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FESHM 5031.1 PIPING ENGINEERING NOTE FORM
Prepared by: Daniel Olis Preparation Date: February 23, 2009

Piping System Title: 3.9GHz Cryomodule
DESY EDMS No.: D00000001134181

Lab Location: ICB then ship to DESY, Hamburg, Germany

Purpose of system / System description: Weldments are subassemblies within the full
cryomodule assembly.

Piping System ID Number:

Appropriate governing piping code: ASME B31.3, Normal fluid service

Fluid Contents: As described with in the full note: gaseous and liquid cryogenic helium.
Design Pressure: 2 to 18 bar Design Temperature: 2 to 40K
Piping Materials: 316/316L Stainless Steel, Grade 2 Titanium

Drawing Numbers (PID’s, weldments, etc.): As described with in the full note.

Designer/Manufacturer: Fermilab designed, fabricated in-house and with local vendors.
Fabrication list appended.

Test Pressure: Various, detailed in note. Test Fluid: GN2  Test Date: (reports attached.)

Statements of Compliance
Piping system conforms to FESHM 5031.1, installation is not exceptional: Yes / No

Piping system conforms to FESHM 5031.1, installation is exceptional and has been .
designed, fabricated, inspected, and tested using sound engineering principles: Yes / No

Reviewer's Signature: M 61’;%/”/’ S — Date: P2 ~RX-Ro0F

D/S Head's Signature: lgpﬂfm&' e!|“7“g Date: 5-24-%009

ES&H Director's Signature: Date:
(if exceptional)
Director's Signature or Designee: Date:
(if exceptional)
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 Pipe Characteristics: Described in the note.
Relief Valve Information: Not applicable. Installation configuration controlled at DESY.

System Documentation

Process and Instrumentation diagram appended? No, to be installed at DESY.
Process and Instrumentation component list appended? No.  See detail drawings.
Is an operating procedure necessary for safe operation? No
If ‘yes’, procedure must be appended.

Exceptional Piping System

Is the piping system or any part of it in the above category?
Yes / No
If “Yes”, follow the requirements for an extended engineering note for Exceptional Piping Systems.
Quality Assurance

List vendor(s) for assemblies welded/brazed off site: Meyer Tool
List welder(s) for assemblies welded/brazed in-house: Bill Gatfield, Dan Watkins, Mike Reynolds
Append welder qualification records for in-house welded/brazed assemblies.

Append all quality verification records required by the identified code (e.g. examiner's certification, inspector's certification, test records, etc.)
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Introduction
The 3.9GHz Cryomodule was specified by DESY, designed at Fermilab, and built by Fermilab and Fermilab vendors.  The cryomodule will be assembled at Fermilab and sent to DESY in Hamburg, Germany for validation tests in their Cryomodule Test Bench (CMTB) facility and then installed in their FLASH accelerator complex.  

Pipe sizes, end configurations, positions, materials, and design pressures and temperatures are specified by DESY.  The cryomodule is one small portion of a much larger system at DESY.  As such, the piping in the cryomodule represents individual piping components of a larger piping system.  The larger system flow and venting requirements are unknown to Fermilab.  Also, this document does not include consideration of any lateral and axial loads imparted on the pipe components when connected to CMTB or FLASH since they are also unknown to Fermilab at this time.  This document demonstrates that the components supplied are suitable for DESY’s specified pressure and temperature conditions and that code-required quality assurance has been performed.
All piping components described in this document are as specified in the design of the cryomodule as it will be sent to DESY.  The delivered design configuration will be tested at DESY in CMTB.  After test, some flanges will be cut from the pipes before final installation into FLASH, where pipe ends will be welded to existing pipelines.  These final welds, including procedures, weld and welder qualifications, examination, and acceptance, are the responsibility of DESY and are not included in this engineering note.

Piping Overview

Figure 1 shows an end view of the cryomodule and identifies the nine different piping assemblies.  Table 1 summarizes each system’s pipe size, material, and operating conditions specified by DESY.  The labels in Figure 1 are the same as Table 1.  A more thorough table of pipe descriptions and calculation results is shown in Appendix 1.  All weldment drawings referenced in the table are appended to this note.  Figures 2 and 3 show isometric views of the pipe weldments interior to the cryomodule.  An additional spool piece of short pipe with Conflat flanges will also be sent with the cryomodule as an extension to the 2-phase pipe.  It is item 9 in Table 1 and can be seen in blue in Figures 2 and 3.
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Figure 1 – Cryomodule End View, Upstream
Table 1 – Cryomodule Pipe Summary

	Item No.
	Name
	Drawing Number
	Construction
	Design Pressure
	Design Temp.

	1
	Helium Gas Return Pipe
	MD-439565
	12”sch80 pipe, A312, TP316L with ends machined, DESY flanges attached
	2 bar
	4K

	2
	70K Forward Pipe
	MD-458466
	2”sch80, 6061-T6 / bimetallic coupler / 2”sch10, 316L w/ 4.5”CF flanges
	18 bar
	40K

	3
	70K Return Pipe
	MD-458467
	2”sch80, 6061-T6 / bimetallic coupler / 2”sch10, 316L w/ 4.5”CF flanges
	18 bar
	40K

	4
	4.5K LHe Return Pipe
	MD-458426
	2”sch80, 6061-T6 / bimetallic coupler / 2”sch10, 316L w/ 4.5”CF flanges
	5 bar
	4K

	5
	2K Forward Pipe
	ME-458484
	1.5”sch5 pipe, A312, 316L / 1.5”sch10 pipe, A312, 316L w/ 4.5”CF flanges
	2 bar
	2K

	6
	4K Forward Pipe
	MD-458532
	2”sch10 pipe, A312, 316L w/ 4.5”CF flanges
	5 bar
	4K

	7
	He Vessel 2-phase line
	ME-458444
	3”OD x .083wall / 1.5”sch10, bellows, 6”CF flange, all titanium, grade 2
	2 bar
	2K

	8
	He Vessel Warmup Line
	MD-458468
	1.25”sch10, A312/SA213, TP316/316L w/ 1.25”sch5 extensions and 4.5”CF flanges
	2 bar
	2K

	9
	2-Phase Flange Weld.
	MD-458115
	3.5”OD x .120wall tube, 316L w/ 6”CF flanges
	2 bar
	2K
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Figure 2 – Pipe weldments interior to the crymodule
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Figure 3 – Pipe weldments interior to the crymodule

Table 2 – Code Required and Appended Documentation Summary
	Item No.
	Name
	Drawing Number
	WPS1
	PQR2
	WPQ3
	Exam.4
	Press. Test 5

	1
	Helium Gas Return Pipe
	MD-439565
	yes
	yes
	yes
	yes
	yes

	2
	70K Forward Pipe
	MD-458466
	yes
	yes
	yes
	yes
	yes

	3
	70K Return Pipe
	MD-458467
	yes
	yes
	yes
	yes
	yes

	4
	4.5K LHe Return Pipe
	MD-458426
	yes
	yes
	yes
	yes
	yes

	5
	2K Forward Pipe
	ME-458484
	yes
	yes
	yes
	yes
	yes

	6
	4K Forward Pipe
	MD-458532
	yes
	yes
	yes
	yes
	yes

	7
	He Vessel 2-phase line
	ME-458444
	yes
	yes
	yes
	yes
	yes

	8
	He Vessel Warmup Line
	MD-458468
	yes
	yes
	yes
	yes
	yes

	9
	2-Phase Flange Weld.
	MD-458115
	yes
	yes
	yes
	yes
	yes

	Notes

	1. Weld Procedure Specification. Yes-attached. No-documentation unavailable.

	2. Procedure Qualification Record

	3. Welder Performance Qualification

	4. Examination Report

	5. Code required leak test at 110% Design Pressure successful. Report attached.


All components within the cryomodule fall within the scope of ASME B31.3 Normal fluid service.  Piping systems fabricated per B31.3 require verification of weld and welder qualifications, post-fabrication examination, and leak test.  Table 2 summarizes the documentation that is appended to the note.

Detailed description and discussion of the individual pipe weldments are included in the sections below.

Pipeline Details
Item 1 - Helium Gas Return Pipe

In addition to carrying helium boil-off gas, the pipe also serves as the strong back to the cold mass support system.  Supports and mounts are welded to the exterior of the pipe.  Flanges provided by DESY are welded to each pipe end.  The weldment is fabricated from 12” schedule 80 pipe, A312, 316L.  The outside diameter of the pipe is skim-cut to achieve specified straightness and outside diameter tolerances.  The pipe ends are machined further on the outside diameter to mate with a DESY specified and supplied flange.  The minimum thickness of the machined pipe ends were measured at .159” before the flanges were welded on.  The Pipe Rating in Table 3 is calculated using B31.3 formulas (per paragraph 304.1), this minimum thickness of the machined end of the pipe, and the inside diameter dimension for schedule 80 pipe (11.75”).  The last column in the table is the ratio of the stress in the pipe with the design pressure applied to the allowable stress.  It shows the stresses in the pipe are well below the maximum pipe rating.  
The pipe is supported by a rigid connection at one end and roller bearings at the other end.  For this reason, no thermal stresses result during cool-down.  A hand calculation of the effect of the load of the cavity string, which is supported from this pipe, is included in the appendix.  Very conservative assumptions are used to simplify the calculation.  The result shows that the resulting stress from the weight of the cavities is no more than 6% of the stress due to internal pressure.  And Table 3 below shows that this pressure stress is well below the allowable.
Table 3
	Name
	Drawing Number
	Description
	Design Pressure
	Pipe Rating
	S_des/ S_all

	Helium Gas Return Pipe
	MD-439565
	12”sch80 pipe, A312, TP316L with ends machined
	2 bar
	25 bar
	.08


Because the pipe includes a DESY designed and specified flange end connection, we rely on DESY operational experience to justify its appropriateness for the application.  DESY has operational experience using these flanges at the specified design pressures and temperatures, which satisfies Paragraph 304.7.2(a), “extensive, successful service experience under comparable conditions with similarly proportioned component of the same or like material”, as justification for their use.  An excerpt from an email received from Detlef Sellman, a DESY cryogenic engineer, is included here:
The mentioned 300 mm indium sealed adapters (“Adapter 3,9 GHz Saugeleitung, 9072767/A.200S” and “9072767/A.300S”) are used for all module tests at CMTB…. They are regularly operated at 2K and 30 mbar, as well as 1.7 bar at 4K.  During a test at DESY a connection with these flanges was pressurized with 5 bar for one hour at room temperature without leaks or any other problems.
The full email is appended to this note.

Weld preparations are as per the code.  Fermilab code qualified weld procedures and welders were used.  In-process examination was employed per paras. 341.4.1(b)(1) and 344.7.  The weldment passed pneumatic leak test at 110% of design pressure.  The supporting records are included in the appendix.
Items 2, 3, and 4 –Thermal Shields lines
These pipes are connected to the 70K and 4K thermal shields and all three have similar construction: 6061 aluminum, 2”sch80 pipe joined to 316L stainless steel, 2”sch.10 through a bimetallic coupler.  The pipes terminate with 4.5” Conflat flanges.  Table 4 summarizes each weldment’s geometry, design pressure, and pressure rating.  The Pipe Rating in Table 4 is calculated using B31.3 paragraph 304.1.  The aluminum pipes are bolted to aluminum thermal shields, Figure 4 and 5.  Therefore, no thermal stress, axial loads result when cold because of the matched CTE of the clamped members.  The 70K Forward and Return lines have the highest design pressure of all components in the cryomodule, yet the pressures are well below the maximums allowed.
Table 4
	Name
	Drawing Number
	Description
	Design Pressure
	Pipe Rating
	S_des/ S_all

	70K Forward & Return Pipes
	MD-458466 MD-458467 
	2”sch80, 6061-T6
	18 bar
	87 bar
	0.21

	
	
	bimetallic coupler
	18 bar
	50 bar
	--

	
	
	2”sch10, 316L 
	18 bar
	88 bar
	0.21

	4.5K LHe Return Pipe
	MD-458426
	2”sch80, 6061-T6
	5 bar
	87 bar
	0.06

	
	
	bimetallic coupler
	5 bar
	50 bar
	--

	
	
	2”sch10, 316L 
	5 bar
	88 bar
	0.06
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Figure 4 – 70K aluminum shield with 70K Forward and Return lines attached
The bimetallic coupler is 316LSS and 5083 aluminum.  5083 grade aluminum is readily welded to 6061 pipe.  The coupler is a commercially purchased item, with pressure rating to 50bar and an advertised minimum temperature of 77K.  According to Tom Nicol, Fermilab engineer), couplers fabricated by the same vendor and with the same design (smaller diameter) have successful service experience in the 4K helium lines of all LHC magnets at CERN. (Fermilab designed and built LHC IRQ magnets, while the other magnet types, which use the same coupler, are fabricated by others in the collaboration.)  
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Figure 5 – 4.5K aluminum shield with 4.5K LHe Return Line attached

Butt joint weld preparations are as per the code.  Conflat flanges are attached with a DESY designed internal groove weld.  This weld and the butt welds are performed with code qualified weld procedures and welders.  The aluminum welds were done by an outside vendor, Meyer Tool.  The stainless steel butt welds and Conflat flange welds were done by Fermilab code-qualified welders.  In-process examination was employed per paras. 341.4.1(b)(1) and 344.7 for the all welds.  All weldments passed pneumatic leak test at 110% of design pressure.  All supporting records identified in Table 2 are included in the appendix.
Discussion of the Conflat flanges used on these weldments is in a later section of this report.

Items 5 – 2K Forward Pipe
This pipe passes directly through the cryomodule.  It is a straight section of pipe with 4.5”CF flanges at each end.  Table 5 summarizes the pipe geometry, design pressure, and pressure rating.  The Pipe Rating in Table 5 is calculated using B31.3 paragraph 304.1.  
The 4.5” Conflat flanges are attached with a DESY designed weld preparation and welded with Fermilab code qualified procedures and welders.  In-process examination was employed per paras. 341.4.1(b)(1) and 344.  The weldment passed pneumatic leak test at 110% of design pressure.  All supporting records identified in Table 2 are included in the appendix. 
Table 5
	Name
	Drawing Number
	Description
	Design Pressure
	Pipe Rating
	S_des/ S_all

	2K Forward Pipe
	ME-458484
	1.5”sch5 pipe, A312, 316L
	2 bar
	65 bar
	.03


Discussion of the Conflat flanges used on these weldments is in a later section of this report.

Items 6 – 4K LHe Line

This pipe also passes through the cryomodule.  It is thermally connected to two of the four RF input couplers on the cavity.  Design parameters are summarized in the table below.  The Pipe Rating in Table 6 is calculated using B31.3 paragraph 304.1.  
Table 6
	Name
	Drawing Number
	Description
	Design Pressure
	Pipe Rating
	S_des/ S_all

	4K Forward Pipe
	MD-458532
	2”sch10 pipe, A312, 316L
	5 bar
	88 bar
	.06


The 4.5” Conflat flanges are attached with a DESY designed weld preparation and welded with Fermilab code qualified procedures and welders.  In-process examination was employed per paras. 341.4.1(b)(1) and 344.  The weldment passed pneumatic leak test at 110% of design pressure.  All supporting records identified in Table 2 are included in the appendix. 
Discussion of the Conflat flanges used on these weldments is in a later section of this report.

Items 7 – Helium Vessel 2-phase line
Titanium piping is specified here because it is welded to the titanium helium vessel that surrounds the RF cavity.  Titanium is used there because its thermal expansion characteristics match well with the niobium of the cavity and niobium and titanium are readily welded to each other.  
Table 7
	Name
	Drawing Number
	Description
	Design Pressure
	Pipe Rating
	S_des/ S_all

	He Vessel 2-phase Line
	ME-458444
	3”OD x .083wall tube, Gr.2 Ti
	2 bar
	52 bar
	0.04

	
	
	1.5”sch10 pipe, Gr.2 Ti
	2 bar
	111 bar
	0.02

	
	
	Bellows, Gr.2 Ti 
	2 bar
	32 bar
	0.06


Design parameters are summarized in the table.  The pressure rating on the bellows was found using the analysis in BPV Code, Section VIII, Div II, part 4.19.  The calculation is attached.  At 32 bar (460 PSI) the circumferential stresses exceed the allowable value.  The analysis also considers the column stability of the bellows and shows the bellows are predicted to squirm at 97 bar (1400 PSI). 

Weld preparations are as per the code.  Fermilab code qualified weld procedures and welders were used.  In-process examination was employed per paras. 341.4.1(b)(1) and 344.7.  The weldment passed pneumatic leak test at 110% of design pressure.  The supporting records are included in the appendix.
Items 8 – Helium Vessel Warmup Line
This 1.25” pipe is connected to the bottom of each helium vessel by a small capillary tube.  It is used for filling and draining liquid helium to and from the helium vessels.  The weldment includes both schedule 5 and schedule 10 pipe.  The pressure rating in Table 8 below is for the thinner wall. The Pipe Rating in Table 8 is calculated using B31.3 per paragraph 304.1.  
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Figure 6 - He Vessel Warmup Line

Table 8
	Name
	Drawing Number
	Description
	Design Pressure
	Pipe Rating
	S_des/ S_all

	He Vessel Warmup Line
	MD-458468
	1.25”sch5, A312/SA213, wld
	2 bar
	74 bar
	0.03


Weld preparations are as per the code.  The 4.5” Conflat flanges are attached with a DESY designed weld preparation and welded with Fermilab code qualified procedures and welders.  In-process examination was employed per paras. 341.4.1(b)(1) and 344.7.  The weldment passed pneumatic leak test at 110% of design pressure.  The supporting records are included in the appendix.
Items 9 – Two Phase Flange Weldment
This component serves as an extension to the two phase pipe that sits atop the cavity string.  It is a 13” long spool piece with stainless steel 6”CF flanges on each end. The Pipe Rating in Table 9 is calculated using B31.3 per paragraph 304.1.  
Table 9
	Name
	Drawing Number
	Description
	Design Pressure
	Pipe Rating
	S_des/ S_all

	2-Phase Flange Weld.
	MD-458115
	3.5”OD x .120wall tube, 316L
	2 bar
	65 bar
	0.03


The 6” Conflat flanges are attached with a DESY designed weld preparation and welded with Fermilab code qualified procedures and welders.  In-process examination was employed per paras. 341.4.1(b)(1) and 344.  The weldment passed pneumatic leak test at 110% of design pressure.  All supporting records identified in Table 2 are included in the appendix. 
Conflat Flanges
Standard geometry 4.5” and 6” Conflat-type vacuum flanges are installed on a number of the pipe weldments.  These flanges will connect with identical mating flanges in DESY’s cryomodule test bed (CMTB).  After validation of the cryomodule in CMTB, most Conflat flanges will be cut off, and the pipes will be welded to those in adjacent cryomodules.  The only exception is the titanium 6”CF / CF100.  This flange remains on the cryomodule as installed in FLASH.

The stout Conflat flange design and copper gasket result in reliable, ultra-high vacuum joints.  These features also lend the flange for use in positive pressure applications.  But because Conflat flanges are marketed and rated only for vacuum service, the flanges are considered ‘unlisted’ components per the code, and justification for their use at positive pressure is required.

The Conflat flanges in the weldments were specified by DESY.  DESY has tested the flanges and has operational experience using these flanges at the specified design pressures and temperatures, which satisfies Paragraph 304.7.2(a), “extensive, successful service experience under comparable conditions with similarly proportioned component of the same or like material”, as justification for their use.  
An excerpt from an email received from Detlef Sellman, a DESY cryogenic engineer, regarding the stainless steel 4.5” Conflat flange (CF63 per German spec.) is included here:
CF63 Conflat flange (316LN)-
A pressure- and leak test was carried out at DESY….During this test the flange connection was pressurized up to 100 bar with water at room temperature.  For the CMTB the pressure test of the feed- and end-cap connected to each other was carried out. (21 bar on 4.5 K and 40K-80K shield lines and 2 K forward line equipped with the CF63 flanges at room temperature).  This flange connections were used up to now in CMTB (since 2006) for the tests of the modules 5, 6 and 7. They were operated regularly at 4.5K and up to 3 bar and 40K - 80K at 16 bar. During the test of module 6 they were cycled from room temperature to operating temperature (4K resp. 40K-80K) and back to room temperature 11 times without any leaks.
An excerpt from the same email regarding the titanium 6” Conflat flange (CF100 per German spec.) is here:

CF100 Conflat flange (titanium)
These Flanges are used for the connection of the two phase tube of the TTF-Cavities since the very first module (beginning of 1997). All operated cavities and modules in the flash linac are equipped with these flanges. Operating conditions: 4K, 1.7 bar / 2K, 30 mbar, safety valve setting: 2 bar.  At Chechia a connection between CF100 flanges of titanium and of 316LN were pressurized at room temperature as well as at 4.5K up to 6 bar without problems for the flange connection (no leaks).
The full email is appended to this note.

In addition to operational experience cited at DESY, Finite Element Analysis was done on the 4.5”CF / CF63 flange.  This flange has a maximum operating pressure of 18bar in the 70K shield lines.  The analysis is comparative, intended to show the minimal effect of the pressurization on the stress fields in the assembly.  Figure 7 shows the model.  It is a quarter section of a pipe with a rotatable Conflat flange and flange blank.  The gasket is copper and the flange, pipe, and bolts are stainless steel.  A 3300lb preload per bolt is applied.  See the next section for more discussion of bolt selection.
The first calculation (Figure 8) considers only the load of the bolts when tightened to the manufacturer’s torque specification for vacuum service.  The second analysis (Figure 9) includes the bolt pretension plus the additional load of pressurization to 19.8bar/287psi, 110% operating pressure.  The FEA assumes linear material properties so the stress levels in the contact regions of the knife edge are not real.  The comparative study simply shows that the pressure load is minor when added to the specified preload of the bolts.
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Figure 7 – FEA ¼-model of 4.5”CF rotatable flange 
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Figure 8 – 4.5”CF flange stress distribution from bolt load pre-tension
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Figure 9 – 4.5”CF flange stress distribution from bolt load pre-tension + 19.8bar internal pressure
Bolts
It is important to consider the bolts specified for use with the flanges to prevent dangerous release of pressurized gas and hardware.  An analysis of the bolt loads was done following the description in Juvinall and Marshak
.  The bolt pre-load was calculated using the bolt torque specification from MDC Vacuum Products Corporation catalog for 4.5” and 6”CF flanges.  Table 10 summarizes the analysis of the bolts in both Conflat flanges.  The analysis shows that pressurizing the 4.5”CF flange to 19.8bar (test pressure) increases the bolt tension in the 4.5”CF flange only about 8% above the initial preload from the torque specification.  In the 6”CF flange, 2 bar pressurization increases bolt load less than 1%.  The resultant bolt stresses are well below the yield strength.

Table 10
	
	4.5”CF / CF63
	6”CF / CF100

	Number of bolts
	8
	16

	Bolts size
	M8 or 5/16-24

	Bolt grip length
	1.36 in.
	1.56 in.

	Pre-load torque
	15 ft-lbs

	Test pressure (110% design)
	19.8 bar / 287 psi
	2.2 bar / 32 psi

	Applied area of pressure on blank flange
	3.04”diam = 7.26in2
	4.34”diam = 14.79in2

	Pre-load force per 5/16-bolt
	3309 lbs
	3309 lbs

	‘External’ load per bolt (1)
	261 lbs
	30 lbs

	Resultant bolt load (2)
	3439 lbs
	3324 lbs

	Preload bolt stress
	56.9 ksi
	56.9 ksi

	Resultant bolt stress
	58.8 ksi
	57.2 ksi

	Bolt specification
	316 str. hrd. A193, A320

Grade B8M Class 2

	Bolt tensile / yield strength
	110 / 95 ksi

	Notes

1. Load from application of pressure. Assumes stiffness of bolt = stiffness of clamped members (conservative per cited text.)

2. Resultant load = pre-load from torque + ‘external’ load


Weld Preparations, Procedures, and Qualifications

The weld preparation used on the joints between the stainless steel pipes/tubes and stainless steel Conflats was borrowed from DESY.  The detail of this weld joint is in Figure 18 in the attached drawing set.  An identical preparation is used on all stainless steel CF flange weldments. The preparation and call out for the weld result in a full penetration groove/butt weld on the inside diameter of the pipe.  This satisfies both the requirements for pressure containing components per B31.3 code as well as crevice free joints inside the pipe interior for systems that are leak checked using helium mass spectroscopy.  A Weld Procedure Specification (WPS) was written specifically for these internal welds, but since the essential variables of this new WPS match those of an existing WPS in place at Fermilab, neither the weld joint nor the welder needed to be re-qualified for the new WPS.  This weld procedure is Fermilab SS-7.
The weld design for joining the titanium 6” Conflat flange to the 3” tube is different than the stainless joints.  We did not want to have separate Procedure Qualification Record (which requires mechanical tests) and Welder Performance Qualification for this joint.  Fermilab welder Dan Watkins has been certified for titanium butt joints of certain thickness and all fillet welds.  But the PQR and his WPQ for these joints do not qualify him for the same inside diameter butt weld specified in the stainless steel flanges because the thickness of the flange exceeds the limit allowed by the certifications.  For this reason, the flange is joined via a fillet weld on the backside of the flange and the outside of the tube, per the requirements of B31.3 Figure 328.5.2B(3).  This weld provides the mechanical strength required by the code and is allowed per the WPS Fermi Ti-2.  A second fusion weld is called for in the inside diameter to address the concern that the crevice of the socket will become a virtual vacuum leak.  The fillet weld on the back side of the flange weld is disrupted 0.25” in two places to allow for proper leak check of the joints.  These details are shown in drawing ME-440543 appended.
Table 11 - WPS Summary

	Item No.
	Name
	Drawing Number
	WPS Used
	Notes

	1
	Helium Gas Return Pipe
	MD-439565
	Fermilab SS-3
	

	2
	70K Forward Pipe
	MD-458466
	Meyer GTAW 5083/6000
	Alum. butt joints

	
	
	
	Fermilab SS-3
	SS butt joints

	
	
	
	Fermilab SS-7
	Flanges

	3
	70K Return Pipe
	MD-458467
	Meyer GTAW 5083/6000
	Alum. butt joints

	
	
	
	Fermilab SS-3
	SS butt joints

	
	
	
	Fermilab SS-7
	Flanges

	4
	4.5K LHe Return Pipe
	MD-458426
	Meyer GTAW 5083/6000
	Alum. butt joints

	
	
	
	Fermilab SS-3
	SS butt joints

	
	
	
	Fermilab SS-7
	Flanges

	5
	2K Forward Pipe
	ME-458484
	Fermilab SS-7
	

	6
	4K Forward Pipe
	MD-458532
	Fermilab SS-3
	Butt joints

	
	
	
	Fermilab SS-7
	Flanges

	7
	He Vessel 2-phase line
	ME-440542 ME-440543
	Fermi Ti-2
	Saddle joint

	
	
	ME-458444
	Fermi Ti-4
	1.5”sch10 butt jts

	
	
	
	Fermi Ti-3
	3”x.083 joints

	8
	He Vessel Warmup Line
	MD-458468
	Fermilab SS-3
	Butt joints

	
	
	
	Fermilab SS-7
	Flanges

	9
	2-Phase Flange Weld.
	MD-458115
	Fermilab SS-7
	


All WPS’s, PQR’s, and WPQ’s used during the fabrication are appended to this note.
Toughness

In general, yield and ultimate strength of metals increase as their temperature is decreased.  So it is adequate to use the room temperature allowable stresses published in the code.  But some materials are prone to embrittlement as they are cooled so material properties must be reviewed when designing cryogenic systems.  The sections below address this issue for the three metals used in the piping system.
Stainless Steel

The minimum design temperature for the 316 stainless steel pipes in the cryomodule is 2K, while the minimum shown in B31.3 Table A-1 is 19K.  Per B31.3 Table 323.2.2, impact testing is required on the base metal and weld deposit because the pipe is austenitic stainless steel, design temperature <169K (Table 323.2.2, note 3), and material thickness is > .098in (Table 323.2.2, note 6).  Because the design stresses are very low, impact tests were not done and reference ASME Boiler and Pressure Vessel code for this exception.  ASME BPV Code, Section VIII, Division 1, UHA-51(g) exempts 316/316L and other high alloy steels from impact testing when the coincident ratio of design stress in tension to allowable tensile stress is less than 0.35 regardless of minimum design metal temperature.  The BPV code recognizes that brittle failure risk is mitigated with low stresses.  In our design, the operating pressure is so low that the ratio of the stress in service to the allowable is 0.22.  For this reason, we did not perform impact tests.
Aluminum

For 6061 aluminum pipe, the minimum temperature in Table A-1 is 4K.  The aluminum pipe systems within the cryomodule operate at or above this temperature.  Table 323.2.2 in ASME B31.3 indicates that no toughness testing is required.

Titanium

Design temperature of the titanium pipe is 2K, while the minimum shown in B31.3 Table A-1 is -75F/214K.  Because the design temperature is lower than the value listed in Table A-1, B31.3 requires that the material be tested to prove it is suitable for the lower temperature application.  Per B31.3 Table 323.2.2, “Designer shall be assured by suitable tests that base metal, weld deposits, and HAZ are suitable at the design minimum temperature.  Tests may include tensile elongation, sharp-notch tensile strength (to be compared to unnotched tensile strength), and/or other tests conducted at or below design minimum temperature.”  The code does not specify the extent of the testing nor the acceptance criteria.
There are many decades of cumulative operating experience at multiple HEP laboratories, both domestic and foreign, that support the appropriateness of use of titanium at 4K and below.  Additionally, we reference two papers in which tensile and toughness tests on titanium quantify the material’s cryogenic properties.  Both papers verify the appropriateness of using titanium in cryogenic pressure systems
 
.  As Table 7 indicates, the relatively low design pressure of the titanium components results in stresses well below (<6%) the allowable stress. 
Pipeline Volumes and Thermal Motions

The volume of each individual pipeline is summarized in Table12.  The estimated thermal contraction of the ends of each pipe is summarized in Table 13.
Table 12 - Pipeline volumes

	Item No.
	Name
	Drawing Number
	Volume [m3]

	1
	Helium Gas Return Pipe
	MD-439565
	1.72E-2

	2
	70K Forward Pipe
	MD-458466
	5.47E-3

	3
	70K Return Pipe
	MD-458467
	5.49E-3

	4
	4.5K LHe Return Pipe
	MD-458426
	5.38E-3

	5
	2K Forward Pipe
	ME-458484
	4.91E-3

	6
	4K Forward Pipe
	MD-458532
	6.77E-3

	7&9
	He Vessel 2-phase line*
	ME-458444 MD-458115
	1.23E-2

	8
	He Vessel Warmup Line
	MD-458468
	2.85E-3


*The volume of the 2-phase lines is only the pipeline.  It does not include the volume in the helium vessels around each cavity.
Table 13 - Axial motion of pipeline ends at cooldown

	Item No.
	Name
	Drawing Number
	Contraction, ∆L [mm]
	Design Temp.

	
	
	
	Upstream End
	Downstr. End
	

	1
	Helium Gas Return Pipe
	MD-439565
	-2.2
	-5.1
	4K

	2
	70K Forward Pipe
	MD-458466
	-3.4
	-7.7
	40K

	3
	70K Return Pipe
	MD-458467
	-3.4
	-7.8
	40K

	4
	4.5K LHe Return Pipe
	MD-458426
	-3.4
	-7.7
	4K

	5
	2K Forward Pipe
	ME-458484
	-3.0
	-6.3
	2K

	6
	4K Forward Pipe
	MD-458532
	-2.7
	-6.0
	4K

	7&9
	He Vessel 2-phase line
	ME-458444 MD-458115
	-0.03
	-2.7
	2K

	8
	He Vessel Warmup Line
	MD-458468
	-2.6
	-5.6
	2K


The negative sign in the table is relative to the vector normal to each flange face.  That is, all flanges draw in towards the cryomodule with cool down such that the bellows between adjacent cryomodules will stretch.
Notes on Weld Repairs
During erection of the 2-phase helium line, three welds were replaced due to the appearance of oxide contamination.  Two were replaced due to the appearance of purple and blue oxidation seen on the exterior of the weld.   One weld was replaced due to the discovery of a blue/white spot on a portion of the backside of the weld when examined with a borescope.  In two instances, the oxide resulted when argon purge was lost during welding.  One resulted when argon gas from the backing purge bladder was blowing out of a nearby gap and impinging on the head or the orbital welder.  The impinging gas seems to have entrained enough room air to contaminate the weld.  
One of the welds removed was on the 1.5” schedule 10 branch between the helium vessel and 3” tube.  This weld was replaced with a stub of material, resulting in two welds.  The other two removed welds were adjacent to bellows, so when they were cut out, the bellows was extended to make up for the removed material.
The bellows drawing is shown in Figure 11.  Both of the bellows adjacent to the replaced welds measure 77mm long, while the other measures 74mm.  The nominal free length dimension on the bellows drawing is 72mm long +/- 5mm, so the installed length is at the upper limit of the free length tolerance.  The note 2 in the drawing describes that the bellows is rated for +/-5mm length change over 10,000 cycles.  The calculated extension due to thermal cooling is 1.8mm.  The total expected number of thermal cycles is less than 20 over the lifetime of the installation.
The figure below is a copy of an email correspondence from the vendor, Flex-Weld, Inc./Keflex Engineered Products.  It verifies that the bellows as installed meet the requirements.
[image: image11.jpg]Subject: Bellows
From: Don Grand: <dongrandi@kelcomail com>
Date: Wed, 25 Feb 2009 10:18:04 0600

To: dolis@nal gov

Dan
I reviewed your drawing 5520,000-MC-440540 for the Titaniurn bellows assernbly we supplied you
By increasing your installed free length to 77mrm & then calculating cycle i for +2mm of extension
(at 30 psi) the bellows will il meet your 10,000 cycle I requirernent

Hope this helps

Don Grandt

Flex-Weld Inc.




Figure 10 - Bellows vendor's verification of service life
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Figure 11 - Bellows
3.9GHz Cryomodule Piping Engineering Note Appendix
A.1 Summary of Pipe

[image: image13.emf]



A.2 DESY citation of prior operational experience of flanges for pressure service
From: Detlef Sellmann <detlef.sellmann@desy.de>
Date: February 20, 2008 3:28:32 AM CST
To: "Thomas J. Peterson" <tommy@fnal.gov>
Cc: claudia engling <claudia.engling@desy.de>, Bernd Petersen <Bernd.Petersen@desy.de>, Kay Jensch <kay.jensch@desy.de>, Rolf Lange <rolf.lange@desy.de>, Detlef Sellmann <sellmann@desy.de>
Subject: Re: Fwd: Request for citation of successful use for DESY specified components on 3.9GHz Cryomodule
Hello Tom,
no question, you can get this statement from us.
Is the e-mail form sufficient for you?

1a) CF63 Conflat flange (316LN)
A pressure- and leak test was carried out at DESY. The documentation of this test was in the annex of my last e-mail (with the documents of the TÜV certification). During this test the flange connection was pressurized up to 100 bar with water at room temperature.
For the CMTB the pressure test of the feed- and end-cap connected to each other was carried out. (21 bar on 4.5 K and 40K-80K shield lines and 2 K forward line  equipped with the CF63 flanges at room temperature).
This flange connections were used up to now in CMTB (since 2006)for the tests of the modules 5, 6 and 7. They were operated regularly at 4.5K and up to 3 bar and 40K - 80K at 16 bar. During the test of module 6 they were cycled from room temperature to operating temperature (4K resp. 40K-80K) and back to room temperature 11 times without any leaks.
No problems with this connections up to now!

1b) CF100 Conflat flange (titanium)
These Flanges are used for the connection of the two phase tube of the TTF-Cavities since the very first module (beginning of 1997). All operated cavities and modules in the flash linac are equipped with these flanges. Operating conditions: 4K, 1.7 bar / 2K, 30 mbar, safety valve setting: 2 bar
At Chechia a connection between CF100 flanges of titantium and of 316LN were pressurized at room temperature as well as at 4.5K up to 6 bar without problems for the flange connection (no leaks).
No problems with this connections up to now!

2) The mentioned 300 mm indium sealed adapters (“Adapter 3,9 GHz Saugeleitung, 9072767/A.200S” and “9072767/A.300S”) are used for all module tests at CMTB (see chapter 1a)). They are regularly operated at
2K and 30 mbar, as well as 1.7 bar at 4K.
During a test at DESY a connection with these flanges was pressurized with 5 bar for one hour at room temperature without leaks or any other problems.
No problems with this connections up to now!

According to the above mentioned we see no risk or problem to use these
flange connections under the statet conditions!

If the e-mail for is not sufficient for you, I can send it also as a letter and sign it. This formal things shall not hold up the completion of the 3.9 GHz module.


Best regards

Detlef
A.3 Stress in 300mm HGR pipe due to external loads of cavities 
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A.4 Bellows Calculation per ASME BPV, Section VIII, Div II, part 4.19
Analysis for titanium bellows, MC-440540 in weldment ME-458444
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circumferential membrane stress in bellows tangent (psi)
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circumferential membrane stress in bellows (psi)
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in plane instability due to internal pressure (psi)
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APPENDIX A.5 – MECHANICAL DRAWINGS
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Figure 12 - Table 1, item 1: Helium Gas Return Pipe
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Figure 13 - Table 1, item 2: 70K Forward Pipe
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Figure 14– Table 1, item 3: 70K Return Pipe
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Figure 15 – Table 1, item 4: 4.5K LHe Return Pipe
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Figure 16 – Table 1, item 5: 2K Forward Pipe
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Figure 17 – Table 1, item 6: 4K LHe Forward Pipe
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Figure 18 – Table 1, item 7: Helium Vessel 2-phase Line
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Figure 19 – Two phase line detail, ME-440543, sheet 1
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Figure 20 - Two phase line detail, ME-440543, sheet 2
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Figure 21 - Two phase line detail, ME-440543 sheet 3
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Figure 22 - Two phase line detail, ME-440542
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Figure 23 – Table 1, item 8: Helium Vessel Warmup Line
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Figure 24 – Table 1, item 9: 2-Phase Flange Weldment (2-phase pipe extension)

APPENDIX A.6 – Inspection and Examination Reports
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Requirements for Fabrication, Inspection, and Test of Pipe Weldment:

MD-439565 Rev A
Dan Olis, May 5, 2008

Designations
Piping designation: ASME B31.3 Normal Fluid Service
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Design temperature: 4K 22| oy MakE
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Owner: Fermi National Lab

Designer: Dan Olis
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In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)

AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME

B31.3.
In-process examination procedure:

o completed?_es/ no Initials:_P 20
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Leak Test

Test pressure: 52 5% E@ fail (circle one)

Pressure test performed by: wm @ E
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Date: @5@@' £
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—




[image: image118.png]HCL\UM 6As  REWIN PP LA

NML Cryogenic System

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

D BAGHL huygrapac e
Date_~ E [0% Project: i \

‘Pipe Section: "> -Uz55(S"  Weld Number: (1)
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(1) Pipe #1 Size, Schedule and material: t{ceare NO-\2oS@E  3lo) 35
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(a) type of purge gas : _Hibt Que 1y Alboe
(b) time length of purge: _ 10 1Sy purge flow rate:_ G0c¢ it
(b) (if done) O2 reading: _ ] ¢ 02 Monitor manf/model :
i Disroiee ToT e p
(6) Inspection After Root Pass Mo pPm AT Dan
(a) No visible cracks. N '
(b) No suck holes, which are small holes in middle of weld. O
(c) No porosity or obvious imperfections.
(d) Filler material fused along edges of weld .

oJeLe <PSS
. . . ) hepr A o .
(8) Repeat inspection after every pass éZL \Z'EA) b, 10 UEAW P aT
(9) Final Inspection: ___ @ b_ Acospue oF “PRES,
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3™ Harmonic

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date 570 /o3 Project: 3™ Harmonic Crymodule

Pipe Section: k-3¢ S Weld Number: @
Weld location: Village Weld Shop
Welder: ®.,avRecd Inspector: Dot
Before Welding:

Type of weld: (butt) vV \/ (other)

(1) Pipe #1 Size, Schedule and material: __ 42%sr MB-43G572 3l C S)
(2) Pipe #2 Size, Schedule and material: MEp-459570 324S5

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? d

(2) Welding Machine

(a) Remote foot pedal? v
(b) DC straight machine?

(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable? v
(b) Joint Clearance acceptable? v
(c) End Preparation acceptable? v

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod?

(b) Filler rod: Class 2316 Diameter ‘[lro ) 3032

(5) Purge Gas.
(a) type of purge gas : M, i 221y A0cor
(b) time length of purge: 4+ NeS> purge flow rate:
(b) (if done) O2 reading: <'SQ@ rr 02 Monitor manf/model :

(6) Inspection After Root Pass
(a) No visible cracks. ¥~
(b) No suck holes, which are small holes in middle of weld.
(¢) No porosity or obvious imperfections. v~
(d) Filler material fused along edges of weld . [V

(8) Repeat inspection after every pass: __ glt '

(9) Final Inspection: P
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Requirements for Fabrication, Inspection, and Test of Pipe Weldment:

70K Forward Pipe, MD-458466 Rev 0
Dan Olis, June 27, 2008

Designations

Piping designation: ASME B31.3 Normal Fluid Service
Design pressure: 261PSI/ 18bar

Design temperature: 40K

Materials: 316L and 316L stainless steel

Owner: Fermi National Lab -

Designer: Dan Olis

Owner’s Inspector: Dan Olis |

In-process examiner: [0l § ¢ Mlce 2eyarolds
Welder: P (avaed Y
Wy S5-3> TL BT 3N

Welding s 5571 e (o &S

Joint type: socket/fillet and butt
Welding Procedure Specification (WPS):

e reviewed?__ges/no Initials: PLo

e appended? _ ¥€8/no Initials: B LO
Procedure Qualification Record (PQR):

e reviewed? geé/no Initials:_DEC

e appended? __ges/no Initials;_ D20 &

Welder Qualification Record (WQR): _ ey '

e reviewed? geﬁlno Initials: % ;ﬂg
e appended? __ges/no Initials:_ DEO

Examination :
In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)
AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3.
In-process examination procedure:

e completed? Qeg no Initials:_PLO

e appended? ' no Initials:_ LD

Leak Test ,

Test pressure: 4 g/ fail (circle one)
Pressure test performed by: . ‘2/690(5\'
Signaturer Un a0\ coc e NS

Date: o ? (U“SS v L{jﬁﬂ

Notes of test:
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In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date_—\z |u§ ~ Project: 3" Harmonic Cryomodule

Pipe Section: MD - L5846 Weld Number: art
Weld location: Village Weld Shop

Welder: B. GA7FELD Inspector: T Ols
ExAinEE : FALE BE7AOWDS

Befdre Welding:
Type of weld: (butt) v/ (other) v/ _(LonFaTs werd® PEC S5-1)

(1) Pipe #1 Size, Schedule and material: PER PLal iBuTT 30 IS?T‘S 5
(2) Pipe #2 Size, Schedule and material: “ v

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? &/C—

(2) Welding Machine

(a) Remote foot pedal? /V/(”
(b) DC straight machine? szx¢

3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable?  4¢<
(b) Joint Clearance acceptable? A
(c) End Preparation acceptable? 4t

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod? 3 PR WS SS-3

(b) Filler rod: Class Diameter $3S-7

(5) Purge Gas.
(a) type of purge gas :  AlGod  H o Be .
(b) time length of purge: purge flow rate: PER cops
(b) (if done) O2 reading: 02 Monitor manf/model :

(6) Inspection After Root Pass
(a) No visible cracks.
(b) No suck holes, which are small holes in middle of weld.  %#€
(c) No porosity or obvious imperfections. __ &€
(d) Filler material fused along edges of weld .z /a4

(8) Repeat inspection after every pass: 2
(9) Final Inspection: ‘{%Z .

{





[image: image122.png]MO-USBLULE pL. wEos

Meyer Tool & Mfg., Inc.

4601 SOUTHWEST HWY., OAK LAWN, Il LINOIS 60453
(708) 425-9080
FAX (708) 425-2612

MTM-TR-1061
Visual Examination of Welds Report

Job No./Subjob/OP

: ) Taspected By: ; )
o 72 i 2urs-ob N LY Lo
omer . ate: - y
S Sy 808 \'5'—297-—063
calibrate dater SAIRE7 2N 4
ANUAELTIN Il
KGR B
Proce : )
ocedure: D M’IMjl\’IP-‘IOGI Otherw‘
| peerptondt 4 1K TOUIT CRERRATIN Arsh CLEROLINES '
Results * eoe ; PINTAEnEANIE 40D (NERNAL
ALAINEST
X wED fosSItoN D BLETROdE
X e morepia cerrs (2
X CRYGEI LEVEL /1) PlSE GAS

X Swle ARr O, [00F Ae7BIE
X APPPRONCE OF FINGE) WELd JoINT

¥ e PONCATTR STICKER. WAS RoT

REMoUED OR ALTEREN A TERINCEK KEA
@@g} oW 98100581
v I R

_ SR gpr a7 As e
Nouoconformarice . .
Dispositon:
Dispositioned By: ’ Date: ,

MTM-TR-1061 REV 10/10/03





[image: image123.png]O

O

Requirements for Fabrication, Inspection, and Test of Pipe Weldment:
70K Return Pipe, MD-458467 Rev 0
Dan Olis, June 27, 2008

Designations
Piping designation: ASME B31.3 Normal Fluid Service

Design pressure: 261PSI/ 18bar

Design temperature: 40K )
Materials: 316L and 316L stainless steel
Owner: Fermi National Lab

Designer: Dan Olis

Owner’s Inspector: Dan Olis

In-process examiner: Mike Ley nolelf
Welder: Bl GarFiel

Welding
Joint type: socket/fillet and butt

Welding Procedure Specification (WPS): . \R.
e reviewed? {b no Initials:
» appended? _gfs/no Initials:__WA
Procedure Qualification Record (PQR):
e reviewed? .'5* /no Initials:_W¢

..o appended? @/no . Initials: MY\'

.. Welder Qualification Record (WQR): L TR mRE 8

e reviewed? 3@/ no- Initials: !ﬁl

e appended? éeQ/ no Initials:_ WAL

Examination )

In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic' examination of welds.)

AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3.

In-process examination procedure:

e completed? /no Initials: \x/\f:
e appended? _A48y/ no Initials: M¥

Leak Test .

Test pressure: “Pass) fail (circle one)

Pressure test performed by:

Signature: 5“”‘@( oy PLssOLE ST PO T \PPEHCO
Date: .

Notes of test:
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3™ Harmonic

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date & 7/// /65 Project: 3™ Harmonic Cryomodule
Pipe Section:__™ND>-4S§4 (7 Weld Number:
Weld location: Village Weld Shop

Welder: BJI Garfied Inspector: Mole /&/«/ﬂa/d’
Before Welding:

Type of weld: (butt)_ 77/~ HA (other)
(1) Pipe #1 Size, Schedule and material: __ 2% sc4 9o
(2) Pipe #2 Size, Schedule and material: __ 2% scf 70

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? A

(2) Welding Machine
() Remote foot pedal? _Z/A
(b) DC straight machine? 72z /2

(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable? AL
(b) Joint Clearance acceptable? FH 7
(c) End Preparation acceptable? AT

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod? h't/C

(b) Fillerrod: 3{64& Class . ¢ Diameter_ Y7
ASIES Fpp 5,7‘
(5) Purge Gas. .
-(a) type of purge gas : rge
(b) time length of purge: /2" s, "purge flow rate:_ 3C ¢
(b) (if done) O2 reading: 02 Monitor manf/model :

(6) Inspection After Root Pass
(a) No visible cracks. el
(b) No suck holes, which are small holes in middle of weld. ot
(¢) No porosity or obvious imperfections. 2
(d) Filler material fused along edges of weld . 727C

(8) Repeat inspection after every pass: %
(9) Final Inspection: %4 /@ /4/4
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Requirements for Fabrication, Inspection, and Test of Pipe Weldment:

4.5K Return Pipe, MD-458426 Rev 0
.Dan Olis, June 27, 2008

Designations
Piping designation: ASME B31.3 Normal Fluid Service

Design pressure: 73PSI/ 5bar

Design temperature: 4K

Materials: 316L and 316L stainless steel
Owner: Fermi National Lab

Designer: Dan Olis .

Owner’s Inspector: Dan Olis AL
In-process examiner: Mi1ke B eyw oloks
Welder: Bl Gaprfield

Welding
Joint type: socket/fillet and butt

Welding Procedure Specification (WPS):

o reviewed? @ no Initials: ,ML

e appended? _74és / no Initials: WA\
Procedure Qualificatn Record (PQR): B
" e reviewed? /'no_ Initials: V‘)\“’ .
e appended? 3@@/ no Initials:_ AR M
* Welder Qualification Record (WQR): i . S
e reviewed? / no - Initials: we '
¢ appended? _yé§/no Initials: ,AM n
Examination

In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)

AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3.

In-process examination procedure:
e completed?__{yey/ no Tnitials: WM
e appended? _ no Initials: E!}Z

Leak Test :

~Lax Jest 7

Test pressure: Qa//ss) fail (circle one)

Pressure test performed by:

%i‘:‘mre:j}w O Posute WST Bomer ATacten
Notes of test:
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In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date_( Z‘ fl/ /0%~ Project: 3" Harmonic Cryomodule
Pipe Section: 11O -YS8 ‘20 Weld Number:

Weld location: Village Weld Sho

Welder: & /| (Far Feld Inspector: /’//f ,4;/,19 /4

Before Welding:
Type of weld: (butt) é (other)

(1) Pipe #1 Size, Schedule and material: 2% sc4 40
(2) Pipe #2 Size, Schedule and material: 27 5eh /2

(1) Joint Preparation and Cleanliness //
Joint Preparation and Cleanliness acceptable? A<

(2) Welding Machine
(a) Remote foot pedal? __ 414

(b) DC straight machine? _ MA

(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable? -z /.
(b) Joint Clearance acceptable? A4
(¢) End Preparation acceptable? WA

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod? AL

(b) Fillerrod: 3/¢s¢. Class 5.9 Diameter /é/é
(5) Purge Gas.
(a) type of purge gas : o A/
(b) time length of purge: /22 som. purge flow rate: 3 © € L4/
(b) (if done) O2 reading: 02 Monitor manf/model :

(6) Inspection After Root Pass _
(a) No visible cracks. __ - ¢ £
(b) No suck holes, which are small holes in middle of weld. _¢ &
() No porosity or obvious imperfections. a@/C
(d) Filler material fused along edges of weld . _#«

(8) Repeat inspection after every pass: o Y

(9) Final Inspection: wh
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Requirements for Fabrication, Inspection, and Test of Pipe Weldment:
2K Forward Pipe, MD-458484 Rev 0
Dan Olis, June 27, 2008

Designations
Piping designation: ASME B31.3 Normal Fluid Service

Design pressure: 29PSI/ 2bar

Design temperature: 2K

Materials: 316L and 316L stainless steel
Owner: Fermi National Lab

Designer: Dan Olis

Owner’s Inspector: Dan Olis

In-process examiner: M\ g 25;1/\&,3 S
Welder: s GarFan

Welding
Joint type: socket/fillet and butt

‘Welding Procedure Specification (WPS):
e reviewed?_ yesy no Tnitials:_DLO
e appended? __¥&8/no Initials: PO
Procedure Qualification Record (PQR):
o reviewed?_ ¥ no - Initials:_ €0
e appended? _ y&/no’ - Initials:_120
Welder Qualification Record (WQR):
e reviewed? y§§/ o Initials:_ [0
e appended? _ g€3/no Initials: _DRQ

Examination
In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)
AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3.
In-process examination procedure:

s completed? ‘ /no Tnitials:_ DO

o appended? _cyed/ no Initials:_ D20
Leak Test _
Test pressure: @/ fail (circle one)
Pressure test performed by:
Signature: ’D 5 -0 CE ,\gg/\ ’(/é?“fv/\
Date: 7(&9@ D
Notes of test: Q"ﬁp\
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3™ Harmeonic

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date Project: 3" Harmonic Cryomodule

Pipe Section: 0 -458 4 &Y Weld Number: A

Weld location: Village Weld Shop
Inspector: Doy oL if

[xamnoe: NS peyroud/

Type of weld: (butt) (other) /  PTZ wps $5-7
(1) Pipe #1 Size, Schedule and material: PEe Lot
(2) Pipe #2 Size, Schedule and material: ‘ -

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? V(74

(2) Welding Machine
(a) Remote foot pedal? A M Z

(b) DC straight machine? _ g44

(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable?  AF£

(b) Joint Clearance acceptable? /fdi
(c) End Preparation acceptable? 44z

(4) Filler Rod

(a) AWS A5.9 stainless steel filler rod? _ AZ4 O
(b) Filler rod: Class Diameter
(5) Purge Gas.
-(a) type of purge gas :
(b) time length of purge: purge flow rate:

(b) (if done) O2 reading: 02 Monitor manf/model :
(6) Inspection After Root Pass
(a) No visible cracks. #7/
(b) No suck holes, which are small holes in mlddle of weld. /914
(c) No porosity or obvious imperfections. 4 :
(d) Filler material fused along edges of weld . __ &z¢

(8) Repeat inspection after every pass: 7/

(9) Final Inspection: % é M/é("—‘
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Requirements for Fabrication, Inspection, and Test of Pipe Weldment:

4K Forward Pipe, MD-4395Z32 Rev A
Dan Olis, June 27, 2008 ™3>

Designations
Piping designation: ASME B31.3 Normal Fluid Service

Design pressure: 73PSI/ 5bar

Design temperature: 4K

Materials: 316L and 316L stainless steel

Owner: Fermi National Lab

Designer: Dan Olis

Owner’s Inspector: Dan Olis _
In-process examiner: Dresiks MIC By oL P§
Welder: ®ill Gai felef

Welding
Joint type: socket/fillet and butt

Welding Procedure Specification (WPS):

e reviewed? /€8y no Initials: N/O

e appended? i Eé /no Initials:_ DAD
Procedure Qualification Record (PQR):

e reviewed? gé-s)/ no Initials:_bl_q__m

e appended? __{es/no Tnitials: DO
Welder Qualification Record (WQR): }

* ‘reviewed? 1@/ no Initials: D20

e appended? yes Y no Initials:_DRD

Examination .
In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)

AD Cryogenics depaltmént document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3.

In-process examination procedure: :
e completed? Qe’ﬁ/ no Initials: Do
e appended? éeé‘)/ no Initials:_DZO

Leak Test —
Test pressure: ass f fail (circle one)
Pressure test performed by: e
Signaturez—~,-Y X gtk P

ignatur \76—9 Vo0 R Qe

Date:
Notes of test:
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In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date 2108 Project: 3" Harmonic Cryomodule _
Pipe Section:_ ) -439532 Weld Number: AtL

Weld location: Village Weld Shop ] )
Welder: P\l SwfsDd Inspector, ba/) 0Ly HdeFega)y
TRA Dﬁu oLl £ Mle Reyndlds

Before Welding:
Type of weld: (butt) \/  (other)

(1) Pipe #1 Size, Schedule and material: Per
(2) Pipe #2 Size, Schedule and material: Pl

(1) Joint Preparation and Cleanliness /
Joint Preparation and Cleanliness acceptable? o

(2) Welding Machine
(a) Remote foot pedal? - VW

(b) DC straight machine? - 980

3) Joint Fit-up, and Internal Alighment.
(a) Internal alignment acceptable?
(b) Joint Clearance acceptable?

(c) End Preparation acceptable?  voee Voo

(4) Filler Rod
(2) AWS A5.9 stainless steel fillerrod? V" % P2 toPS SS-3
(b) Filler rod: - Class "~ Diameter < SS-7
(5) Purge Gas.
(a) type of purge gas :  Reewy y b LUl iy
(b)timelengthofpurge:  purgeflowrate: 22 CFrt S 26 TPE
(b) (if done) O2 reading: Z A 02 Monitor manf/model : __ /A
(6) Inspection After Root Pass 7D & e B
(a) No visible cracks. __ Vo
(b) No suck holes, which are small holes in middle of weld. DO \
(c) No porosity or obvious imperfections. v DI

(d) Filler material fused along edges of weld . - v Do

(8) Repeat inspection after every pass:
=
(9) Final Inspection: __ vpt0

B> A - N8 250 4R Losl (ORAT LOBDMEST PIPE EXNsens o
G B TS DD b Loal- ConbLaT WELDMGT PXPE  CxiBosio




[image: image132.png]Requirements for Fabrication, Inspection, and Test of Pipe Weldment:

3.9GHz 2Phase Pipe String 1.5  scet 10 D oTT w DS
Dan Olis, January 23, 2009 ) oY
[22ley & Faeg Y 2 X 0es o WELSR
Designations ME-LSFHLUY

Piping designation: ASME B31.3 Normal Fluid Service
Design pressure: 29PSI

Design temperature: 2K

Materials: Titanium Gr. 2

Owner: Fermi National Lab

Designer: Dan Olis, Don Mitchell

Owner’s Inspector: Dan Olis

In-process examiner: >gm O

Welder: Mike REyasedS

Welding
Joint type: socket/fillet and butt
‘Welding Procedure Specification (WPS): FE@HI Tl 'H

e reviewed? @ no Initials: >0
¢ appended? _yes/no Initials:_DEO

Procedure Qualification Record (PQR):

o reviewed? (¥es) no Initials:_D¢D

e appended? )/ no Initials:_ PLO
Welder Qualification Record (WQR):

e reviewed?_(¥es)/ no Initials:_ Dlo -

* appended? (Yes// no Initials:_ DR O
Examination

In process examination will be employed as allowed in ASME B31.3 in licu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)

AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3. o

In-process examination procedure:

» completed?_ges) no Initials:_bRo
e appended? éesZ/ no Initials; LD

Leak Test
Test pressure: @/ fail (circle one)
Pressure test performed by:

SenamEDea0l)  Reear DD
e
Notes of test:
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In-Process Weld Inspection Form

Date_ /26 [¢7 Project: 3" Harmonic Cryomodule

Pipe Section: 2Pt STenly Weld Number:__Cawty -7
Weld location: 1.5 "st# jo 27T w& -4SBHUY
Welder: 1 e monds Inspector: D fnS- Qiis
Before Welding:

Type of weld: (butt) v (other)

(1) Pipe #1 Size, Schedule and material: BeHews-euffs; Ti-Gr.2, MC-446540
(2) Pipe #2 Size, Schedule and material:-3*ODx-083wal-tube; Ti-Gr:2
BEH 068 |- S SEH (6 AW o CE 2

(1) Joint Preparation and Cleanliness

Joint Preparation and Cleanliness acceptable? Vo

(2) Welding Machine )
(a) Remote foot pedal? _ p | F\V.

(b) DC straight machine?

(3) Joint Fit-up, and Internal Alignment.
() Internal alignment acceptable? ;4
(b) Joint Clearance acceptable? ‘
(c) End Preparation acceptable? v

4) Filler Rdd NA A
(a) AWXAS.9 stainless steel filler rod?
(b) Filfer rad: Class Diameter

(5) Purge Gas.
(a) type of purge gas : ﬂﬁ Gen A0 CEW  Precobs
(b) time length of purge: _ PEZ <UFS purge flowrate:____ ~ 3 LA DocFr
(b) (if done) O2 reading: _™MiAn .02 Monitor manf/model : _~| A Badcnd (f,q N

(6) Inspection After Root Pass

(a) No visible cracks.
(b) No suck holes, which are small holes in middle of weld.
(c) No porosity or obvious imperfections. hat

(d) Filler material fused along edges of weld . __~~

~

(8) Repeat inspection after every pass: A (1-pass )

(9) Final Inspection: v' Geop
NOTES 15T uM BAED 69 1]26 Do o O3 oF ALpo PICEE- T s CuT osT
REPLACED (4 ‘Parerr /N\”r’LF Peouring 2 ~WED) . Botd welps PR TNg Placcmes

BT Gao Mol Tacsis, dy PIE. (Te? wE ) ) o
2™ wap by ATBGE AL ( USED T LD DY BERRE wpmn JAER ATTAC AL, PISTTY LELD.
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5 ON CONT 8.3
TIME PRI--AMP--BCX PRI-PULSE-BCK
5 36 1156 58 ©6.48 8.3a8
LVL PULSE ROT PRI—-RPM—BCK
6 ON CONT B.360
TIME PRI-—AMP—-BCK PRI-PULSE-ECK
6 46 114 580 B.48 8.3a

X ¥ ¥ X X %X % % ¥ END X % ¥ ¥ X ¥ X X ¥

2™ gEprE et

S e

copyt ™

g

iL:07:09

_-~~aTGR: MICHAEL_R

# oD WALL MAT POS HEAD n
@19 1.99@ 1.858 TI 6G 9-OTHER 1
PRE-PURGE-"""" T ST RoT-DLY
a0 2@ 8.5 33.8 CW 8.9
T/MODE STLV
AUTO 25
LVL PULSE RGT PRI--RPM--BCK
1 ON CONT B.20
TIME PRI--&MP--BCK PRI-PULSE-BCK
1 15 116 58 B.40 8.30
LYL PULSE ROT PRI--RPM--BCK
2 ON CONT 8.39
o TIME PRI--AMP--BCK  PRI-PULSE-BCK
58 9.48 6.38
LVYL PpulsE
ROT PRI--RPM-
e TISS CONT Q-SQRPM ~BCK
3 s fgl——ﬂmp——BCK PRI-PULSE-BCK
: 1 58 @.4p 9.38
:LZL PgLSE ROT PRI--RPM-—BCK
TIME CONT 8.3
. s fRI——AMP——BCK PRI-PULSE-BCK
19 58 8.40 8.38
LVL PULSE ROT
PRI-~RPM-—
5 . on o Q-QQRPM BCK
5 IQE PRI--AMP--BCK  PRI-PULSE-BCK
115 58 g.48 9.38
LYL PULSE ROT
PRI-~RPM—-]
6 oN CONT B.38 MRK
. TIME PRI-~AMP—BCK PRI-PLLSE-BCK
46 114 58 B.48 5.30

ZX*XXXX**ENDBGX****X**



[image: image135.png]37 Harmonic
In-Process Weld Inspection Form

Date__1{2%[09 Project: 3" Harmonic Cryomodule
Pipe Section: ZQ TS Weld Number:_ ATy, -3
Weld location: _+{" s (0 3oy WE —UT8UYY

Welder:_"- 26y nvo s Inspector: __>-otcs

Before Welding:
Type of weld: (butt) v (other)
(1) Pipe #1 Size, Schedule and material: BeleowscuffsT FrEravE=446540
(2) Pipe #2 Size, Schedule and material: 320Dx-083vwak-tibe FHGr2
LS St A0 T A2 Bomh RwES
(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? el

2) Welding Machine
MA ToST (OGO Ex S AN

(a) Remote foot pedal? f
(b) DC straight machine? _._ v Oty O TN JOT.

(3) Joint Fit-up, and Internal Alienment.
(a) Internal alignment acceptable?
(b) Joint Clearance acceptable?
(¢) End Preparation acceptable?

Diameter

(5) Purge Gas.
(a) type of purge gas : .
(b) time length of purge: purge flow rate:

30 (PR 03

toytif-dorey Oz Teading: O2-Meniterrmarn{mmodet—

(6) Inspection After Root Pass
(a) No visible cracks. _
(b) No suck holes, which are small holes in middie of weld. —
(¢} No porosity or obvious imperfections. el
(d) Filler material fused along edges of weld . 7

(8) Repeat inspection after every pass: ___t ~7ASs 8~L7

(9) Final Inspection: \/ .

MoleS:  (2) Weeks uSED A




[image: image136.png]3" Harmonic
In-Process Weld Inspection Form

Date__([2>9 Project: 3™ Harmonic Cryomodule
Pipe Section: 20436 SW«l  Weld Number:_¢ s Vg =S~

Weld location: |- C'wr 1o »UTT  ME -4 $ g lHyuy

Welder:_h- 86y roens Inspector: _D-0LtS

Before Welding:
Type of weld: (butt)_V"__ (other)_____
(1) Pipe #1 Size, Schedule and material: BeHows-cuffs;Fi-Ge-2-MC-440540—
(2) Pipe #2 Size, Schedule and matenal 320P%-083watt-tube; Fi-Gr2-
word Py 1§ et (O T MMUm (B2 BoTT

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? 1 &F

{2) Welding Machine )
(a) Remote foot pedal? g[ A
(b) DC straight machine? V/

(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable?
(b) Joint Clearance acceptable?
(c) End Preparation acceptable?

(4) Filler Rod ; /V)A
(a) AWS AS.%ﬂess steel filler rod?

(b) Filler rod: Class Diameter.

v
W
—

(5) Purge Gas.
(a) type of purge gas : scFt PEe wfs
(b) time length of purge: purge flow rateg@r
MOT VIt i ing: : - Attt o
BAtE o6 WHhE
(6) Inspection After Root Pass VRS Sty s Tlefrl.
(a) No visible cracks. v MORE o) FO BECAISE
(b) No suck holes, which are small holes in middle of weld. __t~ of sEF

(c) No porosity or obvious imperfections. [
(d) Filler material fused along edges of weld . _ n]A-

(8) Repeat inspection after every pass: ___1 — PA7S aaM

(9) Final Inspection: ok
(B 6twEas )
210k FolEo - Renvee JowT. NOT fRRT 0 {n0S.
CENSIMED 1IN e,

SARLS B 9



[image: image137.png]NeTES:

3" Harmonic
In-Process Weld Inspection Form

Date l,7'7' | ve Project: 3 Harmonic Cryomodule
Pipe Section: Z PS¢ Sténl- Weld Number:_ € AviTy~%

Weld location: |- "sat (0 ButT Mp4SgULYy

Welder: M- BEyneins Inspector: Day OceS

Before Welding:
Type of weld: (butt) v (other)

(1) Pipe #1 Size, Schedule and material: BeHows-euffs; THOr2, MCA440540
(2) Pipe #2 Size, Schedule and material: 320Px:083watttube; Tr-Gr2—
P BT JoeoT (§0scr (0,602 T BoTH PEES
(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? __ Y¢S

(2) Welding Machine

(2) Remote foot pedal? { %3
(b) DC straight machine? v

(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable? v
(b) Joint Clearance acceptable? v
(c) End Preparation acceptable? v

MOMZ PE2 eops
S AS5.9 stainless steel filler rod?
r rod: Class Diameter.

(5) Purge Gas.

(a) type of purge gas : _af&0 ) PoLLPS O 3”‘\“ Dt
(b) time lengthof purge: _______ purgeflowrater____~ " | yop scx H
(b) (if done) O2 reading: Ny O2 Monitor manf/model : __ v o B el A
OlE LPE S TY ?
(6) Inspection After Root Pass ¢ PAACACED Fos)
(a) No visible cracks. [

(b) No suck holes, which are small holes in middle of weld. _«~
(c) No porosity or obvious imperfections.

(d) Filler material fused along edges of weld . g[

(8) Repeat inspection after every pass: A-?a13 0 uu7

(9) Final Inspection: ok v NS _SEuERE P coLoBzAned.

B FeME JooT, @YSMae Tacks MwE (romotevsor s) meFezs ORAITAL
UBiose A0 Mooapgd. TTThE 4T PAZT oF ks LoPS.

kS AZE TRES oF OXIDATIoM





[image: image138.png]Requirements for Fabrication, Inspection, and Test of Pipe Weldment:

3.9GHz 2Phase Pipe String
Dan Olis, January 23, 2009 Lo R 2il R E
23 log @ p-9 B 3T T
Designations
Piping designation: ASME B31.3 Normal Fluid Service
Design pressure: 29PSI
Design temperature: 2K
Materials: Titanium Gr. 2
Owner: Fermi National Lab
Designer: Dan Olis, Don Mitchell
Owner’s Inspector: Dan Olis
In-process examiner: Do oL
Welder: DWE Uyr008

Welding
Joint type: socket/fillet and butt — —_
‘Welding Procedure Specification (WPS): roent wpPS T1-3
s reviewed? @ no Initials:_DEO
¢ appended? €3/ mno Initials:_plo

Procedure Qualification Record (PQR):
e reviewed?_ €S/ no Initials: _pto
e appended? &} /no Initials: _dlo
Welder Qualification Record (WQR):

¢ reviewed?_q%es) no Initials:_Plo

¢ appended? _jge3/no Tnitials:_DLo

Examination

In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)

AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3. :

In-process examination procedure:
e completed? Qe§/ no Tnitials:_PLo
e appended? _esY no Initials:_ DLO

Leak Test

Test pressure: fail (circle one)
Pressure test performed by:‘ré‘ﬂ’ LECERT

Signature:p OV ACPED co

Date:

Notes of test:




[image: image139.png]* o4 Fermi National Accelerator Laboratory
F ermiia Technical Division / Machine/Weld Shop

aE e
atavia, 510
Weld Shop Fax: (630) 840-8011 Phone 840-3713
Report #

Welding Examination Report
Date: 1[2¢ loa Location: ¢ Aviy-T 10 AWWuy-§  mdiiowS
Name of Weldment: _2 PHASE PPE B rows
Print Number: _ M€ 4$ § 44y
Project Engineer: __ o015, arkad

Assembly Employee: _ -6 L nin
Code Conforming To: _ B3L3 Process Pipinks
Welder of Record: ™. peymvords 3993 Stéme- 9

Name FNALID # Weld ID #

Joint Preparation:
Type of Weld:__ Borr

Pipe Size, Schedule, and Material

Joint End Prep.  Acceptable __ Reject

Internal Alignment Acceptable 7 Reject

a

Joint Clearance Acceptable W Reject

Purge Monitor Manufacturer and Model:___~|A

Purging Gas: __ AR(oa CFH Flow Rate: o) CcFH
Pre-Weld rate not to exceed 50 CFH During Welding 8 to 12 CFH Pz w\) 5\
Purge Level Prior to Tack/Weld: During Weld:

Must be below 1%--Prefer 70 PPM
OR AWS Recommended Purge Chart (D10.11)

Purge Time Prior to Welding: (dia.xlengthx50CFH) _ P&e .25

AWS/ASME Filler Designation: _ [\J) A Class
Dia. Heat-— Lot# _ Stamp or Flag:
Dia. Heat —kot#_ Stamp or Flag:
Dia. Heat_ . ——"  Lot# Stamp or Flag:
Examination of Root Pass
Visible Crack(s) __nrer~t& Crater Holes in Weld ___ nonis
Porosity AONE Lack of Fusion NORE

Fermi National Accelerator Laboratory / Kirk Road and Plne Sireet / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.inal.gov / fermilab@{nal.gov
_@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC
S1-




[image: image140.png]Details of Weld Joint (sketch # of passes)

Pass1___Volts Amps - Ttewes
Pass2—Volts———Amps—— NM’ |- PAST

Square Butt No Root Opening

Visual Examination of Completed Weldment .

Cracks on external surface Wo Undercut on surface greater than 1/32 in. p0
Weld reinforcement exceeds the permitted

Reinforcement N6 Lack of fusion on surface o
Lack of inside penetration when inside Any linear indications greater than 3/16 in.
Surface is readily accessible 2 long ro
Surface porosity with rounded indications Vo

Greater than 3/16 in. i

Acceptable ‘/é.Pf'/v Unacceptable

Examined and Witnessed By: \DMw 11 0 3 on this date___| !vaz gbﬂ

Notes: ( Welding Machine type, arc characteristics, special precautions)

WED 45 caviyasoe - Pulie G, $5T3M . PLL Coe?anits PRe
W b ojede M ALLOLSD TR ARDIESS YwBar PE.Gatiord
0BFERUED on T PCS. ROPSTE Pawuczes T ‘R:s7 (U ITOM
PE Bonc Pu Ginds ool .

WA (S PLSH~E ) Sty St

- o . o 300 -
Wbz o Chury-S SME. Pule N S Y L
(25 pST o DG Mool (sCMP Cwe v

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.nal.gov / fermilab@fnal.gov
85, ofiice of Science / U.S. Department of Energy / Managed by Fetmi Research Alliance, LLC

.2.



[image: image141.png]LA«J\‘(\TT" © 5 Racsws
T we
ARC MACHTNES, INC

AMIWELD 227 STD1.9 COPYRIGHT 20R4
26 JAN 89 16:59:47

OPERATOR: MICHAEL_REYNOLDS

WALL MAT PGS HEAD PASS
5G 9-0THER 1

# 0D
827 3.988 .865 TI

PRE-PURGE-POST UP-SLOPE-DOWN ROT-—-DLY

3@ 38 8.5 i15.8 CW 8.8
T-MODE STLV
AUTO 25

LVvL. PULSE ROT PRI--RPM——BCK
1 ON CONT B.42

TIME PRI--aMP——BCK PRI-PULSE-BCK

1 5 183 58 @.38 B.38

LVL PULSE Lk PRI-—-RPM--BCK
2 ON CONT B.42

TIME PRI--AMP——BCK PRI-PULSE-BCK

2 58 1683 5@ @.0@ 8.368

LVL PULSE ROT PRI-—RPM——BCK
3 ON CONT #.42

TIME PRI--AMP--BCK PRI-PULSE-BCK

3 46 182 58 8.39 8.38

LVL PULSE RGT PRI--RPM--BCK
4 ON CONT B.42

"TIME PRI——AMP—-BCK PRI-PULSE-BCK

4 21 182 58 .30 B.38

LVL PULSE ROT PRI-——RPM--BCK
5 ON CONT B.42

TIME PRI--AMP--BCK PRI-PULSE-BCK

5 25 182 58 R0.38 B.36

LVL PULSE RGT PRI--RPM——BCK
6 ON CONT A.42

TIME PRI--AMP--BCK PRI-PULSE-BCK

6 38 182 58 .38 B.38

ALL PARAMETERS PERFORMED

AS PROGRAMMED



[image: image142.png]# * Fermi National Accelerator Laboratory
F ermiia Technical Division / Machine/Weld Shop
* E'O' Box 500
atavia, IL 60510
Weld ShOp Fax: (630) 840-8011 Phone 840-3713

Welding Examination Report

Date: _\/2¢ [0 Location: C’Aucry -2 »o ot 7 BertowsS
Name of Weldment: _ 2 P¥IC PPE BeriowS

Print Number: _ M1E— US§ uuy
Project Engineer: _ A4 ) 0L (S

Assembly Employee: _ . (¢.nm
- Code Conforming To: _™>3[.3  Rlocss Pipinks
Welder of Record: B EynoLds 993 SnP-9

Name FNALID # Weld ID #

Joint Preparation:
Type of Weld:_ >yt

Pipe Size, Schedule, and Material__ /v 083 “VnE
Joint End Prep.  Acceptable _ Reject

Internal Alignment Acceptable _ V' Reject
Joint Clearance Acceptable v Reject
Purge Monitor Manufacturer and Model:___pJ[A
Purging Gas: _ (YGodd cFH Flow Rate: _3 cFH
Pre-Weld rate not to exceed 50 CFH During Welding 8 to 12 CFH ?& Lo P$
Purge Level Prior to Tack/Weld: During Weld:

Must be below 1%-—Prefer 70 PPM
OR AWS Recommended Purge Chart (D10.11)

Purge Time Prior to Welding: (dia.xlengthx50CFH) Pee wps

AWSIASME Filler Designation: __ n i A Class
Dia. Heat — Lot #: Stamp or Flag:
Dia. Heat >~ Lot #: Stamp or Flag:
Dia. <Heat Lot #: Stamp or Flag:
\
Examination of Root Pass _
Visible Crack(s) __ gdo~C Crater Holes in Weld __ ~C~C
Porosity MOKE Lack of Fusion MorE

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
83 offica of Science /U.S. Department of Energy / Managed by Fermi Research Alliance, LLC
_1-




[image: image143.png]Details of Weld Joint (sketch # of passes)

Pass 1___Volts Amps Yee WS
Pass 2 Volts Amps MIA (-PACS

Square Butt No Root Opening

Visual Examination of Completed Weldment

Cracks on external surface Vo Undercut on surface greater than 1/32 in. e
Weld reinforcement exceeds the permitted

Reinforcement b Lack of fusion on surface NY
Lack of inside penetration when inside Any linear indications greater than 3/16 in.
Surface is readily accessible long M
Surface porosity with rounded indications

Greater than 3/16 in.

Acceptable \/ Plo Unacceptable

Examined and Witnessed By:&_\ﬁx/m,: , (Ol on this date @. Z l!%{ 09

Notes: ( Welding Machine type, arc characteristics, special precautions)

- v
150 was - vty -3 FIOE  ICEHT g ke U0 PST P uc sy
PUSSME TO BoE Pollod ¢ ALiGumeT Toov v 3P

7"’Dz,JELo CF‘U\‘H?-—I SipE .

&

Zocer v ( Wopsr 6P

- - > «
WRE S0F A BT oo oY RPND g3

Ppe cegoAL wEDd  MRES Uied o o POS TGENL.

Lopads pee TowT-

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, 1L 60510 / 630.840.3000 / www.inal.gov / fermilab@fnal.gov
_@ Office of Science / U.S. Department of Energy / Managed by Ferml Research Alliance, LLC

-2.



[image: image144.png]ARC MACHTWES.
AMIWELD 227 STD1.S
26 JAN B9

OPERATOR: MICHAEL_REYNOLDS

& OD
827 3.888 .865 TI 5G

PRE-PURGE-POST UP-SLOPE-DOMWN
15.@

WALL MAT PLS HEAD

TR

COPYRIGHT 2804

17:21:69

PASS
9-0THER 1

ROT—DLY
CcW 8.6

T-MODE STLWV

30 38 8.5
LVL PULSE ROT
1 ON CONT
TIME PRI-—AMP--BCK
1 5 183 506
LWL PULSE ROT
2 GN CONT
TIME PRI-——AMP—-BCK
2 58 183 58
LVL PULSE ROT
3 ON CONT
TIME PRI-—AMP--BCK
3 46 182 50
vl PULSE ROT
4 GM CONT
TIME PRI--AMP--BCK
4 21 182 50
LVL PULSE RGT
5 ON CONT
TIME PRI--AMP--BCK
5 25 182 54
LVL PULSE ROT
6 ON CONT
TIME PRI--AMP--BCK
[ 38 182 58

AUTO 25

PRI--RPM--BCK
B.42

PRI-PULSE-BCK
B.38 B.308

PRI--RPM--BCK
8.42

PRI-PULSE-BCK
#.38 8.38

PRI--RPM-—BCK
H.42

PRI-PULSE-BCK -

B.38 9.38
PRI-—RPM--BCK
B.42
PRI-PULSE-BCK
H.38 B.38

PRI--RPM—BCK
8.42

PRI-PULSE-BCK
B.38 H.38

PRI--RPM—BCK

8.42
PRI-PULSE-BCK
#.38 B.38

ALl DARAMETERS PERFORMED AS PROGRAMMED

ARC MACHINES. INC

AMIWELD 227 STD1.9
26 JAN B9

COPYRIGHT 26b4

17:16:82

OPERATOR: M THAEL REYMNOLDS

# 0D WALL MAT POS HEAD PASS
827 3.860 .B65 TI 5G 9-0THER 1
PRE-PURGE-POST UP-SLOPE-DOWN ROT--DLY

368 38 B.5 i5.8 CW 8.8

T/MODE STLV
AUTO 25
LVL PULSE ROT PRI--RPM--BCK
1 ON CONT [.42
TIME PRI--AMP--BCK PRI-PULSE-BCK

1 5 183 50 B.38 B.30
LVL PULSE ROT PRI--RPM-—BCK

2 ON CONT a.42

TIME PRI--AMP--BCK PRI-PULSE-BCK

2 58 1683 58 8.38 B.3@
VL PULSE ROT PRI--RPM--BCK
3 ON CONT B.42

TIME PRI--AMP--BCK PRI-PULSE-BCK

3 46 182 58 8.308 8.30
LVL PULSE ROT PRI-—RPM——BCK
4 ON CONT B.42

TIME PRI--AMP—-BCK PRI-PULSE-BCK

4 21 182 586 9.38 B6.30
LVL PULSE ROT PRI--RPM——BCK
s} ON CONT g.42

TIME PRI--AMP—-BCK PRI-PULSE-ECK

5 25 182 58 8.38 A.38
VL. PULSE ROT PRI-—RPM--BCK
6 ON CONT B8.42

TIME PRI--AMP--BCK PRI-PULSE-BCK

6 38 182 58 8.3d B6.30

AL, PARAMETERS PERFORMED

AS PROGRAMMED



[image: image145.jpg]L Fermi National Accelerator Laboratory
*Fermllab Te(ghnical Division / Machine/Weld Shop
P.O. Box 500
Batavia, IL 60510
Weld ShoP F:xa:‘?gsm 840-8011 Phone 840-3713
Report #
Welding Examination Report
Date: {25/ Location: _ cavety -% o Couvry -3 BectowSs
Name of Weldment: 2 - ?H3E€  PP€ Brreas/S } QAU \T\—‘,«S/snoé B ¥p)
Print Number: _ M- L S¥ LG Y

Project Engineer: _ Nitciect | 0L1S japkag)

Assembly Employee: _N-cucc >ty

Code Conforming To: _ NSHE BHLD Ploczs PPl

Welder of Record: N pcymos 3993 SMmpP- T
Name FNAL ID # Weld ID #

Joint Preparation: ¢
Type of Weld:_ ST

Pipe Size, Schedule, and Material_M#- 3 % 5 ciac WaE | 1€ (02

Joint End Prep.  Acceptable ~__Reject

Internal Alignment Acceptable < Reject

Joint Clearance Acceptable it Reject
~-Purge-Menitor Manufacturer-and-Medel:——+0 ~E

Purging Gas: _ {2 o) CFH Flow Rate: 20  cr
Pre-Weld rate not to exceed 50 CFH During Welding 8 to 12 CFH ‘(\n_ W :ss
Purge Level Prior to Tack/Weld: During Weld:

Must be below 1%--Prefer 70 PPM
OR AWS Recommended Purge Chart (D10.11)

Purge Time Prior to Welding: (dia.xlengthx50CFH) PER_wS

AWS/ASME Filler Designation: NMIA Class
i Heat Lot #: Stamp or Flag:
Heat Lot #: Stamp or Flag:
Heat Lot #: Stamp or Flag:

Examination of Root Pass 5
Visible Crack(s) __ po~& Crater Holes in Weld ___ "o
Porosity o AE Lack of Fusion _ r0~¢

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC
P B




[image: image146.jpg]Details of Weld Joint (sketch # of passes)

Pass1__ Volts Amps PEL cu pS
Pass2 __ Volis——Amps— MiPeciniy -P ASS

Square Butt No Root Opening

Visual Examination of Completed Weldment

Cracks on external surface o Undercut on surface greater than 1/32 in. 0O
Weld reinforcement exceeds the permitted

Reinforcement ~0 Lack of fusion on surface 0

Lack of inside penetration when inside Any linear indications greater than 3/16 in.
Surface is readily accessible long NO
Surface porosity with rounded indications

Greater than 3/16 in. o)

Acceptable V' D> w0 Unacceptable
Examined and Witnessed By: \bcgﬂ Q. OI { on this date "73 lOfZ

Notes: ( Welding Machine type, arc characteristics, special precautions)
" «
Fose waelS pee it LGS TV T PLE BGlawS 1T fosimen  PefweE (W Mk
CEpITAC WEDER 1w ,

16T

| s e S e S Lo T o -8 5¢c  IWLoprod (o Balk, né
PuLeE = 26 OAD WED |5 PLISTIEES

Z,ND(MCLD 0 CA Ty -§ SoE OF G Ak

DOLE \PSPECTISS SHOWS @uESNow & LE APOCARLACLE . SeMC
BLuE ~VWHE on Davod, AD POTERTAL EFTECT od WED
PE~SETRANOM -

TWS WEW CuT ourT 2{20 pJD RE-LAEPED,

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@tnal.gov
285 office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC
R
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‘ v

| ‘[ ’Lb’o: g\,nép‘
CauLty =K ™ AuiTy -3
o LD’JA‘(\."B SoE oF T,
BRC MACHIMES. INC

~MIWEDD 227 STD1.9 COPYRIGHT 2884
3 JAN\BI 146147
ERATOR Y MICUAT ~7 a1 DS

# 0D PASS
27 3.8808 \B65  TI 9LOTHER 1

38 CW 8.8
/MODE STLV
AUTO 25
LVL PULSE PRI--RPM--BCK
1 ON X @.42
TIME PRI--AMR CK PRI-PULSE-BCK
1 5 91 58 B8.38 8.38
LWL PULSE ROT, PRI--RPM--BCK
2 ON / @.42
TIME PRI--AMP-—BG PRI-PULSE-BCK
2 50 91 B.308 B.38

LVL PULSE PRI--RPM--BCK
3 ON @.42
TIME PRI/-AMP--BCK

PRI-PULSE-BCK
3 46 93 y

LVL PULSE

4 ON
TIME /PRI--AMP—--BCK PRI\-PULSE-BCK
4 21 ¢ §.38

O
TI{ME PRI--AMP--BCK PRI-PULSE-BCK

5 25 90 B.30
N PULSE ROT PRI--RPM--BCK
=1 ON CONT 8.42

TIME PRI--AMP—-BCK PRI-PULSE-BCK
6 38 91 58 B8.3@ 8.38

L% X ¥ ¥ ¥ ¥ ¥ ¥ END ¥ % % ¥ ¥ °

B &/LDLA

¢ LD 227 STC1.

o

g A2

-DOWN 77T -DLY
15.8 CW 8.8

T/MODE STLV

ALL PARAMETERS PERFORMED

AUTS 25

PRI--RPM--BCK
B.42

PRI-PULSE-BCK
@.38 a.38

PRI--RPM--BCK
a.42

PRI-PULSE-BCK
B8.38 @.30

PRI--RPM--BCK
B.42
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* o Fermi National Accelerator Laboratory
erml a Technical Division / Machine/Weld Shop
P.O. Box 500

Weld Shop Batavia, IL 60510

Fax: (630) 840-8011 Phone 840-3713
Report #

Welding Examination Report
Date: '2{20? o> Location: CAum;ri;’ T CAUITY "D BELcow S
Name of Weldment: _2-PMSE Plee Baitows | ChJ g -3 SDE WELD
Print Number: _ M€ ~ 4SS Hy Y
Project Engineer: _ ARKA , (2MA

Assembly Employee: ; 1*~\< NS )m
Code Conforming To: _ ASME ®3|.> PRocess j(ouJ(r

Welder of Record: _ M\\L& 264noLp S 3993 Ste0-4

Name FNAL ID # Weld ID #

Joint Preparation:
Type of Weld:_ BT

Pipe Size, Schedule, and Material 3"+ 08 VRE N L 6R

Joint End Prep.  Acceptable ~ Reject
Internal Alignment Acceptable Reject
Joint Clearance Acceptable L Reject
Purge Monitor Manufacturer and Model:
Purging Gas: ___AeGoJ cFH Flow Rate: 10O o
Pre-Weld rate not to exceed 50 CFH During Welding 8 m@
Purge Level Prior to Tack/Weld: (# 2\2 «~ During Weld: =

Must be below 1%--Prefer 70 PPM
OR AWS Recommended Purge Chart (D10.11)

Purge Time Prior to Welding: (dia.xlengthx50CFH) EO oimudes
AWS/ASME Filler Designation: __ ~N [A Class

Dfa: Heat L%L_\P_Shmpﬂmag:—,
Dia. Heat ___—— TotH: Stamp or Flag:

Pia—_ Heat Lot #: W

Examination of Root Pass 7 PAYS orty
Visible Crack(s) Crater Holes in Weld
Porosity Lack of Fusion

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
m Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC
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[image: image150.png]Requirements for Fabrication, Inspection, and Test of Pipe Weldment:
MD-440543 Rev and MD-440542 Rev A
Dan Olis, January14, 2009

Designations
Piping designation: ASME B31.3 Normal Fluid Service

Design pressure: 29PSI

Design temperature: 2K

Materials: Titanium Gr. 2

Owner: Fermi National Lab

Designer: Dan Olis, Don Mitchell
Owner’s Inspector: Dan Olisggo
In-process examiner: Milk.e Fobxl
Welder: Dow Whkleins

Welding
Joint type: socket/fillet and butt Frern

Welding Procedure Specification (WPS): “Ti-Z
* reviewed? gies Y/ no Initials: Y o
* appended? §&/no_ Initials: ™o
Procedure Qualification Record (PQR):
* reviewed? §es¥ no Initials: dlo
* appended? §es/no Initials: Pro
Welder Qualification Record (WQR):
* reviewed? §&8) no Initials: Dlo

* appended? ges}/ no Initials:_oeo

Examination

In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)

AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3.

In-process examination procedure:

¢ completed? (yesy no Initials; MHF

* appended? _(¥esy no Initials; MAE
Leak Test
Test pressure:
Pressure test performed by: Byes
Signature: ol O
Date:
Notes of test:




[image: image151.png]3" Harmonic
In-Process Weld Inspection Form

Date_1-16~049 Project: 3" Harmonic Cryomodule
Pipe Section: ME-440543 & ME-440542 Weld Number: ME-44Q542
Weld location: AD[X%~GLRN

Welder: Dan Watwzns Inspector:  Mive FoLey
Before Welding:
Type of weld: (butt) (other) SoexeT/Friver

(1) Pipe #1 Size, Schedule and material: 1.5”Sch10, Ti Gr. 2
(2) Pipe #2 Size, Schedule and material: 3”ODx.083wall tube, Ti Gr.2

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable” Yes (_DEQP.EASC WITH ACERTONE

FoLlOWED BY ULTRSNIIC

(2) Welding Machine CLEANDNG WETH Mxcpro90
(a) Remote foot pedal? M, R
(b) DC straight machine? For. 20 Mmures, SAS
& ) AD BPRRFTLL WITH
(3) Joint Fit-up, and Internal Alignment, NITEREN AFTER PARTS
(a) Internal alignment acceptable? YES ARE, DRY)

(b) Joint Clearance acceptable? Nes
(c) End Preparation acceptable? _ gs

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod?

(b) Filler rod: Class Tt ©GR2 Diameter ©. 062 oe2"
(3) Purge Gas. . .
(a) type of purge gas :  AReON) 2 0.4 ft3min torch

(b) time length of purge: CONTIMUOUS _ purge flow rate; & O, S f-ta/u'm Slo\le bov

(b) (if done) O2 reading: 6 8-10, ZH,,QZ Monitor manf/model : ALpups OMECR, SEREES
2000 ThRece OXMGERD

(6) Inspection After Root Pass ANALYRER.

(a) No visible cracks. 7~

(b) No suck holes, which are small holes in middle of weld. X

(c) No porosity or obvious imperfections. &

(d) Filler material fused along edges of weld. O¥, -

(8) Repeat inspection after every pass: STMRLE PASS
(9) Final Inspection: K, MaF




[image: image152.png]3" Harmonic
In-Process Weld Inspection Form

Date_4—-20-09 Project: 3 Harmonic Cryomodule
Pipe Section: ME-440543 & ME-440542 Weld Number:_ME ~440 5473 (sHeet 3)

Weld location: BDZ X -SLRY

Welder:_ Dan \Wagres Inspector: Mre= Toney
Before Welding:
Type of weld: (butt) (other) Societ Fruamy

(1) Pipe #1 Size, Schedule and material: 1.5”Sch10, Ti Gr. 2
(2) Pipe #2 Size, Schedule and material: 3”0ODx.083wall tube, Ti Gr.2

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable" \(ssf DEcREASE WILTA AETOMNE ——.
ULTAASONTC, CLEANTHG WITTR
(2) Welding Machine MTcro GO FOr 30 MINUTES,
(a) Remote foot pedal? _ M DD.\C BAG AD BACKFTUL.
(b) DC straight machine? W _‘ N‘LTRDG&M)

(3) Joint Fit-up, and Internal Alignment.

(a) Internal alignment acceptable? _\Nes

(b) Joint Clearance acceptable? Nes.
(c) End Preparation acceptable? Nes

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod?
(b) Filler rod: Class T SR 2 Diameter O, 06'1
(5) Purge Gas. .
(a) type of purge gas M_ 2 0.4 FE/min tovda
(b) time length of purge: CopyTEnLAUs  purge flow rate; =08 f5%fin glove box

(b) (if done) 02 reading:6.,2-10. BPF!!()Z Monitor manf/model : Atpva OMea Seaxes 300

TRACE OXYGEL ANALNEER,
(6) Inspection After Root Pass
(a) No visible cracks.
(b) No suck holes, which are small holes in middle of weld. DX

(c) No porosity or obvious imperfections. _ .
(d) Filler material fised along edges of weld . =g -
(8) Repeat inspection after every pass: Szmseue  Pass

(9) Final Inspection: OK ~= coveraTran) Accmptaies  MRAF




[image: image153.png]- Requirements for Fabrication, Inspection, and Test of Pipe Weldment:

O Helium Vessel Warmup Pipe, MD-458468 Rev 0
Dan Olis, June 27, 2008

Designations
Piping designation: ASME B31.3 Normal Fluid Service

Design pressure: 29PS1/ 2bar

Design temperature: 2K

Materials: 316L and 316L stainless steel
- Owner: Fermi National Lab

Designer: Dan Olis

Owner’s Inspector: Dan Olis

In-process examiner: "¢, 3

Welder: 151 Ceif felsf 013

Welding
Joint type: socket/fillet and butt %551 g TuAtes $S-3 R Tt LWADS

Welding Procedure Specification (WPS): ’
e reviewed? a no Initials:_ PO
e appended? _ ged/no Initials: > eo
Procedure Qualification Record (PQR):

o reviewed?_(JED/ no Initials: 1>20 .

O e appended? __ ¥€8)/ no Initials: D&2___
‘Welder Qualification Record (WQR):
o reviewed?__§esy no Initials: > €9
e appended? _ g€/ no Initials:_BLoO
Examination

In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)
AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3.
In-process examination procedure:

e completed? @E/ no Initials: ‘bﬂo

e appended? Qes} no Initials:_ DAO

Leak Test ) //\

Test pressure: @ fail (circle one)
Pressure test performed by:

Signature: ok O\ =1
Date: ﬁb a g
Notes of test:

~00CT
C .
W

O




[image: image154.png]3" Harmonic

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date u!zj !08 Project: 3" Harmonic Cryomodule

Pipe Section: "0-4$2 iy Weld Number: A<l
Weld location: Village Weld Shop

Welder:_ ®uL GoTRED Inspector: Dad ot(S
Before Welding:

Type of weld: (butt) i~ (other) o .
(1) Pipe #1 Size, Schedule and material: ___ / PG TewT \
(2) Pipe #2 Size, Schedule and material: : ]

7

(1) Joint Preparation and Cleanliness

Joint Preparation and Cleanliness acceptable? v
(2) Welding Machine
(a) Remote foot pedal? v ‘ g% -
(b) DC straight machine? __ « . W PS 23 ~;‘
(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable? v
(b) Joint Clearance acceptable? [

(c) End Preparation acceptable? .

(4) Filler Rod )
(a) AWS A5.9 stainless steel filler rod? v l

(b) Filler rod: Class 3}, [3/tL  Diameter e 3131
(5) Purge Gas.
(a) type of purge gas : AL byt P 17y
(b) time length of purge: purge flow rate:

(b) (if done) O2 reading: MA 02 Monitor manf/model : _ pJa

(6) Inspection After Root Pass
(a) No visible cracks. _
(b) No suck holes, which are small holes in middle of weld. ¥
(c) No porosity or obvious imperfections. v
(d) Filler material fused along edges of weld .

(8) Repeat inspection after every pass: v

(9) Final Inspection: ot

ot
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. Welder Qualification Recoré (WQR): .

Requirements for Fabrication, Inspection, and Test of Pipe Weldment:

2-phase Flange Weldment, MD-458115 Rev A
Dan Olis, June 27, 2008

Designations
Piping designation: ASME B31.3 Normal Fluid Service

Design pressure: 29PSI/ 2bar

Design temperature: 2K

Materials: 316L and 316L stainless steel
Owner: Fermi National Lab

Designer: Dan Olis

Owner’s Inspector: Dan Olis

In-process examiner: M |{g LEynobds
Welder: =545 Bl GaThe D

Welding
Joint type: socket/fillet and butt

‘Welding Procedure Specification (WPS):
s reviewed? (@ /no Initials: MO
e appended? g/ no Initials:_DLO
Procedure Qualification Record (PQR):
e reviewed?_ges)no Initials:_ DELO . .
o appended? _@m_ In'itjals:_MO _

o reviewed? @3/ no Tnitials: D2o

e appended? _¢yed/no Initials: DZO

Examination

In process examination will be employed as allowed in ASME B31.3 in lieu of NDE.
(Per 341.4.1 (b)(1), in-process examinations in accordance with para. 344.7 will be
substituted for all of the radiographic or ultrasonic examination of welds.)

AD Cryogenics department document dated November 3, 2006, “In-Process Weld
Inspection Guidelines” will be used as examination plan and Figure 328.5.2C, ASME
B31.3.

In-process examination procedure:

* completed?__g€8)/ no Initials:_ DO
o appended? _ gess no Initials:_ L0

Leak Test

Test pressure: fail (circle one)
Pressure test performed by: 06D
Signature: ey e Y/f{’b(K( {\?Qé‘d‘
Date: \D& /TL(?\

Notes of test:



[image: image156.png]3" Harmonic

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date Project: 3 Harmonic Cryomodule
Pipe Section:  Fb-4581/§ Weld Number: ALC
Weld location: Village Weld Shop :
Welder: B GaTEED Inspector: Daw oL
Tx Armpe = PukE ReymoldS
Before Welding:
Type of weld: (butt) (other)_v/ Coetrars PEZ LWPS SS7

(1) Pipe #1 Size, Schedule and material: PEC PlaT
(2) Pipe #2 Size, Schedule and material: “ "

(1) Joint Preparation and Cleanliness

Joint Preparation and Cleanliness acceptable? ZZ/{
(2) Welding Machine

(a) Remote foot pedal? 274 .

(b) DC straight machine? ?ZL

(3) Joint Fit-up, and Internal Alignment.

(2) Internal alignment acceptable? ZZZ
(b) Joint Clearance acceptable? #
(c) End Preparation acceptable? 7/

(4) Filler Rod

(a) AWS A5.9 stainless steel filler rod? - Ze SEE RS

(b) Filler rod: Class Diameter

(5) Purge Gas.
(a) type of purge gas : 2
(b) time length of purge: »//C purge flow rate:
(b) (if done) O2 reading: #/( 02 Monitor manf/model :

6) Inspection After Root Pass
(2) No visible cracks. 7T
(b) No suck holes, which are small holes in middle of weld. 32/(

(c) No porosity or obvious imperfections.

(d) Filler material fused along edges of weld . e
(8) Repeat inspection after every pass: Z’Z
(9) Final Inspection: W

% sEr RS




APPENDIX A.7 – Pressure Test Reports

[image: image157.png]Date: October 16, 2008

2L Fermilab

Pressure Testing Permit*
Type of Test: [ JHydrostatic [X] Pneumatic

Test Pressure 32 psig Maximum Allowable Working Pressure 29 psig
Items to be Tested .
Pipe weldments in 3.9GHz Cryomodule:

MD-439565, Main Tube Support Weldment (Helium Gas Return Pipe)

Location of Test MP-9 Date and Time

Hazards Involved
Unexpected release of fittings/clamps.

Contact with high velocity jet of test gas.

Safety Precautions Taken

System designed, fabricated, and inspected per ASME B31.3 Process Piping code. Test will be conducted by
trained personnel as described in ASME code. Access to building will be limited only to those involved in the test
during pressurization.

Special Conditions or Requirements
Operating pressure = 29 PSJ, test pressure = 1.1*OP = 32 PSI, pneumatic per ASME B31.3 code.

1. First pressurize to 2-5PSI and check for leaks.

2. Repeat at 15PSL

3. Pressurize to test pressure forSminutes.

4. Reduce pressure to design pressure.

5. Close valve on regulator.

6. Per para 345.2.2 Maintain test for at least }qmm w1th0ut loss of pressyre.

[

Qualified Person and Test Coordinator _Dan Olis, ID#10394I% m R1f§,(16#04895N
Dept/Date TD/SRF Department ~/
Division/Section Safety Officer Rich Ruthe ML %
Dept/Date TD/ESH /0 //4 el
Results

Witness /%4;0‘% Dept/Date 7D ESEE s 0/”%/0}7

(Safety Officer or Designee)

* Must be signed by division/section safety officer prior to conducting test. It is the responsibility of the test coordinator to
obtain signatures.

Fermilab ES&H Manual 5034TA-1
Revised 3/2001
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# . Date: July 22, 2008
e Fermilab

Pressure Testing Permit*
Type of Test: [ ]Hydrostatic [X] Pneumatic
Test Pressure 287 psig Maximum Allowable Working Pressure 261 psig
Ttems to be Tested
Pipe weldments in 3.9GHz Cryomodule:

MD-458466, 70K Forward Pipe
MD-458467, 70K Return Pipe

Location of Test MP-9 Date and Time

Hazards Involved
Unexpected release of fittings/clamps.
Contact with high velocity jet of test gas.

Safety Precautions Taken
System designed, fabricated, and inspected per ASME B31.3 Process Piping code. Test will be conducted by
trained personnel as described in ASME code. Access to building will be limited only to those involved in the tesf

during pressurization. Deor lockid and “po potT ENTER” siqn pastid. Perserae! copdeuc //7
7est  posifionid  behind st cave. /

Special Condltlons or Requirements
Operating pressure = 261 PSI, test pressure = 1.1*OP = 287 PS], pneumatic per ASME B31.3 code.

1. First pressurize to 15PSI and check for leaks.
2. Repeat at 50PSL
3. Repeat at 150PSL.
4. Pressurize to test pressure, 287PSI, for Sminutes.
5. Reduce pressure to design pressure, 261PSL
6. Close valve on regulator.
7. Per para 345.2.2 Maintain test for at least 10min. without loss offpzessure.
Tan0(s A
Qualified Person and Test Coordinator  Dan Olis, ID#10394) & Jim Rite, ID#04895N
* Dept/Date TD/SRF Department—"
Division/Section Safety Officer Rich Ruthe m;{) ,,M) ;// K)
Dept/Date TD/ESH
Results

ng- :_{%HG’P Fressure
- 45 ressure
7 -,
Witness m M Dept/Date TO ESE 7 /ZzAJ/

(Safety Officer or Designee)

* Must be signed by division/section safety officer prior to conducting test. It is the responsibility of the test coordinator to
obtain signatures.

Fermilab ES&H Manual 5034TA-1
Revised 3/2001




[image: image159.png]* . Date: July 22, 2008
=g Fermilab

Pressure Testing Permit*
Type of Test: [ JHydrostatic [X] Pneumatic
Test Pressure 80 psig Maximum Allowable Working Pressure 73 psig
Items to be Tested :
Pipe weldments in 3.9GHz Cryomodule:

MD-458426, 4.5K LHe Return Pipe
MD-458532, 4K Forward Pipe

Location of Test MP-9 Date aﬁd Time

Hazards Involved
Unexpected release of fittings/clamps.
Contact with high velocity jet of test gas.

Safety Precautions Taken

System designed, fabricated, and inspected per ASME B31.3 Process Piping code. Test will be conducted by
trained personnel as described in ASME code. Access to building will be limited only to those involved in the test
during pressurization.

Special Conditions or Requirements

Operating pressure = 73 PS, test pressure = 1.1*OP = 80 PSI, pneumatic per ASME B31.3 code.
1. First pressurize to 15PSI and check for leaks.

Repeat at 40PSI.

Pressurize to test pressure, 80PSI, for Sminutes.

Reduce pressure to design pressure, 73PSI.

Close valve on regulator.

Per para 345.2.2 Maintain test for at least 10min. without loss of presstiré,

| 1/ A
Qualified Person and Test Coordinator \%g“n"o is?ID#10394N@ j Rife,ZI§O4895N

LRSI

Dept/Date TD/SRF Department., A
Division/Section Safety Officer Rich Ruthe
Dept/Date TD/ESH Y23 /of

/ .

Results '
' Qr Y fessuce eld
Pressuse. el

7 77

Witne;ss M‘M Dept/Date 10 ESE 7[/ 2 l// / 4

(Satety Officer or Designee)

* Must be signed by division/section safety officer prior to conducting test. It is the responsibility of the test coordinator to
obtain signatures.

Fermilab ES&H Manual 5034TA-1
Revised 3/2001




[image: image160.png]el

E3

= 3 . Date: July 21, 2008
=g Fermilab _
Pressure Testing Permit*
Type of Test: [ JHydrostatic [X] Pneumatic
Test Pressure 32 psig Maximum Allowable Working Pressure 29 psig

Items to be Tested
Pipe weldments i.n 3.9GHz Cryomodule:

ME 458484 2K Forward Pipe
MD-458468, Helium Vessel Warmup Line
MD-458115, Flange Weldment 2-Phase spool

Location of Test MP-9 Date and Time

Hazards Involved
Unexpected release of fittings/clamps.

Contact with high velocity jet of test gas.

Safety Precautions Taken

System designed, fabricated, and inspected per ASME B31.3 Process Piping code. Test will be conducted by
trained personnel as described in ASME code. Access to building will be limited only to those involved in the test
during pressurization.

Special Conditions or Requirements
Operating pressure = 29 PSI, test pressure = 1.1*OP = 32 PSI, pneumatic per ASME B31.3 code.

1. First pressurize to 2-5PSI and check for leaks.

2. Repeat at 15PSL

3. Pressurize to test pressure for 5minutes.

4. Reduce pressure to design pressure.

5. Close valve on regulator.

6. Per para 345.2.2 Maintain test for at least 10m.m without loss of, pr
Qualified Person and Test Coordinator = Dan Ohs, ID#10394N d %D#OILS%N
Dept/Date TD/SRF Department
Division/Section Safety Officer Rich Ruthe (,/
Dept/Date TD/ESH 7/ ﬁ
Results

ME - 458 wezg

¢ (D n.e ZQ St
£SSeare ¢ 1Omin. & 29

Witness Mﬂé \J%{é/ Dept/Date TpESFH // 7//?3'/ O’r

(Safety Officer or Designee)

Fermilab ES&H Manual 5034TA-1
Revised 3/2001




[image: image161.png]* . Date: February 18, 2009
e Fermilab

Pressure Testing Permit*
Type of Test: [ ] Hydrostatic [X] Pneumatic
Test Pressure 32 psig  Maximum Allowable Working Pressure 29 psig

Items to be Tested

2-Phase pipe weldments in 3.9GHz Cryomodule, ME-458444 Cavity String

Notel: Because pipes are connected directly to the Helium vessels, the vessels are pressurized during this test. The
string is backfilled to 1050 mbar absolute pressure, 50 mbar above the atmospheric pressure. These vessels have
already been tested and approved at HTS when the cavities were at atmospheric pressure.

Note 2: the pressure test will also include an RF frequency measurement before, during, and after pressurization
to check for any permanent deformation of the cavity.

Location of Test ICB Date and Time 2/18/2009

Hazards Involved
Unexpected release of fittings/clamps.

Contact with high velocity jet of test gas.

Safety Precautions Taken

System designed, fabricated, and inspected per ASME B31.3 Process Piping code. Test will be conducted by
trained personnel as described in ASME code. Access to building will be limited only to those involved in the test
during pressurization.

Special Conditions or Requirements
Operating pressure = 29 PSJ, test pressure = 1.1*OP = 32 PS], pneumatic per ASME B31.3 code.
1. First pressurize to 2-5PSI and check for leaks.

2. Repeat at 16PSI.

3. Pressurize to test pressure for Sminutes.

4. Reduce pressure to design pressure.

5. Close valve on regulator.

6. Per para 345.2.2 Maintain test for at least 10min. without loss of pressure.

L fL -+ ltsx z

Qualified Person‘and Test Coordinator _ Tug Arkan, Chuck Grimm, Glenn Smith / / 0
Dept/Date TD/SRF Department
Division/Section Safety Officer Rich Ruthe mm
Dept/Date TD/ESH 2/20/09
Results

fiessure held @ 29 ps¢ for 10 IT\/‘nLJLP& (Ne dla‘p in ,PreSSurc>

Witness m,{, 4% Dept/Date TOESH-  2/20/09

(Safety Officer or Designee)

Detail for the pressure test steps.

Fermilab ES&H Manual 5034TA-1
Revised 3/2001




[image: image162.png]The table below shows the pressure levels for each pause and what should be done at that pressure. Total time for the test, not
including setup and tear-down time, will be about 20 minutes.

Pressure (psig) (psig equals Dwell time (mjnutes) Activity at pressure
differential pressure for this test)
0 - Baseline RF test
8.0 As needed Snoop line fitting, RF check
16.0 As needed Snoop line fitting, RF check
19.0 ~1
24.0 As needed RF check
28.0 ~1
30.0 ~1
31.0 As needed RF check
32 5 Peak test pressure of 1.1 x MAWP
0 29.0 10* Test pressure hold point*, RF check
ek 24.0 £/, 0 As needed Visual inspection, RF check
- RF check

*The pressure hold point of 29 psig is the MAWP. Dwell time is set long enough to assure us that pressure is not dropping.

Fermilab ES&H Manual 5034TA-2
Revised 3/2001






APPENDIX A.8 – Weld Records

 [image: image163.png]ow-482 SUGGESTED FORMAT FOR WELDING PROCEDURE SPECIFICATION (WPS)
{See QW-201.1, Section IX, ASME Boiler and Pressure Vessel Code) e

Company Neme_ MEYER TOOL & MFG., INC. 8y:__d. CARUSIFLIO 2o
Welding Procedure Specification No MDEN}_&M_SUWWNO.MM

Revision No 0 Date.
Welding Process{es)__GTAW Typels). MANUAL

{Automatic, Manual, Machine, or Semi-Aute.)

JOINTS (OW-402) Details

Joint Design GROOVE & FIL[EE[‘" -

Backing {Yes). X {No)

Backing Material {Type) METAL IF USED
. NO RETAINERS

Sketches. Production Drawings, Weld Symbols or Written Description

should show the general arrangement of the parts to be welded. Where . =

applicable, the root spacing and the details of weld groove may be

X

specified.

{At the option of the Migr sketches may be attached to illustrate joint
design, weld layers and bead sequence. g for notch toughness proce-
dures, for multiple process procedures, etc )

ROOT SPACING: 1/16 - 3/16

*BASE METALS (QwW-403}
P-No 23 Group No 10 P-No — 25 Group No
OR '
Specification type and grade.
to Specification type and grade
OR
Chem. Analysis and Mech Prop.
to Chem. Analysis and Mech Prop

Thickness Range: "
Base Metal: Groove 3/16 - 1 Fitlet__ ALL
Deposited Weld Metal: Groove Fillet_ UNLIMITED

Pipe Dia Range: Groove Fillet.

NO PASS TO EXCEED 1/2"

Other.

*FILLER METALS (QW-404)
E.No 22 Other.

A-No Other.
Spec. No. (SFAL} 5.10

AWS No {Class) _ER 5183

Size of filler metals___1/16 - 1/8

(Electrode Cotd Wire. Hot Wire. etc )

DEPOSITED WELD METAL UP TO 1"
Elestrode-Flux (Class),
Flux Trade Name
Consumable Insert _ NONE

*Each basa metal-filler matal combination should be recorded Indlvigually.

(6/82) This form (EO0006) may be obtained from the Order Dept., ASME. 345 E 47St.NY .NY 10017



[image: image164.png]QW-482 (Back) GTAW-
WPS No,5083/6000  Reyv.__ O

POSITIONS {QW-405} POSTWELD HEAT TREATMENT {aw-407)
Position(s) of Groove. ALL‘ Temperature Range NONE
Welding Progression: Up. - X Down X Time Range.

Position(s) of Fitlet___ALL

GAS (QW-408)
PREHEAT (QW-406} Shielding Gasles). HEL.TUM/ARGON
Preheat Temp Min,_ 00 DEGREES F MINIMUM | Percent Composition {mixtures)__75% HET.TUM
Interpass Temp. Max . 300 DEG. F 25% ARGON
Preheat Maintenance Flow Rate _20-50 . S.C.E.H
(Continuous or special heating where applicable should be recorded) Gas Backing__ QPTTONAL

Trailing Shielding Gas Composition

ELECTRICAL CHARACTERISTICS {QW-409)
Current AC or DE__AC Polarity. CONTINUCUS HIGH FREQUENCY

Amps {Range}_SEE BELOW  Volts [Range)___,

{(Amps and volts range should be recorded for each electrode size,
position, and thickness, etc This information may be listed in a tab-
ular forrn similar to that shown below.)

Tungsten Electrode Size and Type 1/16-5/32 ZIRCONIUM TUNGSTEN
{Pure Tungsten. 2% Thoriated, etc )

Mode of Metal Transfer for GMAW.
{Spray arc short circuiting arc. etc}

Electrode Wire feed speed range

TECHNIQUE (QW-410}
String or Weave Bead. STRIN_G OR_WEAVE

Orifice or Gas Cup Size __3/8& = 3/4

Initial and Interpass Cleaning {Brushing, Grinding, etc.) CHEMICAL CLEAN OR WIRE BRUSH TO
BRIGHT METAL

CHIP, CHISEL, CARBIDE, BURR GRIND

Method of Back Gouging.
Oscillation,
Contact Tube to Work Distance
Multiple or Single Pass (per side),
Multiple or Single Electrodes.

Travel Speed {Range)
Peening NOT REQUIRED

MULTIPLE & SINGLE

Other
Filler Metal Current
Other
{e.g., Remarks. Com-
. Travel ments. Hot Wire
Weld Type Amp. Volt Speed Addition. Technique,
Layer(s) Process Class Dia Polar Range Range Range Tarch Angle. Etc.)
AS GTAW ER5183 1/16 - | ACHF 0-250 CURRENT FCOT
REQUIRED 1/8 . PEDAL CONTROL

HOLD PURGE ON
MOLTEN PUDDLE
AT EACH WELD
TERMINATION

(6/82})
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QW-483 SUGGESTED FORMAT FOR PROCEDURE QUALIFICATION RECORD (PQR)
(See QW-201.2, Section X, ASME Boiler and Pressure Vessel Code) .
Record Actual Conditions Used to Weld Test Coupon.

Jmpany Name_Mever Tool & Mfg. Co “Inc
Procedure Qualification Record No._MTM=P—15 Date. 12/5/83
WPS No._ MIM=5-5. . ]
Wetding Process{es) GTAW
Types {Manual, Automatic, Semi-Auto.} —Manual

JOINTS (QW-402}

Groove Design of Test Coupon
{For combination qualifications, the deposited weld metal thickness shali be recorded for each filier metal or process weld.}

BASE METALS (QW-403) X POSTWELD HEAT TREATMENT {QW-407)
Material Spec._SB 209 8B 209 Temperature None
Type or Grade__ 6061 5083 Time

T e 23 0 P.No._ 25 Other.

--¢dickness of Test Coupon. 1/2"

Diameter of Test Coupon
Other.

GAS (QW-408}
Type of Gas or Gases Helium/Argon
Composition of Gas Mixture 29 % Helium/25% Axrgon

Other.
FILLER METALS (QW-404)
Weld Metal Analysis A-No None
Size of tier Rtetal___1/16 ELECTRICAL CHARACTERISTICS {QW-409)
Filler Metal F-No, 22 current __AC High Frequency
SFA Specification 5,10 Polarity
AWS Classification ER 5183 § Amps 140-200 Volts.
Other Tungsten Electrade Size 1/8
i Other
POSITION (QW-405) TECHNIQUE (QW-410)
Paosition of Groove. iG Travel Speed 13 1IPM
Weld Progression (Uphitl, Dowshill} String or Weave Besd_ SEring
Other, N Oscillation.
Multipass or Single Pass (per side) Multiple
Single or Multiple Electrodes Single
PREHEAT {QW-4086) Qther.

JrestTemp 70 _degrees F Minin
[ Tnterpass Temp. 500 &

Other.

(6/82) This form {(E00007} may be obtained from the Order Dept, ASME 345 E 47th St. New York. N Y. 10017
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PQR No.
Tensile Test (QW-150)
) Ultimate - . Ukimate Type of
Specimen Total Load Unit Stress | Failure &
No. Width Thickness Area tb. psi_ . 1° Location ]
I
s |

[ C0279 A | 1.495 _:508__ . 759 .]..16,500 | _21,700. Base Metal /
. Du

---L0279-B-—1 .1.499 —508--- 761 167400 21,500 "

Guided Bend Tests (QW-160)

Type and Figure No, Resuit
: 462.3 (a) . _Acceptable.~ No-Defects
Side .. 462.3 (a) . L e
e 462.3 (a)._ -
462.3 (a)
Toughness Tests (QW-170)
Specimen Notch Notch Test Impact Lateral Exp. Drop Weight
No. Location Type Temp. Values % Shear. Mils Break No Break

Fillet Weld Test (QW-180)

Result — Sa(is.!ac!ory: Yeé ___ et e NO rmecee—e. PEnEtration into Parent Metal: Yes ___ .. ... ... ... No
Macro—Results

Other Tests AT
Type of Test .__. e e R —_
Deposit Analysis e S
Other - R S e et e
Welder's Name H. Brewer R P Clock No. R Stamp Na. s
Tests conducted by: Calumet Associates, Inc. ) N Laboratory TestNo £0279=2

s were preprared, welded and tested in accordance it
Dr. Doyle Geiselman, P.E.
7/2/85

Manufacturer _ Meyer Tool & Mfg, Co Inc

e Q/f( o AlL)

We certify that the statements in this rgéqrd‘ére cogr
the requirements of Section 1X of the ASME Code

(6/82)



[image: image167.png]QW-484 SUGGESTED FORMAT FOR WELDER/WELDING OPERATOR
PERFORMANCE QUALIFICATIONS (WPQ)
[See QW-301, Section I1X, ASME Boller and Pressure Vessel Code}

Welder's name ED KASPER Clock number 318-58-2051 Stamp fio E
Welding process(es) used ~ GTAW Type  Manual

/If/ {Manual, semiautomatic, machine, aulomalic)
Identification of WPS followed by welder during welding of testcoupon ~ GTAW-6000AC g/ ] /O o

Base material(s) welded ~ 6064-T6 Aluminum Thickness 12"
Filler metal specification (SFA) Class (QW-404)  5.10
Manual or Semiautomatic Variables for Each Process (QW-350) Actual Values Range Qualified
Backing (metal, weld metal, welded from both sides, flux, elc) (QW-402) NONE WITH OR WITHOUT
ASMEP-No 23 To ASME P-No. (QW-403} 23 21 through 25
(X )Plate( [ }Pipe {enter diameter, if pipe) (QW-403) " NA NA
Base metal thickness - OFW (QW-403) NA
Filler metal F-No. (QW-404) 23 21 through 25
Filler meta] product form [solid/coredAflux-cored - GTA-PAW (QW-404)] Solid Solid
Consumable insert for GTAW or PAW (QW-404) None None
Weld deposit thickness for each welding process (QW-404) 112" 3/16™1"max..
Welding position {16, 56, etc ) (QW-405) 16 16
FProgression (uphillidownhill) {(QW-405) NIA NIA
Backing gas for GTAW PAW, or GMAW; fuel gas for OFW (QW-408) 75%He & 25%Ar 75%He & 25%Ar
GMAW tramsfer mode (QW-408) NIA NA
GTAW welding current typefpolarity (QW-408} ACIContinucus High Freq. ACicontinuous High Freq.
AutomaticiMachine Welding Variables for the Process Used (QW-360) Actual Values Range Quailfied

Directiremote visual control

Automatic voltage control (STAW)

Automatic joint tracking

Welding position (16, 56, efc)

Consumable insert

Backing (metel, weld metal, weided from both sides, flux, efc))
Mutiple or single pass per side

Change from autoatic to machine

Filler for EBW or LBW

Laser type
Drive type for FRW
Vacuum type for EBW
Guided Bend Test Results
Guided Bend Tests Type {3 ) QW-462.2 (Side) Results ( 1) QW-452 3(a) {Trans. R8F} Type ((7 ) GIN-462 3(b) (Long. R&F} Resulls Results

Visual examination results {QW-3024)  Acceptable

Radiographic test results (QW-304 and QW-305)  Acceptable

{For alternative qualification of groove welds by radiography)
Fillet Weld - Fracture test
Magro test fusion

Welding test conducted by

Fillet leg size inx

Conam Inspection

Length and percant of defects
in Concavifylconvexity

Mechanical tests conducted by

We certify that the statements in this record are comect and thal the test coupons were prepared welded, and tested in aocordance with he requirements of

Secion IX of the ASME Code

Organization Meyer Tool & Mfg., Inc.

Date 516102 By

Tony Vouris /_’) \/re.

fgﬂ%

e
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WELDING PROCEDURE SPECIFICATION

Welding Procedure Specification No.__ FERMI SS8-3 Date__11/29/07 R1-12/20/08 R2-4/15/2008
Revision No._R3 Date_4/17/2008 Supporting PQRNo.(s) _SS-3
Welding Processes 1) GTAW Type 1)___Manual

2) Type 2)

(Manual, Auto, Semi)

JOINTS (QW-402)

Joint Design___Single “V” Backing: Yes No, X
Backing Material (Type) Root:__Gas Remainder:__Deposited Metal
Retainer: Yes No X Type: Non-Metallic Metallic (non-fusing)

¢ <757

337|
‘ 3/32 >1 l«
/ 1/ 32 1/ 16 DETAILS (Rev 2 changed root opening)
BASE METALS (QW-403)
P No. 8 Group, 1 To P No. 8 Group, 1

Specification Type and Grade SA313 Gr304 or SA313 TY304

To Specification Type and Grade

OR-

Chemical Analysis and Mech. Properties

To Chemical Analysis and Mech. Properties

Thickness Range: PROCESS 1 PROCESS 2
Base Metal Groove_3/16 — 0.674”* Fillet_Unlimited [Groove Fillet
Deposited Weld Metal Groove_0.674” Max* _ Fillet_ Unlimited [Groove Fillet
Pipe Diameter Range Groove Fillet Groove Fillet

Other___* R3 corrected qualified range

FILLER METALS (QW-404) PROCESS 1 PROCESS 2

Specification No. (SFA) 5.9 )

AWS No. (Class) ER308

F-No. 6

A-No. 8

Size of Filler Metals 1/16,3/32

Deposited Weld Metal Thickness Range Groove _3/16 — 0.674* Fillet_ Unlimited [Groove Fillet

Electrode-Flux (Class) N/A

Flux Trade Name N/A

Consumable Insert None

Other,

EACH BASE METAL-FILLER METAL COMBINATION SHOULD BE RECORDED INDIVIDUALLY




[image: image169.png]WELDING PROCEDURE SPECIFICATION

FERMI SS-3
POSITIONS (QW-405) POSTWELD HEAT TREATMENT (QW-407)
Positions of Groove___1G, Rolled Temperature Range_ None
Welding Progression: Up. Down Time Range N/A
Positions of Fillet Other,
PREHEAT (QW-408) GAS (QW-408)

Preheat Temperature Minimum 50°F

Percent Composition

Interpass Temperature Maximum__350°F Max Gas(es) Mixture Flow Rate
Preheat Maintenance _None- Shielding, Argon 99.9% 15-20 CFH
Minimum Temperature for Welding__32°F Trailing__. None

Backing Argon 99.9% 3-5 CFH
ELECTRICAL CHARACTERISTICS (QW-409)
Current AC or DC Direct Polarity. Straight Characteristics:___Non-Pulsing

AMPS (Range) 80-250
Tungsten Electrode Size and Type 3/32 Diameter EWTH2

Volts (Range)_ 12-20

Mode of Metal Transfer for GMAW_N/A

Electrode Wire Feed Speed Range_ N/A

TECHNIQUE (QW-410)
String or Weave Bead

String or weave. Weave not to exceed 3/16 inch (rev 2 added weave)

Orifice or Gas Cup Size____#5 or #6

Initial Interpass Cleaning (Brushing, Grinding, etc.)__ Initially Solvent clean. Wire brush with stainless steel between passes.

Method of Back Gouging None

Oscillation, N/A

Contact Tube to Work Distance___ N/A

Multiple or Single Pass (per side)__ Multiple

Multiple or Single Electrodes Single
Travel Speed (Range) As Required
Peening None
Other,
Filler Metal Current
Weld Type Amp. Volt | Travel Speed Other
Layers Processes Class Diameter Polarity Range Range Range (Power Source)
1 GTAW ER308 1/16 DCSP 80-110 12-16 | AsRequired.| Use3/32 EWTH2
2-Final GTAW ER308 332 DCSP 110-250 1420 | As Required Use 3/32 EWTH2

Revision 1 12/20.07
corrected typo on filer
F number.




[image: image170.png]ASME Section IX 2007
Procedure Qualification Record FERMI S8 3

PROCEDURE QUALIFICATION RECORD

PQR No. FERMI S8 3

(Year) Addendum July 07 (Season Year) and/or other spec AWD D1.1-06

Date 3/12/08

‘WPS No. FERMI 8§ 3

Welding Process(es) 1) GTAW Type 1) Manual.
2) (Manual, Auto, Semi) 2}
JOINTS (QW-402) POSITION (QW-405)
(Actual) Position of Groove _1G Rolled

‘Weld Progression (Uphill, Downhill) _n/a

<

337 N/ Y

A A
| 3/32’JL* 1/32-1/16

Other

PREHEAT (QW-406)
Preheat Temperature Ambient 75 F

Interpass Temperature 240 F to 336 F

Other

POSTWELD HEAT TREATMENT (QW-407)

. Temperature none

Time

Other

GAS (QW-408)

BASE METALS (QW-403)

Percent Composition

Material SA313 Typ/Grd 304 Gas(es) Mixture Flow Rate
To Material ~ SA313 Typ/Grd 304 .
PNo. & Group 1 ToPNo. 8 Group 1 Shl?]filng Argon 99.9% 15-20CFH
Thickness(es) 0.337 inches Treiling none
Diameter 4 inch NPS Backing Argon 99.9% 3-5CFH
Other
ELECTRICAL CHARACTERISTICS (QW-408)
Current 1) Direct 2)
FILLER METALS (QW-404) Polarity 1) Straight non-pulsing 2)
‘Weld Metal Analysis(es) 1)8 2) Amps  1)150 Volts 1)
Size(s) of Electrode(s) 3/32 2)17.5 Volts  2)
Filler Metal F No. 16 2) Tungsten Electrode Size 3/32
SFA Specification(s) 5.9 Other EWTH2 Tungsten Electrode
AWS Classification(s) ER308 .
Electrode Flux (Class) n/a TECHNIQUE (QW-410)
Flux Trade Name n/a Travel Speed 1) not measured 2)
Consumable Insert [ Yes No String or ‘Weave Bead 1) String and weave 2)
A5.30 Classification Oscillation ! 2
Class Style Multipass or Single Pass (per side) Multiple

Other

Single or Multiple Electrodes Single
Other pass thickness approximately 1/16 thick
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Filler Metal Current
Travel
Weld Type Amp. Volt Speed Other
Layers Process Class Diameter Polar. Range Range Range (Power Source) Comments
1-final GTAW ER308 3/32 DCSP 150 17.5 manual
Tensile Test (QW-150)
Specimen Ultimate Total Load Ultimate Unit Stress Character of Failure
No. Width Thickness Area (b} (psi) and Location
1 0.750 0312 0.234 20,927 89,432 fracture in base metal
2 0.750 0315 0.236 21,242 89,913 fraacture in base metal
505 Specimen
Yield Yield

Specimen Gauge Load Point Ultimate Total Load Ultimate Stress Character of Failure

No. Dia. Area Length (Ib) (psi) (Ib) (psi) and Location

Guided Bend Tests (QN-160)
Figure No. Figure Type Result Figure No. Figure Type Result
1 Face Bend Satisfactory 2 Face Bend Satisfactory
1 Root Bend Satisfactory 2 Root Bend Satisfactory
Toughness Tests (QW-170)
Lateral Exp. Drop Weight
Specimen Notch Notch Test Impact Ao =X P eie
No. Location Type Temperature Values % Shear Mils Break No. Break

Fillet Weld Tests (QW-180)

Results — Satisfactory: [ Yes [INo Penetration into Parent Metal: [ Yes [ No

Macro - Results

Other Tests

Type of Test Visual Test Satisfactory

Deposit Analysis
Other Radiography Satisfactory Report number O80K94 Magnetic Inspection Lab. R..E. Wahlen Level TI

Welder’s Name Bill Gatfield Clock No. 04609 Stamp No. W12
Laboratory Test No. Bodycote: 0304-015 MIL: 080K 94

Test Conducted by Bodycote and MIL

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 Section IX of.
the ASME Code July 2007 and AWS D1.1-06

Dated: 15-Apr-2008

" Signed: ___Jamie Blowers
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Welder’s Name : Bill Garfield #04609 ASME No. W12
Welding Process(es) 1st GTAW Manual Type 2nd Type
In accordance with WPS No. FERMI §8-3

Joint: Fillet [ Production Weld X Test Coupon

Groove: Double Welded: [J Yes XNo
Single Welded: [ Metal Fused [ Metal Non-Fused [] Non-Metal X Open Root [] Consumable Insert
[] With Selid Backing X Without Solid Backing

Base Metal: Spec. SA313 Gr304 to SA 313 Gr304 (ASME IX)P. No. 8 toP.No. 8
[ Plate . X Pipe [ Tube
Actual Thickness Nominal Diameter 4NPS Actual Diameter 4.5 * oD
Qualified Range Wt'Sch 80 Qual. Thick Range 0-0.674 Wall
Actual Thickness 0.337 Qual. Dia. Range 2-7/8 min Qual. Thick Range
Qual. Dia. Range
1st Process 2nd Process

Filler: Spec. SFA 5.9 Class ER308 Spec. Class

Dia.(s) 3/32 Dia.(s)

F.No.4 F.No.

Deposit Thickness 0.337 Range Qual. 0-0.674 Deposit Thickness Range Qual.
Position(s) (IG, etc.): 1GR If Vertical Up Down
Gas (Type and Composition): Fuel Shielding Ar 99.9% Root Side Backing Ar 99.9%
Electrical: Type Current OAC [ODC-Reverse XDC - Straight

Transfer: GMAW [ Spray [ Globular [JPulse [J Short Circuit

FOR INFORMATION ONLY MACHINE WELDING
Filler Metal Trade Name: Control:  [J Visual [ Remote Visual v
S.A.W. Flux Trade Name: Arc Voltage Control:  [TJ Auto  [[] Other
Shielding Gas Trade Name: Joint Tracking:  [J Yes []No

VISUAL INSPECTION
Appearance Satisfactory Undercut Piping porosity.
GUIDED BEND TEST
TYPE AND FIGURE RESULTS TYPE AND FIGURE RESULTS TYPE AND FIGURE RESULTS
Test Conducted by Lab Test No.
Date
RADIOGRAPHIC TEST
Results Satisfactory. Per ASME 1X-2007 and AWS D1.1-06
Radiographer Magnetic Inspection Lab Examiner R.E. Wahlen Level 1t Test No. 080K94
Date 1-14-08

FILLET WELD TEST RESULTS

Fracture Test

Location, Nature, and Size of Crack or Tear in Specimen

Length of Weld inch, Length of Defect inch, % of Defect
Macro Test: Fusion :

Appearance: Fillet size inch x inch [ Convex [ Concave

Test Conducted by Lab Test No.

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the requircments of
ASME IX -2007 _and ASWDI].1-06

By Jamie Blowers Date 17-Apr-2008




[image: image173.png]WELDING PROCEDURE SPECIFICATION
Specification No. S8-7 -

JE
e

S8-7 Date__ April 21, 2008

Welding Procedure Specification No.
Revision No.

Date.

Supporting PQRNo.(s)

Fermi SS-3

Welding Processes 1)__GTAW Type 1)__Manual

(Manual, Auto, Semi) 2) Type 2)

JOINTS (QW-402)

Joint Design__Interior V-groove (see Figures in Details) Backing: Yes X No

Backing Material (Type) Root:___ Flange base material Remainder:

Retainer: Yes. No. X Type: Non-Metallic. Metallic (non-fusing)

DETAILS

.42 —w’ 42
/ .04
N % .06
f % 7 |
7.\
.1 ? L o3
45 \J 30° 45° | 45°

BASE METALS (QW-403)

P No. 8 Group, 1 To P No. 8 Group__1

Specification Type and Grade____SA312_316/316L_pipe

To Specification Type and Grade _316/316L flange

OR

Chemical Analysis and Mech. Properties

To Chemical Analysis and Mech. Properties.

Thickness Range: PROCESS 1 PROCESS 2
Base Metal Groove_1/16 —5/8” _ Fillet Groove Fillet,
Deposited Weld Metal Groove_1/16-3/16" Fillet, Groove Fillet,
Pipe Diameter Range Groove, Fillet Groove. Fillet

Other,

FILLER METALS (QW-404) PROCESS 1 PROCESS 2

Specification No. (SFA) 59

AWS No. (Class) 316/316L

F-No. 6

A-No. 8

Size of Filler Metals 1/16”, 3/32”

Deposited Weld Metal Thickness Range Groove: 1/16 — 1/8” | Fillet: Groove: [ Fillet:

Electrode-Flux (Class) N/A

Flux Trade Name N/A

Consumable Insert

Other:
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Specification No. SS-7

POSITIONS (QW-405) POSTWELD HEAT TREATMENT (QW-407)
Positions of Groove___1G Temperature Range__ None

‘Welding Progression: Up Down Time Range N/A

Positions of Fillet, Other.

PREHEAT (QW-408) GAS (QW-408)

Preheat Temperature Minimum_ 50F Percent Composition

Interpass Temperature Maximum___350F Max Gas(es) Mixture Flow Rate
Preheat Maintenance, None Shielding Argon 99.9% 15-20CFH
Minimum Temperature for Welding__ 32F Trailing None

ELECTRICAL CHARACTERISTICS (QW-409)

Current AC or DC_ Direct Polarity  Straight Characteristics:____Non-pulsing
AMPS (Range) 80-250 Volts (Range)_12-20

Tungsten Electrode Size and Type_3/32” Diameter EWTH?2

Mode of Metal Transfer for GMAW__N/A

Electrode Wire Feed Speed Range_ N/A

TECHNIQUE (QW-410)

String or Weave Bead__String or weave. Weave not to exceed 3/16”

Orifice or Gas Cup Size__#5 or #6

Initial Interpass Cleaning (Brushing, Grinding, etc.)_Initially solvent clean. Wire brush with stainless steel between passes.
Method of Back Gouging___None

Oscillation_N/A
Contact Tube to Work Distance__ N/A

Multiple or Single Pass (per side)__Multiple

Multiple or Single Electrodes_Single

Travel Speed (Range)___As required.

Peening_ None

Other,
Weld P Filler Metal Current Volt | Travel Speed Other
Layers Tocesses Class Diameter - Range Range (Power Source)
Y Type Polarity | Amp Range
1 GTAW ER308 1/16” DCSP 80-110 12-16 | AsRequired Use 3/32 EWTH2
zﬁt:;;" GTAW ER308 3/32” DCsp 110-250 14-20 | AsRequired Use 3/32 EWTH2





[image: image175.png]E Prepuared by Roger Hiller
Revised 11222009
af Fermilab  Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welding Procedure Specification No. Fermi WPS Ti-2 | Date | 11/21/2008

Revision: 1 | Date: 1222008 | Remarks: Revised to correct clerical emors | Supporting PQR No.(s)  Fermi PQR Ti-2
Welding Processes (1) GTAW Typel (Manual, Auto, Semi) Manual
Welding Processes [ (2) Type 2 (Manual. Auto. Semi)
Joints (QW-402)
Joint Design | Single “V” Groove
Backing Material (Type) Root) | Gas e 75°
Retainer | None - | Type [ -7/
Backing Open Root Gas Backing v \ / I I__l
Remainder Deposited Metal 1 0%
Non-Metallic | Metallic(non-fusing)
0.109 wall x 1.50 OD Tube | e ]
welded in Atmospheric Chamber Pp———
99.995% Argon Gas I;'fi_l

Base Metals (QW -403)

PNo. 51 [ Group No. [ T [PNo. 51 | Group No.
Specification Type & Grade | SB 861 Grade 2 | TO | Specification Type & Grade | B 861 Grade 2
or Chemical Analysis & Mechanical Properties NA
to Chemical Analysis & Mechanical Properties N/A

Thickness Range Process
Base Metal Groove 0.0625-0.218 Fillet Unlimited
Deposited Weld Metal Groove 0.109 Max Fillet Unlimited
Pipe Diameter Range Groove 1" Min-Unlimited Fillet Unlimited
Other:
Filler Metals (QW-404) Process 1 Process 2
Specification No. (SFA) 5.16 N/A
AWS No. (Class) ERTi-2 N/A
F-No. 51 N/A
A No. ERTi-2 N/A
Size of Filler Metals 1/16 & 3/32 diameter N/A
Deposited Weld Metal Thickness Range 0.0625-0.294 N/A
Electrode-Flux (Class N/A N/A
Flux Trade Name : N/A N/A
Consumable Insert N/A N/A

Each Base Metal-Filler Meta) combination should be recorded individually

Page 1
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Prepured by Roger Hiller

Welding Procedure Specification — Fermi Ti-2

Revised 1/22/2009

Positions (QW-405)

Post-weld Heat Treatment (QW-407)

Positions of Groove 1GR | Temperature Range None
Welding Progression Rotated Time Range N/A
Positions of Fillet NA | Other
Preheat (QW-408) Gas (QW-408)
Preheat Temperature 32°F Percent Composition
Interpass Temperature 350°F Gas | Mixture | Flow Rate
Preheat Maintenance NA Shielding | >99.99% Argon in Chamber @ 40 CFH
Minimum Temperature for Welding 32°F Trailing None
Backing | >99.99% Argon in Chamber @ 40 CFH
Electrical Characteristic (QW-409)
Current AC or DC | Direct Current | Polarity Straight | Characteristics:
AMPS (Range) | See Chart | Volts (Range) | See Chart Non-Pulsing
Tungsten Electrode Size & Type: 3/32 diameter EWCe-2
Mode of Metal Transfer for GMAW: NA
Electrode Wire Feed Speed Range: N/A

Technique (QW-410)

String or Weave Bead

String or weave. Weave' not to exceed 1/8” wide

Qrifice or Gas Cup Size

#4 Gas Lens

Initial/Interpass Cleaning
{Brushing, Grinding, ect.)

Initial cleaning with alcohol solvent

Break surface oxides with Carbide Burr (Optional)

Method of Back Gouging None
Oscillation N/A
Contact Tube to Work Distance N/A
Multiple or Single Pass (per side) Multi-pass
Multiple or Single Electrodes Single
Travel Speed (Range) As Required
Peening None
Other | Weld in inert weld chamber purged with >99.99% Ultra Pure Argon @10 PPM
Filler Metal Current Travel
Weld Type Amp Volt Speed Other
Layers Process Class | Dia. [ Polarity [ Range Range | Range | (Power Source)
1 GTAW ERTi-2 | 1/16 | DCEN | 65-85 6-10 | AsReq.|
2-Final GTAW ERTi-2 | 3/32| DCEN | 75-95 8-14 | As Req.

Page 2
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Revised 1/08/08
PQR Prepared by Roger Hiller, 00362, Fermilab

3= Fermilab

Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Procedure Qualification Record No. Fermi POR Ti-2 |Date | 6/13/2008
Revision: ] Date: 1/08/09  Remuarks: Revised to correct clericul errors
Welding Process/Weld Type: GTAW/Manual | WPS No. Fermi WPS Ti-2
Joints (QW-402) Details:
Weld Type: Single V Groove Weld
Backing: Open Butt, Gas Backing Only \Q_ 75°
Root Opening: 0.0625” -7/
. ”» b F Y
Root Face: 0.031 X! / lreow
1.5” x Schedule 10 Pi) = I—J
. X ycneduie pe
Manual Weld in Chamber — e
| 1.5 Sch. 10 Pipe l

Base Metals (QW-403) Post Weld Heat Treatment (QW-407)

Material Spec., Type or Grade Type: No PWHT performed

SB-861, Grade 2 to SB-861, Grade 2 Temperature: None

P-No._51 to P-No. 51 Time: None

Thickness of Coupon (in.)___0.109 inches

Diameter of Test Coupon (in.) 1.900 inches

Filler Metals (QW-404) Gas (QW-408)

SFA Specification: 5.16 Percent Compesition

'AWS Classification: ERTi-2 Gas Mixture% Flow Rate
Filler Metal F-No.: 51 Shielding: Argon >99.995% @ 30 CFH
Weld Metal Analysis A-No.:___. N/A Trailing: None

Size of Filler Metal (in.):___ 3/32 diameter Backing: Argon >99.995% @7CFH
Weld Deposit “t’(in.): 0.109 inches Other: Welding done in Argon Chamber at <10 PPM

Filler Metal Product Form:_ Solid/Bare Wire

using Oxygen Analyzer

Positions (QW-405)
Position of Joint:____5G

Weld progression: Upward
Coupon welded in Chamber @ 10 PPM

Electrical Characteristics (QW-409)

Current/Polarity:_DCEN (Straight)
Amps:_65-95  Volts:__ 6-14

Tungsten Type & Size:_ EWCe-2  3/32 diameter
Other:__ Non-Pulsing Current

Preheat (QW-406)
Preheat Temperature:
Interpass Temperature:

32° F Minimum
350° F Maxium

Technique (QW-410) .

Travel (ipm):_As Required Oscillation:_Nore
String/Weave Bead:___ Stringer & Weave
Multiple/Single Pass (per side)__Multiple one side
Multiple/Single Electrode:___Single Electrode
Nozzle/Gas Cup Size:#4 Gas Lens welded in chamber

Page 20f 2
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PQR Prepared by Roger Hiller, 00362, Fermilab

ZE Fermilab

Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Procedure Qualification Record No. Fermi POR Ti-2 | Date | 6/13/2008
Welding Process/Weld Type: GTAW/Manual | WPS No. Fermi WPS Ti-2
Tensile Test (QW-150)
Specimen Width Thickness Area Ultimate Total Ultimate Failure Type
No. (in.) (in.) (Squared in.) Load (Ibs.) Stress (PSI) & Location
1 0.7465 0.1474 0.1100 6580 59,800 Ductile-WM
2 0.7440 0.1562 0.1162 7137 61,400 Ductile-WM
Guided Bend Test (QW-160)
Figure Number & Type Result Figure Number Type Result
QW-462.3 (a) Face Bend Acceptable QW-462.3 (a) Root Bend Acceptable
QW-462.3 (a) Face Bend Acceptable QW-462.3 (a) Root Bend Acceptable

Visual Examination:____Acceptable X-ray per ASME Section IX, QW-191.2.2___Acceptable

[ Welder’s Name: Daniel J. Watkins

ID # 0399IN

Weld Stamp # 24

Welding of coupon Verified by:_ Michael P. Reynolds ID# 03993N

Test;s Conducted by:

Bodycote Testing Group

Test ID#:__T-714091

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 Section IX of the ASME Code.

PQR prepared by: Fermi National Accelerator Laboratory

Authorized Representative

D#

Fermi National Accelerator Laboratory / Kirk Road and Pine Sireat / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.inal.gov / fermilab@fnal.gov
@ Oftica of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC
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WPQR prepared by Roger Hiller. 00362N Fenmilab

3= Fermilab

Technical Division-Machine Shop

Fermi National Accelerator Laboratory

Welder Procedure Qualification Record

No. Fermi WPQR Ti-2

Date
1172172008

Revision / Revision Date __1/3/2009 Remarks Revised to correct clerival ervars
Welders Name: Daniel J. Watkins Fermi ID# 0399IN Weld Stamp # 24
WPS Number: Fermi WPS Ti-2 Test Coupon 172423 Production Weld N/A
Welding Process/Type: GTAW/Manual Welded in Inert Chamber @ 10PPM with 99.99% Argon
Type of Joint Welded:  Pipe Groove Weld Joint Types Qualified:  Groove and Fillet Welds
Open Root without solid backing
Base Metals Welded: SB-861, Grade 2 to  SB-861, Grade 2
Welder Variables (QW-350) Actual Variables Used Range Qualified
AWS Classification: ERTi-2 ERTi-1
Filler Metal Specification (SFA) 5.16 5.16
Filler Metal F-No. F-51 F-51 thru F-55
Filler Metal Product Form Bare(Solid) Bare (Solid)
Consumable Insert No Insert Used Without insert Only
P- or S- Number to P- or S- Number: P-No. 51 to P-No. 51 P-No. 51 thru P-No.55
Base Metal Thickness (inches): 0.109” WPS Limit
Pipe Diameter (inches): 1.5” 17 minimum
Deposit Thickness (inches) 0.109” 0.218” maximum
Welding Position/Progression 5G F V0
Backing Gas Argon Backing Gas Used With Backing Gas Only
GTAW-Current/Polarity DCEN DCEN Non-Pulsing
Machine Welding Variables (QW-360) Actual Variables Range Qualified
Direct/Remote Visual Control N/A N/A
Automatic Voltage Control N/A N/A
Automatic Joint Tracking N/A N/A
Welding Position N/A N/A
Consumable Insert N/A N/A
Backing N/A N/A
Single/Multiple Pass Per Side N/A NA

Fillet Welds: Qualified to make fillet welds of any size on all base material thickness and pipe diameters of any size.

Notes: Welded in inert chamber with 99.99% Ultra Pure Argon @ 10 PPM Oxygen content, inverter power source, 3/32" Ceriated
Tungsten with a #4 Gas Lens Cup. Joint completed in two passes. Joint configuration: 37.5 degree bevel with a 1/32” land and
1/16” root gap. 1.5™ diameter pipe coupon with a 0.109 thick wall by 8” long. Slight weave on cover pass.

[ Guided Bend Test (QW-160) __ None

[ Visual examination results; Visual exam satisfactory per QW-302.4 and QW-194

LRadiographic test results: Acceprable per QW-302.2 and QW-191

[ Visual/Radiographic tests conducted by: Alloy Weld Inspection Company, Inc. _Register Number 172423

[ Welding of Test Coupon conducted by: Ferui National Accelerator Laboratory

Verification Number 112108-1RH

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in
accordance with the requirements of Section IX of the ASME Boiler and Pressure Vessel Code,

Fermi National Accelerator Laboratory

Authorized Representative

Page 1of |
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Welding Procedure Specifications (WPS)

%% Fermilab
Fermi National Accelerator Laboratory | B

Welding Procedure Specification No. | Fermi WPS Ti-3 Date | 12/10/2008
Revision # 1 | Date | 1/22/2009 | Supporting PQR No.(s) Fermi PQR Ti-3
Welding Processes (1)  GTAW-Onbital Type 1 (Manual, Auto, Semi) Automatic
Welding Processes 2) Type 2 (Manwal, Auto, Sem)
Joints (QW-402)
Joint Design | Square Buit Groove Backing Gas
Backing Material (Type) Root | Gas Remainder

Retainer [ Yes [No X [Type - | Non-Metallic [ Metallic(non-fusing)
Details:

3" ASTM B 861 Grade 2

0.078 Wall

0.078 I
No root opening-tpass-no filler
Autogenous

Base Metals (QW -403

PNo. 51 [ Group No. [ TO JPNo. 51 | Group No.

Specification Type & Grade | ASTM B 861,Grade 2 | T© | Specification Type & Grade | ASTM B 861, Grade 2
OR/Chemical Analysis & Mechanical Properties

TO: Chemical Analysis & Mechanical Properties

Thickness Range Process 1 Process 2
Base Metal Groove__0.078 Fillet Groove Fillet

Deposited Weld Metal | Groove__0.078 to 0.156 __ Fillet Groove, Fillet
Pipe Diameter Range | Groove2.875 Min. Fillet Groove Fillet

Other:

Filler Metals (QW-404) Process 1 Process 2

Specification No. (SFA) None-Autogenous

AWS No.

F No.

A No.

Size of Filler Metals

Deposited Weld Metal

Thickness Range

Electrode-Flux (Class)

Consumable Insert

Gther

Each Base Metal-Filler Metal combination should be recorded individually Page 1

Ferml National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Bax 500 / Batavia, IL 60510 / 630.840.3000 / www.fnat.gov / fermilab@fnai.gov
Y83, Offico of Science / U.S. Depariment of Energy / Managed by Fermi Research Aliance, LLC
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2 Fermilab Welding Procedure Specification ~ Fermi Ti-3 page 2
Positions (QW-405) Postweld Heat Treatment (QW-407)
Positions of Groove 6G Temperature Range None
Welding Progression Orbital Time Range ) N/A
Positions of Fillet Al ] Other
Preheat (QW-408) : - Gas {QW-408)
Preheat Temp-Maximum 32°F Pergent Composition
Interpass Temp Maximum 350° F Gas'(s) Mixture Flow Rate
Preheat Maintenance N/A Shielding Argon 99.995> 30 CFH
Minimum Temp for Welding 32°F Trailing None
Backing Argon 99.995> 7 CHF
Electrical Characteristic (QW-409)
Current ACorDC | Direct Polarity Straight Characteristics:
AMPS (Range) | See Chart Volts (Range) See Chart Orbital with Pulse
Tungsten Electrode Size & Type: 1/16 EWCe-2
Mode of Metal Transfer for GMAW: N/A
Electrode Wire Feed Speed Range: N/A
Technique (QW-410)
String or Weave Bead Stringer
Orifice or Gas Cup Size AMI Orbital Head Model 8-4000
Initial/Interpass Cleaning Initial cleaning with solvent
(Brushing, Grinding, ect.
Method of Back Gouging None
Oscillation None
Contact Tube to Work Distance N/A
Multiple or Single Pass (per side) Single
Multiple or Single Electrodes Single
Travel Speed (Range) As Required
Peening None

Other | AMI Orbital Welding Machine Model 227 with Model 8-4000 Welding Head -

Sequence Chart
Weld RPM AMPS PULSE
Levels | Pulse | Rotation | Primary | Back | Time | Primary | Back | Primary | Back
7 ON | Confinuous [ 042 | - | 5 91 | 50 | 0.30 | 0.30
2 ON_| Continuous | 042 | — | 50 | 91 | 50 | 0.30 | 0.30
3 ON | Continuous | 0,42 | — | 46 | 91 | 50 | 0.30 | 0.30
4 ON | Contiruous | 042 | — | 21 | 90 | 50 | 0.30 | 0.30
5 ON | Continuwous | 042 | --- 25 90 50 | 0.30 | 0.30
6 ON | Continuous | 042 | — | 30 | 91 | 50 | 0.30 | 0.30

Page 2
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Fermi Nati

onal Accelerator Laboratory

Technical Division-Machine Shop

Procedure Qualification Record No. Fermi POR Ti-3 | Date | 12/10/2008

Revision: 1 Darte: 1/08/09 _ Remarks: Revised to correct clerical errors
Welding Process/Weld Type:  GTAW/Automatic | WPS No. Fermi WPS Ti-3
Joints (QW-402) Details:
Weld Type: Single V Groove Weld ‘
Backing: Open Butt, Gas Backing Only 0.078 Wall x 3" diameter
Root Opening: 0.0” AMI Orbital Machine Model 227-STD1.9
Root Face: 0.078”

- 0.078
- |
I ; ‘
No Root Opening

Base Metals (QW-403) Post Weld Heat Treatment (QW-407)

Material Spec., Type or Grade
SB-861, Grade 2 to SB-861, Grade 2
P-No._5! to P-No._ 51

Type: No PWHT performed
Temperature: None
Time: None

Thickness of Coupon (in.)___0.078 inches
Diameter of Test Coupon (in.) 3 inches
Filler Metals (QW-404)  None, Autogenous Gas (QW-408)
SFA Specification/ AWS Classification Percent Composition
Filler Metal F/ Analysis A-No Gas Mixture % Flow Rate
Size of Filler Metal (in.): Shielding: Argon >99.995% @ 30 CFH
Weld Deposit “t”(in.): Trailing: None
Filler Metal Product Form: Backing: Argon >99.995% @ 7CFH
Other:
Positions (QW-405) Preheat (QW-406)
Position of Joint:____6G Preheat Temperature:__ 32° F Minimum
Weld progression: Upward Interpass Temperature:_350° F Maxium
Travel (ipm):_As Required Oscillation:_None
String/Weave Bead:___ Siringer
Multiple/Single Pass (per side)__Multiple one side
Multiple/Single Electrode:__._Single Electrode
Sequence Chart
Weld RPM AMPS PULSE
Levels | Pulse | Rotation | Primary | Back | Time | Primary | Back | Primary | Back
1 ON | Continuous | 0.42 | --- 5 91 50 | 0.30 | 0.30
2 ON__| Continuous | 0,42 | --- 50 91 50 | 0.30 | 0.30
3 ON | Continuous | 042 | - | 46 a1 50 | 0.30 | 0.30
4 ON | Continuous | 042 | --- | 21 90 50 | 0.30 | 0.30
5 ON | Continuous | 042 | --- | 25 a0 50 | 0.30 | 0.30
6 ON | Continuous | 0,42 | --- 30 g1 50 | 0.30 | 0.30

Page 1of 2

Prepared by Roger Hiller




[image: image183.png]Pags 20of2

[FE T 3 .
2& Fermilab  Fermi National Accelerator Laboratory
Technical Division-Machine Shop
Procedure Qualification Record No. Fermi PQR Ti3 | Date | 6/13/2008
Welding Process/Weld Type: GTAW/Manual | WPS No. Fermi WPS Ti-3
Tensile Test (QW-150)
‘Specimen Width Thickness Area Ultimate Total | Ultimate Failure Type
No. (in.) (in.) (Squared in.) Load (Ibs.) Stress (PSI) & Location
1 0.755 0.079 0.0596 3624 60,759 Ductile-WM
2 0.754 0.079 0.0596 3655 61,361 Ductile-WM
Guided Bend Test (QW-160)
Figure Number & Type " Result Figure Number Type Result
QW-462.3 (a) Face Bend Acceptable QW-462.3 (a) Root Bend Acceptable
QW-462.3 (a) Face Bend Acceptable QW-462.3 (a) Root Bend Acceptable
[ visual Examination:___Acceptable |
[ Welder’s Name: Michael P. Reynolds ID # 03993N Weld Stamp # 9
Welding of coupon witnessed by:_ Roger Hiller FNAL #00362N.
Tests Conducted by: Bodycote Testing Group Test ID#:__1215-008/02

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 Section IX of the ASME Code.

PQR prepared by: Fermi Natjpnal Accelerator Laboratory

Roger Jtitter __( Gro- Ty

o+ 00362N

Authorized Representative
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s‘%; ' WPQR prepared by Roger Hiller. 00362N Ferniilab
T = ; .
8¢ Fermilab  Fermi National Accelerator Laboratory
Tecknical Division-Machine Shop
Welder Procedure Qualification Record ~ No. Fermi WPQR Ti-3 | ™ 20
Revision 0 Revision Date Remarks
Welders Name: Michael P.Reynolds  Fermi ID#  03993N Weld Stamp # 9
WPS Number: Fermi‘WpSiTi-3 Test Coupon  PRN# 12569 Production Weld N/A
Welding Process/Type: GTAW/Orbital  Type of Joint Welded:  Pipe Groove Weld
Joint Types Qualified:  Groove and Fillet Welds-Autogenous ---AMI Orbital Machine Model 227-STD1.9
Base Metals Welded: SB-861, Grade2  to  SB-861, Grade 2
Welder Variables (QW-350) Actual Variables Used Range Qualified

AWS Classification: ERTi-2 ERT:-1
Filler Metal Specification (SFA) 35.16 5.16
Filler Metal F-No. F-51 F-51 thry F-55
Filler Metal Product Form Bare(Solid) Bare (Solid)
Consumable Insert No Insert Used Without Insert Only
P- or S. Number to P. or $- Number: P-No. 51 to P-No. 51 P-No. 51 thru P-No.55
Base Metal Thickness (inches): 0.078” WPS Limis
Pipe Diameter (inches): ) 3" 2.875" and up
Deposit_Thickness (inches) 0.078" 0.156"
Welding Position/Progression 5G EV.O
Backing Gas Argon Backing Gas Used With Backirg Gas Only
GTAW-Current/Polarity DCEN DCEN Non-Pulsing

Machine Welding Variables (QW-360) Actual Variables Range Qualified
Direct/Remote Visual Control NA NA
Automatic Voltage Control As per WPS WPS Limits
Automatic Joint Tracking NA N/A
Welding Position 6G All
Consumable Insert N/A N/A
Backing N/A N/A
Single/Multiple Pass Per Side Single Single

[ Fillet Welds: Al within WPS Limits

Guided Bend Test Face Bend #1-Acceptable | Root Bend # 1-Acceptable Bend Test Conducted by Test Number
(QW-160) Face Bend #2-Acceptable | Roor Bend # 2-Acceptable Bodycote Testing Group 1215-008/02

[ Visual examination results: Visual exam satisfactory per QW-302.4 and OW-194

[[Radiographic test results: None

[ Mechanical tests conducted by: Bodycore Testing Group Test Number 1215-008/02

[ Welding of Test Coupon conducted by: Fermi National Accelerator Laboratory Verification Number 12808-01RH

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in

accordance with the requirements of Section IX of the ASME Boiler and Pressure Vessel Code. /
Date

J2Z
4

Fermi National Accelerator Laboratory
uthorized Represemative

Page i of |
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Welding Procedure Specifications (WPS)

L Fermilab
Fermi National Accelerator Laboratory By: Seegen & Fitler 003621

Welding Procedure Specification No. | Fermi Ti-4 Date | 12/10/2008
Revision # 2 | Date | 2/2/2009 | Supporting PQR No.(s) Fermi POR Ti-4
Welding Processes (1)  GTAW-Orbital Type 1 (Manusl, Auto, Semi) Automatic
Welding Processes 2 . Type 2 Manual, Auto, Serm)
Joints (QW-402)
Joint Design | Square Butt Groove Backing Gas
Backing Materijal (Type) Root [ Gas Remainder
Retainer [ Yes [No X [Type Non-Metallic [ Metallic(non-fusing)
Details:
1.5 ASTM B 861 Grade 2
0.109 Wall )

0.109 I
No root opening-Ipass-no filler
Autogenous
Base Metals (QW -403
PNo. 51 [ Group No. [ TO [PNo. 51 [ Group No.
Specification Type & Grade | ASTM B 861,Grade 2| 7O [ Specification Type & Grade [ ASTM B 861, Grade 2
OR/Chemical Analysis & Mechanical Properties
TO: Chemical Analysis & Mechanical Properties
Thickness Range Process 1 Process 2
Base Metal Groove___0.109 Fillet Groove Fillet

Deposited Weld Metal Groove_0.109 -.218 Fillet Groove_____Fillet

Pipe Diameter Range Groove 1"Min.> Fillet Groove___ Fillet
Other:
Filler Metals (QW-404) Process 1 Process 2
Specification No. (SFA) None-Autogenous
AWS No.
F No.
A No.
Size of Filler Metals
Deposited Weld Metal
Thickness Range
Electrode-Flux (Class)
Consumable Insert
Other
Each Base Matal-Filler Metal combination should be recorded individually Page 1
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Welding Procedure Specification — Fermi Ti-4 page 2
Positions (QW-405) Postweld Heat Treatment (QW-407)
Positions of Groove 6G Temperature Range None
Welding Progression Orbital Time Range N/A
Positions of Fillet Al . Other
Preheat (QW-408) Gas (QW-408)
Preheat Temp-Maximum 32°F Percent Composition
Interpass Temp Maximum 350°F Gas’(s) Mixture Flow Rate
Preheat Maintenance N/A Shielding Argon 99.995> 30 CFH
Minimum Temp for Welding 32°F Trailing None
Backing Argon, 99.995> 7 CHF
Electrical Characteristic (QW-409)
Current ACorDC | Direct Polarity Straight Characteristics:
AMPS (Range) | See Chart Volts (Range) See Chart Orbital with Pulse
Tungsten Electrode Size & Type: 3/32 EWCe-2
Mode of Metal Transfer for GMAW: N/A
Electrode Wire Feed Speed Range: N/A
Technique (QW-410)
String or Weave Bead Stringer
Orifice or Gas Cup Size AMI Orbital Head Model 9
Initial/Interpass Cleaning Initial cleaning with solvent
(Brushing, Grinding, ect.)
Method of Back Gouging None
Oscillation None
Contact Tube to Work Distance N/A
Multiple or Single Pass (per side) Single
Multiple or Single Electrodes Single
Travel Speed (Range) As Required
Peening None
Other | AMI Orbital Welding Machine Model 227 with Model 9Welding Head

Sequence Chart 1.5 ASTM B 861 x .109 wall (sch. 10)

Weld RPM AMPS PULSE

Levels | Pulse Rotation Primary Back | Time | Primary | Back | Primary | Back
1 ON Continnous | (.20 - 15 116 50 | 040 | 0.30
2 ON | Continuous 0.30 --- 62 115 50 | 040 | 0.30
3 ON Contintious 0.30 - 62 121 50 0.40 0.30
4 ON | Continuous 0.30 v 33 119 50 040 | 0.30
5 ON | Continuous 0.30 - 36 115 50 0.40 | 0.30
6 ON | Continuous 0.30 - 46 113 50 040 | 0.30

Page 2
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PQR Frepared by Roger Hiller, 00362, Fermilab

2% Fermilab

Fermi National Acéelerator Laboratory

Technical Division-Machine Skop

Procedure Qualification Record No.

Revision: I _Date: 1/08/09

Remarks: Revised to correct clerical errors

Fermi PQR Ti-4 | Date | 12/29/2008

Welding Process/Weld Type:

GTAW/Automatic | WPS Neo. Fermi WPS Ti-4

Joints (QW-402)

Details:

we]d. Typ e Square Butt _Groove Weld I’\lﬁ ﬁ‘:;:r"' '(%ill—(;;zﬁs}grlnﬁf l::sf :;:Z’:“A’l’; Orbital Welding Machine 227
Backing: Gas Backing Only

Root Opening: 0.00 10 0.002 Maximum —l
Root Face: Tube or Pipe Thickness F 219

Base Metals (QW-403) Post Weld Heat Treatment (QW-407)
Material Spec., Type or Grade Type: No PWHT performed
ASTM B861, Grade 2 to ASTM B861, Grade 2 Temperature: None

P-No. 51 to P-No. 51 Time: None
Thickness of Coupon (in.)___0.109 inches

Diameter of Test Coupon (in.) 1.5 inches

Filler Metals (QW-404) NorielAutosenous) Gas (QW-408)

SFA Specification;

AWS Classification;

Filler Metal F-No.:

Weld Metal Analysis A-No.:
Size of Filler Metal (in.):
Weld Deposit “t”(in.):

Gas Mixture% Flow Rate
Shielding: Argon >99.995% @ 30 CFH
Trailing: None .
Backing: Argon >99.995% @ 101030 CFH
Other:

Positions (QW-405)

Position of Joint:

6G

Weld progression:_QOrbital

Preheat (QW-406)
Preheat Temperature:___32° F Minimum
Interpass Temperature: _350° F Maximum

Electrical Characteristics (QW-409)

Current/Polarity:__ DCEN (Straight)
Tungsten Type & Size: _EWCe-2  3/32 diameter

Amps, Volts, Pulse: See Sequence Chart

Technique (QW-410)

Travel (ipm):_As Required Oscillation:_None
String/Weave Bead:____Stringer
Multiple/Single Pass (per side) Single
Multiple/Single Electrode:___ Single Electrode

Sequence Chart Fermi Ti-3 AMI Orbital Welding Machine Model 227 with Model 8-4000 Welding Head
Weld RPM AMPS PULSE
Levels | Pulse | Rotation [ Primary | Back | Time | Primary [ Back | Primary | Back
7 ON | Continuous | 0.20 15 116 50 0.40 0.30
2 ON | Continuous | 0.30 62 115 50 0.40 0.30
3 ON | Continuous | 0.30 62 121 50 0.40 0.30
4 ON | Continuous | 0.30 33 119 50 0.40 0.30
5 ON | Continuous | 0.30 - 36 115 50 0.40 0.30
6 ON | Continuous | 0.30 -— 46 113 50 0.40 0.30
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% Fermilab Fermi National Accelerator Laboratory

Technical Division-Machine Shop
Procedure Qualification Record No. Fermi POR Ti-4 | Date | 12/29/2008
Welding Process/Weld Type:  GTAW/Automatic | WPS No. Fermi WPS Ti-3

Tensile Test (QW-150)

Specimen Width Thickness Area Ultimate Total | Ultimate Failure Type
No. (in.) (in) - | (Squared in.) Load (lbs.) Stress (PSI) & Location
1 0.504 o0.110 0.0554 3,483 62,825 Ductile-WM
2 0.505 0.108 0.0545 3,629 66,538 Ductile-WM
Guided Bend Test (QW-160)

Figure Number & Type Result Figure Number Type Result

QW-462.3 (a) Face Bend Acceptable QW-462.3 (a) Root Bend Acceptable

QW-462.3 (a) Face Bend Acceptable QW-462.3 (a) Root Bend Acceptable

Visual Examination:___ Acceptable X-ray per ASME Section IX, QW-191.2.2__ None

[ Welder’s Name: Michael P. Reynolds ID # 03993N Weld Stamp # 9

Welding of coupon Verified by:__Roger Hiller ID # 00362N 7

Mechanical Tests Conducted by: Bodycote Testing Group Test ID#:_ T-714091 - - - - - -~

s

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
Section IX of the ASME Boiler & Pressure Vessel Code.

PQR prepared by: Fermi National Accelerator Laborato

Authorized Representative U W%A/ D# & %M
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2% Fermilab

Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welder Procedure Qualification Record ~ No. Fermi WPQR Ti-4 | ™™ 31000
Revision 0 Revision Date Remarks

Welders Name: Michael P.Reynolds  Fermi ID#  03993N Weld Stamp # 9

WPS Number: Fermi\WPS:Ti4 Test Coupon  PRN}1I2569 Produetion-Weld N/A

Welding Process/Type:  GTAW/Orbital Type of Joint Welded:  Pipe Groove Weld

Joint Types Qualified: Groove and Fillet Welds-Autogenous with AMI Orbital Machine Model 227-STD1.9

Base Metals Welded: S$B-861, Grade2 _ to  $B-861, Grade 2
Welder Variables (QW-350) Actual Variables Used Range Qualified

AWS Classification: ERTi-2 ERTi-1
Filler Metal Specification (SFA) 5.16 5.16
Filler Metal F-No. F-51 F-531 thru F-55
Filler Metal Product Form Bare(Solid) Bare (Solid)
Consumable Insert No Insert Used Without Insert Only
P- or S- Number to P- or S- Number: P-No. 51 to P-No. 51 P-No, 51 thru P-No.55
Base Metal Thickness (inches): 0.109" WPS Limit
Pipe Diameter (inches): 15" 1" minimum
Deposit_Thickness (inches) 0.109" 0.218" maximun
Welding Position/Progression 3G F V.0 .
Backing Gas Argon Backing Gas Used With Backing Gas Only
GTAW-Current/Polarity DCEN DCEN Non-Pulsing

Machine Welding Variables (QW-360) Actual Variables Range Qualified
Direct/Remote Visnal Control NA N/A
Automatic Voltage Control As per WPS WPS Limits
Automatic Joint Tracking NA NA
Welding Position 6G All
Consumable Insert N/A N/A
Backing N/A NA
Single/Multiple Pass Per Side Single Single

[_Fillet Welds: As per AWS Limits

Guided Bend Test (QW-160)

Face Bend #1-Acceprable
Face Bend #2-Acceptable

Root Bend # 1-Acceptable

Root Bend # 2-Accepiable

[ Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

[ Radiographic test results: None

| Mechanical tests conducted by: Bodycote Testing Group Test Number 1215-008/01

[[Welding of Test Coupon conducted by: Fermi National Accelerator Laboratory Verification Numberi2808-02RH

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in

accordance with the requirements of Section [ e ASME Boiler and Pressure Vessel Code, /

Fermi National Accelerator Luboratory
(/Aulhon zed Represemative /  Dae
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