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Tllle

APPLICABLE I}RAWTNGS

Rf,FER TO FABRICATTON PLi\N

APPLICABLE PROCEDURES

V049-2-070 WELIIING PAW P&PE 75o/oLt'23/ohe
V049-2471 WELDING PAW PE-IA 7ioh[r,ZSo/oEe PrtlET
V049-2472 WELDING GTAW P&P8 l00ol.Ar PWET
Vlt{9-2473 WELDING GTAW P&PE llXlo/cAr
V049-2-146 WELDING PAW PE-PE 7i%cEre'?57.oAr
VII49-2{7{ GENERALREPAIRPROCEDI]RE
VO49-2{I4 LEAKCEECKPLAN
V049.24I5 CLEANINGPROCEI}URE
VO49-2{I|9 EAKEOUTPROCEDI'RE
VO49-2440 STAINLESS STEEL FI"ANGE FORGINGS
V049.2447 COMPONENT SEOP CONDMONING PII\N
VO4g.Z4g7 SPOOI.,S/IUOITE CLEANERS/BEAM TUBE MANII1OLIIS FAB
VO49-2-I2O RAWMATERIAL NANDLINGPROCEDI]RE
VO49-2.121 PROCEI}UREFORVNRIFNNGCOMPONENTDIMENSIONAL

ACCIJRACY
V0/,!.2-ILI COMFONENT PACKAGING' EANI'LIITG AND SEIPPING
VO49-2{84 WELI} DATA Sflf,BT SPECTFICATIONS
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Tltle

APPLICABLE DNAWT{GS

NETER TO FAXRICATION PLAN

APPLICABLE PNOCEDTJRES

V049-2470 WELIUNG PAW PE-PE 73o/oLr,2So/"fle
Vu9-2-071 WELDING PAW P&P8 75%Ar' 257cEe PIVET
V049-2472 WELDING GTAW P&PE t@%Ar PWET
V049-2{73 WELDING GTAW P&PB 100%Ar
Y049-2-146 IVELDING PAW P&PB 7jy.E,e'25'l.r.At
V019.2474 GENERAL RSPAIRPROCEI}UNE
VO49-2.{II4 LEAK CNECK PIJ\N
V049.2{T5 CLNANINGPROCEDURE
VO49-2.0I9 BAKEOUTPROCEDURE
VO49-2{I4O STAINLESS STEEL ILANGE FORGINGS
V049.2447 COMPONENT SEOP CONDMONING PIJIN
VO4g-2497 SPiOOLS/MOI}E CLEANERSiBEAM TUBE MANITIOLI}S FAB
V049.2.120 RAW MATERHL HANDLING PROCEDI]RE
VO4}.2.IZI PROCDDUREF'ORVERtrYINGCOMPONENTDIMENSIONAL

ACCIJRACY
V049.2.I23 COMPONENT PACKAGING' EANDLING AND SEIPPING
V(X9-2.0E4 WELD I}ATA SFEET SPECIHCATIONS
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Tltle

APPI.ICABLE IIRAWINGS

REFER To FABRICATION PTI\N

APPLICABLE PROCTI}UNES

VM9-2{70 WELDING PAW P&Pt 75ToLt,23'/cfle
V049-2-071 WELDING PAW PE-P8 75%Ar, 257oEe PWET
V049-2-072 WELDING GTAW P&PA lfl)o/oAr FIYET
V04�9.247T WELIIING GTAW P&PE IOO%AT
V049-2-146 WELDING PAW P&PE 75/ofle,B'/c[r
VO49-2474 GENf,RAL REPAIRPROCEDURE
VO49-24T4 LEAKCHECXPLAN
VO49-2{I5 CLEANINGPROCEDURE
VO49-24I9 BAKEOUTPROCEDIJRE
V049.2{I4O STNNLESS STEEL FII\NGE FORGINGS
V049.2447 COMPONENT SNOP CONI}ITIONING PII\N
VO49-2{9? SPOOLS/MOI}E CLEANERS/BX,AM IIJBE MANINOU}S FA3
VO49-2-I2O RAW MATERHL AANDLING PROCEI}T'RE
VO19-2-I2I PROCEDI'RE FORVERIX'YINGCOMFONENTDIMET{SIONAL

ACCURACY
VO49-2-TT23 COMFONENT PACI(AGING, EANDLING AND SHIPPINC
VO{9-2{I84 WELIT I}ATA SEIET SPECIFICATIONS
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Tltle

APPLICABLE DRAWNGS

REFER TO FABRICATION PI,1IN

]: : 
E PROCEI}I]RES

V049-2-{70 WELIIING PAW P8-Pt 75V.Ar,23YoHe
V049-2471 WELIIING PAW Pt-PE 75%Ar. 25%Ee FfVET
V049-2472 WELITING GTAW PE-PE ll[7oAr FWHT
v049-247t WELITING GTAW P8-P8 100%Ar
V049-2-f46 WELIIING PAWPT-PI75o/cfle,23"/cAt
V049.2474 GEI\IERAL RE.PAIRPROCEDURE
V049.2414 LEAKCEECKPLAN
VO49-2{T5 CLEANINCPROCEDIJRE
V049.2{T9 BAKEOUTPROCEDIJRE
V049.2{40 STNNLESS STEEL FLANGE I'ORGINGS
V019.2447 COMPONENT SHOP CONI'ITIONING PI./TN
VO49-2{!)7 SPOOIfNUODE CLEANEN,S/}EAM TIJBEMANIFOLIIS FAB
V049.2,I20 RAW MATERIAL HANDLING PROCEIIT]RE
V0dj9-2-I2I PROCEDURE NORVERIFYINGCOMPOI{EI{TDIMEITSIONAL

ACCTJRACY
VO49-2-123 COMPOITIENTPACKAGING,EANDLINGAITI}SEIPPING
V049.2{N4 WELI} DATA SEEET SPECINCAflONS
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Tllle

/TPPITCABLE DRAWTNGS

RETER TO FABRICATION PII\N

APPLICABLE PROCEDT'RES

Yfl49-2{70 WELDING PAW P&PE 73o/tAt,23o/ofre
Vo4g-2471 WELITING PAW P&PE ?57oAr' 25o Hc FIVET
V04g-2472 WELITING GTAW P8-Pt llX)7oAr F|YET
V049-2473 WELIIING GTAW PE-P8 r00%Ar
VO4g-2-146 WELIIING PAW P&PB 1S'/oflen2iTcll
V049.2474 GENERAL REPAIRPROCEI'IINE
VO49-2{I4 LEAXCEECKPII\N
V(X9.2.O15 CLEANINGPROCEDUNE
V(X9-2{I9 BAKEOUTPROCEDT]RE
V049.2{I4O STAINLESS SfiEL TI.ANGE F1ORGINGS
VO49-2447 COMPONENT SEOP CONI'MONING PL/IN
VO49-2.097 SPOOIS/MOITE CLEANERS/BEAM TIJBE MANIT]OLDSTAB
V049.2.I20 RAWMATERIAL EANDLINGPROCEI}UND
VO4$-2.I2I PROCEDURE FOR VERIFNNG COMPONANT DIMENSIONAL

ACCURACY
V049.2.I23 COMPONENT PACKAGING' NANDLING AND SEIPPING
V049.2{IE4 WELD DATA SEf,ET SPECACATIONS
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APPLICABLE DRAWTNGS
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APPLICABLE ITRAWIT{GS

RETER TO FABRICATION PII\N

APPLICABLE PROCEDUNES
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V049-2471 WELDING PAW P&P8 75%Ar' 25%Ee FfVET
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VM9.2474 GENERAL NEPAIR PROCEDI'RE
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VO49-2{T5 CLEANINGPROCEI}URE
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APPLICABLE PROCEI'URES
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V049.2474 GENERALRDPAIRPROCEDURE
V049.2{I4 LEAK CEECK PL\N
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VO49-2419 BAKEOUTPROCEI'TJRE
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APPLICABLE DRAWTNGS

REF.ER TO FABRICATION PIJ\N

APPLICABLE PROCEDUNES

V0{9-2'0?0 WELDING PAW P&PB 73'/"N,23%ofle
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IPPLICABLE DRAWINGS
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APPIJCADLE DRAWINGS
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APPTICABLE ITRAWINGS

RDI'ER TO FABRICATION PLAN

APPLICABLE PROCEDURES

V049-2470 WELIIING PAW P&PE 11e/oA4?5c/oE'e
V049-2471 WELDING PAW PE-P8 75ol'Ar, 25%Ee PIYET
VO49-2472 WELDING GTAW P&Pt lfil"/cAr FIVET
VB9-2473 WELDING GTAW P&PE l00o/oAr
V049-2-t46 WELDING PAW P&PE TSYoAee?5o/o'At
V049.2474 GENERAL REPAIR PROCEDIJRE
v049-2{[4 LXAKCHECKPII\N
V049.2{I5 CLEANINGPROCEDURE
V049.24I9 BAKEOUTPROCEDI'RE
VO49-2-{40 STAINLESS STEEL FI.ANGE FORGINGS
VO49-2{I{7 COMPONENTSHOPCONDMONINGPLI\N
V0,19-2-097 SPOOLSfiODE CLEANERSiBEAIIITUBE MANIFOLITS FAB
VO4}.2-I2O RAW MATERIAL EAIIDLING PROCEDURE
V(/]}-2.III PROCEDUREFORVERIFYINGCOMPONEI{TI}IMENSTONAL

ACCITRACY
V049.2,.I23 COMPONENT PACKAGING' HANDLING AND SilPPING
V049.2{84 WELI} DATA SFEET SPECIFICATIONS

SPECIFICATION
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APPLICABLE DRAWNGS

RDFER TO TABRICATION PII\N

APPLICABLE PROCf,DUBES

V049-2470 WELDING PAW P&P8 75'/oLr'25o/ofle
VM9-2-{t71 WELDING PAW P8-PE 75%Ar' 25%He FIVHT
V049-2472 WELDING GTAW Pt-PE lfi)o/oAr FIVET
V049-2473 WELDING GTAW P&PB l00o/oAr
V049-2-146 WELIIING PAW P8-P8 7SToHe,21YoAr
V0d;9.2474 GENERAL Rf,PAIR PROCEIITJRE
VO49-2.OI4 LEAKCEECKPII\N
VO49-2{II5 CLEANINGPROCEIIURD
V049.2.019 BAKEOUTPROCEDTJRE
V049.2{40 STAINLESS STEEL TII\NGE FORGINGS
VO49.i'447 COMPONENT SHOP CONDITIONING PI./TN
VO49-2497 SFOOLSftTODE CLEANERS/BEAM TI]BE MANIFOLI'S TAB
VO49-2.I20 RAW MATf,RIAL EANDLINC PROCEI}T]RE
V049.2.I2I PNOCEDUREFORVERIFYINGCOMPONENTI'IMENSIONAL

ACCURACY
V049.2.123 COMPONENT PACKAGING, HANDLING AND SHIPPING
VO49-24E4 WELD DATA SEEET SPECIFICATIONS

SPECIFICATION
umb'rA vofT-z- t?s
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Tllle

APPUCABLE DRAWTNGS

REFER TO FABRICATIOII PLAN

APPLIOIBLE PROCEDTIRES

VU9-2{70 WD'LDING PAW P&PE 75o/oAr'23c/ofrc
V049-2471 WELDING PAW P8-Pt 75ol.Ar, 25%He PIVET
V049-2472 WELDING CTAW P8-Pt 100%Ar FIyFT
V049-2471 WELIUNC GTAW P&PE 100%Ar
V049-2-146 WALDING PAW PE-P8 1Sc/ofle,EVoAt
V049.2474 GENDRAL REPAIR PROCEDIIRE
VO49-2414 LEAK CNECK PI,AN
VO{9.2{T5 CLEANINGPROCEDIJNE
VO49-24I9 BAKEOUIPROCEDIIR.E
V049.2.040 STAINLESS STDEL TLTNGE FORGINGS
VO49-2447 COMPONENT SEOP CONDITIONING PLAN
VO49-2-W1 SPOOLSA{ODE CLMNERS/BEAM TTIBE MANIFOLDS FAB
VO49-2.120 RAW MATERIAL HANDLING PROCEDURE
VO49.2.IZI PROCXDURD FOR VERIFYING COMPONENT DIMENSIONAL

ACCITRACY
V0{;9.2.I23 COMFONENT PACKAGING, EANIILING ANI' Sf,IPPING
VH9-2484 WELD DATA SEf,ET SPECIT]ICATIONS
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Tltle

IPPIICABI,E DRAWINGS

RETER TO F'ABRICATIOI{ PL/IN

APPLICABLE PROCEDURES

VM9-2{70 WELITING PAW P&Pt 73'r/oAr,AYofle
V049-2471 WELIIING PAW P&P8 757olh' 25%Hc FIVf,T
V049-2472 WELDING GTAW P&PE llXl9rAr FIVHT
V049-2{173 WELDING GTAW P&Pt lffi"/oAr
V049-2-146 WELDING PAW n&P8 71o/oflet237oAr
V049.2474 GENENALNDP{RPROCEI'URE
VO49-2414 LEAKCEECKPIITN
VO49-2{15 CLEANINGPROCEDURD
VO49-24I9 BAKEOUTPROCEDI]RE
V049.2{'40 STAINLESS STEEL FLANGE I\OBGINGS
V049.2447 COMPONENT SHOP CONDITIONING PI./TN
VO49-?.O9? SPOOLSNUODE CLEANERS/BEAM TITBE MANIFOLI}S FAB
V049.2-120 RAWMATERIALHANDLINGPROCEDTJRE
V0!I9,-}.I2I PNOCEDITRE FORVERII"NNGCOITIPONENTI'TMENSIONAL

ACCTJRACY
V049.2.I29 COMPONENT PACKAGING, EAiIDLING AND SEIPPINC
VO49-2{I84 WELD DATA SEEET SPECtrICATIONS
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Tftlc

ATPLICABLE DNAW|NCS

NDFDR TO TABRICATION PLAI{

APPLICABLE PROCEI'URES

V049-2470 WELDING PAW Pt-PE 73'/oAr'Eo/"Ec
V049-2{?l WELDING PAW P&PB 73el".dr' 257cHe FIVET
V049-2472 WELIIING GTAW P8-Pt lfi)7oAr PIYf,T
Vo49-2471 WELIUNG GTAW P&Pt l00o4Ar
V049-2-146 WELDING PAW P&PE 73o/cfle"?5'hfir
VO49-2474 GENERALREPAIRPROCEI'IIRD
V049.2.0I4 LEAKCEECKPLAN
V049.2415 CLEANTNGPROCEDUNE
V049.2419 BAKEOUTPROCEDT]RE
V049.2.O40 ST{NLESS STEEL FI,ANGE FORGTNGS
VO49-2447 COMPONf,NT SHOP CONDITIONING PI,1TN
V0,19-2{97 SPOOLSA{ODE CLEAT{ERVBEA} TUBE MANII'OLDS FAB
VO49-2-120 RAW MAITRIAL HANDLING PROCEDIJRE
VO4}.'I2I PROCEI}UREFORVERTTYIXGCOMFONENTDIMENSIONAL

ACCURACY
VO49-2-T23 COMPONENT PACKAGING. AANI'LING ANI} SHIPPING
V049.2484 WELD DATA SEEET SPECIIIICATIONS
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5.4 Spools/Mode Cleaner/Beam Manifold TestingAnspections

Each Spool/Mode Cleaner and Beam Manifold will be inspected after Mechanical
As'sembly is complete prior to being released for conditioning/testing (See
"Dimensional Fabrication Procedue" V049-2-121 for additional details).

After release, the components will be leak checked, cleaned baked out and prepared
for shipment. (See "Component Shop Conditioning/Test Procedure" Y049-2-047 and
"Component Packaging, Handling and Preparation for Shipment" Y049-2-123 for
additional details).
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6.0

6.1

MISCELLAI{EOUS COMPONENTS

General

Miscellaneous components will be evaluated during the fabrication progmm on a
make/buy basis. These components include clean air piping, Class 100 clean rooms,
vacuum header piping and miscellaneous pipe/valve supports.

Once a decision has been made to make an item rather than to buy it, tle appropriate
fabrication documentation will be prepared and subrnitted to LIGO.

Manufacturing Documentation/Q.A.

Once PSI detennines a component will be made in-house, detailed fabrication
drawings will be made. The same project procedures included as attachments to this
volume will be applied to these miscellaneous components as well.

Testing

Miscellaneous components will be
te$s.

site as part of tle system acceptance

Use or disclosure of data in response to Contract PC175730 is subject to the restrictions on the title page.

6.2

6.3
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7.0

7.1

SPECIAL EQIIIPMENT REQUIREMENTS

General

Various special devices/facilities will be used to fabricate the LIGO Vacuum
Equipment. These deviceVfacilities are required to attain and maintain the required
level of component dimensional accuracy and cleanliness.

Vessel Fixtures

Special rounding fixtures (intemal spiders and extemal clam shell clamps) will be
used to maintain vessel shell and nozzle roundness. These devices will remain in the
vessel during nachining, heat treating and welding operations. (See attached
drawing.)

Use or disclosure of data in response to Contract PCl75730 is subject to the restrictions on the title Page.
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7.3

7.3.1

7.3.1.1

7.3.1.2

Wasbing System

Hardware Description

A1l chambers, spools, tubes, adapters and covers will be given a final washing before
final assembly or packaging for shipment to the sites. This will be done in a washing
system in the PSI shop. The washing system consists ofa component support dolly
and sied, a washing booth and the systems to control the delivery of washing and
rinsine fluids.

Support Dolly and Sled

Qomponents will be moved around the shop for washing and final assembly on
wheeled dollies. The actual component will be supported on a wheeled sled which
sits on top of the dolly. The purpose ofthe sled is to provide an easily movable
support having minimum elevation to move the component into and out of the
washing booth. The sled has wheels with bearings which are appropriate for the
conditions inside ofthe washing booth (the dolly's casters need to pmvide a greater
degree of movemenl and are not suitable to be washed). The dolly also serves to keep
the sled at the proper elevation for entry into the washing booth.

The sled has another important feature. It supports each chamber with an appropriate
slope to assure ftee draining, and provides the means to tum the chamber inside the
washing booth, thereby exposing all ofthe surfaces to the spray nozzles. This
requires the mounting ofan additional support ring to certain vessels to allow free
totation. Inside the washing booth, power is applied to tle sled's drive wheels to tum
the vessel.

Washing Booth

The washing booth is an enclosed cabinet approximately 16' x 16' x 14' H. It is
enclosed by stainless steel sheet to contain tle fluids, and has a sloped floor to direct
the drains to a sump. The sump is equipped with a pump for recirculation of the
fluids. The booth has a door on one side for entry from the shop of the component to
be washed, and a door on the other side for removal ofthe component directly into a
cleanroom.
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The booth is equipped with two fixed spray headers having muitiple nozzles. One
header is for the washing detergent and primary rinse water, and the other is dedicated
to the final DI water rinse. The second header not only provides greater separation of
the fluids, thereby protecting the quality of the DI water, but it also allows optimizing
the spray nozles for the lower flowrate of DI water that is used (wash and primary
rinse are at approximately 50 gpm at 80 psig, while the DI water rirse is at 20 gpm at
20 psig). The spray headers are constructed oftlueaded plastic pipe and are capable
of being configured to provide the best spray coverage ofthe component being
washed, and of being located as closely as possible to the component. This will be
done manually prior to the start ofa wash cycle.

A vent is also provided in the washing booth to discharge steam laden vapor to the
outside. Clean air is also blown into the booth during the drying part of the cycle.
Drying is accomplished by the evaporation of water ftom the heated metal surfaces
into the clean air purge stream.

7.3.1.3 Fluid Svstem

The washing detergent solution and rinse waters are managed with a system oftanks,
pumps, filters, piping and valves. The washing cycle is automatically confolled by a
PLC to assure repeatability. Refer to P&ID V049-0-03 1, Washing System.

The detergent solution and primary rinse water are continuously recirculated at a rate
of 50 gpm between their storage tarks and the washing booth. Each tank (as well as
the DI water tank) has a capacity of 100 gallons and is equipped with an electric
heater to maintain the temperature at approximately 150 F. There are also the
appropriate ievel indicators, interlocks, contols, reliefvalves and drain and fill
valves.
Through the action of automatic valves controlled by the system PLC, either the
detergent solution or the primary rinse water valves are opened, allowing flow to a
recirculation pump. A filter at the pwnp discharge keeps any particulate ftom the
spray nozzles. Indicators are provided for temperature, pressure and flowrate.
Periodically, water can be purrped to a waste water hold-up tank for analysis and
treatrnent, if required before discharge.

After being sprayed onto the component being washed, water is directed into a sump
at the bottom of the washing booth, where a pump pressurizes it to be recirculated to
its tank. An in-line heater is pmvided to bring the temperature back to 150 F, since
the tank heater will not have the capability to respond fast enough for the recirculating
flow'

Use or disclosure ofdata in response to Conn-act PCI?5?30 is subject to the resfiictions on the title page.
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7.3.2

Use or disclosure of data in response to Contact PC 175730 is subject to the resftictions on the title page.

The final DI '\ratef rinse is accomplished similarly, but the water is not recirculated.
A larget supply tank (200 gallons) is used, and the water is used on a once-through
basis, being pumped by a dedicated pump tlrough the separate DI water spray
header.. It is retumed to a separate 200 gallon storage tank. After the wash cycle is
completed, and before the next cycle, this water is pumped at a reduced rate
(approximately 5 gpm) through a deionizing system (city water can be used instead, if
desired) to replenish the DI storage tank.

Washing System Qualifi cation

The key issues in tle washing process are the adequacy of:

The Detergent
The Washing and Primary Rinsing Conditions

Flowrate, Temperature, Duration
The Sprays

Pressure and Tlpe of Spray Nozzle
Coverage

The Final Rinse
: DI Water Quality

Conditions
Flowrate, Temperature, Duration

The ultimate proofs ofthe adequacy ofthe values or definitions chosen for the above
listed variables af,e the final vacutun and RGA tests on the components being washed.
In order to minimize risks, PSI has rurdertaken a 10" diameter bench scale prototype
program and first article test programs for the chambers.

A manual washing station was constructed to allow the washing of relatively small
pieces (including the 10" prototype charnber). Test coupons were washed using a
manual pressure washer and DI water rinse using six different detergent candidates.
The coupons were analyzed by XPS to allow ranking. The first 10" chamber test,
however, was washed using the detergent that was the least corrosive and wtrich was
familiar to rhe Town of Westboro. Use of this detergent would facilitate obtaining the
necessary waste discharge pemrit. Initial vacuum and RGA tests after bakeout
indicare that this detergent and the washing cycle used would meet the cleanliness
requirements. Testing of the fust fulI scale chamber (manual washing) will confirm
the detergent and cycle choices, or indicate the necessary changes.

For the automatic washing system, a design basis was chosen that would result in
reasonably sized equipment (pumps, piping, tanks, etc.). Of primary importance was

Rovision I
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the spfay header and nozde desigr. The required number of n6zzles and reasonable
flows and pressures set the basis for the otler equipment. The temperature of 150 F
was chosen as being reasonably achievable. The final variable, duration, is truly
variable and can be adjusted at any time. It will be set initially to assure multiple
coverages of all surfaces of the component being washed by the sprays.

The spray coverage will be initially configured for each component. Immediately
following washing and drying, a visual inspection will be rrade to determine if
covemge was indeed compiete. If necessary, the spray header confguration will be
changed and the washing cycle repeated. Likewise, the conditions for the final DI
waler rinse will be initially checked by inspection. The adequacy of the DI water
quality, as well as the adequacy of the entire washing process, will ultimately b€
proven only by vacuum and RGA testing.

The first component to be washed will be a 10" prototype vessel. This will allow a
relatively quick washing, baking and testing compared to a firll sized chamber. The
results of the 1 0" test will indicate any immediate changes in the washing cycle that
may be required.

Use or disclosure ofdata in response io Contract PCI75730 is subject to the restrictions on the title page.
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7.4 Clean Manufacturing Space

PSI is modifuing part of its manufacturing spac€ to create a clean manufacturing area.
Filtered outside air will be used to pressurize this space and prevent contamination
from the remainder of tle fabrication shop. This area will also be dehumidified to
eliminate contamination from condensation.

Welding stations in this area will be equipped with vent fans to discharge welding
smoke outside ofthe clean space.

Class 100 clean rooms will be set up in this area to protect components after they
have been cleaned. (See attached drawings). The Class 100 clean rooms are used
whenever cleaned components are opened to the afuosphere.
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

1.0 PURPOSE

The purpose of this procedure is to define the necessary steps to ensure that equipment fabricated by
Process Systems Intemational (PSI) meets the leak rate specification for each component. The
procedure includes proposed methods for leak checking welded joints and the double O-ring
/pumped annulus flange joints. Where required ,additional data will be gathered and tests will be
performed to confirm the methods.

2.0 GENERAL

This specification will be periodically updated to reflect the latest leak check test data that becomes
available from prototype and production component testing.
The leak testing methods will make use of a Residual Gas Analyzer and a dry (oil free) Helium Mass
Spectrometer Leak Detector. All leak testing methods and calibration will be derived from
A.S.T.M. E498 Standard Test Methods for Leaks Usine the MSLD or RGA in Tracer Probe Method

3.0 RESPONSIBILITY

This procedure is applicable to PSI Testing Department and its personnel.

4.0 PROCEDURE

4.1 ,foint Cntegories:

Category I
Welded joint located away from the double O-ring flange assembly .

Category-II
Welded joint located near the double O-ring flange assembly .

Category III
CF flange joint.

Category IV
Atmospheric O-ring. (O-ring between atmosphere and annulus channel.)

SPECIFICATION

Page 2 of-8-



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

Category V
UHV O-ring. (O-ring between annulus charnel and UHV chamber.)

4.2 Leak Checking Welded Joints

Category I
Welded joint located away from the double O-ring flange assembly .

These leaks can be detected using standard MSLD leak detection procedures with He as the tracer
gas. The leak detector is sensing the vacuum chamber and He is sprayed extemal to the vessel. If
there are multiple or large leaks the potential problem ofbuilding a high He background level in the
vessel exists.

Category II
Weld joint located near a double O-ring flange assembly .

Helium leak detection procedures are still prefened. The proposed method is to bag the O-ring
flanged joint and introduce a pure nitrogen purge into the bag. This will keep the concentration of
helium in the bag low in order to minimize permeation or leakage of He through the atmospheric O-
ring seal.Maintaining a vacuum in the O-ring annulus will also help by removing helium before it
can permeate the UHV O-ring and enter the vacuum chamber.

4.3 l,cak Chcckine Conflats

Category III
Conflats.

The conflats can be leak checked using standard Helium MSLD procedures.As in Category II leak
detection,nearby O-ring flange assemblies may need bagging and nitrogen purging.

SPECIFICATION
Number: V049-2-014
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

4.1 Leak Checking O-rings

Category IV
' Atmospheric O-ring. (O-ring between atmosphere and annulus channel.)

Leak checking method
An Ion vacuum gauge will be sensing the vacuum pressure in the pumped annulus volume between
the atmospheric O-ring seal (Cat.IV) and the UHV O-ring (Cat.V). Air that leaks across or diffuses
through the O-ring seals will be pumped by the arurulus pumping system . The vacuum pressure, as
measured by the Ion guage, in the annulus will be compared to previously successfully tested
systems.Ifthe vacuum pressure is comparable,the o-ring seals are considered to be good.

Category V
UHV O-ring. (O-ring between UHV space and annulus channel.)

Leak checking method
Same as Category IV O-ring leak checking method described above.

Outgassing of O-Rings (reference)

Air contains approximately l% Argon, 5 ppm Helium, lSppm Neon.Outgassing of these gasses
from the O-ring will contribute to the background levels during leak checking.
The solubility for these individual gasses in Viton is unknown, therefore actual outgassng levels for
these gasses will have to be determined experimentally.
As an estimate , the outgassing load from the O-ring is 10-l I Torr-L/sec for Helium and Neon, and
l0-8 Ton-L/sec for Arson.

SPECIFICATION
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

1 2 ,J

Component Name
Model Number
Serial Number
Drawins Number

Detector Name
Model Number
Serial Number

Detector Calibration
Expiration Date
Standard Leak Rate
Background
Standard Response

Leak Test Data
Location /Date
Tracer Gas
Pressure
Duration
Response

Leak Rate
Measured
Calculated
Allowable
Performed By : Date :
Witnessed By : Date :
Signature : Date :
Title :

Remarks :

LEAK TEST DATA SHEET

SPECIFICATION
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

BSC LEAK TEST SUMMARY SHEET

Name
Model No.
Serial No.
Drwg.No.

Location Category Leak Rate Allowable Pass Fail Signature Date

Torr Ton
Annulus- I 1xl0-'
Annulus-2 IV 1xl0- '
Annulus-3 N I xl0- '
Arurulus-4 Iv I  x 1 0
Annulus-5 Iv 1x l0 -

Annulus- I V 1x l0 - '
Annulus-2 V 1xl0- '
Annulus-3 V 1x l0 -
Annulus-4 1xl0- '
Annulus-5 1xl0- '

Ton-L/s Ton-L/s
Weld Joint I 1xl0- '
Weld Joint II lxl0- '

Conflat III I  xl0- '
Comments

Witnessed
Signature
Title
Date

SPECIFICATION
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

HAM LEAK TEST SUMMARY SHEET

Name
Model No.
Serial No.
Drwg.No.

Location Category Leak Rate Allowable Pass Fail Signature Date
Ton Iorr

Annulus- 1 IV 1xl0-
Annulus-2 IV 1x l0 -
Annulus-3 1x l0
Annulus-4 IV l x l 0

Annulus- 1 1xl0- '
Annulus-2 I xl0- '
Annulus-3 \ / 1x l0-
Annulus-4 1x10-

Ton-L/s Ton-L/s
Weld Joint I lx l0' '
Weld Joint T l x10

Conflat III l x10
Comments

Witnessed
Signature
Title
Date

SPECIFICATION
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPOOL SECTION LEAK TEST SUMMARY SHEET

Name
Model No.
Serial No.
Drwg.No.

Location Category Leak Rate Allowable Pass Fail Signature Date
Torr forr

Arurulus- I ry 1xl0- '
Annulus-2 IV 1xl0- '

Annulus-1 1x10-'
Annulus-2 1x10--

Ton-L/s Ton-L/s
Weld Joint I l x l0 - '
Weld Joint II lx l0' '

Conflat NI l x 1 0
Comments

Witnessed
Signature
Title
Date

SPECIFICATION
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rltle spEcIFIcATIoNFoRCLEANING pRocEDURE

1.0 PURPOSE

The purpose ofthis procedure is to define the necessary steps for the cleaning ofthe

_ LIGO vacuum equipment components such that all vacuum exposed surfaces are
compatible with ultra high vacuum service.

2,0 GENERAL

This procedure is applicable to any fabricated stainless or aluminum component that is
exposed to UHV service. It applies to the cleaning ofthese components subsequent to
completion ofall machining and welding operations.

3.0 RESPONSIBILITY

3.1 PSI Engineering is responsible for identifuing all components and portions of
components that are subject to this procedure. All cleaning will be as specified on the
drawings.

3.2 PSI manufacturing is responsible for the execution of this procedure in the PSI shop.

3.3 The installation contractor is responsible for maintaining this procedure at the sites.

3.4 Quality Assurance is responsible for monitoring compliance with this procedure in the
PSI shop. Engineering will be responsible for compliance at the sites.

3.5 This procedure shall be maintained and modified as required by the cognizant engineer.

4.0 EQUIPMENT AND SYSTEMS

4.1 The cleaning equipment consists of the following:

4.1 .1 Washing Cabinet
Enclosure
Spray header system
Drain collection system and pump
Vent system
Controls

z
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rrtt€ SPECIFICATION FOR CLEANING PROCEDURE

4.1.2 Cleaning Solution and Rinse System
Wash water storage tank
Rinse water storage tank
DI Water system and storrage tank
Waste water hold-up lank
Wash,/Rinse water heater
DI Water heater
Pumps, filters, piping, valves

4.2 Clean Manufacturing Area

An isolated section ofthe PSI shop will be provided with an outside air purge to form a
clean manufacturing space. Class 100 cleanrooms will be operated in this area. Because
the air is recirculated through the clearuoom filters, it will also be cleaner than the shop
atmosphere. It is expected that it may reach a level as low as Class 50,000 to 100,000.
The components cleaned in the washing cabinet will be moved into the Class 100
cleanrooms for packaging (or closure ofthe vessel ports) without going back into the
shop atmosphere.

4.3 Class 100 Cleanroom

4.3.1 Two Class I 00 soft-wall portable cleanrooms are joined together to make a large working
area. The cleanrooms circulate air through HEPA filters at the tops of the rooms
downward. The air exits under the soft-walls (plastic curtains) at the bottom and
recirculates through the room to the blower inlets at the top.

4.3.2 Cleanroom activities shall be performed in accordance with Cleanroom Procedure V049-
2- I 18. Specific cleanroom training is required for anyone entering the cleanroom. This
training, given by Manufacturing Engineering, covers principles, gowning and necessary
behavior.

5.0 PROCEDURE

5.1 Starting Condition

: . . 1
a.. All welding completed to the degree possible.

lb. Remove sross contamination from all interior and exterior surfaces (includine flanse

z
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rltle SPECIFICATION FOR CLEANING PROCEDURE

5.2 Equipment Set-Up

la. Establish the proper level of DI water in the storage tank by running city water
I through the DI water system and into the tank

lU. If any water remains in the waste water hold-up tank, drain it to the waste storage

I tank. (Note: If the waste water is to be drained to the town sanitary sewer, testing and
I treatrnent may be needed before discharge.)

lc. Establish the proper water level in the rinse water tank, adding DI water as required.

ld. Establish the proper level in the wash water tank, adding detergent and DI water as
I required. (The entire contents of this tank should be drained every 2 months or longer
I ifthe system is not used continuously.)

e. Activate the wash/rinse water heater and circulate the wash water in a closed loop to
heat the contents ofthe tank to approximately 150 F as read on the thermometer at the
pump inlet. Repeat for the dnse water. Repeat for the DI water using its dedicated
pump and heater.

f. Confirm proper piping connections and valve lineup for the system.

g. Confirm proper operation of the vent fan.

h. Confirm proper operation ofthe cleanroom.

5.3 CleaningPrecautions

5.3.1 There shall be a minimum oftwo operators present (in the area) for all cleaning
operations.

5.3.2 The operator doing the washing shall wear a lab coat, shoe covers and clean room gloves.
(This applies to anyone handling the cleaned pieces.)

5.3.3 The operators should be familiar with the washing system and its components before
operating the equipment.

5 .3 .4 Do ga! let any surface dry between start of washing and end of final rinse.

5.3.5 Handle each piece or component with appropriate care and clean gloves.
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Tltle spEcIFIcATIoN FoR cLEAI\ING pRocEDURE

5.4 Cleaning

5.4.1 General

a. The heater controls should be set to provide approximately 150 F water.

lb. When making DI water, periodically monitor the quality light at the DI system.

5.4.2 Component Loading

la. Mount the component to be cleaned on a cart, and position in the washing cabinet.

b. Assemble and position the spray headers as appropriate for the piece being washed.

lc. Install the tuming machine. Run the turning machine and visually confinn proper

I rotation ofthe component and positioning ofthe spray headers.

ld. Close and secure the cabinet doors.

5.4.3 Wash

la. Start the cleaning cycle (the vent fan will automatically start during drying). Note:

I The cycle should not be interrupted between steps.

b. As the controller steps through the washing and rinsing steps ofthe cycle,
periodically monitor the status ofthe pumps, valves, filters and tanks.

5.4.4 Drying

a. Drying will be accomplished by blowing clean air over the component before
allowing it to cool.

lb. Inspect and bag the component (or close up the vessel) as soon after drying as

I possible. Avoid contamination fiom unfiltered shop air through open doorways.

z
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ritle spEcIFIcATIoN FoR CLEANING pRocEDURE

5.5 Inspection

a. Inspection shall be done (before removing the piece from the washing cabinet) using
a black light on all interior surfaces or flange faces. No visible contaninant of any
form shall be detected when viewed with the naked eye under both natural and' 
ultraviolet light.

b. The presence of any hydrocarbon or fingerprints on any interior surface or flange face
shall be cause for rejection. This will require CO2 cleaning to rectifr.

c. A visual inspection shall be made of exterior surfaces. Visible particulates or actual
contamination shall be removed.

5.6 Basging/Wrapping

a. Immediately after drying and inspection, double bag the component using clean, oil-
free polyethylene bags or wrap and seal using the same material.

b. Remove the component to the clean area.

6.0 REQUTREDDOCUMENTATTON

A component cleaning data sheet containing the following data shall be filled out on
completion ofcleaning. The data sheet will become part ofthe component QA package.

o Cleaning log describing parts cleaned and procedure used

r Comments and observations

. Record of flow rates, temperatues and durations used

o Record ofinspection results
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rltle SPECIFICATION FOR CLEANING PROCEDURE

Attachment

LIGO COMPONENT CLEANING DATA SHEET
Proiect V59049

Component Serial Number

Wash Cycle:

Flowrates: Max. Temo.: Duration:

Operator:

Comments:

Component(s) Inspected By :

Quality Assurance:

Comments:

Dale:

Date:

z

oo

(D

,l

IT-*a- "*"-; Rcv.
I

Prgc I ot --J-



Title: SPECIFICATION FOR BAKE OUT PROCEDURE VACUUM ENVELoPE COMPoNENT

SPECIFICATION FOR COMPONENT BAKE OUT PROCEDURE

FOR LIGO VACUI,M EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPAREDBY:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGERI

6 6 S to/to/at R.L"os " fo r-+qL ?"- 0Eo+a3oz
b ne4 r/sAtINITIAL RELEASE PEtr \g 5 lt t FnQ_ *tqr

REV LTR BY.DATE APPD. DATE DESCRIPTION OF CHANGE

PROCESS SYSTEMS INTERNATIONAL, INC. SPECIFICATION

INITIAL

APPROVALS

PREPARED DATE ADDroved DATE

1fu6 r/lza Number: V049-2-019
A

KEV. U



Title: SPECIFICATION FOR BAKE OUT PROCEDURE VACUUM ENVELOPE COMPONENT

1.0 PURPOSE

The purpose ofthis is to define the necessary steps to perform a factory bakeout ofa vacuum vessel
component at 150 "C. This includes the steps necessary to prepare for the bake out sequence.

2.T GENERAL

The procedure will general apply to any vessel component and vacuum monitoring equipment that
goes with the component.

Required References
A. Blanket System mechanical layout configuration and electric configuration drawings for vacuum

envelope.
B. Bakeout System Control Cart Operating Manual & Procedure.
C. RGA Operating Manual
E. STPH2000C Turbomolecular Pump Operating Manuals
F. QDP80 Dry Backing Pump Operating Manuals
G. Vacuum Gauges: Cold Cathode & Pirani Gauges Operating Manuals
H. 500 L/s Ion Pumps Operating Manual

3.0 RESPONSIBILITY

The procedure is applicable to PSI Personnel.

4.0 PROCEDURE

Summary of bakeout sequence
-Install blankets
-Equipment checkout
-Pumpdown vessel
-RGA reading
-Rampup temperature (warmup)
-Soak for 48 hours
-Rampdown temperature (cooldown)
- RGA readins

SPECIFICATION
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Title: SPECIFICATION FOR BAKE OUT PROCEDURE VACUUM ENVELOPE COMPONENT

4,1 Bakeout System

4.1.1 Bake out carts check out
Follow procedures for electric and data acquisition and control parameters checkout ofthe bake out
control/electric system carts.
Refer to: Bakeout System Control Carts, Operating Manual & Setup Procedure.

4,1.2 Blanket installation

Each heating blanket is identified and will fit onto certain sections ofthe vacuum envelope. Install
the assigned blankets according to the assigned locations per blanket system drawing layout and
installation procedures.

In addition the following components will also be baked:
Cold cathode/ Pirani Gauge pairs on isolatable section.
RGA head with electronics removed.
Main Turbo Pump inlet

Refer to: Blanket System mechanical layout configuration and electric configuration.
Refer to: Bakeout System Control Cart Operating Manual & Procedure.

4.1.3 Electrical and thermocouples conncction and checkout
Connect each blanket power cable and thermocouple cable to the controlled cart according to
procedures and drawing for connecting blankets electricals and instmmentation to conhol carts
Refer to: Blanket System mechanical layout configuration and electric configuration.

4.2 Vacuum S-v-stem

4.2.1 Vacuum Pump(s)

The Main turbo system will be used to pumpdown the component.

SPECIFICATION
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Tit|e:SPECIFICATION FOR BAKE OUT PROCEDURE VACUUM ENVELOPE COMPONENT

A cryotrap upstream of the turbo inlet will be used to trap hydrocarbons and water and to keep the
turbo pump clean during initial bake ofthe vessel.
Do functional check of turbomolecular pump system.
Refer to: STPH2000C Turbomolecular Pump Operating Manuals

QDP80 Dry Backing Pump Operating Manuals

4.3 Vacuum Instrumenfation

4.3.1 RGA

The RGA will be used before and after bakeout. The RGA itselfneeds to be baked. The RGA
assembly will be mounted off a2% all metal UHV valve mounted on the vacuum envelope. The
assembly will have a 2/z" Tee or Cross Conflat fitting with an l%" roughing valve on one end and
the RGA on the other. A cross fitting is recommended so that a high vacuum gauge can be mounted
on the fitting to serve as the pressure protection device for the RGA.
Isolate the ZYz UHY valve from the vacuum envelope and connect the aux. cart to the RGA to
pumpdown the RGA assembly for RGA checkout.
Refer to: RGA Operating Manual

4.3.2 Pressure gaugesl Pirani and High vacuum gauge

In order to monitor pressure during the bake, a high operating temperature vacuum gauge is
required. The gauge pair can be mounted on the RGA assembly.
Do not start warmup ofpressure gauges until a pressure of less than lXl0' Ton has been reached.
Refer Io: Vacuum Gauges Operating Manuals

4.1 Bakeout Sequcncc

.1,4.1 Pumpdown

Connect the cryofap to the component.
Connect the main turbo to the cryotrap.
Start the QDP80 roughing back.
Pumpdown until a pressure ofless 0.1 Torr is reached.
Close bypass valve and start the turbo pump.

SPECIFICATION
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Title: SPECIFICATION FOR BAKE OUT PROCEDURE VACUUM ENVELOPE COMPONENT

4.4.2 RGA data

A residual gas analysis will be carried out as a reference point-prior to start ofbakeout.
Power up RGA only after pressure has dropped to less 5X 10-' Ton.
Take RGA scans for 10 minutes and tum off the RGA and remove the electronics from the head.

4.4.3 Ramp-up

Ramp rate:
Warm-up will occur over a period of 72 hours at a ramp rate of approximately 1.8'C/hr.
Set ramp rate for blanket system on control carts to 1.8"C/hr.
Set target setpoint to 150"C.

Do not slart wamup until the pressure has dropped to less 5X Its Torr otherwise
hydrocarbons will be baked onto tlte gauge,

Pressure gauge pairs: Ramprate ofthe pressure gauge pairs will be at least 5 oC/hr to ensure that the
gauges remain hotter than the vacuum envelope at all times.

The pressure gauge will be use to monitor pressure during the bake.
Set ramp rate for blanket system on contol carts to 5oC/hr.
Set target setpoint to l50oC.

RGA: The RGA needs to be baked also.
Bake the RGA independently i.e. isolated from the vacuum envelope bake.

This will be done using a 25lls Ion pump.
Bake out of the RGA will be done with the electronics removed.
Bakeout temperature of the RGA will set at below manufacturers recommended marimum
(200.c)

4.4.4 Sork for 48 hours

The component will be heated to 150oC and soaked for 48 hours at l50oc+20'. The pressure gauge
pairs will be operating at 150'C to monitor pressure during the bake. The RGA will soak at a
temperature below 200oC. Set this temperature to 175oC.

SPECIFICATION
Number: V049-2-019
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Title: SPECIFICATION FOR BAKE OUT PROCEDURE VACUUM ENVELOPE COMPONENT

.f ,4.5 Cooldorvn

Cooldown will be controlled by ramping the setpoints of the system to ambient temperature at a
ramprate of - 1.8"ftu. The heating jackets for the pressure gauge pair will remain on and tumed off
when the system has cooled down.

4.4.6 RGA dala

With the system baked and cooled down, a residual gas analysis will be carried out to determine the
presence ofany air leaks and cleanliness ofthe system.

Follow procedures in document: V049-2-12'1 'RGA TEST" for data acquisition and analysis.

SPECIFICATION
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Tllle
PROJECT SAFETYPLAN

2.0

PURPOSE

This plan defines and establishes the safety requirements for the LIGO Project vacuum
equipment supply and installation. The program requirements include safety
management systems as well as safety engineering controls necessary to ensure the
identification and resolution ofall safety issues relative to this project.

This program provides for the review and approval ofall operations, facilities equipment,
and manpower application for safety and environmental controls necessary to provide
maximum protection and to minimize risk of personnel, facilities, and
hardware/equipment, etc.

SCOPE

The requirements as stated herein, will apply to all PSI facilities and construction sites.

All facility and site managers report to the PSI president located in the Westobrougtr, MA
facility.
Each PSI facility and site manager is responsible for safety at their location.

APPLICABLE DOCUMENTS

The cuffent revisions ofthe followinq documents dictate the requirements relative to the
implementation of this plan.

a. 29 CFR Occupational Safety and Health Administration (OSHA) General
Industry Standards

b. 40 CFR Environment Protection Agency @PA) Protection of Environment

c. 49 CFR Department of Transportation (DOT) Transportation

d. National Fire Protection Association (NFPA) Fire Codes, Handbook Of Fire
Protectiorq Life Safety Code llandbook, National Electrical Code.

e. American National Standards Institute (ANSI) Safety Standards.

f. National Safety Council (NSC) Accident Prevention Manual for Industrial
Operations.

g. Toxic Substances Control Act (TSCA).

PSI has in place safety policies to meet general OSHA, Govemment and State
requirements (regulations) which have been qualified by implementations/audits
and by on-site visitation ofthese agencies.

3.0
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PROJECT SAFETY PLAN

6.0

6 . 1

PLAN MAINTENANCE

During the execution of this program, PSI's safety philosophy will be dictated by its
Safety Policy Statement.

PSI is committed to providing a safe workplace for all employees. Program objectives
are the prevention of injury, an the prevention of injury, and the prevention of employee
and visitor exposure to hazardous conditions or materials. In order to achieve these
objectives, environmental health and safety issues will be addressed as integral
components of our business strategy. Our goal is to provide quality products and services
while actively conserving our human and natural resources. It is our beliefthat accidents
and undesirable environmental incidents are preventable by active participation from each
employee.

All managers and leaders are responsible for ensuring that each employee receives the
training and instruction necessary to perform his job safely. Each employee has the
responsibility to comply with the company work rules following safe work practices and
procedures established to protect tlre environment, and for reporting to leaders and
managers all unsafe acts and hazardous conditions which may impact the environment.
PSI's scope of operations range ftom manufacturing facilities to administrative offices.
Therefore, safety programs will be tailored to each situation.

All PSI employees are required to read and follow the PSI Safety Manual as a condition
of employment. (See Attachment I.)

SAFETV OBJECTIVES

To carry out the PSI safety policy, the following objectives have been identified relative
to the Safety Program.

a. All work will be performed in t}e safest possible manner to reduce accidents
involving personal injury, environmental impact, and equipmen! facility or
product damage.

b. A formal safety program has been established to define safety responsibilities,
safety rnanagement controls, procedures, industrial safety requirements, industrial
hygiene requirements, environmental functions, and other provisions to meet
regulatory agency requirements. (See PSI Safety Manual.)

c. The PSI Safety program has tlre active support of all PSI employees. All levels of
management will support the program and the concept of individual responsibility
for safe operations will be established afld reinforced.
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Title PROJECT SAFETY PLA}I

The primary responsibility for safe operations will rest with the supervisor, who
supported by the Safety Committee, is charged with conducting assigned tasks in
the safest possible marmer. Each supervisor will assure that organizational
procedures provide safe working conditions and that team members comply with
all Safety Committee requirements associated with the task.

The value of personnel training and certification as an accident preventive
measure will be emphasized. Employees will be hained to be familiar with the
systems, equipment and facilities which are required for the safe performance of
their assisned tasks.

f. The Safety Program will be responsible for all safety related contractual
directions.

To ensure site safety programs comply with PSI Safety Standards.

Organization

To accomplish the safety objectives relative to this program, a Safety Committee has
been established at PSI. The Safety Committee has been designated and charged with the
responsibility of coordinating the safety program to meet company and contractual safety
requirements. The committee reports to the President ofPSI. There arc 12 to 14 people
on the safety committee representing each PSI department including Humor Resources.
The committee normally meets every two weeks. Special meetings may be called by the
chairman if required.

Responsibilities

Throughout the performance of this project, responsibilities have been established to
carry out the requirements of this plan. Each Safety Commitlee chairman (or individual
members) are responsible for informing the President of PSI if an unsafety condition is
allowed to exist at PSI after it has been identified. Each PSI facility maintains its own
safety committee.

a. Each PSI facility and department has the responsibility for identifring potential
hazardous operations, facilities and equipment; for providing required
documentation and information incorporating safety requirements for continuing
the safe conduct of activities; and for developing procedures and controls
necessary for the safe processing of fabricated articles/items throughout all phases
of manufacturing and delivery ofproducts.
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Tllle PROJECT SAFETY PLAI\I

b. Supervisors/Team Leaders are responsible for assuring safe workmanship
practices, including training, certification and qualification of personnel to
approved training requirements. Supervisor/operators are trained in equipment
operation (i.e. crane, forklift, welding) as well as general fabrication safety.

All involved personnel are responsible for reporting to any potential unsafe
condition throughout the performance of their duties/responsibilities - to the
Safety Committee Chairrnan or to the LIGO safety officer for resolution.

MAINTENANCE OF SAFETY CONTROLS

7 .1 The Safety Manual, which is available to all personnel, will be revised./updated
when new information is obtained, or when new development of
processes/equipment dictate changes, and for training/qualification of personnel
as determined by growth/expansior/development, etc.

7 .2 Safety meetings will be held based on a "as needed" basis and as a minimum
monthly. Meeting minutes (with assigned action items) are issued to all
supervisors and the PSI president.

SITE SAFETY PLAN

Weekly safety meetings are mandatory on all PSI jobsites, and are administered by the
PSI site manager. PSI subcontractors will be required to maintain a formal safety
program. Site specific safety plans will be developed inconjunction with the selected PSI
installation contractor. This will result in a cohesive document that has been proved to be
successful in application. It also results in more familiarity by the people performing and
supervising the work.

Subcontractor safety plans are evaluated based on OSHA requirements and the
requirements of PSI's safety program.

7.0

8.0
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SPECTFTCATION FOR THERMAL STRESS RELIEVING

1.0 PURPOSE

The purpose of this procedure is to minimize distortion and provide dimensional
stability on LIGO stainless steel vacuum vessels with critical tolerances.

2.A GENERAL

This procedure is applicable to BSC lower vessel and the HAM main assembly
only. Stress relieving operations shall be perfbrmed at the points in fabrication
cycle as described in the vessel fabrication procedure.

3.0 RESPONSIBILITY

This procedure is applicable to the fabricator and its personnel.

4.0 PROCEDURE

4.1 Steam clean vessel to remove any hydrocarbons. Use straight steam without any
detergent.

4.2 The temperature of the vessel shall be measured and recorded throughout the
stress relieving process.using a type K thermocouple mounted to the external
surface ofthe vessel.

4.3 Fumace shal be natural fired and is to be adjusted so the that atmosphere shall run
lean with an excess 02 content in the flue gas of at least 5%. Documentation of
the furnace atmosphere shall be provided.

4.4 The vessel shall be protected from direct impingement ofthe furnace flames.

4.5 Heat the vessel at the rate of 100 F/ hour above 350F up to 1000F+/- 50F. Hold
for four hours. Cool at a rate of 100F/hour to 300F before removins ftom frirnace.
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Title: SPECIFICATION FOR COMPONENT SHOP CONDITIONING/TEST PLAN

1.0 PTJRPOSE

This specification outlines the basic sequence of vacuum equipment conditioning processes and test
procedures that will be used during the manufacturing cycle for all vacuum vessels and
components.These vessels and components include BSC's,HAM's,80KCryopumps,
Adapters,Spools,and Bellows.

2.0 GENERAL

Reference will be made to specifications covering cleaning,bakeout,leak checking,RGA dimensional
inspection and shipping.A flow diagram is included as part of this specification.

3.0 RESPONSIBILITY

The procedures referenced in this plan will be performed at PSI upon completion ofthe fabrication
ofthe component.Fabrication will be done either by PSI or subcontractor.

4.0 PROCEDURE

Reference Attachment "A", Conditioning / Test Plan Flow Diagram.
The following is a description of each step shown on the Flow Diagram;

100-1  l0

Fabrication ofthe vessel or component is complete.Final dimensions and tolerences have been
checked and certified in accordance with PSI specification V049-2-12l,latest revision.
The vessel or component is completely assembled and has been steam cleaned during the fabrication
cycle.The component is now ready for evacuation and initial leak checking.The purpose ofthe initial
leak check is to find and repair leaks in the welded joints and CF (metal gasket) flangedjoints before
final cleaning and baking.

110-120-130
Refer to PSI specification V049-2-0l4,latest revision. for leak checking catagories I,ll,III joints.The
joint catagories are defined as follows:

SPECIFICATION
: Y049-2-047

Page 2_ol -6-.



Title: SPECIFICATION FOR COMPONENT SHOP CONDITIONING/TEST PLAN

Categora I
Welded joint located away from the double O-ring flange assembly .

Category_II
Welded joint located near the double O-ring flange assembly .

Category III
CF flange joint.

Category IV
Atmospheric O-ring. (O-ring between atmosphere and annulus channel.)

Category V
UHV O-ring. (O-ring between annulus channel and UHV chamber.)

After successful completion ofthe initial leak check ofcatagory I,II,III joints,the component is ready
for full cleaning.

130-200
Refer to PSI specification V049-2-015,latest revision,for the cleaning procedure.
After full cleaning,the component is reassembled and prepared for final leak checking.

200-220
Refer to PSI specification V049-2-014,latest revision. for final leak checking procedures.Final leak
checking includes joint catagories I,n,ilI,IV,V. After successful completion of the final leak check of
catagory i,li,IIl,IV,V joints,the component is ready for a pre-baked RGA scan.

220-240
Refer to PSI specification V049-2-127 ,latest tevision,for component RGA test procedure.
The purpose ofthe pre-baked RGA scan is to verify that the component is ready for bakeout and
final testing.Any problems identifred at this time will be corrected before bakeout is allowed.After
the RGA scan is completed, the component is prepared for bakeout.

240-250
Refer to PSI specification V049-2-019,latest revision, for bakeout procedure.After bakeout,the
component is prepared for final RGA testing.

SPECIFICATION

Page _3- of -6-



Title: SPECIFICATION FOR COMPONENT SHOP CONDITIONING/TEST PLAN

250-260
Refer to PSI speeification V0 49-2-127 ,latest revision,for component RGA test procedure.The final
RGA test will certiry that the component's vacuum performance is acceptable for installation.

260-280
A final test report is prepared and the component documentation package is assembled.
The component is prepared for transport to the installation site.Refer to PSI specification
YQ49-2-123,latest revision, for packaging,handling and shipping procedures.

SPECIFICATION
Number: VM9-2-047

A
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Title: SPECIFICATION FOR COMPONENT SHOP CONDITIONING/TEST PLAN

ATTACHMENT A: CONDITIONING / TEST FLOW DIAGRAM. PAGE -1

COMPONENT OR VESSEL
FABRICATION COMPLETE

CLEANING
sPEC V-049-2-015

DIMENSIONAL CHECK PER
sPEC V049-2-'t2t

VESSEL EVACAUTION AND
INITIAL LEAK CHECK

VESSEL EVACAUTION AND FINAL
LEAK CHECK

HELIUM LEAK CHECK
Joint Calagories: l,l l, l l l

sPEC. V049-2-014
LEAK CHECK JOINT

CATAGORIES
t ,   ,   ,  tv, v

sPEC V049.2.O14

SPECIFICATION
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FDRVOLUME III
ATTACHMENTS

Leak Testing Procedure
Cleaning Procedures
Component Bakeout Procedure
Project Safety Plan
Project Q.A. Plan
Stress Relief Procedure (304 S.S.)
Component Shop Conditioning/Test Plan
Weld Procedures

Weld Data Specifi cations
Cleanliness Testing Procedure
Contamination Control Plan
Raw Material Handling Procedure
Dimensional Verification Procedure
Viton O-Ring Bakeout Procedure
Component Packaging, Handling and Shipping Procedure
Control of Non-Conformance
Material Control Procedue
Component RGA Test Procedure
Visual Inspection Procedure
Black Light Inspection Procedure
Conflat Flange Assembly Procedure
O-Ring Installation and Flange Assembly Procedure

DOCAMENT
NO.

v049-2-014
v049-2-015
v049-2-019
v049-2-023
v049-2-029
v049-2-046
v049-2-M7
v049-2-070
v049-2-071
v049-2-072
v049-2-073
v049-2-084
v049-2-l t8
v049-2-r19
v049-2-120
v049-2-121
v049-2-122
v049-2-123
v049-2-124
v049-2-125
v049-2-127
v049-2-128
v049-2-130
v049-2-168
v049-2-169

REWSION

I
I
0
I
I
0
0
0
2
2
0
2
0
I
0
0
0
0
0
0
0
I
0
0
0



Title: SPECIFICATION FOR COMPONENT SHOP CONDITIONINGiTEST PLAN

ATTACHMENT A: CONDITIONING / TEST FLOW DIAGRAM PAGE-2

COMPONENT RGA
TEST

sPEC V049-2-127

COMPONENT RGATEST
SPEC V049-2-127

PACKAGE. HANDLING,
SHIPPING

SPEC: V049-2-123
BAKE.OUT

sPEC V049-2-019

SPECIFICATION
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Ll60- Vaqq - z- ozo Ru,{
Procees SyBtcmE tnternrlloaa1, lac.

20 lfalkup Drive l{e8tborough, }lA 01581
I{BI,DING EROCEDURE EPECIFICA?ION (IIPS)

WPS Ro.: 150
SupporEiDg PQRe: 150 848

Date :02 , /08 /96  t  i ' j Dstet o4123/95

AASB USflJr (QW-{03, Ql0-105)
P N o . 8 to P No. : 8

1 . 0 0 0 0 '

,tollrT (Q[f-402]
Jolat dealgrn Groorc/Ptltet(see I'g 2)
Backing..... lfith or ultboul bacldag
Backlag uat,l Optional
PlIleE relet Sire llt ((F-{51.{,
aoEea

POS:TI{ELD EBAT IRBAMB|T (Qw-{07}

TbickaeBs range. 0.1875n to
Po8itloD(s) .A11 lro6itionE
ProgEesBion.vertical llp .;" .1
Doteg ' ' .r

PREBEAT (qT{.'106)
llinim.rm TenElerature. 60 DegreeB
IDterpasg TerIlI). Iqax. 350 Degree8
Prehea! ltainteaance. l{oDe

F .
F .

Terq)e rature radge
Time range
Dotea

Notre
None

All  pa68 (es)
Ploceaa / tyt,e PAvt / nanual
ProceEa tbickness l ini t .  0.1875' to 1.0000'

GAS (QW-408)
Sb: le ld lng  Gas /  C tH. . . . .  75 t  ArEon,  25 t  Ee. /  20-30
Tra i l ing  cas  /  CFH. . . . . .  None /  -
Backing GaE / CFH. 100t Algon | 9-24
Plaama GaB / CFH. 100t Argon I L-3
FII,IJER METAI.' (Q}T-404)
A w S  c l a 8 8 i f i c a t i o n . . . . . .  a R 3 0 8 L
S F A  S p e c .  N o .  &  F  N o . . . .  S P A * :  5 . 9  F # :  6
A No.  o r  Chern .  Corq) . . . . .  I
Filler metal trade name. SOLID FILIJER !.{ETAL
SAtl f lux tlade name/tlT)e N,/A / -
Elec.  /w i re  s ize ( in)  .  .  .  L / t6  |  3 /32 |  la

l{one

None

None
None
None
None

None
SFA#: None

None
None

None

N/A
None

N/A

N/A
None
None
None
n/A
None

I
I
/
/

ELECIRTCAL (Qlr-409)
tlelding amperage raDge.. 30-100 | 75-160 | 100-200
tfelding voltage range...  12-18 | 14-21 I t6-26

I

Travel  speed ( ipm) , . . . , .  var .  I  var .  I  Var
l.lax. Ileat Input (J/in) . . None
nrnggten I)ryelsize... . . .  Bwrtr-2 /  t /L6" - 3/t6"
Or r ren t  &  Po lar i t y . . . . . .  DCEN (Bt ra igh t )

TEelrNrottE (Qw-410)
Str ing ,/  veave bead... . .  Str ing & tfeave Bead
orif ice / gas cup. 3/8" Eo 5/8n
Contact tube to work... .  N/A
Osclllat.ion Tranaverae
!4u1t./Single electrode.. single EfecErode
Other Technigue NoteE,..  Keyhole & Melt- in uBed
ltult lple or Single Pase (per eide).. . .  Hult iple
(n1)No PaaE > 7/2n E
(n2lNo Eupplementary tiller metal will be used wltb thio procedure,
(n3 )
(N4) WEI,D IIIRE SIIAI.,L BE CIJEAI\TED SPECIAL AI{D ITANDI.,ED TII1II POLY GIOVBS'
(n5) GRINDING }JITTI ABRJASIVE IIHEEI.,S IS IINOT A',IoIIED.
(n6l WIRE BRUSI{II{G IS iNOT AL,l,Ol{EDn.
(n?) DEFECT REMOVAL MUST BE ACCOMPLISHED WITH A CARBIDE BI'RR CIIITER.



$?S No.: 150

NEI;DING PROCEDI'RB SPBCIFICATION (||PS)

Date: 02108/96 l .gvieion ! ir .  :  3.

Prge 2 oC 2

DsEe: O4123/96

JOIIT (Of-402)

Slnglc-V grgove SlnEle-Bevel groore
Backlag . : Do backJ.ng BacElng :-!o Dacklag
noot OpeDlDg: .125-.1875 nax. X,oot Openlng: .125-.fgZF oax.
groqt Ingle: 50 degree uin. crocnre-Angl-: {5 degree uia.
RooE Face : .030-.050 nax. noot Face : .030-050 Ear(.

- _ _ .+;.? .. -:r
SiDgle-Vlgroove .li' Double-Bevel groove
Backing : gouged & back relded Backlng :-gouged & back re1ded
Root Openl.ng: .125-.1875 nax. .Root Opening: .125-.18?5 uan.
Groove Angl.e: 50 de$iee nin. Groove engte: aS degree EiD.
Root Face : .030-.060 nax. Root Face : .030-:060 eax.

Double-V gEooue
Backlng : gouged & back welded
Root Opening: .125-.18?5 nax.
croove Angle: {5 degree nin.
Root Face : .030-.050 nax,

aingle/Double lillet
Backing :
Root openlng: 1/32i narc.
weld Size : Reguired fiLlet

plus root qnuiag

Square groove
Backing ,
Root Opening:

T-joinE
!/32" arax.

Square groove
Backing : no backing
Root Opeaing: 3/32! Ea:(.

I{EI.,D .'OII[T DESCRIPTIONS SHOWN ARE NOT INCI.USIVE OF ALL OF THOSE POI'ND ON
THE rTOB. ttELD itOIMr DESIGN REFERENCE rN AN ENGINEERING SPECIFICATION OR
DSSIGN DRAWING SHAII.I TAIG PREFERENCE OI/�ER I{EI,D I'OINTS SHO}IN IN TEIS WPS.

Init,ial cleaning ehall be Ln strict conpliance nith speclal Job procedures.
Uetbod of back gouging ou8t be acccnpliehed witb a calbide burr cutter.

(a) NON-PUSABI,E RSIAINERS UAY BE UsED.

(b) I{ELD 9IIRE SIIALIJ BE CI.,EANED SPECIA� TN AECORDANCE }IITIT SPBCIFIC JOB
PROCEDITRES. SEALED IN BAGS .eND HANDLED l{ITlt POIry GIroI'BS AT AL!, ?IMES.

(c} GRII'IDING ATqD WTRE BRUSITING ARE NNOT AI.,IOWEDN ON TIIE LIGO.'OB. DEFECT
RE}iIOVAI, MUS? BE ACCOMP',ISIIED NITH A E3RBIDE BURR EUXTtsR.

(d) I|ELDINC STARTS & STOPS MUST RAI.IP GRADUAII,Y ttP & DOI{N TO AVOID CT.AeKrIG.
ZE8 IIELDER SIIAIJJ PROVIDB A POST (AFTER FIO}I) GAS EIO}T OF 10 SECOIIDS.

(e l

re certify that the statements ln thiB record are correct end ln tccordance
sith the reguirementB of Sections and VIII of the ASME code.

t
Prepared By:

Accepted By:

o{123196

04123/96

}|eld SpecirllEt

QA llanager:



Proceas gyBtcns lDtenatlonal, t!c.
20 Halkup Drive Heatborougir, trtA O1Sg1procecture guallficatton Reco;d (peR)

pQR No.': 1S0 S48 Dare: 2l g196 rps No.: 150 . !.- i  i
.loI$T DBSTCN (Qn-{02)

INEID JOITM qCNFIGI'RATION

-il;-*il-ifr :;;; ;'- 
-'t' - -' - " "

ilaterial fo!:u. plate
ilatetial 8pec. 8:A-2{0, t).I'e 30{L
To .,. 8A-240, t)4le 30{Ll
P N o . 8  C r .  I  t o  P t c o . 8  c r .  1
Ibtchnege (ta) 0.5000

Single-V grroove
Gas backing ras
Groove Angle :
Root OpenJ.ng :
.Root Frce :

aotc:

uBed
75 DegreeF

0-126!'- r,,.. IncbeE
030-062n 

'  
IncheE

9OSTTION (Qw-40s1
9oeitioq of toiat.
Progreaston: lt,/A
Dote:

1G - Alat

HEAT tT,EAl!{EltT (Q[f-{05, Q[f-407)
Preheat Terperature: 60 Degtees p.
Preheat lialntenance : lfone
Iltgrpass Terq)erature! 3S0 Degrees
PWHT tefiperature ... : lfoDe Degxree8
Pt$n Soldting ttne(hr)! t|one
DOEE:

r .
t .

lfeld ProcesE / tlpe
GAS (0w-408)
Sb ie ld l ing  ca8 /  eFH. . . . .
? ra l l ing  Gas /  CFH. . . . .
Back ing  Gas /  CFH. . . . .
P lasma GaB /  C f .g . - - - -
PTLLER UETAI (Qw-404)
AwS Class i l l ca t ion . . . .  - .
S F A  S p e c .  N o .  &  F  N o . . . .
A  N o .  o r  C h e m .  C o n p . . . . .
Filler Metal Trade Name.
SAw FIux Trade Nane/Dpe
! |e ld  Depo8 l t  , t '  ( in ) . . .
E1ec . / t l i re  S ize  ( in )  . . . .
ET.ECIRIOU, (QW_{09)
&perage USED .
Voltage USED .
Travel, Speed (ipm)
!lax. Heat Input (,]/in) . .
1\.rng6ten TlDe & Size... .
Current Tgre/PoJ.arity. . ,

:tscrNrQt E (Qw-410)
Strlng or weave Bead. . . .
Or i f l ce /Gae Grp  S ize . . . .
Contact l\rbe to trork, , . .
Oeci l lat lon
I'tult. /single Electlode8.
other Technique Note8. . .
trultiple or single paee

an1 pase (es )
PAvf / nanual

75* Argon, 23t ''Le,/
Nolre /

100t Argon /
100t Argon /

BR308IJ
SFA#:  5 .9  F#:  5

8
SOLID FILLAR IGTAIJ

N / A / -
0  . 5 0 0 0
3/32 | Ua

?5-160
74-20
Var
None

BWnr-2 / I IZZ" - 31L6"
DCEN (Etraight)

String & l{eave Bead
L/2n  -  5 /8n

N/A
Tran6verae

Single El.ectrode
Reyhole & Uelt'-in used

(per eide) ... . ]tuIt iple PaE€es

lfoDe

None
None
None
Notre

None
SFA#: None P*:

l{one

None
None

2 0 - 3 0

1 0 - 2 0
1-3

100-200
t6-26
Var

rlLG

3 0 - 1 0 0
12 -18
Var.

N/A
None

N/A

N/A
None
None
None
N/A
NoDe

I

!n1l No supplenenrary filler met,a1 rlll be ueed:with tbl8 procedure.
(D2)
(D3 )
(n4 )
(Ds)



Procedurc Qualtttcatlou Record (?QR)
PQR llo.: 150 848 Dage 2 ot 2

TBtSrtrB IBST (Qlf-150)
+ - - - - - - - - - - - - + - - - - - - - - + r - - - - - - - + f - - - - - r - + - - - - , - - - - - + - - , - - - - - - - + - - - - - - , - - - - - - - +

Epecinen
llo.

Spec.
N0.

nidth
( i n . l

Thick.
( i a . l

Area
lntlDate

total
(ag.ln.) | road (lb)

33550
34350

mtloatc.
atrcss ;

(pst)

90200
90500

qDe of
fallur€

aad locatloa
+- r - - - - - - - - - -+ - - - - - - - -+ - - - - - - - -+ - - - - - - - -+ - - - - - - - - - -+ - - - - - ) - - - -+ - - - - - - - - - - - - - -+

I ' o.?{s  I  o . {9? I  oJ lzz
0 . ? 5 0  

1 0 . s 0 s 1 0 . 3 7 e
t..='* -* |

reld netal I
neld @tal 

I

I Ot-lez.2 side beud
I Qn-rgZ.2 6idle beadt

No defects I Qtl-{62.2 Siate bend I tto defecte I
lfo defecra I QIr-{62.2 Etde bead 'l l|o delecEs I

TeBt
Tenql.
( F )

Notch
L,Ocat ion

Notch
I)rpe

rryact I Lateral oqr. I Drop
Va lue8  + - - - - - - - - -+ - - - - t - - r+  re igh !
( f r - lbs)  lSbear t  |  i l i l s  I  br ia lc

None
+ - - - - - - - + - - - - - - - - - - - - + - - - - - - - + - - - - - - + - - - - - - - - - - - - + - - - - - - - - - + - - - - - - - - + - - - - - - - - +

fBase metal -1- -2- -3- CAZ -1- -2- -3- t lM -1 -2- -3-
I
I
+------- -- -  -  ----# (Heat Affected zone.HAz, t feld ! tetal. t{M) *-- ----- ' ------+

NoteE:

StaBp: H48 l{elder I s Name: Feffiedy, Dan rD:
TestE conducted by! CONA!,! fNSPaefION fNC. Laboratory ?ese lvo: 1{082
PQR ra8 done & relding of coupon raa ritneaBeCl by : groceaB SltBtcnE

tle certify that the
eeld8 were prepared,
of Section IX of the

Prepared By:

eertified By:

atatement8 in tblB
eeldedl, aDd te8ted

record are correct tndl tbat the teBt
in accordance rlth the requlrements

| 21 8/96 ) tfeld Specialist

| 21 8/96 ) Ql uanager:

ASME



/4a y'oqq - z- o? / eErt 2-

zo,."riii"ili#atcms t"ti*lilffih, t$i' orr.,
lr8tDmg PRocEItnB EpEcrFrcf,TIoN 0tP8)

TPS f,o.:  151-1 D*a. 03105196 '{€rir :e ir ,- . :  u 
;-:::93**1-Ti3: - lll:l ::: :- - - - - - - - - - - - - - + - - - - -

SASB ltgtll (0H-403. 0lt-a05)
'Iuclcaere rfirEe. 0.1875r tg 1.0000'
PoEtEls (s) .lll poslt.l@8
PrggreEslou.V€rtlcal @i.,'..,, ",.,
aotca '- i : ' .  '

Jorlfir lgf-ao2)
.tolDt drElEo crooE/Flllct(ree Dg 2,
Backtng..... ||tqt or rltlout, DackfDg
Backlng uatl Olrtloaal
Fltlct reld Slre .rl1 (cl0-{5r.{t
EOIEB

I posllt8lD EEAT m8An@rr (QH-{071 a
I Tsq)erature range 1000 DEG.F.4!
I Time raage 4.00
I aocce

P t{o. 3

ProccBs
ProgeBa

to D tlo. !8

LlL6

30-100
t2-L8
Var.

DREgBAT (QW-{05)
Uiaiora Tcqrerature. 60 Degireeg
IDterpaBB ll!trE). llax. 350 Degrce8
Prahert llaiaEcDlDce. None

F .
F .

GAS (Qm-{08)
Sbie ld ing Gas /  CEl l . . . . .
T ra i l l ng  GaB  /  CF I | . . . . . .
Backlng cas / CFg.
PlaBlla Gae / CFH.
FrrJ.ER MEtlr, (QW-40{)
AnS c la88l f icat lon.  . . . . .
sFA  Spec .  No .  &  P  No . . . .
A No.  or  Chem. Co' t rF. . . . .
8i11er meeal trade Bame.
SAt{ flur( trade aane/t1rye
31ec. /wl re  s lze ( in)  . . .
ELECLICAL (QW-r[09)
l|elding uEerage range..
nelding voltage range...
Travel speedl (ipm)
tta:(, tteat laput (J/ln) ..
Z\rDgEten l)pelSize. . ....
c l r r 'cn!  t  Polar i ty . . . . . .

?EeH$rQnE (Qr.f-{10)
Str ing f  reave bead. . . . .
Orillce / gas cup.
conEect tube to work. . . .
OEcil:.atlon

?5t llgon, 25t
llone

100t Algon
100t Argon

I type
tbiclrne8s llutt.

All paea(eal
PAfl / uaaual

0 .18?5n  t o  1 .0000n

. ltde

None

Hotre
l[one
None
Noae

tloDe
8FA,#: ltoDe F*:

N6e
None

Noae | -

:

None

N/A

x/A
None
NoDe
None
n/A
None

ae.l
/
I
I

20-30

9-24
1-3

METAL

Ue
100-200

16-26
Va!

ER3O8T,
8FA#:  5 .9 F#:  5

8
SOI.,ID FI!|IJER

N/A
3/32

?5-160
L4-2L
Var.

None

I

Ewrh-2 | t/16a4/t6r
DCEN (straigbE)

String & $eave Bead
3,/8 n ro 5/8'

N/A
TransverBe

Sincle Electrode
xeyholE & relt-ln uBed

tlultiple or
(n1)No DaBE

ttult./Slngle electrode. .
otlrer Sechrlgue Notes, . .
l-tultiple or Single DasB
(nl)No paBE > Llz ' �  t ,(n l )No  paBE >  1 /2  r

Daes (per  a ide)  . . . . Hultiple

(n2)No iupplernentary ftller will be used wlth thl8
(n3lWEr.D FIRE EIIALL BE CLEANED 6PECIAI', AlqD HINDLED(n3l wEr.D EITAI,L BE CI,EANED 6PECIAT,, AlqD H}NDLED

procedurc
ltlll| DoLy Gtol/8s.

(aII)GRINDING TfITIt ABR;LSI\IE IIITEELS I8 iNOtr IIJI.,o}IEDII .
{n5)'{IRE BRUSIIING IS TNOT AI.I,OWEDI'
(n6)bt[rr  RA!.{P uP TO 3OO DEG.F.THEN 100 DEC.P./ l lR. l rP TO 1000 DBG.F.
(D?).PHHT R},}lP DOHN AT 100 DEG.F./HR.TO 300 DEG.F.llilD C!'Ot IN 8TI&r, lIR.



Drgc 2 ol 2

tlPS l|o. s 151-l

TEI,DIM! PR,OCPI'RB SPBCIFICATTON ff'PS)

Datr: 05/06/95 Qeviejon r i- :  (

rtoDrT (0lr-a02)

8bglc-Y grroorrr
aackflg : uo backlag
noot otrcnlDg: 3/15r oax.
Groont lnglc: 50 dcgircc ula.
Lool lrce : l,/8r nrx.

Slngle-Y-groove
Backlag : glouged & back relded
aooE Openiag: 1/{n max.
Groove lngle: 50 degree ula.
nooE Face : 3/15i ua:<.

Double-V gtrlove
aacktng : gouEed & back rclded
Root OlreDing: 1/{' nax.
Groove lngle: 45 degree nln.
Aoot Face : 3/15n ua:c.

i
SlaElc-3crnf grocr
Eacklag : ao Dadctog
Root OIleBlDg! 3/15r I!t.
Croqve-luEt-: {5 dcgrce Grn.
noot tace r ''/Er la:t.

Dcuble-Bcnrl groovc
Backing : gouged & Dtck rcldcd
Root OpeDlBg ! 1/{r D!x.
Groorr€ lnEl-: a5 alegn G Etrr.
RooE Pace : 3/16r aax.

Staglc/Doublc ll.Uet
Backlng :EacKrng :
Root OpeDiag: 3/16' oa:c.
tteld Sire : Requlred t: x.equlred flllct

gluE root olnaiog

Square gtoqve
Backlag : T-joint
toot Opening: 1/32n nax,

Square grroorre
BacklnE : 8o backlng
Root Openiag: 3/32r oax.

ITELD itOrNT DESCT,IPIIONS SHOIIN IRE NOT INCITUSIIIB OF AIJJ OF ltsOSE FO[tlO Ot{ A
.tOB. WEL,D JOINT DESIGN REFERENCE IN Al{ BNGINEERING SPECIFICATIO!{ OR
DESIGN DRIAWING gIlALL, TARE PBECEDEIICB OVER lfEL,D JOMS SHOI|N lN IBIS ffPS.

rnltlal cleaning Bhall be in Etrlct corpliance witb special Job proeedures.
Uegbod of back gougtng mr8t be acconqrllshed rtth a crrbide brra sutter.

{t) IIO{-FI'SABLB REf,AI$ARS UAY EE I'S@.

(b) rgELD WIRE SIIALI, BB CI,BANED SPECIAL IN ACCORDANCB flITII SPBCIFIC JOB
PROCEDURES. SEALD IN BAGS At{D HANDL,ED WfTtt POIJY GIOVES Ar ALL TfilES.

(c) GRIIIDING eND ]IIRE BRUSBING IRE 'NOT l^LlOtfED' ON 1tsE IJI@ JOB. DEFBef
REMOVAL MUST BE ACCOMPLIS8SD t{I11l A eARBIDE BURR ctlfmR.

(d} IISI.DING STARTS E STOPS UUST RAMP GRADI'ALLY T'P & DOIIN TO AVOID CRAEETNG.
IITB ICEI,DER SIIA',L PROVIDE A POST (AFTER FI,O}I) GtrS PIO}I OF TO SBCII{DS.

(el

lfe certlfy that the atalenenta ln thls rccord rre coareet end la tccordanee
rltb 3he requlrementB of Srftl.plr6- Ix |nd vul of the lsl.lB Code.

9repared By:
a

lccebEed By:

I oslo6l96 ) reld SpcctariEt

( os/06196 I Q.A.lranaEer:



zo ".rliffBii svrlc'" lotcrnrtloorl,,tfii' 
orr'

::3::::::-g:1f *::1=_*::*- I gl_ _ _------__
D08 tfo.! 151-1-848 Detc: 08,/06/95 XpS fo.: l5t.1 .- ,-1. I

;fr-d;ici-iil:;;ii ---i-;osilufril,-icp:;6i;'--'i--'-----'-
n8!D rtoMT cloNFronRATroc I ttatcrl,al lorn. Dlatc

Etag-Ic-V.grooue I urBralal 8Fc. gA-2{0, Dpe 30at,
ces Dfcraag r|a uaed I Zro . Al-2t0. tyBe 30alt
Groorrc lagle : 75 Degrees I p xo. g Gr. I to p fo:-g Cr. 1
aoot oSnlrag ; 062-lz:t -. In-he8 | ItlchDrs8 (tD) 0.5000
troot lace : 030-062 tache8 ;----------

I BAT m,Btn|E!|T (Qn-{06, er-ro?)
I Preheat TcflUrerlcure: 60 Degrcaa F.aotc:

--+ PrebeaE f,talntenaaec: fooe

aote:

"osItIoN (Qr{-{05)
go8ltio of dtotnt : 1c - FIat
DrogreBEi@: lt/A

I tncergase Tcq)cratule:
I PnEf tqreaature ... !
I PttsT Boldlag ttne(brl:
I aote: +l- So DBG. l.

350 ttcgrc€t F.
1000 Drg:rrce t.

{ . 00

lfgoe

None I -
t{oDe | -
ttone | -
lfoae I -

NODE
sFA*: l[oae Fff :

lfone
NoBe

None | -
lfoDe- l

tfeld Proce8s / type
GAS (Qr{-408)
ah ie ld ing  caB /  Cm. . . . .
T ra i l lag  Gas /  CrH. . . . .
Sack ing  Gas I  Cnt , . . . .
Plagrla cag I CFId... . .
trLr.,ER ltB"At (Q9t-{04)
AwS ClaB6 i f i ca t loD. . . . . .
SFA Spec.  No.  &  P No. . . .
A  No.  o r  g lem.  Cc ' [p . . . . .
8i11er ljletal Trade Name.
SAtf Flur( Trade Nane/Tl?e
t fe ld  Depos i t  ' t '  (1n) . . .
E I e c . / W i r e  S i z e  ( 1 n )  . . , .
SLEEIR,ICAI, (QW-409)
.eq)erage USED .
Voltage ITSED .
Travel Sneed (tgn)
Uax. Beat tnput (J/ in)..
Slrngsten I)pe & 812e... .
CrErent Type/Polarity. . .

75t Argon, 25t
None

100t Argon
l00t llgon

all pase(ee)
PAv| / EaErlal

uL6

30-100
12-18
Var.

20-30

10-20
1-3

100-200
16-25
Var

F,e.l
I
I
I

ER3O8L
SFA#:  5 .9  F f l :  6

I
SOIJTD FIIJJER UBTAI'

N / A I .
0  .  s000
3/32 | r/e

?5-160
1| -20
Var
None

EWI11-2 | 3/32r-3/L6a
DCEN (Brraight)

=l
aEcENrQrrE (Qr{-410)
String or rleave Bead.... Strlng & lterve Bead
Or i f i ce /Gas Ct rp  812e. . . .  l /2 r -S /8 ' "
coDtact Tube to i lork.. . .  N./A
O6cillatlon . Ttan8verEe
l,lult./Stngle Electrodeg. Slngle Electrode
Other Technique Notes... t(eyhole & Melt-:ln used

None
t -

N/A

n/A
None
NoDe
Ngae
x/A
tloDe

t lulBlple or Single Daea (per cl i te).... t{ult lple Paaiea

(n1l Eecning raE not ueed sith EhlB seld teBt.
!n2f No aupplenentary flllcr r11I be usrd rlth lble proccdure.
(n3) .
{D{)\PI{HT n rp up to 300 Deg.F. then lO0 lre9,F.,/Br.up to 1000 lreg.F.
(D5).PWI{T Rarp dora rt 100 Deg.F.,/Br. to 300 Deg.F.rnd cool la rEill rlr.



Don t[o.: 151-1-I{8 +rrocsllult Oualtllcrtlo nccost lDoB)

rEtsila ztssr (Qr-13o)
? l g e 2 o l  2

+- - - - i - - s - - -+ - - - - - - - -+ ! - - i - - - - -+ - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - - - - - - i
GT'ID8D EECD 'BST (SI-160}

rotrGiEfEss lEsT (Qr{-170)

Notch
trocatlon

lrotCh
Tree

Test
TetI,.
( P )

Iqract I l,etcrst Gxg. I pro1l
Value6 +- --  -  - ---  -+- ---  -  - --+ | le iqht
( fE-fb8) lsueart  I  ui la I  brEak

NoDe

- - - - - - - -+ - - - - - - - -

+_,---, ----- - --- - _ - _ - _ryT_T!I__-T:_**:::-::::---_-_ -__--__,_f --___+
fBaee nerat -1- -2- -3- EAz -1- -z- -3--a${ -1 -2- -f- |I
l lt l
+---------------f l  (Heat Affected zone-f,Az. neld lt letal.t{M) #--------------i

lfote8:

8tattp: 848 lfelderta Name: f,eruredy, Dan ID:
Te8ta coDducted by: coNtl'l lNspEcTIoN lNc. Llboratory T€Bt l|ot 1{215
PQR ta8 doae & relding gf coupon rae rltaeeaedl by : Drocerr gt|3tcm8

ne certlfy
reLdg rere
of Secclon

that tbe Etatc'rnentB !n tbta record are correct tsd tbEt the tcEt
laqulrcnentBprepared, relded, and tcEted ln accordaace ritb Clc

IX of tbe ASME/€o&. - -

I os/06196 | reld SPeclallet

I oslo6l96 I Q.A.lranager:

I'riepered By:

CcrtlticCl By:



LtGo- Vo,/?-z- 07z

JourlT (Ow-402)
,Joint deeigm Groove/Fiuet (see pg 2)
Backlng,.... ?fith or wilhout. backlng
Baeking Matl Optional
Fillet lleld Size All (Qt{-451 .4)
NOEEB

PREIIEAT (QW-406)
Minimum Temperature. 60 Degreeg
IDterpass Teq). Max. 350 Degrees
Preheat Maintenance. None

F .
F

POST}IEI,D SEAT TR.EA${B{T (Q}T-407)
TerE)erature range 1000
Time range 4 . 0
note8 St,reaB Relief 1000F.+/-50 F.

AI1 pass (es)
GTAW / manual

I i i l i t . 0  . 1 8 ? 5 I '  t o  1 , 0 0 0 0 n
/  twe  . .
thickneEs

None

None

None
lilone
None

None
SFA#: None F*:

None
None

None / -

Procesa
Procesa

C'AS (QW-408)
Sb ie ld ing  Gas /  CFB. . . . .
T r a i l i n g  c a s  /  C F U . . . . . .
Backing GaE / CAH.

FITLER Ti{ETAL (QVI-404 )
A t fS  c lass i f i ca t ion .  .  -  - . .
S F A  S p e c .  N o .  &  F  N o . . . .
A  No.  o r  Chem.  CoI ID. .  - . .
Filler meEaL trade name.
SAW flux trade name/ type
81ec. /Wi re  s ize  ( in )
ELEeTRICAT, (Qw-409)
Welding amperage range..
Welding voltage range . . .
Travel Bpeed (ipm)
Max. geat Input (,I/in) , .
l lmgsten T)pelsize.. .  .  . .
C l r r rea t  &  Po lar i t y . . . . . .

TtsS|NrQUE (Q1{-410)
St r ing  /  weave bead. . . . .
or i f ice / gas cup.
Contact tube to work. . . .
OscilLat.ion
MuIt. /Single electrode . .
Other Technique Notes . . .

100t A,rgon
None

100t Argon

ER3O8L
S F A # :  5 . 9

8
SOLTD FTI,I,ER

N/A
r / 15

7 0 - 1 5 0
n/r

Var .

x8 -36

9-24

F* :  6

MSTAI,

!a

130-275
rt/ t

Var.

3 /32

8 0 - 1 8 0
t/r

Var.
None

EW:Ih- 2 / t/L6' - 3/te"
DCEN (straight)

String & Weave Bead
# 5 t o # 1 0

N/A
N/A

Single ElecErode

r t / l

:
None

N/A

N/A
None
None
None
N/A
None

I

I

Mult iple or Single Pass (per side) . . . ,  Mult iple Paa8ea
(n1) No peening done nith thia procedure.
(n2)No paas  >  ! /2  n  L .
(N3)WEI,D TgIRE SHAIJIJ BE CLEJAI{ED SPECIAL ^AI{D IIANDIJED WITE POI.,Y GL,OIIES.
(N4IGRIIIDING WITII ABRASIVE MMELS IS NNOT ALIJOIIBD'.
(N5) WIRE BRUSHING IS NNO? AI,I.OW8D'' .
(n5)PWHr RAMP UP TO 300 DEG.F.TTIEN 100 DEG.F/HR TO 1000 DEG.F,HOTTD FOR 4 HR.
(n7)PWIIT RN{P DOIIN FROM 1000F.TO 300F. @100F/m.. CSBN COOL, TO ROOM TE!.{P.

Re,l g
ProceEa Sy8tema fnternatiolal, Inc.

20 Walkup Drive WestborouEh, tlA 01581
WEI,DTNG PROCEDI'RE SPECIFICTTION (TIPS)

$PS No . :  153 -1
Support,ing PQRS r 153-1-H4B

DaEe, LO/28/96

BASE METAT (QW-403, QW-405)
P N o . 8 t o  P  N o . : 8
Tbicl(:re8s range. 0,18?5n to : ' .OOOOrl
Posit ion(E),A11 posit ions
Progreesion.vertical Up . .
notea



WEIJDTNG PROCEDI'RE SPECIFICATTON (TIPS)

Dat-e:. L0/28/96 Fslib..

Page 2 of 2

IVPS No. : 153-1

dtomT (Qw-402)

Single-V groove
Backiag : no backing
Root Opening: 3/1Gn nax.
Groove Angle: 50 degree min.
Root Face : 1/8tr max.

Single-Bevel groove
Backing : no backlng'
Root Openlng z 3/L6r nax.
Groove Angle: 45 degree mln.
Root Face : 1/8t max.

Single-V groove
Backing : gouged & back welded
Root Opening: 1/4n max,
Groove Aflgle: 50 degree min.
Root, Face : 3/16" max.

Double-Bevel groove
Backing : gouged & back velded
Root, Opening: 1/4n $ax.
Groove Angle: 45 degree min.
Root Face : 3/16' rna:<.

Double -V gEoove
Backing : gouged & back welded
RooE Opening: 1/4" max.
Groove Angle: 45 degree min.
Root  Face :3 /15 ' ,  max.

Single,/Doubl.e Flllet- Backing :
Root Opening I 3/16" nax.
WeId Size : Required filtet

plus root opening

Square groove
Backing : T-joint
Root Opening: L/321t nax..

gquare groove
Baeking :
Root Opening:

no backing
3/32r max.

tfEIJD JOINI DESCRIPTIONS SHOWN ARE NOT INCITUSIIIE OF AL,L OF TIIOSE FOI]IID ON A
JOS. WEIiD JOIIIT DESIGN REFERENCE IN AN ENGINBERINE SPECIFICATION OR
DESTGN DRAWING SHAL,xJ TAKE PRECEDENCE OVER "EIrD iIOMTS SIIOWN IN TIIIS lsPS.

_r-ni.tiqI cleaning shal1 be in sE,rict, cornpliance wich epecial j ob procedureg .
Method of back gouEing must. be accomplished with a caibide blrr culEer.

(a) I{ON.FUSABLE FJTANERS MAY BE usED.

YIELD WIRE STIALL BE CLEANM SPECTAI rN ACCONDANCE wrTH SPECIFIC irOB
PROCEDT RES. SEAIJED IN BAGS AND IIAIIDIJBD 9IITII POIJY GLOVES AT ALL TII.{ES.

GRINDTNG A}ID WTRE BRUSHING ARE NNOT ALLOVIEDII ON :tsE IJIGO iIOB. DEFECT
REMOVAL MUST BE ACCOMPI.,ISHED WITH A EIRBIDE BI'RR CUTTER.

VIEI,DING STARTS & STOPS MUST R,AII|P GRADUALLY UP & DOWN TO AVOID CRACTTNG.
TIIE 9IELDER SHALIJ PROVIDE A POST (AHTER FLO}I) GAS FLOII OF 10 SECOIIDS.

( e )

We cerEify that the slatements ln this record are colrect anct in accorda'nce
with the reguiremenrE of Seceioas IX and VIII of the ASME Code.

(b)

( c )

(d )

Prepared By:

Accepted By:

( t0/28/96 ) weld specialiEt,

( 70/28/96 ) Q.A.lranagerl



Proceaa Sy6tems Internatlonal, tnc.
20 9talkup Drlve Weetborough, titA 01591

_ _ :::::i:::_Tit Ii:::1i_i::::i_ I -il _ _ _ _ __ _
PQR No. :  153-1-848

.torMr DBSTGN (QW-402)
I{EI,D JOII{T CONFIGI'R;ATION

SingIe-V groove
Gas backing was
Groove Angle :
RooE OpeDing :
Root Face .

aote:

We1d Process / type
GAS (QW-408)
Sh ie ld ing  Gas /  CFH. . . . .
T r a i l i n g  e a s  /  c F l i . . . . .
B a c k i n g  G a s  /  C p g . , . . .

FIIJIJER METAL (QW-404 )
AWS ClaE8if icat, ion. .  .  .  .  .
s F A  S p e c .  N o .  &  F  N o . . . .
A  N o .  o r  C h e m .  e o m D . . . . .
Filler Meta1 Trade-Name.
SAW Flux Trade Name/\T)e
W e l d  D e p o s i t  ' t '  ( i n )  . . .
E I e c . / w i r e  S i z e  ( i n )  . . . .
ELEerRrCAr. (QW-409)
.enperage USED .
Voltage USED .
Travel Speed ( ipm)
Hax. Heat hput (. t / in) . .
Tungsten Type & Size. . . .
crtrreat, Tlpelgolarity. . .

TECHNTQUE (Qw-410)
String or weave Bead, . . .
Or i f i ce /Gas Cup S ize . . . .
Co8rt.act TUbe to Work. . . .
Oscillat ion
Mult. , /Single Electrode'.
Other Technique NoEes...
Irtul.tiple or Single FaEs

DaEe. LO/28/96 HPS No.: 153-1 Rev 0

BASB I,IETAIJ (Olt-403)

uEed
75 Degrees

062-125 fnches
030-062 hches

Material f olm.
Materlal Spec.
T o  . . .
P No. 8 Gr.
Thickness (in)

Plate
SA-240, Type 304L
sA-2rro, lype 304IJ

1  t o  P N o . 8  G r .  1
0  . 5000

None

None
None
None

NoDe
SFA#: None F#:

None
None

None / -
None

None

+ - - - - - - - - - -
I HEAT rnBAtuErr (ew-406, etr-4oz)
I Preheat Temperature: 60 Degrees F.-il;il;-id:;;;i---- -- --------i 

ff:i3:"yi:ff::ffii"y",,0 Desrees F.
Poeition of ifoin! : 1c - FIat I pwgf|rqErEaou or rJolnE, : lc - Ftat I pwHT tenE)erature ... : 1000 Degreee F.'ProgreeEion: N/A I plgf uot-ding tirne(hr): 4.00
note: I  note: Stress ReLief 1000 Deg.F.+/-SO f.

A11 pass (es)
GTAW ,/ rnanual

100t Argon
None

100t Argon

/ 20-30

/ to-2o

7 /  8 "

130-275
n/r
Var

ER308t
S F A # :  5 . 9  F # :  6

ct

SOLID FIIJJER METAT
N / A / -

r/L6n

7 0  - 1 5 0

var.

0 .  s 0 0 0
3 /32n

ao-reo
n/r
Var
None

rT/ AEW:rh-2 |  3/32n-t/81'
DCEN (straight)

String & tleave Bead
# 8
N/A
r/A

Single Elect.rode

(per  s ide)  , , . .  Mu l t ip le  PaB

N/A

N/A
None
None
None
N/A
Nooe

(n1) Peening rdas not used with thiE weld test.
(n2) l lo pas8 > L/2 t E.
(n3) PWHT Ramp up to 300 Deg.p rhen 1OO Deg.F/Cr to 1OOO Deg.F,Hold for 4 l tr .
(n4) PWHT Ramp down from lOoOF.to 300F. Or00r/gr. lhen cool to room temp.
{ns)



PQR No . :  153 -1 -H48
Procedure QtraU.fication Record (pQR)

TE!{STIJE TEST (QI{-150)
Page 2 of 2

ultfunate I gltilnate Tlpe ofspe-c_imen I r!+drh I nricx. I area I torii- | 
-il6;;- 

I r.il.rr.
No.  |  ( in . l  I  t in . )  l (eg. i .n . )  |  toad (1u)  |  (pg i )  |  and Locar ion

2 |  0.?s0 I  o.srs I  o.see I  36000 |  gtgoo I  saEe neear

' GUIDED BEIID TEST (QW-150)

TOTTGHNESS TEST (Qw-170)

_ | I ITesr I rmpact I r.areral eqr. I orop
spec.  I  Not .ch I  Nocch I  remp. I  vatues +--- - - - - - -+--- : - - - - ;  roeiqt t
N o .  l r , o c a E i o n  l r ) e e  l t r l l  ( f E - t b s )  l s r r e a r t l M i t a  l b r ; a k+ - - - - - - - + - - - - - - - - - - - - + - - - - - - - + - - r - - - + - - - - - - - - - - - - + - - - - - - - - - + - - - - - - - - + - - - - - - - - +

None

+ - - - - - - - + - - - - - - - - - - - - + - - - - - - - + - - - - - - + - - - - - - - - - - - - + - - - - - - - - - + - - - - - - - - + - - - - - - - - +
HARDNESS tEST - No hardness teEt

+ _ _ _ _ _ _ _ - _ _  _ _ _ _ _ - _ - +
fBase meeaL -1-  -z-  -3-  HAz -1-  -2-  -3-  m, l  -1  -2-  -3-  |
t l
t l
+ - - - - - - - - - - - - - - - *

Note6:

(ueaE Affect.ed zone=t{Az. t f ,eld Metal=ttM) *--------------+

Staq): lI48 Dan ID:Staq): lI48 llelder'a Name: Kennedy,
Testa conducted by: CONAil INSPECIION INC. Laboratory fest No: S06100 - 851Testa conducted by: CONAil INSPECIION
PQR ras done a welding of coupon wascoupon was witnessed by : Procesa Systems

we certify
veldE were
of Section

Prepared By:

Certified By:

thaE the
prepared,

aEaEements in thi8 record are correct, aad
welded, and te8ted in accordance witb the

IX of

to/zs/e6

Lo/28/96

that the teEt
requiremenEE

tfeld Specialist

Q.A.Manager:

ASME Code.



Ltdo - y'oqq-z- o7s fuud
ProceBE Sy8tens InterDaEloaal, lnc.

20 Walkup Drive tfe8tborougb, ltA 01581
WELDIIIG PNOCBDTNE SPBCIFTCATION (IIPS)

$PS Ro. :  073-3 Datet 05129/74 tevl.tlon No.: Dabel. 04123195
SupportlDg PQRs: 073-89 ,

- - r - - - - - + t -

SASE lrlgtAlJ (Qht-{03, Qw-{05)
P N o . 8 : 8

0 . ? 5 0 0 n
P N o . 8  t o P N o .
Tbickre88 range. 0.0625i to
Po8itlon(8) .A1I DoBltloDBPo8itlon (8) .A1I po8itlon3
Proqres8ion.Tertical tlo'.Progresalon.Vertical I'p..1....,..
noteS 1

SREEEAT (Q}l-i106)
Ittinirrum Teflperature. 50 DeEreeB
Interlrass TeIIE), ilax. 350 Degrees
Prebeat llainleaance. None

GAS (Qrf-{08)
Shielding cag ,/  Cru. .  , . .
T r a i l i n g  G a E  /  C F H . . . . . .
aacking ca8 ,/ CFH.

itorlrT (Qrf-{02)
itoial dteeigin Groove/9illet(aee gg 2)
Backlng..... lfith o! rlEbout backlag
Backing uatl optlonal
Pillcr, welal S12e All (Qm-{51.4}
aoEea

9OST}IEI,D EEAT TREATU�TT (QW-407I
Terq)erature range NoneF .

F .

Procea. /  twe.. . . . .  : - '  #irT"#i l t
Process thickneEs Unit.  0.0525' to 0.?500n

Tlrne range
aoEea

7s-25

9-30

130-275
ilr

Itar.

NODE

lfone

None

lloDe
None
NoDE

100t Algon /
None /

1001 &Eon /

/ -

FI',LER METAL (Q}T-404)
AwS c l .a8Ei f i ca l ion . . . . . .  ER308L
s F A  S p e c .  N o .  &  F  N o . . . .  S F A * :  5 . 9  F # :  6
A No.  o r  Chem.  Congr . . . . .  I
Filler metal trade name. SOI,ID FILLER l,IETAl,

NoDe
sFA#: No,ne F#:

None
None

None | -SAw flux trade name/tl4)e N/A / -
Erec. /wire e ize (1n) - . . .  

: ! lL6 |  z l lz  I  t /8
ELECIRICST, (QW-409)
9lelding amperage range..
tfelding voltage range. . .
Travel epeed {ipm)
!tax, Heat Input (J/in) , .
TunEsten  1)4pe lS ize . , . .  . .
C u r r e D t  &  P o 1 a r i t y . . . . . .

IECENrQUE (Qsr-410)
s t r ing  /  reave bead, . . . .
Orifice / Eae otp.
eontact tube to eork. . - .
oEcillation
uult. /Sing]e electrode. .
Other tecbnique NoteB . . .
Itlultiple or Single Pass
(n1)No Paaa >  L /2n  t
(n2 )

80-180
alx

{rar.
None

Emh-z  I  L lL6"  -3 l t6n
DSEN (straight)

String & lfeave Bead
* 5 t o # 1 0

N/A
u/A

Single Electrode

70-150
nlt

Var.

I { / A

:
None

I
N/a

N/a
None
None
None
N/A
None

(per  e ide) . . . .  i tu l t tg le  Pa88eE

(n3)nEID flIRE SHALL BE CLBAIIED SPECIAL AIID EANDLED lflT|l POI,y GLO\'BS.
(n4)GRINDING rsITH ABRASM lfllEELS IS riNOT ALIJOI|EDI.
(n5)WInE BRUSHING IS iNOT ALI,oIIEDTI
(nG)
(n?)



t{PS t lo.:  0?3-3

rfELDItfG pROCprrRE SPBCTTICATION (rps)

DrEe. OSl29l74 re' i t ion r. to.:

Prge 2 of 2

DaEet 0412t/96

.torM (Qtf-{02)

Single-V groove
Backlag : Do backing
Root OpeDlng: .125-.1975 Etx.
Groove &gle: 50 deEree nln.
noot Face : .030-.060 na)c.

Single-V.groove r....
Eacklng : gouged a back relded
Root OpenlnE: .125-.1875 Eax.
Groo\te Angle: 50 degree nin.
Root Face : .030-.060 nax.

a
?

Single-Be?el groove
BacklnE : ao backlng
Root Openlng: .125-.1875 oar.
Groove Angle: {5 alegrree ala.
Root Face : .030-.060 uax.

Double -Bevel grgote
Backing : gouged & back r€lded
Root Openlag: .125-.1875 Dar(.
Groove ADgle: 45 degrree oin.
Root Face : .030-.060 !atr.

Double-V gi:roove
-8acklng : .gorged e back relded
.Rool Opening: .125-.18?5 max.
Groove Angle: 45 degree uin.
Root 9ace : .030-.050 l la (.

StDEle/Double atUet
Backing : ,
Root O[reDlng: 1/32i uax.
tleld Size : Requlred fiUet

Blus root opening

Squale groove
Backing :
Root OpeDing:

Square €froorre
Backing : no baeking
Root Opeaing. 3/32n @rr.

T-Joint
Ll32n max.

rnitial cleaning shall be in striet co'npliance uith speclal Job Procedures.
t{ethod of baek gouging m.rBt be acconplisbed witb a carbide burr cutter.

I{EID 'OIIIT DESCRIPTIONS SHO}IN }RE NOT INCLUSII'E OF A!I, OF TTTOSE POI'ND ON
TIIE JOB. WELD iIOINT EESIGN REFERENCE IN AN BNGINEERING SPECIFICATTON OR
DESIGN DRAI{ING SEAL,L TAKE PREFERENCE OVER tfELD 'tOIlilTS SHO}IN IN ltsIS tfPS.

(A) NON-FUSABI'B RETAINERS I,IAY BE I'SED.

IIELD WIRE SIIALL BE CLEAIIED SPECIAL IN AeeORDNTCB WITII SPECIFIC JOB
PROCEDITRES. SEAJ,ED IN BAGS Al[D HAI{DLED lfll! POLY GIIOIIBS AT AIL TTMBS.

GRTIIIDfNG Al{D }IIRE BRUSHING ARE iNOT ALI,OT{EDi ON TttE LICO ,tOB. DBFBCI
RAMOVAIJ UUST BE ACCOMPLISIIED WITII A CIRBIDS BI'RR ST}TTER'

WBLDING STARTS & STOPS I{UST nAt'lP GRADUALLY UP & DO}IN TO AVOID CRACKIM;.
IIIB I{EI,DER SHALI, PROVIDE A POST (AFIER FI,oW) GAS FIO}I OF IO SECOIIDS.

{b)

( c )

(d )

(e )

lile certify that the atatementa
rith the requlrementa of

Prepared By:

eccepted By:

correct ud ln lccotdance
the ASI'IB eode.

05129/7{ ) tfeld speciallst

05129174 ) QA uanager:

ln thie rccord are



Procegs SysteoB lDterinatl@al. lDc.
20 tfalh.lp Drlve we5tborougb, llA 015gt

. -::::*:::-!:::I*::13-:::3*- I 3il _ _ - - - - -
PQR lfo.:  0?3-89 Datcz 05/2917r tfPS No.r 073-3

llatcrlel fom. Dlpe / nte

uaed
7S DegreeB

| *er trEArf[Brr (etr-r06, er{-{o?)
I Preheat Temperature: 50 Degrel8 F .

----+ Preheat UaiDteqaDce: tfone
POSTTION (Qt{-r105}
Posltioa of iloint :
Progreaalm:Vert,ical

lnterpaEs Te{qterature: 350 Degrces

itonn DrsrcN (Q+t-{02}
T{BIJD''OINT CONFIGI'R.ITION

SlagIe-V groove
Gaa backiag rae
Groo\r€ .lngle :
Root, OpeDiDg :
Root.Sace :

note:

l{eld Process / t}4)e
GAS (Qr{-408)
Shieldlng GaE / eFrH. . . . .
T ra i l ing  Gas /  Crs . . . . .
Eack ing  Gas /  Cr r . . . . .

FIIJJER METAI' (QW-404)
AWS Clags i f i ca l ion , .  -  - . .
S F A  S p e c .  N o .  &  F  N o . . . .
A No. or Ctrem. Corqr . . , . .
Filler Metal Trade Nane.
SAt{ Flux Trade Name/Tgre
t l e l d  D e p o s i t  r t r  ( i n ) . . .
E l e c . / W i r e  S i z e  ( i n ) . . . .
EIJECII.ICiIJ (QW-409 )
lrperage USED .
Voltage USED .
Travel Speed (ipm)
llax. Heat Input (.T/ia) . .
Tuags ten  "ype & S ize . . . .
GErent l)pe,/Polarity, . .

TECHNTQTIE (Qw-410)
StriDg or lfeave Bead. . . .
Or i f i ce , /Gas Cup S ize . . . .
Contact, frbe to l{ork. . . .
Oscillation
Mult.  /Stngle ElectrodeE.
Other Techntque NoBe6 . . .
fiultiple or Single PasE

BASE ttBret (0n-a031 :

tllaterial gpec. 8,4-312, crade Tp30{!
To ... 8A-312, Crade Tp30{L
P H o . 8  G r .  1  t o  P t f o . 8  c r .  1'tlrlcttncaa (tn) 0.3?50 Dta. (ta! 5.5630062-L25 .... Inches

o3o--q62 ,:'' rnchee

F .
9 .5G

qp
- 45 Deg. PWIII terq)erature ... : None Degree8

PnHT Eolding ttEe(hrl: tloae

SFA#:
I

SOTID FILLER l,lEEAI,
N,/A / -

0 . 3 7 5 0
l/ t6"

None
EH:rh-2 I 3/32'

DCEN (Etraight)

Strlng & tleave Bead
# 8
N/A
N/A

Single Electrode

(per eide) .  . . .  t i lul l lple

ER3O8I,
5 . 9  F # :  6

Itone

lfone
Noae
Nooe

None
SFA*: Noae F#:

None
NoBE

None / -
Noae

t{one

A1l paBB (eE)
GTAtf ./ na-ual

100t Argon
None

100t Argon

I t7-20
t -
/ L 8

t -
t -

110
t4
5

l t  / r

N/A

N/A
None
None
None
w/A
None

(n1) Peening saB not u8ed eith thlE $eld test.
(n2l No paaa > 3/L6n t.
(n3 )
(D4 )
(n5)



Eroccdure Qurllflcation Record (PQRI
PQR No.: 073-89 PaEe 2 of 2

TB|SILB 1391 1Q[r-150)
+ - - - - - - - - - - - - + - - - - - - - D + - - - - - , - - + - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - - - _ - +

| *".'.r,
I xo.

Plepared By:

Certified By:

ultlnatc, I 1:4)e of
lErcas ;'l failure

(petl I rad locatio
Area

Ultlmate
totrllridr,h

( tn .  )
lbick.

( in. ) (aq. tn . )  |  road ( lb)
+ - - - - - - - - - - - - + - - - - - - - - + - - - - - - - - + - - r - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - - - - - +

+ - - - i t - . - r i , r - - - + - - - - - - - - t j - ; - - - - - + - - - - r - - - + - - r - - - , - - - + - - - - - - - - - - + - - - - , - - - - - - - - - +

I ftgure No. aad qee I Re8ulr I rigure llo. and rfee I ReBult I
+ - r - - - - - - - -  + - - - - - - - - - -  - - - + - - - - - - - -  ,  - + - - - - - - - - - - - - - - +

I Qw-lez.z Siale bend I Sariefactoryl erf-162.2 Stde bead I Satiatacrory I
I Ql{-a62.2 Side bend I SatisfacEoryl Qti-{62.2 StAe bead I Sati3factoEy I

- + - ! - - - - - - , - , - - + - - - - - - - -  - - - + - - - - - r - - - - - - - - +  -
TOUGIHNBSS ItsST (Qrf-170)

+ - - - - - - - + - - - - - - - - - - - - + - - - - - - - + - - - - - - + - - - - - - - - - - - - + - - - - - - - - - - - , r - - - - - + - - - - - - - - +

1 |  0.7s0 |  0.300 |  o.zzs |  19400 |  8s2oo I  re ld uetal
, 

I 
0.7s3 

| 
0.302 

| 
0.227 

| 
20100 

| 
88500 

| 
reld neral

I 1,.,', ,, ,-., | | | |

| | lrest I tryact I lateral e4r. I orop
Spec. I NoEch I wotclr I retp.l values +---------+--------! reight,
No .  I  r , oca t lon  I  zype  l (F1  |  ( f r -1be)  l suear t  I  H l l s  I  b rea tc

TeBt

None

f eaee meral -1- -2- -3- EAz -1- -2- -3- ilf!{ -1 -2- -3- 
|t t

l f
+'----oe--------*  (Heat AffecEs6 zong-gAZ, l {eld Uetal-$M) #- ----  - --------+

Notes:

Stafilt: H9 llelder.E Name: Anthony J. Rof,fae ID:
TeEls conducted by: J,G.Sylvester Aa8oc.Inc. Laboratory Test No: 594' l
PCIR ras done & relding of coupon sae ttitDe8Bed by : Proceaa System8

lle eertlfy
reld8 $ere
of Section

that the staBement8 in thi8 record are correct and that the teEt
prepared, selded, and tegted in accordance rith tlre reguirernentg
IX of the ASME Co(b, n

I 05/29174 ) neld SPecialiet

( 05129174 ) QA ltlanager:
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Tltl.
WELD I}ATA SHEET SPECIFICATIONS

PURPOSE

The purpose of this specification is to providc definitive guidelines for the welding ofall
components to assure a consistent and repeatable rcsult per LIGO requircments.

GENERAL ..t-

The Weld Data She€ts shall be used to identifr which welding are to be used
for specific weld joint configurations. Additionally, pertinent welding rrachine settings
shall be provided. Notes conceming tack weld size and spacing and sequence of welding
shall also be provided.

RESPONSIBILITIES

The Manufacturing Depatrnent is responsible for the execution of this procedure, with
input and monitoring by the Project Engineer, the Quality Assurance Departnent, and the
Project Manager.

PROCEDURE

Weld Data Sheets shall be numbered by fpe and shall be logically tied to the appropriate
weld by a corresponding number in the weld symbol on the drawing.

z

o

SPECIFICATION
xumbar -

/nt'r vnlo-?nnr
I  Fcv
tJ_

o l - l n f



rlll' wELD DATA sHEET spEcIFIcATIoNs

ATTASIIMENT I

WELDPROCEDUNES

Weld Procedure l' :'

Weld Procedure

Weld Procedure

Weld Procedure

Weld Repair Procedure

v049-2-070

vM9-2-071

v049-2-072

nM9-2-073

v049-2-074

SPECIFICATION

z
c
I

o

-
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:  | {DSI

] PAT PASIS FRDI IilSM N EUiM

I
T16 PAS I FRI}IOUTSIOE

Ol]NII 116 PASS 2 FM INSItr

m l

Fil if filH t/8-yr6 6AP
IIIK F$1IJISIT ilIH RNff INItr (T16)
DT ]I[H IAIKS N IEN lit}l IENIERS
BAIKS]EP IILO MI PASS FHX IATK TO TAIK FH}I IJ]SItr (II[)
]]6 PASS Ftril INItr (T16)
F]LL IK}.t IN]T AS MIJItrO (PAT)

P4 t- of toV



WELD # 2

WELD DATA SIIEET

PLASMA ARC WELDING
P-A-W.

GAS TT'NGSTEN ARC
WELDING

G.T-A.W.
wPs# 150 Rcoarks wPs# 07&3

Plate Thks. or Pipe Size u4 lt4
Bevel in Totai Degress 50 50
Land .045 .045
Root Opening v8
Root Pass TIG Yes
Root Pass Plasma No
Torch Size 4A 350
Tungsten Size 3lr6 l/8
Tunssten Set Back Flush N/A
Cup Size 8-4088 8
Tio SizeA.lumber .125t9-1892 N/A
Pass or Pass Number Below Below
Amps Settiag 180 190
Volts 20 )7

Argon Gas Plasma Shield
Argon4le 7 5o/o/25Vo Shield N/A
Gas Flow CFH 20 30
Gas Plasma Flow CFH 4 -5 N/A
Purge Argon CFH 30 30
WLe Size/Type l/8 308L l/8 308L
Cleaning Technique CO: Wire & Weld

Zone
Cou Wire & Weld

Zote

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
PuIse
PAW AIVIPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#

Root Root 190 22 lt8
lst lst 190 22 5I5Z

2nd 180 r/8 2nd
3rd 180 20 l i8 3rd
4th 4th

5th 5th

/01



::.i{DS 2

] PAI PIS$S Ftril ]NIIT AS tr[IItrO

)

il6 PA$ 2 Fil{ INItr

tls 2

FIT IP IIT|J I/8-YI6 6AP
TAIK FRIIIMNIOE IIII1 PIRGE II{Sili (T16)
0ffi Ir{tH IATKS 0ll IEil ItdH iEtllERS
BATKSIEP ITLO ROO] PASS FROII IIIK TO ]AI( FR$IOIJISIffi (T16}
T]6 PASS FROI{ II{SIOE (T16)
FILL FRII{ II'ISIOE AS REOUIREO (PAI)

I
T16 PA$ I FH}I IJISIE

MNIOE

p6 g t't lof



WELD# 3

WELD DATA SHEET

PLASMA ARC WELDING
P.A.W.

GASTT'NGSTENARC
WELDING

G.T.A.W.
wPs# 150 Remerks wPs# 073-3 Remarks

Plate Thks. or Pipe Size y4-3t8 v4 -3t8
Bevel in Total Degress 45 45
Land- .M5 .045
Root Opening u8
Root Pass TIG Ycs
Root Pass Plasma No
Torch Sizc 4A 350
Tungsten Size 3n6 r/8
Tunssten Set Back Flush N/A
Cup Size 8 - 4088 I
Tip SizeA.,lumber .r25/9-1892 N/A
Pass or Pass Number Below Below
Amps Setting 180 190
Volts 20 22
Argon Gas Plasma Shield
Argon/FIe 75o/o/25o/o Shield N/A
Gas Flow CFH 20 30
Gas Plasma Flow CFH 4 - 5 N/A
Purge Argon CFH 30 30
Wire Size/Type 1/8 308L 1/8 308L Also 3/32
Cleaning Technique Coz Wire and Weld

Znne
coz Wire and Weld

Zane

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#

Root Root 190 22 l/8
lst lst 190 22 3t32
2nd 180 20 l /8 2nd
3rd 1 8 0 zv t/8 3rd
4rh 4th
)tn 5th

P4 1 /t1



ltOS 3

2

5
PAr PASSS ffil'ilN]ff AS EBIm0

I
IIG PAS I Fft}IOJIS]tr

O|jTSIOE
116 PA$ 2 FHlr lNm

t0s l

FII |lP ilI|] l4-yl6 6AP
TAiK FRM MSIOE IITH PURtr II{SIOE (U[)
O|{E II{TH IATKS Si TEI{ It{tll IEI{TERS
BATKSIEP IELO ROOT PASS FROI,{IAIK TO TAIK FR[I{ ftNIOE (]16)
TIG PASS FROI{ ]IISIOF (T16)
FILL FRSIIt{SiOE AS REOUIREO (PAT)



WELDDATA SHEET

PLASMA ARC WELDING
''. P-A-W.

GASTTJNGSTENARC
WELDING

G.Ti-W.
wPs# l5l Remarks wPs# 153

Plate Thks. or Pipe Sizc y 8 - l n 3f t - ln
Bevel in Total Degress 45 45
Land .045 .045
Root Opening
Root Pass TIG Yes
Root Pass Plasma No
Torch Size 4A 350
Turgsten Size 3t16 v8
Tunssten Set Back Flush NiA
Cup Size 84088 8
Tio SizeAlumber .t25/9-t892 N/A
Pass or Pass Number Below Below
Amps Setting 180 190
Volts 20 ) ,

Argon Gas Plasma Shield
ArgonlHe 75o/o/25o/o Shield N/A
Gas Flow CFH 20 30
Gas Plasma Flow CFH 4 -5 N/A
Purge Argon CFH 30 30
Wire Size/Type l/8 308L l/8 308L Also 3R2
Cleaning Tecbnique Cor Wire & Weld

Zone
Coz Wire & Weld

Znne

Cold Wire Feeder
Wire Speed
Continuous
Retact
Delay
Pulse
PAW AMPS VOLTS FILLER w# CTAW AMPS VOLTS F'ILLER w#

Root Root 190 22 l /8
lst lst 190 ,,., 3t32
2nd 180 20 l/8 2nd
Jro 1 8 0 20 1/8 3rd
4rh 4rh
5th 50t



|llDS 4

l
PAI PASES F[T{ IN]E AS ENNEO

I
T16 PASS I FR}1ilJISItr2

116 PAS 2 FHil INitr

tDs 4

FII tP ftTH l/8-yt6 6AP
]AtK FHIItIJISltr I]TH Rftf INIT (T16)
tN 1}{H IAIKS t}ITEN IITH IENIEM
BATKSTEP ITLD M] PAS FH}I IATK TI1 TAIK FH}I OJISItr (]16)
r1[ PASS Fm'il'rsltr (]16)
FILI FMl INItr AS ffUIItrO (PAY)



WELDf 5

WELDDATASHEET

PLASMA ARC WELDING
''. PJ-W,

GASTTJNGSTENARC
WELDING

G.Td.W.
wPs# lst Remarls wPs# 153

Plate Thks. or Pipe Size tn tn
Bcvel in Total Degress 45 45
Land .045 .045
Root Opening U8 -3tr6
Root Pass TIG fes
Root Pass Plasma No
Torch Size 4A 350
lungsten Size vt6 1/8
Tunssten Set Back Flush N/A
Cup Size 84088 I
Tip SizeA,lumber .12519-1892 N/A
Pass or Pass Number Below Below
Amps Sening 180 190
Volts 20 22
Argon Gas Plasrna Sbield
Argon/He 75%ol25Yo Shield N/A
Gas Flow CFH 20 30
Gas Plasma Flow CFH 4 -5 N/A
Purge Argon CFH 30 30
Wire Size/Type v8 308L l/8 308L
Cleaning Technique Coz Wire & Weld

Zore
CQz Wire & Weld

7.one

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS Frr r FR w#

Root Root 190 22 v8
lst lst 190 ZL J82
2nd 180 20 l/8 2nd
3rd t 80 20 l/8 3rd
4th 4rh
5th 5rh



116 PASS I Rffi flJNIffi

T16 PA$ 2 FRI}I ]I'ISIDE

PAI PA$ES FR[I{ INItr AS trgJ]tr0

m 5

FiT iP TITH UB-YI6 6AP
lAtK FHX OJISIT YI]|l PIRtr IIIS]OE (T16)
DT It{H IAIKS D'I TEti IIITH [EI{]ERS
DIVItr WZIE IN][ F[.R IIJAORN]S
BATKSIEP IELO INI PASS FR[T{ TAIK TO TAIK

FHll UTSItr (T16); lffi( FR0il0lll0RAl{l
T0 [JrtrN] l}l ml TR0llt{G PtT]ERll

116 PASS FH}I ]M]T (Ii6}
FILI FHI,IINIE AS EOIJIRTO (PAI)

P6 , \  f i  / 6U



WELD#6

WELDDATASHEET

PLASMAARC WELDING
.. P.A.W.

GASTTJNGSTENANC
WELDING

G.T.A.W.
wPs# Rcmarks wPs# r53

Plate Tbks. or Pipe Size I lga
Bevel in Total Degress ;0
Land .045
Root Opening Ul6 -3R2

Root Pass TIG Yes
Root Pass Plasma
Torch Size 350
Tungsten Size l/8

Tungsten Set Back N/A
Cup Size 8
Tip SizeA.{umber N/A
Pass or Pass Number Below

Amps Setting 190
Vola
Argon Cas Sbield

Argon/He .7 5o/o/25Vo N/A
Gas Flow CFH 30
Gas Plasma Flow CFH NiA
Purge Argon CFH 30
Wire Size,/Type 3R2 - ll8 308L

Cleaning Technique Coz Wire & Weld
Zaae

Cold Wire Feeder
Wire Speed
Continuous
Retlact
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AJVIPS VOLTS FTLLER w#

Root Root 190 l/8

lst lst 190 22 3R2

2nd 2nd 190 22 l/8
3rd

4th 4rh
5th 5th

loY



IIDS 6

T16 PASSS ffi}I INIE N EMREI)

,tm lffim] ,lm

116 PAS I Fffil [ns]tr

[UTSIffi

f f 6

FlI tP ilIH r4 6tP
tAtK Ftr}{[fls]tr ftTH aR[E lr{sttr (116)
DT ]ITH IAIKS DIiEN II{H IEI{IERS
&IKYEP IELO Ml PAS FH}IIAIK TO TAIK FH}IIJISIE (116)
11[ PASS FHil ]NItr (116)
FItt FHil II$Itr AS EilIItrO (T]G)

P6. rt tr /01



WELD#7

WELDDATASHEET

PLASMA ARC WELDING
.. P*[W.

GAS TI,JNGSTEN ARC
WELDING

G.Ti-W.
WPS# Remarks wPs# 153

Plate Thks. or Pipe Size v8- tn
Bevel in Total Degress N/A
Land N/A
Root Opening N/A
Root Pass TIG
Root Pass Plasma
Torch Size 250
Iungsten Size 3R2
Tungsten Set Back N/A
Cup Size
Tio Size/Number N/A
Pass or Pass Number Below
Amps Setting 150
Volts l 7
Argon Gas Shield
Argon4le 75Yol25%
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH N/A
Wire Size/Type 3t32 308L
Cleaning Technique coz Wire & Weld

Tnne

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPs VOLTS FILLER w#

Root Root
lst lst 150 l 7
2nd 2nd r50 l 7
3rd 3rd
4th 4rh
5th 5rh



t[s 7

TAIK }IOITLE I[ SIITLT FRN OJNIM (116)
tEL[ FR0,t ]NI0t (116)
IEIO IO IATKS FRI}|ffITSIM (TI[)

I/8 FITLEI ALL ARCI.TIO



WELD#8

WELD DATA SIIEET

PLASMA ARC WELDING
.. P.A.W.

GASTT'NGSTENARC
WELDING

G.T-LW.
wPs# Remarks wPs# 073-3

Plate Thks. or Pipe Size v8 - tl4
Bevel in Total Degress N/A
Lurd N/A
Root Opening N/A
Root Pass TIG
Root Pass Plasma
Torch Size 250
Tungsten Size 3n2
Tungsten Set Back N/A
Cup Size
Tip SizeAlumber N/A
Pass or Pass Number Below
Amps Setting 150
Volts I I

Argon Gas Shield
ArBon/Ile 7 5Yo/25o/o
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH N/A
Wire Size./Type 3/32 308L
Cleaning Technique Coz Wire & Wcld

Zone

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS TILLER w# GTAW AMPS VOLTS FTLLER w#

Root Root
lst Ist 150 l7
2nd 2nd 150 t 7
3rd 3rd
4rh 4th
5th 5tlt

"f lol



m 8

lAtK IffZLE Tt1 SITLL Ftr}IIJTS]tr (T16)
HD FM{ IN]tr (]]G)
fE_D MATKS Ffl'r[JISltr (T]6)

P(- ,  21> oF la \



WELD#9

WELDDATA SHEET

PLASMAARC WELDING
.. P.A.W.

GASTI'NGSTENARC
WELDING

G.T-A.W.
wPs# rsl Remarks wPs#

Plate Thks. or Pipe Size 3/8 - UA3bvz
Bevel in Total Degrcss
Land
Root Opening
Root Pass TIO
Root Pass Plasma
Torch Size 4A
Tungsten Size 3t16
Tungsten Set Back Flush
Cup Size 8-4088
Tip Size/Number .125/9-1892
Pass or Pass Number Below
Amps Setting 180
Vols 20
Argon Gas Plasma
Argon/He 7 5o/ol25oA Shielding
Gas Flow CFH 20
Gas Plasma FIow CFH 4 -5
Purge Argon CFH 30
Wire Size/Type l/8 308L
Cleaning Technique Coz Wire & Weld

Zone

Cold Wire Feeder
Wire Speed
Continuous
Retact
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
lst 1 8 0 20 U8 lst
2nd 180 20 l/8 2nd
Jro 3rd
4th 4th
5th 5th

P(,. Jr tol



I/4 FILLET 2-4 $AfffEI] H]]t| SItrS

mss
TAIK MI|] SIOTS (PAII}
ff10 mT|| SI0ES tLlERliAIIl{G; tlfl |EL0S 0lIAIKS (PAf)

P6,. t l  F toY'



WELD # IO

WELDDATASHEET

PLASMA ARC WELDING
.. P..dW.

GAS TUNGSTENARC
WELDING

G.T.A.W.
wPs# 150 Remarks t/Ps#

Plate Thks. or Pipe Size v 4 - 1
Bevel in Total Degress 45
Land N/A
Root Opening N/A
Root Pass TIG N/A
Rool Pass Plasma N/A
Torch Size 4A
lungsten Size 3/r6
Tungsten Set Back Flush
Cup Size 8-4088
Tio S izel}Iumber .t2519-1892
Pass or Pass Number Below
Amps Setting 180
Volts 20
Argon Gas Plasma
ArgonlHe J5o/olZ5oh Shielding
Gas Flow CFH 20
Gas Plasma Flow CFH 4-5
Purge Argon CFH 30
Wire Size/Type l/8 308L
Cleaniag Technique Coz Wire & Weld

Zone

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FTLLER w# CTAW AMPS VOLTS FILLER w#

Root Root
lst 1 8 0 20 l /8 lst
t - i 1 8 0 20 l/8 2nd
3rd 180 1 V 1/8 3rd
4th 4th
5th 5th



YI6 F]LLET }4

tOs l0

IAIK MNI FRO|I OUTSIDE (PAY)
fftO MUI FR$t II{SIffi (PAI}
IELO FILLEIS TO TffKS OIiIIJISJff (PAT)

Pa ay ur fo|



WELD # TT

WELD DATA SHEET

PLASMA ARC WELDING
. P-A.W.

GAS TUNGSTEN ARC
WELDING

G.Td.W.
wPs# 150 Remarks wPs#

Plate Tbks. or Pipe Size rn - t.250
Bevel in Total Degress 45
Land N/A
Root Opening N/A
Root Pass TIG N/A
Root Pass Plasma N/A
Torch Size 4A
Tungsten Size 3n6
Iungsten Set Back Flush
Cup Size 8-4088
Tio S izeA*lumber .125/9-1892
Pass or Pass Number Below
Arnps Setting 180
Volts 20
Argon Gas Plasma
Areon/He 7 5o/o/25o4 Shielding
Gas Flow CFH 20
Gas Plasma Flow CFH 4 - 5
Purge Argon CFH 30
Wire Size/T1pe l/8 308L
Cleaning Technique Coz Wire & Weld

Zote

Cold Wire Feeder
Wire Speed
Contiauous
Retact
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AIVTPS VOLTS FTLLER w#
Root Root
lst 1 8 0 20 l/8 lst
2nd 180 )n u8 2nd
3rd i80 20 v8 3rd
4th 4th
5th 5rh

Pc '  J{  t t



lilm 1l

lNitr

l/4 |tm ALL AHil{]

f0s ll

TAt( IilZtE FRI}ICIJ]SIOE (PAI)
IELO I{IZIE FRIH NSIOE (PAI)
tEL0 ilLLtn r0lAtH $r ilnm (PAt)



flt2

WELDDATASHEET

PLASMA ARC WELDING
.. PJ-W.

GASTT'NGSTENARC
WELDING

G.T.A-W.
wPs# Remarks wPS# 073-3

Plate Thks. or Pipe Size llB to lD
Bevel in Total Desrcss N/A
Land N/A
Root Opening N/A
Root Pass TIG N/A
Root Pass Plasma
Torch Size 350
Iugsten Sizc lt8
Tungsten Set Back N/A
Cup Size 8
Tio SizeAlumber N/A
Pass or Pass Number
Amps Setting 190
Volts 22
Argon Gas Shield
Argon/He 75o/o125% N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH N/A
Wire Size/Type 3t32308L
Cleaning Techaique Cor Wire & Weld

Tnn,e

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
lst lst 190 22 3t32
2nd 2nd 190 22 3t32
3rd 3rd
4th 4rh
5th



l,/DS l2

f f i12

iI[( I{]ZZLF ID SIIU FRI}I flJISItr (116)
IELO FRIT{ IN][ (T16)
tEL0 T[ ]AIKS FRt]t &jISIDE (i16)

Pe,  ZY o t  roY



13

WELD DATA SIIEET

PLASMA ARC WELDING
.. P-4.W.

GAS TT'NGSTENARC
WELDING

G.T.A-W.
wPs# Remarks wPs# t53

Plate Thks. or Pipe Size u41'otn
Bevel in Total Degrcss N/A
Land N/A
Root Opening N/A
Root Pass TIG N/A
Root Pass Plasma
Torch Size 350
hmgsten Size U8
Tungsten Set Back N/A
Cup Size E
Tio Size/Number N/A
Pass or Pass Number
Amps Setting 190
Volts 22
Argon Gas Shield
AtgonlHe .7 5o/o/25Yo N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH N/A
Wire Size/Type 3R2308L
Cleaning Technique Cou Wire & Weld

?-oae

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
t J t lst 190 22 3R�2
2nd 2nd 190 7 ' t82
3rd 3rd
4th 4th
5th 5rh



14 F]LLET 2T

14 FITLEI AI.L AROI.NO

tus 1l

IAIK il0ult T0 sr{LL FRU|{ flrISI0E (116)
IEt0 FR}{ il{Sl0r (T16)
tEL0 il lttxs FRIIT IIJISIOE (T16)



: )

WELDDATASHEET

# t 4

WELDING
G.T.A-W.

Pc, 3t oF loY



l{ilS 14

UI6 FII.IET 14

$IL IELO (T16)

It[ t4

IAIK t0ftA] lO I{UZLE FH}I OJISItr (]16)
IELO FH}.I INItr (T16)
IELO iO ]AIKS FHil IIJISItr (]I[)



PLASMA ARC WELDING
.. P*A-W.

GASTT'NGSTENARC
WEI,DING

G.T.A.W.
wPs# Remerks wPs#0713

Plate Thks. or Pipe Size l/4 to I
Bevel in Total Degress N/A
Land N/A
Root Opening N/A
Root Pass TIG
Root Pass Plasma
Torch Size 250
Tungsten Size 3lfz
Tungsten Set Back N/A
Cup Size a

Tip SizeAlumber N/A
Pass or Pass Number Below
Amps Setting 150
Volts t 7
Argon Gas Shield
AtgonftIe .75o/o/25o/o
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH N/A
Wire Size/Twe 3t32308L
Cleaning Technique Coz Wire & Weld

Tane

Cold Wire Feeder
Wire Speed
Continuous
Retact
Delay
Pulse
PAW AMPS VOLTS FlLLER w# GTAW AMPS VOLTS FILLER w#

Root Root
ls t lst 150 t 7
2nd 2nd 150 t 7
3rd 3rd
4th 4th
5th 5rh

WELD# 15

WELD DATA SHEET



lilDS t5

I/16 FILLET I-8

I/I6 FILLET

m 1 5

]AtK ttNLAT TO IIIZLI FRI}IIJIUOE (I][}
ITLD FRt}l IIISItr (116)
ITID ][ IATKS FH}{IJISItr (T16)



WELD# 16

WELDDATASHEET

PLASMA ARC WELDING
.. P.A.W.

GASTT'NGSTENARC
WELDING

Gr.A-W.
wPs# Remarks wPs# 073-3

Plate Thks. or Pipe Size V4 to ln
Bevel in Total Degress N/A
Land N / A ,
Root Opening N/A
Root Pass TIG N/A
Root Pass Plasma
Torch Size 350
Tugsten Size l/8
Tungsten Set Back N/A
Cup Size I
Tip SizeNumber N/A
Pass or Pass Number
Amps Setting 190
Volts 22
Argon Gas Shield
Axgon/He.75%t25To N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Pwge Argon CFH N/A
Wire SizdType 3R�2308L
Cleanhg Technique Cor Wire& Weld

Zone

Cold Wire Feeder
Wire Speed
Continuous
Retact
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AlvtPs VOLTS FILLER wf

Root Root
lst lst 190 22 38.2
2nd 2nd 190 22 3R2
3rd 3rd
4th 4rh
5th 5rh



I,IDS ID

m t E

TAIK M]ZZLE I[ SIIIL FRII{ ffTSIE (116)
tEL0 FRtlril{slm (116)
TELO T[ TAIK FRI}I Ufiru (116)

PA, iL oF toq



WELDItT

WELD DATA SIIEET

PLASMA ARC WELDING
,. PAW.

GASTUNGSTENAAC
WELDING

c.TAW.
wPs# 150 Remarks wPs# 073-3

Plate Thks. or Pipe Size l/4 to I ll4 to I
Bcvel in Total Degress 50 50
Land .u5 .045
Root Opening l/8
Root Pass TIG Yes
Root Pass Plasma No
Torch Size 4A 350
Tugsten Size 3tr6 l/8
Tungsten Set Back Flush N/A
Cup Size 84088 8
Tio Size/Number .125/9-r892 N/A
Pass or Pass Number Below Below
Amps Setting r80 190
Volts 20 ..,

Argon Gas Plasma Shield
Argon/lle 75W25o/o Shield N/A
Gas Flow CFH 20 30
Gas Plasrna Flow CFH 4 - 5 N/A
Purge Argon CFH 30 JU

Wire Size/Type r/8 308L l/8 308L Nso3132
Cleaning Technique Coz Wire & Weld

7-one
Coz Wte & Weld

Tanc

Cold Wire Feeder
Wire Speed
Continuous
Retact
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root 190 22 v8
lst lst 190 22 3R2
2nd 1 8 0 20 r/8 Znd
3rd 1 8 0 20 l /8 Jto

4th 4th
5rh 5th



}{DS 17

T16 PA$ I FHTIOJTSIffi

1r'rs1tr

T][ PASS Z FHil II{SIOE

l
PtI PISSES FR[il ]NItr AS trgjlffi0

fOs l?

FII IP Tl]|1 UB-YI6 6AP
TAIK FH}l UITSItr YII[| PIIRIE ]I{S]OE (T16)
IN II{H ]ATKS II'I]EN II'I[}| IFI{TERS
DIVItr IUNE INID FON ruAORAilTS
BATKSTEP trLD HNT PASS FR{II{ TAIK 1O TAIK

Fm [JISltr (llG); fffi( tRI]lfiJllRAt{I
TO IIAIRNT IN flT] IH&IIII6 PTiIERI'I

T16 PASS Ftr},IINItr (T16)
FILL FH}|INItr AS EOU]RTI (PAI)



WELD#

WELD DATA SIIEET

PLASMA ARC WELDING
.. P,A.W.

GAS TI.JNGSTEN ARC
WELDING

G.T"A.W.
wPs# Remarks rV?S# 073-3

Plate Thks. or Pipe Size I  Iga
Bcvel in Total Degress 50
Land .045
Root Opening vr6 -3R.2
Root Pass TIO Yes
Root Pass Plasma
Torch Size 350
Tungsten Size l/8
Tungsten Set Back N/A
Cup Size 8
Tio Size/Number N/A
Pass or Pass Number Below
Amps Sening 190
Volts 22
Argon Oas Shield
Areon/He 75o/ol25%o N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH 30
Wire Size/Type 3A�21t8 308L
Cleaning Technique coz Wire & Weld

Tan,e

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
PuIse
PAW AMPS VOLTS r.ILLER w# GTAW AMPS VOLTS trILLER w#

Root Root 190 22 l/8
lst lst 190 22 1R2
2nd 2nd 190 22 l/8
3rd 3rd
4th 40r
5th 5th



N/DS

ns t8

flI tf fltH l4 6AP
lAtK FHil [JiSItr IIIH PIft{ II{SItr (T16)
tN IIH iAiKS t}'IIEN II{H TENIEM
BITKSTEP ITLO Ml PASS FRI}I IAIK Tt] TAt( F$I UJIS1E (T]6}
11[ PASS FHI{ ]NItr (116)
FILL FHT ]NItr AS IIJIED (IIG)

T16 PANS FH}IINII IS REO]RED

116 PASS I FH}l OJIS]tr

fc, 4o oF tol



WELI} DATA SIIEET

PLASMA ARC WELDING
.. P.A.W.

GAS TTJNGSTEN ARC
WELDING

G.T.A-W.
wPs# r51 Remarks wPs# 153

Plate Thks. or Pioe Size ll2 to 3/8 lntoy8
Bevel in Total Degress 45 45
Land .045 .045
Root Opening v8 -3n6
Root Pass TIG Yes
Root Pass Plasma No
Torcb Size 4A' 350
lugsten Size 3fl6 v8
Tungsten Set Back Flush N/A
Cup Size 84088 8
Tip Size/Number .125t9-1892 N/A
Pass or Pass Number Below Below
Amps Sening 180 r90
Volts 20 )')

Argon Gas Plasma Shield
kgonlHe.T5%125% Shield N/A
Gas Flow CFH 20 30
Gas Plasma Flow CFH 4 - 5 N/A
Purge Argon CFH 30 30
Wire Size/Type v8 308L l/8 308L
Cleaning Technique Coz Wire & Weld

Zone
Coz Wire & Weld

Zone

Cold Wire Feeder
Wire Speed
Continuous
Refact
Delay
Pulsc
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root. Root 190 )) l/8
lst lst r90 22 3t32
2nd 1 8 0 20 v8 2nd
3rd 180 20 u8 3rd
4rh 4th
5rh 5th



}iNS

l
PAI FItt PA$ES
N MIUIREO

T16 MT PA$ FftT{ IH]S SItr

2
T16 PASS FRff THIS SilT

I
,s

t0s lg

T16 TAIK FRtil RICIlT $OE (VIEI}
fllR[t FR0t't LEF] iVIEf] (116)

T16 PA$ FM LEFT TllITI] (T16)
PIT FIIL FROI LEFI TVIEI] (PAT}



WELD # 20

WELD DATA SEEET

PLASMAARC WELDING
\ PJ-W.

GAS TUNGSTENARC
WELI}ING

G.T./C,.W.
wPs# 150 Remerks wPs#

Plate Thls. or Pipe Size !4
Bevel in Total Degress
Land
Root Opening
Root Pass TIO
Root Pass Plasma
Torch Size 4A
Trmgsten Size 3t16
Tungsten Set Back Flush
Cup Size 84088
Tio S izeA.,lumber .t25t9-1892
Pass or Pass Number Below
Amps Setting 180
Volts 20
Argon Gas Plasrna
Argon/He 75o/ol25%o Shielding
Gas Flow CFH 20
Gas Plasma Flow CFH 4 - 5
Purge Argon CFH 30
Wire Size/Type l/8 308L
Cleaning Tech''ique Coz Wire & Weld

?-or.e

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW A}lPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER, w#
Root Root
lst 180 20 U8 lst
2nd 2nd
3rd 3rd
4th 4rh
5fi 5th



I,IDS 20

M D

IAIK fl]TH SItrS (PAT)
ftl0 H]TH SIffS AtlE$lAIIl[; it0 |EL0S 0'lTAIKS (PAl{)



WELD#2I

WELDI}ATASHEET

PLASMA ARC WELDING
*. P*A-W.

GAS TI,JNGSTEN ARC
WELDING

G.TrA.W.
wPs# 150 Renarkr wPs#

Plate Tbks. or Pipc Size u4 - tn
Bevel in Total Degress 45
Land N/A
Root Opening N/A
Root Pass TIG N/A
Root Pass Plasma N/A
Torch Size 4A
Tungsten Size 3t16
Tungsten Set Back Flwh
Cup Size 8-4088
Tip SizeAilumber .125t9-1892
Pass or Pass Number Below
Anps Setting 180
Volts 20
Argon Gas Plasma
Argon/He 75%125% Shielding
Gas Flow CFH 20
Gas Plasma Flow CFH 4 - 5
Purge Argon CFH 30
Wire Size/Tvoe l/8 308L
Qlsaning Technique Cor Wire & Weld

Zore

Cold Wire Feeder
Wire Speed
Continuous
ReFact
Delay
Pulse
P A W  I A M P S VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
lst 1 8 0 20 ti8 lst
2nd 2nd,
3rd 3rd
4rh 4th
5rh 5rh



i,lDs 21

I/4 FILLET ALL IHTNIO

f0s 2l

TAIK BOT|.| S]trS (PAY)
tEL0 ilTH S]trS (PAr)

6. ?6 ar /0/



WF,LD#22

P.A.W.
GAS TTJNGSTEN ARC
WELDING

G.T.A.W.

WELD DATASHEET

P4.: lz "r



IllDS 22

TIII AS EilIEO (IIG)

MT PAS (T16}

m 2 2

FIT I,P TiTH 14 6AP
TAt( FRtl|| 0{t SII f]rH Hnm 0'lulnR sl[ (116)
rEr0 2r0 Ptss m|1 Pnff (T16)
FILI AS RTflIIRTO (T16)

f6. v*"r 76y



WELD#23

WELDDATASHEET

PLASMA ARC WELDING

.. PAW.
GASTT'NGSTENARC
WELDING

G.Tn.W.

tol



IIDS 2l

l
PAI FILL FHT{ IJISII
AS tr[JIffiO

I
116 PASS FH}l II{SIffi

2
T16 PA$ FIXfi II.IT$IT

It[ 2]

Fri rf ilIH l4-vrb 6AP
IAIK FH}I INITI YIIII P|]Rtr OfiSIOE (T]6I
OT It{H ]AIKS II'ITEtl II{I|I IEi{TERS
DI'iII IUNE INIO FIIR ruAORNIS
BATKSIEP IELO illT PASS FHIII iAt( TO TAiK

Fm INItr (T16); f0RK FRffi ruAmAill
TO UAMNI IN flI] TORO]I}'I6 PTI]ER|I

116 PASS FK}1ONSItr (T16)
FILL FH}IIIJTSItr AS REOUIffiO (PN}

t 50 of /o?



WELD #24

WELD DATA SHEET

GASTT'NGSTENARC
WELITTNG

c.T.A-W.

Pass or Pass Number

107



I/4 FITLET 2T

l4 m0 il ffiilil

rDs 24

IAIK FRCII ffJTSIOE (TI[)
rcLD FMil IilSIOE (III)

IELO FILTEIS IO iAtKS N'I OlJ]SIffi (PAT)

p6,.52 o7 lof



WELD #25

WELD I}ATA SHEET

PLASMA ARC WELDING
*. P.A.W.

GASTT'NGSTENARC
WELDING

G.TJ.W.
\ryPS# Remarks wPs# 073-3

Plate Thks. or Pipe Size v8 - tn
Bevel in Total Degress 45
Land N/A
Root Opening N/A
Root Pass TIG N/A
Root Pass Plasma
Torch Size 350
Iugsten Size l/8
Tungsten Set Back N/A
Cup Size I
Tip SizeiNumber N/A
Pass or Pass Number Below
Amps Setting 190
Volts 22
Argon Gas Shield
AxgorlHe,75W25Vo N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH 30
Wire Size/Twe 3R2 - v8 308L
Cleaning Technique coz Wire & Weld

Zone

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FlLLER w#

Root Root
lst lst 190 22 3R2
2nd 2nd 190 22 yE

3rd 3rd
4th 4th
5th 5th

of /6t/



. ' :

hlDS 25

TIG IELO ffi}{ ilIS SIIE
TII TASH EAtKSIffi AS REilIIREO

f0s 25

lAtK, FIIL AS RTEffJItrD 8Y nAylffi (116)

Pa sq oF /b{



PLASMA ARC WELDING
.. P.A.}V.

GASTUNGSTENARC
WELDING

G.T*A.W.
wPs# 150 Remarks wPs# 073-3

Plate Thks. or Pipe Size 1n ID
Bevel in Total Degress 45 45
Land N/A
Root Opening N/A
Root Pass TIG
Root Pass Plasma
Torch Size 4A 350
Tungsten Size ,n6 t/8
Tungsten Set Back Flwh N/A
Cup Size 84088 I
Tip S izeA,lumber .lzst9-1892 N/A
Pass or Pass Number Below Below
Amps Setting 180 190
Volts 20 ,,,)

Argon Gas Plasma Shield
ArgonlHe.75o/o/25Vo Shield N/A
Gas Flow CFH 20 30
Gas Plasma Flow CFH 4 -5 N/A
Purge Argon CFH 30 JU

Wire Size/Tvue l/8 308L l/8 308L Nso3R2
Cleaning Technique Coz Wire & Weld

Zone
Coz Wire & Weld

Zone

Cold Wire Feeder
Wire Speed
Continuous
Retact
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
lst 1 8 0 ?o l /8 lst 190 22 3R2
Znd 2nd 190 11 3R2
3rd 3rd
4th 4th
)th 5rh

WELD DATA SHEET

WELD #26

Ft qs oF tol



liIS 2O

z
Ptf PASSES tS trflllRE0
SIITTI{ LEIfiTH SPATIIIG ffR MIIItfi

45 mfift rEr0 PREP
PREP MZNE AM!{N MLL IS REOUIRED

it6 PASSS FflI]NItr AS ffi[]iffiO

II]S 6
116IAIK IJISItr
116IFLO INIT
PAT STI]IH IELO IJISItr
AS tr[JIftD



WELD#27

WELDDATA SIIEET

PLASMAARC WELDING
.. P-A.W.

GASTUNGSTENARC
WELDING

G.TAW.
wPs# Remarks wPs#

Plate Thks. or Pipe Size
Bevel in Total Degress
Land
Root Opening
Root Pass TIG
Root Pass Plasma
Torch Size
fungstcn Sizc
Tunssten Set Back
Cup Size
Tip Size/Number
Pass or Pass Number
Amps Seuing
Volts
Argon Gas
Argon/He.75Vo/25o/o
Gas Flow CFH
Gas Plasma Flow CFH
Purge Argon CFH
Wire Size,/Type
Cleaning Tecbnique

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
lst ' lst
2nd 2nd
3rd 3rd
4th 4rh
5th 5th
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WELII #2E

WELD DATA SEEET

WELDING
c.T-4_W.

ARCWELDIN
P-A-W.
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WELD # 29

WELD DATA SHEET

GASTT'NGSTEN
WELDING

PLASMAARC WELDING

or /0y
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#30

WELDDATASHEET

WELDING
G.T.A.W.

ARCWELDING

P6, L3 e /0y
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WELD #37

WELD DATA SIIEET

WELDING
G.T*W.

PLASMA ARC WELDIN
r. PAW.

e 75o/o/25Vo
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#32

WELI} DATA SHEET

PLASIUA ARC WELDING
'.. P..{.W.

GAS TI,JNGSTEN ARC
WELDING

G.T.A-W.
wPs# Remerkc wPs# 153

Plate Tbks. or Pipe Size I D - I D
Bevel in Total Degress 50
Land .(X5
Root Opening vt6 -3t32
Root Pass TIG Yes
Root Pass Plasma
Torch Size 350
Iugsten Size v8
Tunssten Set Back N/A
Cup Size 8
Tip Size/Number N/A
Pass or Pass Number Below
Anps Sening 190
Volts 22
Argon Gas Shield
Argon/He.75o/o125%o N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH 30
Wire Size/Type 3t32 - ltB 308L
Cleaning Technique Coz Wire & Weld

?,one

Cold Wire Feeder
Wire Speed
Continuous
Retact
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
lst lst 190 .,1 3t32
2nd 2nd 190 'r) l/8
3rd 3rd
4th 4th

5th

1l et; / oL/
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PLASMA ARC WELDING
.. PA.W.

GAS TTJNGSTEN ARC
WELDING

G.T.A.W.
wPs# 150 Remarks wPs#

Plate Thla. or Pioc Size v 4 - l
Bevel in Total Degress
Land
Root Opening
Root Pass TIG
Root Pass Plasma
Torch Size 4A
fungsteD Size 3n6
Tungsten Set Back Flush
Cup Size 8-4088
Tip Size/Number .t25t9-1892
Pass or Pass Number Below
Amps Setting 180
Volts 20
Argon Gas Plasma
Arson/He 75%o/25o/o Shielding
Gas Flow CFH 20
Gas Plasma FIow CFH 4 -5
Pwge Argon CFH 30
Wire Size/Type 1/8 308L
Cleaning Technique Coz Wire & Weld

7-orc

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
lst 180 20 t/8 lst
2nd
?rd 3rd
4th 4th
5rh 5rh

WELDDATASIAET

#33

p6" 5? or /of
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WELD#34

WELD DATA SIIEET

PLASMA ARC WELDING
'.. PA.W.

GASTTJNGSTENARC
WELDING

G.T.A.W.
wPs# 150 Remerks wPs# 0?3-3

Plate Thks. or Pipe Size rn-l  v4 I n - | v 4
Bevel in Total Degrcss 45 45
Land N/A
Root Opening N/A
Root Pass TIG
Root Pass Plasma
Torch Size 4A 350
lugsten Size . 3n6 l/t
Tungsten Set Back Flush N/A
Cup Size 8-4088 I
Tip SizeNumber .t25/9-1892 N/A
Pass or Pass Number Below Below
Amps Setting 180 190
Volts 20 22
Argon Gas Plasma Shield
Arson/[Ie 7 5o/o/25o/o Shield N/A
Gas Flow CFH 20 30
Gas Plasma Flow CFH 4-5 NiA
Purge Argon CFH 30 30
Wire Size/Type l/8 308L l/8 308L
Cleaning Technique Coz Wire & Weld

Zone
Cor Wire & Weld

Zote

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AJVTPS VOLTS tr,ILLER wf

Root Root
lst 180 20 v8 lst 190 ?2 38.2
Znd 2nd 190 22 3R2
3rd 3rd
4rh 4*t

5rh 5th
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WELDf 35

WELDDATASHEET

PLASIT{A ARC WELDING
P-[W.

GAS TUNGSTENARC
WELDING

G.Ti-W.
wPs# 150 Remarks wPs# 073-3

Plate Thks. or Pipe Size U4- l t 4 - |
Bcvel in Total Degress 45 45
Land NIA
Root Opening NiA
Root Pass TIG
Root Pass Plasma
Torch Size 4A 350
Iugsten Sizc 3n6 l/E
TuDssten Set Back Flush N/A
Cup Size 84088 8
Tip SizeA{umber .t2519-1892 N/A
Pass or Pass Number Below Bclow
Amps Setting 180 190
Volts 20 1Z

Argon Gas Plasma Shield
Argon/Fle 75o/ol25Yo Shield N/A
Gas Flow CFH 20 30
Gas Plasma Flow CFH 4 -5 N/A
Purge Argon CFH 30 30
Wire Size/Type l/8 308L 1/8 308L
Cleaniag Technique Coz Wire & Weld

Zone
coz Wire & Weld

Tnne

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FTLLER w#
Root Root
lst 180 ?n l/8 lst 190 22 3R2
2nd Znd t90 )) 3R2
3rd 3rd
4th 4th
5rh 5th

pc,. /oy
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#36

WELD DATA SIIEET

PLASMA ARC WELDING
PAW.

GASTTJNGSTENARC
WELDING

G.T-A.W.
wPs# 150 Remerlrr wPs#

Plate Tbks. or Pipc Size ln
Bevel in Total Degrcss
Lurd
Root Opening
Root Pass TIG
Root Pass Plasma
Torch Size 4A
Tungsten Sizc 3^6
Tunssten Set Back Flush
Cup Size 8-4088
Tio S izell.,lumber .t25t9-t892
Pass or Pass Number Below
Amps Sening 180
Volts 20
Argon Gas Plasma
Argon/Fle 7 5o/ol25%o Shielding
Gas Flow CFH 20
Gas Plasma Flow CFH 4 -5
Purge Argon CFH 30
Wire Size/Type l/8 308L
Qlsaning Technique Coz Wire & Weid

Zone

Cold Wirc Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER wf GTAW AIV1PS VOLTS FILLER w#
Root Root
lst 180 zv y8 lst
Znd 2nd
3rd 3rd
4th 4rh
5th 5th
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WELD DATA SHEET

#37

PLASMA ARC WELDING
P.A.W.

GAS TUNGSTENARC
WELDING

G.T.A.W.
wPs# Remerks wPs# 073-3

Plate Thks. or Pipe Size
Bevel in Total Desress
Land .
Root Opening
Root Pass TIG
Root Pass Plasma
Torch Size 250
Iungsten Size 3t32
Tunesten Set Back N/A
Cup Size 7
Tip SizeA.lumber
Pass or Pass Number
Amps Setting 100
Volts l 0
Argon Gas Shield
Areon/He 75%n5% N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH
Wire Size/Type 1/16 308L
Cleaning Technique Coz Wire & Weld

Area

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root
Ist l s t 100 l 0 vl6
2nd 2nd
3rd 3rd
4th 4th
5th 5th

14 tz or tol
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WELD#38

WELDDATASHEET

PLASMA ARC WELDING
P.A.W.

GAS TUNGSTEN ARC
WELDING

G.T.A.W.
wPs# Remarks wPs# 1512

Plate Thks. or Pipe Size 118 - t"
Bevel in Total Degress 45
Land N/A
Root Opening N/A
Root Pass TIG Yes
Root Pass Plasma
Torch Size 500
lunssten Siz€ U8-5R.2
Tunssten Set Back
Cup Size I
Tip SizeA.Iumber N/A
Pass or Pass Number
Amps Setting 2s0
Volts 25
Argon Gas Shield Gas 7 5o/o He 25o/o

AR
ArponlHeT5%/25Vo N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH N/A
Wire Size/Type 1/8 - 5132 5183

Wire & Weld
7-one

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root 250 25 U8-5t32
lst l s t 250 25 l/8-5t32
2nd 2nd
3rd 3rd
4th 4th
5rh 5th

P6. l0?
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\ilELD # 39

WELDDATASHEET

PLASMA ARC WELDING
P-4.W.

GAS TUNGSTENARC
WELDING

G.T.A.W.
wPs# Remarks wPs# l5l2

Plate Thks. or Pipe Size ltB - v2
Bevel in Total Desress N/A
Land N/A
Root Opening N/A
Root Pass TIG Yes
Root Pass Plasma N/A
Torch Size 500
Tungsten Size v8 - 5t32
Tungsten Set Back N/A
Cup Size 8
Tip Size,Number N/A
Pass or Pass Number
Amps Setting 190-250
Volts 22-25
Argon Gas Shield Gas 75%;oHe25%

AR
Argon/[Ie 750/'/25% N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH N/A
Wire Size/Type l/8 5/83
Cleaning Technique Wire& Weld

Znne

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root 190 7 \ l/8
ls t l s t 250 25 v8-5/32
2nd 2nd
3rd 3rd
4th 4rh
5rh 5rh

fr  &t or
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#40

WELD DATA SIIEET

PLASMA ARC WELDING
P.A.W.

CAS TUNGSTEN ARC
WELDING

G.T-4.W.
wPs# Rcnarks wPs# 1512

Plate Thks. or Pipe Size U2- 518
Bevel in Total Degress 45
Land 0
Root Opening N/A
Root Pass TIG Yes
Root Pass Plasma N/A
Torch Size 500
fungsten Size v8 - 5t32
Tungsten Set Back N/A
Cup Size I
Tio S izeA.Iumber N/A
Pass or Pass Number All
Amps Setting 250
Volts 25
Argon Gas Shield Gas 'l5o/o He 25o/o

AR
Arson/He 75%/25% N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH N/A
Wire Size/Type t/8-5t32 5/83
Qlganing Technique CO: Wire & Weld

Zane

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS TILLER w#
Root Root 250 25 1t8-5t32
l s t lst 250 25 t/8-5t32
2nd Znd 250 25 t/8-5/32
3rd 3rd
4th 4th
5rh 5rh

PG &3 o,
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WELDDATASHEET

PLASMA ARC WELDING
P.A.W.

Pass or Pass Number

Gas Flow CFH

/o l
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#42

WELDDATASHEET

PLASMA ARC WELDING
P.A*W.

GAS TUNGSTEN ARC
WELDING

G.T.A.W.
wPs# Remarks wPs# 073-3

Plate Thks. or Pipe Size l/8 - 3/8
Bevel in Total Desress t )

Land vl6
Root Opening ln6-3t32
Root Pass TIG Yes
Root Pass Plasma
Torch Size 350
Tungsten Size 3t32-u8
Tungsten Set Back N/A
Cup Size 8
Tip SizeA.lumber N/A
Pass or Pass Number
Amps Setting 150-190
Volts 17-22
Argon Gas Shield
ArgonlHe 75%/25% N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH l5-30
Wire Size/Type ln6-3132 308L
Cleaning Technique CO: Wire & Weld

Znne

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#

Root Root 150 t 7
lst l s t 190 22
2nd 2nd 190 1 )

3rd 3rd
4th 4rh
5th 5th

P6'  S-1 oF 101
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WELD # 43

WELDDATASHEET

PLASMA ARC WELDING
P.A.W.

GASTT]NGSTENARC
WELDING

G.T-A'W.
wPs# Remarks wPs# 07&3

Plate Thks. or Pipe Size vt6 - ll4
Bevel in Total Degress N/A
Land . N/A
Root Opening N/A
Root Pass TIG Yes
Root Pass Plasma
Torch Size 350
Tunesten Size 3R2-VE
Tunssten Set Back N/A
Cup Size 8
Tip SizeNumber N/A
Pass or Pass Number
Amps Setting 150
Volts t7
Argon Gas Shield
Areon/He 75%125% N/A
Gas Flow CFH JV

Gas Plasma Flow CFH
Purge Argon CFH 15-30
Wire Size/Type l /16 308L
Cleaning Technique Cou Wire & Weld

Znrc

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root 150 1 7
l s t lst 150 l 7
2nd 2nd
3rd 3rd
4th 4rh
5th 5rh



r44

WELD DATA SHEET

PLASMA ARC WELDING
P.A.W.

GASTUNGSTENARC
WELDING

G.T.A,.W.
WPS# Remrrks wPs# l5l2

Plate Thks. or Pipe Size y2-5/8
Bevel in Total Degress 75
Land . 0-1/16
Root Opening 0
Root Pass TIG Yes
Root Pass Plasma N/A
Torch Size 500
Tungsten Size lt8-5t32
Tungsten Set Back N/A
Cup Size 8
Tio SizeA.trumber N/A
Pass or Pass Number
Amps Setting 230-250
Volts 23-25
Argon Gas Shield Gas 7SVoHe2So/oAR
Argon/lle 1so/olzso/o N/A
Gas Flow CFH 30
Gas Plasma Flow CFH N/A
Purge Argon CFH
Wire Size/Type 1/8 5183
Cleaning Technique Coz Wire & Weld

?.ane

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER wf GTAW AMPS VOLTS FILLER w#
Root Root 230 23 r/8
l s t lst 250 25 li8
Znd 2nd 250 25 l/8
3rd 3rd 250 25 l/8
4th 4rh 250 25 1/8
5th 5th
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WELD # 45

WELD DATA SIIEET

PLASMA ARC WELDING
P-A.W.

GASTUNGSTENARC
WELDING

G.T.A.W.
WPS# Remarks wPs# 073-3

Plate Thks. or Pipe Size lt4-3t8
Bevel in Total Desress 4S
Land .
Root Opening 1n6-lt8
Root Pass TIG Yes
Root Pass Plasma N/A
Torch Size 350
Tungsen Size 3Rz-ll8
Tungsten Set Back N/A
Cup Size 8
Tip S izeA.{umber N/A
Pass or Pass Number
Amps Setting 150-190
Volts t7-22
Argon Gas Shield
ArgonAle 7 5o/o/25Vo
Gas Flow CFH 30
Gas Plasma Flow CFH
Purge Argon CFH 20-30 Root Pass
Wire Size/Type 3t32-r/8 308L
Cleaning Technique COz Wire & Weld

Znrc

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root 165 l 8 308L
lst lst 165 l 8 308L
2nd 2nd 190 22 308L
3rd 3rd t90 22 308L
4th 4th
5rh 5th
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WELD #46

WELDDATASHEET

PLASMA ARC WELDING
P-A-}V.

GASTUNGSTENARC
WELDING

G.T.A.W.
wPs# 155 Remarks wPs#

Plate Thks. or Pipe Size lt4
Bevel in Total Decress None
Land . N/A
Root Opening None
Root Pass TIG
Root Pass Plasma Yes
Torch Size 300
Tunesten Size 3n6
Tungsten Set Back 0.032-0.062
Cup Size 8-4373
Tip SizeNumber .125
Pass or Pass Number I
Amps Setting 230
Volts L )

Argon Gas Plasma
Areon/He 75o/o/25o/o Shield
Gas Flow CFH 22
Gas Plasma Flow CFH 5
Purge Argon CFH 35
Wire Size/Type .045
Cleaning Technique Coz Wire & Weld

Znne

Cold Wire Feeder wF-3 OK
Wire Speed 0.32
Continuous Yes
Retract 3.5
Delay No
Pulse No
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FTLLER w#

Root 230 z.) 308L Root
lst lst
2nd 180 20 t/8 Znd
3rd 1 8 0 20 l /8 3rd
4th 4th
5th 5th
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WELDDATA SHEET

WELD # 47

PLASMA ARC WELDING
P.A.W.

GASTUNGSTENARC
WELDING

G.T-A.W.
WPS# Remarks wPs#07$3

Plate Thks. or Pipe Size u+tn
Bevel in Total Degress N/A
Land N/A
Root Openirg N/A
Root Pass TIG
Root Pass Plasma
Torch Size 350
funesten Size v8
Tungsten Set Back N/A
Cup Size 8
Tip SizeArlumber N/A
Pass or Pass Number
Amps Setting 190
Volts 22
Argon Gas Shield
Arson/He 75%125% N/A
Gas Flow CFH 30
Gas Plasma Flow CFH NiA
Purge Argon CFH N/A
Wire SizelTvoe t/8 308L
Cleaning Technique N/A

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root 190 l/8
lst lst
2nd 2nd
3rd 3rd
4rh 4th
5th 5rh

toq
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PLASMA ARC WELDING
P.A.W.

GAS TUNGSTEN ARC
WELDING

G.T.A.W.
wPs# Remerks wPs#073-3

Plate Thks. or Pipe Size l l l6-v4
Bevel in Total Degress N/A
Land . N/A
Root Opening
Root Pass TIG Yes
Root Pass Plasma N/A
Torch Size 350
Tmgsten Size 3t32
Tungsten Set Back N/A
Cup Size 8
Tip SizeAlumber N/A
Pass or Pass Number
Amps Setting 150
Volts l 7
Argon Gas Shield
Argon/tle 75%125%
Gas Flow CFH 30
Gas Plasma Flow CFH
Purge Argon CFH 30 If Required
Wire Size/Type 1/16 308L
Cleaning Technique Coz Wire & Weld

Znne

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#
Root Root l 5 I I 308L
lst lst
2nd 2nd
3rd 3rd
4th 4rh
5rh 5rh

WELDDATA SHEET

#48
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WELD#'19

WELD DATA SIIEET

PLASMAARC WELDING
P.A.W.

GASTUNGSTENARC
WELDING

G.T.A.W.
wPs# Remerks wPs# 073-3

Plate Thks. or Pipe Size lt4-112
Bevel in Total Degress N/A
Land N/A
Root Opening
Root Pass TIG Yes
Root Pass Plasma
Torch Size 350
lungsten Size l/8
Tunssten Set Back N/A
Cup Size 8
Tip SizeNumber
Pass or Pass Number
Amps Setting 190
Volts 22
Argon Gas Shield
Arsor/He 75%125%
Gas Flow CFH 30
Gas Plasma Flow CFH
Purge Argon CFH 30
Wire Size/Type
Cleaning Technique l/8 308L

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FILLER w# GTAW AMPS VOLTS FILLER w#

Root Root 190 22 308L
lst lst
2nd 2nd
3rd 3rd
4th 4rh
5th 5rh
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#50

WELI} DATA SHEET

PLASMA ARC WELDING
P.A.W.

GASTUNGSTENARC
WELDING

G.T.A.W.
WPS# Remarks wPs# 073-3

Plate Thks. or Pipe Size v4 -rD
Bevel in Total Degress 37.5 -45

Land 0 - 1116
Root Opening
Root Pass TIG Yes
Root Pass Plasma
Torch Size 350
Tungsten Size v8
Tungsten Set Back NiA
Cup Size 8
Tip SizeNumber N/A
Pass or Pass Number
Amps Setting 190
Volts 22
Argon Gas Shield
Arson/He 75%/25% N/A
Gas Flow CFH 30
Gas Plasma Flow CFH
Purge Argon CFH 30
Wire Size/Tvoe 3t32-r/8 308L
Cleaning Technique Coz Wire & Weld

Zone

Cold Wire Feeder
Wire Speed
Continuous
Retract
Delay
Pulse
PAW AMPS VOLTS FTLLER w# GTAW AMPS VOLTS FILLER w#

Root' Root 190 J ) 308L
lst lst 190 22 308L
2nd 2nd r90 )') 308L
3rd 3rd 190 22 308L
4th 4th
5th 5th

rc. /oY
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Tltle

1.0

2.0

PTJRPOSE

The purpose of this procedure is to define the operational procedures to effectively
perform manufacturing and testing in a Class 100 Clean Room environment.

GE}TERAL

The LIGO vacuum system performance is greatly in{luenced by the level of cleanliness of
the vacuum surfaces. All components must be shipped to the site and installed without
allowing contarnination oftle vacuum surfaces (flange faces and interior surface).

Once LIGO components are cleaned to UIIV standards, they must be prctected by a Class
100 clean room environment. This applies to assembly operations after UHV cleaning
and to any subsequent inspections or other entry into tle components.

All persorurel must be trained in clean room procedures before entering the LIGO clean
room areas. This includes viewing the Micron video tapes "Basic Contamination
Control", "Robing for the Cleanroom", and "Behavior in the Cleanroom".

All clean room clothing (boots, gloves, gowns, hat covers, hoods, etc. shall meet Class
100 clean room standards.

Safety glasses shall be wom at all times.

RESPONSIBILITIES

The manufacturing departrnent is responsible for haining and execution of clean room
protocol per this procedure. The Q.A. departrnent shall monitor manufacturing and
testing activities for compliance to this clean room procedure.

4.0 PROCEDURE

4.1 Clean Room Access

4.1.1 All personnel shall put on clean room clothing systems in an attached gowning room
prior to enty into the Class 100 Clean Room. Personnel shall move from the first sticky
mal (dirty) to the second sticky mat (clean) as they put on each shoe cover. All joints
(glove to sleeve, pants to shoe cover). After gowning, personnel shall wait two minutes
prior to entering the Class 100 area.
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Tllle

4.1.2 Nl soiled or damaged clothing shall be discarded.

4.1.3 Only clean tools and components shall be allowed inside the Class 100 Clean Room. All
equlppen! used-inside the Class 100 clean room shall be oil ftee and shall not generate
particles above Class 100 levels.

4.1.4 Clean Room particle levels shall be monitored during clean room operations where a
component is open or about to be opened.

4.1.5 Clean Room particle levels must reach Class 100 level before a cleaned component
maybe opened for inspection or assembly.

4.1 .6 New personnel shall not enter the Class 100 Clean Room while a component is open.

4.1 .7 . Proper cleanroom behavior shall be observed while persornel arein the cleanroom.

4.2 Clean Room Exit

4.2.1 All personnel shall exit the Class 100 area onto the clean sticky mat.

4.2.2 Shoe covers shall be removed one at a time while moving over to the "dirty" sticky mat.

4.2.3 Personnel shall remove the remaining Class 100 clothing and store in a "used clolhing"
storage area if not soiled or torn. Once the Class 100 clothing is removed, personnel shall
leave the gowning room irnmediately.
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Tllle CONTAMINATION CONTROL PLAI{

1.0 PURPOSE

This plan defines measures to be taken to limit contamination ofthe ultra high vacuum
surfaces oflhe LIGO vacuum equipment during fabricatior\ assembly and installation by
particulate and hydrocarbons.

2.0 RESPONSIBILITIES

2.1 Material vendors, PSI and its subcontractors shall handle materials in accordance with the
various specifications relating to them. These specifications define measures to be taken
to limit contamination, including by carbon steel.

2.2 Personnel performing cleaning operations shall be trained by the manufacturing
engineering departrnent in the proper procedures.

2.3 Personnel performing work inside cleanrooms shall be trained by the manufacturing
engineering group in the required clearroom procedures and behavior.

2.4 All persorurel shall be trained by the manufacturing engineering department in tle
philosophy and specific provisions ofthis plan.

3.0 REFERENCEDOCUMENTS

The following documents shall be used in conjunction with this plan:

PSI Specification V049-2-01 5, Cleaning Procedure
PSI Specification V049-2-l 18, Cleanroom Activities
PSI Material Specifi cations

4.0 GEI\TERAL

While it is critical that all vacuum surfaces (internal surfaces and flange faces) be kept
free of contaminatior\ exterior surfaces must also be kept clean. This will not only
facilitate keeping the interior surfaces clean, but it is necessary in order to maintain the
cleanrooms at Class 100. Care shall be taken to minimize exposurc to corrosive
environments, such as tlose containirig chloride compounds.
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Till€ CONTAMINATION CONTROL PLAI\

5.0 HYDROCARBONCONTROL

5.1 Material vendors. PSI and its subconhactors shall handle materials in accordance with the
various specifications relating to them. These specifications define measures to be taken
to limit contamination, including by carbon steel.

5.2 Contact of stainless steel by uncontrolled materials shall be avoided. This includes
materials such as work gloves, work boots and unprotected shop floors.

5.3 Liquids, gases or vapors containing hydrocarbons or other contaminants shall not be
allowed to come into contact with the stainless steel at any time. This includes fluids
such as machining lubricants.

5.4 Leak testing shall be done only with the use ofoil-fiee vacuum pumps.

6,0 PARTICULATECONTROL

6.1 MaterialProtection

Materials shall be handled in such a ma.nner as to limit contamination, including by
carbon steel. This includes the following precautions:

6.1 .1 No carbon steel hooks, fork lift forks, grapples or chains shall be allowed to contact the
stainless steel.

16.1.2 Raw materials shall not be stored in direct contact with materials of different
I composition, but shall be separated by suitable spacers or sheeting. Depending on the

I p*, level of cleanliness (raw material vs. cleaned part).

6.1.3 Stored materials (raw materials or work in process) shall be protected from the shop
atmosphere when not being handled (or worked on) by plastic sheets or similar protective
covers.

6.1.4 During transportation, components shall be shrink wrapped in plastic and shipped in
closed trucks or under tight fitting tarpaulins.

6.1.5 Finished components shall be shipped to the sites under vacuum.
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Tltle CONTAMINATION CONTROL PLAI{

5.2 Clearuooms

From tJre time that a vessel or other component has received its final washing, it shall not
be opened unless it is inside a Class 100 clearuoom.

5.2.1 During Assembly

Immediately after washing, components shall be moved directly into a clearuoom without
being exposed to the shop atrnosphere. In the cleanroom, the component shall be closed
to protect it from particulate contamination. This closure may be by joining to a mating
piece, installation of covers, or wrapping or double bagging in plastic. The closure shall
not be breached unless the component is inside a cleanroom.

5.2.2 Duringlnstallation

Components shall be moved into position and prepared to the greatest extent possible
before breaching the protective wrapping or bagging. The outer protection is then
removed, and a portable soft-wall clearuoom is moved into position over the component
before it is opened. Once the cleanroom is in position and a Class 100 envirorunent is
established, Class 100 air is used to break the vacuum inside the component. Once
atmospheric pressure has been reached, covers may be removed for final installation of
the component. The component and all of its access ports and openings shall be closed or
connected to another comDonent before the cleanroom can be moved or shut down.
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Ttrte 
RAW MATERIAL HANDLING PROCEDURE

I.O PURPOSE

The purpose ofthis procedure is to define the requirements for handling and stodng
LIGO raw material.

2.0 GENERAL

This procedure is applicable to all LIGO vacuum boundary and vacuum internal
component raw materials.

Contamination ofLIGO vacuum surface materials must be prevented during receiving,
storage and fabrication in order for the vacuum system to achieve its design goals.
Contamination is defined as any foreign material (carbon steel, oil, grease, etc.) which
could come in contact with the 304/304L S.S. and aluminum.

3.0 RESPONSIBILITIES

The receiving department is responsible for preventing contamination during receiving
and storage ofthe raw material.

The manufacturing department is responsible for preventing contamination during the
fabrication process.

4.0 PROCEDURE

4.1 Receiving

4.1.1 All LIGO Vacuum Boundary Material (304/304L S.S.) shall be handled (i.e. lifted,
rolled, etc.) without coming in contact with carbon steel or other contaminants.

4.2 Storage

4.2.1 Vacuum Boundary material shall be stored indoors and shall be protected from carbon
steel, hydrocarbon and other types of contamination.

4.3 Fabrication

4.3.1 Raw materials shall be protected from contamination throughout the fabrication process.
All welding and fitting shall be done in clean manufacturing space (Class 100,000 -
200,000) with outside air purge to minimize contamination. Welding gases shall be
collected in exhaust systems and vented outside.
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T|rte RAW MATERJAL HANDLING PROCEDURE

4.3.2 No solvent wiping, grinding or wire brushing shall be done to the vacuum surfaces.

4.3.3 All machining fluids shall be water soluble and low in chlorides.

4.3.4 Welding wire and joints shall be cleaned with a CO2 spray prior to welding.

4.3.4 After Ultra High Vacuum (J[IV) cleaning, vacuum surfaces shall not be touched by skin
or other contaminants. All cleaned vacuum boundary comDonents shall be sealed
(vessels with covers on), double plastic bagged or prote;rcd by a Class 100 Cleanroom
atmosphere at all times.

4.4 Smoking is not allowed in any LIGO storage ot manufactudng area.
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TIIIe PROCEDUREFORVERIFYINGcoMPoNENTDIMENSIoNALAccURAcY

1.0 PURPOSE

The purpose of this procedure is to define the activities required to veriff dimensional
accuracy of LIGO fabricated components.

2.0 GENERAL

LIGO components shall be inspected during and after fabrication to verifr dimensional
accuracy. All components shall be inspected to dimensions and tolerances given on the
fabrication drawings.

3.0 RESPONSIBILITY

The Quality Assurance Departinent is responsible for inspecting and verifing LIGO
component dimensional accuracy.

LIGO vessels manufactured by outside machine shops shall be inspected at the vendor
while on the N.C. machine.

PSI fabricated components will be inspected in rhe PSI shop to veriff dimensional
accruacy. An elechonic surface gauge shall be used to veri$ and record all o-ring sealing
surface finishes (32 finish).

4.0 PROCEDURE

4.1 - Outside Vessel Fabrication

The fabricated vessel shall be inspected during manufacture and at the Final Acceptance
as detailed in the vessel Q.A. plan. The final inspection of the vessels shall be done on
the N.C. machine. The fabrication drawings shall be used as the acceptance criteria. A
discrepancy report shall be prepared for all non-conformances.

A PSI Q.A. (or engineering) representative shall wihess and signoff all final inspections.

LIGO shall be notified five days prior to final inspections.

4.2 PSI Shop Fabrication

PSI fabricated vessels shall be inspected during manufacturing and at final assembly as
detailed in the component Q.A. plan.

A Q.A. (or engineering) representative shall witness and signoff all final assembly
inspections. The fabrication drawings shall be used as the acceptance criteria. A
discrepancy report shall be prepared for all non-conformances.
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Title:SPECIFICATION FOR VITON VACUUM BAKEOUT

1.0 PURPOSE

The purpose of this specification is to outline the procedure to be used to vacuum bake Viton O-rings
for UHV service.

2.0 GENERAL

This specification will be periodically updated as bakeout parameter data becomes available.
Testing will be performed by PSI to develop a bakeout procedure that yields the best properties for
Viton O-rings in UHV service,namely,low outgassing and high reliability.

3.0 RESPONSIBILITY

It shall be the responsibility ofthe project engineer, PSI manufacturing, and QA personell assigned
to the Viton bakeout program to ensure that all procedures required by this specification are
performed.Data sheets and test results for each lot of Viton that is processed will be signed and
archived for future reference.

SPECIFICATION
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Title: SPECIFICATION FOR VITON VACUUM BAKEOUT

4.0 VITONBAKEOUTPROCEDURE

l.Prepare the following Viton bakeout system equipment for operation:
Vacuum chamber
Vacuum pumps
Heating system
Cryotrap and LN2 system
Instrumentation and controls

2.Load the Viton O-rings into the vacuum chamber using clean room techniques to prevent
contamination of the chamber or Yiton.Log lot no.,quanties and sizes.

3.Close up chamber.

4.Start rough pumping chamber .Log time and ambient temperature.

5.Continue rough pumping until pressure reaches SLLljotr. Log time,chamber pressure.

6.Start cryotrap LN2 supply.Iog time. chamber pressure.

T.Start turbomolecular pump when pressure reaches 0.05 ton. Log time,chamber pressure

8.When chamber pressure appears Io have leveled off,start heating the chamber.The initial
temperature set point is 40.C. Log time,temp.,heater power, chamber pressure.

9.The chamber temperature must be slowly ramped up to help achieve uniform heat distribution and
sample "soaking".Colder areas ofthe chamber (typically flanges and thicker sections) may condense
vapors.The maximum temperature set point to be achieved is 150 C.The temperature set point
should be ramped up at 20 C / hr. Log time ,set point, temp.,heater power, chamber pressure hourly
and each time the temperature set point is changed.

Caution! Dangerous byproducts may be formed if Viton is heated to a temperature
greater than 200C

l0.Once the maximum temperature is achieved ,the goal is to maintain this temperature until the
pressure decays to an asymptotic minimum. Log time,set point,temperature,pressure every 2 hrs.

SPECIFICATION
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Title:SPECIFICATION FOR VITON VACUUM BAKEOUT

I i.Cooldown requires that the temperature is slowly ramped down at 20.CAr. avoiding cold spots as
before,Pressrue may drop during cooldown .Log time,set poinl,temperature,pressure every hour.

l2.Cooldown is complete when the chamber temperatue is at ambient and the pressure has been
stable for t hour./og final readings when cooldown is complete.

l3.Isolate chamber and shutdown vacuum pumps.

l4.Cryotrap remains cold until serviced.

l5.Vent chamber with dry air or GN2.

16.Vent vacuum pumps with dry air or GN2.

l7.Remove Viton O-rings from the chamber using clean room procedures.Visually inspect , bag and
label the O-rings. Prepate a sample for durometer testing.

l S.Service cryotrap.

Caution! Contents fiozen in cryotrap should be considered hazardous waste and must be
handled and treated accordingly.

19.Clean the vacuum chamber in preparation for the next lot.

Caution! Deposits found in the chamber should be considered hazardous waste and must
be handled and treated accordingly.
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Title:SPECIFICATION FOR VITON VACUUM BAKEOUT

VITON BAKEOUT DATA SHEET

Lot no.
Date
By

Size
Size
Size

Quan. Size
Size

Ouan.
Quan._
Quan._

Quan.
Quan. _ Size

I I J 5 6

Date/Time

Pressure

Temperature

Set Point

Htr.Power

LN2 level

Turbo Pump

Rough Pump

Remarks
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1.0

2.0

PURPOSE

The purpose ofthis procedure is to provide basic guidelines for the safe transfer of
vacuum equipment and components to the customer sites.

GENERAL

The primary objective ofthis procedure is to:

I

2.

.].

4.

Provide sufficient supports to prevent damage to vacuum equipment and
sy$em componenm.

Provide protective closers on spools and valves.

Assure that the crates are strong enough to stand shipping and handling
hazards.

Assure that the crated equipment and components are properly packed and
fastened, and that the contents of each container is properly identified on a
packing list.

Make packages and crates water tight and gas tight to prevent damage from
the elements.

Provide identification of the equipment and parts shipped including warning
notes on crates and boxes.

5 .

Crates And Crating
Crates shall be designed and constructed to comply with the military specification
MIL-C-1048, Crates, Wood; Lumber and Plywood Sheathed, Nailed and Bolted.

The above specification provides reference tables relating weight of the objects to
be crated, siie of the crate and size of the crate frame members. It shouid be noted
that crates constructed to MIL-C-104 specification develop their full sfiength after
the side panels and top are installed in place. The specification also provides ample
amount of sketches ofthe crate construction details.
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The following points should be observed in the construction of crates:

The crate fabricator should be provided with information on each crate specifing
the weight of the object to be crated, the internal dimensions ofthe crate (the crate
shall clear the object by 2" on all sides) and any special data that may usefi.rl such
as the intemal crossbracing of equipment.

The maximum allowable soan dimension between skids and other frame members
shall be avoided

Rubbing strips of 4" thick lumber shall be installed on the underside of the crate
bases to provide for sling and forklift truck handling.

Sufficient reinforcing joists of proper size shall be on the crate tops in the center of
balance area to Drevent crushins of tlre crate when it is lifted with a single set of
slings.

Crate liners shall be applied between the sheathing and the ftame member of sides,
ends and top. The liner material shall be polyethylene film at least 6 mils thick or
any other approved waterproof material.

Visqueen polyethylene film and bags are both available in various widths and sizes
and are readily from a variety of sources. This is a good choice for use as an initial
layer ofprotection.

No ventilation holes shall be provided in the crates.

Drain holes shall be provided in the crate bases.

Crating Of Piping, Spools, Valves And Miscellaneous Items
Pipes, spools and valves with ends protected by pipe caps or blind flanges shall be
secured to crates to prevent any movement during handling and shipmenl. In
regard to large valves and automatic valve operators, each one shall be wrapped
with water tight polyethylene enclosures. Small valves, bolting, and other small
items can be wrapped in polyethylene bags and packed in water tight boxes. All
items shali be properly marked.

Items To Be Removed And Crated Separately
Delicate items such as small automatic valves, instrumentation and automatic valve
operators should be removed and crated or covered with water tight wrapping,
plywood or sheet metal.

SPECIFICATION
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Stretch Wrapping
Stretch wrap (6 mil plastic) is available in various widths ftom 2" to 36" with hand
applicators for wapping of various components.

3,0 SHIPPING

Truck Transport
All vessels and components shall be hansported
equipped with air ride suspensions.

tractor/trailer combinations

Shipping Considerations For Components
The primary objective in the preparation of components for shipping is to minimize
the ihance'for damage shipiin! can induce. i-houghtful plairiring is required in
considering the causes ofpotential damage and its prevention.

The following recommendations shall be considered in preparing components for
sruppng:

All pipes, rtozzles, flanges and so forth, shall be sealed. Various methods and
matelials may be used, but all must be watertight. All components shipped under
vacuum shall be marked with waming labels.

Suitable lifting lugs, conectly orientated to the shipping face, shall be provided and
identified as the lift and or tie down points.

At times there may be special tie-down lugs required for securing a component on
particular transport, or bigger holes may be required on the lifting lug. s 1o
accommodate tle lifting equipment at particular site. Such requirements will be
known after the PSI Project Manager has submitted the component shipping
drawings to the shipping concem, and the transporter has been selected.

Two point loading with substantial shipping saddles evenly spaced about the center
of grivity in areai of relative stiffness, iuc[ as external oi intemal stiffening rings,
intemal structural members, or near shell seams. Avoid supporting components at
the mid-span of unsupported shelis.

All shipments of components utilizing more than two point loading shall have the
review and approval ofthe LIGO Project Manager.

Supports shall be as wide as required to distribute the load on the shell, but shall
not be less than six (6) inches wide.
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4.0

Supports shall be attached to the vessel. If wooden saddles are used they should be
banded to the vessel. If steel saddles are used, they should be bolted to rings.

Use nylon slings for lifting. The use of chains is prohibited.

The type of transporter used will affect the design of supports.

Protective Storage And ldentification
Completed components shall be securely stored to prevent inadvertent movement
Golliig). All n6zzles shall be protected. Once proiected, these components shall
be stored indoors.

Any parts removed for shipping shall be clearly labeled. A loose parts list shall be
generated and given to the person who will coordinate the delivery ofthese parts to
the customer sites. The loose parts list shall accompany the shipping documents.

Marking and Special Instructions
Establishment of a good marking system and good records is critical.

Identification shall be durable. The use of hand embossed metal tags produced on a
Dymo tape writer is recommended where space is the limiting factor. In all other
cases, stencil painting or writing with unwashable ink is recommended. Use of
photographs showing details of equipment before disassembly is strongly
iecommended. A picture of each crate should be taken prior to closing the lid and
side walls where applicable.

HANDLING

All LIGO components shall be handled (i.e. lifted, pulled, etc.) per the vessel
handling data sheet. This sheet will detail weight, center of gravity, spreader beam
requirements, offloading instructions, etc.

Special shipping instructions such as "USE SPREADER BAR WHEN LIFTING"
oi shipping weight should be painted in the proper places and detailed instructions
attached to the vessel if applicable. (See Attachment l).

SPECIFICATION
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Tltle
SPECIFICATION FOR CONTROL OF

1.0 SCOPE

This specification covers the minimum requirements for control, identification and the
disposition of nonconforming items. This procedure applies to receiving inspection, in-
process inspection, final inspection, testing documentation and procedural matters.

GENERAL PROCEDTJRE

A noncomformance is any condition that does not comply with a specific job
specification or the customer specifications.

The Quality Assurance Engineer or the Quality Control lnspector places a Reject Tag or a
Stop Work Tag (Exhibit l) on the material which has failed to pass the required
inspections and tests or on material that is determined to be otlerwise nonconforming and
generates a Discrepancy Report @xhibit 2) for rcview by the MQA or the QAE.

The DR is then forwarded to the Project Manager for dispositions. The Project Manager
reviews the nonconfonnance and enters a disposition appropriate for the product and its
condition and processes the DR, as follows:

a. The Project Manager or a competent member of the project team, documents the
technical justification for the acceptrability of USE-AS-IS or REPAIR dispositions
and obtains tlre customer's approval for tlose which do not comply with the
customer's specification requirements.

b. When the disposition is complete, the Project Manager or his designee shall sign
and date in this space piovided and return the DR to the MQA or the QAE.

Acceptance of the completed disposition is then documented by the MQA, the QAE or
the Quality Control Inspector, on the bottom section ofthe DR. When all ofthe required
signatures have been provided and the item is acceptable, the Reject Tag or tle Stop
Work Tag can be removed by the individual accepting the completed disposition on the
DR. Once the nonconformance has been corrected, the item or component is considered
to be acceptable.

When documentation or procedural matters are suspect of being nonconfonning, a DR is
initiated and forwarded to the MQA or the QAE for disposition.

a. DR's generated for documentation or procedural deficiencies will not require
disposition concurrence ftom Engineering. However, when Engineering input is
required, the MQA or the QAE obtains concunence with the disposition fiom
Engineering, as applicable.

2.0

2.1

2.2.
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rllle 
spEcIFIcATIoN FoR MATERTAL coNTRoL

2.2.3 The Receiving Inspector verifies the identification markings on the material, size,
thickness, evidence of damage and conformance of the Material Test Reports to the
applicable material specifi cation.

2.2.4 Mateial that is found to be discrepant shall be processed in accordance with the Control' 
of Nonconformance procedure.

2.2.5 When material test reports are required on the purchase order, a Material Identification
Code (MIC) number. The receiving inspector shall assigrr a MIC No. to each lot of
material and mark each piece of material with the assigned MIC NO., PO No., Job No.,
and the Part No.

2.2.6 When the material or item has been accepted, the Receiving Inspector will attach a green
tag G,xhibit 3) and forward the material or item to the stockroom with the dock receip.

2.3 Materialldentification

2.3.1 It is the responsibility of the Stockroom Attendant to assure that only the intended
material purchased for a specific order be released to the shop operation department and
that all the required materials are properly marked prior to release.

2.3.2 Mateial such as plate, pipe or bar issued to the shop operation department that has to be
subdivided by cutting, sawing or shearing shall be appropriate marked with MC No., Job
No., and the assembly No. or Spool No. All material shall be identified prior to

. subdividing or cutting to maintain traceability (when baceability is required).

2.3.3 Vibro-etching on the extemal surface is the only acceptable marking means. No marking
is allowed on the interior surfaces or on flange vacuum surfaces.

2.3.4 It material is found to be suspect or traceability of material is los! further material testing
shall be required to be performed. A sample of the suspect material shall be sent to an
outside lab to veriff complete compliance to the material specification. The results ofthe
testing willle verified through Receiving Inspection.
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spEcIFIcaTIoNFoRMATERTAL coNTRoL

1.0

2.0

SCOPE

This specification covers the minimum requirements for the control of LIGO materials at
PSI. The purpose ofthis specification is to define the method employed by PSI to
purchase materials, receipt inspect materials and items and to identiff and contol
materials and items during manufacturing.

GENERAL PROCEDURE

2.1 Procurement

2.1.1 Materials are purchased to either ASTM or ASME material specification.

2.1.2 Materials listed on the Bill of Material are reviewed during the final drawing review. The
Bill of Material is then entered and electronically released to Purchasing through MRP II

'(EMS) computer system. The requirements for material test reports (MTR's) are
included in the material description and the material pad number assigned to each part on
the Bill of Material.

2.1.3 Once the Bill of Material is entered into the MRP II (EMS) computer system, the system
sets up a demand for the Buyer to procure the materials or items.

2.1.4 Materials specified on the Bill of Materials and./or on the Purchase Order cannot be
substituted witlrout prior approval of the Desisn Engineer. The Design Engineer is
responsible for reviewing the Design Calculations, reconcile the substitution of material
and revise tlte calculations as necessarv.

2.2 Receivinglnspection

2.2.1 LIGO material requires special handling to prevent material contamintion. See PSI
V049-2-120 "Raw Material Handline Procedure" and VM9-2-119 'Contamination

Control Plan".

The shipper/receiver of[-loads the material, inspects the packaging for damage, verifies

. the shipment against the packing slip, prints a Dock Report @xhibit I) ftom the MRP II
@MS) computer system and forwards the dock receipt and the material or time to Quality
Control Receiving Inspections.

z
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Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

1.0 PURPOSE

The purpose of this procedure is to define the steps necessary to carry out an RGA scaa on a vacuum
vessel.

2.0 GENERAL

This procedure is generally applicable for any RGA, but specific reference will made to the Balzers
Quadstar software for the PRISMA RGA.

3.0 REFERENCEDOCUMENTS

Balzers QUADSTAR 421 SOFTWARE MANUAL.

4.0 RESPONSIBILITY

The procedure is applicable to PSI Personnel.

5.0 RGA CONDITION

5.1 Bake out

For measurements on a clean chamber the RGA must be baked before use on the clean chamber.
For the Balzers PRISMA RGA, the detector head can be baked to 200oC with the electronics
package removed.
Requirements for bakeout is that warmup shall not occurs until the pressure is below 10- Torr to
prevent bakeon of contaminants

SPECIFICATION
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Title: SPECIFICATIoN FoR COMPONENT RGA TEST PROCEDURE

6.0 Readings

Readings can be taken once the Vacuum vessel has cooled to ambient and the pressue is below lOt
Torr.

6.1 Sctup

Corurect the RGA electronics package to the RGA detector head and the communications cable to
the computer.

Data acquisition
Data will be taken by three methods: A complete l-200 AMU Scan in SCAN mode. An ion current
scan in the Multiple Ion Detection ( MID) mode using all available channels. And a concentration
scan using the Quantitative Analysis Module: Multiple Concentration Detection (MCD) mode to get
partial pressures from solving the raw data with known cracking pattems. The scans shall be made
with the Faraday cup only and another set of scan shall be made with the Electron Multiplier on.

Summary of the reading sequence

FARADAYCUP ONLY
Perform offset calibration
Perform Full AMU scan in SCAN and save data.
Perform Ion current scan in MID mode and save to file
Perform Concentration scan in MCD mode and save to file

Switch on Electron Multiplier

WITH EM ON
Perform offset calibration
Perform Full AMU scan in SCAN and save data.
Perform Ion current scan in MID mode and save to file
Perform Concentration scan in MCD mode and save to file

Dwell Time should be set to slow: 60 ms.

SPECIFICATION
Number: VM9-2-127



Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

6.2 FARADAY CUP ONLY

Perform offset calibration. Follow instruction in the Manual for performing a offset calibration.' 
This is recommended if the dwell time is changed or when switching between the Faraday cup and
Channeltron.

6.2.1 SCAN
Perform a full range AMU scan to record intensities over the AMU range.
To check for hydrocarbons, the data shall be taken over the range from 1 to 200 AMU.
Take data for 10 cycles.

6.2.2 IIIID
Perform Ion current scan in MID mode and save to file
Follow instruction in the Manual for performing a MID scan
This gives the ion current intensities,same as the SCAN, for selected AMU's
Take data for l0 cycles.

6.2.3 MCD
Perform Concentration scan in MCD mode and save to file
Follow instruction in the Manual for performing a MCD scan
Take data for l0 cycles.
This will give concentration ofthe selected gasses by solving the raw data by matrix inversion using
the spectra library of the RGA.

Gas species selection for Multiple Concentration Detection mode (MCD)

CAS SPECIES
N2H2

He NO
CH4 02
H20
NE

AR
co2

CO CnHm

SPECIFICATION
Number: V049-
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Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

6.3 WITH ELECTRON ]\,TULTIPLIER ON

Switch on Electron Multiplier
Perform offset calibration. Follow instruction in the Manual for performing a offset calibration.
This is recommended if the dwell time is changed or when switching between the Faraday cup and
Channeltron. It is recommended to use the same SEM voltage for all readings. This can be set
during the parameter setup process.

6.3.I SCAN
Perform a full range AMU scan to record intensities over the AMU range.
To check for hydrocarbons, the data shall be taken over the range from I to 200 AMU.

6.3.2 MII)

Perform Ion cunent scan in MID mode and save to file
Follow instruction in the Manual for performing a MID scan
This gives the ion current intensities,same as the SCAN, for selected AMU's

6.3.3 NTCD
Perform Concentration scan in MCD mode and save to file
Follow instruction in the Manual for performing a MCD scan
This will give concentration ofthe selected gasses by solving the raw data by matrix inversion using
the specha librarv of the RGA.

Perform offset calibration
Perform Full AMU scan in SCAN and save data.
Perform lon cunent scan in MID mode and save to file
Perform Concentration scan in MCD mode and save to file

Dwell Time should be set to slow: 60 ms.

SPECIFICATION
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Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

6,5 Leak Detertion by air signature methnd.

Finding a leak by an air signature method may be more difficult because of the presence of o-ring.
The outgassing and permeation of the o-rings may be dominated by the same gas species found in
air. For very small leaks in a large vessel with o-rings this may not be practical. Outgassing from
o-ring after baking is expected to be dominated by H2O, CO and CO2.

Tests using a calibrated air leaks at l0-7 Torr-L/s, l0-8 Ton-L/s, 10'e Ton-L/s will be performed on
the BSC prototype to determine feasability of this method for a chamber with many o-ring joints.

6.6 Cleanilcss and hydrocarbon contamination

Fore a scan after bake-out:
Inspect the full analog scan obtained in the SCAN mode for hydrocarbon contamination.
This is represented by ion current intensities throughtout the spectrum up to 200AMU.
For a well cleaned and well baked system the intensities above mass 44 should be very low.

Criteria for cleaniless

RGA intensities values or partial pressures for determining acceptable cleaniless

SPECIES Partial Pressure CRITERIA
Torr

H2
He

CH4
NE
H20
CO
N2
NO
02
AR
co�2

CnHm TBD

TOTAL

SPECIFICATION
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Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

6.7 Conversion

Ion curent to mass species partial pressure

Very Rough conversion

An approximate partial pressure can be obtained by knowing the instrument sensitivity and by apply
the following formula.

I

PP-- = -'
SF

where PP**: Partial pressure ofgas
I: Ion current in Amperes
SF: Sensitivity factor instrument

The Balzers sensitivity is factory determined using Argon and a certificate is supplied with the unit
Without the Faraday cup operating only, the sensitivity is for example 6Xl0{ A,/mbar. and wit}r the
Electron Multiplier operating it is for example 2.lAlmbar at a SEM Voltage of 1300 V.

More Accurate Conversion

FF
PP.  =  1 , .  

"  \ 28  . f ' f ' .  o  XFoTFc  DFq " "

where
PP6: partial pressure ofa given molecular species

FFI,t2s : Fragmentation factor for N2+ ions from nitrogen

S: Sensitvity for nitrogen ( unit current /unil pressure ) A/mbar

TF: transmission factor relative to N2 Typically TF:284,1

DF: Detection factor Relative current per ion at mass b compared to current at mass N2
Typically DF=1

SPECIFICATION
Numb€r: V049-2-127
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Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

FFN28 / S , the basic instrument sensiwity is typically independent ofgas species.

thus a basic instrument sensitivity can be used: SI

For this example RGA from the Factory test sheet the SI (Faraday cup) =1666 mbar/A
and SI (with EM) = 0.476 mbar/A

The conversion ofto partial pressure with these formulas is only useful if the components in the
vacuum chamber do not have many overlaps e.g when there is a lot of hydrocarbon present.

In order to get a more accurate composition the raw data is transformed into partial pressures for
each mass species and using the spectra library of the desired gasses for that RGA a solution is
found for composition of each gas. In the Balzers software, the solution ofthe matrix is done using
the technique by Givens, which allows for super-determinate matrices ( A least square fit is
employed to find the best solution).

Since the sensitvity for each mass species differs between RGAs, as a results the cracking pattem for
a gas will differ from the actual cracking pattem. The pattern as measured by the RGA is stored as a
spectra library.

SPECIFICATION
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Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

RGADATA POSTBAKE

SPECIES MEASURED
ION CURRENT

Partial Pressure

A Torr
2
4
12
I J

L4
15
l 6
I 7
1 8
I 9
20
1 l

22
24
25
26
27
28
29
30
3 l
)z

etc to 200

TS OF THE RGA TEST

PSI TEST ENGINEER:

SPEGIFIGATION

Page _9_ of _13_



Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

RGADATA POSTBAKE

ENGINEER NAME & TITLE SIGNATURE
TEST ENGINEER

QUALITY ASSURANCE

SPECIES Partial Pressure ACCEPTANCE
Torr

H2
He

CH4
NE
H20
CO
N2
NO
02
AR
co2

CnHm

TOTAL

RESULTS OF THE RGA TEST
RGA TEST I
LOCATION OF RGA
COMPONENTNAME:

SPECIFICATION
Number: V049-2-127

A
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Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

RGADATA PREBAKE

SPECIES MEASURED
ION CURRENT

Partial Pressure

A Torr
2
I

12
I J

1 4
l )

l 6
t 7
l 8
l 9
20
21
22
24
25
26
27
28
29
30
J T

) L

etc to 200

RESULTS OF THE RGA TEST

SPECIFICATION
umber: V049-2- 1

A
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Title: SPECIFICATION FOR COMPONENT RGA TEST PROCEDURE

RGADATA PREBAKE

ENGINEERNAME & TITLE SIGNATURE
TEST ENGINEER

QUAIITY ASSURANCE

SPECIES Partial Pressure ACCEPTANCE
Torr

H2
He

CH4
NE
H20
co
N2
NO
o2
AR
c02

CnHm

TOTAL

RESULTS OF THE RGA TEST
RGATEST:
LOCATION OF RGA
COMPONENTNAME:
COMPONENT SERIAL #:

ALITY ASSURANCE:

SPECIFICATION
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APPENDIX A

TABLES

SPECIFICATION
Number: V049-2-1

A

Page _l 3_ of _13_



QUADRUPOL MASS.SPEKTROMETER

order No, ... *. e..,/-. ",/- 1. e...

BKM25 002 t

so,r r.0. 62d.t {-. (. e e..t-

B 5181 408 K. . . . . .  /

p ̂,son .............rt ///. 2.:..1....

b a l z e r s

../..-2i:..i

..............3,./..

TESTSHEET

oMS 200

oME 200

QMA 2OO

SP 2OO

BG D28

BK M25

Resolution Cal.

Sensitivity fo-r Argon
withoutSEM

Sensitivity for Argon-
with SEM by HV ./.."{.o- 9-

A

mbar

A

M 8 4 -Y-=.{.t
A M

U
earzer s . /..Fr.. I :..$..,4.{.. (L



Trblc 16:
FEgmGatlllon Factor (Frucllon ol Totll lom, For flelo3 p.rk, of Sotrcicd tr||lrr|rlr

FF o httio.t ol Eot lxta d|rt oadn at t|. lrxlcatld |n$r

N.B. This tabl€ should not bo contus€d ryfih
a Epocln m librsry. Th€ sp€cfra display€d Uy
an In$rum€nt are infuoncgd by the an*is
discriminatbn ol ths quadrupole tilror:'Tfi&
cally bns of low mass will b€ 6mphaslz6d
ard bns ol high mags witl b€ dimhbhod,
rdath€ to tho abundancs6 ghrsn h Tablo 16.
A spectrum library lists ths rctative abuft,
dances as lha inslrumont shows tt€rn.

f{Ass FF mAss FF uAss FF

Acetone (CHtrCO
43
58
42
27

.63

.a

.04

.03

.88

. 1 2

.85 I

.os I.0s In ' l
I

:sl I

; l
: ' l

Ben2ane C.H.
7a
51
52
5{)

Carbon Oioxid6 CO,
44
2A
1 6
1 2

Carbon Monoxids CO
a
1 2
1 6

Ethand C,HTOH
3t
45
27
29

Argon Ar
40
20

.5:t

. 1 1

. t  1

. r 0 .45
.40
.o7
.04

Hslium He
4

Hydrogen H,
2

Krvpton k
84
85
82
83

Msthan€ CH.
1 6
1 5
1 4
1 3

Msthanol CHIOH
31
32
29
a

1.00

.98

.o2

.57

. t g

. 1 t

. t  I

.43

.31

..to

.04

Naon Ns
m.

. E
.90
. 1 0

.94

.05

.ot

.95

.05

.,15

.34

.o7

.05

.2.

.2.

.21

. t4

. r g

.75

.19

.05

.o2

Oxygen Ot
s2
r6

Toluene CTHGHT
9l
92
39
65

Trid or.thyl€no CrHClr
95

r30
132
97
60

Water HrO
t 8
1 7
I

t 6

Xgnon Xg
132
129
r3t
r34
r36

.?6
_ .8
,,fr

. .,":r10
r lt|Oo



Probrbllty T.bts

Relative
l€nirado.r Gqt4E

Sensnivity.
95-

Aoalone (CH,),CO 3.6

l\ln.nerr|a NH, l.a

,it 
"" Ar 1-z

Eonz€ne c.H. 5.9
Banzolc a6ld C.H.COOH 5.s
Itotnlne - BR g.0
Butano C.H.. 4.g
Carbofi diorlde CO, 1.4
Carbon disumde CS, 4.8
Carbon nonorlde CO t.os
Cs|bon letrachtoride CGL 6.0

C.H.CI t.o
Chloroethane CrHrCl 4.O
Chlorofonn CHCtr 4-8
O oromethane CHrCt 3.t
qrcbhexana C.H,. 6.4
I}.ul€dum D. o.as
lrfctrlorodmuoromethane Cc|,F, 2.7
Dfchloromethrne CH.CI, g.l

Ethane CrH. 2.6
Ethanol qH.OH 9.6
Efhy{one oride (CH,)to 2.i
H€lium H€ o.t4
Herane C.H,. 6.6
Htdrogon H. o.14

Fglativt
bnUa|io.t Ge,rga

ssbd.n"' Fo,muta 
*s$:'o'

Hydr€€n cl odde HCt
Hydrog€n nodde HF
Hydrogen todlde Hl
Hydrogor sumdc H,S
lodlno t,
Kryplon Kf
Llthlum U
Itolhane CH.
Methanot CHTOH
Noon Ne
Nllrogon N,
Nltric oxldo NO
Nltrous orlde_--.. N,O
o)q€on o,
n-Pontham C.H,,
Ph€rpl C.H.OH
Phosphh€ pH.

P.op.no '' 
C,H.

Sllver pcrdrllrate ACOO.
Srsnnh lodlde SnL
sultur diorlde SO,

Toulono C.H.CH.
Trlmllrobenzo@ C.Hr(NOJ,

1 . 6

1 .4

3 .1

2.2

1 . 7

t .9
't.6

r.g
o.23
1 . 0

1 . 2

1 . 7

t .0

6.0

6.2

2.6

3.7

3.6

6.7

2.1

2.9

8.8

s.0
't.o

3.0

7.8

Scarr.drgAta,tCa.td6-Ootdrd l, vr.f,rsConclr,tr Tr.n!.nbsloo



Trbl. 18:
Spcclrr Intcrprct| tlon Guldc

CHEMICAL
NO. SYMBOL

F - Fragmsnt
SOURCES P - Parent ton

Dl - Doubly tonizod

Water F or Hydrogen F
Hydrog€n, Doulorium (Hr)
Hydrogon-Deulsrium, Tritium (H,)
Holium
No known elements
Ooubly lonizod C.r Rare
Ol N" Bare
Dt O,. Rars
No lnown etoments
Ol Ne& Rar6
Dl Ne'r Rara
Catbon, Carbon Monoricb F. Ca.bon Diorlde F
Mo$an€ F. Cerbon lsol@e
Nilrogen, Mothenc F or Noto I
Molhano F or Noto t
Oxyggn or Carbon Manoxi'de F, Melhdn€ p. Ammo.tis F
Watar F, Anmonia p
wat€r P
Fluorin€ or Froon F
Dl Argon, Neon Hydroftuoric acid

N6on lgotopo
'''Sea 

ttole t
S6e +'lot€ I
s€€.Note t. Hydrogen C-yrnkto F

. 9:€ Noto t. Atuminum, Hyrtrogsn Cyanide

ua F or Elhanot F o. bogopyl ltcohot F
P. t{lt tc O{de

F, Froon F

NOTE 1
F agmontg of s€r,.r8l hyrtrocsbons.
8r,Eh e3 rnochanical pump oit, dil.
ftdon pump dl, yEcuum greaso,
tlng dl. and orgBnlc solvonts.

NOTE 2
F,ag'manb ol rovoral chlofinalgd
hdrocrrboni, Eu{fi ss carbon

1 H
2 Hr, O
3 HD, Ht
4 H e
5
6  C - .
7 N -
8 0 -
9

lO Ne"
1l Ne-
1 2 c
13 CH, C.,
t4 N, CH,
15 CH,
16 0, cH., NHr
17 OH. NH,
18 HtO
1 9 F
20 Ar., No, HF
21
22 N€rr
a
24 C.
25 CrH
26 C!H,CN
27 C,H,, At, HCN
28 H,. CO, qH., sl
29 CH,CHI
30 qH., NO
3t P, CHTOH, CF

|'hrcfi lorld., tricl{o{mthgone and
tngry Fr!or|3.

NOTE 3
FmgrndnB to'r both streight ahain
hydrocrrtons aftl bonzeno dng
hldrocrrbons-

'8.. lsroph Rdb Cn n h f.Db ,t9.

32 Or,
EI HS
3,1 'H,5, g"
35 'Cl

36 'HCl, Art'
37 'Ct"

3{r HO,'
39 C,H,
40 Ar, C,H.
.t! C,Hr
42 qH.
€ qH,. cH,@
4.r @., C,H.
€ cH,cH:o
46 CH,CH.OH
17 @t'

. s.,i .llolo 3-fldft. Soc Not€ I

rl8
49
50

H@U'. SO
@P" SiOH
@P" CFr, C.H:

HFtagsn sumde F
lwrcgon Sulfirre p, Suttu. trotogo

. ..grlgln€ botop€. S€e N,otc a
tlyrtrochknlc &fd, Arlon hotopo
.Clibdn€ bdop€. Se€ Noto 2

. HYdtpchlorb add or S€e Nde z

S6€ Note I
Sod Nota I
Notd l. Acetono F or Uoftyt Elhyt lclone F
Catbon diorid€. Soe l,lot€ s
Elhanol F or @ropyt dcohot F
E0|snol P
S€. Note a
Se€ Noto 2, Suttur Dioxlds F
Soo Note 2, pump oit F
Soo Nore 2, Froon F. t{oto 3



Title: LIGO VISUAL INSPECTION PROCEDURE

LIGO YISUAL INSPECTION PROCEDURE

LIGO VACUTJM EQTIIPMENT

Hanford, Washington

and

Livingston, Lousiana

PREPARED BY:

QUALITY ASSURANCE:

MANUT'ACTI]RING ENGR:

TECIINICAL DIRECTOR:

PROJECTMANAGER:

Lrformation contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.

I D h,4,1,r,fieo nlt:fq, REtBasrrz FE4 oEo 3{ l

as A/nlrd pul;, I-+dl- ?"*. O ea bo saz
fr 4sy'J s/t/qd /ssueD 4f2-Asa o/6 E tcaR FDR-

REVLTR.I BY-DATE I APPD.DATEI DESCRIPTIONOFCHANGE

PROCESS SYSTEMS INTERNATIONAL,INC. I SpeClftCATtON

INITIAL
APPROVALS

DATE

//*

APPROVED

4ao
DATE

'/'/o NumberA VO4g-2-1?8 Rev.

I

Page 1 of ?



Tltle LIGO VISUAL INSPECTION PROCEDURE

TABLE OF CONTENTS

1.0 Scope

2.0 General Procedure

2.1 Conhol of Documents, Codes and Standards

2.2 TechnicalRequirements

2.3 ExaminationRequirements

2.4 AcceptanceStandards

z

o

f sneonq tl

ner.
I

ol

PS-897



Tllle
LIGO VISUAL INSPECTION PROCEDT'RX

1.0 scoPE

This document contains the methods and acceptance criteria for visual inspection for the
LIGO project.

2.0 GENERAL PROCEDURE

2.1 Control of Documents, Codes and Standards

2.1.1 The Quality Plan, the fabrication drawings and other procedures speciff the required
visqal inspection and physical dimensions. It is not the intent of this procedure to
duplicate those requirements. It is however, the intent of this procedure to provide a
consistent metlod of performing visual inspection.

2.2 TechnicalRequirements

2.2.1 Illumination - lighting, natural or artificial shall be sufticient to illuminate the area being
exatruneo.

2.2.2 Persornel - Personnel performing visual examination shall be familiar with the welding
technique being used, welding procedure requirements, machining operations, liquid
penetrant testing, and the type of discontinuities that may occur in the weld or base
material being examined.

2.2.3 Direct visual examination shall be used when access is sufficient to place the eye within
24 inches of the surface to be examined and at an angle not less than 30 degrees to the
surface to be examined. Mirrors may be used to improve the angle of vision, and aids
such as a magnifring lens may be used to assist examinations.

NOTE: Unless irnpossible, direct visual examinations will be used for all visual
examinations performed to this procedure.

In some cases, remote visual examinations may have to be substituted for direct
examination. Remote visual examinations may use visual aids such as mirrors,
borescopes, cameras, or other suitable instruments.

2.3 ExaminationRequirements

2.3.1 Visual Examination of Weldins

A. Equipment
l. Artificial Lisht Source

2. Mirrors

3. Magnifiers

4. Straight Edges or Rules

z
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Tllle Ltco vtsuar, INSPEcTIoN PRocEDURE

B. Visual Inspection and Identification of Base Material and Joint Preparation
as followsl
1. Base material type compatible with the detailed weld procedure.

2. Weid being made in accordance with drawing.

3. Weld preparation and adjacent base material clean free of paint, scale, rust,
oil, grease and any other foreign material that would be deleterious to the
process,

4. Weld preparation has fairly smooth surfaces free fiom deep notches,
grooves, nicks, and other gross inegularities.

5. Weld preparation free from base material defects such as laminations, laps,
non metallic inclusions, pin holes, porosity, thal are open to the surface.

C. Visual Inspection of Weld Preparation Geometry as follows:
I . Alignment of parts to be welded.

2. Size of root face (land) and root gap.

3. Groove angle.

4. I.D. mismatch of Butt Joints.

D. Visual Inspection of Tack Welds as follows:
1. Tack welds aro properly prepared to be incorporated into the weld or

completely removed. When left in place, each end should be feathered.

2. Examine tacks for discontinuities.

3. Check for cleanliness.

E. Visual Inspeetion of Intermediate Weld Passes as follows:
l. Cleanliness

2. Weld spatter

3. ARC strikes

4. Slag

5. Oxide removal

6. Discontinuities

z

{

neY.
I

ol



Tllle LIGO VISUAL INSPECTION PROCEDIJRE

F. Visual Inspection of Final Surfaces of Welding shall be verilied as follows:
1. Cleanliness

2. Weld spatter

3. ARC strikes

4. Butt weld reinforcement (1/8" max)

5. Fillet weld size

6. Fillet weld throat

7. Fillet weld length/spacing

8. Concavity/Convexity

9. Transition must be minimum of 3 to 1 taper

10. Surface porosity

I 1. Overlap

12. Undercut

13. Inadequatepenetration

14. Cracks

15. Underfill

Visual Examination of Mschined Surfaces shall be verilied as follows:
1. Surface Finish

2. Discontinuities

3. Cleanliness

z
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2.4 AcceplanceStandards

2.4.1 Cleanliness

Reference should be made to the LIGO cleaning procedurc, for spccific methods. prior
!9-y{lTq:th1,*:ld p.reparation_and adjacent Eas.e mareriil (l inch minimum beyond
c^cn srde or weldJolnq) shall be free of moisnre, oil, grease, paint, scale, chips and 6ther
rorergqt matter on Oe final weld surface. The affected area shall be cleaned-of slag and
oxidation. Iridescent temper Jilms and btack, tightly adherent nt'o. reiulting 

-from
welding, are acceptable on finished weld surfacei. 

-

Prior To Welding
weld preparatlons and adjacent base material (l inch for carbon steel and 2 inches for
stainless.steel $yond each side of weld joint) shall be fiee of moisture, oil, grcase, paint,
scale, chips and other forcign matter.

After Welding
The afilected area of the final weld surface shall be cleaned of slag and oxidation.
Iridescent temper fiIms resulting from welding are acceptable on finisheiweld surfaces.

2.4.2 Tack Welds

Tack welds shall show no cracks or linear indications. Slag deposits or indication of
surface porosity shall also be cause for rcjection. Edges of taik welds shall be feathered
(when necessary) to provide a smooth transition during root pass wetding.

2.4.3 Final Weld Condition

A. As_ welded, :rs-casl or as-forged surfaces are permitted, provided the surface of
welds are sufliciently free form coarse ripples, overtapj and abrupt ridges and
valleys.

B. Cracks or other linear indications are unacccptable.

C. Porosity open to the surface is unacceptable.
'D. 

Undercut shall not exceed lR2- in. deprh.

E. Weld reinforcement on all bun wetds may bc flush with the surface or may have a
crown up to I /8" max.

J
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LIGO VISUAL INSPECTION PROCEDURE

SPECIFICATION

Concavity on the root side of a single side welded circumferential butt weld is
permitted when the resutting thickness of the weld is at least cqual to the
thickness of the thinner meriber of the two (2) scctions being joinld and the
contour of the concavity is smooth.

Offset of final butt welded joints shall not be greater than the fotlowing:

q060" Thru 0.500" tl4t

Note: t is the nominal thickness of the thinner section ofthejoint.

H. Any offset within the allowable tolerance shall be flared at a three to one taper
over the width of the finished weld, or if necessary, by adding additional weld
metal beyond what would otherwise be the edge of the weld.

2.4.4 Examples Of Conditions That Are Unacceptable.

OVERLAP
Welds shall be free from overlap.

K
I " \
I \ .
I  s r z E  I
l-__+l

FILAPOVE

CRATERS
All craters shall be lilled to the full cross section of rhe weld.

CRACKS
Welds shall have no cracks. When cracks are observed visually, the crack shall be
completely removed and re-welded. Refer to repair procedure.

F.

c.
Nominal Wall Maximum Offset, in. (mm)
Section Thickness. in. (mm) All LIGO



. LIGO VISUAL INSPECTTONPROCEDURE

ljsliAc,INcLUstoNs
wefds having slag inclusions larger than 3132" ate unacceptable. Also unacccptable are
groups of slag inclusions when rhe sum of their greatest dimcnsion exceeds 3/b" in any
linear inch of weld.

INCOMPLETE FUSION
Acceptability requircments are the same as rose for slag inclusions.

MISALIGNMENT AND WARPING
Tolerances shall be within the drawing roteranccs governing the work. ASME section
VIII allows a maximum misalignment of I/4" the thickness of the thinner section at the
joint for thickness to l/2".

CONVEXITY FILLET
Convexity shall not exceed 0.1 S + 0.03", where S is the size ofthe fillet weld in inches.

CONVEX ITY

coNvExITY, GROOVE WELDS
Reinforcemenr to be l/8" max, and shall have a gradual transition to the plane of the base
melal surface when the thinner base metal is less than lD" thick.

SPECIFICATION

RE INFOFICEMENT



INSUFFICIENT THROAT, FILLETS
The throat shall not be under an imaginary profile line drawn form cach leg end.

I N S U F F I C I E N T
THROAT

INSUFFICIENT THROAT, GROOVE WELDS
The weld shall be slightly convex.

I N S U F F  I C  I  E N T
THFIOAT

INSUFFICIENT LEG
The leg dimension ofa fillet weld shall not be less than the thickness of the lighter ofthe
two sections being welded, providing configurations allow this.

I N S U F F I C I E M T
LEG

LIGO VISUAL INSPECTION PROCEDURE

SPECIFICATION
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nile SPECIFICATION FOR BLACK LIGHT INSPECTION PROCEDURE

SPECIFICATION TABLE OF CONTENTS

1.0 Purpose

2.0 General

3.0 Responsibilities

4.0 Procedure

5.0 RequiredDocumentation

I.O PURPOSE

This specification covers the procedure to be used for black light inspections ofvessels
and components cleaned for the LIGO vacuum system.

2.N GENERAL

2.1 Cleaning shall be performed by an engineer, technician or shop worker familiar with this
procedure and the manual for uSe ofthe ultraviolet lamp.

2.2 Inspection shall be done in a darkened area.

2.3 A 100 watt ultraviolet lamp with a wavelength of 365 nm shall be used.

3.0 RESPONSIBILITIES

3.1 Cleaning shall be performed by an engineero technician or shop worker familiar with this
procedure and the manual for use ofthe ultraviolet lamp.

3.2 This procedure shall be maintained and modified as required by the cognizant engineer.

SPECIFICATION
Humbar -

A V049-2-1so
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nile SPECIFICATION FOR BLACK LIGHT INSPECTION PROCEDURE

4.0 PROCEDURE

4.1 Tum on the lamp and allow it to warm up for 3-5 minutes.

4.2 The operator shall enter the darkened area and allow 2-3 minutes for his eyes to adapt to
the low light level.

4.3 Inspect the cleaned surfaces, holding the lamp 8- 12 inches from the surface. Be careful to
distinguish between ultraviolet fluorescence and reflected purple visible light.

4.4 Record the description and location ofany detected contamination and issue a
Discrepancy Report.

5.0 RXQUIREDDOCUMENTATION

Inspection results shall be recorded on the component cleaning data sheet.

SPECIFICATION
l{umblr -
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Tllle CONT'LAT FLAIIGE ASSEMBLY PROCEDURE

1.0 PURPOSE

This procedure controls the final assembly of conflat flanges.

2.0 GENERAL

All conflat flanges shall be assembled in class 100 cleanrooms after the component
(i.e. BSC, HAM, door) has been final cleaned. Handling and assembly should be
done wearing clean room clothing and gloves. The knife edges of each flange
should be carefully inspected for nicks or other damage which might cause leaks.

Materials Req'd: (ref. BO\4)
New copper gasket

SST bolts
Silicon bronze nuts
SST washers (2 per bolt)
Appropriate torque wrench

Recommended Torque
23/4"OD: 16 ftlbs ( 192 in-lbs )
3 3/8" OD tfuttl6 ll2- OD = 26 ftJbs ( 312 inlbs )

3.0 RESPONSIBILITIES

The manufacturing group and the site contractors are responsible for installation of
conflats.

PSI Q.A. is responsible for monitoring that procedures are being followed.

4.0 PROCEDURE

4.1 Initial Assembly:

Washers should be used under each bolt head and each nut. It is critical that the
copper gasket be properly positioned between the flanges. When properly
positioned ,the gasket is captured in a close tolerance groove formed by machined
i"""s"r in each-of the matiirg flanges. With the gasket*properly positioired and the
bolts finger tight, a uniform gap of approximately 1132" is visible between the
flanges. Initial assembly is complete when all bolts are finger tight.

z
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Tllle CONFLAT FLAIIGE ASSEMBLY PROCEDURE

4.2 r orquemg:

Bolt tightening is to be done in a cross-flange " star" pattern. The recommended
final torque values ate shown in sect. 3.0 above, The bolts should be torqried in
-25olo increments ( see table I ).Note: as the copper gasket yields during the
torqueing sequence, bolts may become loose, this is normal and the torqueing
sequence should continue until the recommended torque value is reached.

Torqte Vo . 25o/o 50%o 7 5o/o l00o/o

23/4"OD 4 ft-lbs 8 ftlbs 12 ft-lbs 16 ftlbs

13 ftlbs 20 ftlbs 26 ftlbs

Table I

3 3/8"-16 1/2"OD 7 ftJbs

.+.J Final Torque Check:

The last step in the bolt tightening procedure is a final torque check done in a
sequential fashion going around the flange. The cross-flange " star" pattem is not
required for the final torque check.

TAGGING

After the final torque check has been done, the assembled flanged joint should be
tagged with a label indicating the date of assembly, fural torque value, and
asiimbler's signature. The rietal tag shall be anached to each-conflat with a
stainless steel wire.
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O.RING INSTALLATION AND FLAI{GE ASSEMBLY
PROCEDURE

1.0 PURPOSE

This procedure controls the final installation of viton o-rings and flanges on
vacuum equipment.

GENERAL

Installation of the o-rings should be done in class 100 clean room ar€zls. Handling
and assembly should be done wearing the appropriate clean room protective
clotldng and clean gloves. The vessel receiving the o-rings should be clean and
dry.

The o-ring grooves and mating flat face flange should be inspected for local
contamination including dirt, water, metal chips, detergent or washing process
residue etc.

Spot Cleaning

Spot cleaning of small local dirty areas (such as the bottom of the o-ring groove)
may be done using lint free wipers and isopropyl alcohol or a CO2 cleaning gun.

Vacuum Baked O-Rings

Each size flange has two o-ring grooves. Each groove has a specific o-ring( PSI
part number )designed for an exact fit. These part numbers are referenced in O-
Ring Spec. V049-2-045.

The o-rings that are to be used for final flange assembly must be vacuum baked (by
PSI) to remove volatile compounds prior to installation. Before installing the o-
ring, the assembler must verifr that the o-ring has been vacuum baked by PSI. The
o-ring package will state that the o-ring is baked. O-rings will be given a different
part number after baking.

RESPONSIBILITIES

The manufacturing group and site contractors are responsible for installation of o-
rings and flanges.

PSI Q.A. is responsible for monitoring that procedures are being followed.

PROCEDURE

O-ring Installation

Due to the large flange diameters, three people are required to hold the o-ring in
position during installation. The o-rings are easily insened into the groove by
starting at the top and working down. They fit snugly on tleir ID and are held in
place by the groove dovetail. Care should be taken not to role or twist the o-ring
durins installation.

3.0
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4.2 Mating Flange Installation

After the o-rings are installed, the mating flange is carefully positioned parallel to
the o-ring flange. A centering pin is used in one bolt hole to align the flange for
bolting. The bolts are inserted with a washer under tle head and under the nut. All
bolts should be installed hand tight. The mating flange should be in contact with the
o-rings but not compressing the o-rings. After contact with the o-rings is madeo it
is important not to move the mating flange to preclude rolling or twisting the o-
ring.

Torqueing the Flange

Bolt tightening for 7/8 in. bolts is to be done in a cross-flange " star" pattern. The
recommended final torque value is 220 ft-lbs, The bolts should be torqued in
-250lo increments:

Toryte Vo 25Vo 50Vo 7 5o/o l00Vo

4.3

55 ftlbs 110 ftlbs 165 ftlbs 220 ft-lbs

4.4

The last step in the bolt tiglrtening procedure is a final torque check done in a
sequential fashion going around the flange. The cross-flange " star" pattem is not
required for the final torque check.

Tagging

After the final torque check has been done, the assembled flanged joint should be
tagged with a label indicating the date of assembly, final torque value, and
assembler's signature. The metal tag shall be attached to a flange bolt using
stainless steel wire.
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