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Theoretical Results obtained by stated calculation method,  

corrected for MASP and Hydrostatic Effects 

Source: Client Input Data Sheet; Section 5 
 

 

Summary Table of Calculated Theoretical Results: 

 

Pipe 

Ultimate 

Tensile 

Strength 

[psi] 

 

% 

Elong 
MASP 

[psi] 

Shear 

Pressure 

[psi] 

Comment 

6.625” OD, 0.938” wall, V-150 173,475 19.8 9,870 3,812 Tested Pipe 

  6.625” OD, 0.625” wall, S-135 N/A N/A 9,870 3,278 Verified Pipe 

6.625” OD, 0.813” wall, Z-140 170,440 19.1 9,870 3,273 
Qualified by 

verified pipe 

6.625” OD, 0.813” wall, S-135  167,900 19.0  9,870 3,216  
Qualified by 

verified pipe 

6.625” OD, 0.522” wall, S-135 N/A N/A 9,870 2,849  
Qualified by 

verified pipe 

6.625” OD, 0.625” wall, V-150 171,640 20.9 9,870 2,830 
Qualified by 

verified pipe 

5” OD, 0.362” wall, S-135 N/A N/A 9,870 1,704  
Qualified by 

verified pipe 
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Theoretical Results obtained by stated calculation method,  

corrected for MASP and Hydrostatic Effects 

Source: Client Input Data Sheet; Section 5 
 

 

Summary Table of Calculated Theoretical Results: 

Pipe MASP [psi] Shear Pressure [psi] Comment 

6.625” OD, 0.938” wall, V-150 9,870 3,812 Tested Pipe 

  6.625” OD, 0.625” wall, S-135 9,870 3,278 Verified Pipe 

6.625” OD, 0.813” wall, Z-140 9,870 3,273 Qualified by verified pipe 

6.625” OD, 0.813” wall, S-135 9,870 3,216  Qualified by verified pipe 

6.625” OD, 0.522” wall, S-135 9,870 2,849  Qualified by verified pipe 

6.625” OD, 0.625” wall, V-150 9,870 2,830 Qualified by verified pipe 

5” OD, 0.362” wall, S-135 9,870 1,704  Qualified by verified pipe 
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Tested Pipe Results obtained from Shear Test Report, 

corrected for MASP and Hydrostatic Effects 

Source: Shear Test Report; Section 7 

 

 

Summary of Table of Tested Pipe Results: 
Tested Pipe: 6.625” OD, 0.938” wall, V-150 

Tested Pipe Ultimate Tensile Strength: 173,475 psi 

Tested Pipe Elongation:  19.8% 

Tested Pipe Actual Shear Pressure: 3,160 psi 

Tested Pipe Actual Shear Pressure Corrected for 

Wellbore Pressure and Hydrostatic Effects: 
3,588 psi 

Tested Pipe Theoretical Shear Pressure Corrected for 

Wellbore Pressure and Hydrostatic Effects: 
3,812 psi 

 



No. Pipe OD [in] Pipe ID [in]
Wall 

Thickness 
[in]

Pipe Weight 
per Foot [ppf]

Pipe Grade
 (e.g. S‐135)

Yield Strength 
(Nominal) [ksi]

Comments

1 5.000 4.276 0.362 19.50 S‐135 135,000 Drilling string

2 6 625 5 581 0 522 34 00 S 135 135 000 D illi i

WEST is preparing to perform shear verification as required by 30 CFR §250.416(e).
Please input information where indicated in the template below and return to WEST Engineering Services via email to 
ntl@westengineer.com or your direct contact at WEST.  Please enter data carefully, as any subsequent changes may have cost 
& schedule impact.

Hydril (GE)

14.64

Shear Operator Size and BoosterConfiguration or Bonnet Size (22", SBT, LBT)

50

0.442

22"

380

Bonnet Hydraulic Pressure Rating (psi)

Control Fluid Pressure Gradient [psi/ft]*

Seawater Pressure Gradient [psi/ft]*

5,000

Shear Operator Closing Area (if non‐Cameron) [sq. inches]

0.445

5,000

Elevation of HPU above Sea Level [ft]**

Hydraulic Pressure Supplied to Operator on Closing Side [psi]

18‐15 Compact Ram BOP

Section 5

• If the requested data is not relevant, please enter "N/A" for Not Applicable.

18‐3/4" ‐ 15,000 psi

Tubular Information Required (include work string and tubing, if applicable)

Shear Calculation Input Data

Equipment

BOP Original Equipment Manufacturer (Shaffer, Cameron, etc.)

Ram BOP Model Designation (U, TL, SL, SLX etc.)

BOP Size and Pressure Rating (18 3/4" ‐ 15K, etc.)

Blind ShearShear Ram Type (Ram Design)

Shear Operator Closing Ratio (if non‐Cameron)

2 6.625 5.581 0.522 34.00 S‐135 135,000 Drilling string

3 6.625 5.375 0.625 40.00 V‐150 150,000 Drilling string

4 6.625 5.375 0.625 40.00 S‐135 135,000 Drilling string (rental)

5 6.625 4.999 0.813 64.00 S‐135 135,000 Drilling string (rental)

6 6.625 4.999 0.813 64.00 Z‐140 140,000 Landing string

7

Date

Requested Delivery Date for Shear Certification: 11/16/2012

Date

Rev ‐ 20120405jeh

Rig Name

Well Information

Job 5703   AFE 2058362.DRL / User ZRYQ1

Drilling Contractor (rig owner) ENSCO

* This is necessary to accurately calculate the hydrostatic head. 

ENSCO 8506

Existing WEST Job # or New Purchase Order No. (if new job) ***

Your service request will be picked up as soon as team member availability allows.  However, you should not expect turn around 
for shear verification requests within less than 7 days.  

Also, please note that subsequent changes to input data are likely to delay certification.

Anadarko Petroleum Corporation

DC 491 #1 ST01 BP00

9,870 (MAWP)

Information provided by (please print name above)

Steve Woelfel

** The marine or barge dept. should be able to provide this information
*** ‐ FR# if PO# is unavailable

Water Depth [ft]* 8,167'

Well Name

MASP (Maximum Anticipated Surface Pressure) [psi]

Operator (oil company)



Section 6.a.1
Hydril 18-15M BOP BSR, 22" Operator

Pi - Increased Shear Pressure due to Pressure in the Wellbore
MASP / C

6.625 in. OD, 0.938 in. Wall Thickness, V-150
Test Pressure Corrected for MASP & Hydrostatic

Change in Shear Pressure due to MASP & Hydrostatic 
Effects

WEST Engineering Services
Pa - Actual Shear Pressure from Test

MASP - Maximum Anticipated Surface Pressure (in BOP)
Cr - BOP Closing Ratio (from table)

Pa  [psi] 3160
MASP [psi] 9870 Input
Cr 14.64 Output

Increase in Shear Press., Pi 674 psi
Hydrostatic Effect, ΔPhyd -246 psi
Total Shear Pressure, Pt 3,588 psi

= MASP / Cr

* Calculations shown on a separate sheet

ΔPhyd - Change in Shear Pressure due to Hydrostatic Effects*
Pt - Total Shear Pressure = Pa + Pi + ΔPhyd



Section 6.a.2

0.35 0.96

Closing Area, Ac in2

OD [in] in2

Wall [in]
σu [ksi]   m =
Elongation [%] n =

Required Force, Fv = kips
Required Pressure, Pr = psi

σu(Elong%)
Ag - Pipe Cross-Sectional Area = (OD2 - ID2) x 3.14 / 4

σu - Ultimate Tensile Strength  

Pi
pe Ag = 

Fv = 2.31πWall(OD-Wall)(5/OD)

Elong % - Percent Elongation
Pr = Fv / Ac

380
6.625

16.759
0.938
173.5 0.96

Hydril 18-15M BOP BSR, 22" Operator
6.625 in. OD, 0.938 in. Wall Thickness, V-150

Maximum/Theoretical Drill Pipe Shear Pressure
WEST Engineering Services

19.8 0.35
1,286 Input
3,383 Output

MASP [psi]
Cr

Increase in Shear Press., Pi psi
Hydrostatic Effect, ΔPhyd psi
Total Shear Pressure, Pt psi

* Calculations shown on a separate sheet

Increased Shear Pressure due to  MASP & Hydrostatic 
Effects

WEST Engineering Services
Pr - Required Shear Pressure (calculated above)

MASP - Maximum Anticipated Surface Pressure (in BOP)
Cr - BOP Closing Ratio (from table)

Pi - Increased Shear Pressure due to Pressure in the Wellbore
= MASP / Cr

ΔPhyd - Change in Shear Pressure due to Hydrostatic Effects* 
Pt - Total Shear Pressure = Pr + Pi + ΔPhyd

9,870 Input
14.64 Output
674
-246
3,812



Closing Area, Ac 380 in2

OD [in] 6.625
Wall [in] 0.625
σy [ksi] 135
Required Force, Fv = 1,083 kips Input

Required Pressure, Pr = 2,850 psi Output

Change in Shear Pressure due to 

σy - Stated Yield Strength*
Pr = Fv / Ac

Pi
pe 11.781

Section 6.b.1

Ag = 

Maximum/Theoretical Drill Pipe Shear Pressure
WEST Engineering Services

Fv = (1.18)(0.577)Agσy

Hydril 18-3/4"-15K 22" Operator, BSR

in2

Ag - Pipe Cross-Sectional Area = (OD2 - ID2) x 3.14 / 4

6.625 in. OD, 0.625 in. wall, S-135

MASP [psi] 9870 Input
Cr 14.64 Output

Increase in Shear Press., Pi 674 psi
Hydrostatic Effect, ΔPhyd -246 psi
Total Shear Pressure, Pt 3,278 psi

** Calculations shown on a separate sheet

g
MASP & Hydrostatic Effects

* Stated Yield Strength is the client-reported pipe yield stress, generally the nominal yield stress corresponding to 
pipe grade (135 ksi for S-135).

Pr - Required Shear Pressure (calculated above)

Cr - BOP Closing Ratio (from table)
Pi - Increased Shear Pressure due to Pressure in the Wellbore

WEST Engineering Services

= MASP / Cr

MASP - Maximum Anticipated Surface Pressure (in BOP)

Pt - Total Shear Pressure = Pr + Pi + ΔPhyd

ΔPhyd - Change in Shear Pressure due to Hydrostatic Effects** 



Section 6.b.2

0.35 0.96

Closing Area, Ac in2

OD [in] in2

Wall [in]
σu [ksi]   m =
Elongation [%] n =

Required Force, Fv = kips
Required Pressure, Pr = psi

Fv = 2.31πWall(OD-Wall)(5/OD)

Hydril 18-15M BOP BSR, 22" Operator

Pi
pe Ag = 

σu(Elong%)

380
6.625
0.813
170.4
19.1

1,081
2,844

6.625 in. OD, 0.813 in. Wall Thickness, Z-140

Pr = Fv / Ac

0.96
0.35

14.845

Input
Output

Maximum/Theoretical Drill Pipe Shear Pressure
WEST Engineering Services

Ag - Pipe Cross-Sectional Area = (OD2 - ID2) x 3.14 / 4
σu - Ultimate Tensile Strength  

Elong % - Percent Elongation

MASP [psi]
Cr

Increase in Shear Press., Pi psi
Hydrostatic Effect, ΔPhyd psi
Total Shear Pressure, Pt psi3,273

674

Increased Shear Pressure due to MASP & Hydrostatic 
Effects

WEST Engineering Services
Pr - Required Shear Pressure (calculated above)

MASP - Maximum Anticipated Surface Pressure (in BOP)
Cr - BOP Closing Ratio (from table)

* Calculations shown on a separate sheet

Input
Output

= MASP / Cr

ΔPhyd - Change in Shear Pressure due to Hydrostatic Effects* 
Pt - Total Shear Pressure = Pr + Pi + ΔPhyd

9,870
14.64

-246

Pi - Increased Shear Pressure due to Pressure in the Wellbore



Section 6.b.3

0.35 0.96

Closing Area, Ac in2

OD [in] in2

Wall [in]
σu [ksi]   m =
Elongation [%] n =

Required Force, Fv = kips
Required Pressure, Pr = psi

380

6.625

Hydril 18-15M BOP BSR, 22" Operator
6.625 in. OD, 0.813 in. Wall Thickness, S-135

Maximum/Theoretical Drill Pipe Shear Pressure
WEST Engineering Services

σu(Elong%)
Ag - Pipe Cross-Sectional Area = (OD2 - ID2) x 3.14 / 4

σu - Ultimate Tensile Strength  
Elong % - Percent Elongation

Pr = Fv / Ac

Fv = 2.31πWall(OD-Wall)(5/OD)

14.845
0.813
167.9 0.96
19.0 0.35
1,059 Input
2,788 Output

Pi
pe Ag = 

MASP [psi]
Cr

Increase in Shear Press., Pi psi
Hydrostatic Effect, ΔPhyd psi

Total Shear Pressure, Pt psi

14.64 Output
674
-246
3,216

= MASP / Cr

ΔPhyd - Change in Shear Pressure due to Hydrostatic Effects* 
Pt - Total Shear Pressure = Pr + Pi + ΔPhyd

9,870 Input

WEST Engineering Services
Pr - Required Shear Pressure (calculated above)

MASP - Maximum Anticipated Surface Pressure (in BOP)

Pi - Increased Shear Pressure due to Pressure in the Wellbore
Cr - BOP Closing Ratio (from table)

* Calculations shown on a separate sheet

Increased Shear Pressure due to  MASP & 
Hydrostatic Effects



Closing Area, Ac 380 in2

OD [in] 6.625
Wall [in] 0.522
σy [ksi] 135
Required Force, Fv = 920 kips Input

Required Pressure, Pr = 2,421 psi Output

Section 6.b.4

10.008 in2

Pi
pe Ag = 

6.625 in. OD, 0.522 in. wall, S-135

Fv = (1.18)(0.577)Agσy

Change in Shear Pressure due to 

Hydril 18-3/4"-15K 22" Operator, BSR

Ag - Pipe Cross-Sectional Area = (OD2 - ID2) x 3.14 / 4
σy - Stated Yield Strength*

Pr = Fv / Ac

Maximum/Theoretical Drill Pipe Shear Pressure
WEST Engineering Services

MASP [psi] 9870 Input
Cr 14.64 Output

Increase in Shear Press., Pi 674 psi
Hydrostatic Effect, ΔPhyd -246 psi
Total Shear Pressure, Pt 2,849 psi

** Calculations shown on a separate sheet

* Stated Yield Strength is the client-reported pipe yield stress, generally the nominal yield stress corresponding to 
pipe grade (135 ksi for S-135).

Pr - Required Shear Pressure (calculated above)

= MASP / Cr

Pt - Total Shear Pressure = Pr + Pi + ΔPhyd

g
MASP & Hydrostatic Effects

WEST Engineering Services

ΔPhyd - Change in Shear Pressure due to Hydrostatic Effects** 

MASP - Maximum Anticipated Surface Pressure (in BOP)
Cr - BOP Closing Ratio (from table)

Pi - Increased Shear Pressure due to Pressure in the Wellbore



Section 6.b.5

0.35 0.98

Closing Area, Ac in2

OD [in] in2

Wall [in]
σu [ksi]   m =
Elongation [%] n =

Required Force, Fv = kips
Required Pressure, Pr = psi

Fv = 2.31πWall(OD-Wall)(5/OD)

σu - Ultimate Tensile Strength  

Hydril 18-15M BOP BSR, 22" Operator
6.625 in. OD, 0.625 in. Wall Thickness, V-150

Maximum/Theoretical Drill Pipe Shear Pressure
WEST Engineering Services

σu(Elong%)

Ag - Pipe Cross-Sectional Area = (OD2 - ID2) x 3.14 / 4

2,402 Output

Ag = 

Pi
pe

Elong % - Percent Elongation
Pr = Fv / Ac

380
6.625

11.781
0.625
171.6 0.98
20.9 0.35
913 Input

MASP [psi]
Cr

Increase in Shear Press., Pi psi
Hydrostatic Effect, ΔPhyd psi
Total Shear Pressure, Pt psi

* Calculations shown on a separate sheet

Increased Shear Pressure due to  MASP & Hydrostatic 
Effects

WEST Engineering Services

Pi - Increased Shear Pressure due to Pressure in the Wellbore

Pr - Required Shear Pressure (calculated above)
MASP - Maximum Anticipated Surface Pressure (in BOP)

Cr - BOP Closing Ratio (from table)

674
-246
2,830

= MASP / Cr

ΔPhyd - Change in Shear Pressure due to Hydrostatic Effects* 
Pt - Total Shear Pressure = Pr + Pi + ΔPhyd

9,870 Input
14.64 Output



Closing Area, Ac 380 in2

OD [in] 5
Wall [in] 0.362
σy [ksi] 135
Required Force, Fv = 485 kips Input

Required Pressure, Pr = 1,276 psi Output

Maximum/Theoretical Drill Pipe Shear Pressure
WEST Engineering Services

Pr = Fv / Ac

Fv = (1.18)(0.577)Agσy

Section 6.b.6

5.275 in2

Pi
pe Ag = 

Hydril 18-3/4"-15K 22" Operator, BSR
5.000 in. OD, 0.362 in. wall, S-135

Change in Shear Pressure due to 

σy - Stated Yield Strength*
Ag - Pipe Cross-Sectional Area = (OD2 - ID2) x 3.14 / 4

MASP [psi] 9870 Input
Cr 14.64 Output

Increase in Shear Press., Pi 674 psi
Hydrostatic Effect, ΔPhyd -246 psi
Total Shear Pressure, Pt 1,704 psi

Pr - Required Shear Pressure (calculated above)
MASP - Maximum Anticipated Surface Pressure (in BOP)

Cr - BOP Closing Ratio (from table)
Pi - Increased Shear Pressure due to Pressure in the Wellbore

g
MASP & Hydrostatic Effects

WEST Engineering Services

Pt - Total Shear Pressure = Pr + Pi + ΔPhyd

= MASP / Cr

* Stated Yield Strength is the client-reported pipe yield stress, generally the nominal yield stress corresponding to 
pipe grade (135 ksi for S-135).

ΔPhyd - Change in Shear Pressure due to Hydrostatic Effects** 

** Calculations shown on a separate sheet



Variable Description Formula Value Units
At Tailrod Area 0.00 in2

Ac Closing Area 380.00 in2

Ar Ramshaft Area Ac/Cr 25.96 in2

Ao Opening Area (Ac + At) - Ar 354.04 in2

Cr Closing Ratio 14.640
Gcf Control Fluid Pressure Gradient 0.442 psi/ft
Hhpu Height of Hydraulic Pressure Unit Above Sea Level 50 ft
Hcf Height of Control Fluid Column Hsw + Hhpu 8217 ft
G

Section 6.c

Change in Closing Pressure due to Hydrostatic Head of Control Fluid & Seawater
WEST Engineering Services

Gsw Seawater Pressure Gradient 0.445 psi/ft
Hsw Height of Seawater Column (water depth to BOP) 8167 ft
Pcf Pressure due to Hydrostatic Head of Control Fluid Gcf * Hcf 3,632 psi
Psw Pressure due to Hydrostatic Head of Seawater Gsw * Hsw 3,634 psi
FOsw Opening Force due to Seawater Head on Operator Psw * Ao 1,286,706 lb
FCcf Closing Force due to Control Fluid Head on Operator Pcf * Ac 1,380,127 lb
FCtr Closing Force due to Seawater Head on Tailrod Psw * At 0 lb
ΔPhyd Change in Closing Pressure due to Hydrostatics (FOsw - FCcf - FCtr)/Ac -246 psi

Input

Output



Section 6.d.1



Section 6.d.1



Section 6.d.1



Section 6.d.2



Section 6.d.2



Section 6.d.3



Section 6.d.3



©2010 Hydril USA Distribution LLC
All Rights Reserved Access 2

Form Rev A1 5/18/2010

RPT, Maersk Shear Test

18 ¾” -15M RBOP w/22” 4K Operators

Report: HO10-114 Rev: A1 Date: 10/2/2010

Prepared By: Viral Shah

Product Engineer, GE Oil & Gas Drilling Products

Approved By: William L. Carbaugh

Lead Engineer, GE Oil & Gas Drilling Products
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Rev: A1
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2/14 Form Rev A1 5/17/2010

1.0 Scope

This report covers a shear test of drill pipe using an 18-3/4”-15,000psi RBOP equipped with 22”-4,000 psi

operators.

2.0 Purpose

The purpose of this report is to provide Maersk and a governing third-party with the shearing pressure

required for an 18-3/4”-15,000psi RBOP to shear the following size, grade, and weight of pipe, using blind

shear blocks:

 6 5/8” 0.938 wall V-150

A successful test will prove that the 18-3/4”-15,000psi RBOP equipped with blind shear rams is capable of

shearing the pipe listed above, as well as holding low and high wellbore pressure after shearing.

3.0 Procedure

Shear testing was performed in accordance with Hydril Test Procedure 3112106 Sec 13. The low and high

wellbore pressure test were held for 10 minutes instead of 3 minutes per Maersk’s request.

4.0 Results

One shear test and the subsequent wellbore pressure tests were completed on the pipe listed above; Table 1

shows the summary of the test results. Table 2 shows the mechanical properties of the pipe sheared.

Table 1
Test Pipe Description Regulator

Pressure (psi)
Shearing Press.

(psi)
Calculated Shear

Press. (psi)
Successful
Wellbore
Pressure

1 6 5/8” 0.938 wall V-150 3,000 3,160 3,006 YES

Table 2 Mechanical Properties of the pipe

Test/ Data File Name Ultimate Strength (psi) Elongation % Heat Treat Number

1 173,475 19.8 98221

5.0 Discussion

The purpose of this test is to determine the required closing pressure to shear the test specimens provided by

Maersk and subsequent low and high-pressure sealability. The sample was cut with 3,160 psi net closing

pressure. The low pressure and high pressure test passed successfully. Figure 1 shows the plot for closing

pressure, opening pressure and net closing pressure against time and Figure 2 shows the plot for wellbore

Section 7
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3/14 Form Rev A1 5/17/2010

pressure against time. Figures 3 to 18 show the condition of the blades, shear sample and blocks, before and

after the test.

Glossary:

Opening Pressure – The gage pressure measured on the opening side of the operator piston

Closing Pressure – The gage pressure measured on the closing side of the operator piston

Net Closing Pressure – A calculated value obtained from subtracting the opening side pressure from the

closing side pressure. The pressure on the opening side is a function of operator piston velocity, outlet orifice

size, and outlet back pressure. The closing pressure will always be higher than the net closing pressure when

the operator is performing the shearing motion.

6.0 Conclusion

Testing shows that the Hydril 18-3/4” – 15,000 RBOP with 22”-3,000 psi operators is capable of shearing the

drill pipe with blind shear rams at the pressures listed in Table 1 and sealing at the low and high wellbore

pressures specified.

7.0 Calibration

All Hydril lab instruments are calibrated in accordance with Hydril procedure QI29-115.

8.0 Test Equipment and Facilities

8.1 Test Articles

The components shown in Table 3 are the replaceable ram components used during the test.

Test Lower Ram Blade Upper Ram Blade Upper Top Seal Lower Top Seal Lat-T Seal Kit

Part No. Serial No. Part No. Serial No. Part No. Part No. Part No.

1 3117591 M7701-9 3120904 M7817-8 3117111 3117112 3113891
Table 3 - Replaceable components used in shear testing

8.2 Test Dates

Test was conducted on September 15, 2010.

8.3 BOP Assembly

Hydril 18-3/4” – 15,000 psi compact ram BOP, PN: 3121063

8.4 Test Facility

All testing is conducted at GE Oil and Gas Test and Demonstration Facility, 3300 N Sam Houston Parkway

E, Houston, TX.

Section 7
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9.0 Witnesses

Witness Company

Robert Foster Senior Test Lab Operator, GE Oil & Gas

Sam Plummer Senior Test Lab Operator, GE Oil & Gas

Phil Englke DNV

Michael Long Statoil

Siri Hagerup- Jenssesn Statoil

Martin Ansbjorn Maersk
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APPENDIX
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Maersk Shear Test

6 5/8" 0.938" wall V-150 22" 4K Operator
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Figure 1 - Shear test pressure plot
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Maersk Shear Test 6 5/8" 0.938 wall V-150
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Figure 2 - Wellbore pressure test plot (Test 1)
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Figure 3 Condition of Lower blade before the shear test Figure 4 Another view of the lower blade

Figure 5 Condition of upper blade before the test

Figure 6 Test sample
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Figure 7 Heat number of the pipe

Figure 8 Another view of the shear sample

Figure 9 Shear sample after the test Figure 10 Another view of the shear sample
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Figure 11 Condition of lower blade after the test Figure 12 Condition of the lower blade after the test

Figure 13 Another view of the lower blade Figure 14 Another view of the lower blade
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Figure 15 Condition of the upper blade after the test Figure 16 Another view of the upper blade after the test

Figure 17 Another view of the upper blade after the test Figure 18 Another view of the upper blade after the test
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Figure 19 MTRs for 6 5/8” 0.938 wall V-150 pipe
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