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NOTES:
 - Centreline updated July 29, 2009 (REV R). Kilometre posts correspond to July 29, 2009 (REV R) slack alignment.
 - Topographic map background based on 1:50K CanMatrix NTS Scans published 2003-2007.  © Department of Natural Resources Canada. All rights reserved.
 - Topographic map background based on 1:250K CanMatrix NTS Scans published 2003-2007.  © Department of Natural Resources Canada. All rights reserved.
Produced by WorleyParsons Calgary.  The information used to create this product is based on the most current data available on the date of issue,
and is considered reliable only at the scale at which the data was created and the scale at which the map was published.
This drawing is prepared solely for the use of the contractual customer of WorleyParsons Calgary and WorleyParsons assumes no liability to any
other party for any representations contained in these drawings.  This map must be printed at full scale (100%) in order for the scale to remain correct.
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ATTACHMENT 2: PRELIMINARY PROPOSED HDD 
WATERCOURSE CROSSING LOCATION 
D-5.8-HDD-3038 
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ATTACHMENT 3: PRELIMINARY PROPOSED HDD 
WATERCOURSE CROSSING D-5.8-HDD-3038R 
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ATTACHMENT 4: HYDROFRACTURE ANALYSIS 
D-5.8-HDD-3038R-HYD 
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ATTACHMENT 5: HORIZONTAL DIRECTIONAL DRILLING PIPE 
STRESS ANALYSIS SUMMARIES 

 



20 inch     = 508.0  mm µsoil 0.3
0.35 inch     = 8.80  mm  µmud 0.05

D/t = 57.73 inch
inch lb/ft

75.36 lb/ft 0.00 lb/ft

-120.46 lb/ft 0

X 70 Gr. 483 89.76 lb/ft3

70,000 psi 6.625 in
2.90E+07 psi DPS

0.3

32 0F 6.50E-06 1/0F

122 0F 1,662 psi
1 0.88 ft3/s

psi Ground water height 82.03 ft
25 cp 42 lb/100ft2

1 Joint Factor= 1

Section Type Force direction
A to B Straight �1 12 Degree L1= 559 ft Down
B to C Curved �2 6 Degree L2= 419 ft Down
R1(ft)= 2,001 �1 12 Degree
C to D Straight �3 0 Degree L3= 646 ft Horizontal
D to E Curved �4 6 Degree L4= 419 ft Up
R2(ft)= 2,001 �2 12 Degree
E to F Straight �5 12 Degree L5= 372 ft Up

      Hc1 = 141.88 ft 2,416 ft

205,939 lb
Point E Point C Point D
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass

H.S. / SMYS  = 69 %

Allowable Minimum Installation Radius = RA = 1,201  ft =366m 60% of design

Construction Tem. Tc =

Total Length =

Angle Length

HDD Pilot Hole Profile Information Input

Soil Internal Angle of Friction = 30Max. Cover Depth = 180 ft

Phil Kormann

Northern Gateway Pipelines Inc.

Bending Stress

Pipe net weight = Buoyancy Water in pipe

SMYS =
Pipe modulus of elasticity: E=

Pulling Load

Jacket modulus of elasticity: Ee=

Operating Tem. To =

Coating =

Client

Project Name

Project Number

Date

Prepared by

Approval by08C7138

Design information input (NPS 20 Without Buoyancy Control)

Jim Murphy, Peter Liang

0 % of pipe section capacity of water fill

Jacket Thickness: tj

Outside Diameter D =
Pipe Wall Thickness t =

Pipe Poisson's ratio  � =

Insulation + Jacket Thickness: ti =

Buoyancy Control

Pipe effective weight: Ws =

Pipe Grade =
Drill Stem: Dr =

Operating Stresses Curve D-E The pipe specification is acceptable.

Enbridge Northern Gateway Project
Wapiti River Crossing

Insulation weight with jacket

Tensile Stress

External Hoop Stress

Slurry Flow Rate: Q =

MOP

�-the coefficient of thermal 
expansion

Temperature Factor. T =

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 366 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. Hc = ground surface at exit point ( Higher elevation) for pipe collapse check.

The pipe specification is acceptable.

Total Pulling Load at Point F :

HDD Stress Analysis Results

         Combined tensile,bending and external hoop

Installation Stress Check

Operating Stresses Curve B-C

Minimum pipe 
wall thickness 
Based on CSA 
Z662 (Clause 
4.3.5.1)=

Combined tensile and bending

The Pipe Specification is acceptable

                                          Horizontal Directional Drilling Pipe Stress Analysis Preliminary

7.53 mm

Hydro Test Stress Check: Pass

Location Factor=

Yield Point of Slurry: Ty =Viscosity of Slurry: µp =

12-Apr-10

Friction coefficient between pipe 
and roller at start-up
Mud weight value.Ymud

Pipe side
Rig side

Point A

Point B
Point CPoint D

Point E

Point F

R1R2

�5
�1�1

�2 L1

L2
L3

L4

L5
Hc1

1/1



20 inch     = 508.0  mm µsoil 0.3
0.35 inch     = 8.80  mm  µmud 0.05

D/t = 57.73 inch
inch lb/ft

75.36 lb/ft 119.46 lb/ft

-1.00 lb/ft 0

X 70 Gr. 483 89.76 lb/ft3

70,000 psi 6.625 in
2.90E+07 psi DPS

0.3

32 0F 6.50E-06 1/0F

122 0F 1,662 psi
1 0.88 ft3/s

psi Ground water height 82.03 ft
25 cp 42 lb/100ft2

1 Joint Factor= 1

Section Type Force direction
A to B Straight �1 12 Degree L1= 559 ft Down
B to C Curved �2 6 Degree L2= 419 ft Down
R1(ft)= 2,001 �1 12 Degree
C to D Straight �3 0 Degree L3= 646 ft Horizontal
D to E Curved �4 6 Degree L4= 419 ft Up
R2(ft)= 2,001 �2 12 Degree
E to F Straight �5 12 Degree L5= 372 ft Up

      Hc1 = 141.88 ft 2,416 ft

101,438 lb
Point E Point C Point D
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass

H.S. / SMYS  = 69 %

Allowable Minimum Installation Radius = RA = 1,201  ft =366m 60% of design

Construction Tem. Tc =

Total Length =

Angle Length

HDD Pilot Hole Profile Information Input

Soil Internal Angle of Friction = 30Max. Cover Depth = 180 ft

Phil Kormann

Northern Gateway Pipelines Inc.

Bending Stress

Pipe net weight = Buoyancy Water in pipe

SMYS =
Pipe modulus of elasticity: E=

Pulling Load

Jacket modulus of elasticity: Ee=

Operating Tem. To =

Coating =

Client

Project Name

Project Number

Date

Prepared by

Approval by08C7138

Design information input (NPS 20 With Buoyancy Control)

Jim Murphy, Peter Liang

94 % of pipe section capacity of water fill

Jacket Thickness: tj

Outside Diameter D =
Pipe Wall Thickness t =

Pipe Poisson's ratio  � =

Insulation + Jacket Thickness: ti =

Buoyancy Control

Pipe effective weight: Ws =

Pipe Grade =
Drill Stem: Dr =

Operating Stresses Curve D-E The pipe specification is acceptable.

Enbridge Northern Gateway Project
Wapiti River Crossing

Insulation weight with jacket

Tensile Stress

External Hoop Stress

Slurry Flow Rate: Q =

MOP

�-the coefficient of thermal 
expansion

Temperature Factor. T =

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 366 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. Hc = ground surface at exit point ( Higher elevation) for pipe collapse check.

The pipe specification is acceptable.

Total Pulling Load at Point F :

HDD Stress Analysis Results

         Combined tensile,bending and external hoop

Installation Stress Check

Operating Stresses Curve B-C

Minimum pipe 
wall thickness 
Based on CSA 
Z662 (Clause 
4.3.5.1)=

Combined tensile and bending

The Pipe Specification is acceptable

                                          Horizontal Directional Drilling Pipe Stress Analysis Preliminary

7.53 mm

Hydro Test Stress Check: Pass

Location Factor=

Yield Point of Slurry: Ty =Viscosity of Slurry: µp =

12-Apr-10

Friction coefficient between pipe 
and roller at start-up
Mud weight value.Ymud

Pipe side
Rig side

Point A

Point B
Point CPoint D

Point E

Point F

R1R2

�5
�1�1

�2 L1

L2
L3

L4

L5
Hc1

1/1



36 inch     = 914.0  mm µsoil 0.3
0.84 inch     = 21.40  mm  µmud 0.05

D/t = 42.71 inch
inch lb/ft

331.72 lb/ft 0.00 lb/ft

-302.20 lb/ft 0

X 70 Gr. 483 89.76 lb/ft3

70,000 psi 6.625 in
2.90E+07 psi DPS

0.3

32 0F 6.50E-06 1/0F

122 0F 2,237 psi
1 0.88 ft3/s

psi Ground water height 82.03 ft
25 cp 42 lb/100ft2

1 Joint Factor= 1

Section Type Force direction
A to B Straight �1 12 Degree L1= 390 ft Down
B to C Curved �2 6 Degree L2= 756 ft Down
R1(ft)= 3,609 �1 12 Degree
C to D Straight �3 0 Degree L3= 312 ft Horizontal
D to E Curved �4 6 Degree L4= 756 ft Up
R2(ft)= 3,609 �2 12 Degree
E to F Straight �5 12 Degree L5= 203 ft Up

      Hc1 = 131.48 ft 2,417 ft

464,968 lb
Point E Point C Point D
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass

H.S. / SMYS  = 68 %

Allowable Minimum Installation Radius = RA = 2,165  ft =660m 60% of design

                                          Horizontal Directional Drilling Pipe Stress Analysis Preliminary

18.24 mm

Hydro Test Stress Check: Pass

Location Factor=

Yield Point of Slurry: Ty =Viscosity of Slurry: µp =

12-Apr-10

Friction coefficient between pipe 
and roller at start-up
Mud weight value.Ymud

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. Hc = ground surface at exit point ( Higher elevation) for pipe collapse check.

The pipe specification is acceptable.

Total Pulling Load at Point F :

HDD Stress Analysis Results

         Combined tensile,bending and external hoop

Installation Stress Check

Operating Stresses Curve B-C

Minimum pipe 
wall thickness 
Based on CSA 
Z662 (Clause 
4.3.5.1)=

Combined tensile and bending

The Pipe Specification is acceptable

Operating Stresses Curve D-E The pipe specification is acceptable.

Enbridge Northern Gateway Project
Wapiti River Crossing

Insulation weight with jacket

Tensile Stress

External Hoop Stress

Slurry Flow Rate: Q =

MOP

�-the coefficient of thermal 
expansion

Temperature Factor. T =

0 % of pipe section capacity of water fill

Jacket Thickness: tj

Outside Diameter D =
Pipe Wall Thickness t =

Pipe Poisson's ratio  � =

Insulation + Jacket Thickness: ti =

Buoyancy Control

Pipe effective weight: Ws =

Pipe Grade =
Drill Stem: Dr =
Coating =

Client

Project Name

Project Number

Date

Prepared by

Approval by08C7138

Design information input (NPS 36 Without Buoyancy Control)

Jim Murphy, Peter Liang

Phil Kormann

Northern Gateway Pipelines Inc.

Bending Stress

Pipe net weight = Buoyancy Water in pipe

SMYS =
Pipe modulus of elasticity: E=

Pulling Load

Jacket modulus of elasticity: Ee=

Operating Tem. To =

Construction Tem. Tc =

Total Length =

Angle Length

HDD Pilot Hole Profile Information Input

Soil Internal Angle of Friction = 30Max. Cover Depth = 180 ft

Pipe side
Rig side

Point A

Point B
Point CPoint D

Point E

Point F

R1R2

�5
�1�1

�2 L1

L2
L3

L4

L5
Hc1

1/1



36 inch     = 914.0  mm µsoil 0.3
0.84 inch     = 21.40  mm  µmud 0.05

D/t = 42.71 inch
inch lb/ft

331.72 lb/ft 302.10 lb/ft

-0.10 lb/ft 0

X 70 Gr. 483 89.76 lb/ft3

70,000 psi 6.625 in
2.90E+07 psi DPS

0.3

32 0F 6.50E-06 1/0F

122 0F 2,237 psi
1 0.88 ft3/s

psi Ground water height 82.03 ft
25 cp 42 lb/100ft2

1 Joint Factor= 1

Section Type Force direction
A to B Straight �1 12 Degree L1= 390 ft Down
B to C Curved �2 6 Degree L2= 756 ft Down
R1(ft)= 3,609 �1 12 Degree
C to D Straight �3 0 Degree L3= 312 ft Horizontal
D to E Curved �4 6 Degree L4= 756 ft Up
R2(ft)= 3,609 �2 12 Degree
E to F Straight �5 12 Degree L5= 203 ft Up

      Hc1 = 131.48 ft 2,417 ft

186,100 lb
Point E Point C Point D
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass
Pass Pass Pass

H.S. / SMYS  = 68 %

Allowable Minimum Installation Radius = RA = 2,165  ft =660m 60% of design

                                          Horizontal Directional Drilling Pipe Stress Analysis Preliminary

18.24 mm

Hydro Test Stress Check: Pass

Location Factor=

Yield Point of Slurry: Ty =Viscosity of Slurry: µp =

12-Apr-10

Friction coefficient between pipe 
and roller at start-up
Mud weight value.Ymud

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. Hc = ground surface at exit point ( Higher elevation) for pipe collapse check.

The pipe specification is acceptable.

Total Pulling Load at Point F :

HDD Stress Analysis Results

         Combined tensile,bending and external hoop

Installation Stress Check

Operating Stresses Curve B-C

Minimum pipe 
wall thickness 
Based on CSA 
Z662 (Clause 
4.3.5.1)=

Combined tensile and bending

The Pipe Specification is acceptable

Operating Stresses Curve D-E The pipe specification is acceptable.

Enbridge Northern Gateway Project
Wapiti River Crossing

Insulation weight with jacket

Tensile Stress

External Hoop Stress

Slurry Flow Rate: Q =

MOP

�-the coefficient of thermal 
expansion

Temperature Factor. T =

75 % of pipe section capacity of water fill

Jacket Thickness: tj

Outside Diameter D =
Pipe Wall Thickness t =

Pipe Poisson's ratio  � =

Insulation + Jacket Thickness: ti =

Buoyancy Control

Pipe effective weight: Ws =

Pipe Grade =
Drill Stem: Dr =
Coating =

Client

Project Name

Project Number

Date

Prepared by

Approval by08C7138

Design information input (NPS 36 With Buoyancy Control)

Jim Murphy, Peter Liang

Phil Kormann

Northern Gateway Pipelines Inc.

Bending Stress

Pipe net weight = Buoyancy Water in pipe

SMYS =
Pipe modulus of elasticity: E=

Pulling Load

Jacket modulus of elasticity: Ee=

Operating Tem. To =

Construction Tem. Tc =

Total Length =

Angle Length

HDD Pilot Hole Profile Information Input

Soil Internal Angle of Friction = 30Max. Cover Depth = 180 ft

Pipe side
Rig side

Point A

Point B
Point CPoint D

Point E

Point F

R1R2

�5
�1�1

�2 L1

L2
L3

L4

L5
Hc1

1/1




