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1.0  Introduction

The transfer line carries helium and nitrogen between the refrigerator room and the detector hall at MTA.  The piping system is arranged like a capital ‘L’ with a bayonet box at each end and an expansion box at the corner.  Three vessels are connected with transfer lines.  The cylindrical bayonet box in the refrigerator room provides connections to the supply dewar and refrigerator.  The rectangular bayonet box in the detector hall provides valves and bayonets for connections to the magnet.  The expansion box, also in the detector hall, allows thermal contraction back to the two bayonet boxes.

All piping is vacuum insulated.  A vacuum vessel engineering note was written for the rectangular bayonet box, see Appendix C.  The piping services include:
	Description
	Fluid
	OD
	wall
	Design 
	Operating Temp

	
	
	inches
	inches
	psig
	Kelvin

	Shield Outer
	nitrogen
	4.5
	0.12
	60
	77

	Shield Inner
	nitrogen
	4
	0.12
	60
	77

	5K Supply
	helium
	1
	0.049
	350
	5

	5K Return
	helium
	1
	0.049
	350
	5

	14K Supply
	helium
	1
	0.049
	350
	20

	20K Return
	helium
	1
	0.049
	350
	20

	Relief Valve
	helium
	0.5
	0.035
	350
	5

	Female Bayonet
	Helium
	1.5
	0.035
	350
	5


2.0  Drawings

2.1  Piping and Instrument diagram
The piping and instrument diagram is on drawings 4906.320-ME-457075 and 4906.000-ME-457632.
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2.2 Fabrication Drawings

Assembly drawings are highlighted in yellow.  Drawings are available at http://www-admscad.fnal.gov/MSDMain/cgi-bin/TP_PPDifind-web.pl.

	Number
	Description

	9209.50-ME-435253-1
	MECHANICAL SUPPORTS GENERAL SUPPORT MUCOOLER SUPPORT REINFORCEMENT ASSEMBLY

	9209.50-MD-435256-1
	MECHANICAL SUPPORTS GENERAL SUPP. MUCOOLER SUPRT REINFORCEMENT BASE PLATE

	9209.50-MB-435258-1
	MECH. SUPPORTS GEN. SUPRT MUCOOLER SUPPORT REINFORCEMENT ALUM BOSS PLATE 4X6

	9209.50-MD-435259-1
	MECH. SUPPORTS GEN. SUPRT MUCOOLER SUPPORT REINFORCEMENT ALUM BOSS PLATE 4X36

	9209.50-MD-435260-1
	MECH. SUPPORTS GEN. SUPRT MUCOOLER SUPPORT REINFORCEMENT HORIZONTAL C SUPPORT

	9209.50-MC-435261-1
	MECH. SUPPORTS GEN. SUPRT MUCOOLER SUPPORT REINFORCEMENT VERT.SUPRT COLUMN SHORT

	9209.50-MD-435278-1
	MECH SUPP GEN SUPP. MUCOOL SUPRT REINFORCEMENT LONG VERT SUPP COLUMN C4 CHANNEL

	9213.550-ME-435136
	ACCELERATOR DIVISION CRYOGENIC SYSTEMS 1.50 FEMALE BAYONET ASSEMBLY-1” TUBE

	9213.550-ME-435307-1
	MUCOOL BAYONET BOX PLATFORM ASSEMBLY AND MOUNTING

	9213.550-ME-435307-1
	MUCOOL BAYONET BOX PLATFORM ASSEMBLY AND MOUNTING

	9213.550-ME-435308-1
	MUCOOL BAYONET BOX PLATFORM COLUMNS AND BEAMS

	9213.550-ME-435308-1
	MUCOOL BAYONET BOX PLATFORM COLUMNS AND BEAMS

	9213.550-MC-435309-1
	MUCOOL BAYONET BOX PLATFORM FLOOR GRATING TOE KICK RIGHT

	9213.550-MC-435309-1
	MUCOOL BAYONET BOX PLATFORM FLOOR GRATING TOE KICK RIGHT

	9213.550-MC-435310-1
	MUCOOL BAYONET BOX PLATFORM FLOOR GRATING TOE KICK LEFT

	9213.550-MC-435310-1
	MUCOOL BAYONET BOX PLATFORM FLOOR GRATING TOE KICK LEFT

	9213.550-ME-435311-1
	MUCOOL BAYONET BOX PLATFORM HANDRAILS

	9213.550-ME-435311-1
	MUCOOL BAYONET BOX PLATFORM HANDRAILS

	9213.550-MB-435312-1
	MUCOOL BAYONET BOX PLATFORM COLUMN BASE

	9213.550-MB-435312-1
	MUCOOL BAYONET BOX PLATFORM COLUMN BASE

	9213.550-MB-435313-1
	MUCOOL BAYONET BOX PLATFORM COLUMN MTG PLATE

	9213.550-MB-435313-1
	MUCOOL BAYONET BOX PLATFORM COLUMN MTG PLATE

	9213.550-MB-435314-1
	MUCOOL BAYONET BOX PLATFORM BEAM WALL MTG PLATE

	9213.550-MB-435314-1
	MUCOOL BAYONET BOX PLATFORM BEAM WALL MTG PLATE

	9213.550-MB-435315-1
	MUCOOL BAYONET BOX PLATFORM MTG ANGLE

	9213.550-MB-435315-1
	MUCOOL BAYONET BOX PLATFORM MTG ANGLE

	9213.550-MB-435316-1
	MUCOOL BAYONET BOX PLATFORM CLIP ANGLE

	9213.550-MB-435316-1
	MUCOOL BAYONET BOX PLATFORM CLIP ANGLE

	9213.550-MB-435317-1
	MUCOOL BAYONET BOX PLATFORM HANDRAIL MTG LUG

	9213.550-MB-435317-1
	MUCOOL BAYONET BOX PLATFORM HANDRAIL MTG LUG

	9213.550-MD-435318-1
	MUCOOL BAYONET BOX PLATFORM LADDER

	9213.550-MD-435318-1
	MUCOOL BAYONET BOX PLATFORM LADDER

	9213.550-ME-435320-1
	BAYONET BOX OVERALL ASSEMBLY

	9213.550-ME-435320A1
	BAYONET BOX OVERALL ASSEMBLY

	9213.550-ME-435320B1
	BAYONET BOX OVERALL ASSEMBLY

	9213.550-ME-435320C1
	BAYONET BOX OVERALL ASSEMBLY

	9213.550-ME-435320D1
	BAYONET BOX OVERALL ASSEMBLY

	9213.550-MD-435321-1
	BAYONET BOX OUTER BOX WELDMENT

	9213.550-MD-435321A1
	BAYONET BOX OUTER BOX WELDMENT

	9213.550-MD-435322-1
	BAYONET BOX OUTER BOX TOP PLATE

	9213.550-MD-435322A1
	BAYONET BOX OUTER BOX TOP PLATE

	9213.550-MD-435322B1
	BAYONET BOX OUTER BOX TOP PLATE

	9213.550-MD-435322C1
	BAYONET BOX OUTER BOX TOP PLATE

	9213.550-MD-435323-1
	BAYONET BOX OUTER BOX BOTTOM PLATE

	9213.550-MD-435323A1
	BAYONET BOX OUTER BOX BOTTOM PLATE

	9213.550-MD-435324-1
	BAYONET BOX INNER LINER WELDMENT

	9213.550-MD-435325-1
	BAYONET BOX INNER LINER TOP PLATE

	9213.550-MD-435326-1
	BAYONET BOX INNER LINER SIDE PLATE

	9213.550-MB-435327-1
	BAYONET BOX AND CAN INNER LINER STANDOFF

	9213.550-ME-435328-1
	BAYONET BOX TOP PLATE OUTER PIPING

	9213.550-ME-435328A1
	BAYONET BOX TOP PLATE OUTER PIPING

	9213.550-ME-435328B1
	BAYONET BOX TOP PLATE OUTER PIPING

	9213.550-ME-435329-1
	BAYONET BOX INTAKE PIPING

	9213.550-ME-435329A1
	BAYONET BOX INTAKE PIPING

	9213.550-MD-435330-1
	MUCOOL BAYONET BOX FRAME MTG CHANNEL LEFT

	9213.550-MD-435330-1
	MUCOOL BAYONET BOX FRAME MTG CHANNEL LEFT

	9213.550-MC-435331-1
	MUCOOL BAYONET BOX PLATFORM LONG KICKPLATE DETAIL

	9213.550-MC-435331-1
	MUCOOL BAYONET BOX PLATFORM LONG KICKPLATE DETAIL

	9213.550-MB-435335-1
	MUCOOL BAYONET BOX PLATFORM BAYONET BOX MTG ANGLE

	9213.550-MB-435335-1
	MUCOOL BAYONET BOX PLATFORM BAYONET BOX MTG ANGLE

	9213.550-MB-435336-1
	MUCOOL BAYONET BOX PLATFORM BOLT CONNECTION ANGLE

	9213.550-MB-435336-1
	MUCOOL BAYONET BOX PLATFORM BOLT CONNECTION ANGLE

	9213.550-MD-435338-1
	MUCOOL BAYONET BOX PLATFORM FRAME CROSS BEAM

	9213.550-MD-435338-1
	MUCOOL BAYONET BOX PLATFORM FRAME CROSS BEAM

	9213.550-MD-435339-1
	MUCOOL BAYONET BOX FRAME HORIZONTAL BEAM

	9213.550-MD-435339-1
	MUCOOL BAYONET BOX FRAME HORIZONTAL BEAM

	9213.550-MD-435340-1
	MUCOOL BAYONET BOX PLATFORM FRAME FRONT CHANNEL

	9213.550-MD-435340-1
	MUCOOL BAYONET BOX PLATFORM FRAME FRONT CHANNEL

	9213.550-MD-435344-1
	MUCOOL BAYONET BOX FRAME MOUNTING CHANNEL RIGHT

	9213.550-MD-435344-1
	MUCOOL BAYONET BOX FRAME MOUNTING CHANNEL RIGHT

	9213.550-MC-435420-1
	MECH DETECTORS MUCOOL EXPANSION 45` CAN OUTER PIPE

	9213.550-MC-435420A1
	MECH DETECTORS MUCOOL EXPANSION 45` CAN OUTER PIPE

	9213.550-MC-435421-1
	MECH DETECTORS MUCOOL EXPANSION CAN COVER

	9213.550-MC-435422-1
	MECH DETECTORS MUCOOL EXPANSION CAN EXTENSION STUB

	9213.550-MB-435428-1
	MECH DETECTORS MUCOOL TRANSFER LINE CRYOGENIC SPIDER 1

	9213.550-MB-435428A1
	MECH DETECTORS MUCOOL TRANSFER LINE CRYOGENIC SPIDER 1

	9213.550-MB-435429-1
	MECH DETECTORS MUCOOL TRANSFER LINE CRYOGENIC SPACER 2

	9213.550-MB-435429A1
	MECH DETECTORS MUCOOL TRANSFER LINE CRYOGENIC SPACER 2

	9213.550-ME-435457-1
	BAYONET BOX LN2 PIPING DETAIL

	9213.550-ME-435458-1
	BAYONET BOX 5K PIPING DETAIL

	9213.550-ME-435459-1
	CRYO BAYONET BOX 14K 20K PIPING

	9213.550-ME-435459A1
	CRYO BAYONET BOX 14K 20K PIPING

	9213.550-ME-435459B1
	CRYO BAYONET BOX 14K 20K PIPING

	9213.550-MC-435460-1
	BAYONET BOX SPIRAL TUBE FOR 14K PIPING

	9213.550-MC-435461-1
	BAYONET BOX SPIRAL TUBE FOR 20K PIPING

	9213.550-MC-435462-1
	BAYONET BOX PIPING SPIRAL TUBE FOR LN2 PIPING

	9213.550-MB-435463-1
	BAYONET BOX PIPING ADAPTER PL 2-88OD 1.51ID

	9213.550-MB-435464-1
	BAYONET BOX PIPING ADAPTER PLATE 2-88OD 1-00ID

	9213.550-ME-435489-1
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 135` EXPANSION CAN ASSEMBLY

	9213.550-ME-435489-2
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 135` EXPANSION CAN ASSEMBLY

	9213.550-ME-435489A1
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 135` EXPANSION CAN ASSEMBLY

	9213.550-ME-435489A2
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 135` EXPANSION CAN ASSEMBLY

	9213.550-MB-435497-1
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE LN2 SUPPLY PIPELINE

	9213.550-MB-435498-1
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE LN2 PIPELINE END PLATE

	9213.550-MB-435520-1
	BAYONET BOX LN2 SUPPLY LINE 4X16-50 PIPE

	9213.550-MC-435530-1
	BAYONET BOX INNER LINER END PLATE

	9213.550-MD-435531-1
	BAYONET BOX INNER LINER BOTTOM PLATE

	9213.550-MB-435539-1
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 45` EXPANSION CAN ASSEMBLY

	9213.550-MB-435542-1
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 90` ELBOW MODIFIED

	9213.550-MB-435547-1
	MECH DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 180 RETURN BEND MODIFIED

	9213.550-ME-435660-1
	BAYONET CAN OVERALL ASSEMBLY

	9213.550-ME-435660A1
	BAYONET CAN OVERALL ASSEMBLY

	9213.550-ME-435661-1
	BAYONET CAN OUTSIDE VESSEL

	9213.550-ME-435661A1
	BAYONET CAN OUTSIDE VESSEL

	9213.550-ME-435662-1
	BAYONET CAN UPPER CAN SUBASSY WELDMENT

	9213.550-ME-435662A1
	BAYONET CAN UPPER CAN SUBASSY WELDMENT

	9213.550-ME-435662B1
	BAYONET CAN UPPER CAN SUBASSY WELDMENT

	9213.550-MD-435663-1
	BAYONET CAN INTAKE SUBASSEMBLY

	9213.550-MD-435664-1
	BAYONET CAN INNER LINER WELDMENT

	9213.550-MC-435665-1
	BAYONET CAN OUTSIDE VESSEL DISHED HEAD PIPE WELDMENT

	9213.550-MC-435665A1
	BAYONET CAN OUTSIDE VESSEL DISHED HEAD PIPE WELDMENT

	9213.550-MC-435666-1
	BAYONET CAN OUTSIDE VESSEL TOP CAP

	9213.550-MC-435666A1
	BAYONET CAN OUTSIDE VESSEL TOP CAP

	9213.550-MB-435667-1
	BAYONET CAN LIFTING LUG

	9213.550-MC-435668-1
	BAYONET CAN VESSEL SUPPORT FEET

	9213.550-MD-435669-1
	BAYONET CAN INNER LINER HALF BLANK

	9213.550-MD-435670-1
	BAYONET CAN INNER LINER HALF WITH HOLE

	9213.550-MC-435671-1
	BAYONET CAN INNER LINER SPLICE STRIP

	9213.550-MC-435672-1
	BAYONET CAN INNER LINER TOP PLATE

	9213.550-MC-435673-1
	BAYONET CAN LN2 SPIRAL HELIX ALONG CAN ID

	9213.550-MC-435673A1
	BAYONET CAN LN2 SPIRAL HELIX ALONG CAN ID

	9213.550-MB-435674-1
	BAYONET CAN LN2 SUPPLY LINE 4X42-38 PIPE

	9213.550-MB-435675-1
	BAYONET CAN INTAKE PIPE INSIDE END FLANGE

	9213.550-MC-435676-1
	BAYONET CAN INTAKE VACUUM BREAK SUBASSEMBLY

	9213.550-MB-435677-1
	BAYONET CAN INTAKE VACUUM BREAK FLANGE 5-25OD

	9213.550-MB-435678-1
	BAYONET CAN INTAKE VACUUM BREAK FLANGE 6-350OD

	9213.550-MC-435679-1
	BAYONET CAN SPIRAL TUBE FOR PIPING

	9213.550-MC-444036-1
	MECHANICAL/DETECTORS CRYOGENIC SYSTEMS BAYONET BOX SENSOR FEEDTHRU ADAPTER

	9213.550-MC-444037-1
	MECHANICAL/DETECTORS CRYOGENIC SYSTEMS BAYONET BOX SENSOR FEEDTHRU ADAPTER

	9213.550-MB-444146-1
	BAYONET CAN RELIEF VALVE ADAPTER PLATE 2-375OD 1-25ID

	9213.550-MD-444289-1
	MECHANICAL/DETECTORS MUCOOL TRANSFER LINE SPACER 6PT33TO4PTS ASSEMBLY

	9213.550-MB-444291-1
	MECHANICAL/DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 90` ELBOW - 1.50 LG

	9213.550-MB-444292-1
	MECHANICAL/DETECTORS MUCOOL CRYOGENIC TRANSFER LINE EXTENSION STUB – MODIFIED

	9213.550-MB-444293-1
	MECHANICAL/DETECTORS MUCOOL CRYOGENIC TRANSFER LINE 45` ELBOW - 0.62 LG.

	9213.550-MB-444294-1
	MECHANICAL/DETECTORS MUCOOL CRYOGENIC TRANSFER LINE ADAPTER COVER

	9213.550-MB-444297-1
	MECHANICAL/DETECTORS MUCOOL CRYOGENIC TRANSFER LINE END COVER

	9213.550-MD-444298-1
	MECHANICAL/DETECTORS MUCOOL TRANSFER LINE SPACER-4 1 INCH HOLES

	9209.50-ME-444368-1
	MECHANICAL/EQUIPMENT SUPPORTS STATIONARY SUPPORT MUCOOLER SUPPORT BASE

	9209.50-MD-444374-1
	MECHANICAL/EQUIPMENT SUPPORTS STATIONARY SUPPORT MUCOOLER SUPPORT -BASE PLATE

	9213.550-MC-444476-1
	MECHANICAL/DETECTORS CRYOGENIC SYSTEMS BAYONET CAN VESSEL FOOT EXTENSION

	9209.50-ME-444516-1
	MECHANICAL/EQUIPMENT SUPPORTS STATIONARY SUPPORT MUCOOL EXPERIMENTAL HALL LAYOUT

	9213.850-ME-466208-1
	MECHANICAL/DETECTORS ABSORBER MUCOOL BEAM ABSORBER

	9209.50-MC-466224-1
	MECH. SUPPORTS GEN. SUPPORT MUCOOLER SUPPORT VERT.SUPRT COLUMN 1

	9213.550-MB-466227-1
	MECHANICAL/DETECTORS MUCOOL PIPING HELIUM LINE REDUCER WELDMENT

	9213.550-MB-466228-1
	MECHANICAL/DETECTORS MUCOOL PIPING HELIUM TRANSFER LINE COLLAR

	9213.550-MB-466232-1
	MECHANICAL/DETECTORS MUCOOL PIPING HELIUM LINE REDUCER WELDMENT

	9213.550-MB-466242-1
	MUCOOL TRANSFER LINE 90` CORNER VERTICAL STUB 6 IPS

	9213.550-MB-466246-1
	MUCOOL TRANSFER LINE 90` CORNER VERTICAL STUB 4 IPS

	9213.550-MB-466247-1
	MUCOOL TRANSFER LINE 90` CORNER VERTICAL STUB 3-1/2 IPS

	9213.550-MB-466248-1
	MUCOOL TRANSFER LINE 90` CORNER OFFSET END PLATE 10IPS-6IPS

	9213.550-MB-466249-1
	MUCOOL TRANSFER LINE 90` CORNER OUTER STUB - 45` MITER

	9213.550-MB-466250-1
	MECHANICAL/DETECTORS-CRYO SYSTEM MUCOOL TRANSFER LINE 90` CORNER CONNECTING ARM


3.0 Design codes and evaluation criteria

The Mucool transfer line piping meets the requirements of Section 5031.1 of the Fermilab ES&H Manual. This section states that piping systems containing

cryogenic fluids fall under the category of Normal Fluid Service and shall adhere to the

requirements of the ASME Process Piping Code B31.3.
4.0 Materials

The piping is fabricated from 304 or 304L stainless steel tube and pipe.  The lowest allowable stress for both of these materials from Table A-1 of ASME B31.3 is 16,700 psi.  The nitrogen lines are primarily made of schedule 10 pipe.  Since this pipe is cut in half longitudinally for clamshell joints the strength is calculated based on these longitudinal welds.

The shield piping will be operated at 77 K minimum. This is above the minimum temperature listed for 304/316 stainless steel pipe or tube (19 K).  According to Table 323.2.2 of the Code, impact testing is not required for these austenitic stainless steels. (Reference “Bo LarTPC Cryostat Piping System Engineering Note” by T. Tope)

The helium lines can operate as low as 4.2K.  Table 323.2.2 requires impact testing of the weld metal and heat affected zone except as when less than 0.098 inches thick as stated in Table 323.2.2 Note (6).  All of the tubing used in the transfer line helium system is less than this thickness.  Therefore, impact testing is not required.  It should also be noted the Fermilab has extensive service experience using the 300 series stainless steels at liquid nitrogen and liquid helium temperatures.

5.0 Tube Design
Calculations were done for pressure and stress due to thermal contraction.  Most of the design uses standard tubing and fittings.  However field assembly of the four helium lines required the use of a custom reducer for welding access.  The custom reducer was analyzed separately.

5.1 Internal pressure design
The minimum thickness of the pipes is evaluated using the procedures in

304.1.2(a) of ASME B31.3.  All trapped volume relief valves are set at 60 psig.  The minimum tube thickness for seamless or longitudinally

welded piping for t<D/6 is given by:
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where: t = wall thickness,
P = internal design pressure

D = outside diameter (manufacturers nominal value is used)

S = allowable stress from table A-1

E = quality factor from table A-1B = 1 for seamless,  0.8 for clamshell
W = weld joint strength reduction factor = 1 for seamless tubing, 0.8 for clamshell per 302.3.4.
Y = coefficient from Table 304.1.1 = 0.4
	
	P
	D
	S
	E
	W
	Y
	t
	t, actual

	
	psig
	inch
	psi
	
	
	
	in
	in

	helium
	75
	1
	16700
	1
	1
	0.4
	0.0022
	0.049

	nitrogen
	75
	4.5
	16700
	0.8
	0.8
	0.4
	0.0157
	0.12

	relief lines
	75
	0.5
	16700
	1
	1
	0.4
	0.0011
	0.035

	bayonet
	75
	1.5
	16700
	1
	1
	0.4
	0.0034
	0.035


5.2 External pressure design

The inner nitrogen line is subjected to external pressure.  The maximum allowable pressure is calculated under Section VIII, UG-28, as required by 304.1.3 of B31.3.  Following the procedure from UG-28(c):
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5.3 Expansion Box Hoses

The expansion box includes hoses for each service to allow contraction toward the two bayonet boxes.  The braided hoses are 1x24 hoses from Janco Process Control.  They have a pressure rating of 200 psi.  The hose purchase order is 565108 and the description is in Appendix H.
5.4  Custom reducers
The custom reducers are shown on drawing 9213.550-MB-466232.  These reducers were necessary for welding access to the last tube at transfer line connection locations.  

Calculations were made for stress due to pressure and due to thermal contraction.  The results are in Appendix F.
5.5  Thermal Contraction

The long lines are designed to be fixed at each bayonet box and contract away from the expansion box.  The expansion box internal piping is positioned during construction to allow the nitrogen and helium lines to contract independently away from the vacuum box and each other.  Testing was done to make sure the one inch diameter inner lines can slide through their supports without buckling.  Thermal contractions inside the rectangular bayonet box were also considered during the design.  These calculations are described in Mechanical Department Engineering Note, MD-Eng-092, by Bob Woods and Bill Cyko which is in Appendix C.  Sections A, C and D of that note are relevant to the piping stress.

6.0  Relief Valves

Each of the five services is equipped with a trapped volume relief valve at the refrigerator room bayonet box.  Five more trapped volume relief valves are mounted on the detector hall bayonet box where sections can be isolated from the main transfer lines.  All relief valves are Circle Seal model 5100-4MP.  For specific valve numbers and locations see the Piping and Instrument Diagrams in section 2.1 above.

7.0 Welding and inspection

The transfer line was assembled in two phases.  The three boxes and straight sections of transfer line were fabricated and inspected at the Lab F shop in 2006.  The boxes were mounted at MTA and the transfer line sections were connected in 2008.  According to B31.3 Section 341, all piping in Normal Fluid Service shall be examined.  Normally radiographic examination of at least 5% of the welds is required but in certain cases where the use of radiographic examination is difficult or impossible in-process examination is allowed in lieu of radiography.

7.1  Shop Fabrication

The shop fabrication was done in 2006 by contract welder Jeff Harper.  His qualifications are in appendix A.  The welds were inspected by radiography, cold shocked and leak checked.  The radiography inspection in 2006 is summarized in Appendix G.
7.2  MTA fabrication
At MTA the bayonet boxes, expansion can and straight lengths of prefabricated transfer line were mounted and welded together.  At each joint the assembly procedure was the same and all welds were done by the same man, Lenny Harbacek.  The procedure was to first weld the three straight inner lines.  Then the forth inner line with the custom reducer was welded last to provide access for welding.  The ‘clamshell’ shield lines were welded around the inner lines and the ‘clamshell’ vacuum jacket welded last.  To ensure quality a prototype assembly joint was assembled and welded at MAB.  The prototype was positioned near the floor comparable to the most difficult field position.  The joint was examined by radiography before any field assembly was attempted.  The welds were inspected in-process, cold shocked and leak checked.  The radiography report is in Appendix E.  Many photographs are available of the assembly procedure.
The welder qualifications is in appendix B.  The assembly procedure and In-Process Weld Inspection Forms are in Appendix D.
8.0  Pressure Testing 

The helium and nitrogen lines will be pressure tested per FESHM 5034.  

Appendices
Appendix A,  Welder Qualifications Jeff Harper

Appendix B, Welder Qualifications Lenny Harbacek
Appendix C, PPD/MD Engineering Note 92

Appendix D, MTA Fabrication procedure and In-Process Weld Inspections

Appendix E, Alloyweld Inspection Company X-ray report

Appendix F, Stress analysis of custom reducer
Appendix G, Shop radiography

Appendix H, Hose Quotation
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