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1.1

FABRICATIONPLAN

General
The Fabrication Plan has been developed to efficiently execute the fabrication of
LIGO Vacuum Equipment with minimum risk to project performance goals, project
schedule and personnel safety.

The entire fabrication/testing progftrm will be executed under strict quality assurance
and safef requirements. Raw materials and finislred components will be protected
ftom contamination tbroughout the fabrication process.

Extensive testing has been conducted during the final desigrr phase to validate
manufacturing, ultra high vacuum (UlfV) cleaning and testing techniques prior to
releasing the main vacuum equipment for fabrication. Additional proactive risk
management techniques will continue to be used during the entire fabrication
program,

As part of the Final Design Effort, PSI has reviewed the manufacturing options for
the vacuum equipment system, PSI has decided to manufacture and process all
components from its Westborough, MA facility. Some components @SC chambers
and carbon steel support assemblies) will be mechanically fabricated by outside
machine shop/fabrication contractors. Components fabricated by outside vendors will
be shipped to PSI for final slsaning, leak checking, bakeout and preparation for
shipment.

PSI is cunently modiffing its Westborough Manufacturing Facility to provide clean
manufacturing space for the LIGO project. In addition, 10,000 sq. ft. of clean
room,/UHV test space has been leased l/4 mile from the Westborough Manufacturing
shop.

PSI is also building an automated UFIV cleaning system to perform the final wash of
the LIGO components. This automated system will ensure consistent cleaning to the
required UIIV levels.

As a final step in the fabrication process, LIGO components will be evacuated and
wrapped for shipment to the site.

The remainder of this volume details the systems, procedwes and resources that will
be used to fabricate the LIGO Vacuum Equipment.

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



1.2 Material Coritrol
Materials and items are inspected against the requirements of the purchase order
during receipt inspections. Material identification and fraceability are verified at this
time.

After inspections, the materials or items are tagged either "Accept" or "Reject".

When they are determined to be acceptable, they are hansferred to the Material
Control Departnent and maintained under ttreir contol until released to
Manufacturing. All rejected material is marked and retumed to the vendor. It is not
stored with the accepted project material.

Where it is necessary to maintain permanent markings or identification on materials
or components, they are visibly marked with a mark number either on the itern or on
an attached nameplate or tag. No marking is allowed on vacuum surfaces.

All components will be assigned a unique mark number and a serial number. See
*Material Control Procedure" V049-2-125 for additional details.

Control Of Special Processes
All manufacturing special processes (welding, heat heating, etc.) are controlled by
documented procedures issued through the Document Control Deparbnent. Special
processes are numbered and called out on manufacturing drawings as applicable.

All required inspections and tests are performed utilizing properly calibrated
measuring and test equipment. All calibrated test equipment has calibration stickers
indicating when the calibration was done, when the next calibration is due and the
initials of the person who performed the calibration. Each piece of equipment has a
serial number which also appears on the calibration record for taceability to
recognized National Standards.

Change Control
Controlled documents and drawings are issued to rhe lvlanufacturing Deparment.
They are controlled (issued and recalled) by the Malerial Control Deparbnent. The
documents and/or drawings issued are recorded on a log sheet maintained by the
Material Control Department. When a new revision is issued, it is their responsibility
to remove or mark'Aoid" the out-of-date revision and issue the latest revision. All
engineering copies of documents and drawings are issued as unconlrolled copies.

1.3

t.4

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



1.5

1.5.1

r.5.2

1.5.3

It is the responsibility of the Quality Assurance Departrnent to check the issued
documents and drawings in the manufacturing area to confirm that the latest revision
of each is in use.

All requests for change initiated after the Final Design approval by LIGO will be
controlled by PSI procedure SOP-006-001. This involves a fonnal "Request for
Change" document with controlled review and approvals.

A11 outside fabrication vendors will be issued drawings and other engineering
documents via the PSI Document Control Department. All transmittals are logged
into the document control deparhrent data base which is available to PSI LIGO team
members t}ru tle PSI engineering network.

Project Quality Assurance Program

Q.d Organization

The PSI Q.A. organization will monitor botl in-house fabrication activities and
outside fabrication contractors.

The quality assurance organization is headed by the PSI Quality Assurance Manager,
who has a staff of Quality Assurance Engineers/lnspectors. The Receiving hrspection
Departrnent is made up of firll-time inspectors also reporting to the QA Manager. The

QA Manager has the authority and is responsible for implementing the quality
progmm. In additioq he provides policy adminishative guidance to the QA and
kspection Deparfrnents.

A lead Q.A. engineer has been assigned to the project for the life of the project. Ottrer
engineers and inspectors will be ulilized as required.

Project Q.A. Plan
The LIGO Q.A. plan is detailed in V049-2-029. (See Attachment l2).

Supplier Q.A.
Suppliers of LIGO equipment and materials will be monitored for quality and
technical performance by a combination of engineering and quality assurance
personnel. For major equipment purchases, vendor kickoff meetings, in progress
reviews and witressed performance testing will be conducted.

Use or disclosure of data in response to Contract PC175730 is subject to the restrictions on the title page.
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1.5.4 Training/Qualifi cation Program
The Q.A. deparnnent will ensure that all personnel performing special skill tasks (TIG
welding, leak checks, etc.) on the LIGO project have been trained and qualified to
perform their assigned duties.

Safety Program
All members of the LIGO Project Tearn (and associated contactors) are responsible
for executing the project in a manner that minirrizes risk to personnel, facilities and
equipment.

The Project Safety Plan V049-2-023 (Attachment 13) details ttre safety organization,
objectives of the safety program and plans for project execution.

"Confined Space" entry procedures will be strictly enforced at all times.

Contamination Control

LIGO components must be cleaned and maintained at UFIV cleanliness levels to
achieve vacuum equipment performance goals.

Each step in the manufacturing process has been designed to minimize contamination
of raw materials, contamination of finished assemblies after cleaning and
contarnination during shipping. (See "Contanrination Control Plan" V049-2-119 for
additional details).

Trainin g/Qualifi cation

As part of the LIGO Project Execution, PSI will conduct personnel taining and
qualification in various specialty areas. The following is a list of the planned
training/qualifi cation activities:

PAW Welding Process

GTAW Welding Process

UFIV Manufacturing

Clearroom Protocol

1;ffl/ f.l6aninq

1.6

1.7

1.8
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1.9 Schedule

The following is a summary
Scheduie. The schedule has
sequence.

schedule of the Vacuum Equipment Fabrication
been planned to support the planned installation

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



MANUT'ACTURING SCIIEDULE

See Monthly LIGO Vacuum Equipment Status Report For Up To Date Schedule Information.

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





2.1 BSC Fabrication Plan V049-2-080
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riile FABRTCATION PLAI\ FOR BEAM SPLITTER CHAMBnRS @SC)
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I
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3.0

PURPOSE

The purpose of this procedure is to define design guidelines, specifications, and procedures to
enable PSI to specifr, purchase, inspect, fabricate, t€st and ship the BSC charnbers per LIGO
requirements.

GEI{ERAL

A1l Beam Splitter Chambers @SC) shall be fabricated per this fabrication plan. Each
fabrication process shall be controlled via a written procedurc. A "fust article" approach will be
used to validate al1 fabricalion processes prior to release ofthe flrll vessel lot.

All vessels will be fabricated in accordance with the Quality Plan. Key points in the fabrication
process shall be verified to ensure consistent results.

All vacuum equipment shall be fabricated in accordance with LIGO Project Contract PC175730
dated September 12, 1995, and subsequent change orders.

RESPONSIBILITY

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

FABRICATION PLAI\

A first article approach (i.e. BSC prototype) will be used to stad the BSC manufacturing cycle
to validate the manufacturing procedures and technique prior to the firll production release.

The BSC chambers will be fabricated using an outside manufacturing shop. PSI will perform
vessel cleaning, leak checking, bakeout and preparation for shipment.

A11 BSC will be fabricated and tested per documents listed in Attachment I "Fabrication

Docurrents".

The BSC will be fabricated and tested per Attachment 2 BSC Fabrication Flow Chart.

The BSC Chambers will be fabricated according to the Fabrication Priority List Attachment 3.

4.0

4.r

4.2

4.3

4.4

4.5

z
=
g
@
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I SPECIFICATIOI{
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riile FABRJCATION pLAi\{ FOR BEAM SPLITTER CIIAMBERS (BSC)

SPECIFICATION

4.6

4.7

4.8

4.9

Procurement

PSI will procure all S.S. plate and flange material and supply it with the selected fabrication
vendor.

PSI will purchase vessel heads and supply ttrem to the selected fabrication vendor.

Quality Assurance

The BSC Fabrication Process shall be monitored and control via the Quality Plan.

Outisde fabrication vendors will perform the quality plan inspections for their portion of the
work. PSI will witress critical process inspections as detailed in the Quality Plan.

PSI will audit each major fabrication vendor's Q.A. Program after P.O. awards.

PSI and fabrication vendors will inspect all incoming materials to purchase documents.

Shop Conditioning/Testing

The Beam Splitter Chambers wiil be shop conditioned (cleaned" bakeout, erc.) per PSI
Procedure V049-2-047.

Preparation For Shipment

The Beam Splitter Chambers will be prepared and shipped per PSI Procedure V049-2-123.

' - i - -  o t  g
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ATTACHMENT3

BSC FABRICATION PRIORITY LIST
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1.0 SCOPE

i . l This specification covers the minimum requirements of ttre manufacturing
engineering, materials, fabrication, assembly, inspection, testing preparation for
shipping, shipment and delivery of Beam Splitter Chamber @SC) vacuum vessels
for the LIGO vacuum system.

All attachments are incorporated herein by reference and made a part ofthis
speclucatron.

The specified equipment is intended for use as part of the Vacuum Equipment
supplied for the Laser Interferometer Gravitational-Wave Observatory (LIGO).
LIGO, which is operated by Caltech and MIT under an NSF grant, includes two
sites (Hanford Reservation near Richmond, WA and Livingston, LA). Each site
contains laser inlerferomeGrs in an L shape with 4 km arms, a vacuum system of
the sensitive interferometer components and optical beams, and other support
facilities.

lnformation 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.

.The Buyer is defined as Process Systems Intemational, Inc. The
Vendor/SellerlFabricator is the success tl BSC weldment fabrication bidder.

It is the specific responsibility of the vendor to invoke all refetence specifications
as applicable on each subsupplier purchase order.

The Vendor may not subconhact any part ofthe work required herein without
approval of ttre Buyer.

1 . I The Buyer will supply atl 60 and I 04 inch flanges (in raw machined state/final
machining by the Buyer), conflat flanges, 3041304L plate, heads, 3/4 furch
bolts/nuts, weld wire and one set ofprbtoqpe fixhues. All other material and
Iator is to be supplled by the vendor.

1 .9 The vendor scope of supply includes all labor for fabricatiorq machining, _
assembly, insp&tio4 pieplration for shipment, and shipment to PSI per drawing
V049-4-003, except for the following:

Support lug holes for item 55 shall be drilled by PSI after receiving the vessel.

l.i0 Vendor to install large flanges (60" and 104) as shown on drawing V049-4-101'

1.2

1 .3

1.4

1 . 5

l 6

r .7
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2.0 GENERAL REQUIREMENTS

2.1 The design and materials of fabrication shall be as shown on the Buyer's vessel
weldment drawings.

2.2 The vessels shall be fabricated in accordance with drawings, standards, and
specifications referred to or attached as part of this specification.

2.1 It shall be the responsibility ofthe Seller to call attention to any apparent conflicts
between specifications, the Purchase Order, or Buye/s drawings and requ.est al
interpretafion from the Buyer. The Seller is not to assume which instruction shall
govem. In no case is tle Seller to fabricate any component on the basis of Buyer's
drawings or calculations if such drawings or calculations are in conflict with
applicable code requirements.

2.4 If the Vendor uses PSI's design CAD files to progam computer driven
equipment, the vendor is responsible for a final check prior to the
fabrication process.

2.5 The vessels covered by this specification are ro be used in ultra-high
vacuum service and reouire strict cleanliness and contamination
prevention tlroughout ihe material handling, fabrication and shipping
.process. All storage and fabrication for this vessel shall be done in the'area 

isolated (plastic room or equal) from otler rranufacturin-g areas. The
area shall be purged with clean air to prevent contarnfuEtion from adjacent
afeasi.

Fixtures (spiders, roundup rings, etc.) shall be used to maintain vessel and nozzle
roundness during fabrication (one set suppiied by the Buyer ftom the prototype
BSC/all other required fixtures shall be provided by the Buyer).

)

2.6

I

CODES AND STANDARDS

3 .l Priority Of Codes And Documents

l. This Specification

2. Fabricationdrawings

3. Codes (highest priority - where applicable)

3.2 The. following codes and standards shail be applicable to the fabrication ofthe
eourDment:

3.0
z

o

I
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3.2.1 American Socieqv of Mechanical Fngineers (ASME)

a. ASME Boiler and Pressure Vessel Code, 1992 Edition Through
1994 Addenda.

Section II Material Specifications

Part A, Ferrous

Part B, Nonferrous

Part C, Welding Rods, Electrodes and Filler Metals

Section VIII Pressure Vessels, Division I

Section IX Welding and Brazing Qualification

3.3 Any apparent con{licts between the requirements given herein and the
applicable ASME Specification shall be brought to the attention ofPSI for
Clarificatiorr.

4.0 FABRICATIONREQUIREMENTS

4.1 General

4.1.1 Mechanical design of the vessels shall be as shown on the Buyer's fabrication
drawings. If additional drawing details are required, the vendor shall submit such

. details for approval prior to fabrication.

4.1 .2 Vessels do not require ASME Code stamping or code inspection.

4.1.3 All vessels shall be fumished complete as shown on the Buyer's drawings, as
required by the Purchase Order and as herein noted, and shall inciude all
necessary hardware, such as bolts, washers, and nuts for attaching shipping
covers. Tolerances shall be adhered to as specifled on the detail drawings.

4.1.4 All vessels shall be fabricated (as a minimum) per PSI quality plan V049-2-048.
The vendor is responsible for completing all pian requirements. PSI will audit the
process at key points in the plan.

4. i.5 All conflat and flange sealing surfaces shall be protected from damage throughout
the vendors manufacturing process.

4.2 Rolling Of Shells

I l.Z.t Shells shall be roiled per Spec. V049-2-136.

SPECIFICATION
Numbar -

A V049-2-rr7
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t

4 .3 Cleanliness

4.3.1 No grinding with abrasive wheels, cloth or stones is allowed on the intemal
vacuum surface unless specified in this specification. Grinding is allowed on
weld preps as long as the entire ground area is cleaned up with a rotary carbide
tool to remove 100% of the swface area tlat has been contaminated with grinding
binders. This material is intended for use in a high vacuum application. Potential
hydrocarbon contamination shall be prevented. Also, the material shall be
wrapped and covered at all times the material is not being processed to minimize
possible exposure to contaminants. The shells shall be cleaned (per 9.1) prior to
shipment.

4.3.2 No iron, carbon steel or other contaminants (such as grease, oil or hydrocarbons)
are to come in contact with the vessel interior surfaces during material handling
and assembly. Machining fluids shall be water soluble and free of oil and sulfiu.

4.3.3 Personnel shall wear as a minimum; cleanroom booties or clean boots when
walking on/working in the interior surfaces.

4 .3 .4 Local areas may be passivated to remove certain types of markings. This can be
done only when speciflcally specified by PSI.

4.4 Welding

4.4.1 AII welding shall be performed in accordance with the applicable codes (Para.
3 .2 . I ) and PSI procedures for design and fabrication.

4.4.2 If the Seller wishes to substitute their welding procedures and procedue
quaiifications, they shall be submitted to the Buyer for approval. Approval must
be obtained prior to use.

4.4.3 A11 weld preparation shall be done by tungstan carbide cutters orper4.3.1.

4.4.4 Welding Process

1. Critical vacuum boundary and attachment welds shall be made with the
Plasma Arc process per PSI weld procedure WPSl51 PAW' Critical
welds are shbwn on vessel fabrication drawings. Sbielding gas shall be a
75o/o Argon/21o/o Helium mixture, backing gas strall be 1007o Argol nnd--
Plasma gas shall be 100% Argon. Hydrogen gas is not perrritted. GJAW
welds are acceotable for minor welds per PSI procedtre WPS153 GTAW.
Minor welds aie considered as conflat nozzleiand small internal brackets.

2. A11 weld repairs shall be performed per PSI procedue V049-2-074.

3. All attachments to the vessel shall be by plasma arc or GTAW.

I
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5.0 MATER]ALS

5.1 All vacuurn boundary shell material shall meet the requirement of SA240 for both
grades 304 and 304L. Vessel head and flange material shall be type 304L. All
materials listed on the PSI bill of material will be provided by the buyer, except
for shipping covers.

5.2 Deleted

I 5.3 The Seller shall issue receiving/inspection reports (vendor formaQ for all material
t received direct ftom PSI suppliers.- PSI will inspect and accept all raw material.

6.0 IDENTIFICATION

6.1 Identification ofthe material shall be maintained through all manufacturing
processes. All cutoffparts shall be marked with the heat number ofthe parent
oart as indicated below.

4. Al1 weld wire and weld preparation areas shall be cleaned with CO2
scrubbing prior to welding per PSI procedure V049-2-070. Weld wire
shall be handled only with clean gloves after cleaning and during welding.

4.4.5 All penetrations in the charnber shall be continuously welded on the inside
per drawing details. Welds to be smooth but NOT FLUSH & NOT
GROLTND.

4.4.6 All welds at vacuum boundari^es to be vacuum tight with a helium leak rate
eouivalent to a total of I x l0-'torr iiterVsec/chamber. PSI will leak test
ali vessel welds with a helium mass sDecfometer.

4.5 Backing strips or rings shall not be used.

4.6 Longitudinal seams shall be positioned as shown on detail drawings.

4.7 Sharp edges are to be removed ftom ali carbon steel areas where external
painting is to be applied (by PSI).

4.8 Post Weld Heat Treatrnent

Post weld heat treatnrent shall be performed as stated below per Specification
y04g-2-046. Furnace shall be adiusted to provide fumace alirosp-heres of at least
'5olo excess oxygen.

Only the BSC lower shell requhes heat lreatrnent (one time).

SPECIFICATION
umbctA 
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6.2 If material identity is lost, the piate shall be requalified by making all tests that
were required by the material specification or as indicated in this specification at
the sellers expense. CMTRS have been provided to PSI for the above material,
traceabiiity of all materials must be maintained.

Marking the frnished materials with marking fluids, and/or electo-etching
is not permitted. A vibratory tool with a minimum tip radius of .005" is
acceptable for marking tle outside only ofthe finished shell. All other
marking methods must be approved by the purchaser prior to use. All
parts shall be marked on outside surface onbr. Marking on interior
boundary vacuum boundary surfaces is not allowed. The minimum
marking is to be the heat4ot number. Low stress stamping is allowed.

Vendor to serialize each vessel with the top assembly number and a serial number
(i.e. V049101-01). The serial number shall be referenced on all Q.A. documents.

6.3

6.4

7.0 REQUIRED DOCUMENTATION

Vendor shall furnish documenlation in accordance with purchase order requirements.
The following is a list of minimum documentation required.

7 .1 General Requirements

7.1.1 Upon acceptance of the purchase order, the Vendor shall prepare any shoP -and
working drawings in adilition to the contract drawings, which are required by the
seller to fabricate this equipment. These drawings shall be submitted to the Buyer
for information. All weld ieams other than those shown on the drawing, are to be
identified and submitted to the Buyer for approval.

7.1.2 Manufacturing data wtrich shall include the following:

1. Details ofall weld preparations, welding processes, and welding' 
materials. Weldine svhbols shall conform to AWS M.4-79
"symbots for Weliin! and Nondestructive Testing."

2. Heat treatment details, including temperature of PWHT and time at
temperature, and fumace charts to be supplied, when applicable.

3. General remarks on fabrication, and assembly.

4. No dye penetrant shall be used.

5. Complete identification and materials used, including gaskets.

)
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7 .1.3 Vendor drawings which will supplement the general assembly or arangement
drawings shall contain the following information:

a. Full dimensions ofall parts and subassemblies and, where
applicable, the tolerances and finishing required.

b. Complete identification of materials used.

7 .7.4 The Buyer's equipment name and number shall appear prominently in all drawing
title blocks.

7.1.5 Two (2) copies shall be submitted to the Buyer for infomntion.

7 .2 Vendor Drawing Review

Drawilg approval must be obtained from the Buyer before starting fabrication.
The Bulerii review of the fabricator's drawings ii ofa general natire. Review of
any drawings aad/or calculations by the Buyer does not serve as approval of any
erors or as approval of any deviation from these specifications, the Ptocurement
Document, oi instructions relating to the work. The fabricator shall call attention
to any such deviations by a separate written notice when submitting the drawings
for review. Unless specific written approval is obtained from the Buyer, any.such
deviations are not ac-eptable. Conformance to the applicable codes and legal
iequirements is the responsibility ofthe Seller.

7.3 Changes

If changes are made to any drawings, the fabricator shall fumish new copies to the
Buyer showing all changes clearly identified on the drawing.

7 .4 Test And Quality Assurance Documentation

The BSC vessel shall be fabricated per the attached quality plan V049-2-048.

Buyer requires two (2) copies of the following docurnentation for each vessel.
This documentation shallbe submitted by the Seller for the Buyer's review prior
to shipment of the equipmenl.

1. Mill Test Reports (MTRS) for all vacuum boundary shell malerial
purchased by the sillet and certificates of compliance (C of Cs) for
smal1 stock pressure items purchased by the Seller.

2. Nondestructive test reports on all applicable NDE. (f optional x-
ray is tequested by the Buyer.)

3. Dimensional check report on a CNC machine veriffing vessel dimensions
are within tolerance per Attachemnt 3, I'CNC Inspection Plan".

4. Signed offquality plan.

I
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| 8.0

9.0

SHOP TESTING

8.1 The Vendor shall submit, for approval by the Buyer, a detailed procedure
for shop weld inspection.

8.2 Leak testing shall be accomplished after shipment by PSI.

CLEANING AND PAINTING

9.1 Cleaning before shipment to PSI shall be per vendor's detergent steam
cleaning procedure and Oakite "Impro Clean".

9.2 Final cleaning prior to testing at PSI shall be per specification V049-2-015 @y
PSI).

9.3 Only carbon steel members are to be painted per specffication VM9-2-077
(bv PSD.

STORING A}ID SHIPPING

10.1 All bolted connections shall be made up before final shipment to PSI' wittl
_gaskets.

l0 .2 The I 04" flanges shall be bolted together with 1 /8" thick, I 1 00 series
aluminum. This aluminum must be clean and smooth, and cover the entire
flange surface (supplied by the Vendor). This will take the place ofo-
nngs.

10.3 Shipping covers shall be used on all double o-ring grooved flanged ^
coruiecti-ons. Covers shall be suitable for protecting the cormections Aom
mechanical darnage and preventing the enty of dirt into fie 99u1n-me$'
Covers shall be a rninimum l/8" tliick aluminum sheet (suppiied by the
Vendor). Covers to be clean and smooth and attached to the flanges with
stainless hardware thru 25% ofthe flange bolt holes. Conflats will have
plastic covers (supplied by the Vendor).

10.4 The vessels shall be wrapped in waterproof polyethylene and covered with
a tarp immediately after cleaning operations have been completed to
mrmmlzg conutmmauon.

10.5 Finished flange surfaces must be covered with rolust plastic cov-ers and
protected during all fabrication steps and during shipment to PSI.

10.6 All shipping shall be on air ride trucks per Spec. V049-2-123.

10.7 Any fixture, lugs, etc. required for fabrication shall be removed prior to shipping'

10.0
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11.0 INSPECTION AND QUALITY REQUIREMENTS

1 1.1 The Seller shall have in effect in their shops at all times, an inspection,
testing and documenlation prograrn that wiil ensure that the equipment
furnished under the specification will meet in all respects the rcquirements
of the specification. The responsibility for inspection rests with the Seller.
However, the Buyer reserves the right to inspect equipment at any time
during fabrication to assure that ttre malerials and workmanship are in
accordance with this snecification. The Buver's insoector will need to
personally witness thai certain critical dimensions aie within the specified
iolerances while the fabricated parts are set-up and indexed in the vendor's
computer controlled equipment.

11.2 The Seller shall notifu PSI onthe day of arrival ofmaterials. PSI will inspect all
heads for minimum thickness and contamination.

11.3 The Vendor shall notifi the Buyer 24 hours prior to each Q.A. plan notification
point.

I 1.4. PSI will inspect and accept all raw material (at PSI and the Vendor).

12.0 NON-ESCORTPRNALEGES.ANI}INSPECTION RIGI{T

Non-escort privileges for Buyer, Owner, Govemment and Owner representatives to all
areas of the facilities where the work is being perfomred shall be an'anged. This will
include access to ail areas where material is being processed and stored.

The Seller shall cooperate with the Buyer's shop inspectors in establishing when the
various inspections 6r tests will be perlormed during manufacture, testing, cleaning, and
preparation for shipment. The Quality Plan designates which operations require to
iltiess or verificaiion The Selle-r will fumish an-agreed upon ainount of nofification prior
to the start of each. The shop inspector will wam the Seller at any time that he notices
anything that may lead to rejection of the equipment or material when it is ptesented later
for inspection and acceptance.

It is not intended that the Buyer's shop inspection shall relieve the Seller in any way
whatsoever of his obligation to maintain an adequate test inspection and documentation
prograrn of his own, oiof any other obligation tirder the specification. Iurthermore, the
lact-that Buyer's shop inspector may inarivertently overlook a deviation from some
requiremeni of this specification shall not constitute a waiver of that requiremelrt.or of the
Seiler's obligation to correct the condition when it is discovered, or any other obligation
under the specifi cation.

SPECIFICATION
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ATTACHMENT 1

. BSC FABRICATION DOCUMENTS

Application

Vendor PSI

X Xl. Spec. For Beam Splitter Charnber
Quality Plan

2. Bill of Material

3. Flanges

4. Heads

5. Raw Material Handling Procedure

6. Weld Data Sheet Spec.

7 . Rolling/1t{achining Spec.

8. Weld Procedures

9. Weld Repair Procedure

10. CleaningProcedures

1 l. Painting Procedwes

12. Stress Relief Procedures

13. Bakeout Procedure

14. Leak Test Procedure

15. Components Shop Conditioning/Test
PIan

16. DimensionalVerificationProcedure

17 . Component Packing, Handling, and
Shipping Procedure

18. PSI Drawings

BSC Assembly

BSC Shell Weldment/Machining

Chamber Supports

60" Port Covers

60 1/2" ID Flange (Grooved)

i04.5" ID Flange (Grooved)

104.5 I.D. Flange (Flat Faced)

Floor Assembly

Annulus Tubingllon Pump Support

X
X
x

v049-2-048

y0494-r0r & v049-4-003
v049-2-040 & v049-2-r3 4
v049-2-039
v049-2-t20
v049-2-084
v049-2-136
v 0 49 -2-07 0, v 0 49 -2-07 l,
y 049 -2-07 2, V 0 49 -2-07 3
v049-2-074
v049-2-015
Y049-2-077
v049-2-046
v049-2-019
v049-2-014
v049-2-047

v049-2-t2l
v049-2-123

v049-4-101
v049-4-003
v049-4-023
v049-4-014, V049-4-Nl
v049-4-019
v049-4-022
y049-4-04r

v0494-036
Y049-4-02s,077,122

X
X
X
X
X
x
x

X
X
x
X

X

X

X

X

x
x

x
x

x
X
X

)

x
X

x
X

X
X

x
X

x
X
X
X
X
x
x
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i{ACHI|TING DV6S. g-
ISSTES VITH SPECS.
IO I{ACHINE SH(P

NACHIIf SOUARE 1 PR€P
EN0S oF 60'o N0zzLES
PREP FLAXGE END
0F stf,LL

.PsI FIXTINE-OESI6{/FAI.
SHIP FIXIURE IE VETIDOR

.PLAIe/rOR6tlr65
I}RIP STTIPPED TO
}IACHINE SHOP

.HEADS SHIP IO VENDOR

SPECIE|- HAXU.ING/LIFTING
REOIIIREI4ENTS USED
T0 PREVET'Ir SS/CS
coflTacT
(tr0 c0NTAltIt{ATEs)

STITCH CUT
60.r PFIS E'r
FLAT PLATE BEFORE
ROLLING INTN SHELL

IIfIPER SHELL
POINT ?'
FROIl
sHr. e !F 2

. CLEA{ CHiltBER ltt SPEC

ADD 60' CSVERS
! TEST BLIIIDS
AlD ALL CETTAI"ITTG CFVETI, fiTEPftqL SUPflNT

HE}TBERS AND LEG REPADS
TO LOVER STELL

(PLAZIIA ARC}
.VELD 0 SUPPoRT LEG REPADS
.aDD IE|P. LIFTING LIJGS . TNS?ECT

VELI)S
DIT/FLATI{ESS

o€cK aLtGir€NI
Of ALL iNZZLES VITH
LASER LEVEL/TRANSIT

.VELD 60' NoZZLE r€Cr€
TO ST€LL VITH PLAZXA ATIC

. INSTALL AItiI'LUS TUBINC
sr.ppoRTs
iIANIFII-D g AJX ION PL'T€

ATTACHMENT 2.

sPEC. V049-a-r17

TYP iCAL  BSC
FABRICAT ION PRICESS

s H T ,  1 0 F  2

LEVER SHELL
REF. DV6. V049-4-003 (4 SHTS)

DTHER MACHINE ITEMSI

104.3 l.[
I.GROOVED
I-FLAT FACED

AA

BB

ar

IIACH1NE 60.5' I.D. FLANGES
V/ GIMVES 4 REBD.

HACHr{E 60' FLGg O{ HEADS f.F.
D€VELTF I.t' CF i[lZZLE I{ECKS
PSIFILE 8'TTd C' NOZZLES

. RII.L STIFFENING RINGS

n . PREFAS LE6 ASSEIIELI
r USE TEIFLETE TO

LOCATE HU.ES
. BLASI 1 PAII{T

L

L

III PRE FA8 A{I)(
SUPPMI I

tI HE LEAK TEST

la Bnl(E our
ll flxAL vAc TEST
II IEST ALL EOUIPTENI

lji RECLEAN/PREP FOR SHIF

.CUTOU? SI.PP(NT REPADS FROI' DCEPOUTS

. CuToUl LIFTI G LUGS FRBII DRoPIIJTS

. Curoul 'E' mRT REPADS FRO. mOfl TS

)
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MACHINING D\JGS. T
lssuEs vrrH sPEcs.

.PSI FIXTTIRE-SHIP TD VET{DOR

.PLATE,/T{]RGIN6S
DREP SHIPPED 'O
IiACHTNE SINP

.HEADS SHIP TO VET{OOR

SPECIAL HAT{DLING/LIFTIN6
REOUIR€I{ENTS USED
TO PR€VENT SS/CS
CEt{TACT
(NO COI{TAIIINATES)

. PREP LONG, SEAI E{D
ONE END FgR VELDS

.PREBEND SEAI.I EDGES

.ROLL STGLL

. TAC( VELD SHELL

.VELD L0r6lTUDli|AL SEAX

.I SPECT HEAD VELDS

.V€LD I]'.{ STIFFET{ING RI}I6

TYPICAL  BSC

FABR]CAT IEN  PRNCESS
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UPPER SHELL
REF. DVG. V049-4-003 (4 SHTS.)
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ATTACHMENT3

' 
Dimensionallnspection

Drawing #V049-,1-101

Section "A-A"

* 97" Dim on "D" nozzle * Flatress .015
+ Perpendicular to"A" .075"
* Perpendicular to "C" .07 5"
* Parallel to "8" .075"

* 48.437" dim on "D" nozzle

Section 6A-A"

* 66" dim on "D" nozdes 4 places * Parallel to "A" .075
" * PerPendicular to '8" .075"

' * Parallel to "C" .07 5'
* 33" dim.

Elevation View
+ Flatress of "A' .015"
* 44.50 dim of "D" nozdes to "B & C" nozzles + .075"

On "8" nozzles * 66 ll4" B.C.
* Paxallel to "A" .030"

* Arurulus point is rotated 480 to the left.

On "C" nozzles * 66114" B.C.
+ Pardlel to "A" .030"
* Annulus port is rotated 480 to the right
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Plan View

ll3 3/4" dim for "B" nozAe
* Flatress.0l5"
* Parallel to *8" .030"
* Perpendicular to "A,' .030"
+ Perpendicular to "C" .030"
* 56 7/8" dim.

113 3/4" dim for "C" nozzles
* Flatress .015"
* Parallel to *C" .030"
* Perpendicular to "B" .030"

- + Pemendicular to "A" .030"

7 * 56 7/8" dim.
* Annulus port is 450 offC nozzles witl correct rotation.

* Overall check that welds are not sround flush but no more than l/16" crown.

Drawing V049-4-003

Pian View Seciton "B-8"

*Veriff leg repads and lugs are 450 fiom 60" nozzles 900 apart and at the correct height.
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2.3 BSC Quality Plan V049-2-048

Use or disclosure of data in response to Contact PC175730 is subject to the restictions on OIe tide page.

Revision I

Document No. V0491 {99

9 o f  3 6



TiIe: QUALITY PLAN FOR LIGO
BEAM SPLITTER CHAMBER (BSC)

)

QUALITY PLAI{

FOR

LIGO

BEAM SPLITTER CHAMBER (BSC)
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QUALITY PLAN FOR LIGO
BEAM SPLITTER CHAMBER (BSC) - PROTOTYPE

APPLTCABLE DRAWINGS

V049-4-001 Beam Splitter Chamber Assembly

V0494-019 60-112- l.D. Flange Details

V049-4-022 104-112" I.D. Flange Details

APPLICABLE PROCEDURES

VOq?-T- 07 t Welding Plasma-Arc P8-P8

vo,t7-2-o7z welding GTAW P8-P8

V049-2-04t? Thermal Stress Relief

V049-2-015 Cleaning

V049-2-0tg Bake-out

Y049-2-044 Vacuum Chamber Fabrication

V049-2-047 Final Vacuum Test

V049-2-014 Helium Leak Test z
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2.4 BSC TestingAnspections

Each BSC will be inspected at the Mechanical Fabrication conhactot prior to release
for shipment to PSI (see "Dimensional fabrication procedure Y049-2-121 for
additional details).

After shipment to PSI, the BSC 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 heparation For Shipment' Y049'2-123 for
additional details).

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

Rcvision I

DoqumentNo. v049'1499
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FABRICATION PLAI\I

FOR

HORIZONTAL ACCESS MODI]LES (HAM)

LIGO VACITTJM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

)

PREPAREDBY:

QUALITY ASSURANCE:

MAI\UFACTTJRING ENGINEER:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

Lrforrnation contained in this specification and its attachments is proprietary in natue md shall be kept confidential. It shdl be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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rite FABRICATION PLAN FORHORIZONTAL ACCESS MODIJLES (HAM

I.() PURPOSE

The purpose of this procedure is to define desigrr guidelines, specifications, and procedures to
enable PSI to speciff, purchase, inspect, fabricate, test and ship the iIAM per LIGO
requirements.

2.0 GENERAL

All Horizontal Access Modules (FIAM) shall be fabricated per this fabrication plan. Each
fabrication process shall be controlled via a written procedure. A "first article" approach will be
used to validate all fabrication processes prior to release of the fi l vessel lot.

Al1 vesseis will be fabricated in accordance with the Quality Plan. Key points in tle fabrication
process shail be verified to ensure consistent results.

All vacuum equipment shall be fabricated in accordance with LIGO Proj ect Contact PC17 5730
dated September 12,1995, and subsequent change orders.

3.0 RESPONSIBILITY

The Mimufacturing Departrnent is responsible for the execution of this procedure, with input
and monitoring by the Project Engineer, the Quality Assurance Deparnnent, and the Project
Manager.

4.0 FABRICATION PLAN

4.1 A first article approach will be used to start the HAM manufacturing cycle to validate the

manufacturing procedures and technique prior to the fi.rll production release.

4.2 The HAM chambers will be fabricated at PSI's manufacturing shop. PSI will perform vessel

cieaning, leak checking, bakeout and preparation for shipment.

4.3 The HAM will be fabricated and tested per documents listed il Attachment I "Fabrication

Documents".

4.4 The HAM will be fabricated and tested per Attachment 2 HAM Fabrication Flow Chart.

SPECIFICATION

Pege ? of



Title
FABRJCATION PLAN FORHORIZONTAL ACCESS MODULES (HAM)

.

4.5 The FLAM vessels will be fabricted according to the Fabrication Priority List, Attachment 3.

. 4.6 Procurement

I PSI will procure all S.S. plate and flange material and supply it with *re selected fabrication

I vendor, for rolling and machining.
I
I PSI will ourchase vessel heads.
I
4.7 Quaiity Assurance

The FIAM Fabrication Process shall be monitored and control via the Quality Plan.

PSI manufacturing will follow the quality plan inspection points for the entire fabrication work.

PSI will inspect all incoming materials to purchase documents.

4.8 ShopConditioning/Testing

The FIAM Vessels will be shop conditioned (cleaned, bakeout, etc.) per PSI Procedure
v049-2-047.

. . '

J 4.9 Preparation For Shipment

The HAM Vessels will be prepared and shipped per PSI Procedure V049-2-123.

I

z
3

o

j

{

| 
*'*? uo4e-2-o8rFeY.

ol



FABRICATION PLAI\ FOR HOR]ZONTAL ACCESS MODULES (HAIVT)

ATTACHMENT I

IIAM FABRICATION DOCUMENTS

1. Spec. For HAM Fabrication

2. HAM Quality Plan

3.
A

5 .

o .

7.

8 .

o

Bill of Material (Parent)

Flanges

Heads

Raw Material Handling Procedure

RollingMachini-ng Spec.

Weld Data Sheet Spec.

Weld Procedures

v049-2-078

v049-2-087

v049-4-009 & 013

v049-2-040 & v 049 -2-042

v049-2-039

Y0/]9-2-120

v049-2-136

v049-2-084

v 0 49 -2-07 0, v 049 -2-07 l,
v 049 -2-072, V 049 -2-07 3

v049-2-074

v049-2-015

vM9-2-077

v049-2-046

v049-2-019

v049-2-014

v049-2-047

vM9-2-121

v049-2-123

10. Weld Repair Procedure

11. Cleaning'Procedures

12. PaintingProcedures

13. Sttess Relief Procedures

14. Bakeout Procedure

15. Leak Test Procedure

16. Components Shop Conditioning/TestingPlan

17 . Dimensional Verification Procedure

18. Component Packaging, Handling, and Shipping
Procedure

19. PSI Drawings - (See Next Page)

SPECIFICATION
IunbcrA V049-2-081
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FABRICATION PLANFOR HORIZONTAL ACCESS MODTILES (IIAM)

ATTACHMENT 1, Continued

HAM FABRICATION DOCUMENTS

19. PSI Drawings

HAM Test/Shipping Assy. (with ,4.4 Cover)

FIAM TesVShipping Assy.

HAMAssembly

HAM Flange/Armulus Assy.

HAM Chamber Support Saddle

HAM Weldment

60" Expansion Joinl

Bellows Tie Rod Assembly

84 ll4" \D Flange (Grooved)

60 U2" lD Flange (FF)

60 ll2" lD Flange (Grooved)

60" End Cover (2 Sheets)

84 1/2" I.D. Access Cover

HAM 75 Ion Pump Support

v049-4-009

v049-4-013

v049-4-002

v0494-054

v0494-052

v049-4-128

v049-4-053

v049-4-040

Y049-4-021

v0494-032

v049-4-031

v049-4-A4

v0494-127
v049-4-123

SPECIFICATION

Pr4re -J-ol



rirte FABRICATION PLAI\ FORHORTZONTAL ACCESS MODULES (IIAM)

)

ATTACIIMENT3

IIAM FABRICATION PRIORITY LIST

)

WHAMl

WHAM22

WHAM11

WHAMlO

WI{AM7

W}IAM8

WHAM9

W}IAM2

WHAM3

WHAM6

WHAM5

WHAM4

W}IAMI3

LHAMI

LHAM2

LHAM3

LHAM6

LIIAM5

LHAM4

(cs)
(cs)
(CS)

(cs)
(CS)

(cs)
(cs)
(cs)

(cs)
(cs)
(cs)
(Spare)

(cs)
(cs)
(cs)
(CS)

(CS)

(cs)

I
I
I
I
I
L
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r'rAcHlNtxc Dv6s. I
ISSUES VITH SPECS.
IO HACHINE SHOP

CHECK/VERIFY IIACH.
SK]P NOZZLE LOCAITONS

ACHII€ SOUARE I PREP
ENDS I]F 603 NOZZLES,
PREP FLANGT END 8''
OF SHELL

.PSI FIXTI,,RE.DESIG{/fAB
SHIP FIXIURE TO VENDtn

.PLATE/FORGIII6S
DAOP SIIIPPED TO
HACHINE SHT]P

.HEADS STIIP TO VENDM
CUTOUT 4 CRITICAL 'E' T'IOZZLES

SPECINL H6NDLIN6/LIFTII{6
REOUIREI.IENIS USEE
TO PREVENI SS/CS
CI]NTACT
(NO CONTAI{INAIES)

ENDS FOR FLANGE VELD
.PREBEND SEA|{ eDCTES
.RoLL Sr€tL-8425' I.!.
.RoLL 60.5' l.D. NOZZLES

VIIH PROFILED ENDS

.ADD 60' r a.' COVERS
VITH TESI O-RIT6S

.INSTALL C.F. FLaNGES

.II{STALL 6' GV FM
TUREO PUI{P

IAC( VELD SHELL .
VELD LBN6ITUDINAL SEAI
INSPECT VELIIS

VELD INTERNAI- SUPPORT
I{EHgERS TO $€LL

(PLAZIIA AQC)

.RERI]LL FOR ROUNDNESS ?

.AIID ll'lTERl{AL FIXTLnES

STABILIZE 94.25 l.!. SHELL
YITH INTERNAL BRACES
AND NACHINE 8{' ENI)
CUIOUT 60'' PORTS

. VELD 60' I€ZZLE NECXS
TO SHELL VITH PLAZI4A ARC

VTLI I]N SIIFFE ITG RN6S/
LIFTING LU6S
EEIVEEN 60' NOZZLES

.VELD ON SUPPRT LEG REPA0S

.ADo IEIIP LIFTING LUGS/SUPPIRIS

.CLEAN ALL CHAI'3ER
FLA}IGE SEAL SURFACES

.CLEAN AND PRSTECT

ALL I]OOR COVERS
.CUT0UT NBN CRITICAL PoRTS

AT P.S.t.

ATTACHMENT E
sHT. I  OF I

HAM FABR iCAT IEN
PROCESS D IAGRAM

OTHER I'4ACHINE ITEMS,

r{acHtNE 84€5. l.D. fLA[6ES
a-6RD0VED V0,{9-4-021
a-FLAT fACED V049-4-127

I t r-Gn@vED v049-4-031
I.FLAT FACED \'(X9-4-032

I I I .PRTFAB (2) VESSEL SUPPORT SAIDLES
DV6 V0a9-a-054

. ELAST i PAITIT

C:

AUG. 30, 1996 REV.  1

=

a

a
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3.2 HAM Fabrication Specifrcation V049-2-078

Use or disclosure of data in response to Contract PC175730 is subject lo the restictions on the title page.
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STRUCTI]RAL ENGINEER:

QUALITY ASSURANCE:

MANU}'ACTTIRING ENGR:

TECHMCAL DIRECTOR:
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1.0 Scope

2.0 Schedule
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4.0 Codes And Standards
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6.0 Materials
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rille spEcIFIcATIoN FoRITAM cHAMBERFABRTCATIoN

f

SCOPE

1.1 This specification covers tle minimum requirements of the manufacturing -
engin6ering, materials, fabrication, assembly, inspection, testing, preparation for
shipping, shipment and delivery of vacuum vessels for the LIGO vacuum system.

1.2 A11 attachments are incorporated herein by reference and made a part of this
specification.

1.3 The specified equipment is intended for use as part ofthe Vacuum EquiPgg{
supplied for the Laser Interferometer Gravitational-Wave Observatory (IIGO).
LIGO, which is operated by Caltech and MIT under an NSF $ant, includes two
sites (Hanford Relervationnear Richmond, WA and Livingston, LA). Each site^
contains laser interferometers in an L shape with 4 l<rn arrrs, a vacuum system of
the sensitive interferometer components and opticai beams, and other support
facilities.

1.4 Information contained in this specification and its attachments is proprietary in
hature 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.

1.5 PSI will fabricate all HAM vessels from vendor supplied flanges, 3041304L plate
-and heads.

1.6 In this specification, the term "Buyer" refers to PSI. The term "Seller'' refers to
PSI or a vendor who supplies materials or parts.

1.0

)

I
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rille spECIFIcATIoN FORHAM CHAMBER FABRTCATIoN

) SCHEDULE

A "first article" chamber shall be manufactured and tested (per Section 8 of this
specification) as early as possible to allow desigrr changes to be incorporatedjnlo all the
chambers. Additional chambers are not to be released for manufacture until PSI accepts
the fust article weldment assembly.

GENERAL REQTIIREMENTS

3.1 The design and materials of fabrication shall be as shown on the PSI vessel
weldment drawings.

3.2 The vessels shall be fabricated and tesGd in accordance with drawing-s, standards,
and specifications referred to or attached as part of this specification.

3.3 The vessels covered by this specification are to be used in ultra-high
vacuum service and require strict cleanliness and contamination
prevention throughout ihe rraterial handling, fabrication and shipping
process. All storage and fabrication for this vessel shall be done in the
irea isolated (plastic room or equal) to prevent contamination from smoke'
dust and oily vapors from other manufacturing are{rs. The area shall be
purged with clean air to prevent contamination and adjacent areas.

3.4 "stainless steel fixtures (spiders, roundup rings, etc.) shall be used as required to
maintain vessel and nozzle roundness during fabrication.

3.5 The vessel sha1l be fabricated per the attached PSI Quality Plan, and Fabrication
Process Program in Auachments B & C.

CODES AND STANDARDS

4.1 Priority Of Codes And Documents

1. This Specification

2. Fabricationdrawings

3. Codes (highest priority - where applicable)

The following codes and standards shall be applicable to the fabrication ofthe
equipment:

2.1

3.0

)

4.0

I
I 1

z
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ritle spECIFICATIoN FoRHAM CITAMBERFABRTCATIoN

4.2.I American Socielv of Mechanical Engineers (ASME)

a. ASME Btiiler and Pressure Vessel Code, 1992 Edition Through
1994 Addenda.

Section II

Section VIII

Section IX

Material Specifi cations

Part A. Ferous

Part B, Nonferrous

Part C, Welding Rods, Elecrrodes and Filler Metals

Pressure Vessels, Division I (Stamp Not Required)

Welding and Brazing Qualification

4.3 Any apparent conflicts between the requirements given herein and the
applicable ASME Specification shall be brought to the attention ofPSI
engineering for clarifi cation.

FABRICATION REQUIREMENTS

General

5 . 1 . 1 
', 
Vessels do not require ASME Code stamping or code inspection.

5.1.2 All vessels shall be fumished complete as shown on PSI drawings, and shall
include all necessary hardware, such as bolts, washers, and nuts' Tolerances strall
be adhered to as specified on the detail drawings.

5,2 Rolling Of Shells and Machining

5.2.7 See Spec. V049-2-136.

5.3 Cleanliness

5.3.1 No grinding with abrasive wheels, cloth or stones is allowed on the intemal
vacrium sufrace unless specified in this specification. This material is intended
for use in a high vacuum application. Polential hydrocarbon contamination shall
be prevented. 

-Also, 
the miierial shall be wrapped and covered at all times the

material is not being processed to minimize possible exposure to contamitrants.

5.3.2 No iron, carbon steel or other conlaminalts (such as grease, oil or hydrocarbons,
grinding dus! smoke, blast cleaning compounds, paint, solvents, etc.) €x-e to come
in contit with the sGils. Machining fluids shallbe water soluble and fiee of oil
and sulfur. A1l fluids tlat come in conlact with bellow shall not exceed the
contaminant levels oermitted as stated below.

5 . 1

SPECIFICATION
Numbcr -

A V049-2-078
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rille spEcIFICATToN FoR rrAM CHAMBER FABRTCATIoN

Maximum Concenf ration Linits

Contaminant

Water Leachable Chlorides

Total Halogens (including Water Leachable Chlorides)

Total SuIfur

Limit

100 ppm

1000 ppm

1000 ppm

5.3.3 Personnel shall wear as a minimum; cleanroom booties or clean boots when
walking on/working in the interior surfaces.

5.3.4 Local areas ma)'be passivated to remove certain types ofmarkings. This can be
done only when specifically specified by PSI.

5.4 Welding

5.4.I i\ll welding shall be performed in accordance with the applicable codes (Para.
4.2.1) and PSI procedures for design and fabrication.

5.4.2 All weld joinl prcparation shall be done by tungsten carbide tooling ifpossible.

5.4.3 Weldine Process

t. V*u* boundarv and attachment welds shall be made with the Plasma
Arc process per PSI weld procedure WPS I 51 PAW. lhield-igg. gas shall b9
a756/o Argoit|25% Heliuni mixffie, backing gas shall be l00o/o Argon and
Plasma gas shall be 100% Argon. Hydrogen gas is not permitted -Gf{y
welds ari acceptable for minol weldi perFSI procedure WPS 153 GTAW.

Minor welds me considered as conflat nozzles aad small interal brackets.

2. All weld repairs shall be performed per PSI procedure V049-2-071.

3'. All attachments to the vessel shall be by plasma arc or GTAW.

4. All weld wire and weld ioint preparation areas shall be cleaned with CO2
scrubbing prior to welding per PSI procedure V049-2-070-

5.4.5 Al1 penetrations in the chamber shall be continuously welded on the inside
per ilrawing details. Internai weld surface to be smooth but NOT
GROLTND.

SPECIFICATION
Numbero 
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6.0

5.4.6 All welds at vacuum boundarips to be vacuum tight with a helium leak rate
equivalent to a total of I x 10" torr literVsec/ch"mber. PSI will leak test
ali veSsel welds with a helium mass spechometer.

5.5 Backing strips or rings shall not be used.

5.6 Longitudinal seams shall be positioned as shown on detail drawings.

5.7 Sharp edges are to be removed from ali carbon steel areas where external
painting is to be applied.

5.8 Post Weld Heat Treatment

Post weld heat treatrnent shall be performed per Specification V049-2-046.
Fumace shall be adjusted to provide a fumace atmosphere of at least 50lo excess
oxygen.

MATERIALS

6.1 All vacuum boundary shell material shall meet the requirement of SA240 for both
grades 304 and 304L. Vessel head and flange material shall be type 304L.

IDENTIFICATION

7 .l identification of the material shall be maintained ttuough all manufacturing
processes. Al1 cutoffparts shall be marked with the heat number of the parent
part as indicated below on the exterior surface only (not on the vacuum
boundary).

7.2 If material identity is lost, the plate shall be requalified by making all te,sts that
were required by the material specification or as indicated in this spccification.
CMTRS have bben provided toPSI for the above material, naceability of all
materials must be maintained.

7 .3 Marking the materials with marking fluids, die stamps, crayons, paints
and"/or electro-etching is not permitted. A vibratory tool with a minimurn
tip radius of.005" isiccepta6le for marking the outside onll ofthe
fiirished shell. All other marking methods must be approved by the
purchaser prior to use. All parts shall be mar.ked on outside surface onl)'.
Marking oh interior boundary vacuum boundary surfaces is not allowed.
The miiimum marking is to 

-be 
the heat4ot/MlC/number.

7.0

SPECIFICATION
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8.0 REQUIREDDOCUMENTATION

The following is a list of minimum documentation required.

8.1 GeneralRequirements

a. Full dimensions ofall parts and subassemblies and, where
applicable, the toleran6es and finishhg required.

b. Complete identification of materials used.

If changes are needed to any drawings after drawing approval has been given, the
manufacturing department shall fumish new copies to the Buyer showing all
changes clearly identified on the drawing.

8.2 Test And Quality Assurance Docurrentation

a. Mill Test Reports (MTRS) for all vacuum boundary shell material
purchased by the seller and cenificates of compliance (C of Cs) for
small stock pressure items purchased by the Seller.

b. Nondeshuctive test reports on all applicable NDE. Dye'penetrant
testing is not allowed.

c. Dimensional check report verifuing vessel dimensions are within

-- tolerance. This must be done on a CNC machine.

9.0 SHOP TESTING

9.1 Testing shall be per the Q.A. plan.

9.2 PSI reserves the right to spot x-ray each vessel.

1O.O CLEANING AND PAINTING

10.1 Only carbon steel members are to be painted per specification V049-2-
077.

11.0 STORING AND SIIPPING

11.1 Exparsion bellows shall be protected from mechanical damage during all
phases of manufacturing, storing and shipping.

11 .2 Shipping covers shall be used on all flanged connections. Covers shall be
provided for protecting the corurections from mechanical damage and
preventing the entry of dirt into the equipment. The use of tape or plastic
sheet alone as a shipping cover is not acceptable.

SPECIFICATION

ot //
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11.3 The vessels shall be wapped in waterproofpolyethylene and covered with
a tarp immediately afterileaning operations have beern completed to
minimize contamination.

1 1.4 Finished flange surfaces must be covered and protected during all
fabrication steps and during shipment to PSI.

11.5 The vessels shall be shrink wrapped and covered with watetprooftarps during
shipment to PSI from machinirg operations.

I2.O INSPECTION AND QUALITY REQUIREMENTS

12.1 The Seller (as applicable) and/or PSI shall have in effect at all times, an
inspection, iestiirg and documentation program ttrat will ensure that the equipment
furnished under tf,e specification will meei all requiremenls of this specificatio-n.
PSI's inspector shall personally witness that certain critical dimensions are within
the specified tolerances while th e fabicated puts are set-up and indexed in the
vendor's computer controlled equipment.

13.0 NON-ESCORT PRIVILEGES AI\D INSPECTION RIGIff

Non-escort privileges for Buyer, Owner, Govemment and Owner representatives to all
areas of-the^facili#s where tire work is teing performed strall be arranged. This will
include-access to all areas where material is being processed and stored.

The Seller shall cooperate with tle Buyer's shop inspectors in establishing *'hen the
various inspections or tests will be peribrmed during man-ufacture, testing, cleaning, and
preparation for shipment. The Quality Plan designates which operations require t9
witness or verification The Seller wili nrrnlsh an agreed upon amount of notification prior
to the start of each. The shop inspector will warn the Seller at any time that he notices
anything that may lead to rejlction ofthe equipment or material when it is presented later
for inspection and acceptance.

It is not intended that the Buyer's shop inspection shall relieve the Seller in any way
whatsoever of his obligationio mainfin an adequate test inspection and docr.tmentation
program of his own, oi of any other obligation unter th9 specification. Furthennore, the
iact-that Buyer's shop inspecior may inadvertently overlook a deviation from some
requiremeni ofthis specification shall not constitute a_waiver of that requirement.or of ttre
Seiler's obligation to correct the condition when it is discovered, or any other obligation
under the soecificatiorr.

SPECIFICATION
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3.3 tlAM Quality Plan V049-2-087

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

DocumentNo. V049-l{99
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TIIIE QUALITY PLAN FOR HORIZONTAL ACCT,SS MODI'LE (HAM)

SPECIFICATION

APPLICABLE DRA$uINGS

V0494-054 HAM Flange/Annulus Tubing Assembly

V049'4-1?8 HAM Shell'Weldment Assembly

VU9-4-002 Horizontal Accesss Module Chamber Assembly

V0494'031 60-1/2" I.D. Flange Detail (Grooved)

V049-4-032 60-l/2" I.D. Flange Detail (Flat Face )

V049-4-02! 84-14'I.D. Flange Detail (Grooved )

V049-4-027 60-I/21.D. Flange Face (Detail )

V0494.0A4 60'End Cover

VM9-4.052 HAM Chamber Support Saddle

V0494-053 60-1 /2" l.D. Expansion Joint

V U94-lZ7 84-114' Access Cover

VU94-040 HAM Tie Rod Assembly
APPLICABLE PROCEDURES

y049-2-A72

Y049-2-0?l

v049-2-074

v049-2-046

v049-2-078

Welding GTAW (PWHT) P8-PB

Welding PAw (PWHD P8-P8

General Repair Procedure

Thermal Stress Relief

Ham Chamber Fabrication
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3.4 IIAM TestingAnspections

Each HAM will be inspected at the Mechanical Fabrication contractor prior to being
released for shipment to PSI (See "Dimensional Fabrication Procedure" V049'2-121
for additional details).

After shipment, to PSI the HAM wiil be leak checked, cleaned baked out and
prepared for shipment. (See "Component Shop Conditioning/Test Procedure" V049-
2-M7 and "Component Packaging, Handling and Preparation for Shipment" y049-2'

123 for additional details).

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

Revision I
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4.1 80K Pump Fabrication Plan V049-2-082

Use or disclosure of data in response to Contract PCt 75730 is subject to the restrictions on the title Page.
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nrte FABRTCATION PLAN FOR CRYOPUMPS
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riite FABRICATION pl,Alt FOR CRyOpIJMpS

1.0 PUR}OSE

- The purpose of tiis procedure is to define design guidelines, specifications, and procedures to
enable PSI to specifr, purchase, inspec! fabricate, test and ship the 80K Cryopumps per LIGO
requirements.

2.0 GENERAL

All Cryopumps shall be fabricated per this fabrication plan. Each fabrication process shall be
conholled via a written procedure. A "first article" approach will be wed to validate all
fabrication processes prior to release ofthe fl l vessel lot.

All vessels will be fabricated in accordance with the Quality Plau. Key points in ttre fabrication
process shall be verified to ensure consistent results.

All vacuum equipment shall be fabricated in accordance with LIGO Project Contract PC175730

. 
dated September 12, 1995, and subsequent change orders.

3.0 RESPONSIBILITY

The Manufacnring Deparblent is responsible for the execution of this procedure, with input
and monitoring by the Project Engineer, the Quality Assurance Deparnnenq and the Project
Manager.

4.0 FABRICATION PLAI\I

4.1 A fust article approach will be used to start the Cryopump manufacturing cycle to validate the
manufacturing procedures and tecbnique prior to the firll production release.

4.2 The Cryopumps will be fabricated at PSI. PSI will perfonn vessel cleaning, leak checking,
bakeout and preparation for shipment.

4.3 The Cryopumps will be fabricated and tested per documents listed in Attacbment I "Fabrication

Documents".

4.4 The Cryopumps will be fabricated and tested per Atrachment 2 Cryopump Fabrication Flow
Chart.

4.5 The Cryopumps will be fabricated according to the Fabrication Priority List Attachment 3.

SPECIFICATION

Pr0a " ot 7



Tiile FABRTCATION pLAI\t FORCRYOPUMPS

l
4.6 Procurement

PSI will procure all S.S. plate and flange material.

PSI will purchase vessel heads.

Quality Assurance

The Cryopump Fabrication Process shall be monitored and control via the Quality Plan
v049-2-098.

PSI will inspect all incoming materials to the purchase documents.

Shop Conditioning/Testing

The Cryopumps will be shop conditioned (cleaned, bakeout, etc.) per PSI Procedure

v049-2-047.
.'

Preparation For Shipment

The Cryopumps will be prepared and shipped per PSI Procedure V0 49-2-123.

4.7

4.8

I 4 s

I
I
I

z

(D

I
o

.

i SPECTFICATIOI{
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Tirte FABRICATION PLAN FOR CRyOpIIMpS

)

ATTACHMENT T

CRYOPT]MPDOCUMENTS

1. Spec. For Cryopump Fabrication

2. Cryopump Quality Plan

v049a-096

v049-2-098

v0494-004, v049-4-005

v049-2-040 &v049-2-M2

v049-2-039

v049,2-120
v049-2-084

v u9 -2-07 0, v 049 -2-07 l,
vM9-2-072,V049-2-073

v049-2-074
v049-2-015

v049-2-077

v049-2-047

v049-2-019

v049-2-014

v049-2-t2l

v049-2-t23

3 .
t+-

5.

6.

7.

8.

Bill of Material

Flanges

Heads

Raw Material Handling Procedure

Weld Data Sheet Spec.

Weld Procedures

)

9. Weld Repair Procedure

10. CleaningProcedures

11. PaintingProcedures

12. Components Shop Conditioning/Test Plan

13. Bakeout Procedure

14. Leak Test Procedure

15. DimensionalVerificationProcedure

16. Component Packaging, Handling, and Shipping
Procedure

17. PSI Drawing

80K Cryopump - Long

80K Cryopump - Short

44 5/8" ID Flange Detail (Grooved)

I
I
I

I
t

v0494-004
v049-4-005

v049-4-017

z

o

I
o

,

I {
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ATTACHMENT2
8OK CRYOPUMP FABRICATION PROCESS DIAGRAM
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riile FABRICATION PLAII FOR CRyOpI]MpS

ATTACHMENT3

8OK CRYOPTTMP FABRICATION PRIORITY LIST

wcPl
WCP2

WCP3

wcP4
WCPT

WCP5

wcP6
WCPS

LCPl

LCP2

LCP3 .

LCP4

(cs)
(cs)
(LMS)

(LMS)

(LES)

(RMS)

(RMS)

(REs)

(cs)
(cs)
(LEs)

(RES)

SPECIFICATION
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4,2 80K Pump Fabrication Specification V049-2-096

Use or disclosure ofdata in response to Contact PCI?5730 is subject to the restrictions on ttre tide Page.
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Title
SPECIFICATION FOR 8OK CRYOPTJMP FABRICATION

1 . 1

t .2

I . J

SCOPE

This specification covers *re minimum requirements of the manufacturing
engineering, materials, fabrication, assembly, inspectiorl testing, preparation for
shipping, shipment and delivery ofvacuum vessels for the LIGO vacuum system.

All attachments are incorporated herein by reference and made a part of this
speclncauon.

The specified equipment is intended for use as part ofthe Vacuum Equipment
supplied for the Laser Interferometer Gravitational-Wave Observatory (LIGO).
LIGO, which is operated by Caltech and MT under an NSF grant, includes two
sites (Hanford Reservation near Ricbmond, WA and Livingston, LA). Each site
contains laser interferometers in an L shape with 4 hn arms, a vacuum system of
the sensitive interferometer components and optical beams, and other support
facilities.

Fabrication and material procuement will be by PSI.1 A

2.0

2.1

SCIIEDULE

Chamber delivery shall be as follows:

Quantity/Size

I -Long

1-Long

2-Long

3-Short

1-Long

2-Long

2-Short

Delivery Site

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough
pSI, Westboro,rglr

PSI, Westborough

Dates

I Aug. 1996

I Nov. 1996

I Feb. 1997

15 April 1997

15 June 1997

I Oct. 1997

1 Dec. 1997

Production Lots

1 (First Article)
,)

3

5

6

7

3.0

12 Total

GEI\IERAL REQUTREMENTS

3.1 The design and materials of fabrication shall be as shown on the PSI vessel
weldment drawinss.

z
3
G

o

f
sPEClFlcATlol{

Rev.
4

o l  t L



Tllla
SPECIFICATION FOR 8OK CRYOPT]MP FABRICATION

) ) -z

J . - )

The vessels shall be fabricated and tested in accordance with clrawings, standards,
and specifications referred to or attached as part of this specification.

The vessels covered by this specification are to be used in ultra-high
vacuurn service and require stict cleanliness and contamination
prevention throughout the material handling, fabrication and shipping
process. A11 storage and fabrication for this vessel shall be done in the
area isolated (plastic room or equal) to prevent contamination from smoke,
dust and oily vapors from other manufacturing areas. The area shall be
purged with clean air to prevent contamination and adjacent areas.

Stainless steel fixtures (spiders, roundup rings, etc.) shall be used as required to
maintain vessel and nozde roundness during fabrication.

The vessel shall be fabricated per the attached PSI Quality Plan, and Fabrication
Flow Chart - Attachment 2.

CODESAI{D STA}IDARDS

4.1 Priority Of Codes And Documents

1. This Specffication
'2. Fabricationdrawings

4.2 The. following codes and standards shall be applicable to the fabrication ofthe
equrpmem:

4.2.1 American Societv of Mechanical Engineers (ASME)

a. ASME Boiler and Pressure Vessel Code, 1992 Edition Through
1994 Addenda-

Section II Material Specifi cations

Part A, Ferrous

Part B, Nonferrous

Part C, Welding Rods, Electrodes and Filler Metals

Section VIII Pressure Vessels, Division I (Stamp Not Required)

Section IX Weldi:rg and Brazing qrrglifisation

J . +

3 .5

)

I
I
I

z

o

I {

l- NumbGt
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Title spEcIFrcATroNFoRs0KcRyopuMpFABRrcATroN

5.0

5 . 1

FABRIGATION REQI]IREMENTS

General

5. 1.1 Mechanical design ofthe vessels shall be as shown on the PSI's fabrication
drawrngs.

5. 1.2 Vessels do not require ASME Code stamping or code inspection.

5.1.3 All vessels shall be furnished complete as shown on the PSI's drawings, as
required, bolts, washers, and nuts. Tolerances shall be adhered to as specified on
the detail drawings.

5.2 Rolling Of Shells

5.2.1 Carbon steel rollers shall be covered with heavy (paper or carpet) or S/S during
the rolling process to prevent carbon steel contamination ofthe stainless steel
vacuum dhell and the aluminum reservoir shells.

5 .2 .2 The seam edges of plates to be rolled are to be preworked to aszure roundness of
the final cylinder.

5.3 Cleanliness

No grinding with abrasive wheels, clolh or stones is allowed on the internal
uac,iunl suiface unless specified in this specification. This material is intended for
use in a hish vacuum ap'plication. Potenitial hydrocarbon contamination shall be
orevented] Also, the niaterial shall be wrapped and covered at all times the
inaterial is not being processed to minimize possible exposure to contaminants.
The shells shall be Cleaned (per 9.1) prior to shipment

No iroq carbon steel or other contaminants (such as grease, oil or hydrocar.bons)
are 10 come m contact with the vessel interioi surfaces during material handling
and assembly. Machining fluids shall be water soluble and free of oil, sulfirr and
cl orides.

5.4 Welding

5.4.1 All welding shall be performed in accordance with the applicable codes (Para.
4.2.1) and PSI procedures for design and fabrication.

5.4.2 The PSI fitup tack welding procedures and procedure qualifications shall be used.

SPECIFICATION

Page ! of 12-
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Title
SDF'rIITF ^ TT|.IN I,'IP TNI?. r'PlzfJDTIIdD-E-A DPIC-?I TTTIN

5.4.3 All weld joint preparation shall be done by tungsten carbide tooling ifpossible.

5.4.4 Welding Process

1. Vacuum boundary and attachment welds shall be made with the Plasma
Arc process per PSI weld procedure WPSI5l PAW. Shielding gas shall be
a75o/o Argonl2S% Helium mixture, backing gas shall be 100% Argon and
Plasma gas shall be 100% Argon. Hydrogen gas is not permitted. GTAW
welds are acceptable for minor welds per PSI procedure WPS153 GTAW.

2. All weld repairs shall be performed per PSI procedur e YO49-2-07 4.

3. Extemal support structures may be welded using GMAW process. All
attachmenls to the vessel shall be by plasma arc or GTAW. :

4. All weld wire and weld joint preparation areas shall be cleaned with COz
scrubbing prior to welding per PSI procedure YM9-2-070.

5.4..5 All penettations in the chamber shall be continuously welded on the inside
per drawing details. Internal weld surface to be smooth but NOT
GROUND.

5.4:6 All welds at vacuum boundaries to be vacuum tisht with a helium leak rate
equivalent to a total of 1 x lO-e torr literVsec,/chinber. PSI will leak test
all vessel welds with a helium mass sDectrometer.

5.5 Backing strips or rings shall not b" ur.d.

5.6 Longitudinal seams shall be positioned as shown on detail drawings.

5.7 Sharp edgas are to be removed from all carbon steel areas where external
painting is to be applied.

5-8 Post Weld Heat Treatment - Not Required

MATERIALS

6. I AII vacuum boundary shell material shall meet the requirement of SA240 for both
grades 304 and 304L. Vessel head and flange material shall be type 304L. All
materials listed on the PSI bill of material will be provided bv PSL

z

C'
o
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Tifle: spEcIFrcATroN FoR soK cRyopuMp FABRTCATToN

7.0 IDENTIFICATION

7 .l Identification of the mateial shall be maintained throug;h all manufacturing
processes. All cutoffparts shall be marked with the heat number ofthe parent parl
as indicated below onihe exterior surface only (not on the vacuum boundary).

7.2 If material identity is lost, the plate shall be requalified by making all tests tlat
were required by the material specification or as indicated in this specificafion at
the sellers expense. CMTRS have been provided to PSI for the above material,
traceability of all materials must be maintained.

7.3 lMarking the materials with marking fluids, die stamps, crayons, paints
and/or electro-etching is not permitted. A vibratory tool with a minimum
tip radius of.005" is acceptable for marking the outside onlv of the finished
shell. All other marking methods must be approved by the purchaser prior
to use. All oarts shall be marked on outside surlace onlv. Marking on
interior boundary vacuum boundary surfaces is not allowed. The minimum
marking is to be the heatlot number.

SHOP TESTING

8.1 Testing of the external shell of the cryopump shall be per the Q.A. plan
(V049-2-098) and Shop Conditioning/Test (V049-2-047). The reservoir
.shop testing shall be a pneumatic test at 38 psig, followed by a cold shock
with liquid nitrogerq and finally helium leak testing. The cold shock is
simply the introduction ofliquid nitrogen into the reservoir until liquid
nitrblen is observed discharling from*the vent. Helium leak testin! ofthe
reservoir shells shall be as follows:

The speoifioation requires all leaks greater than lx10E-9 torr-Vsec of helium to be
repaired in accordance with LIGO approved procedures. In the case of the 80K
pump, the reservoir assembly must be leak checked prior to its installation into the
iumi-,racuum chamber. The assembly consists of ihe annular reservoir and that
attached piping which must be welded to the reservoir prior to its installation in the
pump chimbei. Welds on attached piping made subsiquent to installation of the
ieservoir must be tested separately. nI teat< testin! and calibration of test
equipment shall conform to ASTM E498, Test Method A. The results of the leak
teitiirg shall be documented by PSI Quality Assurance personnel in a brief test
feport.

Since the volume oftle reservoir is large, in order to pump it down in a reasonable
time, it will be necessary to use an auxiliary roughing pump in conjunction with the
mass spectometer leak detector. A cold trap shall used to ensure that no oil from
the roughing pump enters the reservoir. The leak detector and auxiliary pump shall
be connected to the gaseous nitrogen vent nozzle on the reservoir. Other
nozzles on the reservoir must be temporarily welded closed. Following the method
in ASTM E498, proceed as follows:

8.0

SPECIFICATION
v049-2-096

Page I of



Title: SPECIFICATION FOR 8OK CRYOPUMP FABRICATION

l) Rough down the reservoir to the lowest pressure thar the roughing pump is
capable of- preferably 50 microns or less.

2) Open the valve to the leak detector and close the valve to the roughing pump.

3) Probe with helium around all welds to check for leaks. All welds are to be leak
tight to lxl0E-9 torr-Vsec or less.

4) In the event that any weld fails, the test shall be repeated to verify that it is an
actual failure rather than a false indication.

5) In the event tlat a weld fails to pass, it shall be repaired, and subjected to another
leak test.

6) After all leaks have been found and repaired, the entire reservoir assembly shall be
enclosed in a olastic enclosure into which helium is admitted to determine the
entire reservoii assembly integrity.The reservoir shall be held in the enclosure
containing helium for 5 minutes prior to testing with the leak detector. The entire
assembly must be leak tight to lxl0E-9 torr-Vsec. If the assembly fails, the test
shall be repeated to veriry that the failure is real, and notjust a false indication.

CLEAI\IING AND PAINTING

9.1 Cleaning before shipment to be per PSI Specification V049-2-015.

9.2 Only carbon steel members are to be painted per specification
v049-2-077.

1O.O STORINGAIDSEIPPING

10. I Shipping covers shall be used on all flanged connections. Covers shall be
dsed for protecting the connections from mechanical damage and
preventing the entry of dirt into the equipment. The use oftape or plastic
sheet alone as a shipping cover is not acceptable.

10.2 The vessels shall be wrapped in waterproof polyethylene and covered with
a tarp immediately a0er cleaning operations have been completed to
minimize contamination.

10.3 Finished flange surfaces must be covered and protected during all
fabrication steos.

9.0

SPECIFICATION
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Title: spEcrFrcATroN FoR foK cRyopuMp FABRTCATToN

10.4 .The Cryopump shall be prepared and shipped per PSI ProcedureY049-2-123.

11.0 INSPECTTONAND QUALITYREQI]IREMENTS

. I 1.1 PSI shall have in effect at all times, an inspectio4 testing and documentation
program that will ensure that the equipment fumished under the specification will
meet in all respects the requhements ofthe specification. The responsibility for
inspection rests with the Q.A. Department.

lI.2 PSI is to inspect the materials in a timely manner and the materials shall be stored indoors
in a clean dry storage space after delivery.

I2.O NON-ESCORT PRTVILEGES AND INSPECTION RIGET

Non-escort privileges for LIGO or Govemment and LIGO representatives to all areas of
the facilities where the work is being performed shall be arranged. This will include access
to all areas where material is being processed and stored.
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4.3 80K Pump Quality Plan V049-2-098

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

DocumentNo v049-l'099
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4.4 80K Pump Testing/Inspections

Each 80K pump will be inspected after mechanical assembly is complete prior to
being released for conditioning/testing. (See "Dimensional Fabrication Procedure"
V 049 -2-121 for additional details).

After release, the 80K pump 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).

Use or disclosure of data in response to Contract PC175730 is subject to the re$rictions on the title page.
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5.1 Spool/Mode Cleaner/Beam Manifold Fabrication Plan V049-2-083
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riile FABRTCATION PLAII FOR SPOOLS AND BEAM TTJBES

)

)

3.0

PURPOSE

The purpose of this procedure is to define design guidelines, specifications, and procedures to
enable PSI to speciff, puchase, inspect, fabricate, test and ship the spools and beam tubes per
LIGO requirements.

GEIIERAL

AJI Spools and Bearn Tubes shall be fabricated per this fabrication plan. Each fabrication
process shall be controlled via a written procedure. A "first article" approach will be used to
validate all fabrication processes prior to release of the firll vessel lot.

All vessels will be fabricated in accordance with the Quality Plan. Key points in the fabrication
process shall be verified to ensure consistent results.

All vacuum equipment shall be fabricated in accordance with LIGO Project Conhact PC175730
dated September 12, 1995, and subsequent change orders.

RESPONSIBILITY

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

FABRICATION PLAII

A fust article approach will be used to start the manufacturing cycle to validate the
manufacturing procedures and technique prior to the firll production release.

All Spoosl and Beam Tubes will be fabricated at PSI. PSI will perform vessel cleaning, leak
checking, bakeout and preparation for shipment.

A1l Spools and Beam Tubes will be fabricated and tested per documents listed in Attachment I
"Fabrication Documents".

All Spools and Beam Tubes will be fabricated according to the Fabrication Priority List,
Attachment 2.

4 .1

4.2

I +-.t

4,4
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rilte FABRICATION PLAht FOR SPOOLS AI\[D BEAMTUBES

7

4.5 Procurement

- PSI will procure all S.S. plate and flange material.

. PSI will purchase vessei heads.

4.6 Quality Assurance

Each Spool and Tube Fabrication Process shall be monitored and control via the Quality Plan.

PSI will inspect all incoming materials to purchase documents.

43 ShopConditioning/Testing

The Spools and Beam Tubes will be shop conditioned (cleaning, bakeout, etc.) per PSI
Procedure V049-2-047.

\

,

4.8 Preparation For Shipment

| - The Spools and Beam Tubes will be prepared and sltipped per PSI Procedure V049-2-123.

z
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Title FABRICATIONPLAI\ FOR SPOOLS AND BEAM TUBES

)
ATTACHMENT 1

sFoors .lxo nnAM TLTBES DocTIMENTS

l .
2.
1.
4.
5.
6.
7.
8.
9.
10.
1 1 .
12.
13.
14.
1 5 .

Spec. For Spool and Beam Tube Fabrication
Spool and Beam Tube Quality Plan
Flanges
Raw Material Handling hocedure
Weld Data Sheet Spec.
Weld Procedures
Weld Repair Procedure
Cleaning Procedures
Painting Procedures
Component Shop Conditiodng/Test Plan
Bakeout Procedure
Leak Test hocedure
Dimensional Verifi cation Procedure
Component, Handling, and Shipping Procedure
PSI Drawinss

v049-2-097
v049-2-099
v 049-2-040 &. y 049-2-042
Y0/.9-2-t20
v049-2-084
vM9:2-070, 07 |, 072, 073
YM9A-074
y049:2415
v049-2477
v049-2-014
v049-2-019
v949-2-047
v049-z-l2r
v049-?-tz3

Adapter A-1, 44.62" ID x72.25ID
Adaptet A-2, 48.25" D x 7 7.25 D
Adapter A-3, 48.25" ID x 60.5 ID
60" HAM-Cover, Grooved
Adapter A-6,48.25" ID x 60.5 ID
Adapter A-7, 60.5" ID x72.25 D
Ldapler A-12,48.25" ID x 60.5 ID
BSC End Cover 60"
Adapter A-13, 60.5" ID With 72.25 ID.
Adapter A-14,44.62" ID Wirh 60.5 ID
Adapter A-15, 48.25" ID With 60.5 ID

Spool B-1, 72.25 ID
Spoot B-2A" 30.5 ID x 60.5 ID
Spool B-28, 30.5 ID x 60.5 ID
Spool 803,{, 30.5 ID x 60.5 ID
Spool 84, 48.25" ID
Spool B-5A, 30.5 ID x 60.5 ID
Spool 8-6, 48.25" ID
Spool B-7, 48.25" ID
Spool B-8, 72.25" ID
Spool B-9, 72.25" ID

Spool BE-1, 72.25" ID
Spool BE-2, 60.5" ID
Off Set Spool BE-3, 60.5" ID x 60.5 ID

OffSet Spool BE-3A, 60.5" ID x 60.5 ID

Spool, BE4, ,14.62" ID
Spool, BE-5, 72.25" ID
Spool, BE-6, 72.25" lD x72.25 ID

v0494-A1
v0494-A2
v049-4-A3
v0494-A4
VM94.A6
Y0494-1-7
v0494-A12
v049-4-All
v049-4-Ar3
v049-4-Al4
v049-4-A l5

v049-4-81
v0494-B'2A
v049-4-82B
v049-4-B3A
v049-4-B4
v0494-B5A
v049-4-B6
v049-+87
v0494-B8
v049-4-B9

v049-4-BE1
v0494-BEz
v049-4-BE3

v049-4-BE3A

vM9-+BBt
v049-4-BE5
v049-4-BE6

z
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ATTACHMENT 2
SPOOLS AND BEAM TUBE FABRICATION PROCESS DIAGRAM

Check Nozzle
Dims.

Special
Handlingilifiing
Requirements

Us€d to Prevent
SS From Being
Contaminated

Prefab Nozzles Pre-Fit Suts
Assemblies

Fit & Weld
Nozzles (lf
Needed)

Weld Leg
Assembty

Purchase
Bellows \Mth
Stub Ends &

lje Rods

Fitiweld Lifting
Lugs

FitMeld Rolled
Angle

Stiffeners to
Shell

BakeoutSteam Clean
Install Shell and

Flanges To
Fixtures

Purchase
Rolled Angles
For Supports

Final Leak
Check

Install Test
Covers

Align Flange Ends
And Tack To Shell

LayouUCut
Holes in .Shell

lf Needed

Prep. To Shiplnitial Leek
Check
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rirte FABRTCATION PLAI{ FOR SPOOLS AND BEAM TUBES

SPECTFICATION

ATTACHMENT3

SPOOL AI\D BEAM TI,]BE FABRICATION PRIORITY LIST

First Priority For Washington

2-Ar
2-43
1-A6
t-A12
2-Al3
2-Al5
2-A15
2-81
2-B2A
I.B3A
1.34
1-B54
1-B6
1-87
2-88
2-BE2
2-BE3
2-BE3A
2-BE4
1-BE5
I-BE6
2-BE9

Second Priority For Washington

4-Al
2-47

2.A14
2.8F.4



rirre FABRICATION PLAN FOR SPOOLS AND BEAM TUBES

ATTACHMENT3

SPOOLS AND BEAM TUBE FABRICATION PRIORITY LIST

For Louisiana Site

4-Al

2-F.3

1-  AA

2-N

2-B1

1-B3A

1-B5A

2-89

2.BEI

2.B.E.2

+BE3

4.B.F4

1-BE5

I.BE6
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ritle SPECIFICATIONFORSPOOLSiI\{ODECLEANERS/BEAMTUBE

SPECIFICATION

1.0

1 .1

SCOPE

This specification covers the minimum requirements of the manufacturing
engineering, materials, fabrication, assembly, inspection, testing, preparation for
shipping, shipment and delivery of vacuum vessels for the LIGO vacuum system.

All attachments are incorporated herein by reference and made a part ofthis
specification.

The specified equipment is intended for use as part of the Vacuum Equipment
supplied for the Laser Interferometer Gravitational-Wave Observatory (LIGO).
LIGO, which is operated by Caltech and MIT under an NSF grant, includes two
sites (Hanford Reservation near Richmond, WA and Livingston, LA). Each site
contains laser interferometers in an L shape with 4 km anns, a vacuum system of
the sensitive interferometer components and optical beams, and other support
facilities.

Fabrication and material procurement will be by PSL

SCIIEDIJLE

Spool Assembly delivery shall be as follows: (To be determined by PSI Manufacnring)
a,

GENERAL REQTJIREMENTS

3.1 The desigrr. and materials of fabrication shall be as shown on the PSI vessel
weldment drawings.

3.2 The vessels shall be fabricated and tested in accordance with drawings, standards,
and specifications referred to or attached as part of this specification.

3.3 The vessels covered by this specification are to be used in ultra-high
vacuum service and require strict cleanliness and contamination
prcvention tlrougbout the material handling, fabrication and shipping
process. A1l storage and fabrication for this vessel shall be done in the
area isolated (plastic room or equal) to prevent contamination from smoke,
dust and oily vapors from other manufacturing areas. The area shall be
purged with clean air to prevent contamination and adjacent areas.

3.4 Stainless steel fixtures (spiders, roundup rings, etc.) shall be used as required to
maintain vessel and nozde roundness durine fabrication.

t .2

l . J

1.4

2.0

2.1

3.0

ol  r>



rille SPECIFICATION FOR SPOOLSiIIODE CLEANERS/BEAM TUBE
MANIFOLI}S FABRICATTON

)

3.5 The vessel shall be fabricated per the attached PSI Quality Plan, and Fabrication
Flow Chad Attachment 2.

4.0 CODESANDSTAI\DARDS

4.1 Priority Of Codes And Documents

1. This Specification
' 2. Fabrication drawines

4.2 The following codes and standards shall be applicable to the fabrication ofthe
equipment:

4.2.1 American Society of Mechanical Engineers (ASME)

a. ASME Boiler and Pressure Vessel Code, 1992 Edition Through
1994 Addenda.

-. Section II Material Specifications

Part A, Fenous

Part B, Nonferrous

Part C, Welding Rods, Electrodes and Filler Metals

Section VIII Pressure Vessels, Division I (Stamp Not Required)

Section D( Welding and Brazing Qualification

z

o

r {

I Nuinb.t -
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ritle SPECIFICATION FOR SPOOLS/IIODE CLEANERS/BEAM TUBE

5 . 1 .2 Vessels do not require ASME Code stamping or code inspection.

5.1.3 All vessels shall be fumished complete as shown on the PSI's drawings, as
required, bolts, washers, and nuts. Tolerances shall be adhered to as specified on
the detail drawings.

5.2 Rolling Of Shells

5.2.1 Carbon steel rollers shall be covered with heavy (paper or carpet) or S/S during
the rolling process to prevent carbon steel contamination ofthe stainless steel.

5.2.2 The seam edges ofplates to be rolled are to be preworked to assure roundness of
the final cylinder.

5.3 Cleanliness

No grinding with abrasive wheels, cloth or stones is allowed on the internal
vacuum surface unless soecified in tlis specification. This material is intended
for use in a high vacuuni application. Potential hydrocmbon contamination shall
be prevented. 

-Also, 
the miirial shall be wrapped and covered at all times ilre

material ir ns1 being processed to minimize possible exposure to contamirnnts.-The shells shall be cleaned (per 9. 1) prior to shipment.

No iron, carbon steel or other contaminants (such as grease, oil or hydrocarbons)
are to come in contact with the vessel interior surfaces during material handling
and assembly. Machining fluids shall be water soluble and free of oil, sulfi:r' and
chorides.

5.4 $/elding

5.4.1 All welding shall be performed in accordance with the applicable codes (Para-
4.2.1) and PSI procedures for design and fabrication.

5.4.2 The PSI fitup tack welding procedures and procedure qualifications shall be used.

5.4.3 All weld joint preparation shall be done by tungsten carbide tooling ifpossible.

SPECIFICATION

ol rL
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rirte SPECIFICATIONFORSPOOLS/'MODECLEAI\ERS/BEAMTUBE
MANIII'OLDS FABRICATION

)

)

5.4.4 Welding Process

1. Vacuum boundary and attachment welds shall be made with the Plasma
Arc process per PSI weld procedure WPSI5l PAW. Shielding gas shall be
a75%o Argonl2i% Helium mixture, backing gas shall be 100% Argon and
Plasma gas shall be 100% Argon. Hydrogen gas is not perrnitted. GTAW
welds are acceptable for minor welds per PSI procedure WPSl53 GTAW.

2. All weld repairs shall be performod per PSI procedure V049-2-074.

3. Extemal support structures may be welded using GMAW process. All
attachments to the vessel shall be by plasma arc or GTAW.

4. Al1 weld wire and weld joint preparation areas shall be cleaned wittl CO2
scrubbing prior to welding per PSI procedure V049-2-070.

5.4.5 All penetations in the chamber shall be continuously welded on the inside
per drawing details. Intemal weld surface to be smooth but NOT
GROUND.

5.4.6 All welds at vacuum boundarips to be vacuum tight with a helium leak rate
equivalent to a total of 1 x 10-'torr liters/sec/chamber. PSI will leak test
all vessel welds with a helium mass spectrometer.

5.5 Backing srips or ri.ngs shall not be used.

5.6 Longitudinal seams shall be positioned as shown on detail drawings.

5.7 Sharp edges are to be removed from all carbon steel areas where extemal
painting is to be applied.

5.8 Post Weld Heat Treatrnent - Not Required

MATERHLS

6.I Al1 vacuum boundary shell material shall meet the requirement of SA240 for both
grades 304 and 304L. Vessel head and flange material shall be type 304L. All
materials listed on the PSI bill of material will be provided by PSI.

IDENTIFICATION

7.1 ldentification of the material shall be maintained through all manufacturing
processes. All cutoffparts shall be marked with the heat number of the parent
irart as indicated below on the exterior surface only (not on the vacuum
boundary).

7.0

z
a
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ritle SPECIFICATIONFORSPOOLS/IVIODECLEAI{ERS/BEAMTIIBE
MANIFOLDS FABRICATION

) 7.2

7.3

.If material identity is lost, tle plate shall be requalified by m:aking all tests that
were required by tle material specification or as indicated in this specification at
the sellers expense. CMTRS have been provided to PSI for the above naterial,
traceabiiity of all materials must be maintained.

Marking the materials with marking fluids, die stamps, crayons, paints
and/or electro-etching is not perrnitted. A vibratory tool with a minimum
tip radius of.005" is acceptable for marking tle outside only ofthe
finished shell. A11 other marking methods must be approved by the
purchaser prior to use. All parts shall be marked on outside surface only.
Marking on interior boundary vacuum boundary surfaces is not allowed.
The minimum marking is to be the heat/lot number.

8.0

9.0

SHOP TESTING

8.1 Testing shallbeperthe Q.A. plan (V049-2-099).

CLEANING AND PAINTING

9.1 Cleaning before shipment to be per PSI Specification V049-2-015.

9.2 Only carbon steel members are to be painted per specificalion

.v049-2-077.

1O.() STORING AND SHIPPING

10.1 Shipping covers shall be used on all flanged connections. Covers shall be
provided by the buyer for protecting the connections from mechanical
damage and preventing the entry of dirt into the equipment. The use of
tape or plastic sheet alone as a shipping cover is not arceptable.

10.2 The vessels shall be wrapped in waterproofpolyethylene and covered with
a tarp immediately after cleaning operatiors have been completed to
minimize contamination.

10.3 Finished flange surfaces must be covered and protected duing all
fabrication steps and during shipment to PSI.

10.4 The components ofthis specification shall be prepared and shipped per PSI
Procedure V049-2-123.

)

z
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rltle SPECIFICATIONFORSPOOLS/1\{ODECLEAIYERS/BEAMTUBE
MANrI'OT,NS F'ABRICATION

, 11.0 INSPECTION AND QUALITY REQUIREMENTS

11.1 PSI shall have in effect at all times, an inspectiorq testing and documenlation
program that will ensure that the equipment fumished under the specification will' 
meet in all respects tlre requirements ofthe specification. The responsibility for
inspection rests with Q.A. Deparftnent.

17.2 PSI is to inspect the materials and store them indoors in a clean dry storage space after
delivery.

12.0 . NON-ESCORT PRIVILEGES AI\D INSPECTION RIGIIT

Non-escort privileges for LIGO or Govemment and LIGO representatives to all areas of
the facilities where the work is being performed shall be arranged. This will include
access to all areas whete material is being processed and stored.

I
z
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rnte SPECIFICATION FOR SPOOLS/TIODE CLEANERS/BEAM TITBE
MANIT'OLDS FABRICATION

)

ATTACI{MEI{T I

SBOOLS AND BEAM TITBES DOCUMENTS

)

1. Spec. For Spool and Beam Tube Fabrication
2. Spool and Beam Tube Quality Plan
3. Flanges
4. Raw Material Handling hocedure
5. Weld Data Sh€et Spec.
6. Weld hocedures
7. Weld Repair Procedure
8. Cleaning Procedures
9. Painting Procedures
10. Component Shop Conditioning/Test Plan
ll. Bakeout hocedure
12. Leak Test Procedure
13. DimensionalVerificationhocedure
14. Componeng Handling, and Shipping Procedure
15. PSI Drawings

Adapter A-1, ,14.62" lD x72.251D
Adaper A-2,4825" ID x7?.25 D
AdaptEr A:3, 48.25" ID x 60.5 ID
60" IIAM Cover, Grooved
Adapter t'-6, 48.25" ID x 60.5 ID
Adapter A-7, 60.5" ID x72.25lD
AdaPff,,r A;:12,48.25" ID x 60.5 ID
BSC End Cover 60"
Adapter A-13, 60.5" ID With 72.25 ID
Adepter A-14,,14.62" ID With 60.5 ID
Adapter A-15,48.25" ID Wift 60.5 ID

Spool B-1, 72.25 ID
Spool B-2A, 30.5 ID x 60.5 ID
Spool B-28, 30.5 ID x 60.5 ID
Spool B03A, 30.5 ID x 60.5 ID
Spool B-4, 48.25" ID
Spool B-5A, 30.5 ID x 60.5 ID
Spool 8-6, 48.25" ID
Spool B-7, 48.25" ID
Spool B-8, 72.25" ID
Spool B-9, 72.25" ID

Spool BE-l, 72.25" ID
Spool BE-2, 60.5" ID
Off Set Spool BF3, 60.5" ID x 60.5 ID

Off Set Spool BE-3A, 60.5" ID x 60.5 ID

Spool, BE-4, 44.62" ID
Spool, BE-5, 72.25" ID
Spool, BE-6, 72.25" D x72.25 lD

v049-2-097
v049-2-099
v 049 -2-0 40 & v 049 -2-0 42
v049-2-120
v049-2-084
v049-2-070, g7 r,072, 073
v049-2-074
v049-2-015
v049-2477
v049-2.04'1
v049-2419
v049-2-014
y049-2-t21
v049-2-123

v049*4-At
v0494-42
v049-4-A3
v049-4-44
v0494-A6
v049-+47
v0494-AlZ
v0494-All
v049-4-A13
v0494-A14
v049-4-A15

v049-4-B I
v0494-B.2^
v0494-B2B
v049-4-B3A
v049-4-84
v049-4-B5A'
v049-4-86
v049-+87
v0494-88
v0494-89

v0494-BEl
v4494-BE2
v049-4-BE3

v049-4-BE3A

v049-+BE4 .
vM9-4-BE5
v049-4-BE6

z
3
(D

@

I {

f Ntmbct -
I A V049-2-097

ReY.

ol />



ATTACHMENT 2
SPOOLS AND BEAM TUBE FABRICATION PROCESS DIAGRAM

Forgings Drop
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Machine Shop

lnstall On Rolls
To Weld
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Handling/Lifting
Requirements

Used to Prevent
SS From Being
Contaminated

Prefab Nozzles Pr+Fit Sub-
Assemblies

Fit & Weld
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Needed)

Check Nozzle
Dims.

Purchase
Bellows VMth
Stub Ends &

Tie Rods

FitMeld Rolled
Angle

Stifbners to
Shell

Weld Leg
Assembly

Fitiweld Lifting
Lugs

Purchase
Rolled Angles
For Supports

Steam Clean Bakeout
lnstall Shell and

Flanges To
Fixtures

Final Leak
Check

Layout/Cut
Holes in Shell

lf Needed

Align Flange Ends
And Tack To Shell

lnstall Test
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rltle SPECIFICATIONFORSPOOLS/IVIODECLEAI\ERS/BEAMTIIBE

ATTACHMENT 3

SPOOL AND BEAM TUBEFABRICATION PRIORITY'LIST

First Priority For Washington
2-Al
2-1^3
1-4'6
T-412
2-}.13
2-A15
2-At5
2-Bl
2-B2A
I-B3A
1-84
1-B5A
1-86
1-87
2-88
2-BE2
2-BE3
2.BE3A
2-BE4
I-BE5
I-BE6
2-BEg

Second Priority For Washington

4-Al
2-A7

2-At4
2-BE4

SPECIFICATION
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rite SPECIFICATION FOR SPOOLS/LODE CLEANERS/BEAM TUBE

ACHMENT3

SPOOLS AND BEAM TUBE FABRICATION PRIORITY LIST

For Louisiana Site

4-A1

2-M

2-A3

2-44

2-47

2-81

I-B3A

1-B5A

2-89

2-BE1

2-BE2

4.BE3

4.B�F'4

I-BE5

1.8E6

SPECIFICATION
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5.3 Spools/Mode Cleaner/Beam Manifold Quality Plan V04g}-l72and V049-2-173

Use or disclosure of data in response to Contract PC 1?5730 is subject to the restrictions on the title page'



ritfe: flUeUfy Ptett Fon LleO- AonPf€RS'

QUTLITY PLAN

noR

IJG{O

ADAPTENSI

sEruAL No. V049-4-AFOl

Raz,.4sa o^l bfr # o3L3
BY-DATE

PROCESS SYSTEMS INTERNATIONAL, INC. SPECIFICATION

Number

Avoll-2-t?26ta '(lzi/t,

Page I ofjf-



APPLICAEIT DRAWINGS

RETTR TO FAERICATION PLIN

... 

APPLICABLE PROCTDURDS

Y049-2{t70 WELDING pAW p&pS iSo/oAt.2S/oKe
VU9-2{71 WELDING PAW PB-PA 7SXl", 2soz.f,e PWXT
VO49-2472 WELIIING GTAW p8-p8 lfi)ZoAr FTVHT
V049-2413 WELDING GTAW pt-p8 tffiZoAr
V049-2-t46 WELDING pAW p&pS 75./one,2SohAr
VO49-2474 GENERAL REPNR PR,OCEIDT'RE
V049.24I4 LEAKCEDCKPLAN
VO49-2{I5 CLEANINGPROCEDI'RE
VO49-2{19 BAKEOUTPROCEDIJRE
VO49-2-O4O STAINLESS STEEL FI,/INGE FORGINGS
v049-2447 coMpoNENT sEop coNDrIIoNtr{c plrilv
VO49-2497 SPOOLSiII'OIIE CLEANERS/BEAM TUBE MANIFOLITS ['AB
V049.2.120 RAW MATERIAL EA}IDLING PROCEDURE
VMY2-I2I PROCEDUREFORVERIT"NNGCOMFONEI{TI'IMENSIONAL

ACCURACY
VO{9-2.123 COMPONENTPACKAGING,HANDLINGANI}SHIPPING
V049.2{84 WELD I'ATA SHEET SPECIFICATIONS

SPECIFICATION
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APPLICABLE PROCEDURES
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V049.2474 GENERAL REPAIR PROCEI}URE
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VO49-2{'I5 CLEANINGPROCEI}URE
V049.2419 BAKEOUTPROCEDIJRE
VO49-2440 STNNLESS STEEL ru\NGE XIORGII{GS
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APPLICABLE DRAWINGS

BETTR TO FABRICATION PIJ\N

APPLICABLE PROCEI}URES

V049-2-{70 WELDING PAW P&PE 73o/olt125o/ofle
V049-2471 WELDING PAW PE-P8 75%Ar' 25%Ee PWET
V049-2472 WELDING GTAW P&Pt llXtorAr F�WET
vo49-2471 WELIIING GTAW P&PE 100%Ar
V049-2-146 WELDING PAW P&PE 1SVIAv21V.N
V049.2474 GENERAL REPAIR PROCEI}I]RE
VO49-2{14 LEAXCEECKPLAN
V049.24I5 CLf,ANINGPROCEI}URE
V049.2.{I19 BAKEOUTPROCEDIJRE
V049.2,{I4O STAINLESS STEEL FIJTNGET'ORGINGS
V049.2447 COMPONENT SEOP CONI}ITIONING PIIIN
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