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ROCK CORE PHOTOGRAPHIC LOG
AECOM Project No: 60323056
Project Name: CHPE Geotechnical Investigation
Location: Bronx, Randall’s Island to AGC Receiving Pit Segment, Bronx and Queens Co’s, NY

Boring
No.

Depth
(ft.)

BR-1 60.0-
70.0

Boring
No.

Depth
(ft.)

BR-3 25.0 to
40.0

Note: Black foam inserts represent core pieces that were removed for geotechnical and/or thermal resistivity laboratory testing
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ROCK CORE PHOTOGRAPHIC LOG
AECOM Project No: 60323056
Project Name: CHPE Geotechnical Investigation
Location: Bronx, Randall’s Island to AGC Receiving Pit Segment, Bronx and Queens Co’s, NY

Boring
No.

Depth
(ft.)

RA-1 32.0-
50.0

Boring
No.

Depth
(ft.)

RA-1 50.0-
65.0

Note: Black foam inserts represent core pieces that were removed for geotechnical and/or thermal resistivity laboratory testing
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ROCK CORE PHOTOGRAPHIC LOG
AECOM Project No: 60323056
Project Name: CHPE Geotechnical Investigation
Location: Bronx, Randall’s Island to AGC Receiving Pit Segment, Bronx and Queens Co’s, NY

Boring
No.

Depth
(ft.)

RA-1 65.0-
80.0

Boring
No.

Depth
(ft.)

RA-2 50.0 –
70.0

Note: Black foam inserts represent core pieces that were removed for geotechnical and/or thermal resistivity laboratory testing
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ROCK CORE PHOTOGRAPHIC LOG
AECOM Project No: 60323056
Project Name: CHPE Geotechnical Investigation
Location: Bronx, Randall’s Island to AGC Receiving Pit Segment, Bronx and Queens Co’s, NY

Boring
No.

Depth
(ft.)

RA-2 70.0-
78.5

Boring
No.

Depth
(ft.)

RA-3 31.8 to
39.0

Note: Black foam inserts represent core pieces that were removed for geotechnical and/or thermal resistivity laboratory testing



Appendix D – Thermal Resistivity Laboratory Testing Results



Appendix D Note:

Test borings completed in the CHPE Randall’s Island project segment are
identified as BR-1, BR-2, BR-3, BR-4, RA-1, RA-2, RA-3, and RA-4.  The Geotherm
USA reports in this appendix include sample thermal resistivity test results from
these borings.

In addition to sample results from the Randall’s Island segment borings, the

Geotherm USA report dated July 30, 2021 in this appendix includes sample test

results from four borings (AR-2, AR-6, AR-7 and AR-8) that were completed in the

CHPE Astoria-Rainey project segment.  Those sample test results are irrelevant

to the Randall’s Island project segment and have been redacted in this appendix

accordingly.









































Appendix E – Geotechnical Laboratory Testing Results



Appendix E Note:

Test borings completed in the CHPE Randall’s Island project segment are
identified as BR-1, BR-2, BR-3, BR-4, RA-1, RA-2, RA-3, and RA-4.  The
geotechnical laboratory report in this appendix include sample test results from
these borings.

In addition to sample results from the Randall’s Island segment borings, the

geotechnical report dated July 28, 2021 in this appendix includes sample test

results from four borings (AR-2, AR-6, AR-7 and AR-8) that were completed in the

CHPE Astoria-Rainey project segment.  Those sample test results are irrelevant

to the Randall’s Island project segment and have been redacted in this appendix

accordingly.



















































































Appendix F – Investigation Derived Waste Disposal 
Documentation 
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APPENDIX C 
ANNULAR PRESSURE ANALYSES 

 
  



ISSUED: Final Design
Notes:

1. Geology is interpreted from project data. Basis of Calculations Champlain Hudson Power Express Package 8

2. The error bars represent a 20% variance in slurry density. 6.53 in Pilot Hole Diameter Bore Logs Transition Vault 5 to Astoria Converter Station

3. Ground surface data obtained from project survey data. 3.50 in Drill Rod Diameter 9.89 ppg BR‐1 HDD #134 Conduit 2

4. Subsurface data from Geotechnical Reports. Properties are interpreted from field 6.5 Pilot Bit Diameter BR‐2
    and laboratory data. 74.0 pcf Unit Weight Drill Fluid BR‐3
5. Pump  rate, pilot hole diameter, fluid density are estimated: actual values 400 gal/min Pump Rate BA‐103
    may vary depending on Contractor field operations. 2079.21 ft Plan Length BA‐104 Champlain Hudson Power Express Package 8
6. See Table 1, 'Submittal Notes'  for detailed references on geotechnical and surveying data. 2086.98 ft Path Length HDD #134 Conduit 2
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ISSUED: Final Design
Notes:

1. Geology is interpreted from project data. Basis of Calculations Champlain Hudson Power Express Package 8

2. The error bars represent a 20% variance in slurry density. 6.53 in Pilot Hole Diameter Bore Logs Transition Vault 5 to Astoria Converter Station

3. Ground surface data obtained from project survey data. 3.50 in Drill Rod Diameter 9.89 ppg BR‐1 HDD #134 Conduit 1

4. Subsurface data from Geotechnical Reports. Properties are interpreted from field 6.5 Pilot Bit Diameter BR‐2
    and laboratory data. 74.0 pcf Unit Weight Drill Fluid BR‐3
5. Pump  rate, pilot hole diameter, fluid density are estimated: actual values 400 gal/min Pump Rate BA‐103
    may vary depending on Contractor field operations. 2079.27 ft Plan Length BA‐104 Champlain Hudson Power Express Package 8
6. See Table 1, 'Submittal Notes'  for detailed references on geotechnical and surveying data. 2086.97 ft Path Length HDD #134 Conduit 1
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ISSUED: Draft Design
Notes:

1. Geology is interpreted from project data Basis of annulur pressure calculations CHPE Package 8

2. The error bars represent possible range of slurry density 9.92 in Pilot Hole Diameter HDD #135

3. Ground surface data obtained from project survey data 74.0 pcf Unit Weight Drill Fluid 9.89 ppg NYC, NY

4. Subsurface data from Geotechnical Report, Properties are interpreted from field and 400 gal/min Pump Rate
laboratory data as presented in Table 4. 5.00 in Drill Rod Diameter

5. Pump rate, pilot hole diameter, fluid density are estimated actual values 20% for APC curve
may vary depending on Contractor field operations.  The error bars provide
an estimate of the full range of possible fluid properties for a given pump rate.
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ISSUED: Draft Design
Notes:

1. Geology is interpreted from project data Basis of annulur pressure calculations CHPE Package 8

2. The error bars represent possible range of slurry density 9.92 in Pilot Hole Diameter HDD #135

3. Ground surface data obtained from project survey data 74.0 pcf Unit Weight Drill Fluid 9.89 ppg NYC, NY

4. Subsurface data from Geotechnical Report, Properties are interpreted from field and 400 gal/min Pump Rate
laboratory data as presented in Table 4. 5.00 in Drill Rod Diameter

5. Pump rate, pilot hole diameter, fluid density are estimated actual values 20% for APC curve
may vary depending on Contractor field operations.  The error bars provide
an estimate of the full range of possible fluid properties for a given pump rate.
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APPENDIX D 

CONDUIT PULLBACK ANALYSES 
 

 
  



Drill Rig for Pulling Location at Drill Entry
V. Angle Azimuth EL Radius, R

Tail Ltail 300.0 ft 1,100.0 ft

EXIT L1 = 153.0 ft 10.000 143.770 10.000 0.0 ft (schematic, to show definition of variables only)

PVT2 L2 = 209.4 ft 10.000 143.770 -16.569 0.0 ft

PVC2 L3 = 1414.5 ft 0.000 143.770 -34.800 1,200.0 ft

PVT1 L4 = 244.3 ft 0.000 143.770 -34.800 0.0 ft

PVC1 L5 = 65.7 ft -14.000 143.770 -5.096 1,000.0 ft

Entry L6 = 0.0 ft -14.000 143.770 10.800 0.0 ft Pipe Exit El = 10.00 ft Pipe Entry El = 10.80 ft

L7 =

L8 =

L9 =

L10 =

L11 = Pull Force, FD ASSESS Pull Force, FB ASSESS
L12 = No Ballast T < PM Ballasted Pipe T < PM Air Ballast

Tail String Drag = Ltail*G = 60.00 Lb EXIT 6,739 lb 188 psi OK 6,739 lb 188 psi OK OK OK

LT = PVT2 8,462 lb 236 psi OK 7,978 lb 223 psi OK OK OK

INPUT: Assumed Friction Factors PVC2 28,577 lb 821 psi OK 15,080 lb 444 psi OK OK OK
G = 0.20 dry +  rollers PVT1 32,072 lb 895 psi OK 16,326 lb 455 psi OK OK OK
b = 0.40 drill fluid in hole PVC1 31,119 lb 896 psi OK 15,601 lb 463 psi OK OK OK
c = 0.40 in hole no fluid Entry 31,119 lb 868 psi OK 14,990 lb 418 psi OK OK OK

INPUT: Assumed Hydrokinetic Drag
f = 0.005 psi Drill Fluid Shear Stress

INPUT: Pipe Properties
Material IPS

Safe Pull Max. Stress, PM 1,150 psi PPI Table 1 12hr @ 73Deg F

Pile/Bundle Diam. 10.8 in PIPE PIPE/BUNDLE

DR = DO/tmin = 9.0 ASSESS Pull Restricted Buckling Capacity, PPA > P invert  PPA = PAFR = 105.68 psi
Section Area for Pull, in2

37.71 in2 Ducts not Included
12 Hr Pullback Modulus, ET = 63,000 psi @T = 73 deg F

Poisson Ratio,  = 0.45 Maximum tensile stress during pullback = t = (FT/tm(DOD-tm))+ETDOD/2R PPI Ch 12 Eq 16

Ovality Factor, fo = 0.915 1%

Buckling Safety, N = 2.0 Calculated Material Design Limits For Designed Drill Path

Safe Pull Strength, SPS = 41,235 lb SSPS = PMDOD
2((1/DR)-(1/DR2))

INPUT: Assumed Fluid Densities/Elevations Allowable Short Term Unconstrained Buckling, PA = 141.18 psi PA = (2ET/(1-2))(1/(DR-1))3(fo/N)

Ballast Density 62.428 pcf Estimated for pull Maximum 12 hour Pull Stress Reduction, FR = 0.748593154 FR = (5.57-(r+1.09)2)1/2-1.09

Drill Fluid Density 78.0 pcf Estimated for pull r = 0.38972133 r = T/2*SPS

Drill fluid elevation, HF = 10.00 ft Maximum applied pull Stress, T = 896 psi From Pull Force Calculations

Ballast Water El., HW = 0.00 ft Ballasted Max. Differential Pressure on Pipe, PB invert = 9.18 psi (-) indicates extra differential capacity

Lowest Invert El., Elm = -34.80 ft Unballasted Max. Differential Pressure on Pipe, PU invert = 24.27 psi (-) indicates extra differential capacity

Calculated Pipe and Fluid Properties Calculated Drill Hole Diameter Assumed for Calculations

Fluid Drag OD Perimeter Length, P DH = 18.0 in
ASTM 1962 Fluid Unit Drag, qd = DO<8" Use DH=DO+4"; 8"<DO<24" Use DH=1.5*DO; DO>24" Use DH=DO+12"

ASTM 1962 EQ 18: Hydrokinetic, T =

Pull Condition 1 Pipe 1 Ballasted and not Ballasted
Calculated Buoyant Weights ISSUE: Final Design

Pipe Air Filled Ballasted
On Ground, wa/waf = 38.69 Lb/LF

In Hole with Drill Fluid, wb/wbf = -10.47 Lb/LF

ESTIMATED PULLING FORCE

NOTES: Champlain Hudson Power Express Package 8

Brierley Associates HDD #134 Conduit 2

167 S. River Road, Suite 8 Cable Duct
Bedford, NH 03110 Revision 1

0.37 lb/ft

15.69 Lb/LF

-33.47 Lb/LF

1 - Calculations were done in general accordance with ASTMF-1962 as modified to account for invert tangent section, independent vertical 
curves, and fluid drag.  ASTM applies hydrokinetic pressure as shear per unit pipe length requiring a back calculation to determine actual 
pull force based on average pipe area.

TBD

Ballasted OK

No Ballast OK

33.77 in

2.03 lb/ft

Pull Geometry
Lengths (Path)

Overbend

Overbend

Calculated  Pull Force ASSESS

POINT
Max Tensile 

Stress, T

Max Tensile 
Stress, T

Fx < SPS

2086.977 ft

HDPE

L2L3L4L5





A

B

C

F

L1L6

D

E



Drill Rig for Pulling Location at Drill Entry
V. Angle Azimuth EL Radius, R

Tail Ltail 300.0 ft 1,100.0 ft

EXIT L1 = 156.6 ft 10.000 143.773 10.420 0.0 ft (schematic, to show definition of variables only)

PVT2 L2 = 209.4 ft 10.000 143.773 -16.769 0.0 ft

PVC2 L3 = 1414.8 ft 0.000 143.773 -35.000 1,200.0 ft

PVT1 L4 = 244.3 ft 0.000 143.773 -35.000 0.0 ft

PVC1 L5 = 61.8 ft -14.000 143.773 -5.296 1,000.0 ft

Entry L6 = 0.0 ft -14.000 143.773 9.650 0.0 ft Pipe Exit El = 10.42 ft Pipe Entry El = 9.65 ft

L7 =

L8 =

L9 =

L10 =

L11 = Pull Force, FD ASSESS Pull Force, FB ASSESS
L12 = No Ballast T < PM Ballasted Pipe T < PM Air Ballast

Tail String Drag = Ltail*G = 60.00 Lb EXIT 6,739 lb 138 psi OK 6,739 lb 138 psi OK OK OK

LT = PVT2 8,337 lb 170 psi OK 9,556 lb 195 psi OK OK OK

INPUT: Assumed Friction Factors PVC2 30,324 lb 650 psi OK 18,526 lb 409 psi OK OK OK
G = 0.20 dry +  rollers PVT1 34,141 lb 697 psi OK 20,096 lb 410 psi OK OK OK
b = 0.40 drill fluid in hole PVC1 33,037 lb 712 psi OK 19,152 lb 428 psi OK OK OK
c = 0.40 in hole no fluid Entry 31,878 lb 651 psi OK 17,698 lb 361 psi OK OK OK

INPUT: Assumed Hydrokinetic Drag
f = 0.005 psi Drill Fluid Shear Stress

INPUT: Pipe Properties
Material IPS

Safe Pull Max. Stress, PM 1,150 psi PPI Table 1 12hr @ 73Deg F

Pile/Bundle Diam. 14.3 in BUNDLE PIPE/BUNDLE

DR = DO/tmin = 9.0 ASSESS Pull Restricted Buckling Capacity, PPA > P invert  PPA = PAFR = 114.40 psi
Section Area for Pull, in2

41.69 in2 Ducts not Included
12 Hr Pullback Modulus, ET = 63,000 psi @T = 73 deg F

Poisson Ratio,  = 0.45 Maximum tensile stress during pullback = t = (FT/tm(DOD-tm))+ETDOD/2R PPI Ch 12 Eq 16

Ovality Factor, fo = 0.915 1%

Buckling Safety, N = 2.0 Calculated Material Design Limits For Designed Drill Path

Safe Pull Strength, SPS = 72,457 lb SSPS = PMDOD
2((1/DR)-(1/DR2))

INPUT: Assumed Fluid Densities/Elevations Allowable Short Term Unconstrained Buckling, PA = 141.18 psi PA = (2ET/(1-2))(1/(DR-1))3(fo/N)

Ballast Density 62.428 pcf Estimated for pull Maximum 12 hour Pull Stress Reduction, FR = 0.810324499 FR = (5.57-(r+1.09)2)1/2-1.09

Drill Fluid Density 78.0 pcf Estimated for pull r = 0.309559501 r = T/2*SPS

Drill fluid elevation, HF = 9.00 ft Maximum applied pull Stress, T = 712 psi From Pull Force Calculations

Ballast Water El., HW = 0.00 ft Ballasted Max. Differential Pressure on Pipe, PB invert = 8.66 psi (-) indicates extra differential capacity

Lowest Invert El., Elm = -35.00 ft Unballasted Max. Differential Pressure on Pipe, PU invert = 23.83 psi (-) indicates extra differential capacity

Calculated Pipe and Fluid Properties Calculated Drill Hole Diameter Assumed for Calculations

Fluid Drag OD Perimeter Length, P DH = 22.0 in
ASTM 1962 Fluid Unit Drag, qd = DO<8" Use DH=DO+4"; 8"<DO<24" Use DH=1.5*DO; DO>24" Use DH=DO+12"

ASTM 1962 EQ 18: Hydrokinetic, T =

Pull Condition 1 Pipe 1 Ballasted and not Ballasted
Calculated Buoyant Weights ISSUE: Final Design

Pipe Air Filled Ballasted
On Ground, wa/waf = 38.69 Lb/LF

In Hole with Drill Fluid, wb/wbf = -10.47 Lb/LF

ESTIMATED PULLING FORCE

NOTES: Champlain Hudson Power Express Package 8

Brierley Associates HDD #134 Conduit 1

167 S. River Road, Suite 8 Cable Duct
Bedford, NH 03110 Revision 1

Pull Geometry
Lengths (Path)

Overbend

Overbend

Calculated  Pull Force ASSESS

POINT
Max Tensile 

Stress, T

Max Tensile 
Stress, T

Fx < SPS

2086.967 ft

HDPE

0.49 lb/ft

15.69 Lb/LF

-33.47 Lb/LF

1 - Calculations were done in general accordance with ASTMF-1962 as modified to account for invert tangent section, independent vertical 
curves, and fluid drag.  ASTM applies hydrokinetic pressure as shear per unit pipe length requiring a back calculation to determine actual 
pull force based on average pipe area.

TBD

Ballasted OK

No Ballast OK

44.77 in

2.69 lb/ft

L2L3L4L5





A

B

C

F

L1L6

D

E



Pull Direction: Drill Exit to Entry INPUT: Drill Exit to Entry' or 'Drill Entry to Exit'

Tail String 0 ft Overbend radius = NA POINT Force Stress Force Stress

L1 = 5258.44 ft T(A) 3,758 lb Acceptable 3,758 lb Acceptable No Ballast above ground surface
L2 = 275.68 ft Radius (ft) T(B) 9,168 lb Acceptable 15,391 lb Acceptable

L3 = 523.60 ft  = -15.0 ˚ 2000 T(C ) 31,628 lb Acceptable 32,722 lb Acceptable Friction Factors

L4 = 3545.07 ft  = 0 T(D) 188,040 lb Acceptable 143,336 lb Acceptable f = 0.0250 psi Fluid Friction

L5 = 349.07 ft  = 10.0 ˚ 2000 T(E) 217,806 lb Acceptable 150,993 lb Acceptable a = 0.007 (dry +  rollers)

L6 = 565.02 ft T(F) 250,628 lb Acceptable 164,359 lb Acceptable b = 0.30 (wet in hole)

LT = 5258.44 ft Maximum Pull Force 250,628 lb Unballasted 164,359 lb Ballasted s = 0.3 soil

Assumptions Operational Stress Assessment

Drill Fluid F = 74.8 pcf 10.00 lb/gal Elev., Df = 5.00 ft

Ballast Water w = 62.4 pcf 8.34 lb/gal Elev., Db = 5.00 ft Rigside Pipeside

Carrier Pipe Tail String

DENSITY  = 489.5 pcf

Pipe OD Dia. = 20.000 in 1.667 ft

Modulus, E 29,000,000 psi

Strength, SMYS 42,000 psi Allowable stress 30,240 psi

Pipe 1 Pipe 2 Pipe 3

Pipe OD = 20.00 in

Pipe Wall, WT = 0.375 in

Pipe ID Dia. = 19.250 in Bottom Tangent Angle, = 0

Perimeter, Pp = 5.24 ft

wf = 163.19 lb/ft Displaced fluid weight Drill Entry Elevation = -0.50 ft Pipe Entry Elevation, EP = 10.50 ft

wb = 126.12 lb/ft Ballast weight Drill Exit Elevation = 10.50 ft End of Tail String Ground Elevation at Pipe Entry, ETS = -0.50 ft

Invert Elevation = -129.00 ft

Pipe Air Filled Ballasted
On Ground, wa/waf = 78.60 lb/ft 204.72 Lb/LF

In Hole with Drill Fluid, wb/wbf = -84.59 lb/ft 41.53 lb/ft

Calculated Drill Hole Diameter Assumed for Calculations ISSUE: Constructability Assessment

DH = 30 DO<8" Use DH=DO+4"; 8"<DO<24" Use DH=1.5*DO; DO>24" Use DH=DO+12" CHPE Package 8

HDD #135

NYC, NY

Notes:

CASING ASSESSMENT

ANTICIPATED PULLING FORCE

HDD #135 STEEL PIPE

Revision 0 2/28/2020F
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Angles (+) clockwise

PULL FORCE & STRESS ASSESSMENT

Acceptable

Lengths - Path No Ballast Ballasted

Assess Pipeside Ground Slope Angle

OK

(schematic, to show definition of variables only)

1 - Calculations were done in general accordance with "Installation of Pipelines by Horizontal Directional Drilling - An 
Engineering Guide" by the Pipeline Research Committee, dated April 15, 1995 and as revised in November 2008.

167 S. River Road, Suite 8

Bedford, NH 03110

62.832 in

Calculated Buoyant Forces

2 - See pipe stress assessment for detailed calculations for pull back stress and overbend calculations for specific 
overbend stress assessment. Brierley Associates

NOTE: Reamers and hole openers typically constructed in 2" increments.  If calculation results in odd hole 
diameter, result is rounded up to next even number.



Pull Direction: Drill Exit to Entry INPUT: Drill Exit to Entry' or 'Drill Entry to Exit'

Tail String 0 ft Overbend radius = NA POINT Force Stress Force Stress

L1 = 5228.03 ft T(A) 4,063 lb Acceptable 4,063 lb Acceptable No Ballast above ground surface
L2 = 287.66 ft Radius (ft) T(B) 9,445 lb Acceptable 16,223 lb Acceptable

L3 = 523.60 ft  = -15.0 ˚ 2000 T(C ) 31,878 lb Acceptable 33,527 lb Acceptable Friction Factors

L4 = 3508.44 ft  = 0 T(D) 186,637 lb Acceptable 142,961 lb Acceptable f = 0.0250 psi Fluid Friction

L5 = 349.07 ft  = 10.0 ˚ 2000 T(E) 216,210 lb Acceptable 150,425 lb Acceptable a = 0.007 (dry +  rollers)

L6 = 559.27 ft T(F) 248,672 lb Acceptable 163,630 lb Acceptable b = 0.30 (wet in hole)

LT = 5228.03 ft Maximum Pull Force 248,672 lb Unballasted 163,630 lb Ballasted s = 0.3 soil

Assumptions Operational Stress Assessment

Drill Fluid F = 74.8 pcf 10.00 lb/gal Elev., Df = 5.00 ft

Ballast Water w = 62.4 pcf 8.34 lb/gal Elev., Db = 5.00 ft Rigside Pipeside

Carrier Pipe Tail String

DENSITY  = 489.5 pcf

Pipe OD Dia. = 20.000 in 1.667 ft

Modulus, E 29,000,000 psi

Strength, SMYS 42,000 psi Allowable stress 30,240 psi

Pipe 1 Pipe 2 Pipe 3

Pipe OD = 20.00 in

Pipe Wall, WT = 0.375 in

Pipe ID Dia. = 19.250 in Bottom Tangent Angle, = 0

Perimeter, Pp = 5.24 ft

wf = 163.19 lb/ft Displaced fluid weight Drill Entry Elevation = -1.50 ft Pipe Entry Elevation, EP = 13.60 ft

wb = 126.12 lb/ft Ballast weight Drill Exit Elevation = 13.60 ft End of Tail String Ground Elevation at Pipe Entry, ETS = -1.50 ft

Invert Elevation = -129.00 ft

Pipe Air Filled Ballasted
On Ground, wa/waf = 78.60 lb/ft 204.72 Lb/LF

In Hole with Drill Fluid, wb/wbf = -84.59 lb/ft 41.53 lb/ft

Calculated Drill Hole Diameter Assumed for Calculations ISSUE: Constructability Assessment

DH = 30 DO<8" Use DH=DO+4"; 8"<DO<24" Use DH=1.5*DO; DO>24" Use DH=DO+12" CHPE Package 8

HDD #135

NYC, NY

Notes:

CASING ASSESSMENT

ANTICIPATED PULLING FORCE

HDD #135 STEEL PIPE

Revision 0

167 S. River Road, Suite 8

Bedford, NH 03110

62.832 in

Calculated Buoyant Forces

2 - See pipe stress assessment for detailed calculations for pull back stress and overbend calculations for specific 
overbend stress assessment. Brierley Associates

NOTE: Reamers and hole openers typically constructed in 2" increments.  If calculation results in odd hole 
diameter, result is rounded up to next even number.
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Angles (+) clockwise

PULL FORCE & STRESS ASSESSMENT

Acceptable

Lengths - Path No Ballast Ballasted

Assess Pipeside Ground Slope Angle

OK

(schematic, to show definition of variables only)

1 - Calculations were done in general accordance with "Installation of Pipelines by Horizontal Directional Drilling - An 
Engineering Guide" by the Pipeline Research Committee, dated April 15, 1995 and as revised in November 2008.
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