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June 15, 2023 TEL File: 23560 
TEL Doc.No.: 3443 

Trans Mountain Pipeline L.P. 
Suite 2700, 300 – 5 Avenue SW
Calgary, AB T2P 5J2 

Attention: Braden Hergott, Spread 5A – Construction Engineer 
 

GEOTECHNICAL ASSESSMENT 
KP852 TRENCHLESS CROSSING (JACKO HILL) REV 0 

TRANS MOUNTAIN EXPANSION PROJECT – SPREAD 5A 

Dear Braden, 

As requested by Trans Mountain Pipeline L.P. (TMP), Thurber Engineering Limited (Thurber) is 
submitting this report to TMP as input to support a feasibility assessment of a trenchless crossing 
in the Jacko Lake segment of Spread 5A of the Trans Mountain Expansion Project (TMEP), 
between approximately KP851+930 and KP852+380 (the crossing) (SSEID 5.19). 

This work has been conducted in accordance with our Master Engineering Services Agreement 
(MESA Contract No. 164089) with Trans Mountain Pipeline L.P. 

1. BACKGROUND 

The following documents were reviewed by Thurber for the assessment of the proposed 
trenchless crossing: 

 Trans Mountain Expansion Project, Terrain Mapping and Geohazard Inventory 
(Revision 1), BGC Engineering Inc., August 11, 2014. (BGC, 2014) 

 Preliminary trenchless crossing drawings prepared by Universal Pegasus International 

(UPI) included as Appendix A: 01-13283-M002-XD0016201_A_IFR_2023-06-08_01 

 SPREAD 5A – SSEID 005.19 KP 851+800 TO KP 854+900, Preliminary Geotechnical 
Trenchless Feasibility Assessment Jacko Lake Area, TMEP Doc # 01-13283-S5A-M002-
PL-RPT-0028, Thurber Engineering Ltd., March 11, 2021 (Thurber, 2021) 

 SPREAD 5A – SSEID 005.19 KP 851+600 TO KP 856+000, Geotechnical Investigation 
for Microtunneling Installation Jacko Lake Area Rev. 2 TMEP Doc # 01-13283-S5A-M002-
PL-MEM-0128, Thurber Engineering Ltd., August 4, 2022 (Thurber, 2022)  

 SPREAD 5A – Jacko Lake Pad 5 KP856+190, TMEP Document # 01-13283-S5A-M002-
PL-RPT-0058, Thurber Engineering Ltd., April 14, 2023 (Thurber, 2023) 

In March 2021, Thurber was requested to provide a desktop feasibility assessments of four (4) 
proposed trenchless crossings to be completed via horizontal directional drilling (HDD) 
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methodology. Of those four (4) crossings, the proposed crossing through KP852+300 most 
closely aligns with the crossing being addressed in this report. Further information is available in 
Section 7.5 of the report TMEP Doc # 01-13283-S5A-M002-PL-RPT-0028 (Thurber, 2021).  

In June 2021 Thurber was requested to start a geotechnical investigation program that would run 
over the course of several years to ultimately provide a micro tunnel feasibility assessment and 
baseline report for four (4) micro tunnel sections from KP851+600 to KP856+000. The results of 
that report are in TMEP Doc # 01-13283-S5A-M002-PL-MEM-0128 (Thurber 2022) which is 
referenced in this report.  

In May 2023, Thurber was requested to provide a geotechnical assessment/feasibility report for 
a proposed trenchless crossing from KP851+930 and KP852+380. TMEP engaged UPI to 
develop a proposed trenchless crossing path, which was provided as “M002-XD00162 Rev A“ by 
email on May 26, 2023 and is based on Horizontal Directional Drilling (HDD) methodology. An 
updated drawing titled “M002-XD00162 RA” was received by email on June 2, 2023. Thurber 
produced a draft report (TMEP Doc # 01-13283-S5A-M002-PL-MEM-0243 Rev A) based on the 
drawing, uploaded to PIMS on June 5, 2023.  

In June 2023 an updated drawing titled “01-13283-M002-XD0016201_A_IFR_2023-06-08_01” 
was received by Thurber via email from TMEP (June 12, 2023) (see Appendix A). This report is 
based on the drawing received on June 12.  

2. GEOTECHNICAL FIELD INVESTIGATIONS 

2.1 Test Hole Drilling Program 

Thurber completed twenty-nine (29) test holes and two (2) test pits to date for various Jacko Lake 
investigations.  

Test holes were completed using a variety of drilling methods. The first test hole was started in 
September of 2021, the most recent test hole (as of the submission of this report) was started in 
March of 2023. The test pits were completed by SMJV using a tracked hydraulic excavator under 
the supervision of Thurber field staff.  

Detailed field program descriptions can be found in the referenced Thurber reports in Section 1.  

The test holes most relevant for the currently proposed HDD crossing have been summarized in 
Table 1, below. The reference report for both test holes is 01-13283-S5A-M002-PL-MEM-0128 
(Thurber 2022); test hole locations are shown on Figures 1, 2 and 3. 
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Table 1: Test Hole Coordinates and Completion Depth 

The soil stratigraphy, drilling observations and test results from the test holes listed in Table 1 are 
detailed on the test hole logs in Appendix C and are summarized below. The Modified Unified Soil 
Classification System (MUSCS) (also attached for reference) was used to describe the soil. 

2.2 Geophysical Program 

A geophysical survey, consisting of Seismic Refraction (SR) and Electrical Resistivity 
Tomography (ERT), was undertaken adjacent to the crossing in 2021 by Surface Search Inc. 
(Surface Search). The location of the geophysical program was field-fit to site constraints (e.g 
physical access, proximity to existing facilities) as shown on Figure 3.  

The main objective of this program was to identify the approximate contact between the surficial 
soils and the underlying bedrock. The results of this work are described as part of the overall 
discussion of subsurface conditions in Section 3 and have been projected onto Figure 3. The 
Surface Search figures are presented in Appendix D. The portion relevant to the current HDD 
alignment is ERT Line 05 and SR lines 29 to 32. 

3. SITE DESCRIPTION 

3.1 General 

The proposed crossing is located approximately 8 km southwest of Kamloops, BC. The proposed 
HDD drill path is approximately 450 m long and crosses under glacial hogback feature and two 
(2) small unnamed drainage courses. The unnamed drainages are approximately 2 m northeast 
of the entry on the alignment and approximately 26 m southwest of the exit along the proposed 
alignment. Based on LiDAR bare earth imagery, bedrock appears to be shallow beneath a glacial 
till veneer between about KP851+800 and KP854+200. The shape of the hogback feature is 
indicative of a southeast to northwest ice movement, with steeper northwest slopes in the order 
of 30  and southwest, southeast and northeast slopes generally less than 20 . 

Test Hole ID Jacko Lake Log ID 

Test Hole Location1 

(UTM NAD 83, Zone 10) 
Completion 

Depth 

(m)Northing (m) Easting (m) 

SH21-5A-19-TEL-JL-

KP851+931 
TEL-JL-BH2 5611197 682969 35.3 

SH21-5A-19-TEL-JL-

KP852+390 
TEL-JL-BH14 5610673 682538 55.4 

Notes: 

1. Test hole coordinates provided by GeoVerra survey 
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Total overburden cover (rock and soil) on the proposed trenchless profile is a maximum of 
approximately 60 m at KP852+220 (see Figure 3).   

3.2 Regional Geology 

The geomorphology of the project area is characterized by glacial landforms. The underlying 
bedrock has been heavily sculpted and gouged by the Pleistocene ice sheet which moved from 
the northwest to the southeast, depositing till at its base. The study area was deglaciated between 
14,000 to 11,00 year ago. 

Surficial landforms mapped by BGC along the pipeline alignment within the study area consist of 
variable thickness of till overlying bedrock, with minor deposits of glaciofluvial origin as shown in 
Figure 1. Local organic deposits are also present in low lying areas and drainages to Jacko Lake. 

The bedrock geology in the area consists of volcanics, volcanoclastics, and picrite of the Nicola 
Group Volcanics (Figure 2). The northwest trending, 34 km long, Iron Mask Batholith is intruded 
into the Nicola Group Volcanics. Several economic mineral deposits are associated with this 
intrusion including Ajax, Afton, Crescent, and Pothook.  

Bedrock geology underlying the proposed HDD alignment in the crossing area consists of the Iron 
Mask Batholith Hybrid Unit consisting of dioritic intrusive rocks.  

The major faults within the Nicola Group Volcanics and the Iron Mask Batholith include the Cherry 
Creek Tectonic Zone, the Edith Lake Fault Zone and the East Pit Fault. These faults follow a 
regional northwest - southeast trend. Other faults are related to the contacts between individual 
geological units, such as the contacts between the Iron Mask Batholith and the Nicola Volcanic 
Group. Unconfined Compressive Strength (UCS) values for these materials from the Ajax Mine 
ranged from 26 MPa to 264 MPa (median 149 MPa)  

Based on BC geological mapping (2017), the closest mapped fault on the north side of the study 
area is an unnamed fault about 2.5 km northwest of the proposed drill entry (Figure 2). On the 
south side, the closest mapped fault is the Cherry Creek Fault which is about 5.5 km southwest 
of the proposed drill exit. As the possibility of other unmapped faults exists in this area, the 
potential for any of the proposed trenchless crossings to intersect a fault is considered to be 
moderate to high. 

According to the Klohn Crippen (2011) seismic assessment of the Ajax Mine, the faults in the area 
are seismically inactive and occurred tens of millions of years ago and there has never been a 
published case of inland Quaternary surface ruptures associated with an earthquake in BC. 
Consequently, the main concern with faulting in the area is with respect to constructability of the 
trenchless crossings which could be affected by drilling fluid losses and/or instability of drill hole 
walls due to fracturing of the rock or presence of weak gouge material. 
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3.3 Subsurface Conditions 

The following soil units were encountered within the test holes listed in Table 1 completed along 
or adjacent to the proposed crossing: 

Topsoil 

A 0.2 m thick topsoil layer was encountered at the surface of SH21-5A-19-TEL-JL-KP851+931. 

Fill 

A 0.4 m thick sandy clay fill layer was encountered at the surface of SH21-5A-19-TEL-JL-
KP852+390. 

Clay 

Clay was encountered within test holes SH21-5A-19-TEL-JL-KP851+931 and SH21-5A-19-TEL-
JL-KP852+390 below the topsoil and fill layers respectively. The clay layer in SH21-5A-19-TEL-
JL-KP851+931 extended from the topsoil later to approx. 0.7 mbgs. The clay in SH21-5A-19-TEL-
JL-KP852+390 extended from the bottom of the fill to approx. 7.7 mbgs and overlayed diorite 
bedrock. The clay is low to medium plastic and contains varying amounts of sand and gravel. A 
lack of sorting and inclusions of granular soils indicate the clay is likely a glacial till deposit.  

SPT-N values recorded within the clay in SH21-5A-19-TEL-JL-KP852+390 varied between 40 
and refusal, indicating a hard to very hard consistency, which indicates a high degree of 
overconsolidation which is common of basal till deposits. Based on empirical strength 
correlations, the SPT-N values in the clay indicate undrained shear strengths of between of 200 
kPa to > 400  kPa. 

Granular/Cohesionless Till 

Within SH21-5A-19-TEL-JL-KP851+931 silty sand and gravel till and silt till was encountered 
below the topsoil from approximately 0.2 mbgs to approximately 4.5 mbgs and overlayed diorite 
bedrock. SPTs conducted in the material met refusal (50 blows achieved 45 mm penetration), 
indicating a very dense consistency. Photos of the sonic soil recovery for SH21-5A-19-TEL-JL-
KP851+931 are presented in Appendix E.  

Diorite Bedrock 

Diorite bedrock was encountered in test holes SH21-5A-19-TEL-JL-KP851+931 and SH21-5A-
19-TEL-JL-KP852+390 at depths of approximately 4.6 mbgs and 7.7 mbgs respectively and 
extended to the termination depths of each test hole. Uniaxial Compressive Strength Tests (e.g. 
unconfined compressive strength tests (UCS)) in the rock ranged from 12 MPa to 80 MPa in 
SH21-5A-19-TEL-JL-KP851+931 and from 48 MPa to 196 MPa in SH21-5A-19-TEL-JL-
KP852+390, indicating the rock can be described as medium strong to very strong. Rock Quality 
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Designation (RQD) values ranged from 9 to 79 in SH21-5A-19-TEL-JL-KP851+931 and 15 to 89 
in SH21-5A-19-TEL-JL-KP852+390. Several zones of broken core were noted in both test holes. 
A lower recovery zone between approx. 21 mbgs and 24 mbgs was noted in SH21-5A-19-TEL-
JL-KP851+931, but otherwise recovery is generally greater than 95%. Two (2) runs with recovery 
at or below 95% were noted in SH21-5A-19-TEL-JL-KP852+390. Photos of the rock core are 
presented in Appendix E. 

It should be noted that rock strength testing on other samples collected for the Jacko Lake 
Microtunnel assessment indicated strengths on the order of 220 MPa. Further, samples from the 
Ajax Mine in the Iron Mask Batholith ranged from 26 MPa to 264 MPa.  

Groundwater 

Two vibrating wire piezometers were installed in SH21-5A-19-TEL-JL-KP852+390 at depths of 
approximately 7.5 m near the clay/bedrock contact and 50 m within the bedrock. Equivalent water 
depth readings were taken between December 9, 2021 and May 30, 2022, which showed the 
water levels consistently within about 2 m below the ground surface within the clay and greater 
than 50 m depth in the bedrock. Therefore, there appears to be a low likelihood for groundwater 
inflows to the HDD drill hole. 

3.4 Geophysical Surveys 

The interpreted ERT and SR survey profiles are provided in the Surface Search report in Appendix 
D. The alignment of the surveys is shown on the plan view in Figure 3; the survey lines were very 
close to the proposed entry point at the northeast end of the crossing and diverges approximately 
40 m northeast from the proposed exit point. The ground profile along the geophysical survey 
lines is therefore different than the ground profile along the proposed crossing, but is shown on 
Figure 3 to generally illustrate the relative shallow soil depth identified across Jacko Hill and at 
the entry/exit points. 

4. HDD FEASIBILITY ASSESSMENT 

4.1 Ground Conditions 

Entry and Upstream Tie-In 

Based on test hole SH21-5A-19-TEL-JL-KP851+931, conditions on the proposed HDD entry 
(northeast) side of the crossing are anticipated to be cohesionless primarily granular soils over 
bedrock. Given the presence of relatively shallow unconsolidated coarse-grained soils an entry 
pit could be excavated to the bedrock surface to avoid drill collapse in the cohesionless material. 
If an entry pit is not excavated to bedrock, surface casing will likely need to extend along the drill 
path to at least the bedrock interface. Thurber recommends the surface casing extend far enough 
to provide a seal with the bedrock.  
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Unsupported excavations into cohesionless material should be battered 2H:1V or flatter to provide 
adequate short-term stability for safe worker entry. All temporary excavations should be 
completed in compliance with provincial safety regulations (e.g. WorkSafe BC).  

Drill Path

Outside of the entry and exit areas, the majority of the drill path is anticipated to be within diorite 
bedrock from the Iron Mask Batholith hybrid unit. The possibility exists of encountering highly 
fractured zones, faults and joints along the drill path. HDD within the bedrock is considered to 
have low to moderate risk of failure of completion of the crossing. 

Based on the above, it is anticipated that an HDD crossing of this feature is feasible but potentially 
difficult to construct, mostly due to the potential to encounter highly fractured bedrock.  

Exit Pit and Downstream Tie-In 

Based on test hole SH21-5A-19-TEL-JL-KP852+390, exit conditions on the southwest side of the 
crossing are anticipated to be predominantly clay which are anticipated to be favorable for an 
HDD exit and casing should not be required. Temporary excavations within the expected hard to 
very hard clay should be sloped no steeper than 1H:1V. If encountered, excavations in coarse 
grained soils should be sloped no steeper than 1.25H:1V above the water table and 2H:1V below 
the water table. All temporary excavations should be completed in compliance with provincial 
safety regulations (e.g. WorkSafe BC).   

5. RECOMMENDATIONS 

The following is a summary of Thurber’s recommendations for construction of the proposed HDD 
crossing:   

 To reduce the risk of collapse of the granular cohesionless soils at the drill entry an entry 
pit extending to the bedrock surface could be utilized to avoid drill collapse in the 
cohesionless material. Alternatively casing should be installed such that it creates a seal 
with the bedrock. Given the relative shallow depth to bedrock it should be feasible to trench 
the casing to bedrock from the ground surface. This would also allow the casing to be 
notched into the bedrock.  

 If entry casing is utilized (instead of an entry pit extending to bedrock) and does not extend 
into the bedrock per above recommendations and the hole cannot be adequately 
supported with heavy drilling fluid, the drill may require intervention in the case of hole 
collapse.  

 The size of the larger drill diameter should be determined in discussions with HDD drilling 
contractor based on their proposed means and methods.  
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The anticipated bedrock hardness and fractured nature should be considered in the 
planning of the HDD and the equipment selection. The rock is expected to be highly 
abrasive to the bits, and weighted drilling mud may be required to maintain hole stability 
in fracture zones. Mud additives may also be required to maintain or regain mud circulation 
in fracture zones. 

Closure 

We trust that the information provided herein meets your present requirements. If you have any 
questions or wish to discuss any aspects of the enclosed geotechnical assessment further, please 
contact the undersigned at your convenience.  

Yours truly, 
Thurber Engineering Ltd. 
 
 
 
 
 
 
 
Bryan Woods, P.Eng.  
Review Engineer 
 
 
 
 
 
 
Jessica Thompson, P. Eng. 
Geotechnical Engineer 
 
Attachments: 
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Appendix E: Sonic Soil Recovery (SH21-5A-19-TEL-JL-KP851+931 ) and Rock Core 
Photos 
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Test Hole Logs 
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Surface Search Geophysics Figures 
  















Appendix E 
 
 

Sonic Soil Recovery (SH21-5A-19-TEL-JL-KP851+931 ) and Rock Core Photos 



PHOTO 1 TEL-JL-BH2 RUN 1 to 3 (6.39 to 10.34 m) 

PHOTO 2 TEL-JL-BH2 RUN 4 to 6 (10.34 to 14.9 m) 

PHOTO 3 TEL-JL-BH2 RUN 7 to 9 (14.9 to 19.46 m) 

PHOTO 4 TEL-JL-BH2 RUN 10 to 12 (19.46 to 24.02 m) 

PHOTO 5 TEL-JL-BH2 RUN 13 to 15 (24.02 to 28.58 m) 



PHOTO 6 TEL-JL-BH2 RUN 16 to 18 (28.58 to 33.14 m) 

PHOTO 7 TEL-JL-BH14 RUN 1-3 (8.98 to 12.84 m) 

PHOTO 8 TEL-JL-BH14 RUN 4-6 (12.84 to 17.40 m) 

PHOTO 9 TEL-JL-BH14 RUN 7-9 (17.40 to 21.96 m) 



PHOTO 10 TEL-JL-BH14 RUN 10-12 (21.96 to 26.52 m) 

PHOTO 11 TEL-JL-BH14 RUN 13-15 (26.52 to 31.08 m) 

PHOTO 12 TEL-JL-BH14 RUN 16-18 (31.08 to 35.64 m) 

PHOTO 13 TEL-JL-BH14 RUN 19-21 (35.64 to 40.20 m) 



PHOTO 14 TEL-JL-BH14 RUN 22-24 (40.20 to 44.72 m)

PHOTO 15 TEL-JL-BH14 RUN 25-27 (44.72 to 49.30 m) 

PHOTO 16 TEL-JL-BH14 RUN 28-30 (49.30 to 53.88 m) 

PHOTO 17 TEL-JL-BH14 RUN 31 (53.88 to 55.40 m) 

 



PHOTO 1 TEL-JL-BH2 RUN 1 (0 to 2.13 m)

PHOTO 2 TEL-JL-BH2 RUN 2 to 3 (2.13 to 5.18 m) 

PHOTO 3 TEL-JL-BH2 RUN 4 (5.18 to 6.17 m) 


