
National Compact Stellarator Experiment (NCSX)

PVVS Fabrication

3.2.1 MIT and QA Plans for the PVVS
In Reference to Section 3.2.1 of NCSX-SOW-121-01-01

_____________________________
Jason Gass

Mechanical Engineer

_____________________________
Jeffrey Budd

Mechanical Engineer

_____________________________
Robert Williams

Operations Manager
Rohwedder, Inc.

_____________________________
Don Croteau

Operations Manager
NuVacuum Systems

NCSX-VVSA-3.2.1-RI 1

Confidential to Rohwedder Inc



1.0
PVVS Segment

Fabrication

2.0
PVVS Segment

Integration

3.0
Port Integration

4.0
PVVS Final Inspection

5.0
Ship PVVS to PPPL

ENGINEERING

FORMING

MACHINING

WELDING

TEST &
VERIFICATION

LEGEND

3.2.1 MIT and QA Plans for the PVVS
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1.1
Select PVVS
Segmentation

Scheme in
Computer Model

1.5
Select Proper
Location for

Reference Points
in Computer

Models

1.3
Create Computer

Models of Die
Surfaces

1.4
Create Models for

Die Rib
Assemblies

1.6
Create Die

Fabrication &
Assembly
Drawings

1.7
Generate BOM for

Die Rib
Assemblies and
PVVS Segments

1.8
Order Materials for

Die Rib
Assemblies and
PVVS Segments

1.9
Fabricate Die Rib Assembly

Reference
Appendix B Item 3

Break die shapes into ribs 1"
thick while leaving 2" gaps

between ribs.  This method will
be used for the initial die set to

determine fabrication
difficulties/opportunities,

calculate and compensate for
spring rate in 625 Inconel, and

evaluate the inspection
methods, tools, and techniques

used to qualify the die sets.

1.9.1
Receive/
Inspect
Material

Fail

Pass

A

1.0
PVVS

Segment
Fabrication

Reference
Appendix A Item 1

&
Appendix B Item 2

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

The Die Rib Assembly includes:
- Individual Ribs (Mild Steel)
- 3 Wall Enclosure for Ribs (Mild Steel)
- Rib Reinforcements/Braces (Mild Steel)
- Fasteners for Above Assembly

1.2
PPPL CAD

Segmentation
Approval

Pass

Fail

All PVVS CAD Segmentation
Files (Pro-E) shall be Sent to

PPPL for Geometry Verification &
Approval before Proceeding with

any other Fabrication Steps

Step 1.9
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A

1.9.2
Program 5 Axis
Laser Cutter for

Cutting Individual
Die Ribs

1.9.3
Cut Individual Ribs
with 5 Axis Laser

Cutter

1.9.5
Drill and Tap Holes in

Each Die Rib

1.9.4
First Piece

Inspection of
Each Die Rib

using
CMM

Pass

Fail

1.9.6
Setup and Run Milling

Centers to Machine Die Rib
Wall Enclosures

1.9.9
First Die Rib

Assembly
Inspection using

CMM

Pass

1.9.9.1
Rework

Fail

B

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4

1.0
PVVS

Segment
Fabrication

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4

1.9.4.1
Rework

1.9.7
Setup and Run Milling

Centers to Machine Die Rib
Reinforcements

1.9.8
Assemble Die Rib

Assembly

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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1.9.10
Cover Die Ribs

with 1/8" Inconel
“Scab” Plate and
Form with Press

C

1.9.14
Full Tack/Plug Weld

“Scab” Plate into Place

Reference
Appendix C Item 6

1.0
PVVS

Segment
Fabrication

Traditional Press
Break and/or Ram

Press Break

1.9.12
Inspect “Scab”

Plate on Die Rib
Assembly with

CMM Before Full
Plug Weld

1.9.12.1
Rework/Reposition

Fail

Pass

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4

1.9.11
Lightly Tack Weld

“Scab” Plate into Place

1.9.13
Form Test
Segment

Following Steps
1.10.1-1.10.13

Before Full Tack/
Plug Weld of
“Scab” Plate

2nd & 3rd

Segment 1st Segment

Reference
Appendix C Item 6

Goto
Step
1.10

B
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1.9.16
Inspect with

CMM Before Final
Machining &
Compare to

Model

Pass

C

1.9.15
Inspect Weld

1.9.15.1
Rework

Fail

1.9.17
Locate/Place

Reference Points
on Die Rib
Assembly

1.9.18
Final Machine

Precision Locking
Device for Press

Break

1.9.19
Clean Die Rib

Assembly
Surfaces

Reference
Appendix A Item 6

D

1.0
PVVS

Segment
Fabrication

Reference
Appendix A Item 1, 2, & 10

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4
Fail

1.9.16.1
Remove Scab

Plate and Rework
Die Rib Assembly

Following
Necessary

Procedures of
Step 1.9

Step 1.9

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

NCSX-VVSA-3.2.1-RI 6

Confidential to Rohwedder Inc



1.10.2
Setup and Run Plasma

Cutter to Pre-cut Segment
Material & Measure

Magnetic Permeability

1.10.3
Form Segment

with Male/Female
Die

1.10.4
Stress Relieve Segment

while in Die
Reference

Appendix A Item 14

1.10.7
Locate and Place

Reference Points on
Segment with CMM

1.10.1
Pre-cut Segment Material

Oversized with Plasma Cutter

1.10
Form

Segment

D

1.10.5
Remove Segment from

Die Rib Assembly

1.10.9
Scribe/Mark

Segment Edges
using CMM/Model

to Locate

1.10.8
Stress Relieve

Segment (if
necessary)
Reference

Appendix A Item 14

E

1.0
PVVS

Segment
Fabrication

Small Indentations from Die Rib
Assembly Reference Points

shall be Left on Segment which
shall be used for Location/

Placement of Reference Points
on Segment with CMM

Traditional Press
Break and/or Ram

Press Break

Omit this Step if
Step 1.10.4 is

Successful

Step
1.10

1.10.6
Segment Visual,

CMM, & Magnetic
Permeability
Inspection

Reference
Appendix A Item 1, 2, 9, & 11

Appendix B Item 4

Pass

Fail
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1.10.11
Machine Edges of

Segment

1.10.12
Segment Visual,

CMM, & Magnetic
Permeability
Inspection

1.12
Modify Computer
Models of All Die
Rib Assemblies to

Reflect As Built
Configurations

(CMM)

Pass

1.10.12.2
Rework Die Rib

Assembly
Following
Necessary

Procedures of
Step 1.9

Fail

1.11
Follow Steps 1.9
and 1.10 for Rest

of Die Rib
Assemblies and

Segments

Goto
Step 1.9

Goto
Step
1.10

Reference ASME
Boiler and

Pressure Vessel
Code, Section VIII,

Division 1

Reference
Appendix A Item 1, 2, 9, & 11

Appendix B Item 4

1.10.12.1
Rework if Possible &
Re-Inspect (1.10.12)

Otherwise
Remove “Scab” Plate

1.10.10
Fixture Segment in
Mill by Aligning to
Reference Points

E

PVVS Segments Ready for
Integration

1.0
PVVS

Segment
Fabrication

F

1.10.13
Inspect

Segment Thickness
Reference

Appendix A Item 12 &
Appendix
B Item 4

Pass

Fail

Goto
Step 1.9

Goto
Step 1.9

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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2.0
PVVS

Segment
Integration

2.1
Create Model, Assembly,

and Fabrication Drawings of
Weld Fixture(s) for PVVS

2.2
Create BOM and
Order Material for

PVVS Weld
Fixture(s)

2.3
Fabricate PVVS
Weld Fixture(s)

2.4
Mount PVVS

Segments to Weld
Fixture(s)

2.5
Inspect with

CMM &
Compare to

Model

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4

2.5.1
Make Necessary

Adjustments
Fail

2.6
Tack Weld PVVS

Segments in Place

Pass

G

Reference
Appendix C Item 1

Reference
NCSX-VVSA-3.1.1-RI
3.1.1 Manufacturing Methods for Fabricating the VVSA
(Section 3.2 - Fixtures)

F

2.7
Inspect Weld

Pass

2.7.1
Rework

Fail

Weld Fixture Material:
- Mild Steel Structure
- Inconel Contact Pads

Reference
Appendix A Item 1, 2, & 10 Non-Conformance

Report (NCR)
**Notify PPPL**

Reference
Appendix A Item 3

Appendix C Items 7 & 8
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2.8
CMM &

Magnetic
Permeability
inspection

2.8.1
Rework

Fail

2.9
Full Weld of PVVS

Segments

Pass

Reference
Appendix C Item 1

2.12
Stress Relieve PVVS

Reference
Appendix B Item 14

Reference
Appendix A Item 1, 2, 9, & 11

Appendix B Item 4

2.11
CMM &

Magnetic
Permeability
Inspection

2.11.1
ReworkFail

Pass

Reference
Appendix A Item 1, 2, 9, & 11

Appendix B Item 4

G

2.10
Inspect Weld

Pass

2.10.1
Rework

Fail

2.0
PVVS

Segment
Integration

2.13
Grind Welds and

Polish

Reference
Appendix A Item 7 & 8

2.14
CMM &

Magnetic
Permeability
inspection

2.14.1
Rework

Fail
Reference

Appendix A Item 1, 2, 9, & 11
Appendix B Item 4

H

Goto
2.13

Reference
Appendix A Item 1, 2, 4, & 10

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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2.17
Magnetic

Permeability
Inspection

Reference
Appendix A Item 9

2.17.1
Rework

Reference
Appendix A Item 13
Appendix C Item 1

Fail

Pass

2.15
Clean PVVS

Reference
Appendix A Item 6

2.16
Surface Finish

Inspection

2.18
X-Ray

Inspection of
Welds

Reference
Appendix A Item 4

Reference
Apendix A Item 7 & 8

Pass

2.18.1
Rework

Reference
Appendix A Item 13
Appendix C Item 1

Fail

H

2.0
PVVS

Segment
Integration

Goto
2.13

Fail

Goto
2.13

Goto
2.13

PVVS Ready for
Port Integration

I

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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3.0
Port

Integration

3.1
Create BOM for

Standard Circular
Cross Section Port

3.2
Order Material for
Standard Circular
Cross Section Port

3.4
Rough Cut Tube
for Circular Port

and Add
Reference Points

Reference ASME
Boiler and

Pressure Vessel
Code, Section VIII,

Division 1

3.5
Create CNC

Machine Code for
Contouring of Port
Extension (Tube)

3.6
Setup Tube on

CNC by Aligning it
Using Established
Reference Points

3.7
Cut Tube to
Conform to

Contour of PVVS

Reference ASME
Boiler and

Pressure Vessel
Code, Section VIII,

Division 1

3.3
Receive/
Inspect
Material

Fail

Pass

Reference
Appendix A Item 1

&
Appendix B Item 2

I

J

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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3.0
Port

Integration

3.8
Inspect Tube
and Coping

3.8.1
Rework

Fail
Reference

Appendix A Item 1, 2, & 11
Appendix B Item 4

3.9
Mount Tube in

Weld Fixture, Mate
to PVVS, and

Align with CMM

Pass

3.10
Tack Weld Tube to

PVVS

Reference
Appendix C Item 2

J

3.11
Inspect Weld &

Magnetic
Permeability

Pass

3.11.1
Rework

Reference
Appendix A Item 13
Appendix C Item 2

Fail

3.12
Inspect
Tube

Alignment
with CMM

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4

Pass

Fail

3.12.1
Rework

Reference
Appendix A Item 13
Appendix C Item 2

3.13
Full Weld Tube to

PVVS

Reference
Appendix C Item 2

K

Reference
Appendix A Item 1, 2, 9, & 10

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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3.15
Cut Port Extension

Tube to Length

Reference ASME
Boiler and

Pressure Vessel
Code, Section VIII,

Division 1

K

3.14
Inspect Weld &

Magnetic
Permeability

3.14.1
Rework

Reference
Appendix A Item 13
Appendix C Item 2

FailReference
Appendix A Item 1, 2, 9, & 10

Pass

3.16
Tack Weld Flange

on End of Tube

Reference
Appendix C Item 3

3.17
Inspect Weld &

Magnetic
Permeability

Pass

3.17.1
Rework

Reference
Appendix A Item 13
Appendix C Item 3

3.18
Inspect

Flange/Tube
(Port)

with CMM

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4

Pass

Fail

3.18.1
Rework

Reference
Appendix A Item 13
Appendix C Item 3

Fail

3.19
Full Weld Flange

to Tube

Reference
Appendix C Item 3

L

3.0
Port

Integration

Reference
Appendix A Item 1, 2, 9, & 10

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4

3.22
Clean Port

Pass

Reference
Appendix A Item 6

Fail

3.21.1
Rework

Reference
Appendix A Item 13
Appendix C Item 3

3.25
Leak Check

Port

Fail

Pass

Reference
Appendix A Item 5
Appendix B Item 9

L

3.20
Inspect Weld

3.20.1
Rework

Reference
Appendix A Item 13
Appendix C Item 3

Fail

Pass

3.21
Inspect

Flange/Tube
(Port)

with CMM

3.23
Magnetic

Permeability
Inspection

3.23.1-3.25.1
Rework

Reference
Appendix B Item 3

Appendix C Item 16C

FailReference
Appendix A Item 9

Pass

3.24
X-Ray

Inspection of
Port

Welds

Pass

Reference
Appendix A Item 4

Fail

3.0
Port

Integration

M

Reference
Appendix A Item 1, 2, 4, & 10 Non-Conformance

Report (NCR)
**Notify PPPL**

Reference
Appendix A Item 3

Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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M

3.26
Cut Port Extension Off at Less
Than 1" from PVVS Surface

Following Surface Contour using
Plasma Cutter or Similar Device

3.28
Cut Hole in PVVS
Surface for Port

3.28.1
Mount PVVS on

Mill

3.28.2
Program Mill to
Cut Port Hole

3.28.3
Cut Port Hole

Reference ASME
Boiler and

Pressure Vessel
Code, Section VIII,

Division 1

Pass

3.28.4
Inspect Port

Hole

3.29
Clean PVVS Port
Surface Area &
Port Extension

Pass

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4

Fail

3.28.4.1
Rework

N

3.27
Inspect Port
Extension

Cut

Fail

3.27.1
Rework

3.30
Cut Port

Reinforcement
Sleeve

Port
Reinforcement
Sleeve Shall

Follow Contour of
PVVS where

Necessary - used
as Weld Backing
for Welding Port
back onto PVVS

Stub

3.31
Clean Port

Reinforcement
Sleeve

Reference
Appendix A Item 6

Reference
Appendix A Item 6

3.0
Port

Integration

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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PVVS Ready for
Final Inspection

N

3.32
Stitch Weld Port
Reinforcement

Sleeve onto Port
Extension

Reference
Appendix C Item 4

3.34
Clean Port

Reinforcement
Sleeve & Port

Extension
Reference

Appendix A Item 6

Pass

3.33
Inspect Weld

3.33.1
Rework

Reference
Appendix A Item 13
Appendix C Item 4

FailReference
Appendix A Item 1, 2, & 10

3.35
Tack Weld Port
Extension back
onto PVVS Stub

Port Extension Shall be Welded back
on with Internal Full Penetration Weld

and Argon Purging between Port
Reinforcement Sleeve & External Port

Extension Surface

Reference
Appendix C Item 5

3.36
Weld & Magnetic

Permeability
Inspection

3.36.1
Rework

Reference
Appendix A Item 13
Appendix C Item 5

FailReference
Appendix A Item 1, 2, 9, & 10

Pass

O

3.0
Port

Integration

3.37
Final Weld Port
Extension back
onto PVVS Stub

Reference
Appendix C Item 5 3.38.1

Rework
Reference

Appendix A Item 13
Appendix C Item 5

Fail

3.38
Weld & Magnetic

Permeability
Inspection

Pass

Reference
Appendix A Item 1, 2, 4, 9, & 10

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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4.0
PVVS Final
Inspection

4.2
Clean PVVS

Reference
Appendix A Item 6

4.3
Final Magnetic
Permeability
Inspection

4.3.1-4.4.1
Rework

Reference
Appendix B Item 3

FailReference
Appendix A Item 9

Pass

4.4
Final X-Ray
Inspection of

All PVVS
Welds

Reference
Appendix A Item 4

Fail

PVVS Ready for
Acceptance

P

4.5
Final

Inspection
of PVVS with

CMM

4.6
Final

Thickness
Inspection of

PVVS

Pass

Pass

Reference
Appendix A Item 12

Reference
Appendix A Item 1, 2, & 11

Appendix B Item 4
Fail

4.5.1
Evaluate and Rework

using Appropriate Devices
(ex. Pneumatic Spreaders,

Heating, etc.)

4.1
Release PVVS

from  Weld
Fixture(s)

Goto
Step 4.2

O

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8

Non-Conformance
Report (NCR)

**Notify PPPL**
Reference

Appendix A Item 3
Appendix C Items 7 & 8
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5.3
Package and

Crate PVVS for
Shipping

5.5
Ship Vessel

5.1
Engrave or Stamp
PVVS Weight on
Outer Horizontal

Centerline with ¼"
High Characters

5.4
Label Crates and

Boxes

Crates Shall be Marked with:
- Seller’s Name
- Laboratory Purchase Order Number
- Component(s) Inside
- Seller’s Model Number
- Gross Weight
Boxes with loose parts shall be marked as part of
PVVS and secured to crates where possible

The PVVS and All Components shall be:
- Sealed to Protect from Contamination
- Wrapped and Packed to Protect from Damage
- Identified and Crated
- Crate Shall be Built for Moving on Rollers, Handling
with Slings from Overhead Cranes, and Transport by
Forklifts

P

5.0
Ship PVVS to

PPPL

PVVS
Acceptance

5.2
Manufacture

PVVS Support
Fixtures for

Shipping

Note:
Several Steps from 3.1.3 Preliminary MIT and QA Plans for the VVSA were Not
Applicable in this Document (3.2.1 MIT and QA Plans for the PVVS) and were
Intentionally Omitted.
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1) 03-8083-P01 - Inspection & Test and Inspection & Test Status Procedure

2) 03-8083-P02 - Procedure for Control of Inspection, Measuring, and Test Equipment

3) 03-8083-P03 - Nonconformance & Corrective Action Procedure

4) 03-8083-P04 - Radiographic Examination Procedure

5) 03-8083-P05 - Leak Detection Procedure

6) 03-8083-P06 - Cleaning Procedure

7) 03-8083-P07 - Interior Surface Finish Procedure

8) 03-8083-P08 - External Surface Finish Procedure

9) 03-8083-P09 - Magnetic Permeability Procedure

10) 03-8083-P10 - Weld Inspection Procedure

11) 03-8083-P11 - CMM Dimension & Tolerance Verification

12) 03-8083-P12 - Thickness Inspection Procedure

13) 03-8083-P13 - Weld Repair Procedure

14) 03-8083-P14 - Stress Relief Procedure
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1) F025 - Document Control Log

2) F029 - Recieving Inspection Report

3) F031 - Process Sheets

4) F034 - Mechanical Inspection Report

5) F039 - Calibration Sheets

6) F040 - Calibration Sticker Forms

7) F043 - Corrective Action Report (CAR)

8) F044 - CAR Log

9) F056 - Leak Detection Form

10) F099 - Test Certification
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1) 03-8083-WPS01 - PVVS Segment Tack & Final Weld

2) 03-8083-WPS02 - Port Extension Tube to Segment Tack & Final Weld

3) 03-8083-WPS03 - Flange to Tube Tack & Final Weld

4) 03-8083-WPS04 - Reinforcement Sleeve Stitch Weld

5) 03-8083-WPS05 - Port Tube to PVVS Stub Tack & Final Weld

6) 03-8083-WPS06 - Scab Plate Tack & Final Weld
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