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Point Load Test:
 UC Axial = 11.3 MPa
 UC Diametral = 9.6 MPa

well cemented, weak (R2), grey

End of hole at 47.5 m
Hole grouted upon completion
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100

SPLIT SPOON

Point Load Test:
 UC Axial = 9.1 MPa
 UC Diametral = 9.1 MPa

SHALE

C9

Point Load Test:
 UC Axial = 17.8 MPa
 UC Diametral = 7.9 MPa
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Point Load Test:
 UC Axial = 17.0 MPa
 UC Diametral = 14.1 MPa

SOIL
DESCRIPTION

40

TUBE

85

C10

C11

100

100
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SILTSTONE

weak (R2), grey to greenish grey, siltstone interbeds, up to 100
mm thick

SANDSTONE (continued)

SHALE
very weak (R1), grey

SILTSTONE
well cemented, weak (R2), grey, trace shale and sandstone
interbeds

SHALE
weak (R2), greenish grey to grey

SILTSTONE
well cemented, weak (R2), grey

SANDSTONE
fine-grained, well cemented, weak (R2), grey, trace shale
interbeds, up to 25 mm thick Point Load Test:

 UC Axial = 26.6 MPa
 UC Diametral = 15.3 MPa
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NO RECOVERY CORE RETURN
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Point Load Test:
 UC Axial = 31.7 MPa
 UC Diametral = 8.5 MPa
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COMPLETION DEPTH:  47.5 m
COMPLETION DATE:  3/4/06

GRAB

BOREHOLE NO:  ATH06-03
PROJECT NO:  EG0926008.3000.0187
ELEVATION:
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002216 EASTING:  590506
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243
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SAND, fine- to coarse-grained, trace fine to coarse-grained gravel,
trace cobbles, grey, layers of fine-grained gravel, up to 300 mm
thick

ORGANICS, clay, silty, sandy, fine-grained sand, black

CLAY, silty, sandy, fine-grained sand, brown

- below 1.0 m, stiff

GRAVEL, fine- to coarse-grained gravel, sandy, medium- to
coarse-grained sand, trace boulders, dense, angular to
sub-angular

SOIL
DESCRIPTION

- below 5.3 m, trace cobbles, no boulders, dense to very dense,
angular to sub-angular

GRAVEL, fine- to coarse-grained gravel, some medium- to
coarse-grained sand, trace cobbles, dense to very dense, angular
to sub-angular

Drilled with 145 mm tricone bit
and heavy drilling fluid

Frozen to 1.0 m

Lost circulation, added high
viscosity polymers, regained
circulation

Lost circulation, hole collapsed,
casing installed to 7.3 m,
regained circulation with heavy
mud

- below 2.4 m, medium- to coarse-grained sand layers, up to
300 mm thick

CORE RETURN
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(m

)

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

NO RECOVERY

COMPLETION DEPTH:  42.8 m
COMPLETION DATE:  2/28/06

GRAB

BOREHOLE NO:  ATH06-04
PROJECT NO:  EG0926008.3000.0187
ELEVATION:
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ADDITIONAL
INFORMATION

PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6001826 EASTING:  590336
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C3

C2

SHALE
grey

- from 12.3 to 13.2 m, joints: 30° to 45° dip, slickensided

SOIL
DESCRIPTION
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6001826 EASTING:  590336
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LOGGED BY:  CRA / OT
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CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary
SAMPLE TYPE
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- below 12.0 m, very weak (R1), dark grey

RQ
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BOREHOLE NO:  ATH06-04
PROJECT NO:  EG0926008.3000.0187
ELEVATION:

GRAB

Installed casing to 12.1 m

COMPLETION DEPTH:  42.8 m
COMPLETION DATE:  2/28/06

- from 14.8 to 15.3 m, shale interbed, very weak (R1), grey

SHALE
highly carbonaceous, very weak (R1), flaky, fissile, dark brownish
grey, striated, trace coal seams
- below 16.3 m, very weak (R1) to weak (R2), siltstone interbeds,
grey
- below 16.5 m, carbonaceous, dark brown
- at 16.7 m, coal seam, 50 mm thick
- below 16.8 m, grey, siltstone interbeds, thin coal laminae

- at 17.7 m, isolated joint: 40° dip, slickensided
- at 17.8 m, very weak (R1) to weak (R2), dark brown, highly
carbonaceous
COAL
black, blocky to fissile, shiny to dull

SANDSTONE
fine-grained, well cemented, weak (R2), blue grey, siltstone and
shale laminations

bentonitic, very weak (R1), waxy, massive, brown
SHALE

- from 18.9 m to 19.9 m, carbonaceous, dark brown, fissile
- below 19.3 m, brownish grey, trace carbonized plant remains

27

56

74

74

moderately strong (R3) to strong (R4), grey, indurated



- at 25.7 m, band of light brown ironstone, 30 mm thick

- from 27.5 to 27.7 m, fine-grained, moderately strong (R3) to
strong (R3)

fine-grained, very weak (R1), striated, friable, light grey, trace coal
fragments

SANDSTONE
bentonitic, very weak (R1), argillaceous, grey
SILTSTONE

Point Load Test:
 UC Axial = 9.6 MPa
 UC Diametral = 2.3 MPa

SHALE

C5

argillaceous, very weak (R1), grey
SILTSTONE
very weak (R1), dark grey
SHALE

fine-grained, very weak (R1) to weak (R2), slightly friable, light
grey

SANDSTONE

very weak (R1), dark greenish grey

Point Load Test:
 UC Axial = 4.2 MPa
 UC Diametral = 0.8 MPa

Point Load Test:
 UC Axial = 2.8 MPa
 UC Diametral = 1.4 MPa
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81

67

57

- at 28.2 m, light rusty brown ironstone band, 5 mm thick, some
crossbedding
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SHALE

- below 23.4 m, grey, interbedded with argillaceous bentonitic
siltstone, friable

100

100

92

C8

C7

C6

86

SHALE (continued)

low grade, weak (R2), dark brown to black, dull, argillaceous,
crumbly

COAL

- from 21.9 to 22.2 m, carbonaceous inclusions, isolated joint: 55°
dip, slickensided

very weak (R1), dark grey
SHALE

SILTSTONE

highly bentonitic, very weak (R1), waxy, massive, greenish brown,
trace carbonaceous inclusions

argillaceous, very weak (R1) to weak (R2) 21
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BOREHOLE NO:  ATH06-04
PROJECT NO:  EG0926008.3000.0187
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SAMPLE TYPE

COMPLETION DEPTH:  42.8 m
COMPLETION DATE:  2/28/06
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6001826 EASTING:  590336
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CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

ADDITIONAL
INFORMATION
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243
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SILTSTONE
bentonitic, very weak (R1), slightly friable, grey, with dark grey
shale interbeds
SHALE
very weak (R1), dark grey, massive

- from 39.5 to 39.7 m, bentonitic, extremely weak (R0), friable

95

85

Point Load Test:
 UC Axial = 14.7 MPa
 UC Diametral = 7.9 MPa

- at 35.3 m, isolated joint: 60° dip, slickensided
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C11

100

93

100

- at 36.6 m, weak (R2), grey to greenish grey

- below 36.2 m, bentonitic, very weak (R1) to weak (R2), dark
greenish grey,  interbedded layers of siltstone and fine-grained
sandstone

SANDSTONE (continued)

- from 30.7 to 31.1 m, well cemented, moderately strong (R3) to
strong (R4), light grey, non friable

- at 31.8 m, gravelly with clay, weak (R2), slightly friable
SILTSTONE
very weak (R1) to weak (R2), dark grey, argillaceous

SHALE
very weak (R1) to weak (R2), dark brown

- from 33.4 to 36.2 m, very weak (R1), dark grey

- from 33.7 to 33.8 m, siltstone
- below 33.9 m, greenish grey

SAMPLE TYPE
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NO RECOVERY CORE RETURN
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COMPLETION DEPTH:  42.8 m
COMPLETION DATE:  2/28/06

GRAB

BOREHOLE NO:  ATH06-04
PROJECT NO:  EG0926008.3000.0187
ELEVATION:
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6001826 EASTING:  590336
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243B

H
 F

O
R

 S
O

IL
/R

O
C

K
  E

G
09

26
00

8.
30

00
.0

18
7-

A
TH

A
B

A
S

C
A

 R
IV

E
R

 C
R

O
S

S
IN

G
.G

P
J 

 A
M

E
C

-E
&

E
.B

C
-M

U
LT

IW
E

LL
-D

A
TA

TE
M

P
LA

TE
-R

E
V

1.
G

D
T 

 1
/2

7/
09

41

42

43

44

45

46

47

48

49

End of Hole at 42.8 m
Hole grouted upon completion

90

SHALE (continued)

- from 40.6 to 40.7 m, fine-grained sandstone, medium strong
(R3), indurated, non friable, grey
- from 40.7 to 40.9 m, thin shale interbeds
SANDSTONE

- from 42.0 to 42.8 m, massive, fine-grained, friable to slightly
friable, black and white

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

90

Point Load Test:
 UC Axial = 6.8 MPa
 UC Diametral = 4.2 MPa

SOIL
DESCRIPTION

40

thinly interbedded, fine-grained, very weak (R1), dark brownish
grey

COMPLETION DEPTH:  42.8 m
COMPLETION DATE:  2/28/06
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BOREHOLE NO:  ATH06-04
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6001826 EASTING:  590336

NO RECOVERY
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DESCRIPTION

0

TUBE

SPT bounced on rock
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Drilled with 145 mm tricone bit

G1

1
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SPLIT SPOON

D1

G2

D2

Lost circulation, casing installed to
12.2 m

CLAY, some silt, high plasticity, brown

SAND, fine-grained, trace silt, compact, brown

CLAY, trace silt, high plasticity, stiff, brown

- below 6.2 m, some subangular gravel [possible TILL]

GRAVEL, fine-grained, sandy, dense, subrounded

- at 8.8 m, fine- to medium-grained
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243

CORE RETURN

COMPLETION DEPTH:  130.1 m
COMPLETION DATE:  7/12/06
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BOREHOLE NO:  ATH06-05
PROJECT NO:  EG0926008.3000.0187
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20 40 60 80
SPT "N" (BLOWS/300 mm)    

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary
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ADDITIONAL
INFORMATION

PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002329 EASTING:  593387
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ENTERED BY:  HR
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- below 18.9 m, moderately to well cemented, slightly to highly
weathered, iron stained

SANDSTONE
fine-grained, very weak (R1) to weak (R2), poorly cemented,

28

Casing pulled and re-drilled to
16.5 m

SILTSTONE

Switched to diamond coring

fine-grained, extremely weak (R0), poorly cemented, brown

G3

SOIL
DESCRIPTION

TUBE SPLIT SPOON

DE
PT

H 
(m

)

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0 MPa

G4

G5

G6

G7

C1slightly weathered, extremely weak (R0), poorly cemented, blocky,
brown, frequent joints 50

10 GRAVEL, fine-grained, sandy, dense, subrounded (continued)

- at 11.0 m, medium-grained

- at 11.5 m, medium- to coarse-grained

- at 12.2 m, fine-grained, trace coarse-grained sand, light brown

SAND, fine-grained, some silt

SILT, some clay, intermediate plasticity, very stiff, brown

SANDSTONE

20

NO RECOVERY
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BOREHOLE NO:  ATH06-05
PROJECT NO:  EG0926008.3000.0187
ELEVATION:

GRAB

COMPLETION DEPTH:  130.1 m
COMPLETION DATE:  7/12/06
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

CORE RETURN
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002329 EASTING:  593387
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Lost circulation

SILTSTONE
extremely weak (R0), moderately cemented, massive, dark grey

42

12

55

67

Point Load Test:
 UC Axial = 17.5 MPa
 UC Diametral = 20.4 MPa

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0 MPa

Point Load Test:
 UC Axial = 1.1 MPa
 UC Diametral = 1.1 MPa

- from 27.1 to 27.2 m, indurated siltstone layer

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0.6 MPa

Point Load Test:
 UC Axial = 2.3 MPa
 UC Diametral = 2.3 MPa

C220

TUBE SPLIT SPOON

DE
PT

H 
(m

)

Point Load at Test:
 UC Axial = 1.1 MPa
 UC Diametral = 2.3 MPa

C3

C4

C5

100

100

100

90extremely weak (R0), massive, dark grey
SHALE

SANDSTONE (continued)
slightly weathered, iron stains, brown
- from 20.2 to 20.6 m, moderately to well cemented, calcareous

SILTSTONE
extremely weak (R0), well cemented, crushed, slightly weathered,
dark grey to black
- from 22.5 to 22.6 m, moderately weathered

- from 23.3 to 23.8 m, moderately weathered

- from 24.5 to 26.7 m, frequent joints: 0° to 90° dip
SANDSTONE
fine-grained, extremely weak (R0), poorly cemented, massive,
grey

- below 26.7 m, greenish grey

SAMPLE TYPE
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary
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MUD RETURN

ADDITIONAL
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ENTERED BY:  HR
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002329 EASTING:  593387
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- from 34.4 to 35.1 m, medium-grained

32

- from 37.8 to 38.0 m, gravel seam, coarse-grained, uncemented,
rounded to subrounded, embedded in fragments of grey siltstone
and mudstone, some bedding visible

- from 37.8 to 38.6 m, frequent joints

- from 36.8 to 37.2 m, occasional joints: 0° dip
- below 36.7 m, weak bedding
- below 36.6 m, medium-grained

- below 36.1 m, fine-grained

weak (R2), massive, dark grey

- at 35.4 m, fractured zone

- at 38.1 m, joint: 45° dip, slickensided

- below 33.8 m, fine- to medium-grained, weathered
- at 33.8 m, joint: horizontal
- below 33.5 m, fine-grained, frequent carbonaceous layers
- at 33.1 m, occasional siltstone nodules
- at 32.9 m, carbonaceous clay seam, low plasticity
- at 32.6 m, isolated joints
- at 32.3 m, carbonaceous clay seam

fine- to medium-grained, extremely weak (R0), poorly cemented,
grey, bedding at 15° dip

- from 36.0 to 36.6 m, massive

52

63

88

63

SHALE

SHALE

very weak (R1), blocky, black

- from 38.6 to 39.3 m, occasional joints: 0° to 5° dip

C6

- from 38.3 to 39.0 m, carbonaceous, very weak (R1), dark brown
to black

94

79

100

100

100

SANDSTONE

C10

C9

C8

C7

- from 30.5 to 30.6 m, clay seam, high plasticity, soft, brown, moist,
50 mm thick

COAL

- at 31.4 m, carbonaceous zone, 3 mm thick
extremely weak (R0), poorly cemented, massive, dark grey
SILTSTONE
very weak (R1), dark grey
SHALE
extremely weak (R0), poorly cemented, massive, dark grey
SILTSTONE

SHALE

SILTSTONE (continued)

very weak (R1), dark grey

very weak (R1) to weak (R2), dark grey
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- at 38.3 m, occasional joints, occasional silt lenses

20 40 60 80

Point Load Test:
 UC Axial = 2.3 MPa
 UC Diametral = 2.3 MPa

SAMPLE TYPE

SPT "N" (BLOWS/300 mm)    

BOREHOLE NO:  ATH06-05
PROJECT NO:  EG0926008.3000.0187
ELEVATION:
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IL 
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LOGGED BY:  CD / EG
ENTERED BY:  HR
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002329 EASTING:  593387

ADDITIONAL
INFORMATION
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COMPLETION DEPTH:  130.1 m
COMPLETION DATE:  7/12/06
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CORE RETURNNO RECOVERY

Lost circulation

SPLIT SPOON
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SOIL
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TUBE

Point Load Test:
 UC Axial = 6.8 MPa
 UC Diametral = 2.3 MPa

Water Level observed at
38.1m

Drilled with heavy drill fluid, partial
circulation

Lost circulation

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0.6 MPa

Lost circulation

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0.6 MPa

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0.6 MPa

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary
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MUD RETURN

AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243
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- at 47.9 m, trace fossils

- below 49.5 m, very weak (R1)

- below 48.8 m, fine- to medium-grained, extremely weak (R0)

40

- below 47.9 m, fine-grained, rust stained bands

67

- from 46.3 to 50.3 m, occasional joints
- below 46.1 m, fine- to medium-grained
fine-grained, extremely weak (R0), massive, brown
SANDSTONE
- at 45.4 m, slightly weathered, occasional joints
- from 45.1 to 45.4 m, frequent joints

- at 47.9 m, trace fossils

Lost circulation

SOIL
DESCRIPTION

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0 MPa

Lost circulation

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0 MPa

C11

Point Load Test:
 UC Axial = 5.1 MPa
 UC Diametral = 4 MPa

Point Load Test:
 UC Axial = 10.7 MPa
 UC Diametral = 2.8 MPa

83

69

SHALE

Used approximately 7200 L of
water for previous 6 m of drilling

85

- below 44.9 m, non-carbonaceous, very weak (R1) to weak (R2),
greenish grey

SHALE

100

carbonaceous, very weak (R1), dark brown

C13

C12

93

- at 41.8 m, joint: 0° dip

Point Load Test:
 UC Axial = 12.2 MPa
 UC Diametral = 13.9 MPa

- at 44.8 m, joint: 90° dip

fine-grained, very weak (R1), weakly to moderately cemented,
massive, grey

SANDSTONE

very weak (R1), grey
SHALE

SANDSTONE

carbonaceous, extremely weak (R0), massive, dark brown

- at 41.3 m, joint: 5° dip
- at 41.1 m, joint: 75° dip

- at 40.8 m, joint: 0° dip
- at 40.3 m, joint: 60° dip
- from 40.0 to 40.4 m, frequent joints: 0° dip
- below 40.0 m, non-carbonaceous, grey

fine-grained, very weak (R1), moderately cemented, grey to brown
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BOREHOLE NO:  ATH06-05
PROJECT NO:  EG0926008.3000.0187
ELEVATION:

COMPLETION DEPTH:  130.1 m
COMPLETION DATE:  7/12/06

GRAB

LOGGED BY:  CD / EG
ENTERED BY:  HR

CORE RETURN
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002329 EASTING:  593387

ADDITIONAL
INFORMATION

TUBE
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MUD RETURN

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243



- below 58.0 m, fine- to medium-grained

- at 59.6 m, joint: 0° dip
- below 59.4 m, medium-grained

- at 59.0 m, joint: 0° dip

SOIL
DESCRIPTION

- from 58.0 to 58.1 m, frequent joints

87

- from 57.9 to 58.0 m, siltstone seam, extremely weak (R0), brown,
100 mm thick

- from 57.8 to 59.7 m, occasional joints

- below 57.1 m, fine-grained, very weak (R1), brown
- at 57.1 m, joint
- at 56.9 m, frequent mudstone nodules, 10 to 20 mm diameter

- from 56.4 to 57.1 m, coarse-grained, greenish to brownish grey

- from 58.9 to 59.4 m, cross bedded

Lost circulation

Lost circulation

Point Load Test:
 UC Axial = 1.1 MPa
 UC Diametral = 0 MPa

Lost circulation

73

Point Load Test:
 UC Axial = 7.9 MPa
 UC Diametral = 5.1 MPa

85
Point Load Test:

 UC Axial = 2 MPa
 UC Diametral = 1.7 MPa

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0 MPa

Lost circulation

Point Load Test:
 UC Axial = 0.6 MPa
 UC Diametral = 0 MPa

24

- below 55.5 m, brown

C14

- at 56.3 m, fine- to medium-grained, some mudstone nodules,
5 mm diameter, dark grey

60

100

95

SANDSTONE (continued)

- from 50.3 to 50.5 m, weak (R2)

C17

C16

C15

96

fine- to medium-grained, extremely weak (R0), brown

Point Load Test:
 UC Axial = 5.1 MPa
 UC Diametral = 2.5 MPa

- below 55.2 m, very weak (R1) to weak (R2)

- from 54.9 to 55.2 m, joints: 45° and 80° dip

- from 54.5 to 54.9 m, grey

- from 53.3 to 54.7 m, weak (R2), grey

- at 52.1 m, joint: 90° dip

- from 51.8 to 51.9 m, shale layer, very weak (R1), greenish grey,
100 mm thick

- from 56.2 to 57.1 m, occasional joints

SANDSTONE
- from 51.4 to 51.6 m, carbonaceous beds
very weak (R1), brown, moist
SILTSTONE

- below 51 m, siltstone and shale nodules, 10 to 30 mm diameter

- from 50.3 to 54.9 m, occasional joints

- below 51.9 m, fine-grained, very weak (R1)

60
LOGGED BY:  CD / EG
ENTERED BY:  HR
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CORE RETURN

Point Load Test:
 UC Axial = 4 MPa
 UC Diametral = 3.4 MPa
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BOREHOLE NO:  ATH06-05
PROJECT NO:  EG0926008.3000.0187
ELEVATION:
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COMPLETION DEPTH:  130.1 m
COMPLETION DATE:  7/12/06
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002329 EASTING:  593387

ADDITIONAL
INFORMATION
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MUD RETURN

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243
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SILTSTONE

SILTSTONE
very weak (R1), blocky, frequent joints, black
COAL
carbonaceous, very weak (R1), dark brown to black
SHALE

- from 67.1 to 68.6 m, occasional joints, blocky

- below 64.0 m, medium-grained, massive

very weak (R1), greenish grey

- from 66.5 to 67.1 m, occasional joints: 0° to 5° dip

very weak (R1), dark greenish grey, carbonaceous fragments,
1 mm diameter, occasional joints

SHALE
- from 65.5 to 66.4 m, frequent joints: 0° to 5° dip
- below 65.5 m, poorly to moderately cemented

- from 64.8 to 65.0 m, weak (R2), grey, cross bedded

Point Load Test:
 UC Axial = 13.3 MPa
 UC Diametral = 8.5 MPa

- from 67.1 to 67.4 m, dark grey

Used approximately 7200 L of
water for previous 18 m of drilling

Point Load Test:
 UC Axial = 2.8 MPa
 UC Diametral = 8.5 MPa

Lost circulation

Point Load Test:
 UC Axial = 19.8 MPa
 UC Diametral = 5.7 MPa

Water level at 54.6 m while
drilling at 61.0 m

From 59.7 to 61.0 m, lost core

41

very weak (R1), grey, occasional joints: 0° dip

66

C18

- at 63.6 m, joint: 0° dip

71

0

90

- from 64.8 to 64.9 m, frequent joints with thin, faint, carbonaceous
bedding

90

C21

C20

C19

100

very weak (R1), grey

- from 63.4 to 63.7 m, cross bedded

- below 63.3 m, fine- to medium-grained, weak (R2) to medium
strong (R3), grey

- from 63.2 to 63.7 m, weak (R2)

- at 62.9 m, joint: 0° dip

- at 62.5 m, coal laminae

fine-grained, very weak (R1), grey
SANDSTONE

SILTSTONE

SHALE
extremely weak (R0) to very weak (R1), blocky, black
COAL

SANDSTONE (continued)

very weak (R1), grey

CORE RETURN

Lost circulation
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BOREHOLE NO:  ATH06-05
PROJECT NO:  EG0926008.3000.0187
ELEVATION:

GRAB
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COMPLETION DEPTH:  130.1 m
COMPLETION DATE:  7/12/06

NO RECOVERY
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SOIL
DESCRIPTION

Lost circulation

60

PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002329 EASTING:  593387
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TUBE

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

ADDITIONAL
INFORMATION
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MUD RETURN

AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243
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Point Load Test:
 UC Axial = 18.1 MPa
 UC Diametral = 11.9 MPa



carbonaceous, very weak (R1), dark brown

Used approximately 7200 L of
water for previous 12 m of drilling

very weak (R1), moderately cemented, greenish grey
SILTSTONE

- from 77.3 to 77.9 m, occasional joints: 0° to 10° dip
- from 76.9  to 77.0 m, faint bedding and occasional joints
- from 76.8 to 76.9 m, light grey

- at 79.5 m, fine-grained sandstone interbed, 20 mm thick

- from 76.7 to 77.3 m, occasional joints: 0° to 5° dip

- at 79.8 m, fine-grained sandstone interbed, 30 mm thick, joint

SHALE
very weak (R1), blocky, crushed, black
COAL

carbonaceous, very weak (R1), fissile, dark grey
SHALE

- from 75.9 to 76.7 m, frequent joints
very weak (R1), massive, grey

- below 76.8 m, non-carbonaceous, greenish grey

Point Load Test:
 UC Axial = 9 MPa
 UC Diametral = 7.3 MPa

Lost circulation

Water level at 64.0 m while
drilling at 73.2 m

Lost circulation

43

36

- at 78.8 m, joint: 65°

very weak (R1), massive, grey

C22 56100

SILTSTONE

100

C24

C23

90

SHALE

SHALE

very weak (R1), blocky, crushed, black
COAL
- below 73.7 m, carbonaceous, dark brown to black

- below 73.1 m, frequent joints

- from 72.4 to 73.1 m, occasional joints: 0° to 5° dip

very weak (R1), bedded, fissile, dark grey

- at 70.6 m, occasional joints: 60° dip
- from 70.4 to 71.7 m, occasional joints: 0° to 5° dip
- from 70.3 to 70.4 m, frequent joints
fine-grained, very weak (R1), grey, occasional siltstone interbeds
SANDSTONE

- from 74.7 to 75.9 m, occasional joints: 0° to 5° dip

- from 71.7 to 72.4 m, frequent joints

DE
PT

H 
(m

)
Point Load Test:

 UC Axial = 31.1 MPa
 UC Diametral = 28.3 MPa

NO RECOVERY
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BOREHOLE NO:  ATH06-05
PROJECT NO:  EG0926008.3000.0187
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COMPLETION DEPTH:  130.1 m
COMPLETION DATE:  7/12/06
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PROJECT:  Athabasca River Crossing
Athabasca River Crossing
NORTHING:  6002329 EASTING:  593387

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

ADDITIONAL
INFORMATION
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MUD RETURN

Point Load Test:
 UC Axial = 11.9 MPa
 UC Diametral = 8.5 MPa

AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243
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Lost circulation



SHALE

72

87

- from 84.4 to 84.5 m, medium-grained

weak (R2), greenish grey, occasional joints: 0° to 5° dip

Point Load Test:
 UC Axial = 5.7 MPa
 UC Diametral = 3.4 MPa

- from 86.8 to 88.1 m, frequent joints: horizontal and subvertical

- from 86.3 to 86.8 m, occasional joints: 0° to 5° dip
weak (R2), greenish grey
SILTSTONE

- below 85.6 m, occasional joints: horizontal to subvertical

80

- at 89.2 m, joint: 50° dip

Point Load Test:
 UC Axial = 12.4 MPa
 UC Diametral = 6.8 MPa

SOIL
DESCRIPTION

Point Load Test:
 UC Axial = 21.5 MPa
 UC Diametral = 15.8 MPa

Point Load Test:
 UC Axial = 32.2 MPa
 UC Diametral = 27.1 MPa

38

Point Load Test:
 UC Axial = 15.3 MPa
 UC Diametral = 14.7 MPa

77

Lost circulation

Point Load Test:
 UC Axial = 4.5 MPa
 UC Diametral = 5.1 MPa

Water level at 67.1 m while
drilling at 82.3 m

Point Load Test:
 UC Axial = 4.8 MPa
 UC Diametral = 4 MPa

Lost circulation

- from 84.1 to 85.0 m, joints

C25

100

99

- from 85.0 to 85.3 m, fractured

100

SANDSTONE

C28

C27

C26 100

- from 82.4 to 82.9 m, well cemented, interbedded siltstone

- at 83.9 m, carbonaceous stringers, 1 mm thick
- below 83.7 m, greenish grey
- from 83.7 to 85.3 m, occasional joints, 0° to 5° dip

- from 83.2 to 83.5 m, joints: 50° to 65° dip, close to moderately
close spacing

- at 83.1 m, joint
- from 82.9 to 83.7 m, very weak (R1)

-  from 82.7 to 82.8 m, frequent joints

SILTSTONE (continued)

- from 82.4 to 82.8 m, weak (R2), low-angle planar cross bedding
- from 82.3 to 82.8 m, massive

- at 81.5 m, joint: 65° dip

- from 80.3 to 83.7 m, occasional joints
fine- to medium-grained, weak (R2), grey

Used approximately 7200 L of
water for previous 12 m of drilling

- below 82.8 m, fine-grained

Lost circulation
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MUD RETURN

CLIENT:  Enbridge Northern Gateway Pipeline LP.
DRILLER:  Garritty & Baker Drilling
DRILL TYPE/METHOD:  Track Mayhew 1000/Wet Rotary

AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243



SHALE
Point Load Test:

 UC Axial = 8.5 MPa
 UC Diametral = 7.3 MPa

- from 98.0 to 99.1 m, thin subhorizontal coal seams
very weak (R1), grey
SILTSTONE
fine-grained, very weak (R1), massive, frequent joints, grey
SANDSTONE

fine-grained, very weak (R1), massive, grey

very weak (R1), massive, greenish grey

- at 99.0 m, joint: 30° dip

- from 95.1 to 95.2 m, crushed

very weak (R1) to weak (R2), massive, greenish grey
SILTSTONE

fine-grained, very weak (R1), massive, greenish grey
SANDSTONE

- at 93.3 m, joint: 65° dip
- from 92.7 to 92.8 m, frequent joints: horizontal

- from 96.0 to 96.1 m, crushed

Lost circulation

Point Load Test:
 UC Axial = 23.2 MPa
 UC Diametral = 14.7 MPa

Lost circulation

46

82

SANDSTONE

very weak (R1), greenish grey

- at 99.9 m, joint: 5° dip

C29

53

0

- at 92.7 m, carbonaceous nodule, 3 mm diameter

C32

C31

C30

98

- from 90.5 to 91.4 m, joints: 50° to 62° dip

SHALE

- from 92.2 to 92.4 m, very weak (R1), occasional joints: 0° to 5°
dip

- from 92.1 to 92.2 m, joint: 90° dip

- at 91.7 m, joint: 0° dip
- form 91.4 to 92.0 m, very weak (R1)
- from 91.4 to 92.1 m, massive

SANDSTONE

weak (R2), dark grey
SILTSTONE

SHALE (continued)

- from 92.7 to 92.8 m, occasional joints: 10° to 15° dip

fine-grained, weak (R2), grey

SAMPLE TYPE

90

- below 99.1 m, weak (R2), some low-angle cross bedding

SPT "N" (BLOWS/300 mm)    

Lost circulation
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- from 108.0 to 108.5 m, some veining

- from 109.7 to 109.9 m, crushed

- at 108.6 m, joint
- from 108.5 to 108.6 m, faint bedding
fine-grained, very weak (R1) to weak (R2), massive, grey

- from 104.9 to 105.4 m, weak (R2) to medium strong (R3), light
grey

- below 108.4 m, occasional joints

- at 107.3 m, joint: 85° dip
- at 107.1 m, joint

- below 106.7 m, greenish grey

- below 105.7 m, occasional joints: 0° to 10° dip
extremely weak (R0) to very weak (R1), light greenish grey

Point Load Test:
 UC Axial = 3.7 MPa
 UC Diametral = 4 MPa

SANDSTONE

100

Lost circulation

Point Load Test:
 UC Axial = 7.6 MPa
 UC Diametral = 9.6 MPa

Water level at 91.4 m while
drilling at 106.7 m

Used 7200 L of water for previous
3.5 m of drilling

Lost circulation

Point Load Test:
 UC Axial = 76.3 MPa
 UC Diametral = 62.2 MPa

Used approximately 7200 L of
water for previous 15 m of drilling

Point Load Test:
 UC Axial = 25.4 MPa
 UC Diametral = 22.6 MPaC33

80

86

77

- at 104.7 m, joint: 60° dip

Lost circulation
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SHALE

C36

C35

C34

88

SHALE

fine-grained, very weak (R1) to weak (R2), massive, grey
SANDSTONE
weak (R2), massive, grey
SHALE
- at 102.7 m, joint: 5° dip

fine-grained, very weak (R1) to weak (R2), grey, carbonaceous
seams

weak (R2), well cemented, massive, grey

- at 101.8 m, joint: 10° dip

- from 101.5  to 102.1 m, extremely weak (R0) to very weak (R1),
poorly cemented, frequent joints

- from 100.7 to 101.57, medium strong (R3) to strong (R4), well
cemented

- from 100.3 to 100.5 m, fractured

SANDSTONE (continued)

Lost circulation
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very weak (R1) to weak (R2), massive, greenish grey

- at 119.5 m, joint: 55° dip
- from 119.3 to 119.5 m, occasional joints
very weak (R1) to weak (R2), massive, greenish grey
SHALE
- from 118.9 to 119.1 m, frequent joints

fine-grained, very weak (R1) to weak (R2), massive

- at 114.6 m, joint

- at 118.3 m, joint: 10° dip

SHALE
- at 116.2 m, joint: 30° dip

fine-grained, very weak (R1) to weak (R2), faint bedding, light grey
to grey

SANDSTONE
- from 115.4 to 115.6 m, joints: 5° dip

Point Load Test:
 UC Axial = 13.6 MPa
 UC Diametral = 6.2 MPa

SANDSTONE

65

Lost circulation

Point Load Test:
 UC Axial = 14.1 MPa
 UC Diametral = 2.8 MPa

Lost circulation

Water level at 82.3 m while
drilling at 115.8 m

Used approximately 7200 L of
water for previous 9 m of drilling

Lost circulation

107

83C37

- from 114.4 to 114.6 m, frequent joints: 0° to 85° dip

Lost circulation

108

92

98

- below 115.0 m, frequent joints

C40

C39

C38

96

- at 111.9 m, joint: 60° dip

very weak (R1) to weak (R2), massive, greenish grey
SHALE
- at 114.1 m, carbonaceous zone, 10 mm thick
- from 113.9 to 114.0 m, some carbonaceous stringers, brown
- at 113.9 m, joint: 0° dip
fine-grained, very weak (R1), massive, faint bedding, grey

- from 113.3 to 113.4 m, faint wavy bedding

very weak (R1) to weak (R2), massive, greenish grey
SHALE

- from 110.3 to 110.7 m, slightly carbonaceous, moderately strong
(R3), well cemented, cross bedded

SANDSTONE (continued)

65
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AMEC Earth & Environmental
3456 Opie Crescent
Prince George, BC V2N 2P9
Tel: (250) 564-3243

SA
MP

LE
 T

YP
E

111

112

113

114

115

116

117

118

119




















































	Preliminary Geotechnical HDD Feasibility Assessment
 - Athabasca River 
	July 14, 2010

	TABLE OF CONTENTS

	1.0 PROJECT DESCRIPTION
	2.0 SCOPE
	3.0 GEOTECHNICAL AND HYDROTECHNICAL SITE CONDITIONS
	3.1 Sources of Information
	3.2 Topography and Access
	3.3 Geology
	3.4 Slope Stability
	3.5 Stream Characteristics
	3.5.1 Channel Description
	3.5.2 River Characteristics at Proposed Crossing
	3.5.3 Lateral Channel Stability
	3.5.4 Depth of Scour


	4.0 PRELIMINARY ASSESSMENT OF CROSSING METHODS
	4.1 Horizontal Directional Drill (HDD) Crossing
	4.2 Contingency Crossing Method 

	5.0 FUTURE GEOTECHNICAL WORK TO SUPPORT DETAILED DESIGN
	6.0 CLOSURE
	REFERENCES

	Photos

	Drawings

	Appendix A - Drill Logs




