date 
 
 
All inquiries relating to ITT CS-19-04 must be emailed to: 

Melanie Perrin, Manager Public Safety Operations 
mperrin@rdffg.bc.ca 
 

 



TECHNICAL MEMO 

12-556 North Nechako Road
Prince George, BC
V2K 1A1

Tel 250 561 2229 
Fax 855 407 3895 
www.McElhanney.com 

To 
Murray Scott, Public Safety Coordinator 

From 
Shiloh Carlson, P.Eng., Geotechnical Engineer 

Company 
Regional District Fraser Fort George 

Branch
2341- Prince George, BC 

Re 

Geotechnical Site Assessment, Opie Crescent Tower 

Date 
May 24, 2019 

File Number 
2341-02812-00 

1. INTRODUCTION
On behalf of the Regional District of Fraser-Fort George (the Client), McElhanney Ltd. (McElhanney) has 
prepared this technical memo to provide a summary of the geotechnical assessment and recommendations for 
the preliminary design of a communications tower to be constructed at 3790 Opie Crescent (the Site). The 
existing site is currently a fenced off area that is adjacent to the British Columbia Ambulance Service located on 
3754 Opie Crescent, Prince George, BC. The purpose of the geotechnical assessment was to assess the 
subsurface conditions and provide geotechnical recommendations for preliminary design for the proposed tower 
development that is understood to be a free-standing tower, slab on grade or mat foundation on the property. It is 
understood that this technical memo will be provided as part of a tender package for the tower design and 
construction. Once the tower configuration has been determined it should be reviewed by a geotechnical engineer 
to assess if further analysis or recommendations are required.   

The results of the geotechnical assessment, analysis, as well as preliminary recommendations on geotechnical 
aspects of site development and foundation design and construction, are provided in this technical memo. 

Authorization to proceed was provided by the Client, via email on April 18, 2019.  This technical memo is subject to the 
appended Statement of Limitations – Geotechnical Services. 

McElhanney has completed this geotechnical assessment in general accordance with our letter proposal dated April 12, 
2019 (2341-02812-99). In conducting the geotechnical assessment and submitting this memo, McElhanney has: 

• Completed a desktop review of publicly available data including surficial geology, bedrock, water well
records, seismic hazard;

• Performed a field assessment including two (2) boreholes;

• Completed laboratory testing on select soil samples; and,

• Prepared this memo summarizing the results of the geotechnical assessment and preliminary
geotechnical recommendations for the design and construction of the proposed development.

The study area (red outline) is shown in Figure 1. 
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Figure 1: Site Location (image from Google Earth) 

2. PROJECT AND SITE DESCRIPTION 
The proposed site for the construction of a tower at 3790 Opie Crescent is located approximately 125 meters to 
the northeast of the intersection of Opie Crescent and Ospika Boulevard. Based on preliminary development 
plans communicated by the Client, the proposed development is the construction of a tower base estimated to be 
20 sq. ft that a free-standing tower will be placed on. Conceptual plans for the tower (height and/or loading) where 
not available at the time of preparation of this report. Currently the site for the tower is an undeveloped property 
that has been cleared of existing vegetation.  

Based on a review of published information, the site area is mapped as alluvial deposits. The alluvial deposits 
comprise mainly of sand and gravel (Surficial Geology of Price George, Map 3-1969, Geological Survey of 
Canada, 1969). Review of the BC government online water well database (imapBC) indicated a water well located 
northwest of the Site on Ogilvie Street. The water well lithology was recorded as till to 13.7 m, sand and gravel to 
18.3 m, underlain by bedrock to termination of the well at 73.2 m. The static water level was recorded at 30.5 m. 
In general, the soil encountered during the drilling assessment consisted of coarse sand and gravel to a depth of 
10 m and are further described in the Section 4.  The published map and well information in the area is consistent 
with our experience with other projects in close proximity to the subject site.  

3. FIELD ASSESSMENT 
The geotechnical field assessment was carried out on April 26, 2019, and comprised of two (2) boreholes, with 
locations depicted on the site plan found in Attachment A. Prior to drilling the a CMH Underground Utilities Ltd of 
Prince George, BC, submitted a BC One Call and scanned the locations including a buffer around each proposed 
location. The boreholes were drilled by Geotech Drilling Ltd. of Prince George, BC under the direction of 
McElhanney’s field personnel. The boreholes where completed with a Fraste Odex drill rig, to depths of 5.0 and 

Study Area 
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10.0 meters below ground surface (mbgs). Following completion, the boreholes were backfilled with drill cuttings 
and bentonite chips to ground surface. 

The subsurface conditions encountered in each borehole were observed and recorded by a McElhanney 
representative. Detailed borehole logs have been included in Attachment B. The soils observed in the field were 
classified in accordance with the Modified Unified Classification System for Soils (MUSCS). The borehole 
locations were taken with a handheld GPS unit after completion. Soil samples where collected every 1.5 m from 
the sampler during Standard Penetration Testing (SPT). 

Upon completion of the field program, soil samples where submitted to McElhanney’s Laboratory in Prince 
George, BC. Select soil samples were submitted for index testing including moisture content and sieve analysis. 
The laboratory testing results are summarized on the borehole logs and the laboratory test reports in Attachment 
C. Additional samples where submitted to Golder Associates Ltd. (Golder) for pH. water-soluble sulphate and soil 
resistivity testing and are also included in Attachment C. 

Select photographs taken during the geotechnical assessment are included in Attachment D.  

4. SOIL AND GROUNDWATER CONDITIONS 
A summary of the subsurface conditions observed at the borehole locations are provided in Table 1. The detailed 
borehole logs are included in Attachment B. All depths provided in this section are referenced from the existing 
ground surface at the time of the field investigation.  

In general, a top dressing of organics overlying granular native soils were encountered in both boreholes. 

Table 1: Summary of Boreholes 

TEST LOCATION END OF HOLE (m) 

SOIL UNIT (mbgs) 
GROUNDWATER 

SEEPAGE (m) 
ORGANICS GRANULAR SOILS 

BH19-01 10.0 0-0.51 0.5-10.0+ - 

BH19-02 5.0 0-0.3 0.3-5.0+ - 

Note: 
1. Although the location of BH19-01 was previously cleared of the surficial organic mat, isolated organics and woody debris was 

encountered up to approximately 0.5 m depth.  
  

Organics: Approximately 30 mm of organics were encountered in BH19-02. Isolated organics and woody debris was 
observed in BH19-01 to about 0.5 mbgs.  

Gravel and Sand: loose to compact, gravelly sand and/or sand and gravel. The granular soils had occasional 
cobbles, trace fines (silt and clay), brown in colour and damp. Representative soil samples from the on-site soils 
were submitted for moisture and sieve analysis.  Laboratory testing results are summarized in Table 2. 

  



TECHNICAL MEMO     

 
 
Re: Opie Crescent – Geotechnical Assessment | 2341-02812-00 
To: Regional District of Fraser Fort George 

 
Page 4  

 

Table 2: Summary of Gradation Results 

TEST 
LOCATION SAMPLE (DEPTH) MOISTURE 

CONTENT (%) 

GRADATION (%) SOIL 
CLASSIFICATION 

(MUSCS) GRAVEL SAND FINES (SILT 
AND CLAY) 

BH19-01 SPT03 (2.9 m - 3.5 m) 3.2 82 17 1 GW 

BH19-02 SPT01B (0.3 m – 0.6 m) 7.4 47 46 7 GP-GM 

 
No groundwater seepage was observed in the boreholes at the time of drilling. Note that groundwater monitoring 
instrumentation was not installed as part of the current scope of work. 

5. DISCUSSION AND RECOMMENDATIONS 
The geotechnical recommendations provided in this report are based on the understanding of proposed 
preliminary development plans and site location as described above.  It is recommended that once the conceptual 
development design has been completed or any changes to the proposed development or site location should be 
brought to the attention of McElhanney to assess the applicability of the recommendations provided herein and/or 
recommendations for further geotechnical study be provided if required.  

Based on our project understanding and the findings of this geotechnical assessment, the Site appears to be 
suitable for proposed tower development from a geotechnical perspective with consideration of the 
recommendations and discussion provided in this technical memo. The following sections provide preliminary 
discussion and recommendations as input for planning and preliminary design based on the current 
understanding of the proposed tower development. 

5.1 Site Preparation 
Based on the borehole observations, the depth of organic soils to native granular soils appeared to be 0.5 m 
depth. Underlying the upper organics or granular soil with organic matter the native granular material is loose to 
compact, which are considered suitable subgrade for load bearing structures (i.e shallow foundations, grade 
slabs) with the compaction of the subgrade prior to foundation construction.  Any soft/loose and/or otherwise 
unsuitable subgrade areas identified should be sub-excavated and replaced with compacted Engineered Fill or an 
approved alternative to design sub-grade elevation for shallow foundations and other grade-supported portions of 
the development.  

The following general recommendations are provided for subgrade preparation of grade-supported load-bearing 
structures: 

• Remove any existing vegetation, organic soil, fill soils/materials, soft/wet soils, and other deleterious 
materials underlying load-bearing structures to expose the underlying dense native granular soils 
subgrade. Note that the subsurface conditions may vary across the site. Removal of unsuitable soils may 
be required to depths beyond design subgrade depths in some areas not specifically tested.  

• All prepared subgrades should be inspected in the field by a Geotechnical Engineer or their 
representative to confirm that the subgrade conditions are consistent with the design conditions assumed 
in this report. Soil subgrade should be proof-rolled using either a fully-loaded tandem truck or a single-
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drum compaction roller under the direction of the Geotechnical Engineer or their representative to identify 
any loose/soft areas before placement of any Engineered Fill or grade-supported building foundations.  

• Soft, loose, wet, and/or otherwise unsuitable subgrade surfaces can be repaired by sub-excavation and 
replacement with Engineered Fill compacted to 98% Standard Proctor Maximum Dry Density (SPMDD) 
unless otherwise specified in this report (see Section 5.2). To maintain subgrade uniformity, soft area 
repair should be carried out using granular soil of a similar nature to the in-situ subgrade soils.  

• Subject to field review at the time of construction, approved subgrade of any sub-excavations within the 
proposed development limits should be backfilled to design subgrade elevation with approved fill material 
in accordance with the material selection, placement and compaction specifications for Engineered Fill, 
as defined in Section 5.2.  

General site grading fills, if required to raise local site grades, should consist of approved common fill comprising 
clean inorganic granular materials or an approve alternative from approved local or imported sources. Subject to 
surface grading, drainage and settlement tolerances required for site grading design, common fill materials may 
be placed in uniform layers not exceeding 300 mm thickness and compacted to a minimum of 95% Standard 
Proctor Maximum Dry Density (SPMDD) unless otherwise specified in this report. 

5.2 Engineered Fill 
Any fill soil placed to support foundations for structural elements of the development shall be considered 
Engineered Fill. Engineered Fill should consist of well-graded sand and gravel with less than 8% fines (material 
passing the 0.075 mm sieve) and a maximum aggregate size not exceeding 75 mm.  Any granular materials 
proposed for use as Engineered Fill should be tested and approved by the Geotechnical Engineer before 
placement.  See Table 3 for recommended gradations for granular base, granular sub-base (well graded gravel) 
and drain rock materials.  The gradation for Well Graded Gravel is considered an approved gradation for 
Engineered Fill.  

Table 3: Specification for Engineered Fill – Crushed Granular Base, Granular Sub Base and Drain Rock 

SIEVE SIZE 
(mm) 

CRUSH GRANULAR BASE1  WELL GRADED GRAVEL1 - 
GRANULAR SUB-BASE (PIT RUN) DRAIN ROCK 

PERCENT PASSING (%) 

75 - 100 - 

50 - -  

25 100 95-100 100 

19 - - 25-100 

12.5 - - - 

9.5 - 35-100 - 

4.75 40-80 15-60 0-5 

2.36 27-65 - - 

1.18 18-50 - - 
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SIEVE SIZE 
(mm) 

CRUSH GRANULAR BASE1  WELL GRADED GRAVEL1 - 
GRANULAR SUB-BASE (PIT RUN) DRAIN ROCK 

PERCENT PASSING (%) 

0.6 12-35 - - 

0.3 8-25 3-15 - 

0.150 4-17   

0.075 2-52 0-5 0-1 

Notes:  

1. Gradations are based on the City of Prince George Subdivision Bylaw 7652, Section 02701 Aggregates.  
2. To be considered free-draining upper limit of 5% is recommended (specification is 2-8%).  

 

Sieve analysis completed on samples obtained from the borehole assessment indicated that the native granular 
soils contained trace fines (material passing the 0.075 m sieve), ranging between 2 to 7%. Gradation wise the 
native material may be suitable for Engineered Fill. During construction works on the Site, the gravels should be 
sampled from site stockpiles and gradation tested to assess the suitability of the granular fills for potential re-use 
for engineered fill.  

Recommendations for placement of Engineered Fill are summarized as follows: 

• Engineered Fill should be placed on prepared subgrade surfaces prepared by the recommendations in 
Section 5.1 and approved by a Geotechnical Engineer or their representative before placement. 

• Engineered Fill used to support load-bearing structures (i.e., concrete slab foundations), utilities, or any 
other component that may be settlement-sensitive should be compacted to a minimum of 100% SPMDD.  
For road structure, concrete sidewalks, and curbs, Engineered Fill should be compacted to a minimum of 
98% SPMDD with the upper 300 mm compacted to 100% SPMDD. In landscaped areas or other areas 
where the risk of differential and/or total settlement greater than 25 mm may be acceptable, Engineered 
Fill may be compacted to a minimum of 95% SPMDD. 

• Engineered Fill should be placed in horizontal lifts not exceeding 150 mm vertical thickness when 
compacted under foundations and should not exceed 300 mm vertical thickness when compacted for 
other areas, dependant on the type of compaction equipment used. Engineered Fill should be placed at 
moisture conditions conducive to achieving compaction specifications (typically within 3% of the optimum 
moisture content) as determined by a Standard Proctor Moisture-Density Test (ASTM D698). 

• Engineered Fill areas should extend from the proposed foundation at a minimum of a two horizontal to 
one vertical (2H:1V) slope starting at least 3 meters (horizontally) from the structural element to allow for 
the distribution of stresses and to provide frost protection. 

• Any permanent slopes should have a maximum slope angle of 2H:1V for Engineered Fill and should be 
adequately protected from erosion. 

• Continuous Quality Control (QC) compaction testing and construction reviews should be performed by the 
Geotechnical Engineer’s representative or a qualified testing agency during placement of all Engineered 
Fill to verify compliance with the above recommendations. 



TECHNICAL MEMO     

 
 
Re: Opie Crescent – Geotechnical Assessment | 2341-02812-00 
To: Regional District of Fraser Fort George 

 
Page 7  

 

5.3 Site Drainage 
Positive surface drainage should be maintained away from the development areas in all directions, considering 
existing infrastructure adjacent to the proposed development.  Surface drainage of all developed areas should be 
maintained with minimum 2% cross-slope recommended, particularly away from structure foundations. Water 
must not be able to pond or pool within the development area and infiltration of surface water is not recommended 
in and around structure foundations.   

5.4 Groundwater 
Groundwater was not encountered at the time of drilling.  Should groundwater seepage be encountered during 
construction due to wetter construction season, the groundwater should not be permitted to collect in the bottom 
of the excavations during construction and a contingency plan should be made to pump out or drain foundation 
excavations with sump pumps and to divert water away from the excavation. If significant groundwater seepage is 
encountered the geotechnical engineer should be contacted to review.   

Additional recommendations are provided in in Section 5.7 regarding subsurface drainage collection measures for 
foundations. 

5.5 Temporary Excavations 
To allow for safe worker access, temporary excavation slopes shall be constructed as per most current applicable 
Worksafe BC regulations.  

For planning purposes, it is recommended that temporary excavation slopes shallower than 1.2 m be sloped no 
steeper than 1 Horizontal to 1 Vertical (1.0H:1V) within the granular soils encountered at this site. For excavations 
greater than 1.2 m requiring man-entry, temporary excavation slopes of no steeper than 1.5 Horizontal to 1 
Vertical (1.5H:1V) should be used. For excavation deeper than 1.2 m, if steeper temporary slopes are to be 
considered excavations should be reviewed during construction by a geotechnical engineer to provide a 
recommendation.  Flatter slopes or other temporary support measures may be required if significant sloughing, 
seepage or groundwater inflow conditions are encountered. If steeper slopes or slopes greater than 6 m are to be 
considered, or poor/saturated soil conditions are encountered, a Geotechnical Engineer should be consulted to 
review. 

5.6 Foundations 
It is understood that the preferred foundations for the tower site development would be shallow foundations (i.e. spread 
or pad foundations), slab on grade or mat foundations. Shallow concrete foundations supported on native granular soils 
are likely suitable for the proposed development for this site but will need to be confirmed once the final tower loadings 
and configuration are completed. Note that depending on the final height and loading of the tower design, anchoring 
systems such as piers, soil anchors or dead man anchors may be required to resist overturning moments.  If other 
foundations options are required a geotechnical engineer should be engaged to provide additional recommendations. 
McElhanney can provide geotechnical review of the conceptual designs and/or additional recommendations upon 
request. 

Shallow Foundations 
Shallow concrete foundations (i.e. strip and spread footings) supported on native granular soils are  likely suitable 
for the proposed development for this site for affiliated structures on site however but will need to be confirmed if 
applicable for the tower itself once the final tower loadings and configuration are completed. Based on the findings 
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of the field investigation, footings and load-bearing points for the proposed structure should be founded directly on 
compact native granular soil, or Engineered Fill that has been prepared in accordance with Section 5.2, placed on 
compact native granular soil.  

Preliminary recommendations for design and construction of shallow concrete footing foundations at this site are 
as follows: 

• Foundation subgrade bearing surfaces should be prepared as per the recommendations in Section 5.1. 
The subgrade bearing surfaces for all foundation construction must be inspected and approved by a 
Geotechnical Engineer or their representative prior to placing formwork. 

• The exposed subgrade should be compacted with minimum six (6) passes of a heavy smooth drum vibratory 
compactor or minimum 1000 lbs plate tamper prior to concrete form work.  

• To ensure a uniform stress distribution, the entire foundation must be constructed on a uniform bearing 
surface (e.g. entirely on compacted native subgrade or on Engineered Fill placed on the compacted 
native subgrade as described above). Bearing portions of the foundation on varying subgrade materials 
and portions on fill may result in differential settlement. If a level and uniform bearing surface is required 
over an uneven subgrade (cobbly granular soils), a 150 mm thick leveling course of Granular Base 
compacted to 100% SPMDD could be placed below foundation elements meeting the specification 
provided in Table 2 (Section 5.2). 

• In order to reduce the potential for frost heave, unheated foundations in soil should be provided with a 
minimum 2.4 m of soil cover.  Unheated foundations founded shallower than the frost depth must be 
provided with other means of frost protection such as thermal insulation.   

• For conventional spread and/or pad footings (greater than 600 mm width), the following bearing 
pressures recommendations for design are provided in Table 4, based on a minimum foundation burial 
depth of 1.0 m: 

Table 4: Recommended Bearing Capacities for Design 

SUBGRADE 
TYPE 

MINIMUM 
FOUNDATION 

BURIAL DEPTH 
(m) 

MAXIMUM 
WIDTH OF 

FOUNDATION 
(m) 

RECOMMENDED 
BEARING CAPACITIES1 ESTIMATED 

FRICTION 
ANGLE 

(°) 

UNIT 
WIEGHT 

(kg/m3) FACTORED 
ULS2 SLS3 

Loose to 
compact native 
granular soils 

1.04 
1 250 150 

33 20 
3 500 75 

Notes: 
1. Based on Foundation Engineering Manual 4th Edition, Canadian Geotechnical Society, Section 10. 
2. ULS - Ultimate Limit State, based on semi-empirical data and calculated using a geotechnical resistance factor of 0.5. 
3. SLS – Serviceability Limit State, based on SPT data gathered in the field investigation for native materials, valid for 
settlements less than 25 mm   
4. Unheated foundation shallower than 2.4 m will require thermal insulation for frost protection.  
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• If greater bearing capacities are required or poorer soil conditions are encountered a geotechnical 
engineer should be engaged to provide recommendations for subgrade strengthening (i.e. sub-excavation 
and replace and/or geosynthetic reinforcement) or assess other foundation system options.  

• Groundwater seepage and/or surface water runoff must not be allowed to enter or collect in foundation 
excavations. Any water or snow that accumulates in the footing excavations must be removed and 
subgrade allowed to dry before construction of the footings. 

• Granular native soils were encountered at foundation elevation at the site with the silt/clay content varied 
between 2 and 7% based on the sieve analysis completed indicating the material may be marginal for 
being considered free-draining with fines content greater than 5%; therefore, perimeter sub-drains are 
recommended for the foundations. A perimeter sub-drain pipe consisting of minimum 100 mm PVC SDR 
28 or 35 perforated pipe, sloped at minimum 1%, should be installed along the outside perimeter of the 
building foundations at or below the foundation grade to collect any groundwater seepage and help 
maintain unsaturated soil conditions at the foundation level. The sub-drain should consist of perforated 
pipe, with perforations located at 4 and 8 o’clock, surrounded by free draining drain rock and wrapped by 
a non-woven filter fabric to minimize soil contamination and clogging of the drain rock material. The 
perimeter drain pipe should be allowed to collect, transport, and discharge groundwater seepage to an 
appropriately designed frost-free outfall. 

Lateral Earth Pressures  
Based on the interpretation of the subsurface conditions encountered in the boreholes completed, the preliminary 
soil properties in Table 5 are provided calculating lateral earth pressures for the potential soil types on the site. 
The earth pressures have been provided assuming horizontal or near horizontal ground surface. Note values 
provided in Table 5 do not include seismic lateral loading.  

Table 5: Summary of Typical Soil Parameters and Lateral Earth Pressures 

SOIL UNIT ESTIMATED 
FRICTION ANGLE 

ESTIMATED 
UNDRAINED 

SHEAR 
STRENGTH 

(KPA) 

ESTIMATED 
UNIT WEIGHT 

(KN/M3) 

AT REST 
EARTH 

PRESSURE 
COEFFICIENT, 

Ko1-2 

ACTIVE EARTH 
PRESSURE 

COEFFICIENT, 
Ka1-2 

PASSIVE 
EARTH 

PRESSURE 
COEFFICIENT, 

Kp1 

Compacted 
Engineered 

Fill  
35 N/A 21 0.43 0.27 3.69 

Loose to 
compact 

native 
granular 

soils 

33 N/A 20 0.46 0.30 3.39 

Notes: 
1. Based on Rankine’s Theory of Earth Pressure, Canadian Foundation Engineering Manual 4th Edition, Canadian Geotechnical Society, 

Section 24. Horizontal or near horizontal sloping ground behind the wall. Vertical wall has been assumed. 
2. Values provided do not include seismic lateral loading. 

 

Foundation Backfill and Waterproofing 
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The following recommendations are provided for foundation wall backfill: 

• Foundation backfill is to be compacted to 98% Standard Proctor Maximum Dry Density (SPMDD) as per 
ASTM D-698 and should be composed of engineered fill as described below in Section 5.9. 

• Foundation wall backfill should be sufficiently compacted such that future settlement is mitigated.   

• In order to reduce the potential for unbalanced lateral pressures on the foundation walls the placement 
and compaction of wall backfill should be carried simultaneously in the inside and outside of the walls.  
For foundation wall backfill above slab-on-grade it is recommended that the main floor system be installed 
prior to exterior backfill. 

• For any foundation walls above slab elevation of which are backfilled, it is recommended that the 
foundation walls be waterproofed with a self-adhering waterproof membrane (Blueskin WP200 or 
approved equivalent) product and covered with an approved drainboard product (Delta MS or approved 
equivalent). 

5.7 Mat Foundations 
Preliminary recommendations for mat or raft foundations are provided. McElhanney should be notified for a 
reassessment of foundations once further details of the tower loadings become available.  

The design of a structural mat foundation is typically governed not by overall bearing capacity, but by the stiffness and 
settlement characteristics of the slab. In designing a slab-on-grade for deflection, the modulus of subgrade reaction is 
commonly used to represent the vertical stiffness of the soil below the foundation. 

The modulus of vertical subgrade reaction for a footing or raft is defined as follows: 

 

Where: 

  kv  = Modulus of vertical subgrade reaction (MPa/m) 

  q  = Applied pressure acting on footing subgrade (MPa) 

  δ  = Settlement of footing by the applied pressure (m) 

The modulus value changes with footing size; therefore, a 1 ft2 plate (300 mm by 300 mm) has been adopted as the 
standard reference basis. These values, denoted by kv1, apply to a one ft2 plate (300 mm by 300 mm). For a raft 
foundation founded on granular soil, calculation of the modulus of subgrade reaction should be performed as follows: 

𝐾𝐾𝑣𝑣𝑣𝑣 = 𝐾𝐾𝑣𝑣1 �
𝑏𝑏 + 1

2𝑏𝑏
�
2

 

  

δ
qkv =
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Where: 

kv1 = Modulus of vertical subgrade reaction (MPa/m) for a 1 ft2 plate 

  kvb  = Modulus of vertical subgrade reaction for a foundation width, b (MPa/m) 

  b  = Foundation width (m) 

    

A modulus of vertical subgrade reaction, kv1, for the loose to compact granular soils is 5- 20 MPa/m for loose and 20-60 
for compact (CFEM 2006, Table 7.1).  

It should be noted that the modulus of subgrade reaction is not a fundamental property of the soil and the theory of 
subgrade reaction assumes the linear behavior of the soil under static loading. The response of a raft foundation to 
vertical loads is highly nonlinear making the theory of subgrade reaction appropriate (for approximate estimations) only 
where the design meets the Load Resistance Factored Design (LRFD) approach with the corresponding unfactored 
ultimate bearing resistance at ULS and geotechnical resistance factor as provided in the Table 8.1 of the Canadian 
Engineering Foundation Manual. . 

5.8 Slab-on-Grade 
The following recommendations are provided for grade supported floor slab construction: 

• Subgrades should be prepared as recommended in Section 5.1 with any unsuitable subgrade material 
being removed and replaced with Engineered Fill due to the risk of differential settlement of any loose, 
deleterious or compressible materials. 

• A minimum of 150 mm thick Crushed Granular Base layer should be placed below the underside of the 
floor slab before concrete placement; the gradation should conform to the specifications provided above 
in Table 2 (Section 5.2). The base course should be compacted to a minimum 100% SPMDD.  

• A heavy-duty vapour barrier should be provided on the underside of the floor slab, to at a minimum meet 
current building code requirements, and also be at least 8mil thickness of poly.  

• Grade supported slabs should be structurally separated from other components of the structure. The slab 
should contain sufficient reinforcing and control joints to control cracking due to vertical movements 
caused by potential shrinkage/swelling of the underlying material and shrinkage of concrete.  

5.9 Sulphate Exposure and Soil Resistivity  
A sample was submitted from BH18-01 to determine the water-soluble sulphate ion content, pH and soil resistivity of the 
soil. The results are provided in Table 6 and laboratory report in Attachment C.   
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Table 6: Water Soluble Sulphate Testing 

BOREHOLE 
DEPTH OF SAMPLE 

(m) 

Total Sulphate Ion Content 

(% by mass) 1-2 

pH Units Soil Resistivity – 
Calculated (ohm-cm) Moderate:  0.1-0.2 

Severe: 0.2-2.0 

Very severe: >0.2 

BH19-01  0 to 2.0 m 0.02 6.4 

269,040 
(received/insitu 

moisture) 
120,270 (saturated) 

Notes: 
1. Sulphate Exposure per Table 3, CSA A23.1-04  
2. Per CSA A23.02-09 3B Clause 8.1.4 if the total sulphate ion content is least that 0.2%, it should be report directly.  There is no 
need to test the water-soluble sulphate ion content.  

 

Based on these values, the degree of exposure is considered low to moderate (CSA A23.1-04, Table 3) with total 
sulphate content less than 0.1%. To accommodate the potential moderate exposure to sulphate attack (Class S-3), 
the following are the minimal requirements for concrete that are expected to be in contact with on site soil: 

 Cement types: MS, MSb, LH, HS, or HSb; 
 Maximum water-to-cementing materials ratio of 0.50; 
 Minimum compressive strength of 30 MPa at fifty-six (56) days; and 
 Air content Category 2 as per Table 4 of CSA A23.1-04. 

Air entrainment as per of CSA A23.1-04 should be specified for all concrete in contact with freezing temperatures. 
Slabs that will receive a surface hardener should not be air entrained. 

5.10 Frost Protection – Insulation Recommendations 
Concrete foundations must not be placed on frozen soils, and soils beneath the foundation should not be allowed 
to freeze during or after construction; therefore, the foundation subgrade must be protected from freezing during 
and after construction. If the foundations are constructed during freezing conditions, the subgrade soil at the 
design footing elevation must be protected from freezing. Concrete foundations should be protected from 
freezing, and proper curing conditions should be provided as per Canadian Standard Association (CSA) concrete 
specifications. Footings founded above the frost depth must be protected using insulation. Frost depth and 
Insulation requirements are discussed below. 

Foundation insulation is recommended for unheated foundations shallower than the 2.4 m burial for frost 
protection. For unheated foundations (i.e slab-on-grades) a rigid polystyrene board should be provided beneath 
the entire area of the unheated slab and extended a minimum length out from the edge of the foundation with a 
minimum cross-fall of 4%. A 150 mm thick layer of bedding sand or crushed base course (Table 3 in Section 5.2) 
should be placed under the insulation on the prepared subgrade. Recommendations are provided for preliminary 
design in Table 7 for various soil cover situations. A high compressive strength insulation (i.e. Dow Styrofoam 
Highload 60 or greater) that can support the loading should be considered and be review by the structural 
designer.  
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Table 7: Insulation Recommendation for Frost Protection – Unheated Structures1 

MINIMUM SOIL 
COVER OVER 
INSULATION 

(m) 

MINIMUM INSULATION THICKNESS2 MINIMUM DISTANCE INSULATION EXTENDS 
OUTSIDE OF EDGE OF FOUNDATION 

Unheated Structures 

0.3 63 mm (2.5”) 2.4 m (96”) 

0.6  38 mm (1.5”) 2.1 m (84”) 

1.0 25 mm (1”) 1.8 m (84”) 

Notes:  
1. Based on Foundation Engineering Manual 4th Edition, Canadian Geotechnical Society, Section 13.6. 
2. R-Value 5 (per 25 mm) 

5.11 Seismic Site Classification 
Seismic site classification according to the 2015 National Building Code of Canada (NBCC) considers the soil 
characterization of the upper 30 m of the soil profile. It is noted that the maximum depth of investigation at the Site 
was 10 mbgs. Based on the findings of the drilling program and our understanding of the geological history and 
surficial geology in the area, the Site is classified as Site Class D “Stiff Soil” for seismic design purposes. 

Based on the NBCC 2015 seismic hazard calculation for this site as defined in Attachment E, a site response 
designation of Site Class D and a peak horizontal ground acceleration (PGA) corresponding to a design 
earthquake having a 2% probability of being exceeded in 50% of 0.049 g and peak ground velocity (PGV) of 
0.083 m/s are recommended.  

6. DESIGN AND CONSTRUCTION REVIEW 
The recommendations provided are preliminary and once conceptual design has been prepared, it is 
recommended that the design be reviewed by a geotechnical engineer to verify that the geotechnical 
recommendations and what further geotechnical assessment may be required for final design and construction. 
Additional geotechnical input is anticipated to be during demolition of the existing buildings on site. Further study 
should include a test pit assessment once demolition is complete to access the extent to the existing site fills and 
suitability the subgrade conditions for the proposed development.   

To issue applicable Building Code Schedules and/or construction QA/QC letters, all foundation, backfill and 
Engineered Fill subgrade must be reviewed by the geotechnical engineer as specified in this report. McElhanney 
can provide these construction reviews as well as material testing services during construction if requested. 

Geotechnical field review are typically required for the following: 

• Review of foundation subgrade prior to foundation construction for the tower and associated facilities; 

• Review of the tower backfill materials and compaction; 

• Review of placement and compaction of Engineered Fill.  
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7. CLOSURE
We trust that this information is sufficient for your present needs. Should you have any questions or require 
additional information, please do not hesitate to contact the author of the document. 

Sincerely, 

McElhanney Consulting Services Ltd. 

Prepared By:  Reviewed By: 

Shiloh Carlson, P.Eng.  Emily Davidson, P.Eng. 
Senior Geotechnical Engineer Senior Geotechnical Engineer 
scarlson@mcelhanney.com edavidson@mcelhanney.com 
778-693-2211

Attachments:  

Statement of Limitations – Geotechnical Services 

Attachment A: Site Plan 

Attachment B: Borehole Logs 

Attachment C: Laboratory Test Reports 

Attachment D: Site Photographs  

Attachment E: NBCC 2015 Seismic Hazard Calculation 

mailto:scarlson@mcelhanney.com
mailto:edavidson@mcelhanney.com
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Statement of Limitations – Geotechnical Services 

 

Use of this Report. This report was prepared by McElhanney Consulting Services Ltd. ("McElhanney") for the particular site, design 
objective, development and purpose (the “Project”) described in this report and for the exclusive use of the client identified in this 
report (the “Client”). The data, interpretations, and recommendations pertain to the Project and are not applicable to any other project 
or site location, and this report may not be reproduced, used or relied upon, in whole or in part, by a party other than the Client, without 
the prior written consent of McElhanney. The Client may provide copies of this report to its affiliates, contractors, subcontractors and 
regulatory authorities for use in relation to and in connection with the Project provided that any reliance, unauthorized use, and/or 
decisions made based on the information contained within this report are at the sole risk of such parties. McElhanney will not be 
responsible for the use of this report on projects other than the Project, where this report or the contents hereof have been modified 
without McElhanney’s consent, to the extent that the content is in the nature of an opinion, and if the report is preliminary or draft. 
This is a technical report and is not a legal representation or interpretation of laws, rules, regulations, or policies of governmental 
agencies. 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 this report. In particular, environmental conditions such as surface and 
subsurface contamination are outside the scope of this report. 
Standard of Care and Disclaimer of Warranties. This study and report have been prepared in accordance with generally accepted 
engineering and scientific judgments, principles and practices. McElhanney expressly disclaims any and all warranties in connection 
with this report including, without limitation, any warranty that this report and the associated site review work has uncovered all potential 
geotechnical liabilities associated with the subject property. 
Effect of Changes. All evaluations and conclusions stated in this report are based on facts, observations, site-specific details, 
legislation and regulations as they existed at the time of the site assessment. Some conditions are subject to change over time, and 
the Client recognizes that the passage of time, natural occurrences, and direct or indirect human intervention at or near the site may 
substantially alter such evaluations and conclusions. Construction activities can significantly alter soil, rock and other geologic 
conditions on the site. McElhanney should be requested to re-evaluate the conclusions of this report and to provide amendments as 
required prior to any reliance upon the information presented herein upon any of the following events: a) any changes (or possible 
changes) as to the site, purpose, or development plans upon which this report was based, b) any changes to applicable laws 
subsequent to the issuance of the report, c) new information is discovered in the future during site excavations, construction, 
building demolition or other activities, or d) additional subsurface assessments or testing conducted by others. 
Subsurface Risks. Soil, rock and groundwater data were collected in general accordance with the standards and methods 
described in the document. The classification and identification of soils, rocks, and geologic formations was based on commonly 
accepted methods employed in the practice of geotechnical engineering and related disciplines. Interpretations of groundwater levels 
and flow direction are based on water level observations at selected test hole locations and are expected to fluctuate. Observations 
at test holes indicate the approximate subsurface conditions at those locations only. Subsurface conditions between test holes were 
based, by necessity, on judgement and assumptions of what exists between the actual locations sampled and may vary significantly 
from actual site conditions and all persons making use of this report should be aware of and accept this risk. Even a comprehensive 
sampling and testing program, implemented in accordance with appropriate equipment by experienced personnel, may fail to detect 
all or certain conditions. 
Information from Client and Third Parties. McElhanney has relied in good faith on information provided by the Client and third parties 
noted in this report and has assumed such information to be accurate, complete, reliable, non-fringing, and fit for the intended purpose 
without independent verification. McElhanney accepts no responsibility for any deficiency, misstatements or inaccuracy contained in 
this report as a result of omissions or errors in information provided by third parties or for omissions, misstatements or fraudulent acts 
of persons interviewed. 
Underground Utilities and Damages. In the performance of the services, McElhanney has taken reasonable precautions to avoid 
damage or injury to subterranean structures or utilities. Subsurface sampling may result in unavoidable contamination of certain 
subsurface areas not known to be previously contaminated such as, but not limited to, a geologic formation, the groundwater or other 
hydrous body. McElhanney will adhere to an appropriate standard of care during the conduct of any subsurface sampling. 
Independent Judgments.  McElhanney will not be responsible for the independent conclusions, interpretations, interpolations and/or 
decisions of the Client, or others, who may come into possession of this report, or any part thereof. This restriction of liability includes 
decisions made to purchase, finance or sell land or with respect to public offerings for the sale of securities. 
Construction. The subsurface information contained in this report were obtained for the owner’s information and design. The extent 
and detail of assessments necessary to determine all relevant conditions that may affect construction costs would normally be greater 
than the assessments carried out for this report. Accordingly, a contingency fund to allow for the possibility of variations of subsurface 
conditions should be included in the construction budget to cover costs associated with modifications of the design and construction 
procedures resulting from conditions that vary from the assumptions in this report. If during construction, subsurface conditions are 
found to be other than those described in this report, McElhanney is to be notified and may alter or modify the geotechnical report 
recommendations. If McElhanney is not retained to provide services during construction, then McElhanney is not responsible for 
confirming or recording that subsurface conditions do not materially differ from those interpreted conditions contained in this report or 
for confirming or recording that construction activities have not adversely affected subsurface conditions, or the recommendations 
contained in this report. 
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THIS MAP IS THE PROPERTY OF MCELHANNEY
CONSULTING SERVICES LTD. (MCELHANNEY) AND
SHALL NOT BE USED, REUSED OR REPRODUCED
WITHOUT THE CONSENT OF MCELHANNEY. 
MCELHANNEY WILL NOT BE HELD RESPONSIBLE 
FOR THE IMPROPER OR UNAUTHORIZED USE OF
THIS MAP.  THIS MAP HAS BEEN PREPARED FOR
THE CLIENT IDENTIFIED.  MCELHANNEY, ITS
EMPLOYEES, SUBCONTRACTORS AND AGENTS WILL
NOT BE LIABLE FOR ANY LOSSES OR OTHER
CONSEQUENCES RESULTING FROM THE USE OR
RELIANCE UPON, OR ANY CHANGES MADE TO, THIS
DRAWING BY ANY THIRD PARTY WITHOUT
MCELHANNEY'S PRIOR WRITTEN CONSENT.  ORIGINAL SIZE:  LETTER (8.5" X 11")
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12-556 North Nechako Road
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REGIONAL DISTRICT OF FRASER FORT GEORGE
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!A Borehole Locations

Borehole Coordinates
BH19-01 UTM10 E513495 N5972615 
BH19-02 UTM 10 E513495 N5972609

12-556 North Nechako Road
Prince George, BC Canada V2K 1A1
Tel. 250 561 2229
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SPT
01

SPT
02

SPT
03

SPT
04

SPT
05

SPT
06

SPT
07

604.10

602.60

597.00

3-5-6-10
(11)

6-5-4-5
(9)

3-3-2-3
(5)

6-6-7-7
(13)

12-9-8-8
(17)

15-33-26-
26

(59)

8-9-11-16
(20)

MC=7%

MC=3 %

MC=4 %

MC=3%

68

0

60

47

38

47

17

2.90

4.40

10.00

SAND, gravelly, trace silt, poorly graded, coarse gravel (45mm), subrounded to
angular,  compact, massive, brown, isolated organics, occasional fine rootlets,
isolated woody debris to ~0.5m, moist

- at 1.4m, no recovery

GRAVEL (coarse), some sand, trace silt, well graded, gravel (35mm), 
subrounded to rounded, loose, massive, brown, damp
- at 2.9m, 81% gravel, 17% sand, 2% fines (GW)

SAND (coarse), gravelly, trace silt,  poorly graded, gravel (45mm), subrounded to 
rounded, compact, massive, brown, damp

- at 6.0m, some gravel, compact

- at 7.5m, very dense (inferred high N values may be due to presence of
cobbles), occasional cobbles

- at 9.0m, compact, well graded (inferred)

 Groundwater not encountered.
 Backfilled with bentonite from 0.3m-1.2m and 6.4m-8.5m and cuttings from

0.0m-0.3m,1.2m-6.4m anf 8.4m-10.0m
Bottom of borehole at 10.00 meters.

GROUND WATER LEVELS:DRILLING CONTRACTOR Geotech Drilling Ltd.

DRILLING METHOD Odex - Track

CHECKED BYLOGGED BY T.Garden

NOTES UTM 10 E513495 N5972615

GROUND ELEVATION 607 mCOMPLETED 4/26/19DATE STARTED 4/26/19

AT TIME OF DRILLING ---

AT END OF DRILLING ---
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SPT
01A
SPT
01B

SPT
02

SPT
03

SPT
04

606.70

602.00

1-2-4-4
(6)

3-3-3-4
(6)

4-4-4-4
(8)

5-8-9-12
(17)

MC=17 %
MC=7 %

MC=4 %

MC=4 %

50

55

50

42

0.30

5.00

ORGANICS, some sand, trace gravel, poorly graded, subrounded, loose,
massive, block, numerous roots, isolated woody debris to ~0.5m, moist
GRAVEL and SAND (coarse), trace silt, poorly graded, coarse gravel (25mm), 
subrounded to rounded, loose, massive, brown, damp
- at 0.3m, sieve 47% gravel, 46% sand and 7% fines

-at 1.4m, isolated rootlets

- at 2.9m, some gravel, well graded (inferred)

- at 4.4m, gravelly, compact, poorly graded (inferred)

 Groundwater not encountered.
 Backfilled with bentonite from 0.3m-1.2m and 4.0m-5.0m and cuttings from

0.0m-0.3 and 1.2m-4.0m
Bottom of borehole at 5.00 meters.

GROUND WATER LEVELS:DRILLING CONTRACTOR Geotech Drilling Ltd.

DRILLING METHOD Odex - Track

CHECKED BYLOGGED BY T.Garden

NOTES UTM 10 E513495 N5972609

GROUND ELEVATION 607 mCOMPLETED 4/26/19DATE STARTED 4/26/19

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---
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CLIENT Regional District of Fraser Fort George

PROJECT NUMBER 2341-02812-00

PROJECT NAME Opie Crescent Tower, Geotechnical Assessment

PROJECT LOCATION 3790 Opie Crescent, Prince George, BC
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TYPICAL SOIL DESCRIPTION

GW
Well graded gravels, sandy gravels, trace 
or no fines

GP
Poorly graded gravels, sandy gravels, 
trace or no fines

GM Silty gravels, silty sandy gravels

GC Clayey gravels, clayey sandy gravels Plasticity above A-Line or IP >7

SW
Well graded sands, gravelly sand, trace 
or no fines

SP
Poorly graded sands, gravelly sand, 
trace or no fines

SM Silty sands, sand and silt mixtures

SC
Clayey sands, sand and clay mixtures

Plasticity above A-Line or IP >7

WL<50%
ML

Inorganic silts, sandy silts with slight 
plasticity

WL>50% MH Inorganic silts of high plasticity

WL<30%
CL Inorganic clay, silty clays of low plasticity

30%<WL<50% CI
Inorganic clay, silty clays of intermediate 
plasticity

WL>50% CH
Inorganic clay, silty clays of high 
plasticity

WL<50% OL
Organic silts and silty clays of low 
plasticity

WL>50% OH
Organic silts and silty clays of high 
plasticity

PT Peat and other highly organic soils

Passing Retained

Coarse 76 mm 19 mm

Fine 19 mm 4.75 mm

Coarse 4.75 mm 2.00 mm

Medium 2.00 mm 425 µm

Fine 425 µm 75 µm

75 µm 1-10 TRACE

Cobbles

Boulders

SPT (N) 
Value

Consistency

0-4 Very Soft Notes: 

4-10 Soft

10-30 Firm

30-50 Stiff 2. All sieves are U.S. Standard ASTM E11

>50 Very Stiff

Hard

Gravel

Sand

Fines (Silt or 
Clay)

GROUP SYMBOL

U.S. Standard Sieve Size

10-20 SOME

20-35

35-50

Percentage 
(by weight)

Clean Sands  
(< 5% Fines)

Dirty Sands (> 
12% Fines)

AND

Clean Gravels 
(< 5% Fines)

Dirty Gravels 
(> 12% Fines)

Y/EY

MODIFIED UNIFIED CLASSIFICATION SYSTEMS FOR SOILS
LABORATORY 

CLASSIFICATION 
CRITERIA

SOIL COMPONENTS

Fraction
Description

MAJOR DIVISION

SILTS

CLAYS

ORGANIC 
SILTS AND 

CLAYS
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GRAVELS

SANDS

> 200 mm

Oversize 
Material

76 mm to 200 mm

>200

Cohesionless Soils

Relative 
Density

Undrained Shear Strength 
(kPa)

Cohesive Soils

RELATIVE DENSITY AND CONSISTENCY

1. Use dual symbols for coarse grained soils with 5 to 12% fines (i.e.
GP-GM)

Very Loose

Loose

Compact

Dense

Very Dense

0-10

10-25

24-50

50-100

100-200

Not meeting the SW 
requirements.

Plasticity below A-Line or IP <4

Classifcations are based 
upon Plasticity Chart.

Cu=D60/D10>4, 

CC=(D30)
2/D10D60=1 to 3

Not meeting the GW 
requirements.

Plasticity below A-Line or IP <4

Cu=D60/D10>4, 

CC=(D30)
2/D10D60=1 to 3
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LABORATORY TEST REPORTS 
  



Report of: ASTM Ref: C117, C136

12-556 North Nechako Rd, Prince George, BC
p:250.561.2299

Client: Regional District of Fraser Fort George Project No: 2341-02812-00
CC: Project: Opie Tower, Geotechnical Assessment
CC: Sample Date:

Sample By: TG
Test Date:
Tested By: PO

SAMPLE INFORMATION:

Moisture Content:
BH19-01 Fracture: N/A (1 fresh face; +4.75mm by count)

N/A Washed Sieve: X
Opie Crescent Dry Sieve:
SPT03 .

Sieve (mm)
%    

Passing
Low 

Spec. High Spec.
100.0 Gravel (+4.75 mm): 81.4 %

75.0 100.0 Sand (+0.075 to -4.75 mm): 17.3 %
50.0 100.0 Silt and / or Clay (-0.075 mm): 1.3 %
37.5 100.0
25.0 100.0
19.0 85.8
12.5 68.7
9.50 55.0
4.75 18.6
2.36 9.5
1.18 7.6

0.600 6.6
0.300 3.8
0.150 2.1
0.075 1.3

AGGREGATE GRADATION:

Comments: N/A per:
David Castley, Lab Manager

Grain Size Analysis

26-Apr-19

GRAVEL, some sand, trace silt (GW)Material Type:

Sample Properties

29-Apr-19

Source:
Specification:

Sample Location:
Sample No:

Sieve Analysis

3.2%
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12-556 North Nechako Rd, Prince George, BC

This report constitutes of a testing service only.
No engineering interpretation is expressed or implied.

Engineering review and interpretation can be provided upon written request.

281200 Sieve BH19-01-smc.xlsx

D. Castley



Report of: ASTM Ref: C117, C136

12-556 North Nechako Rd, Prince George, BC
p:250.561.2299

Client: Regional District of Fraser Fort George Project No: 2341-02812-00
CC: Project: Opie Tower, Geotechnical Assessment
CC: Sample Date:

Sample By: TG
Test Date:
Tested By: PO

SAMPLE INFORMATION:

Moisture Content:
BH19-02 Fracture: N/A (1 fresh face; +4.75mm by count)

N/A Washed Sieve: X
Opie Crescent Dry Sieve:
SPT01B .

Sieve (mm)
%    

Passing
Low 

Spec. High Spec.
100.0 Gravel (+4.75 mm): 47.1 %

75.0 100.0 Sand (+0.075 to -4.75 mm): 46.0 %
50.0 100.0 Silt and / or Clay (-0.075 mm): 6.9 %
37.5 100.0
25.0 100.0
19.0 100.0
12.5 92.2
9.50 75.6
4.75 52.9
2.36 41.3
1.18 36.1

0.600 30.5
0.300 17.8
0.150 10.4
0.075 6.9

AGGREGATE GRADATION:

Comments: N/A per:
David Castley, Lab Manager

26-Apr-19

GRAVEL and SAND, trace silt (GP-GM)Material Type:

Sample Properties

29-Apr-19

Source:
Specification:

Sample Location:
Sample No:

Sieve Analysis

7.4%

Grain Size Analysis
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12-556 North Nechako Rd, Prince George, BC

This report constitutes of a testing service only.
No engineering interpretation is expressed or implied.

Engineering review and interpretation can be provided upon written request.

281200 Sieve BH19-02-smc.xlsx

D. Castley









TECHNICAL MEMO     

 
  
Re: Opie Crescent – Geotechnical Assessment | 2341-02812-00 
To: Regional District of Fraser Fort George 

 

 

 

 

 

ATTACHMENT D 

SITE PHOTOGRAPHS 
  



TECHNICAL MEMO     

 
  
Re: Opie Crescent – Geotechnical Assessment | 2341-02812-00 
To: Regional District of Fraser Fort George 

 

 

 

Photo 1: Looking East at BH19-01  

 

Photo 2: BH19-01- Granular soils from SPT03 at about 3.0 m depth.  



TECHNICAL MEMO     

 
  
Re: Opie Crescent – Geotechnical Assessment | 2341-02812-00 
To: Regional District of Fraser Fort George 

 

 

 

Photo 3: BH19-01- Granular soils from SPT03 at about 6.0 m depth.  

 

Photo 4: Looking south at intended locations of BH19-02 



TECHNICAL MEMO     

 
  
Re: Opie Crescent – Geotechnical Assessment | 2341-02812-00 
To: Regional District of Fraser Fort George 

 

 

 

Photo 5: BH19-02- Organic rich granular  soils from SPT01 at 0 to 0.6 m depth.  

 

Photo 6: BH19-02- Granular soils from SPT01 at 3.0 m depth.  



TECHNICAL MEMO     

 
  
Re: Opie Crescent – Geotechnical Assessment | 2341-02812-00 
To: Regional District of Fraser Fort George 

 

 

 

 

 

ATTACHMENT E 

NBCC 2015 SEISMIC HAZARD CALCULATION 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2015 National Building Code Seismic Hazard Calculation
INFORMATION: Eastern Canada English (613) 995-5548 français (613) 995-0600 Facsimile (613) 992-8836

Western Canada English (250) 363-6500 Facsimile (250) 363-6565

Site: 53.902N 122.795W User File Reference: Opie Crescent Proposed Tower 2019-05-22 22:02 UT

Probability of exceedance 
per annum 0.000404 0.001 0.0021 0.01

Probability of exceedance 
in 50 years 2 % 5 % 10 % 40 %

Sa (0.05) 0.058 0.031 0.018 0.005

Sa (0.1) 0.085 0.045 0.026 0.007

Sa (0.2) 0.112 0.062 0.037 0.011

Sa (0.3) 0.109 0.064 0.039 0.013

Sa (0.5) 0.088 0.054 0.035 0.013

Sa (1.0) 0.059 0.039 0.027 0.011

Sa (2.0) 0.040 0.028 0.020 0.009

Sa (5.0) 0.019 0.012 0.009 0.004

Sa (10.0) 0.006 0.004 0.003 0.002

PGA (g) 0.049 0.027 0.017 0.005

PGV (m/s) 0.083 0.058 0.042 0.018

Notes: Spectral (Sa(T), where T is the period in seconds) and peak ground acceleration (PGA) values are
given in units of g (9.81 m/s2). Peak ground velocity is given in m/s. Values are for "firm ground"
(NBCC2015 Site Class C, average shear wave velocity 450 m/s). NBCC2015 and CSAS6-14 values are
highlighted in yellow. Three additional periods are provided - their use is discussed in the NBCC2015
Commentary. Only 2 significant figures are to be used. These values have been interpolated from a
10-km-spaced grid of points. Depending on the gradient of the nearby points, values at this
location calculated directly from the hazard program may vary. More than 95 percent of
interpolated values are within 2 percent of the directly calculated values.

References

National Building Code of Canada 2015 NRCC no. 56190; Appendix C: Table C-3, Seismic Design
Data for Selected Locations in Canada

Structural Commentaries (User's Guide - NBC 2015: Part 4 of Division B)
Commentary J: Design for Seismic Effects

Geological Survey of Canada Open File 7893 Fifth Generation Seismic Hazard Model for Canada: Grid
values of mean hazard to be used with the 2015 National Building Code of Canada

See the websites www.EarthquakesCanada.ca and www.nationalcodes.ca for more information

http://www.earthquakescanada.nrcan.gc.ca
http://www.nationalcodes.ca
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