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"This drawing is prepared solely for the use of the contractual Customer
of Colt Engineering Corporation (“Colt™) and Colt assumes no liability to
any other party for any representations contained in this drawing.”
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NOTES:

ALL DIMENSIONS ARE IN METRES UNLESS OTHERWISE NOTED.
2. THE SCALES OF THIS DRAWING ARE CONSIDERED RELIABLE
ONLY AT ANSI D SIZE. WHEN PRINTING 11x17, THE VALUE
FOR THE SCALES WILL BE APPROXIMATELY DOUBLE (I.E.
1:1000 BECOMES 1:2000).

THIS DRAWING TO BE READ IN CONJUNCTION WITH THE MORICE

RIVER PRELIMINARY HDD FEASIBILITY ASSESSMENT REPORT,

DATE APRIL 2010.

REFER TO AMEC REPORT, PRELIMINARY GEOTECHNICAL HDD

FEASIBILITY ASSESSMENT, MORICE RIVER (CROSSING #

3199) FOR GEOTECHNICAL INFORMATION.

5. CROSSING SHALL BE CONSTRUCTED AND MAINTAINED IN
ACCORDANCE WITH CSA-Z662 AND NEB REGULATIONS, THE
ENVIRONMENTAL PROTECTION PLAN, THE APPLICABLE
CROSSING APPROVAL CONDITIONS AND CONTRACT DOCUMENTS.
APPROVAL COPIES TO BE ON SITE.

6. THIS DRAWING IS PRELIMINARY IN NATURE, ADDITIONAL
GEOTECHNICAL WORK WILL BE REQUIRED PRIOR TO
FINALIZING THE DESIGN. ONCE GEOTECHNICAL DATA IS
AVAILABLE, THE DRILL DESIGN WILL BE ADJUSTED TO MATCH
THE SOIL CONDITIONS RESULTING FROM THE GEOTECHNICAL
INVESTIGATION.

7. THE PROFILE AND TOPOGRAPHIC DATA WAS DERIVED FROM

GEOBASE DATA DATED AUGUST 1, 1988.
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Horizontal Directional Drilling Pipe Stress Analysis

Preliminary

Northern Gateway Pipelines Inc.

Date

03-May-10

Project Name

Enbridge Northern Gateway Project
Morice River Crossing

Prepared by

Jim Murphy, Peter Liang

Project Number 08C7138 Approval by Phil Kormann
Reverse Pull, Design information input (NPS 20 Without Buoyancy Control)
Outside Diameter D = 20 inch = 508.0 mm Hsoil 0.3
|[Pipe Wall Thickness t = 0.49 inch = 12.40 mm Hrnud 0.05
||D/t = 40.97 Jacket Thickness: {; inch
|fInsulation + Jacket Thickness: t; = inch Insulation weight with jacket lo/ft
|[Pipe net weight = 106.94 Ib/ft Buoyancy Water in pipe 0.00 Ib/ft
||Pipe effective weight: W, = -88.89 b/ft Friction coefficient between pipe 0
and roller at start-up
|[Pipe Grade = X 70 Gr. 483 Mud weight value.Ymuq 89.76 lo/it®
|[SMYS = 70,000 psi Drill Stem: D, = 6.625 in
|[Pipe modulus of elasticity: E=  2.90E+07  psi Coating = DPS
|{Buoyancy Control 0 % of pipe section capacity of water fil Pipe Poisson's ratio v = 0.3
Construction Tem. T, = 30 oF a-the cpefficient of thermal 6.50E-06 1PF
expansion
Operating Tem. T, = 122 O MOP 1,400 psi
Temperature Factor. T = 1 Slurry Flow Rate: Q = 0.88 ft%/s
lJacket modulus of elasticity: Eq= psi Ground water height 82.03 ft
Viscosity of Slurry: i, = 25 cp Yield Point of Slurry: T, = 42 Ib/100ft?
Location Factor= 1 Max. Cover Depth = 361 ft Joint Factor= 1 Soil Internal Angle of Friction = 30
HDD Pilot Hole Profile Information Input
Section Type Angle Length Force direction
AtoB Straight 0, 12 Degree L= 1,860 ft Down
BtoC Curved 0, 6 Degree Lo= 419 ft Down
Ry(ft)= 2,001 a4 12 Degree
CtoD Straight 03 0 Degree L= 597 ft Horizontal
Dto E Curved 0, 6 Degree L= 419 ft Up
Ry(ft)= 2,001 ay 12 Degree
EtoF Straight 05 12 Degree Ls= 2,523 ft Up
Her = 619.22 ft [ Total Length = 5,819 ft
Rig side R2 R1 Pipe side
01 i
o3 L5 o He Point A
Point F
i |
Point E L4 _ /‘ L3 L2 Point B
Point D Point G
HDD Stress Analysis Results
Pulling Load Total Pulling Load at Point F : 401,114 Ib
Installation Stress Check Point E Point C Point D
Tensile Stress Pass Pass Pass
Bending Stress Pass Pass Pass Hydro Test Stress Check: Pass
External Hoop Stress Pass Pass Pass Minimum pipe
Combined tensile and bending Pass Pass Pass wall thickness
- - - Based on CSA
Combined tensile,bending and external hoop _ Pass Pass Pass 7662 (Clause
Operating Stresses Curve B-C The pipe specification is acceptable. 4.35.1)= 6.35 mm|
||0perating Stresses Curve D-E The pipe specification is acceptable. H.S./SMYS = 41 %)
[[Atowable Minimum Installation Radius = R, = 1,201 ft  [=366m The Pipe Specification is acceptable 60% of design

Note: 1. The design radius of 610 meter is shown in the profile. 366 meter ( 60% of design) is the allowable minimum installation radius during the

steering process, which will need to be considered while monitoring during the pilot hole drilling.
2. Use 610 meter radius to check installation stresses, operation stresses and collapse.
3. Fluid level = ground surface at entry point (Lower elevation) for Installation stresses analysis.
4. H, = ground surface at exit point ( Higher elevation) for pipe collapse check.
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Horizontal Directional Drilling Pipe Stress Analysis

Preliminary

Northern Gateway Pipelines Inc.

Date

03-May-10

Project Name

Enbridge Northern Gateway Project
Morice River Crossing

Prepared by

Jim Murphy, Peter Liang

Project Number 08C7138 Approval by Phil Kormann
Reverse Pull, Design information input (NPS 20 With Buoyancy Control)
Outside Diameter D = 20 inch = 508.0 mm Hsoil 0.3
|[Pipe Wall Thickness t = 0.49 inch = 12.40 mm Hrnud 0.05
||D/t = 40.97 Jacket Thickness: {; inch
|fInsulation + Jacket Thickness: t; = inch Insulation weight with jacket lo/ft
|[Pipe net weight = 106.94 Ib/ft Buoyancy Water in pipe 88.74 Ib/ft
||Pipe effective weight: W, = 015 b/ft Friction coefficient between pipe 0
and roller at start-up
|[Pipe Grade = X 70 Gr. 483 Mud weight value.Ymuq 89.76 lo/it®
|[SMYS = 70,000 psi Drill Stem: D, = 6.625 in
|[Pipe modulus of elasticity: E=  2.90E+07  psi Coating = DPS
|{Buoyancy Control 72 % of pipe section capacity of water fil Pipe Poisson's ratio v = 0.3
Construction Tem. T, = 30 oF a-the cpefficient of thermal 6.50E-06 1PF
expansion
Operating Tem. T, = 122 O MOP 1,400 psi
Temperature Factor. T = 1 Slurry Flow Rate: Q = 0.88 ft%/s
lJacket modulus of elasticity: Eq= psi Ground water height 82.03 ft
Viscosity of Slurry: i, = 25 cp Yield Point of Slurry: T, = 42 Ib/100ft?
Location Factor= 1 Max. Cover Depth = 361 ft Joint Factor= 1 Soil Internal Angle of Friction = 30
HDD Pilot Hole Profile Information Input
Section Type Angle Length Force direction
AtoB Straight 0, 12 Degree L= 1,860 ft Down
BtoC Curved 0, 6 Degree Lo= 419 ft Down
Ry(ft)= 2,001 a4 12 Degree
CtoD Straight 03 0 Degree L= 597 ft Horizontal
Dto E Curved 0, 6 Degree L= 419 ft Up
Ry(ft)= 2,001 ay 12 Degree
EtoF Straight 05 12 Degree Ls= 2,523 ft Up
He = 619.22 ft [ Total Length = 5,819 ft
ng side R2 R1 Pipe side
01 i
Ny L5 o He Point A
Point F
; | |
Point E L4 _ /‘ L3 L2 Point B
Point D Point G
HDD Stress Analysis Results
Pulling Load Total Pulling Load at Point F : 247,497 Ib
Installation Stress Check Point E Point C Point D
Tensile Stress Pass Pass Pass
Bending Stress Pass Pass Pass Hydro Test Stress Check: Pass
External Hoop Stress Pass Pass Pass Minimum pipe
Combined tensile and bending Pass Pass Pass wall thickness
- - - Based on CSA
Combined tensile,bending and external hoop _ Pass Pass Pass 7662 (Clause
Operating Stresses Curve B-C The pipe specification is acceptable. 435.1)= 6.35 mm|
||0perating Stresses Curve D-E The pipe specification is acceptable. H.S./SMYS = 41 %)
[[Atowable Minimum Installation Radius = R, = 1,201 ft  [=366m The Pipe Specification is acceptable 60% of design

Note: 1. The design radius of 610 meter is shown in the profile. 366 meter ( 60% of design) is the allowable minimum installation radius during the

steering process, which will need to be considered while monitoring during the pilot hole drilling.
2. Use 610 meter radius to check installation stresses, operation stresses and collapse.
3. Fluid level = ground surface at entry point (Lower elevation) for Installation stresses analysis.
4. H, = ground surface at exit point ( Higher elevation) for pipe collapse check.
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Horizontal Directional Drilling Pipe Stress Analysis

Preliminary

Northern Gateway Pipelines Inc.

Date

03-May-10

Project Name

Enbridge Northern Gateway Project
Morice River Crossing

Prepared by

Jim Murphy, Peter Liang

Project Number 08C7138 Approval by Phil Kormann
Reverse Pull, Design information input (NPS 36 Without Buoyancy Control)
Outside Diameter D = 36 inch = 914.0 mm Hsoil 0.3
|[Pipe Wall Thickness t = 0.86 inch = 21.80 mm Hmud 0.05
||D/t = 41.93 Jacket Thickness: {; inch
|fInsulation + Jacket Thickness: t; = inch Insulation weight with jacket lo/ft
|[Pipe net weight = 338.07 Ib/ft Buoyancy Water in pipe 0.00 Ib/ft
||Pipe effective weight: W, = 205,86 b/ft Friction coefficient between pipe 0
and roller at start-up
|[Pipe Grade = X 70 Gr. 483 Mud weight value.Ymuq 89.76 lo/it®
|[SMYS = 70,000 psi Drill Stem: D, = 6.625 in
|[Pipe modulus of elasticity: E=  2.90E+07  psi Coating = DPS
|{Buoyancy Control 0 % of pipe section capacity of water fil Pipe Poisson's ratio v = 0.3
Construction Tem. T, = 30 oF a-the cpefficient of thermal 6.50E-06 1PF
expansion
Operating Tem. T, = 122 O MOP 1,944 psi
Temperature Factor. T = 1 Slurry Flow Rate: Q = 0.88 ft%/s
[Jacket modulus of elasticity: E.= psi Ground water height 82.03 ft
Viscosity of Slurry: i, = 25 cp Yield Point of Slurry: T, = 42 Ib/100ft?
Location Factor= 1 Max. Cover Depth = 361 ft Joint Factor= 1 Soil Internal Angle of Friction = 30
HDD Pilot Hole Profile Information Input
Section Type Angle Length Force direction
AtoB Straight 0, 12 Degree L= 1,690 ft Down
BtoC Curved 0, 6 Degree Lo= 756 ft Down
Ry(ft)= 3,609 ay 12 Degree
CtoD Straight 03 0 Degree L= 262 ft Horizontal
Dto E Curved 0, 6 Degree L4= 756 ft Up
Ry(ft)= 3,609 as 12 Degree
EtoF Straight 05 12 Degree Ls= 2,352 ft Up
Her = 595.25 ft [ Total Length = 5,816 ft
ng side R2 R1 Pipe side
01 i
Ny L5 o He Point A
Point F
i |
Point E L4 _ /‘ L3 L2 Point B
Point D Point C
HDD Stress Analysis Results
Pulling Load Total Pulling Load at Point F:| 1,018,320 Ib
Installation Stress Check Point E Point C Point D
Tensile Stress Pass Pass Pass
Bending Stress Pass Pass Pass Hydro Test Stress Check: Pass
External Hoop Stress Pass Pass Pass Minimum pipe
Combined tensile and bending Pass Pass Pass wall thickness
- - - Based on CSA
Combined tensile,bending and external hoop _ Pass Pass Pass 7662 (Clause
Operating Stresses Curve B-C The pipe specification is acceptable. 435.1)= 15.85 mm|
||0perating Stresses Curve D-E The pipe specification is acceptable. H.S./SMYS = 58 %
[[Alowable Minimum Installation Radius = R, = 2,165 ft |=660m The Pipe Specification is acceptable 60% of design

Note: 1. The design radius of 1,100 meter is shown in the profile. 660 meter ( 60% of design) is the allowable minimum installation radius during the

steering process, which will need to be considered while monitoring during the pilot hole drilling.
2. Use 660 meter radius to check installation stresses, operation stresses and collapse.
3. Fluid level = ground surface at entry point (Lower elevation) for Installation stresses analysis.
4. H, = ground surface at exit point ( Higher elevation) for pipe collapse check.
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Horizontal Directional Drilling Pipe Stress Analysis

Preliminary

Northern Gateway Pipelines Inc.

Date

03-May-10

Project Name

Enbridge Northern Gateway Project
Morice River Crossing

Prepared by

Jim Murphy, Peter Liang

Project Number 08C7138 Approval by Phil Kormann
Reverse Pull, Design information input (NPS 36 With Buoyancy Control)
Outside Diameter D = 36 inch = 914.0 mm Hsoil 0.3
|[Pipe Wall Thickness t = 0.86 inch = 21.80 mm Hmud 0.05
||D/t = 41.93 Jacket Thickness: t; inch
|[Insulation + Jacket Thickness: t; = inch Insulation weight with jacket lo/ft
|[Pipe net weight = 338.07 Ib/ft Buoyancy Water in pipe 295.55 Ib/ft
||Pipe effective weight: W, = -0.31 b/ft Friction coefficient between pipe 0
and roller at start-up
|[Pipe Grade = X 70 Gr. 483 Mud weight value.Ymuq 89.76 lo/it®
|[SMYS = 70,000 psi Drill Stem: D, = 6.625 in
|[Pipe modulus of elasticity: E=  2.90E+07  psi Coating = DPS
|{Buoyancy Control 74 % of pipe section capacity of water fil Pipe Poisson's ratio v = 0.3
Construction Tem. T, = 30 oF a-the cgefficient of thermal 6.50E-06 1PF
expansion
Operating Tem. T, = 122 O MOP 1,944 psi
Temperature Factor. T = 1 Slurry Flow Rate: Q = 0.88 ft%/s
[Jacket modulus of elasticity: E.= psi Ground water height 82.03 ft
Viscosity of Slurry: i, = 25 cp Yield Point of Slurry: T, = 42 Ib/100ft?
Location Factor= 1 Max. Cover Depth = 361 ft Joint Factor= 1 Soil Internal Angle of Friction = 30
HDD Pilot Hole Profile Information Input
Section Type Angle Length Force direction
AtoB Straight 0, 12 Degree L= 1,690 ft Down
BtoC Curved 0, 6 Degree Lo= 756 ft Down
Ry(ft)= 3,609 ay 12 Degree
CtoD Straight 03 0 Degree L= 262 ft Horizontal
Dto E Curved 0, 6 Degree L4= 756 ft Up
Ry(ft)= 3,609 as 12 Degree
EtoF Straight 05 12 Degree Ls= 2,352 ft Up
Her = 595.25 ft [ Total Length = 5,816 ft
ng side R2 R1 Pipe side
01 i
Ny L5 o He Point A
Point F
e |
Point E L4 _ /‘ L3 L2 Point B
Point D Point C
HDD Stress Analysis Results
Pulling Load Total Pulling Load at Point F : 496,566 Ib
Installation Stress Check Point E Point C Point D
Tensile Stress Pass Pass Pass
Bending Stress Pass Pass Pass Hydro Test Stress Check: Pass
External Hoop Stress Pass Pass Pass Minimum pipe
Combined tensile and bending Pass Pass Pass wall thickness
- - - Based on CSA
Combined tensile,bending and external hoop _ Pass Pass Pass 7662 (Clause
Operating Stresses Curve B-C The pipe specification is acceptable. 435.1)= 15.85 mm|
||0perating Stresses Curve D-E The pipe specification is acceptable. H.S./SMYS = 58 %
[[Atowable Minimum Installation Radius = R, = 2,165 ft |=660m The Pipe Specification is acceptable 60% of design

Note: 1. The design radius of 1,100 meter is shown in the profile. 660 meter ( 60% of design) is the allowable minimum installation radius during the

steering process, which will need to be considered while monitoring during the pilot hole drilling.
2. Use 660 meter radius to check installation stresses, operation stresses and collapse.
3. Fluid level = ground surface at entry point (Lower elevation) for Installation stresses analysis.
4. H, = ground surface at exit point ( Higher elevation) for pipe collapse check.
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