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Test Number: 25CLH-B-1 Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 24 inch 0.D., 0.375 inch wall, API 5L X70, 0.33 C.E. (IIW) pipe

Branch Material: 12.75 inch 0.D., 0.375 inch wall, API 5L X42, 0.31 C.E. (IIW) pipe

Branch-groove and fillet weld with a 3/32 inch gap, 1/16 inch land and 45° bevel on

Joint Design: the branch

Position: 5@, branch and pipe Welding Direction: Downhill-Root/Uphill-Rem.

Time Between Passes: 17 minutes between the root and hot pass, 3 hours to finish the weld

Preheat Temperature: Ambient (67°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium:  Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure:  Qil was not pressurized
WELDING PARAMETERS
Pass: Root Hot Pass Fills Caps
AWS Classification: E6010 E7018 H4R E7018 H4R E7018 H4R
Manufacture: Lincoln ESAB ESAB ESAB
Electrode Diameter (in.): 1/8 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 80-103 91-93 90 - 100 89-91
Voltage Range (volts): 23-32 22-25 21-26 21-24
Travel Speed Range (ipm): 21-79 43-6.0 41-7.0 42-55
Heat Input Range (kJ/in.): 17.9-73.3 21.8-30.6 16.4-32.4 22.0-29.4
Ave. Heat Input (kl/in.): 43.6 26.8 25.7 26.4
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FIGURE 1 — BEAD SEQUENCE

BEND TEST
Coupon Number: 25CLH-B-1 FB3 25CLH-B-1 FB6 25CLH-B-1 FB9 25CLH-B-1 FB12
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST
Coupon Number: 25CLH-B-1 NB3 25CLH-B-1 NB6 25CLH-B-1 NBS 25CLH-B-1 NB12
Results: Pass Pass Pass Pass

MACRO-SECTION TEST
Coupon Number: 25CLH-B-1 M3 25CLH-B-1 M6 25CLH-B-1 M9 25CLH-B-1 M12
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 25CLH-B-1 M3 25CLH-B-1 M12
Max. Hardness (1): 291.6 303.7
Ave. Hardness (2): 267.1 292.0

Comments: (1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 35LH Date: 9/15/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

Branch Material: 0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

Branch-groove and fillet weld with a 1/8 gap, 3/32 inch land and 45° bevel on the

int Design:
Joint Design branch

Position:  Fixed, both plates at 45° Welding Direction:  Uphill

Time Between Passes: 17 minutes between the root and hot pass, 1 hour to finish the weld

Preheat Temperature: Ambient (71°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

Comments: Measured heat sink capacity time of 11, 10, 11, 10.5, 11.5 and 12 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 85-89 89-90 89
Voltage Range (volts): 22-25 21-24 22-24
Travel Speed Range (ipm): 29-38 41-49 41-56
Heat Input Range (kJ/in.): 30.3-44.7 24.5-29.0 21.1-29.8
Average Heat Input (kl/in.): 36.2 27.0 25.7
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FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 35LH FB1 35LH FB2 35LH FB3 35LH FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST
Coupon Number: 35LH NB1 35LH NB2 35LH NB3 35LH NB4
Results: Pass Pass Pass Pass

MACRO-SECTION TEST
Coupon Number: 35LH M1 35LH M2 35LH M3 35LH M4
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 35LH M2 35LH M4
Max. Hardness (1): 336.9 348.9
Ave. Hardness (2): 324.6 337.7

Comments: (1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 9/15/2014
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number:  35LH-BW Date: 9/15/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process:  Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 0.375 inch wall, A516 Grade 70, 0.35 C.E. (lIW) plate

Branch Material:  0.375 inch wall, A516 Grade 70, 0.35 C.E. (lIW) plate

Joint Design: Branch-groove and fillet weld with a 3/32 inch gap, 3/32 inch land and 45° bevel on

the branch
Position: Fixed, both plates at 45° Welding Direction: Uphill
Time Between Passes: 16 minutes between the root and hot pass, 1 hour to finish the weld
Preheat Temperature: Ambient (80°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate: Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

Comments: Measured heat sink capacity time of 11, 10, 11, 10.5, 11.5 and 12 seconds

WELDING PARAMETERS

Pass: Root Hot Pass Fills Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 82-90 90-99 89-90 89
Voltage Range (volts): 20-25 23-26 21-23 21-23
Travel Speed Range (ipm): 40-5.2 3.8-5.0 3.7-53 41-55
Heat Input Range (kJ/in.): 21.7-33.2 30.5-34.2 22.1-32.2 20.8-28.8
Average Heat Input (kl/in.): 26.8 33.1 27.1 25.5

Comments: The root pass was a back weld and was deposited as the first pass
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FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 35LH-BW FB1 35LH-BW FB2 35LH-BW FB3 35LH-BW FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST
Coupon Number: 35LH-BW NB1 35LH-BW NB2 35LH-BW NB3 35LH-BW NB4
Results: Pass Pass Pass Pass
MACRO-SECTION TEST
Coupon Number: 35LH-BW M1 35LH-BW M2 35LH-BW M3 35LH-BW M4
Results: Pass Pass Pass Pass
VICKERS HAZ HARDNESS TEST (HV), 10 kg
Coupon Number: 35LH-BW M2 35LH-BW M4
Max. Hardness (1): 342.2 367.6
Ave. Hardness (2): 326.4 346.5

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 9/15/2014

Test Conducted By: Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: 48LH Date: 9/15/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

Branch Material: 0.250 inch wall, A516 Grade 70, 0.48 C.E. (IIW) plate

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

int Design:
Joint Design the branch

Position:  Fixed, both plates at 45° Welding Direction:  Uphill

Time Between Passes: 15 minutes between the root and hot pass, 1 hour to finish the weld

Preheat Temperature: Ambient (83°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

Comments: Measured heat sink capacity time of 11, 10, 11, 10.5, 11.5 and 12 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 88-94 87-92 83-84
Voltage Range (volts): 22-26 22-24 22-23
Travel Speed Range (ipm): 2.6-3.8 3.7-5.2 3.4-55
Heat Input Range (kJ/in.): 31.2-56.8 24.0-35.1 25.2-33.7
Average Heat Input (kl/in.): 433 28.3 283
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FIGURE 1 — BEAD SEQUENCE

1
BEND TEST
Coupon Number: 48LH FB1 48LH FB2 48LH FB3 48LH FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST
Coupon Number: 48LH NB1 48LH NB2 48LH NB3 48LH NB4
Results: Pass Pass Pass Pass

MACRO-SECTION TEST
Coupon Number: 48LH M1 48LH M2 48LH M3 48LH M4
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 48LH M2 48LH M4
Max. Hardness (1): 299.9 322.9
Ave. Hardness (2): 270.3 303.6

Comments: (1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 9/15/2014
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 42LH-O

Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW

Welding Machine:
Pipe Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

Miller CST 280

Branch Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

int Design:
Joint Design the branch

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

Position:

Fixed, both plates at 45°

Welding Direction: Uphill
Time Between Passes: 13 minutes between the root and hot pass, 1 hour to finish the weld

Preheat Temperature: Ambient (82°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium:  Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Qil was not pressurized
Comments: Measured heat sink capacity time of 45, 48, 53, 55 and 49 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Fills Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 86-90 91-92 90-94 89-92
Voltage Range (volts): 23-26 22-24 22-125 22-23
Travel Speed Range (ipm): 29-3.2 41-5.2 40-4.9 45-56
Heat Input Range (kJ/in.): 38.7-44.8 24.1-30.9 25.8-32.7 21.6-28.0
Average Heat Input (kJ/in.): 42.6 27.9 28.0 24.8
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FIGURE 1 - BEAD SEQUENCE
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BEND TEST
Coupon Number: 42LH-O FB1 42LH-O FB2 42LH-0 FB3 42LH-0 FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST

Coupon Number: 421H-O NB1 42LH-0O NB2 42LH-O NB3 42LH-O NB4

Results: Pass Pass Pass Pass
MACRO-SECTION TEST

Coupon Number: 42LH-O NB1 42LH-O NB2 42LH-O NB3 42LH-O NB4

Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 42LH-0 M2 421LH-0 M4
Max. Hardness (1): 387.4 370.4
Ave. Hardness (2): 374.3 360.9

Comments:

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 10/5/2015

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: 40LH-B-1 Date: 4/3/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 24 inch 0.D., 0.375 inch wall, A106 Grade B, 0.30 C.E. (lIW) pipe

Branch Material: 12.75 inch 0.D., 0.375 inch wall, A106 Grade B, 0.31 C.E. (IIW) pipe

Joint Design: Branch-groove and fillet weld with a 3/32 inch gap, 3/32 inch land and 45° bevel on

the branch
Position: 5G, branch and pipe Welding Direction:  Uphill
Time Between Passes: 104 minutes between the root and hot pass, 3 hours to finish the weld
Preheat Temperature: Ambient (39°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 84 -90 93-94 93-94
Voltage Range (volts): 22-26 23-25 22-26
Travel Speed Range (ipm): 2.0-35 25-38 26-40
Heat Input Range (kJ/in.): 35.4-69.3 343-53.2 33.1-52.8
Ave. Heat Input (kJ/in.): 48.5 39.0 41.2




FIGURE 1 — BEAD SEQUENCE

 h IY F s~

Coupon Number:
Bend Diameter:

Type:
Results:

Coupon Number:
Results:

Coupon Number:
Results:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
40LH-B-1 FB3 40LH-B-1 FB6 40LH-B-1 FB9 40LH-B-1 FB12
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass
NICK-BREAK TEST
40LH-B-1 NB3 40LH-B-1 NB6 40LH-B-1 NB9 40LH-B-1 NB12
Pass Pass Pass Pass
MACRO-SECTION TEST
40LH-B-1 M3 40LH-B-1 M6 40LH-B-1 M9 40LH-B-1 M12
Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST, 10 kg

40LH-B-1 M3 40LH-B-1 M12
260.0 295.4
239.3 282.2

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 4/3/2014

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: 42LH Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

Branch Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

int Design:
Joint Design the branch

Position:  Fixed, both plates at 45° Welding Direction:  Uphill

Time Between Passes: 15 minutes between the root and hot pass, 1 hour to finish the weld

Preheat Temperature: Ambient (48°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

Comments: Measured heat sink capacity time of 11, 10, 11, 10.5, 11.5 and 12 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 85-93 88-89 88-94
Voltage Range (volts): 23-25 22-23 22-24
Travel Speed Range (ipm): 3.0-3.6 29-33 29-35
Heat Input Range (kJ/in.): 35.5-43.6 36.3-41.8 34.6-42.7
Average Heat Input (kl/in.): 38.7 39.0 39.5
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FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 421LH FB1 42LH FB2 421LH FB3 421LH FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST
Coupon Number: 42LH NB1 42LH NB2 421LH NB3 421LH NB4
Results: Pass Pass Pass Pass
MACRO-SECTION TEST
Coupon Number: 42LH M1 42LH M2 42LH M3 42LH M4
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 421LH M2 42LH M4
Max. Hardness (1): 372.2 366.0
Ave. Hardness (2): 349.2 327.0

(1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

Comments:

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number:  42LH-BW Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (lIW) plate

Branch Material:  0.375 inch wall, A516 Grade 70, 0.42 C.E. (lIW) plate

Joint Design: Branch-groove and fillet weld with a 3/32 inch gap, 3/32 inch land and 45° bevel on

the branch
Position: Fixed, both plates at 45° Welding Direction: Uphill
Time Between Passes: 22 minutes between the root and hot pass, 1 hour to finish the weld
Preheat Temperature: Ambient (47°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50- 70°F

Test Medium Flow Rate: Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

Comments: Measured heat sink capacity time of 11, 10, 11, 10.5, 11.5 and 12 seconds

WELDING PARAMETERS

Pass: Root Hot Pass Fill Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 69 - 75 85-89 83 -84 83-92
Voltage Range (volts): 21-23 22-25 22-24 22-24
Travel Speed Range (ipm): 21-2.8 2.7-38 25-28 2.6-34
Heat Input Range (kJ/in.): 35.5-44.4 33.2-45.0 40.3-44.9 32.4-43.8
Average Heat Input (kl/in.): 38.0 39.0 42.6 38.7

Comments: The root pass was a back weld and was deposited as the first pass




FIGURE 1 - BEAD SEQUENCE
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BEND TEST
Coupon Number: 42LH-BW FB1 42LH-BW FB2 42LH-BW FB3 421LH-BW FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST
Coupon Number: 42LH-BW NB1 42LH-BW NB2 42LH-BW NB3 42LH-BW NB4
Results: Pass Pass Pass Pass
MACRO-SECTION TEST
Coupon Number: 42LH-BW M1 42LH-BW M2 42LH-BW M3 42LH-BW M4
Results: Pass Pass Pass Pass
VICKERS HAZ HARDNESS TEST (HV), 10 kg
Coupon Number: 42LH-BW M2 42LH-BW M4
Max. Hardness (1): 392.9 374.7
Ave. Hardness (2): 381.2 339.2

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 50LH-O Date:

10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW

Welding Machine:

Miller CST 280

Pipe Material: 0.250 inch wall, API 5L X52, 0.52 C.E. (IIW) pipe flattened into plate

Branch Material: 0.250 inch wall, API 5L X52, 0.52 C.E. (IIW) pipe flattened into plate

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

Joint Design: the branch
Position:  Fixed, both plates at 45° Welding Direction:  Uphill
Time Between Passes: 15 minutes between the root and hot pass, 1 hour to finish the weld
Preheat Temperature: Ambient (77°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate:  Approximately 3 gallons a minute
Test Medium Pressure: Qil was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 82 - 87 82-83 83-85
Voltage Range (volts): 23-25 21-24 21-23
Travel Speed Range (ipm): 25-34 26-29 2.7-36
Heat Input Range (kJ/in.): 38.2-45.6 39.6-41.3 30.2-40.6
Average Heat Input (kJ/in.): 42.9 40.5 36.7




FIGURE 1 — BEAD SEQUENCE

BEND TEST
Coupon Number: 50LH-O FB1 50LH-O FB2 50LH-O FB3 50LH-O FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST
Coupon Number: 50LH-O NB1 50LH-O NB2 50LH-O NB3 50LH-O NB4
Results: Pass Pass Pass Pass
MACRO-SECTION TEST
Coupon Number: 50LH-O M1 50LH-O M2 50LH-O M3 50LH-0 M4
Results: Pass Pass Pass Pass
VICKERS HAZ HARDNESS TEST (HV), 10 kg
Coupon Number: 50LH-O M2 50LH-O M4
Max. Hardness (1): 297.7 290.3
Ave. Hardness (2): 285.7 274.9

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20" Edition of APl 1104 and the 21 Edition of APl 1104

Date: 10/5/2015

Test Conducted By: Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: TBLH-B-1 Date: 4/3/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 24 inch 0.D., 0.375 inch wall, A106 Grade B, 0.30 C.E. (IIW) pipe

Branch Material: 12.75inch 0.D., 0.375 inch wall, A106 Grade B, 0.31 C.E. (IIW) pipe

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

Joint Design: the branch

Position: 5G, branch and pipe Welding Direction:  Uphill

Time Between Passes: 35 minutes between the root and hot pass, 6 hours to finish the weld

Preheat Temperature: Ambient (41°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate:  Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
WELDING PARAMETERS
Pass: Butter Temper Root Hot Pass Fills Caps
Layer Layer
AWS Classification: | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32 3/32 3/32
Current/PoIarity: DCEP DCEP DCEP DCEP DCEP DCEP
Current Range (amps): 88 -89 87-88 79-92 88 88 87-88
Voltage Range (volts): [ 22-25 22-24 22-26 22-23 22-24 22-25
Travel Speed Range (ipm): | 6.8-10.3 | 4.0-6.2 2.0-3.6 39-5.2 41-6.5 40-5.6
Heat Input Range (k.l/in.}: 12.0-17.3 | 20.2-30.2 | 32.1-63.8 | 229-31.0 | 18.6—-289 | 22.1-29.3
Ave. Heat Input (kJ/in.): 15.1 24.8 48.8 28.0 23.5 25.2




FIGURE 1 — BEAD SEQUENCE
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Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
TBLH-B-1 FB3 TBLH-B-1 FB6 TBLH-B-1 FB9 TBLH-B-1 FB12
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass

NICK-BREAK TEST

TBLH-B-1 NB3 TBLH-B-1 NB6 TBLH-B-1 NB9S TBLH-B-1 NB12
Pass Pass Pass Pass
MACRO-SECTION TEST
TBLH-B-1 M3 TBLH-B-1 M6 TBLH-B-1 M9 TBLH-B-1 M12
Pass Pass Pass Pass
0.100 inch 0.098 inch 0.088 inch 0.080 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
TBLH-B-1 M3 TBLH-B-1 M12
278.5 289.6
259.1 249.1

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 4/3/2014

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: 50LH-2

Date:

Location:

Kiefner Mechanical Test Lab, Worthington, Ohio

10/5/2015

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Welding Machine:

Pipe Material:

Miller CST 280

0.250 inch wall, API 5L X52, 0.51 C.E. (lIW) pipe flattened into plate

Branch Material:

0.250 inch wall, API 5L X52, 0.51 C.E. (IIW) pipe flattened into plate

Joint Design: the branch

Branch-groove and fillet weld with a 3/32 inch gap, 3/32 inch land and 45° bevel on

Position:

Fixed, both plates at 45°

Welding Direction:

Time Between Passes:

Uphill

15 minutes between the root and hot pass, 1 hours to finish the weld

Preheat Temperature: Ambient (44°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium:  Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Butter Temper Root Hot Pass Caps
Layer Layer
AWS Classification: | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP DCEP
Current Range (amps): 87-89 87-89 79-80 90 89-90
Voltage Range (volts): 21-23 21-23 22-24 21-23 21-23
Travel Speed Range (ipm): | 6.9-11.0 44-6.3 29-38 43-45 44-53
Heat Input Range (kJ/in.): | 10.6-17.9 | 19.0-26.7 | 29.6-38.9 | 26.0-27.9 | 22.5-27.0
Average Heat Input (kJ/in.): 14.9 233 34.7 26.9 24.0

Comment:

A block welding sequence was used




FIGURE 1 — BEAD SEQUENCE

BEND TEST
Coupon Number: 50LH-2 FB1 50LH-2 FB2 50LH-2 FB3 50LH-2 FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST

Coupon Number: 50LH-2 NB1 50LH-2 NB2 50LH-2 NB3 50LH-2 NB4

Results: Pass Pass Pass Pass

MACRO-SECTION TEST

Coupon Number: 50LH-2 M1 50LH-2 M2 50LH-2 M3 50LH-2 M4
Results: Pass Pass Pass Pass
Max. Toe Spacing: 0.047 inch 0.026 inch 0.025 inch 0.089 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
Coupon Number: 50LH-2 M2 S50LH-2 M4
Max. Hardness (1): 305.1 355.6
Ave. Hardness (2): 275.3 308.1

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date:  10/5/2015

Test Conducted By: Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: 50LH-BW

Date:

Location:

Kiefner Mechanical Test Lab, Worthington, Ohio

10/5/2015

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Welding Machine:

Pipe Material:

Miller CST 280

0.250 inch wall, AP15L X52, 0.52 C.E. (IIW) pipe flattened into plate

Branch Material:

0.250 in. wall, API 5L X52, 0.52 C.E. (IIW) pipe flattened into plate

int Design:
Joint Design the branch

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

Position:  Fixed, both plates at 45° Welding Direction: Uphill
Time Between Passes: 12 minutes between the root and hot pass, 30 minutes to finish the weld
Preheat Temperature: Ambient (48°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Butter Temper Root Hot Pass Caps
Layer Layer
AWS Classification: | E7018 H4R | E7018 HAR | E7018 H4R | E7018 H4R | E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP DCEP
Current Range (amps): 80-83 80-81 79-82 84 -89 89-90
Voltage Range (volts): 21-23 21-23 20-24 21-24 22-24
Travel Speed Range (ipm): | 7.5-9.5 3.8-5.0 3.3-47 3.7-46 4.0-4.8
Heat Input Range (kJ/in.): | 11.1-15.1 | 21.4-27.8 | 22.0-31.3 | 26.5-29.6 | 25.5-31.9
Average Heat Input (kl/in.): 129 25.1 26.3 27.8 27.9

Comment:

The root pass was a back weld and was deposited as the first pass

All butter layer passes were deposited prior to any temper layer

passes




FIGURE 1 — BEAD SEQUENCE

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
50LH-BW FB1 50LH-BW FB2 S50LH-BW FB3 50LH-BW FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass
NICK-BREAK TEST
50LH-BW NB1 50LH-BW NB2 S0LH-BW NB3 50LH-BW NB4
Pass Pass Pass Pass
MACRO-SECTION TEST
S0LH-BW M1 S0LH-BW M2 50LH-BW M3 SOLH-BW M4
Pass Pass Pass Pass
0.065 inch 0.040 inch 0.088 inch 0037 inch

VICKERS HAZ HARDNESS TEST (HV), 10 kg

50LH-BW M2 S50LH-BW M4
372.6 414.0
323.4 366.3

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date:  10/5/2015

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: TBLH-B-1 Date: 4/3/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 24 inch 0.D., 0.375 inch wall, A106 Grade B, 0.30 C.E. (IIW) pipe

Branch Material: 12.75inch 0.D., 0.375 inch wall, A106 Grade B, 0.31 C.E. (IIW) pipe

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

Joint Design: the branch

Position: 5G, branch and pipe Welding Direction:  Uphill

Time Between Passes: 35 minutes between the root and hot pass, 6 hours to finish the weld

Preheat Temperature: Ambient (41°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate:  Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
WELDING PARAMETERS
Pass: Butter Temper Root Hot Pass Fills Caps
Layer Layer
AWS Classification: | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32 3/32 3/32
Current/PoIarity: DCEP DCEP DCEP DCEP DCEP DCEP
Current Range (amps): 88 -89 87-88 79-92 88 88 87-88
Voltage Range (volts): [ 22-25 22-24 22-26 22-23 22-24 22-25
Travel Speed Range (ipm): | 6.8-10.3 | 4.0-6.2 2.0-3.6 39-5.2 41-6.5 40-5.6
Heat Input Range (k.l/in.}: 12.0-17.3 | 20.2-30.2 | 32.1-63.8 | 229-31.0 | 18.6—-289 | 22.1-29.3
Ave. Heat Input (kJ/in.): 15.1 24.8 48.8 28.0 23.5 25.2




FIGURE 1 — BEAD SEQUENCE
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Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
TBLH-B-1 FB3 TBLH-B-1 FB6 TBLH-B-1 FB9 TBLH-B-1 FB12
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass

NICK-BREAK TEST

TBLH-B-1 NB3 TBLH-B-1 NB6 TBLH-B-1 NB9S TBLH-B-1 NB12
Pass Pass Pass Pass
MACRO-SECTION TEST
TBLH-B-1 M3 TBLH-B-1 M6 TBLH-B-1 M9 TBLH-B-1 M12
Pass Pass Pass Pass
0.100 inch 0.098 inch 0.088 inch 0.080 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
TBLH-B-1 M3 TBLH-B-1 M12
278.5 289.6
259.1 249.1

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 4/3/2014

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number:

50LH-TW-2

Location:

Date: 10/5/2015

Kiefner Mechanical Test Lab, Worthington, Ohio

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Pipe Material:

Welding Machine:
0.125 inch wall, API 5L X52, 0.51 C.E. (lIW) pipe flattened into plate

Miller CST 280

Branch Material:

0.125 inch wall, API 5L X52, 0.51 C.E. (IIW) pipe flattened into plate

Joint Design:

Branch-groove and fillet weld with a 1/8 inch gap and no bevel on the branch

Position:

Fixed, both plates at 45°

Time Between Passes:

Welding Direction:
15 minutes between the root and hot pass, 30 minutes to finish the weld

Uphill

Post-weld Heat

Preheat Temperature: Ambient (44°F) None used
Treatment:
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50-70°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Butter Layer Temper Layer Root Cap
AWS Classification: E7018 H5 E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 5/64 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 62 - 66 63 - 96 89 89-90
Voltage Range (volts): 21-23 20-23 21-23 22-23
Travel Speed Range (ipm): 5.2-6.8 3.8-5.7 49-5.1 43-53
Heat Input Range (kJ/in.): 12.8-16.2 15.5-30.2 23.4-24.4 23.0-27.4
Average Heat Input (kl/in.): 14.4 24.8 23.9 25.8

Comment:

A block welding sequence was used




FIGURE 1 — BEAD SEQUENCE

Coupon Number:

Bend Diameter:

Type:
Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
50LH-TW-2 FB1 50LH-TW-2 FB2 50LH-TW-2 FB3 50LH-TW-2 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass

NICK-BREAK TEST

50LH-TW-2 NB1

50LH-TW-2 NB2

S0LH-TW-2 NB3 50LH-TW-2 NB4

Pass Pass Pass Pass

MACRO-SECTION TEST
S50LH-TW-2 M1 S50LH-TW-2 M2 S50LH-TW-2 M3 S0LH-TW-2 M4
Pass Pass Pass Pass
0.076 inch 0.095 inch 0.072 inch 0.108 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
S50LH-TW-2 M2 S50LH-TW-2 M4

307.3 343.1
283.8 304.4

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20" Edition of API 1104 and the 21 Edition of APl 1104

Date: 10/5/2015

Test Conducted By:

Certified By:

Jim Winigman

Matt Boring, P.E., CWI




Test Number: 50LH-TW-3

Location:

Date: 10/5/2015

Kiefner Mechanical Test Lab, Worthington, Ohio

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Pipe Material:

Welding Machine:
0.125 inch wall, API 5L X52, 0.52 C.E. (lIW) pipe flattened into plate

Miller CST 280

Branch Material:

0.125 inch wall, API 5L X52, 0.52 C.E. (IIW) pipe flattened into plate

Joint Design:

Branch-groove and fillet weld with a 1/8 inch gap and no bevel on the branch

Position:  Fixed, both plates at 45° Welding Direction: Uphill
Time Between Passes: 18 minutes between the root and hot pass, 30 minutes to finish the weld
Preheat Temperature: Ambient (72°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Butter Layer Temper Layer Root Cap
AWS Classification: E7018 H5 E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 5/64 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 61 - 66 80-82 76-81 85-86
Voltage Range (volts): 21-24 21-22 21-22 21-23
Travel Speed Range (ipm): 8.9-13.0 5.5-89 39-45 42-5.0
Heat Input Range (kJ/in.): 6.9-10.8 11.9-18.0 23.6—-25.2 22.4-27.3
Average Heat Input (kJ/in.): 8.9 15.4 24.3 25.2

Comment:

A block welding sequence was used




FIGURE 1 — BEAD SEQUENCE
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Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
50LH-TW-3 FB1 50LH-TW-3 FB2 50LH-TW-3 FB3 50LH-TW-3 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass

NICK-BREAK TEST

50LH-TW-3 NB1

50LH-TW-3 NB2

S0LH-TW-3 NB3

50LH-TW-3 NB4

Pass Pass Pass Pass

MACRO-SECTION TEST
S50LH-TW-3 M1 S50LH-TW-3 M2 S50LH-TW-3 M3 S0LH-TW-3 M4
Pass Pass Pass Pass
0.079 inch 0.107 inch 0.080 inch 0.098 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
S50LH-TW-3 M2 S50LH-TW-3 M4

494.1 474.9
443.9 460.9

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of API 1104 and the 21 Edition of API 1104

Date: 10/5/2015

Test Conducted By:
Certified By:

Jim Winigman

Matt Boring, P.E., CWI




Test Number: 25LH-S-1 Date: 4/22/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine:  Miller CST 280

Pipe Material: 12.75inch 0.D., 0.375 inch wall, A106 Grade B, 0.31 C.E. (lIW) pipe

Sleeve Material: 14 inch 0.D., 0.375 inch wall, API 5L X42, 0.41 C.E. (IIW) pipe

Joint Design:  Circumferential fillet weld

Position: 5G Welding Direction:  Uphill
Time Between Passes: 15 minutes between the root and first cap pass, 2 hours to finish the weld
Preheat Temperature: Ambient (49°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate: Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

WELDING PARAMETERS

Pass: Root Caps
AWS Classification: E7018 H4R E7018 H4R
Manufacture: ESAB ESAB
Electrode Diameter (in.): 3/32 3/32
Current/Polarity: DCEP DCEP
Current Range (amps): 86 86 - 87
Voltage Range (volts): 22-25 21-23
Travel Speed Range (ipm): 24-73 4.1-6.8
Heat Input Range (kl/in.): 15.9-54.0 17.1-28.1
Ave. Heat Input (kJ/in.): 29.8 24.3




FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 25LH-S-1 FB1 25LH-S-1 FB2 25LH-S-1 FB3 25LH-S-1 FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST

Coupon Number: 25LH-S-1 NB1 25LH-5-1 NB2 25LH-5-1 NB3 25LH-5-1 NB4

Results: Pass Pass Pass Pass

MACRO-SECTION TEST

Coupon Number: 25LH-5-1 M1 25LH-S-1 M2 25LH-S-1 M3 25LH-5-1 M4

Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 25LH-5-1 M2 25LH-5-1 M4
Max. Hardness (1): 323.2 277.0
Ave. Hardness (2): 3184 241.2

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20% Edition of APl 1104 and the 21% Edition of APl 1104

Date: 4/22/2014

Test Conducted By: Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: 35LH Date: 9/15/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

Branch Material: 0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

Branch-groove and fillet weld with a 1/8 gap, 3/32 inch land and 45° bevel on the

int Design:
Joint Design branch

Position:  Fixed, both plates at 45° Welding Direction:  Uphill

Time Between Passes: 17 minutes between the root and hot pass, 1 hour to finish the weld

Preheat Temperature: Ambient (71°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

Comments: Measured heat sink capacity time of 11, 10, 11, 10.5, 11.5 and 12 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 85-89 89-90 89
Voltage Range (volts): 22-25 21-24 22-24
Travel Speed Range (ipm): 29-38 41-49 41-56
Heat Input Range (kJ/in.): 30.3-44.7 24.5-29.0 21.1-29.8
Average Heat Input (kl/in.): 36.2 27.0 25.7
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FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 35LH FB1 35LH FB2 35LH FB3 35LH FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST
Coupon Number: 35LH NB1 35LH NB2 35LH NB3 35LH NB4
Results: Pass Pass Pass Pass

MACRO-SECTION TEST
Coupon Number: 35LH M1 35LH M2 35LH M3 35LH M4
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 35LH M2 35LH M4
Max. Hardness (1): 336.9 348.9
Ave. Hardness (2): 324.6 337.7

Comments: (1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 9/15/2014
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 48LH Date: 9/15/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

Branch Material: 0.250 inch wall, A516 Grade 70, 0.48 C.E. (IIW) plate

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

int Design:
Joint Design the branch

Position:  Fixed, both plates at 45° Welding Direction:  Uphill

Time Between Passes: 15 minutes between the root and hot pass, 1 hour to finish the weld

Preheat Temperature: Ambient (83°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

Comments: Measured heat sink capacity time of 11, 10, 11, 10.5, 11.5 and 12 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 88-94 87-92 83-84
Voltage Range (volts): 22-26 22-24 22-23
Travel Speed Range (ipm): 2.6-3.8 3.7-5.2 3.4-55
Heat Input Range (kJ/in.): 31.2-56.8 24.0-35.1 25.2-33.7
Average Heat Input (kl/in.): 433 28.3 283
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FIGURE 1 — BEAD SEQUENCE

1
BEND TEST
Coupon Number: 48LH FB1 48LH FB2 48LH FB3 48LH FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST
Coupon Number: 48LH NB1 48LH NB2 48LH NB3 48LH NB4
Results: Pass Pass Pass Pass

MACRO-SECTION TEST
Coupon Number: 48LH M1 48LH M2 48LH M3 48LH M4
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 48LH M2 48LH M4
Max. Hardness (1): 299.9 322.9
Ave. Hardness (2): 270.3 303.6

Comments: (1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 9/15/2014
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 42LH-O

Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW

Welding Machine:
Pipe Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

Miller CST 280

Branch Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

int Design:
Joint Design the branch

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

Position:

Fixed, both plates at 45°

Welding Direction: Uphill
Time Between Passes: 13 minutes between the root and hot pass, 1 hour to finish the weld

Preheat Temperature: Ambient (82°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium:  Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Qil was not pressurized
Comments: Measured heat sink capacity time of 45, 48, 53, 55 and 49 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Fills Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 86-90 91-92 90-94 89-92
Voltage Range (volts): 23-26 22-24 22-125 22-23
Travel Speed Range (ipm): 29-3.2 41-5.2 40-4.9 45-56
Heat Input Range (kJ/in.): 38.7-44.8 24.1-30.9 25.8-32.7 21.6-28.0
Average Heat Input (kJ/in.): 42.6 27.9 28.0 24.8




1 ——
MANINs_r— 1]

FIGURE 1 - BEAD SEQUENCE
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BEND TEST
Coupon Number: 42LH-O FB1 42LH-O FB2 42LH-0 FB3 42LH-0 FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST

Coupon Number: 421H-O NB1 42LH-0O NB2 42LH-O NB3 42LH-O NB4

Results: Pass Pass Pass Pass
MACRO-SECTION TEST

Coupon Number: 42LH-O NB1 42LH-O NB2 42LH-O NB3 42LH-O NB4

Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 42LH-0 M2 421LH-0 M4
Max. Hardness (1): 387.4 370.4
Ave. Hardness (2): 374.3 360.9

Comments:

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 10/5/2015

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number:  40LH-S-1 Date: 4/22/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 12.75inch 0.D., 0.375 inch wall, A106 Grade B, 0.31 C.E. (lIW) pipe

Sleeve Material: 14 inch 0.D., 0.375 inch wall, A106 Grade B, 0.41 C.E. (IIW) pipe

Joint Design:  Circumferential fillet weld

Position: 5G Welding Direction:  Uphill
Time Between Passes: 60 minutes between the root and first cap pass, 3 hours to finish the weld
Preheat Temperature: Ambient (65°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50—70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

WELDING PARAMETERS

Pass: Root Caps
AWS Classification: E7018 H4R E7018 H4R
Manufacture: ESAB ESAB
Electrode Diameter (in.): 3/32 3/32
Current/Polarity: DCEP DCEP
Current Range (amps): 84 -85 84 -85
Voltage Range (volts): 21-24 21-24
Travel Speed Range (ipm): 25-36 23-338
Heat Input Range (kJ/in.): 32.2-4472 30.0-48.6
Ave. Heat Input (kJ/in.): 36.5 39.5




FIGURE 1 — BEAD SEQUENCE

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:
Results:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
40LH-S-1 FB1 40LH-S-1 FB2 40LH-S-1 FB3 40LH-S-1 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass
NICK-BREAK TEST
40LH-S-1 NB1 40LH-S-1 NB2 40LH-S-1 NB3 40LH-S-1 NB4
Pass Pass Pass Pass
MACRO-SECTION TEST
40LH-S-1 M1 40LH-S-1 M2 40LH-5-1 M3 40LH-5-1 M4
Pass Pass Pass Pass
VICKERS HAZ HARDNESS TEST (HV), 10 kg
40LH-S-1 M2 40LH-5-1 M4
255.8 286.1
237.6 249.3

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 4/22/2014

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: 42LH Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

Branch Material: 0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

int Design:
Joint Design the branch

Position:  Fixed, both plates at 45° Welding Direction:  Uphill

Time Between Passes: 15 minutes between the root and hot pass, 1 hour to finish the weld

Preheat Temperature: Ambient (48°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

Comments: Measured heat sink capacity time of 11, 10, 11, 10.5, 11.5 and 12 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 85-93 88-89 88-94
Voltage Range (volts): 23-25 22-23 22-24
Travel Speed Range (ipm): 3.0-3.6 29-33 29-35
Heat Input Range (kJ/in.): 35.5-43.6 36.3-41.8 34.6-42.7
Average Heat Input (kl/in.): 38.7 39.0 39.5




1 ——
MANINs_r— 1]

FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 421LH FB1 42LH FB2 421LH FB3 421LH FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST
Coupon Number: 42LH NB1 42LH NB2 421LH NB3 421LH NB4
Results: Pass Pass Pass Pass
MACRO-SECTION TEST
Coupon Number: 42LH M1 42LH M2 42LH M3 42LH M4
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 421LH M2 42LH M4
Max. Hardness (1): 372.2 366.0
Ave. Hardness (2): 349.2 327.0

(1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

Comments:

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 50LH-O Date:

10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW

Welding Machine:

Miller CST 280

Pipe Material: 0.250 inch wall, API 5L X52, 0.52 C.E. (IIW) pipe flattened into plate

Branch Material: 0.250 inch wall, API 5L X52, 0.52 C.E. (IIW) pipe flattened into plate

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

Joint Design: the branch
Position:  Fixed, both plates at 45° Welding Direction:  Uphill
Time Between Passes: 15 minutes between the root and hot pass, 1 hour to finish the weld
Preheat Temperature: Ambient (77°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate:  Approximately 3 gallons a minute
Test Medium Pressure: Qil was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Root Hot Pass Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 82 - 87 82-83 83-85
Voltage Range (volts): 23-25 21-24 21-23
Travel Speed Range (ipm): 25-34 26-29 2.7-36
Heat Input Range (kJ/in.): 38.2-45.6 39.6-41.3 30.2-40.6
Average Heat Input (kJ/in.): 42.9 40.5 36.7




FIGURE 1 — BEAD SEQUENCE

BEND TEST
Coupon Number: 50LH-O FB1 50LH-O FB2 50LH-O FB3 50LH-O FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST
Coupon Number: 50LH-O NB1 50LH-O NB2 50LH-O NB3 50LH-O NB4
Results: Pass Pass Pass Pass
MACRO-SECTION TEST
Coupon Number: 50LH-O M1 50LH-O M2 50LH-O M3 50LH-0 M4
Results: Pass Pass Pass Pass
VICKERS HAZ HARDNESS TEST (HV), 10 kg
Coupon Number: 50LH-O M2 50LH-O M4
Max. Hardness (1): 297.7 290.3
Ave. Hardness (2): 285.7 274.9

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20" Edition of APl 1104 and the 21 Edition of APl 1104

Date: 10/5/2015

Test Conducted By: Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: TBLH-S-1

4/22/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW

Welding Machine:
Pipe Material: 12.75inch 0.D., 0.375 inch wall, A106 Grade B, 0.31 C.E. (lIW) pipe

Miller CST 280

Sleeve Material: 14 inch 0.D., 0.375 inch wall, A106 Grade B, 0.41 C.E. (IIW) pipe

Joint Design:

Circumferential fillet weld

Position: 5G

Time Between Passes:

Welding Direction:
19 minutes between the root and hot pass, 3 hours to finish the weld

Preheat Temperature: Ambient (49°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate:  Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
WELDING PARAMETERS
Pass: Butter Layer Temper Layer Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 73-77 81 81
Voltage Range (volts): 21-24 21-25 21-23
Travel Speed Range (ipm): 6.0-8.5 3.0-5.6 3.7-5.2
Heat Input Range (kJ/in.): 12.0-16.4 20.3-28.0 19.8-294
Ave.e Heat Input (kJ/in.): 14.3 25.8 24.6




FIGURE 1 — BEAD SEQUENCE
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Coupon Number:
Bend Diameter:

Type:
Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
TBLH-S-1 FB1 TBLH-S-1 FB2 TBLH-S-1 FB3 TBLH-S-1 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass
NICK-BREAK TEST
TBLH-S-1 NB1 TBLH-S-1 NB2 TBLH-S-1 NB3 TBLH-S-1 NB4
Pass Pass Pass Pass
MACRO-SECTION TEST
TBLH-S-1 M1 TBLH-S-1 M2 TBLH-S-1 M3 TBLH-S-1 M4
Pass Pass Pass Pass
0.060 inch 0.058 inch 0.079 inch 0.014 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
TBLH-S-1 M2 TBLH-S-1 M4
278.9
248.3

(1) Maximum hardness of a single indent

(2) Average of five indent at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of API 1104 and the 21 Edition of APl 1104

Date: 4/22/2014

Test Conducted By:
Matt Boring, P.E., CWI

Certified By:

Jim Winigman




Test Number: 50LH-2

Date:

Location:

Kiefner Mechanical Test Lab, Worthington, Ohio

10/5/2015

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Welding Machine:

Pipe Material:

Miller CST 280

0.250 inch wall, API 5L X52, 0.51 C.E. (lIW) pipe flattened into plate

Branch Material:

0.250 inch wall, API 5L X52, 0.51 C.E. (IIW) pipe flattened into plate

Joint Design: the branch

Branch-groove and fillet weld with a 3/32 inch gap, 3/32 inch land and 45° bevel on

Position:

Fixed, both plates at 45°

Welding Direction:

Time Between Passes:

Uphill

15 minutes between the root and hot pass, 1 hours to finish the weld

Preheat Temperature: Ambient (44°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium:  Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Butter Temper Root Hot Pass Caps
Layer Layer
AWS Classification: | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R | E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP DCEP
Current Range (amps): 87-89 87-89 79-80 90 89-90
Voltage Range (volts): 21-23 21-23 22-24 21-23 21-23
Travel Speed Range (ipm): | 6.9-11.0 44-6.3 29-38 43-45 44-53
Heat Input Range (kJ/in.): | 10.6-17.9 | 19.0-26.7 | 29.6-38.9 | 26.0-27.9 | 22.5-27.0
Average Heat Input (kJ/in.): 14.9 233 34.7 26.9 24.0

Comment:

A block welding sequence was used




FIGURE 1 — BEAD SEQUENCE

BEND TEST
Coupon Number: 50LH-2 FB1 50LH-2 FB2 50LH-2 FB3 50LH-2 FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST

Coupon Number: 50LH-2 NB1 50LH-2 NB2 50LH-2 NB3 50LH-2 NB4

Results: Pass Pass Pass Pass

MACRO-SECTION TEST

Coupon Number: 50LH-2 M1 50LH-2 M2 50LH-2 M3 50LH-2 M4
Results: Pass Pass Pass Pass
Max. Toe Spacing: 0.047 inch 0.026 inch 0.025 inch 0.089 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
Coupon Number: 50LH-2 M2 S50LH-2 M4
Max. Hardness (1): 305.1 355.6
Ave. Hardness (2): 275.3 308.1

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date:  10/5/2015

Test Conducted By: Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: TBLH-S-1

4/22/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW

Welding Machine:
Pipe Material: 12.75inch 0.D., 0.375 inch wall, A106 Grade B, 0.31 C.E. (lIW) pipe

Miller CST 280

Sleeve Material: 14 inch 0.D., 0.375 inch wall, A106 Grade B, 0.41 C.E. (IIW) pipe

Joint Design:

Circumferential fillet weld

Position: 5G

Time Between Passes:

Welding Direction:
19 minutes between the root and hot pass, 3 hours to finish the weld

Preheat Temperature: Ambient (49°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate:  Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
WELDING PARAMETERS
Pass: Butter Layer Temper Layer Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 73-77 81 81
Voltage Range (volts): 21-24 21-25 21-23
Travel Speed Range (ipm): 6.0-8.5 3.0-5.6 3.7-5.2
Heat Input Range (kJ/in.): 12.0-16.4 20.3-28.0 19.8-294
Ave.e Heat Input (kJ/in.): 14.3 25.8 24.6




FIGURE 1 — BEAD SEQUENCE
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Coupon Number:
Bend Diameter:

Type:
Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
TBLH-S-1 FB1 TBLH-S-1 FB2 TBLH-S-1 FB3 TBLH-S-1 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass
NICK-BREAK TEST
TBLH-S-1 NB1 TBLH-S-1 NB2 TBLH-S-1 NB3 TBLH-S-1 NB4
Pass Pass Pass Pass
MACRO-SECTION TEST
TBLH-S-1 M1 TBLH-S-1 M2 TBLH-S-1 M3 TBLH-S-1 M4
Pass Pass Pass Pass
0.060 inch 0.058 inch 0.079 inch 0.014 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
TBLH-S-1 M2 TBLH-S-1 M4
278.9
248.3

(1) Maximum hardness of a single indent

(2) Average of five indent at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of API 1104 and the 21 Edition of APl 1104

Date: 4/22/2014

Test Conducted By:
Matt Boring, P.E., CWI

Certified By:

Jim Winigman




Test Number:

50LH-TW-2

Location:

Date: 10/5/2015

Kiefner Mechanical Test Lab, Worthington, Ohio

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Pipe Material:

Welding Machine:
0.125 inch wall, API 5L X52, 0.51 C.E. (lIW) pipe flattened into plate

Miller CST 280

Branch Material:

0.125 inch wall, API 5L X52, 0.51 C.E. (IIW) pipe flattened into plate

Joint Design:

Branch-groove and fillet weld with a 1/8 inch gap and no bevel on the branch

Position:

Fixed, both plates at 45°

Time Between Passes:

Welding Direction:
15 minutes between the root and hot pass, 30 minutes to finish the weld

Uphill

Post-weld Heat

Preheat Temperature: Ambient (44°F) None used
Treatment:
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50-70°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Butter Layer Temper Layer Root Cap
AWS Classification: E7018 H5 E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 5/64 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 62 - 66 63 - 96 89 89-90
Voltage Range (volts): 21-23 20-23 21-23 22-23
Travel Speed Range (ipm): 5.2-6.8 3.8-5.7 49-5.1 43-53
Heat Input Range (kJ/in.): 12.8-16.2 15.5-30.2 23.4-24.4 23.0-27.4
Average Heat Input (kl/in.): 14.4 24.8 23.9 25.8

Comment:

A block welding sequence was used




FIGURE 1 — BEAD SEQUENCE

Coupon Number:

Bend Diameter:

Type:
Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
50LH-TW-2 FB1 50LH-TW-2 FB2 50LH-TW-2 FB3 50LH-TW-2 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass

NICK-BREAK TEST

50LH-TW-2 NB1

50LH-TW-2 NB2

S0LH-TW-2 NB3 50LH-TW-2 NB4

Pass Pass Pass Pass

MACRO-SECTION TEST
S50LH-TW-2 M1 S50LH-TW-2 M2 S50LH-TW-2 M3 S0LH-TW-2 M4
Pass Pass Pass Pass
0.076 inch 0.095 inch 0.072 inch 0.108 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
S50LH-TW-2 M2 S50LH-TW-2 M4

307.3 343.1
283.8 304.4

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20" Edition of API 1104 and the 21 Edition of APl 1104

Date: 10/5/2015

Test Conducted By:

Certified By:

Jim Winigman

Matt Boring, P.E., CWI




Test Number: 50LH-TW-3

Location:

Date: 10/5/2015

Kiefner Mechanical Test Lab, Worthington, Ohio

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Pipe Material:

Welding Machine:
0.125 inch wall, API 5L X52, 0.52 C.E. (lIW) pipe flattened into plate

Miller CST 280

Branch Material:

0.125 inch wall, API 5L X52, 0.52 C.E. (IIW) pipe flattened into plate

Joint Design:

Branch-groove and fillet weld with a 1/8 inch gap and no bevel on the branch

Position:  Fixed, both plates at 45° Welding Direction: Uphill
Time Between Passes: 18 minutes between the root and hot pass, 30 minutes to finish the weld
Preheat Temperature: Ambient (72°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Water
Test Medium Temperature: 50— 70°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
Comments: The heat sink capacity time was not measured
WELDING PARAMETERS
Pass: Butter Layer Temper Layer Root Cap
AWS Classification: E7018 H5 E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 5/64 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 61 - 66 80-82 76-81 85-86
Voltage Range (volts): 21-24 21-22 21-22 21-23
Travel Speed Range (ipm): 8.9-13.0 5.5-89 39-45 42-5.0
Heat Input Range (kJ/in.): 6.9-10.8 11.9-18.0 23.6—-25.2 22.4-27.3
Average Heat Input (kJ/in.): 8.9 15.4 24.3 25.2

Comment:

A block welding sequence was used




FIGURE 1 — BEAD SEQUENCE
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Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:
Results:
Max. Toe Spacing

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST
50LH-TW-3 FB1 50LH-TW-3 FB2 50LH-TW-3 FB3 50LH-TW-3 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass

NICK-BREAK TEST

50LH-TW-3 NB1

50LH-TW-3 NB2

S0LH-TW-3 NB3

50LH-TW-3 NB4

Pass Pass Pass Pass

MACRO-SECTION TEST
S50LH-TW-3 M1 S50LH-TW-3 M2 S50LH-TW-3 M3 S0LH-TW-3 M4
Pass Pass Pass Pass
0.079 inch 0.107 inch 0.080 inch 0.098 inch
VICKERS HAZ HARDNESS TEST (HV), 10 kg
S50LH-TW-3 M2 S50LH-TW-3 M4

494.1 474.9
443.9 460.9

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of API 1104 and the 21 Edition of API 1104

Date: 10/5/2015

Test Conducted By:
Certified By:

Jim Winigman

Matt Boring, P.E., CWI




Test Number: 25CLH-B-1 Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 24 inch 0.D., 0.375 inch wall, API 5L X70, 0.33 C.E. (IIW) pipe

Branch Material: 12.75 inch 0.D., 0.375 inch wall, API 5L X42, 0.31 C.E. (IIW) pipe

Branch-groove and fillet weld with a 3/32 inch gap, 1/16 inch land and 45° bevel on

Joint Design: the branch

Position: 5@, branch and pipe Welding Direction: Downhill-Root/Uphill-Rem.

Time Between Passes: 17 minutes between the root and hot pass, 3 hours to finish the weld

Preheat Temperature: Ambient (67°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium:  Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure:  Qil was not pressurized
WELDING PARAMETERS
Pass: Root Hot Pass Fills Caps
AWS Classification: E6010 E7018 H4R E7018 H4R E7018 H4R
Manufacture: Lincoln ESAB ESAB ESAB
Electrode Diameter (in.): 1/8 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 80-103 91-93 90 - 100 89-91
Voltage Range (volts): 23-32 22-25 21-26 21-24
Travel Speed Range (ipm): 21-79 43-6.0 41-7.0 42-55
Heat Input Range (kJ/in.): 17.9-73.3 21.8-30.6 16.4-32.4 22.0-29.4
Ave. Heat Input (kl/in.): 43.6 26.8 25.7 26.4
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FIGURE 1 — BEAD SEQUENCE

BEND TEST
Coupon Number: 25CLH-B-1 FB3 25CLH-B-1 FB6 25CLH-B-1 FB9 25CLH-B-1 FB12
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST
Coupon Number: 25CLH-B-1 NB3 25CLH-B-1 NB6 25CLH-B-1 NBS 25CLH-B-1 NB12
Results: Pass Pass Pass Pass

MACRO-SECTION TEST
Coupon Number: 25CLH-B-1 M3 25CLH-B-1 M6 25CLH-B-1 M9 25CLH-B-1 M12
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 25CLH-B-1 M3 25CLH-B-1 M12
Max. Hardness (1): 291.6 303.7
Ave. Hardness (2): 267.1 292.0

Comments: (1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 35CLH-O

Location:

Date: 10/5/2015

Kiefner Mechanical Test Lab, Worthington, Ohio

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Pipe Material:

Welding Machine:
0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

Miller CST 280

Branch Material:

0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

int Design:
Joint Design branch

Branch-groove and fillet weld with a 1/8 inch gap, 1/8 inch land and 45° bevel on the

Position:  Fixed, both plates at 45° Welding Direction: Downhill-Root/Uphill-Rem.
Time Between Passes: 15 minutes between the root and hot pass, 1 hour to finish the weld
Preheat Temperature: Ambient (67°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Qil was not pressurized
Comments: Measured heat sink capacity time of 45, 48, 53, 55 and 49 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Fills Caps
AWS Classification: E6010 E7018 H4R E7018 H4R E7018 H4R
Manufacture: Lincoln ESAB ESAB ESAB
Electrode Diameter (in.): 1/8 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 79-83 97-99 87— 88 87 -89
Voltage Range (volts): 24-26 23-24 21-23 21-23
Travel Speed Range (ipm): 40-4.4 42-5.0 41-55 41-54
Heat Input Range (kJ/in.): 27.5-30.1 28.1-33.4 21.1-28.6 21.2-28.3
Average Heat Input (kJ/in.): 28.8 29.6 24.7 25.2




FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 35CLH-0O FB1 35CLH-O FB2 35CLH-O FB3 35CLH-O FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST
Coupon Number: 35CLH-O NB1 35CLH-0O NB2 35CLH-O NB3 35CLH-O NB4
Results: Pass Pass Pass Pass
MACRO-SECTION TEST
Coupon Number: 35CLH-O M1 35CLH-0 M2 35CLH-O M3 35CLH-O M4
Results: Pass Pass Pass Pass
VICKERS HAZ HARDNESS TEST (HV), 10 kg
Coupon Number: 35CLH-O M2 35CLH-O M4
Max. Hardness (1): 230.2 270.6
Ave. Hardness (2): 220.5 249.8

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 25CLH-S-1 Date: 8/29/2016

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine:  Miller CST 280

Pipe Material: 12.75inch O.D., 0.375 inch wall, API 5L X42, 0.41 C.E. (lIW) pipe

Sleeve Material: 12.75 inch 0.D., 0.250 inch wall, API 5L X60, 0.28 C.E. (IIW) pipe

Joint Design:  Circumferential fillet weld

Position: 5G Welding Direction: Downbhill-Root/Uphill-Rem.
Time Between Passes: 19 minutes between the root and first cap pass, 2 hours to finish the weld
Preheat Temperature: Ambient (79°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Qil

Test Medium Temperature: 75— 85°F

Test Medium Flow Rate: Approximately 3 gallons a minute

Test Medium Pressure: Qil was not pressurized

WELDING PARAMETERS

Pass: Root Caps
AWS Classification: E6010 E7018 H4R
Manufacture: Lincoln ESAB
Electrode Diameter (in.): 1/8 3/32
Current/Polarity: DCEP DCEP
Current Range (amps): 86-92 92 -95
Voltage Range (volts): 20-29 22-25
Travel Speed Range (ipm): 4.1-8.4 3.7-6.6
Heat Input Range (kJ/in.): 16.2-34.8 19.5-355
Ave. Heat Input (ki/in.): 241 23.7




FIGURE 1 — BEAD SEQUENCE

Coupon Number:
Bend Diameter:

Type:
Results:

Coupon Number:
Results:

Coupon Number:
Results:

Coupon Number:
Max. Hardness (1):
Ave. Hardness (2):

Comments:

BEND TEST

25CLH-5-1 FB1

25CLH-S-1 FB2

25CLH-5-1 FB3

25CLH-5-1 FB4

3.5inch 3.5inch 3.5inch
Face Face Face
Pass Pass Pass

NICK-BREAK TEST

25CLH-5-1 NB1

25CLH-5-1 NB2

25CLH-5-1 NB3

25CLH-5-1 NB4

Pass Pass Pass
MACRO-SECTION TEST
25CLH-S-1 M1 25CLH-5-1 M2 25CLH-S-1 M3 25CLH-5-1 M4
Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

25CLH-S-1 M2 25CLH-5-1 M4
283.6 332.0
267.2 305.7

(1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20* Edition of APl 1104 and the 21% Edition of APl 1104

Date: 8/29/2016

Test Conducted By:

Jeff Balka

Certified By: Matt Boring, P.E., CWI




Test Number: 35CLH-O

Location:

Date: 10/5/2015

Kiefner Mechanical Test Lab, Worthington, Ohio

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Pipe Material:

Welding Machine:
0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

Miller CST 280

Branch Material:

0.375 inch wall, A516 Grade 70, 0.35 C.E. (IIW) plate

int Design:
Joint Design branch

Branch-groove and fillet weld with a 1/8 inch gap, 1/8 inch land and 45° bevel on the

Position:  Fixed, both plates at 45° Welding Direction: Downhill-Root/Uphill-Rem.
Time Between Passes: 15 minutes between the root and hot pass, 1 hour to finish the weld
Preheat Temperature: Ambient (67°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium: Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Qil was not pressurized
Comments: Measured heat sink capacity time of 45, 48, 53, 55 and 49 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Fills Caps
AWS Classification: E6010 E7018 H4R E7018 H4R E7018 H4R
Manufacture: Lincoln ESAB ESAB ESAB
Electrode Diameter (in.): 1/8 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 79-83 97-99 87— 88 87 -89
Voltage Range (volts): 24-26 23-24 21-23 21-23
Travel Speed Range (ipm): 40-4.4 42-5.0 41-55 41-54
Heat Input Range (kJ/in.): 27.5-30.1 28.1-33.4 21.1-28.6 21.2-28.3
Average Heat Input (kJ/in.): 28.8 29.6 24.7 25.2




FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 35CLH-0O FB1 35CLH-O FB2 35CLH-O FB3 35CLH-O FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass
NICK-BREAK TEST
Coupon Number: 35CLH-O NB1 35CLH-0O NB2 35CLH-O NB3 35CLH-O NB4
Results: Pass Pass Pass Pass
MACRO-SECTION TEST
Coupon Number: 35CLH-O M1 35CLH-0 M2 35CLH-O M3 35CLH-O M4
Results: Pass Pass Pass Pass
VICKERS HAZ HARDNESS TEST (HV), 10 kg
Coupon Number: 35CLH-O M2 35CLH-O M4
Max. Hardness (1): 230.2 270.6
Ave. Hardness (2): 220.5 249.8

Comments: (1) Maximum hardness of a single indent

(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 40CLH-B-2 Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 24 inch 0.D., 0.375 inch wall, API 5L X70, 0.33 C.E. (lIW) pipe

Branch Material: 12.75 inch 0.D., 0.375 inch wall, API 5L X42, 0.31 C.E. (IIW) pipe

Branch-groove and fillet weld with a 3/32 inch gap, 1/16 inch land and 45° bevel on

Joint Design: the branch

Position: 5G, branch and pipe Welding Direction: Downhill-Root/Uphill-Rem.

Time Between Passes: 20 minutes between the root and hot pass, 5 hours to finish the weld

Preheat Temperature: Ambient (62°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Qil

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate:  Approximately 3 gallons a minute

Test Medium Pressure: Qil was not pressurized

WELDING PARAMETERS

Pass: Root Hot Pass Caps
AWS Classification: E6010 E7018 H4R E7018 H4R
Manufacture: Lincoln ESAB ESAB
Electrode Diameter (in.): 1/8 3/32 3/32
Current/Polarity: DCEP DCEP DCEP
Current Range (amps): 80-101 78 -89 81-89
Voltage Range (volts): 23-31 21-25 22-27
Travel Speed Range (ipm): 2.6-6.0 2.5-3.7 2.6-3.7
Heat Input Range (kJ/in.): 22.1-54.1 33.7-51.0 32.3-48.4
Ave. Heat Input (kl/in.): 371 41.2 41.6
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FIGURE 1 — BEAD SEQUENCE
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BEND TEST
Coupon Number: 40CLH-B-2 FB3 40CLH-B-2 FB6 40CLH-B-2 FBS 40CLH-B-2 FB12
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Fail Pass Pass Pass

NICK-BREAK TEST
Coupon Number: 40CLH-B-2 NB3 40CLH-B-2 NB6 40CLH-B-2 NB9 40CLH-B-2 NB12
Results: Pass Pass Pass Pass

MACRO-SECTION TEST
Coupon Number: 40CLH-B-2 M3 40CLH-B-2 M6 40CLH-B-2 M9 40CLH-B-2 M12
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 40CLH-B-2 M3 40CLH-B-2 M12
Max. Hardness (1): 238.4 285.7
Ave. Hardness (2): 234.6 273.6

Comments: (1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number: 42CLH-O

Location:

Date: 10/5/2015

Kiefner Mechanical Test Lab, Worthington, Ohio

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Pipe Material:

Welding Machine:
0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

Miller CST 280

Branch Material:

0.375 inch wall, A516 Grade 70, 0.42 C.E. (IIW) plate

int Design:
Joint Design the branch

Branch-groove and fillet weld with a 1/8 inch gap, 3/32 inch land and 45° bevel on

Position: Fixed, both plates at 45° Welding Direction: Downhill-Root/Uphill-Rem.
Time Between Passes: 17 minutes between the Root and Hot Pass, 1 hour to finish the weld
Preheat Temperature: Ambient (73°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium:  Oil
Test Medium Temperature: 75— 85°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Qil was not pressurized
Comments: Measured heat sink capacity time of 45, 48, 53, 55 and 49 seconds
WELDING PARAMETERS
Pass: Root Hot Pass Fills Caps
AWS Classification: E6010 E7018 H4R E7018 H4R E7018 H4R
Manufacture: Lincoln ESAB ESAB ESAB
Electrode Diameter (in.): 1/8 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 92-95 91-93 87-89 87 -90
Voltage Range (volts): 25-27 22-26 22-24 22-24
Travel Speed Range (ipm): 42-55 29-36 2.7-31 29-33
Heat Input Range (kJ/in.): 26.4-33.9 37.3-43.7 39.7-44.4 36.5-43.2
Average Heat Input (kl/in.): 30.8 40.2 41.5 38.6
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FIGURE 1 - BEAD SEQUENCE
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BEND TEST
Coupon Number: 42CLH-O FB1 42CLH-O FB2 42CLH-O FB3 42CLH-O FB4
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Face Face
Results: Pass Pass Pass Pass

NICK-BREAK TEST
Coupon Number: 42CLH-O NB1 42CLH-O NB2 42CLH-O NB3 42CLH-O NB4
Results: Pass Pass Pass Pass

MACRO-SECTION TEST
Coupon Number: 42CLH-O M1 42CLH-O M2 42CLH-O M3 42CLH-O M4
Results: Pass Pass Pass Pass

VICKERS HAZ HARDNESS TEST (HV), 10 kg

Coupon Number: 42CLH-O M2 42CLH-0 M4
Max. Hardness (1): 327.2 231.3
Ave. Hardness (2): 289.6 224.12

Comments: (1) Maximum hardness of a single indent
(2) Average of five indents at weld toe

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21+ Edition of APl 1104

Date: 10/5/2015
Test Conducted By: Jim Winigman
Certified By: Matt Boring, P.E., CWI




Test Number:

X42LH-LS-1

Date: 5/29/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: leremy Didion, Apeks Fabrication

Welding Process: Manual SMAW

Welding Machine:

Miller CST 280

Sleeve Material: 14 inch 0.D., 0.375 inch wall, APl 5L X42, 0.41 C.E. (IIW) pipe

Long seam on a 1/8 inch backing bar with a 3/8 inch gap, no land and 20° bevel on

Joint Design:
g the sleeve

Position: 5G

Welding Direction:

Horizontal

Time Between Passes: 16 minutes between the root and hot pass, 3 hours to finish the weld

Preheat Temperature: Ambient (52°F) Post-weld Heat Treatment: None used
Line-up Clamps: None used
Test Medium:  Water flowing through the run pipe
Test Medium Temperature: 40— 60°F
Test Medium Flow Rate: Approximately 3 gallons a minute
Test Medium Pressure: Water was not pressurized
WELDING PARAMETERS
Pass: Root Hot Pass Fills Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 3/32 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 84 - 86 84 -89 87-88 86— 87
Voltage Range (volts): 21-25 24-26 21-23 21-24
Travel Speed Range (ipm): 47-7.8 41-56 4.4-99 5.7-10.0
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Coupon Number:
Coupon Width:
Coupon Thickness:
Coupon Area:
Maximum Load:
Tensile Strength:
Fracture Location:

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

TENSILE TEST

X42LH-LS-1T1

X421LH-LS-1 T2

0.966 inch 0.800 inch

0.386 inch 0.384 inch

0.373 inch? 0.307 inch?

28,766 |b. 24,636 |b.

77,120 psi 80,249 psi

Sleeve Sleeve
BEND TEST
X42LH-LS-1 FB1 X42LH-LS-1 FB2 X42LH-LS-1 RB1 X42LH-LS-1 RB2
3.5inch 3.5inch 3.5inch 3.5inch

Face Face Root Root
Pass Pass Pass Pass

NICK-BREAK TEST

X42LH-LS-1 NB1

X42LH-LS-1 NB2

Pass

Pass

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 5/29/2014

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number:  X60LH-LS-1 Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Sleeve Material: 12.75inch 0.D., 0.375 inch wall, API 5L X60, 0.43 C.E. (IIW) pipe

Long seam on a 1/16 inch backing bar with a 3/32 inch gap, no land and 20° bevel on

Joint Design: the sleeve

Position: 5G Welding Direction: Horizontal

Time Between Passes: 46 minutes between the root and hot pass, 2 hours to finish the weld
Preheat Temperature: Ambient (69°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Water flowing through the run pipe

Test Medium Temperature: 40— 60°F

Test Medium Flow Rate: Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

WELDING PARAMETERS

Pass: Root Hot Pass Fills Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 1/8 1/8 1/8 1/8
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 91-92 92 -102 102-103 102 -103
Voltage Range (volts): 21-22 20-22 20-22 20-22
Travel Speed Range (ipm): 6.6—10.2 5.9-9.2 6.4-8.1 6.3-12.0




FIGURE 1 —-BEAD SEQUENCE

1234567889

Coupon Number:
Coupon Width:
Coupon Thickness:
Coupon Area:
Maximum Load:
Tensile Strength:
Fracture Location:

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

TENSILE TEST

X60LH-LS-1T1

X60LH-LS-1 T2

1.009 inch 1.023 inch

0.360 in.ch 0.360 inch

0.363 inch? 0.368 inch?

31,259 |b. 32,502 Ib.

86,113 psi 88,321 psi

Sleeve Sleeve
BEND TEST
X60LH-LS-1 FB1 X60LH-LS-1 FB2 X60LH-LS-1 RB1 X60LH-LS-1 RB2
3.5inch 3.5inch 3.5inch 3.5inch

Face Face Root Root
Pass Pass Pass Pass

NICK-BREAK TEST

X60LH-LS-1 NB1

X60LH-LS-1 NB2

Pass

Pass

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of API 1104

Date: 10/5/2015

Test Conducted By:

Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number:  X65LH-LS-7018-1 Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: lJeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine:  Miller CST 280

Sleeve Material: 12.75 inch 0.D., 0.250 inch wall, API 5L X65 pipe

L 1/16i i i 2i °
Joint Design: ong seam on a 1/16 inch backing bar with a 3/32 inch gap, no land and 30° bevel on

the sleeve
Position: 5G Welding Direction: Horizontal
Time Between Passes: 31 minutes between the root and first cap pass, 1 hour to finish the weld
Preheat Temperature: Ambient (71°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium:  Water flowing through the run pipe

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate: Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

WELDING PARAMETERS

Pass: Root Caps
AWS Classification: E7018 H4R E7018 H4R
Manufacture: ESAB ESAB
Electrode Diameter (in.): 1/8 1/8
Current/Polarity: DCEP DCEP
Current Range (amps): 91-92 91-92
Voltage Range (volts): 21-22 19-23
Travel Speed Range (ipm): 6.1-6.2 44-12.0




FIGURE 1 — BEAD SEQUENCE

Coupon Number:
Coupon Width:
Coupon Thickness:
Coupon Area:
Maximum Load:
Tensile Strength:
Fracture Location:

Coupon Number:

Bend Diameter:

Type:
Results:

Coupon Number:
Results:

TENSILE TEST

X65LH-LS-7018-1T1

X65LH-LS-7018-1 T2

1.023 inch 0.984 inch

0.217 inch 0.222 inch

0.222 inch? 0.218 inch?

19,687 Ib. 17,801 Ib.

88,678 psi 81,657 psi

Sleeve Sleeve
BEND TEST
X65LH-LS-7018-1 | X65LH-LS-7018-1 | X65LH-LS-7018-1 | X65LH-LS-7018-1
FB1 FB2 RB1 RB2
3.5inch 3.5inch 3.5inch 3.5inch

Face Face Root Root
Pass Pass Pass Pass

NICK-BREAK TEST

X65LH-LS-7018-1 NB1

X65LH-LS-7018-1 NB2

Pass

Pass

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 10/5/2015

Test Conducted By:

Certified By:

Jim Winigman

Matt Boring, P.E., CWI




Test Number:  X65LH-LS-8018-1 Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine:  Miller CST 280

Sleeve Material: 12.75 inch 0.D., 0.250 inch wall, API 5L X65 pipe

L 1/16i i i 2i °
Joint Design: ong seam on a 1/16 inch backing bar with a 3/32 inch gap, no land and 30° bevel on

the sleeve
Position: 5G Welding Direction: Horizontal
Time Between Passes: 73 minutes between the root and first cap pass, 1 hour to finish the weld
Preheat Temperature: Ambient (70°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium:  Water flowing through the run pipe

Test Medium Temperature: 50— 70°F

Test Medium Flow Rate: Approximately 3 gallons a minute

Test Medium Pressure: Water was not pressurized

WELDING PARAMETERS

Pass: Root Caps
AWS Classification: E8018-C3 H4AR E8018-C3 H4R
Manufacture: ESAB ESAB
Electrode Diameter (in.): 1/8 1/8

Current/Polarity: DCEP DCEP

Current Range (amps): 91-92 91-93

Voltage Range (volts): 21-24 19-23

Travel Speed Range (ipm): 45-5.7 3.8-10.3




FIGURE 1 — BEAD SEQUENCE

Coupon Number:

TENSILE TEST

X65LH-LS-8018-1T1

X65LH-L5-8018-1 T2

Coupon Width: 1.005 inch 0.980 inch
Coupon Thickness: 0.221 inch 0.217 inch
Coupon Area: 0.222 inch? 0.213 inch?
Maximum Load: 18,062 Ib. 18,446 |b.
Tensile Strength: 81,360 psi 86,600 psi
Fracture Location: Sleeve Sleeve
BEND TEST
Coupon Number: X65LH-LS-8018-1 | X65LH-LS-8018-1 | X65LH-LS-8018-1 | X65LH-LS-8018-1
FB1 FB2 RB1 RB2
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Root Root
Results: Pass Pass Pass Pass

Coupon Number:
Results:

NICK-BREAK TEST

X65LH-LS-8018-1 NB1

X65LH-LS-8018-1 NB2

Pass

Pass

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 10/5/2015

Test Conducted By: Jim Winigman

Certified By: Matt Boring, P.E., CWI




Test Number: X70LH-LS-7018-1 Date: 11/24/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Sleeve Material: 20 inch 0.D., 0.500 inch wall, API 5L X70, 0.29 C.E. (IIW) pipe

Long seam on a 1/2 inch backing bar with a 5/32 inch gap, no land and 30° bevel on

Joint Design:
& the sleeve

Position: 5G Welding Direction:  Horizontal

Time Between Passes: 21 minutes between the root and hot Pass, 1 hours to finish the weld

Preheat Temperature: Ambient (75°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium:  Air

Test Medium Temperature: Ambient

Test Medium Flow Rate: Not flowing

Test Medium Pressure:  Air was not pressurized

WELDING PARAMETERS

Pass: Root Hot Pass Fills Caps
AWS Classification: E7018 H4R E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 1/8 1/8 1/8 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 97-111 121-124 121-126 122 -125
Voltage Range (volts): 22-24 21-23 21-22 21-22
Travel Speed Range (ipm): 52-6.4 5.8-7.3 5.0-10.9 7.4-8.6
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FIGURE 1 - BEAD SEQUENCE

TENSILE TEST

Coupon Number: X70LH-LS-7018-1T1 X70LH-LS-7018-1T2
Coupon Width: 0.960 inch 0.973 inch
Coupon Thickness: 0.485 inch 0.486 inch
Coupon Area: 0.466 inch? 0.473 inch?
Maximum Load: 43,429 |b. 44,332 |b.
Tensile Strength: 93,195 psi 93,725 psi
Fracture Location: Weld (1) Weld (1)
Comment: (1) The weld meets the acceptance criteria of APl 1104 Section 5.6.3.3.
BEND TEST
Coupon Number: X70LH-LS-7018-1 | X70LH-LS-7018-1 | X70LH-LS-7018-1 | X70LH-LS-7018-1
FB1 FB2 RB1 RB2
Bend Diameter: 3.5inch 3.5inch 3.5inch 3.5inch
Type: Face Face Root Root
Results: Pass Pass Pass Pass

Coupon Number:
Results:

NICK-BREAK TEST

X70LH-LS-7018-1 NB1

X70LH-LS-7018-1 NB2

Pass

Pass

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 11/24/2015
Test Conducted By: Gerald McDaniel
Certified By: Matt Boring, P.E., CWI




Test Number: 7018LS-1 Date: 5/29/2014

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miiller CST 280

Pipe Material: 24 inch 0.D., 0.688 inch wall, API 5L X70, 0.36 C.E. (IIW) pipe

Joint Design:  Butt joint with a 3/32 inch gap, 3/32 inch land and 30° bevel on the pipe

Position: 5G Welding Direction:  Uphill
Time Between Passes: 17 minutes between the root and hot Pass, 5 hours to finish the weld
Preheat Temperature: Ambient (56°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium: Root and hot pass deposited on air and the remainder deposited on water

Test Medium Temperature:  Air was ambient and water was 50 — 70°F

Test Medium Flow Rate: Air was not flowing and water was approximately 3 gallons a minute

Test Medium Pressure:  Air and water was not pressurized

WELDING PARAMETERS

Pass: Root Hot Pass Fills Caps
AWS Classification: E7016 H4 E7018 H4R E7018 H4R E7018 H4R
Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 1/8 1/8 3/32
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 65— 74 99 — 102 105 - 109 103 - 104
Voltage Range (volts): 20-23 21-22 20-23 21-22
Travel Speed Range (ipm): 2.1-41 29-47 29-5.8 23-39

FIGURE 1 - BEAD SEQUENCE
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Coupon Number:
Coupon Width:
Coupon Thickness:
Coupon Area:
Maximum Load:
Tensile Strength:
Fracture Location:

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:

Depth:

Width:

Notch Location:
Test Temperature:
Impact Energy:

% Shear:

TENSILE TEST

7018LS-1T1 7018LS-1T2 7018LS-1T3 7018LS-1T4
1.110inch 1.060 inch 0.865 inch 0.935 inch
0.660 inch 0.660 inch 0.678 inch 0.677 inch
0.733 inch? 0.700 inch? 0.586 inch? 0.633 inch?
71,700 Ib. 68,400 Ib. 54,987 Ib. 63,806 Ib.
97,817 psi 97,714 psi 93,800 psi 100,800 psi
Pipe Pipe Pipe Pipe
BEND TEST
7018LS-1 SB1 7018LS-1 SB2 7018LS-1 SB3 7018LS-1SB4
3.5inch 3.5inch 3.5inch 3.5inch
Side Side Side Side
Pass Pass Pass Pass

7018LS-1 SB5

7018LS-1 SB6

7018LS-1 SB7

7018LS-1 SB8

3.5inch 3.5inch 3.5inch 3.5inch
Side Side Side Side
Pass Pass Pass Pass

NICK-BREAK TEST

7018LS-1 NB1 7018LS-1 NB2 7018LS-1 NB3 7018LS-1 NB4
Pass Pass Pass Pass
CHARPY TOUGHNESS TEST
7018LS-1 7018LS-1 7018LS-1 7018LS-1 7018LS-1 7018LS-1
H1 H2 H3 w1 W2 W3
0.3%4 inch | 0.3%4 inch | 0.394inch | 0.394inch | 0.394inch | 0.394 inch
0.3%94 inch | 0.3%94 inch | 0.394inch | 0.394inch | 0.394 inch | 0.394 inch
HAZ HAZ HAZ Centerline | Centerline | Centerline
-20°F -20°F -20°F -20°F -20°F -20°F
139.0 ft-lb | 160.0 ft-lb | 65.0 ft-lb 22.0 ft-lb 29.0 ft-lb 28.5 ft-lb
67 66 47 41 38 31

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date:

5/29/2014

Test Conducted By:
Matt Boring, P.E., CWI

Certified By:

Jim Winigman




Test Number:  7018LS-2 Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miiller CST 280

Pipe Material: 20 inch 0.D., 0.500 inch wall, API 5L X70 pipe

Joint Design:  Butt joint with a 3/32 inch gap, 3/32 inch land and 30° bevel on the pipe

Position: 5G Welding Direction:  Uphill
Time Between Passes: 21 minutes between the root and hot pass, 4 hours to finish the weld
Preheat Temperature: Ambient (90°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium:  Air

Test Medium Temperature: Ambient

Test Medium Flow Rate: Air was not flowing

Test Medium Pressure: Air was not pressure

WELDING PARAMETERS

Pass: Root Hot Pass Fills Caps
AWS Classification: E7016 H4 E7018 H4R E7018 H4R E7018 H4R
Manufacture: Lincoln ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 3/32 1/8 1/8
Current/Polarity: DCEP DCEP DCEP DCEP
Current Range (amps): 72-79 96 — 97 112-113 106 - 113
Voltage Range (volts): 20-23 21-22 22-23 21-23
Travel Speed Range (ipm): 2.8-4.7 24-34 2.7-49 2.8-3.7

FIGURE 1 — BEAD SEQUENCE
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Coupon Number:
Coupon Width:
Coupon Thickness:
Coupon Area:
Maximum Load:
Tensile Strength:
Fracture Location:

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:

Depth:

Width:

Notch Location:
Test Temperature:
Impact Energy:

% Shear:

TENSILE TEST

7018LS-2 T1 7018LS-2 T2 7018LS-2 T3 7018LS-2 T4
1.153 inch 1.129 inch 1.076 inch 1.066 inch
0.510inch 0.513 inch 0.502 inch 0.510 inch
0.588 inch? 0.579 inch? 0.540 inch? 0.544 inch?
48,569 |b. 48,173 |b. 45,468 |b. 46,566 |b.
82,600 psi 83,200 psi 84,200 psi 85,600 psi
Pipe Pipe Pipe Pipe
BEND TEST
7018LS-2 FB1 7018LS-2 FB2 7018LS-2 FB3 7018LS-2 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Face Face
Pass Pass Pass Pass
7018LS-2 RB1 7018LS-2 RB2 7018LS-2 RB3 7018LS-2 RB4
3.5inch 3.5inch 3.5inch 3.5inch
Root Root Root Root
Pass Pass Pass Pass

NICK-BREAK TEST

7018LS-2 NB1 7018LS-2 NB2 7018LS-2 NB3 7018LS-2 NB4
Pass Pass Pass Pass
CHARPY TOUGHNESS TEST

7018LS-2 7018LS-2 7018LS-2 7018LS-2 7018LS-2 7018LS-2
H1 H3 w1 W2 W3

0.3%4 inch | 0.394inch | 0.394inch | 0.394inch | 0.394inch | 0.394 inch

0.3%94 inch | 0.394inch | 0.394inch | 0.394 inch | 0.394inch | 0.394 inch
HAZ HAZ HAZ Centerline | Centerline | Centerline

-20°F -20°F -20°F -20°F -20°F -20°F

76.0 ft-lb 70.0 ft-lb 22.5 ft-lb 18.0 ft-lb 82.0 ft-lb 96.0 ft-Ib

47 22 21 42 46

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 21 Edition of APl 1104

Date:

10/5/2015

Test Conducted By:

Certified By:

Jim Winigman

Matt Boring, P.E., CWI




Test Number: X70LH-LS-8018-1 Date: 11/24/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine:  Miller CST 280

Sleeve Material: 20 inch 0.D., 0.500 inch wall, API 5L X70, 0.29 C.E. (IIW) pipe

L 1/2i i i 16 °
Joint Design: ong seam on a 1/2 inch backing bar with a 3/16 inch gap, no and 30° bevel on the

sleeve
Position: 5G Welding Direction: Horizontal
Time Between Passes: 48 minutes between the root and hot pass, 2 hours to finish the weld
Preheat Temperature: Ambient (75°F) Post-weld Heat Treatment:  None used

Line-up Clamps: None used

Test Medium:  Air

Test Medium Temperature: Ambient

Test Medium Flow Rate: Not flowing

Test Medium Pressure: Air was no pressurized

WELDING PARAMETERS

Pass: Root Hot Pass Fills Caps
AWS Classification: | E8018-C3 H4R E8018-C3 H4R E8018-C3 H4R E8018-C3 H4R

Manufacture: ESAB ESAB ESAB ESAB
Electrode Diameter (in.): 1/8 1/8 1/8 3/32
Current/Polarity: DCEP DCEP DCEP DCEP

Current Range (amps): 111-113 119-122 119-123 120-123

Voltage Range (volts): 21-24 21-23 21-23 21-23
Travel Speed Range (ipm): 4.0-8.5 6.0-7.0 6.3-9.4 5.9-10.0




FIGURE 1 - BEAD SEQUENCE

Date: 5/29/2014

Coupon Number:
Coupon Width:
Coupon Thickness:
Coupon Area:
Maximum Load:
Tensile Strength:
Fracture Location:
Comment:

Coupon Number:

Bend Diameter:

Type:
Results:

Coupon Number:
Results:

TENSILE TEST
X70LH-LS-8018-1 T1 X70LH-LS-8018-1 T2
0.947 inch 0.987 inch
0.481 inch 0.488 inch
0.456 inch? 0.482 inch?
41,598 Ib. 45,270 Ib.
91,224 psi 93,921 psi
Weld (1) Weld (1)
(1) The weld meets the acceptance criteria of APl 1104 Section 5.6.3.3.
BEND TEST
X70LH-LS-8018-1 | X70LH-LS-8018-1 | X70LH-LS-8018-1 | X70LH-LS-8018-1
FB1 FB2 RB1 RB2
3.5inch 3.5inch 3.5inch 3.5inch
Face Face Root Root
Pass Pass Pass Pass

NICK-BREAK TEST

X70LH-LS-8018-1 NB1

X70LH-LS-8018-1 NB2

Pass

Pass

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of AP1 1104

Test Conducted By:
Certified By:  Matt Boring, P.E., CWI

Jim Winigman




Test Number: 8018LS-1

Location:

Date: 5/29/2014

Kiefner Mechanical Test Lab, Worthington, Ohio

Welder:

Jeremy Didion, Apeks Fabrication

Welding Process:

Manual SMAW

Welding Machine:

Miller CST 280

Pipe Material: 24 inch O.D., 0.688 inch wall, API 5L X70, 0.36 C.E. (IIW) pipe

Joint Design:

Butt joint with a 3/32inch gap, 3/32 inch land and 30° bevel on the pipe

Position: 5G

Time Between Passes:

Welding Direction:  Uphill

17 minutes between the root and hot pass, 4 hours to finish the weld

Preheat Temperature: Ambient (56°F)

Line-up Clamps:

None used

Post-weld Heat Treatment:

None used

Test Medium:

Root and hot pass deposited on air and the remainder deposited on water

Test Medium Temperature:

Test Medium Flow Rate:

Air was ambient and the water was 50 — 70°F

Air was not flowing and water was approximately 3 gallons a minute

Test Medium Pressure: Air and water was no pressurized

Pass:

AWS Classification:
Manufacture:

Electrode Diameter (in.):
Current/Polarity:

Current Range (amps):
Voltage Range (volts):
Travel Speed Range (ipm):

WELDING PARAMETERS

Root Hot Pass Fills Caps
E7016 H4 E8018-C3 H4AR E8018-C3 H4AR E8018-C3 H4AR
ESAB ESAB ESAB ESAB
3/32 1/8 1/8 3/32
DCEP DCEP DCEP DCEP
66 — 75 102 -103 104 - 109 103
20-23 21-22 20-22 20-22
2.0-4.2 36-4.2 29-6.4 27-51

FIGURE 1 - BEAD SEQUENCE




Coupon Number:
Coupon Width:
Coupon Thickness:
Coupon Area:
Maximum Load:
Tensile Strength:
Fracture Location:

Coupon Number:
Bend Diameter:

Type:
Results:

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:

Depth:

Width:

Notch Location:
Test Temperature:
Impact Energy:

% Shear:

TENSILE TEST

8018LS-1T1 8018LS-1T2 8018LS-1 T3 8018LS-1T4
1.031 inch 1.150 inch 0.932 inch 0.922 inch
0.640 inch 0.670inch 0.675 inch 0.679 inch
0.660 inch? 0.771 inch? 0.629 inch? 0.626 inch?
66,198 Ib. 70,800 Ib. 59,503 Ib. 58,719 Ib.
100,300 psi 91,829 psi 94,600 psi 93,800 psi
Pipe Pipe Pipe Pipe
BEND TEST
8018LS-1 SB1 8018LS-15B2 8018LS-1 SB3 8018LS-1 SB4
3.5inch 3.5inch 3.5inch 3.5inch
Side Side Side Side
Pass Pass Pass Pass

8018LS-1 SB5

8018LS-1 SB6

8018LS-1 SB7

8018LS-1 SB8

3.5inch 3.5inch 3.5inch 3.5inch
Side Side Side Side
Pass Pass Pass Pass

NICK-BREAK TEST

8018LS-1 NB1

8018LS-1 NB2

8018LS-1 NB3

8018LS-1 NB4

Pass Pass Pass Pass
CHARPY TOUGHNESS TEST
8018LS-1 8018LS-1 8018LS-1 8018LS-1 8018LS-1 8018LS-1
H1 H2 H3 w1 w2 w3
0.394 inch | 0.3%4 inch | 0.394inch | 0.394inch | 0.394 inch | 0.394 inch
0.394 inch | 0.394 inch | 0.394inch | 0.394inch | 0.394inch | 0.394 inch
HAZ HAZ HAZ Centerline | Centerline | Centerline
-20°F -20°F -20°F -20°F -20°F -20°F
113.0 ft-lb | 48.0ft-lb | 108.0 ft-lb | 49.0 ft-lb 56.0 ft-lb 59.5 ft-lb
57 33 48 49 49 57

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 20t Edition of APl 1104 and the 21 Edition of APl 1104

Date: 5/29/2014

Test Conducted By:
Certified By:

Jim Winigman

Matt Boring, P.E., CWI




Test Number: 8018LS-2 Date: 10/5/2015

Location: Kiefner Mechanical Test Lab, Worthington, Ohio

Welder: Jeremy Didion, Apeks Fabrication

Welding Process: Manual SMAW Welding Machine: Miller CST 280

Pipe Material: 20 inch 0.D., 0.500 inch wall, API 5L X70 pipe

Joint Design:  Butt joint with a 3/32 inch gap, 3/32 inch land and 30° bevel

Position: 5G Welding Direction:  Uphill
Time Between Passes: 21 minutes between the root and hot pass, 4 hours to finish the weld
Preheat Temperature: Ambient (90°F) Post-weld Heat Treatment: None used

Line-up Clamps: None used

Test Medium:  Air

Test Medium Temperature: Ambient

Test Medium Flow Rate: Air was not flowing

Test Medium Pressure:  Air was not pressurized

WELDING PARAMETERS

Pass: Root Hot Pass Fills Caps
AWS Classification: E7016 H4 E8018-C3 H4R E8018-C3 H4R E8018-C3 H4R
Manufacture: Lincoln ESAB ESAB ESAB
Electrode Diameter (in.): 3/32 1/8 1/8 1/8

Current/Polarity: DCEP DCEP DCEP DCEP

Current Range (amps): 74-178 107 — 108 112 -115 113-114

Voltage Range (volts): 20-23 21-22 21-23 21-23
Travel Speed Range (ipm): 3.1-46 35-48 3.1-53 25-41

FIGURE 1 — BEAD SEQUENCE

Macro Section Not Available




Coupon Number:
Coupon Width:
Coupon Thickness:
Coupon Area:
Maximum Load:
Tensile Strength:
Fracture Location:

Coupon Number:
Bend Diameter:

Type:
Results:

Coupon Number:
Bend Diameter:
Type:

Results:

Coupon Number:
Results:

Coupon Number:

Depth:

Width:

Notch Location:
Test Temperature:
Impact Energy:

% Shear:

TENSILE TEST

8018LS-2 T1 8018LS-2 T2 8018LS-2 T3 8018LS-2T4
1.130inch 1.130inch 1.076 inch 1.128 inch
0.506 inch 0.505 inch 0.506 inch 0.501 inch
0.572 inch? 0.571 inch? 0.544 inch? 0.565 inch?
51,308 Ib. 46,879 |b. 46,294 |b. 47,291 |b.
89,700 psi 82,100 psi 85,100 psi 83,700 psi
Pipe Pipe Pipe Pipe
BEND TEST
8018LS-2 FB1 8018LS-2 FB2 8018LS-2 FB3 8018LS-2 FB4
3.5inch 3.5inch 3.5inch 3.5inch
Side Side Side Side
Pass Pass Pass Pass
8018LS-2 RB1 8018LS-2 RB2 8018LS-2 RB3 8018LS-2 RB4
3.5inch 3.5inch 3.5inch 3.5inch
Side Side Side Side
Pass Pass Pass Pass

NICK-BREAK TEST

8018LS-2 NB1 8018LS-2 NB2 8018LS-2 NB3 8018LS-2 NB4
Pass Pass Pass Pass
CHARPY TOUGHNESS TEST
8018LS-2 8018LS-2 LS8018-2 8018LS-2 801LS8-2 8018LS-2
H1 H2 H3 w1 W2 w3
0.3%4 inch | 0.394inch | 0.394inch | 0.394inch | 0.394 inch | 0.394 inch
0.3%94 inch | 0.394inch | 0.394inch | 0.394inch | 0.394 inch | 0.394 inch
HAZ HAZ HAZ Centerline | Centerline | Centerline
-20°F -20°F -20°F -20°F -20°F -20°F
24.0 ft-lb 33.0ft-lb 53.5 ft-lb 76.5 ft-lb 40.0 ft-lb 70.0 ft-lb
26 37 39 45 41 52

We certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of the 21 Edition of APl 1104

Date:

10/5/2015

Test Conducted By:

Certified By:

Jim Winigman

Matt Boring, P.E., CWI
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